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Preface

The purpose of The Glulam Handbook Volume 3 is to assist the reader in

the design of glulam structures. The volume is intended as a complement to

The Glulam Handbook Volume 2. Particular emphasis has been given to

the design of large-span glulam structures and the associated connections.

Reinforcing methods used to enhance the mechanical properties of glulam

in weak zones are also covered in the document. The Volume is divided into

two separate parts, namely:

e The first part, pages 6 — 79, which is an introduction containing formulae,
data and design methods. Part A should enable the design process of glu-
lam structures to be made more quickly by using tabulated or graphical
values for the most relevant design formulae contained in the European
building codes.

e The second part, pages 81 — 219, which contains 22 thoroughly worked
examples concerning the design of various glulam structures.

The Glulam Handbook Volume 3 is mainly related to the European standard
EN 1995-1-1:2004 (Eurocode 5: Design of timber structures — Part 1-1:
General — Common rules and rules for buildings). Some basic rules for
the design of steel members and connections are presented according to
the European standard EN 1993-1-1:2005 (Eurocode 3: Design of steel struc-
tures — Part 1-1: General rules and rules for buildings). In addition,

the rules given here are based on the Swedish application rules connected
to EN 1995-1-1, described in the document EKS 10 (BES 2015:6). However, in
case of lack of rules or questionable design methods present in Eurocode 5,
other design approaches are proposed. For example, for the design of

(i) beams with holes, (ii) loads attached close to the tension side of a beam,
(ii) reinforcements to prevent cracking due to stresses perpendicular to

the grain, etc. the German code DIN EN 1995-1-1/NA:2013-08 (Nationaler
Anhang — National festgelegte Parameter — Eurocode 5: Bemessung und
Konstruktion von Holzbauten, Teil 1-1: Allgemeines — Allgemeine Regeln
und Regeln fiir den Hochbau) is used. The Swiss SIA 265:2012, as well as
approaches based on research results and practical experience are also
adopted in this document.

The Glulam Handbook Volume 3 is primarily intended for structural engineers
and engineering students. The interpretations of the building codes,
research reports, industry literature, etc. are those of the authors and are
intended to reflect current structural design practice. The material pre-
sented is suggested as a guide only; final design responsibility lies with
the structural engineer.

The main author of The Glulam Handbook Volume 3 has been Prof.

Roberto Crocetti, Lund University. The development of the design examples
was primarily done by Mr. Simone Rossi, PhD student at Trento University,
Italy, with the collaboration of Dr. Tiziano Sartori, also from Trento
University and Mr. Luca Costa, former Master’s student at Lund University.
Prof. emeritus Kolbein Bell, NTNU, Trondheim, Norway has read the manu-
script and made some corrections/suggestions.

Lund, mars 2016

Roberto Crocetti, professor
Faculty of engineering, LTH, Lund University, Sweden
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1 Convention for member axes

Rules and formulae for design
according to Eurocode 5

1 Convention for member axes

The Glulam Handbook Volume 3 uses a coordinate system where:

e the x-axis corresponds to the element’s longitudinal axis.

e the y-axis runs along the element’s cross-sectional plane (perpen-
dicular to the force of gravity).

e the z-axis runs along the element’s cross-sectional plane (parallel
to the force of gravity).

N

N
i
J

Convention for member axes
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2 Moisture-related movement

3 Load-duration classes

2 Moisture-related movement

Table 2.1 Changes in dimensions of a glulam member (applies below the fibre saturation point (30 %))

Aw
Ah(orAb) =al><mxh(0r xb)

Aw
Al = oy X — X1

100
where:
a,=0.24 is the deformation coefficient in the direction perpendicular to the grain
a,=0.01 is the deformation coefficient in the direction parallel to the grain
h, b, 1 are the depth, width and length of the member respectively
Ah, Ab, Al are the change in dimension for depth, width and length of the member
respectively
Ao is the change in moisture content in the timber (in [%]).

Common values of 4w are:
- indoor members (heated environment): 4w = 4 - 6

- indoor members (non-heated environment): 4w =2 - 3
- outdoor members: 4w =5 — 8

Elevation
A Al
e ____* 7
5 Timber member
| S|

3 Load-duration classes

Table 3.1 Load-duration classes

Permanent (P)
Long-term (L)
Medium-term (M)

Short-term (S)

Instantaneous (1)

> 10 years
6 months — 10 years

1 week — 6 months

< 1 week

Self-weight
Storage

Imposed floor load
Snow load

Wind load

Wind gusts
Accidental load
Single concentrated roof load

The Glulam Handbook - Volume 3
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4 Service classes

Nordens Ark zoo, Hunnebostrand, Sweden.

8
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4 Service classes

Service class 1

The average moisture content for most softwood species will not
exceed 12 %, which corresponds to an environment with tempera-
ture of 20 °C and relative humidity, RH, exceeding 65 % only a few
weeks per year.

Examples: External walls surrounding permanently heated premises
that are protected by tight and ventilated external cladding. Members
in heated indoor environment.

Service class 2

The average moisture content for most softwood species will not
exceed 20 %, which corresponds to an environment with tempera-
ture of 20 °C and relative humidity exceeding 85 % only a few weeks
per year.

Examples: Wooden members which are ventilated and protected
against direct precipitation, such as roof trusses, attic and crawl
space floors. Structures in ventilated buildings which are not perma-
nently heated or premises with activities or storage that do not gener-
ate moisture, such as summer houses, unheated garages and storages,
farm buildings and crawl spaces ventilated by outdoor air.

Service class 3

The average moisture content for most softwood species will exceed
20 %, which gives a higher wood moisture content than that speci-
fied for service class 2.

Examples: Wooden members not protected from precipitation or that
are in ground contact.



5 Load combinations

5 Load combinations
Ultimate limit state (ULS)

According to Eurocode 0 (EN 1990), the following requirements must,

if relevant, be verified:

e Equilibrium (EQU). To demonstrate that the structure or any part
of'it, is not unstable, e.g. design of holding-down anchors or bear-
ings subject to uplift in continuous beams.

e Strength (STR). To demonstrate that the structure and its elements
will not fail due to stress or instability. If displacements affect
the behaviour of the structure, their effect must be taken into
account.

e Geotechnical (GEO). To demonstrate that the foundations provide
the strength and stiffness required by the structure.

e Fatigue (FAT). To demonstrate that the elements of the structure
will not fail in fatigue.

For structures made of timber or wood products, STR is thus nor-
mally the deciding factor when the structure’s load-carrying capacity
needs to be verified in the ultimate limit state.

Table 5.1 Safety factors y, for design values according to EKS 10

1 - Low Low risk of serious injury 0.83
2 - Medium Medium risk of serious injury 0.91
3 - High High risk of serious injury 1

Table 5.2 Design values of actions for equilibrium (EQU) and strength (STR) limit states based on EN 1990.
Safety factors y, according to table 5.1. Load combination factors y are given in table 5.4, page 11. For timber structures,
STR-2 is normally governing the design at ULS.

Permanent load G

Unfavourable 74 % 1.35 x Gy 74X 1.2 X G¢ 7y x 1.1 x Gy
Favourable 1.0 x Gy 1.0 x Gy 0.9 x G

Variable load Q

Leading load Q, - 74X 1.5 % Qy, 74 % 1.5 x Qg
Accompanying variable loads (Zyo; x Qy;) | 74 % 1.5 X wp; X Qy; YaX 1.5 Xy, x Q; 74X 1.5 X yo, % Qy;

In order to determine the load combination that governs the design,
the load combination equation(s) must be applied with each variable
action acting as the leading variable in turn. For example, consider
the STR limit state of a simply supported beam loaded by its own
weight plus a permanent load, G,, a medium-term duration variable
load, Q,;, and an unrelated short-term variable load, Q,,. Adopting
STR-2 the loading conditions that need to be considered in order to
determine an effect, LC; (e.g. a bending moment) are:

The Glulam Handbook — Volume3 9



5 Load combinations

Ulls hus, Uppsala, Sweden.
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YaX 12X G — LC;

7ax (12X Gy +15% 0y ) = LG,

YaX (12X G+ 15X Q,) = LGy

YaX (12X G+ 15X Oy + 1.5 Xy, X Qpn) = LGy

YaX (12X Gy + 15X Q0+ 1.5 Xy X Op) = LG
With K00 perms Kmodmea @A Kioa shore @S the modification factors for

the permanent, medium-term and short-term actions, respectively,
the design value LC, is given by:

(LC)/ K nod,perm
LG,k
LCy=max § LC3/k; 04 short
LC,/k
| LCyk

mod,med

mod,short

mod,short

For roof structures the variable loads are, in most cases: Q, ;: “snow
load” and Q, ,: “wind load”. In such a case, LC, and sometimes LC,
(for a relatively large slope of the roof) are normally the governing
load combinations.

Serviceability limit state (SLS)

For timber structures the following SLS shall be verified:
e Deformation.
e Vibration.

Deformation

The combinations of actions for SLS are given in Eurocode 0
(EN 1990). They are:

e Characteristic combination.

e Frequent combination.

e Quasi-permanent combination.

According to EN 1995-1-1, section 2.3.2:

The instantaneous deformation, u;,, should be calculated for

the characteristic load combination, see EN 1990, section 6.5.3(2) a,
using an average value for the modulus of elasticity, shear modulus
and slip modulus.

The final deformation, ug, should be calculated for the quasi-perma-
nent load combination, see EN 1990, section 6.5.3(2) c.

For structural elements comprising parts, components and connec-
tions with the same creep effects and assuming a linear relationship
between loads and corresponding deformations, as a simplification
the final deformation, ug,, may be calculated as:



5 Load combinations

Ugin = Ugn G T Upn .1 + Zlhgin Qi
where:

Ufn G = Uingt.G (1 + kdef) for a permanent load, G
Ufin Q.1 = Uinst,Q,1 (1 + kdef) for the leading load of the variable loads, O,

UinQ,i = Uinst,Q.i (1 + kdef) for accompanying variable loads, O, (i > 1)
Service class 1 2 3

Keer 0.60 0.80  2.00

Table 5.3 Load combinations for SLS according to EN 1990, section 6.5.3
Load combination factors y are found in table 5.4.

Permanent load G 1.0 x Gy 1.0 x Gy 1.0 x Gy
Variable loads Q

- Leading load Q, 1.0 x Qy; Wiq X Qg

- Accompanying variable loads (X, x Q) Woi % Qx; vy x Q; wa; X Qy;

" corresponds to “permanent damage” (irreversible deformations).
? corresponds to “temporary large deformation” (reversible deformations).
3 corresponds to “loads with long duration” (effects of creep).

Table 5.4 Load combination factors y according to EN 1990

Imposed loads in buildings, category

A: Residential areas 0.7 0.5 0.3
B: Office areas 0.7 0.5 0.3
C: Congregation areas 0.7 0.7 0.6
D: Shopping areas 0.7 0.7 0.6
E: Storage areas 1.0 0.9 0.8
F: Traffic area, vehicle weight < 30 kN 0.7 0.7 0.6
G: Traffic area, 30 kN < vehicle weight < 160 kN 0.7 0.5 0.3
H: Roofs 0 0 0

Snow load

5= 3 kN/m? 0.8 0.6 0.2
2.0 <5,< 3.0 kN/m? 0.7 0.4 0.2
1.0 < 5, < 2.0 kN/m? 0.6 0.3 0.1
Wind load 0.3 0.2 -

Thermal loads (non-fire) in buildings 0.6 0.5 0

" Category according to EN 1991-1-1.

The Glulam Handbook — Volume 3 111



6 General design rules
for steel structures

6 General design rules
for steel structures

Table 6.1 Design value for strength of steel structures
in ultimate limit state (ULS)

b
¥ MO
Jua = o
M2
where:
fla is the design yield strength.
fu is the design ultimate tensile strength .
f, is the characteristic yield strength.
f, is the characteristic ultimate tensile strength.
Ymo =1.0 is the partial safety factor for resistance of cross section to overall
House M, Linnaeus University, Vaxj6, Sweden. yielding.
Vi is the partial safety factor for resistance of net section (y,, = 1.1)
and for resistance of connections (y,,, = 1.2).

Table 6.2 Material properties

Modulus of elasticity E=210,000 MPa
Shear modulus G=281,000 MPa
Coefficient of linear thermal expansion o =12 (um/m)/°C
Poisson'’s ratio v=0.3

Density p=7,850kg/m?

Table 6.3 Nominal values of yield strength f, and ultimate tensile strength f,
for hot rolled structural steel according to the European standard EN 10025-2

5235 235 360 215 360
S275 275 430 255 410
S355 355 510 335 470
S450 440 550 410 550

12  The Glulam Handbook — Volume 3



6 General design rules
for steel structures

Table 6.4 Nominal values of yield strength f, and ultimate tensile strength £, for bolts
according to the European standard EN 15048-1

4.6 240 400
4.8 320 400
5.6 300 500
5.8 400 500
6.8 480 600
8.8 640 800
10.9 900 1,000

Table 6.5 Nominal area A, and tensile stress area A; of bolts

M12 12 113 84
M16 16 201 157
M20 20 314 245
M24 24 452 353
M27 27 572 459
M30 39 707 561

Table 6.6 Net section failure according to EC3, section 6.2.3

Section a-a: gross section
AXf,
y
Nyg < Npg = (7m0 = 1.0)
Mo
Section b-b: net section
b
Ao % 1, al bl
Ny < Npg=09x =2 (py, = 1.1) | 4
M2 \ i ‘
N, ] f |
LT e
where: ] | F'#'*"" 1
I [ I
Negg is the design axial load. ‘ t ‘
Neg is the design axial strength. alA b A
f, is the characteristic yield strength.
f, is the characteristic value for ultimate tensile strength.
A is the cross sectional gross area.
Aot is the cross sectional net area.
ymoand yy, | are the partial safety factors for resistance (yyo = 1.0 and y,,, = 1.1).

The Glulam Handbook - Volume 3
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6 General design rules
for steel structures

Table 6.7 Designation of distances between bolts, (a) for a shear joint, (b) for a tension or compression joint
(The designations e, and p, also apply when distances measured are not in the direction of stress).

a)

P &

€ Ps

1.2 x dy< e, <max {12xt, 150 mm}

| M12

| M16
M20
M24

! M27
M30

1.5xd, < e, <max {12 xt, 150 mm}
2.2xdy < p; £max {14 xt, 200 mm}
3.0xd, < p, <max {14 xt, 200 mm}

40
55
70
80
90
100

30
40
50
60
70
75

25
30
40
50
55
60

Table 6.8 Characteristic bearing resistance for bolts referred to plate thickness t, = 10 mm
The values apply only for e, and p, according to “Recommended distances” given in table 6.7. Corresponding design values can be obtained by
multiplying the characteristic values by (1/y,,), where y,,, = 1.2.

p. &

&

,E},,,ép,
oRete

|
= Fork =k Xap X fy Xd Xt

€ P

a, = min { 71

ey (3% dy)
/(3 % dy) = 0.25

Junlfa
1

K, = min {el/(3 xdy) — 1.7

Steel grade

Bolt diameter d [mm]

Hole diameter d, [mm]

12
13

S235 83
S275 99
S355 118

16 20
18 22
107 136
127 163
151 193

22
24

151
181
214

24
26

166
198
235

2.5
27 30
30 33
182 204
218 244
258 289

" For different plate thickness t than t, = 10 mm, multiply the values by t/t,.

14  The Glulam Handbook — Volume 3




6 General design rules
for steel structures

Table 6.9 Characteristic shear resistance per bolt and shear plane. Corresponding design values can be obtained by multiplying
the characteristic values by (1/yy,), where y,,, = 1.2.

B Fyric = € X fup X Ag
Shear in thread

C = 0.6 for grades 4.6 5.6 and 8.8
'™ 00.5 for grades 4.8 5.8 6.8 and 10.9

Bolt diameter d [mm] 12 16 20 22 24 27 30
Hole diameter d, [mm] 13 18 22 24 26 30 33
Bolt grade 4.6 20 38 59 73 85 110 135
5.6 25 47 73 91 106 138 168
8.8 40 75 118 145 169 220 269
10.9 42 78 122 151 176 229 280

Table 6.10 Characteristic tension resistance per bolt. Corresponding design values can be obtained by multiplying
the characteristic values by (1/yy,), where y,,, = 1.2.

— [T —> | A= 09xAuxa,

Bolt diameter d [mm] 12 16 20 22 24 27 30
Bolt grade 4.6 30 56 88 109 127 165 202
5.6 38 71 110 136 159 207 252
8.8 61 113 176 218 254 330 404
10.9 76 141 220 272 318 413 505

Table 6.11 Geometrical requirements for pin ended members, according to EN 1993-1-8

; FeaXymo  2x%d,
S _2><t><fy 3

c Fea Xm0 @
T2XEX[ 3

dy<25xt

164,
|
‘ /F X7
\» R \$d° - -DO t 2 07 X y
s o
€ | ° U 2] < ’
L — o
&
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6 General design rules
for steel structures

Design criteria for pin connections, according to EN 1993-1-8

Glulam

Glulam

Fasteners (e.g.
bonded-in rods)

——————— Welded steel plate assembly
——— Steel pin

Anchor bolts

Bedding mortar

Steel pin and plates

under base plate

Failure mode

Design requirement

Shear resistance of the pin (per shear plane) 0.6 XA Xf, o
Fv,Rd =
M2
The load-carrying capacity of the pin with compression on the hole edge 15%xtXdX fy
(per steel plate) Forg=—
M0
Bending resistance of the pin 15X W X fy .
Rd=
M0
Combined shear and bending resistance of the pin 2 2 )
Mgy F\ g
2. IS <1
Mg Fyra
d is the diameter of the pin.
f, is the lowest of the yield strengths of the pin and the connected parts.
fop is the ultimate strength of the pin.
fop is the yield strength of the pin.
t is the thickness of the connected part.
A is the cross sectional area of the pin (=rtx d?/4).
w is the elastic section modulus of the pin (=mx d*/32).

" For the determination of M, and F, ., see table 6.13, page 17.

16  The Glulam Handbook — Volume 3




6 General design rules

Bending moment and shear force in a pin with two shear planes

for steel structures

0.5 x Fyy 0.5 % Fyg
| & ||C cl, &t |
FEd
o - FEd - FEd
bear = x d 2%t xd
N —
(D

F
MEd=%x(t2+2xtl+4><c)

1
Fypa= 7 X Fgq

Characteristic tension resistance of some special bars used in timber structures
Corresponding design values can be obtained by multiplying the characteristic values by (1/y,,,), where y,,, = 1.2.

 ENEEEE

Fyri = fup X Ag

Nominal bar diameter d [mm] 26.5 28 32 36 40 50

Diameter over threads [mm] 30 32 36 40 45 56

Nominal area A, [mm?] 551 616 804 1,018 1,256 1,963
Characteristic tension resistance [kN]

Bar type (f,/f,) GWS (950/1050) 579 - 844 1,069 1,319 -

GEWI (500/550) - 339 442 - 691 1,080

The Glulam Handbook - Volume 3
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6 General design rules
for steel structures

Table 6.15 Characteristic bearing resistance of fillet welds. Corresponding design values can be obtained by multiplying

the characteristic values by (1/y,,), where yy, = 1.2.

Side fillet welds

|
axl ?
o . P = T ax1
| N
T
| End fillet welds
N
| X . l
N ax
! ~ = FWRk =24 x
| N ' \/5 ﬂw
N
i N
i
Throat thickness a [mm] 3 4 5 6 7 8 9
Steel grade 5235 (8,=0.8) Side 78 104 130 156 182 208 234
End 95 127 159 191 223 255 286
S275 (B, = 0.85) | Side 88 117 146 175 204 234 263
End 108 143 179 215 250 286 322
$355 (4, =0.9) Side 98 131 163 196 229 262 294
End 120 160 200 240 280 320 361

" Resistance of a single fillet weld.

2 For different lengths than 100 mm, multiply the values by //100.

18  The Glulam Handbook — Volume 3




7 Design of timber structures

7 Design of timber structures

Table 7.1 Design value for strength of wood products in the ultimate limit state

_ kmod Xﬁ(

fi=— =
™
where:
fy is the design value of a strength parameter.
fe is the characteristic value of a strength parameter.
Kinod is the modification factor taking into account the effect of load duration and moisture content
(service class).

Y is the partial coefficient for material, see table 7.2.

Table 7.2 Partial coefficient y,, for materials in ultimate limit state according to EN 1995-1-1, section 2.4.1

Solid timber 1.3
Glulam 1.25
Laminated veneer lumber (LVL), plywood, Oriented strand board (OSB) 1.2
Wood connections 13

Table 7.3 Strength modification factors k4 for different service classes and load-duration classes
according to EN 1995-1-1, section 3.1.3

Solid wood EN 14081-1 1 060 | 070 | 080 | 090 | 110
2 060 | 070 | 080 | 090 | 1.10
3 050 | 055 | 065 | 070 | 0.90
Glulam EN 14080 1 060 | 070 | 080 | 090 | 110
2 060 | 070 | 080 | 090 | 1.0
3 050 | 055 | 065 | 070 | 0.90
EN 14374 1 060 | 070 | 080 | 090 | 110
EN 14279 2 060 | 070 | 080 | 090 | 110
3 050 | 055 | 065 | 070 | 0.90
Plywood EN 636 1 060 | 070 | 080 | 090 | 1.10
2 060 | 070 | 080 | 090 | 110
3 050 | 055 | 065 | 070 | 0.90
Oriented strand EN 300
board (OSB) 0sB/2 1 030 | 045 | 065 | 085 | 110
05B/3 1 040 | 050 | 070 | 090 | 110
0SB/4 1 040 | 050 | 070 | 090 | 1.0
0sB/3 2 030 | 040 | 055 | 070 | 0.90
0SB/4 2 030 | 040 | 055 | 070 | 0.90

The Glulam Handbook - Volume 3
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7 Design of timber structures

Characteristic strength and stiffness of combined glued laminated timber according to EN 14080. Properties in MPa
and densities in kg/m?. See The Glulam Handbook Volume 2, section 1.3.5, page 19, for information regarding resawn glulam.

Property GL20c GL22c GL24c GL26¢ GL28c GL30c GL32c
Strength values

Bending parallel to grain f,,, 20 22 24 26 28 30 32
Tension parallel to grain f, o, 15.0 16.0 17.0 19.0 19.5 19.5 19.5
Tension perpendicular to grain f; g0 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Compression parallel to grain f_ g, 18.5 20.0 21.5 23.5 24.0 24.5 24.5
Compression perpendicular to grain oo 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Shear strength f,, (shear and torsion) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Rolling shear strength f, 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Stiffness values for capacity analysis

Elastic modulus £ g5 8,600 8,600 9,100 10,000 10,400 10,800 11,200
Elastic modulus Eqq g5 250 250 250 250 250 250 250
Shear modulus Ggs 540 540 540 540 540 540 540
Stiffness values for deformation calculations

Elastic modulus Eq ean 10,400 10,400 11,000 12,000 12,500 13,000 13,500
Elastic modulus Eqgg mean 300 300 300 300 300 300 300
Shear modulus Gi,.., 650 650 650 650 650 650 650
Density

Density p, 355 355 365 385 390 390 400
Density prean 390 390 400 420 430 430 440

" The bending strength about the weak axis can be assumed to be the same as the bending about the strong axis.
See The Glulam Handbook Volume 2, section 1.3.4, page 16 for more information.

Characteristic strength and stiffness of homogeneous glued laminated timber according to EN 14080. Properties in MPa
and densities in kg/m?. See The Glulam Handbook Volume 2, section 1.3.5, page 19, for information regarding resawn glulam.

Property ‘ GL20h ‘ GL22h ‘ GL24h ‘ GL26h ‘ GL28h ‘ GL30h ‘ GL32h
Strength values

Bending parallel to grain f,,, 20 22 24 26 28 30 32
Tension parallel to grain f, 16.0 17.6 19.2 20.8 22.4 24.0 25.6
Tension perpendicular to grain f; o0 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Compression parallel to grain f_ g, 20 22 24 26 28 30 32
Compression perpendicular to grain f_ g0, 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Shear strength f,, (shear and torsion) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Rolling shear strength f, 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Stiffness values for capacity analysis

Elastic modulus Eq s 7,000 8,800 9,600 10,100 10,500 11,300 11,800
Elastic modulus Eq o5 250 250 250 250 250 250 250
Shear modulus Gy 540 540 540 540 540 540 540
Stiffness values for deformation calculations

Elastic modulus Eg ., 8,400 10,500 11,500 12,100 12,600 13,600 14,200
Elastic modulus Egg pesn 300 300 300 300 300 300 300
Shear modulus G,.., 650 650 650 650 650 650 650
Density

Density p, 340 370 385 405 425 430 440
Density prean 370 410 420 445 460 480 490

" The bending strength about the weak axis can be assumed to be the same as the bending about the strong axis.
See The Glulam Handbook Volume 2, section 1.3.4, page 16 for more information.
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

8 Design for ULS of members subjected to
tension, compression, bending and shear

— Members not prone to instability

Tension parallel to the grain according to EN 1995-1-1, section 6.1.2

F,
t,0,d
%04 = < fioa
n

where:

Ot0d is the design tensile stress along the grain.

fioa is the design tensile strength along the grain. *

Fiod is the design tensile load along the grain.

A, is the cross sectional net area .

h<231mm S x 1.1

231 mm < h< 600 mm 600 0.1

S X\ —

t.k 7

h =600 mm fl,k

—  —F-

*

Characteristic tensile strength as a function of h.

Compression parallel to the grain according to EN 1995-1-1, section 6.1.4

Fc 0.,d
Cc0d = < feod
n
N —
where: ‘ ‘
004 is the design compression stress along the grain. E a ' ' 6 F <
- c,0.d s ~——— c,0d
feog is the design compression strength along the grain. b
Feoa is the design compression load along the grain.
A, is the cross sectional net area.
Bending about one principal axis according to EN 1995-1-1, section 6.1.6
d
6,4a=—Z=%51F
'm,d Wn m,d

where:
O is the design bending stress stress about y.
frog is the design bending strength. * ]
My is the design bending moment. M, } ‘ M, <
W, is the net section modulus. i |

é .
h<231mm fm,kX1~1 b
231 mm < h< 600 mm 600 0.1

Jox X\ ——
m,k h

h >600 mm fm,k

* Characteristic bending strength as a function of h.
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8 Design for ULS of members subjected to tension, compression,

bending and shear — Members not prone to instability

Bending about two principal axes according to EN 1995-1-1, section 6.1.6

M
+0.7 X zd <1

Wn,z X fm,z,d h

My,d
Wn,y X fm,y,d

and

M, M,
0.7 X y.d + z,d <1
an)’ X fm.y,d Wn,z X fm,z,d

where:

foyaand f .4 | are the design bending strengths about y and z, respectively.
W, and W,
M,sand M, 4

are the net section moduli about y and z, respectively.

are the design bending moments about y and z, respectively.

[2)d
M.may (+)

Shear force at support zones

the support may be disregarded.

At supports, the design shear force due to distributed load can be reduced according to the figure above. Furthermore, at the supports
the contribution to the total shear force of possible concentrated loads acting on the top side of the beam and within a distance “h” from the edge of
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Shear due to bending according to EN 1995-1-1, section 6.1.7

Vgx§
Tq = Ixb Skcrxf;/,d
where:
@ is the design shear stress. ’> }—¢ <\
foo is the design shear strength. ‘/ v -
d
A is the design shear load. N }
S is the maximum static moment b
(for arectangular cross section S = b x h?/8).
/ is the moment of inertia about the neutral axis
(for arectangular cross section /= b x h/12).
k., =0.67 and 0.857 for glulam unprotected from precipitation and solar
radiation and for glulam protected from precipitation and solar radiation,
respectively.
Shear due to transmission of concentrated loads
Vd 0.5X f, 4 if shearis // grain (figure a) I _ o
Td = . . .
A ¥ fr if shear is L grain (figure b)
R.s.
where:
@ is the design shear stress. M“ﬁ ©.°
foa is the design shear strength along the grain. o
fq is the design shear strength perpendicular to the grain (rolling shear % 1
strength). 5
P Cleat
V, is the design shear load. a) Al | |
A* is the shear area (A*= bx d, where d = min {a, 8 x t}).
y/ |
R x
B SRS @
el | |
JNEEER
b) Cleat . l
R.s. = Reinforcing screw Beam

Note: The gluing of the cleat should always occur under controlled humidity and temperature conditions, preferably at the glulam mill. Furthermore,

it is always recommended to use reinforcing screw(s) where tension perpendicular to the grain is likely to occur, as shown in the figures to the right.
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Combined bending and axial tension according to EN 1995-1-1, section 6.2.3

F, M,
t,0,d d <1
An X ﬁ,O,d Wn X fm,d
where:
Mg | M,
It is the design tensile strength along the grain. -
frg is the design bending strength. Fios ; -~ Fog
' . : . ! t'o' b
Fioq is the design tensile load along the grain. M
My is the design bending moment.
A, is the cross sectional net area.
W, is the net section modulus.
Combined bending and axial compression according to EN 1995-1-1, section 6.2.4
F ? M
¢,0.d d <1
An X f(‘:,O,d Wn X fm,d
where:
feod is the design compression strength along the grain.
frg is the design bending strength.
F- o4 is the design compression load along the grain.
My is the design bending moment.
A, is the cross sectional net area.
W, is the net section modulus.

n

Effective contact area in compression perpendicular to the grain according to EN 1995-1-1, section 6.1.5

Elevation ERNEEREE

Elevation EONEEEE
|
/ L I
l A
Bottom view ef

Bottom view

lef=l+ll+lr
Ag=bx(l+L+1)

where:

I is the effective support length in compression perpendicular to the grain.
At is the effective contact area in compression perpendicular to the grain.

b is the the width of the beam.

/ is the support length.

l,and [, are the fictitious additional contact lengths (= min {30 mm; /3).
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Effective contact lengths in compression at an angle « to the grain, according to Colling, F.,
Holzbau Grundlagen, Bemessungshilfen 2. iiberarbeitete Auflage, Vieweg+Teubner, Wiesbaden 2008

z—= \
\
N a=90-y \
5 l j
30(“‘“ 14
F |
! !
Lot ) L
. . A
Iy =1+30xcosy ty=1+30Xsiny Iy =1+ min 30 x sina +30 X cosy

Compression perpendicular to the grain according to EN 1995-1-1, section 6.1.5
(k, is a factor recommended by the authors of The Glulam Handbook Volume 3 but is not included in EN 1995-1-1).

F,
¢,90,d
%e90d = T < kego X Ky X fe90.
ef X q
d

where:
Oe004d is the design compression stress perpendicular to the grain.
feo0d is the design compression strength perpendicular to the grain. |
F.904 is the design compression load perpendicular to the grain. l
Ly is the effective support area, see table 8.70. !
K- 50 is a magnification factor (k. oo = 1.75). " N ‘
K, is a factor that takes into account the ratio between permanent load and live !

load g,/q,. Note that Eurocode 5 assumes k, = 1, for all cases. =

LL‘J
Values of k, O 717E ;
g./9.,<0.4 ag./q.> 0.4 ; 1
ef
Jeoo.x
ky = == k=1
ﬁ:,90,d

Y If I > 400 mm, the effective length can be taken as [ = 400 mm + /, and the magnification factor can be set to k o, = 1.75.
Support lengths with / > 600 mm are not recommended.
Note that Eurocode 5 recommends k4, = 1.75 only if / < 400 mm. If / > 400 mm, Eurocode 5 recommends /¢ =/ and k_o, = 1.0.

According to EKS 10, in many cases y,, = 1.0 and k., = 1.0 can be applied, which gives f_ o, = f.q04 = 2.5 MPa. For cases where compression of

the glulam can be considered to affect the load-carrying capacity, e.g. local compression in trusses or where deformations have a significant effect on
the function (e.g. in buildings with more than two floors), y,, = 1.25 should be used. For glulam structures in service class 3, it is recommended that k.
is selected according to table 7.3, page 19.
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Compression at an angle « to the grain according to EN 1995-1-1, section 6.1.5
(k, is a factor recommended by the authors of The Glulam Handbook Volume 3 and is not included in EN 1995-1-1)

_ Fc,a,d _ fc,O,d

XD o Jeo.d
ke,90 X k1 X fe.90.d

X sin? o + cos2 a

where:

Ocnd is the design compression stress at an angle « to the grain.

fend is the design compression strength at an angle « to the grain.

- is the design compression strength perpendicular to the grain.

feoq is the design compression strength along the grain.

Fe g is the design compression load at an angle « to the grain.

L is the effective support area, see table 8.11, page 25.

K00 is a magnification factor (k_qo = 1.75 if / < 400 mm).

k, is a factor that takes into account the ratio between permanent load and live

load g,/q,. Note that Eurocode 5 assumes k, = 1, for all cases.

Values of k;,
Ratio permanent load to live load: Ratio permanent load to live load:
g /g < 0.4. agi/q > 0.4.
Jeoox
ky = === k=1
Jevo.a

Values of f_, 4. Glulam in strength class GL30c. Service class: 1. Load duration: medium term.

Ratio permanent load to live load: g,/q, < 0.4
------ Ratio permanent load to live load: g,/q, > 0.4

.o [kNI 16
15 A N
14 A S
13 4 \
12 Y
11 1 ™
10 4 N

il 1 T
bl Ll =g —

O = N W M Ul O N O O
1
T
T
1

0 10 20 30 40 50 60 70 80 90
Angle a to the grain
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Reinforcement of the support zone by means of self-tapping screws, according to Bejtka, I. et al

keoo X b X Iogy X fogo i +n X min (R, 1 Ry

Ry, = min
90,k
b Xlso X fe90x
Kinoa X Roo i
Rypq = ———
Ym
where ; ‘
Roox is the characteristic compressive capacity perpendicular to the grain of = |
the support. |
Ko = 1.75 magnification factor (k.o = 1.75 if I, < 400 mm). N H H - |
(oon is the characteristic compressive strength perpendicular to the grain. INUN ! ;
(NN |
b is the beam width. \ 30 mm
L is the length of the screw threaded part. }l } Reinforcing screws
sup
Ly is the support length. 7.1 Steel plate o
> PP 9 ;le“; (t=15-20mm)  X| o
Loty = [y, + 30 mm. | | d Al X
I | A
L 3.3x et re & - — f
2 =l +0.25 X Iy x €35 ol I
I | |
n is the number of reinforcing screws. o ‘ T
™m
Rk is the characteristic pull-through capacity (= withdrawal capacity) of N
the screw. This value is usually provided by the screw manufacturer.
Ruix is the characteristic buckling strength of the screw, see table 8.15, page 28.
Konod is the modification factor, see table 8.3, page 21.
Y =13
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8 Design for ULS of members subjected to tension, compression,
bending and shear — Members not prone to instability

Reinforcement of the support zone by means of self-tapping screws: buckling capacity of the screw, according to Bejtka, I. et al

7 xd?
Ry = k. X 1 X fyx
where:
k. is the reduction factor for buckling:
1ford,y <02
k.= !
¢ <k +4/k2 - Afel> for A,y > 0.2
2
k=05 x [1 +0.49 X (A — 02) + /lrel]
Arel is the relative slenderness ratio:
PR L
rel = ~
Ncr
Ny is the screw yield strength:
7 xd2
Npl = 4 Xfy,k
N, is the screw buckling load:
N, =+/cy X E;X I
@, is the horizontal stiffness constant:
¢, = (0.19+0.012 x d) X py
d is the thread (or major) diameter of the screw
d, is the core (or minor) diameter of the screw
T is the yield strength of the screw
£ is the modulus of elasticity of the screw material
(e.g. for steel: E,= 210,000 MPa)
I is the moment of inertia of the screw core I, = mx (dm)4/64

%

N

N

-
N

%
V)

\\4\4

W

(minor diameter)

d

(major diameter)

N

AST 5055555 D 555 S DD U S SN NENE N SR RRNN LS SR RREE SRRENINE S NN NRRNE NN

o)
Ed

)

lef
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9 Design for ULS of members subjected to compression
and bending — members prone to instability

9 Design for ULS of members subjected to compression
and bending — members prone to instability

Buckling lengths for typical compression members

B =1L/ L, where L is the effective (or buckling) length of the member and L is the geometrical length of the member. The recommended
design values of 8 are modifications of the ideal values, taking into account that perfect fixity is very seldom attained in practice.

Model Typical example Theoretical g value Recommended g value
<E o o
Al
‘\
! 1.0 1.0
/I
e < <= A
<E o o
\
\
i 0.7 0.85
!
=< = = S
/ o o
/
/
!
2.0 2.25
A ANN\NN ANN\N ANN\N
0.5 0.7
AN\ AN N\
1.0 1.2
S == S

Definition of buckling load P,, and relative slenderness ratio .,

The considered member is assumed braced in the y-direction, therefore buckling can only occur around the y-axis.

Buckling load
Eyos X I

P =X 3
Lg

cr

Buckling around the y-axis

Relative slenderness ratio

P Jeox XA _ﬁ Jeok
! P 7\ Eoos

where

P. is the critical load.

feok is the characteristic compression strength along the grain.
A is the gross area of the cross section.

Eoos is the characteristic value of modulus of elasticity.

I is the moment of inertia of the cross section about y.

Le is the effective (or buckling) length = S x L, see table 9.1.
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9 Design for ULS of members subjected to compression
and bending — members prone to instability

Buckling of cantilever column as a part of a system of columns, according to Akerlund, S., Stal- och trakonstruktioner AK II,
Faculty of engineering, Lund University, Sweden, 1984

Yo
Py P, P, Ps
H
AN T — —
> M | | |
| = | |
= . | VA S
O3
AlA |
NN 12 [« e
I z Nz
R
|
A-A |
vy
Initial out-of-plumb (mean value) a,, = 0.003 + 0.015/\/5
Equivalent horizontal force (or destabilising force) n 1 nop
acting at the top of the cantilevered column Ay X z Pi+wyX | _Po x Z L
He 1 P 1
L3 P
1 i
1- b x xy-L
3><E0_05><1y l_P() ; i
cr
Stability check of the cantilevered column See table 9.7 and 9.2, page 29.
where:
n is the number of doubly-pinned columns ( n = 3 for the example shown in the figure above).
Vo is the horizontal displacement at the top of the cantilevered column due to the applied load only
(i.e. without the contribution of “H").
g % L§
. oy =
For the case shown in the figure above: %0 Sx E x Iy
P, is the critical load of the cantilevered column, see table 9.7 and 9.2, page 29.
I, is the moment of inertia of the cross section about y.
Eolos is the characteristic value of the modulus of elasticity.
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9 Design for ULS of members subjected to compression
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Members subjected to compression according to EN 1995-1-1, section 6.3.2

F
¢,0,d
Oc0a=—— < ke X food
An

where: J/Fc,o,d
z

rel
k+4/k2—22,

Ocod is the design compression stress along the grain. o
feod is the design compression strength along the grain. } }
Feod is the design compression load along the grain. } } y
A, is the cross sectional net area. | | |
k. is the reduction factor for compression buckling: } } j:—c— |_ ; =
1 for 4,4 < 0.3 | | \Lz
ke=9 —1— foriy>03 }/L } M
\ \
|

where:
Fc,O,d
k =05 x [1 +0.1X (A = 03) + 42 ]

el

and with 4, according to table 9.2, page 29.

0.9 +

0.6
0.5 1

0.2 7
0.1

0.3
0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2

rel
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9 Design for ULS of members subjected to compression
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Effective lengths for typical bending members. Distance between bracings: L. f; = L./ L, where L is the effective (or buckling) length

of the member and L is the geometrical length of the member. The following boundary conditions have been assumed at supports and/or bracing points.
Torsion is restrained but warping is free.

Statical system Moment diagram Pr=Ls/L
(s =9
[ ]
AN L= H ‘ ‘ ‘ ‘ 0.6 +0.4 x pu(>0.4)
L L L -1,0<u<1,0
7

7

q

LWILILLILILLLL)

Mo M 1.0
uxm (u=1)
C: >
=5 o=
f L f
A A

— ; 1 | 0.56 +0.74 xa x (1-a) "
LaxL L (T-a)xL ﬁ%’

A e AR marrarE= o

L/4 L/4

q
CLLIJLLLLEIIL] A
s e
/\\/ : /\\/

)

NI
s ' il -
b : }

q
AR -

]

" The ratio between the effective length L. and the span L is valid for a beam loaded at the centre of gravity.

If the load is applied at the top edge of the beam, L,; should be increased by 2 x h. If the load is applied at the bottom edge of the beam,
L. should be decreased by 0.5 x h, where his the beam depth.
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9 Design for ULS of members subjected to compression

and bending — members prone to instability

Definition of critical bending moment M, and relative slenderness ratio 4, ,

Critical bending moment

M, = Llf\/(EO'OS X 1,) X (Gogs X K.)
€

Relative slenderness ratio

fm,k 4 ~ 1 h x Lef ><fm,k

Aol =\ S X\ 078 X By

where

M., is the critical bending moment.

frok is the characteristic bending strength.

b is the beam width.

h is the beam depth.

w is section modulus (= bx h?/6).

Eoos is the characteristic value of modulus of elasticity.
Goos is the characteristic value of shear modulus.

K, is torsional stiffness factor (= b*x h/3).

I, is the moment of inertia of the cross section about z.
Lot is the effective (or buckling) length.
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Members subjected to bending according to EN 1995-1-1, section 6.3.3

Md
Omd = W < kcrit ><fm,d

where:

O is the design bending stress.

frnd is the design bending strength.

My is the design bending moment.

W, is the net section modulus.

Keie is the reduction factor for lateral torsional buckling:
1.0 for A, 1y, < 0.75

1.56 = 0.75 X Ay for 0.75 < Ay < 1.4

2
( L > for Aepm > 1.4

Arel,m

crit —

and with 4, according to table 9.6, page 33.

1.0 -

0.8 +

0.6 +

0.4 +

Reduction factor, k_;,

075
0 06 1.2 18

Relative slenderness ratio for bending, 4.,

4.2

" Note that if one of the following two conditions is fulfilled:
< (Ly xh)/b2 <140
-h/b< ~4
Lateral torsional buckling is not likely to occur, i.e. kcrit may be set equal to 1.
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9 Design for ULS of members subjected to compression

and bending — members prone to instability

Members subjected to combined compression and bending (without lateral torsional buckling, i.e. 2, < 0.75)

according to EN 1995-1-1, section 6.3.2

Buckling about y-axis Bending about y-axis

- kc,y — Oy
Feoa M, 4 <
kC»Y X (An X fc,O,d) Wn,y X fm,y,d

Buckling about z-axis

Bending about y-axis

— ke, = Onmy
_ Feoa +07 % L <1
ke, X (An X fc,o,d) Wy X fnya
Fod is the design compression load along the grain.
My is the design bending moment about y.
feod is the design compression strength along the grain.
froya is the design bending strength about y.
A, is the cross sectional net area.
W, is the net section modulus about y.
k.yand k, are the reduction factors for compression buckling about y and z
respectively
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Members subjected to combined compression and bending (with possible lateral torsional buckling, i.e. 2, > 0.75)
according to EN 1995-1-1, section 6.3.3

Buckling about z-axis

- kC,Z
7
e
~ - -
e - -~ é/
M, 4 A
’ e = e
s = - ~
s - s
=" -
S?g/ P ~ -
| - Bending about y-axis
T~ — Oy
Fc,O,d
z
- 2
F, 0,d M d
- + z <1
kC’Z X (An X .ﬁ,O,d) kcrit X <Wn,y X fm,y,d)
Fe04 is the design compression load along the grain.
M, is the design bending moment about y.
@ is the design compression strength along the grain.
froyd is the design bending strength about y.
A, is the cross sectional net area.
W, is the net section modulus about y.
K., is the reduction factor for compression buckling about z.
Keie is the reduction factor for lateral torsional buckling.

36  The Glulam Handbook — Volume 3



Notched members

Notched members according to EN 1995-1-1, section 6.5

9 Design for ULS of members subjected to compression
and bending — members prone to instability

3
2

Va

<k,X
bxXhy = fua

k, =min { I;

1.5
6.5x (14X~
(1422

\/ﬁX(y/& x(l—a)+0.8x%x,/§—a2>

where:

7y is the design shear stress.
foa is the design shear strength.
V, is the design shear force.

i =1,/ (h-he)

@ =he/h

hef

h

f -0.75— k,~04-05

hef

h

f -0.50 — k,=~0.3 - 0.4

Reinforcement of notched members by means of self-tapping screws or bonded-in rods according to DIN EN 1995-1-1/NA

Figna = 1.3 Vyx (3 X (1—a)—2x(1- a)3)
Check: Frooa S X Rg
where: <
oo is the design tensile force perpendicular to the grain.
Req is the design axial strength of the reinforcing screw/rod, i.e.
the smallest value of tensile and withdrawal strength. The bonding I
length in case of bonded-in rods or the penetration length in case of 2
screws shall be taken equal to /,, = h — h,;, see figure to the right. Al
n, is the number of reinforcing screws. \
Vy is the design shear force. 23.0xd
4 = hef/ h R
©
d is the outer thread diameter, d < 20 mm. é
o~
Al
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Suspended loads at tensioned beam edge

Connection forces at an angle to the grain according to DIN EN 1995-1-1/NA

|
a, i
= |
= = - 1
= |
1 | | ey
nwER T ==
- ‘ —— —1—=
! — 1 —
‘ . =
R |
tpen /I/
/I/ tpen
Foeq = Fe g X sina b
\l/ Fosal2 \l/ Foeol2
18 x h? 08
Fgoqu = kS X kl‘ X 65 + T X (tef X h) X ft,90,d
where:
n
14 xa, k., = P E—
ky=max < 1;0.74+ ——— / and hy
h n
=1
Check: Foora 2 Fypa

(Cross-connections with a, /h > 1 and F, g, > 0.5 X Foq 4 should be reinforced, see table 9.74, page 39)

where:
Fed is the design value of the force component perpendicular to the grain, [N].
Foord is the design splitting capacity of the member, [N].
fe00d is the design tensile strength perpendicular to the grain, [MPal.
k. is a factor to take into account the spacing of fasteners in a row of fasteners parallel to the grain.
k. is a factor to take into account multiple rows of fasteners.
h. is the loaded edge distance to the centre of the most distant fastener, [mm].
a, is the spacing between the centres of the two outermost fasteners in a row of fasteners parallel to the grain, see figure above.
h is the timber member depth, [mm].
toe is the effective depth, in mm, see table 9.13, page 39.
n is the number of rows of fasteners.
! is the unloaded edge distance to the axis of the row of fasteners considered, see figure above.

For cross-connections with h, /h > 0.7, no further verification is required.

Cross-connections with h, /h < 0.2 should only be loaded by forces of short duration (e.g. wind suction).
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The effective depth t,; for different configurations of the connection according to DIN EN 1995-1-1/NA

Timber-to-timber or panel-to-timber Nailed steel-to-timber connections Dowelled or bolted connections, either
connections with nails or screws timber-to-timber or steel-to-timber

, b , b b

Timber

WV A\ 4

A4

tef=min{b;2xtpen;24><d} tef=min{b;2><t

1)
pen;30xd} e = min {512 x d)

" For connections with screws: f; = min {b; 2% Tpen’ 12 x d}

€

Reinforcement to carry tensile stresses perpendicular to the grain in connections with a tensile force component
perpendicular to the grain according to DIN EN 1995-1-1/NA

Ft,90,d = [l - 3 X (12 + 2 X a3] X FV,Ed
Screw or
bonded-in rod

Check: Fiooq <nXRyy
where: Possible
- is the design tensile force perpendicular to the grain. splitting
line
F e is the design value of the tensile force component perpendicular to
the grain.
R.q is the design axial strength of the reinforcing screw/rod, i.e.

the smallest value of tensile and withdrawal strength. The bonding
length in case of bonded-in rods or the penetration length in case oY
of screws shall be taken equal to Z,; = min (4, ; s.), see figure to ‘ ‘ ‘ ‘

the right. - ‘
% . L
n, is the number of reinforcing screws. L ‘ ‘ ;l; F., ‘
¢ = he /h N | - |
| , |
d is the outer thread diameter, d < 20 mm. N o —— ‘ .
>230xd | | ‘ J} .0
N > s ‘ _
e I |
= >25xd
N <4xd
A
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Members with holes

Members with holes: geometric requirements according to DIN EN 1995-1-1/NA
Note that DIN EN 1995-1-1/NA proposes r = 15 mm. The authors of The Glulam Handbook Volume 3 suggest r = 25 mm.

= | \ :
| <
) 44 (2 O
| |
| <
| I
hlo b Lol L] R )

Holes with diameter d < 50 mm can be disregarded in design, if they are placed close to the neutral axis or very close to the upper corner above
a support.

I,>h l,>21.5hor at 1,>0.5h h,=0.35h a<0.4h hy<0.15h r=25mm

ro =

least 300 mm h,, = 0.35h

u =

Members with holes: design tensile force at the edge of the hole according to DIN EN 1995-1-1/NA

Fiooa =Fioova+ Fiooma

where:

VX hy h?
Foyg=—93"dx|3-24
RV h2

|
T ‘ h,+0.15 x hy
and g
M, < Fro0, ‘D 0.7 x h,
Fonpa = 0008 x —4 oo 1) |
h, Fio0q 1' ‘ h,+0.15 x hy
Ft 90,d !
Check: 0904 = oo o < koo XA
ec 1904 = )5 looo X b ,90 2 J1,90.d
where:
Vy is the design shear force at the edge of the hole
(i.e. at a distance “x” from the support).
My is the design bending moment at the edge of the hole <
(i.e. at a distance “x” from the support).
b beam width.
h, min (h,, + 0.15 x hy; h,, + 0.15 x hy) for circular holes.
h, min (h,, ; h,,) for rectangular holes.
lioo 0.35 x hy + 0.5 x hfor circular holes.
licm 0.5x% (hy + h) for rectangular holes.
ke 90 min (1 ; (450/ h)0.5), where his the beam depth.
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9 Design for ULS of members subjected to compression
and bending — members prone to instability

Members with holes reinforced by means of screws or bonded-in rods: geometric requirements according to DIN EN 1995-1-1/NA
Note that DIN EN 1995-1-1/NA proposes r = 15 mm. The authors of The Glulam Handbook Volume 3 suggest r = 25 mm.

Holes with diameter d < 50 mm can be disregarded in design, if they are placed close to the neutral axis or very close to the upper corner above
a support.

I,>2h [,>1.0hor at [,=0.5h h,=0.25h a<1.0h hy<0.30h" r=25mm

ro =

least 300 mm h., >0.25h a<2.5hy hy< 0.40h?

u =

" Applicable to beams with internal reinforcement.
2 Applicable to beams with external reinforcement.

Reinforcement of members with holes according to DIN EN 1995-1-1/NA

Check: Fiooa <n. X R4
N
V
where: -3 ho+0.15 x hy
Feo0d is the design tensile force perpendicular to the grain, = A I3 T hy 07xh
see table 9.16, page 40. T"go'dl SR - ¢
Req is the design axial strength of the reinforcing screw/bonded-in bar, ~ j TN h,+0.15xhy
i.e. the minimum value between tensile and withdrawal strength. B
The bonding length in case of bonded-in rods or the penetration
length in case of screws shall be taken equal to /., = min {h,, + 0.15; K -
h., + 0.15 x hy} for circular holes and the bonding length /,, = h,, or - va o
h.,, for rectangular holes, see figure to the right. - A - 4Is r,\ h
90,d d o
n. is the number of reinforcing screws at one side (left side or right N T ===
side) of the hole. = j t
>V N a = |

Note that for each side of the hole, only one row of screws should be used in the “critical” cross section, as shown e.g. in table 9.79.

Placement of the reinforcing screws or bonded-in rods according to DIN EN 1995-1-1/NA

N \
|
ey hd
=l |
N | S
! n| %
\ d ‘ ‘ ~N| ™
“ “ ‘/\I Al
| 4 _ N
N e ppp ey
NS Qe 42
>25x%d >25xd |
<4xd H ‘ <4xd ,jf,
1A 1A ~N
Al

The minimum length of each steel rod is 2 x/,, and the outer thread diameter is limited to d < 20 mm.
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10 Design of cross-sections
in members with varying
cross-section or curved shape

Common beam geometries

Single tapered beam

N r—
f ! y

7 71

Double tapered beam ‘
a a
R
A e
L, L

! 2

71

Curved beam

1/2-c/2
12

n =

=o-p
/2 =r,xsinp

= hy + (1/2-¢c/2) x (tan a—tan f)
' = ho +1/2 x (tan a—tan f3)

= h' xcosy

> T T

Pitched cambered beam

h,,

y=0-p

c/2=r,xsinp

h, = hy +1/2 x (tan a—tan f3)

R, =ho +1/2 x (tan a—tan )+ r, x (1-cos f)/cos
h, = h', x cosy
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10 Design of cross-sections in members
with varying cross-section or curved shape

Position of the cross section with highest bending stress, x = x,,, in simply supported beams subjected to
uniformly distributed load

Single tapered beam

o l
< X, =—-
/Kl - hap/hA
Eti
- . ) Eem 2 Xy

hyo=— "2
1+ hyp /iy

! ]

71

Double tapered beam

M/\] 5 I hy
b = < X, = —-
Ci T 2xhy,
e ! A
X L

: - hy = hy x (Z—hA/hap)
/2 /2 L
7
Double tapered beam
& lap
x < Xy =
i = Baplhia +2 X L/l = 1
=
T ‘ A x
o ¥ = I+ 2 (hyy = )
L, L ap
7
i
Curved beam
-
Ei hy = hy X (2= hy/h))
Xm
72 2
1

Pitched cambered beam

I X hy
Xy =
2 X hy

According to EKS 10, an unsymmetric snow load should be taken into account, whatever the pitch of the roof. As a safe approximation,
one can assume a uniformly distributed snow load with the form factor i, over the whole beam. The equations stated above then apply.
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Bending stress at x = x,, according to EN 1995-1-1, section 6.4.2

6 X My <k
Um,a,d - o-m,O,d - b % h2 = "m,a ><fm,d
where:
Ormad is the design bending stress at an angle a to the grain.
frg is the design bending strength.
My is the design bending moment at x = x,.
b, h are beam width and depth respectively at x = x...
K is a factor according to the figure below. y Y= =
- N
bl | Onod, | Fmos|, |
A A A A A T
Factor k,, , for strength class GL30c; service class 1, load duration: medium term.
km,a 1.1
L = 1
1 T me i 2 i 2
e 1+ s Xtana | + g X tan? a
0.9 25 L5X fyd fe90.d
0.8 *5 |
07 - . /C /I D
06 .. —
05 1 / ) 5
wl Q=10 ..
03 4 s
1 Tee..
0.2 ko= e,
fm.d ’ fm.d ’ ‘."'-.
01 - 1+ <0_7'5x'/“d xtana) + <f090d X tan? a) S elee.
0 t t t t t t t t t t t t t t t t t t t
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
a[’]

Location of cross section for stability check

44
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Lateral torsional buckling of beams with
variable cross sectional depth

In beams with variable depth, there are two zones where lateral tor-

sional buckling should be checked, namely:

e the zone with the greatest bending stress o,,, ,.

e the zone with the most unfavourable reduction factor for lateral
torsional buckling k.

According to Colling, F., Holzbau Grundlagen, Bemessungshilfen 2.
uberarbeitete Auflage, Vieweg+Teubner, Wiesbaden, 2008, the cross
section for the stability check of a simply supported beam should be
taken at 0.65 x /; from the lateral restrain closest to the support,
where /, is the buckling length, see figure 10.1.




10 Design of cross-sections in members
with varying cross-section or curved shape

Table 10.4 Lateral torsional buckling of tapered beams according to Colling, F., Holzbau Grundlagen,
Bemessungshilfen 2. iiberarbeitete Auflage, Vieweg+Teubner, Wiesbaden, 2008

Buckling zone 1

Buckling zone 2
y |

[ PR

0 |
: = o
< \ \ |
#p- 0.65% [, |, 0.65x1, o
) Lol
x g i
- |
eg E ‘ S
N & / |
N— |
|

Check for buckling in zone 1

- Calculate 6.2, (or, more conservatively: 6, ma)-

- Determine the reduction factor for lateral torsional buckling k.,
see table 9.7, page 34, assuming:
- buckling length / =/, and
- cross section b x h/2,.

Check for buckling in zone 2

- Calculate 6.2; (= M2, / W2,).

- Determine the reduction factor for lateral torsional buckling k.,
see table 9.7, page 34, assuming:
- buckling length / =/, and
- cross section b x h.2;.

Table 10.5 Lateral torsional buckling of curved beams according to Colling, F., Holzbau Grundlagen,
Bemessungshilfen 2. iiberarbeitete Auflage, Vieweg+Teubner, Wiesbaden, 2008

Buckling
zone 1

Buckling
zone 2

-

\ |
| ‘ | ‘
‘ 1, 10.65x 1, | ‘ !
7 Xy | o
4l ; \ \ ‘

< \ o

\g@g | S
| | © \

T’”>

Buckling zone

Check for buckling in zone 1

- Calculate ao% (or, more conservatively: 6, ;..)-

- Determine the reduction factor for lateral torsional buckling k.,
assuming:
- buckling length / =/, and
- cross section b x h.D;.

Check for buckling in zone 2

- Calculate oy, ,, 4 (= M, 4/ W,,).

- Determine the reduction factor for lateral torsional buckling k..,
assuming:
- buckling length / =/, and
- cross section b x h,.

Check for buckling

- Calculate oy, ,, 5 (= M, 4/ W,,).

- Determine the reduction factor for lateral torsional buckling k..,
assuming:
- buckling length / =/, and
- cross section b x h,.
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Table 10.6 Lateral torsional buckling of pitched cambered beams according to Colling, F., Holzbau Grundlagen, Bemessungshilfen 2.

Uberarbeitete Auflage, Vieweg+Teubner, Wiesbaden, 2008

Buckling Buckling
zone 1 , zome 2

hogs, 1 [Py
> == ho(Es | I
= \ ! \
I, ‘065xl1 ‘Vo.65x11 } |
W A A
1 | v L
O‘nl,max

@ @
Ooes| Opes

Check for buckling in zone 1

- Calculate 6., (or, more conservatively: O ma)-

- Determine the reduction factor for lateral torsional buckling k.,
assuming:
- buckling length / =, and
- cross section b x h.2..

Check for buckling in zone 2

- Calculate 00%5 (= MO%/ WO%).

- Determine the reduction factor for lateral torsional buckling k.,
assuming:
- buckling length / =/, and
- cross section b x ho% (or, more conservatively: b x h,)).

Check for buckling

- Calculate max {a,, ,,4; 60%} ie.
MaX Moo/ Wap maps: Mogs / Wesgs )
- Determine the reduction factor for lateral torsional buckling k.,
assuming:
- buckling length / =/, and
- cross section b x ho% (or, more conservatively: b x h,).

Md
Oma = ki X T ke X fina
ap
where:
O is the design bending stress at the apex.
Trd is the design bending strength.
My is the design bending moment at the apex.
b, h,, are beam width and depth respectively at the apex.
k, is a factor according to table 10.8, page 47.
k
' 1 for ry, > 240X t
"in
0.76 + 1000 %7 for Tin < 240 x t
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k,values for the calculation of the bending stress at the apex according to EN 1995-1-1, section 6.4.3

Ooma
,

2
h h
k,=1+0.35><ﬂ+0.6x(ﬂ
r r

hp M\ T\
r r r

kj=1+14xXtana + 5.4 X tan’
ky=035-8Xtana

ky=0.6+8.3xtana — 7.8 X tan’ a

ky = 6 X tan’ &

o should be < 15°

Tensile stress perpendicular to the grain according to EN 1995-1-1, section 6.4.3

6 X My
01904 = kp X bxh2, < kgis X kyor X f 00,
where:
@i is the design tensile stress perpendicular to the grain at the apex. \AFL/ =
fine is the design tensile strength perpendicular to the grain at the apex. / &\ G0
My is the design bending moment at the apex. C-’ \ ~ / o Ma"i
Kgis see table 10.11, page 48. M F,oo

koot = (Vo/ V)02

is the ratio between the reference volume V, (for glulam V, = 0.01 m?) and
the loaded volume at the apex, Vin m?, see table 10.11, page 48.
V should not be taken greater than 2/3 of the total volume of the beam.

k see table 10.70.

k, values for the calculation of tension perpendicular to grain stress at the apex according to EN 1995-1-1, section 6.4.3

am,max
‘ kp=0.2><tana
(afi/ “:i hould be < 10
< o should be < 10°
Qiﬁ, o
0,

hyp
ky=0.25x —
;

2
h, h,
ky = ky +ky X (%) +ky X <$)

ky =02Xtana
ky=0.25-1.5Xtana + 2.6 X tan’ @
ky=2.1xtana — 4 x tan’ @
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Values of k,, and Vaccording to EN 1995-1-1, section 6.4.3 for typical beam types (“b” denotes the beam breadth)

Beam type ks v
Double tapered beam 1.4 Volume of (1), see figure to the left
2
~bx (hy)
1.4 Volume of the curved part (1) V
pr (.
ﬁb (hap + 2haprm>
1.7 Volume of the curved part (1) V
) 2, 0T
b ( sin (aap) cos ((xap) (rm + hap> - 180

"V needs, however, not be taken as more than 2/3 V,, where V, is the total volume of the beam.
Angles a and 8 in degrees. “b” is the width of the beam.

Placement of the reinforcing screws or bonded-in rods according to DIN EN 1995-1-1/NA

Screw or bonded-in rod

P Possible cover

lamination

Zone 1: Denser distribution of screws/bars.
Zone 2: Sparser distribution of screws/bars.

© R
R =2 a, ~N
1 7‘ 7‘ Al
H Al
| | '  —x
o o o o | —¥%
o o o o |—
‘ ‘ r ‘ o o o o ‘Q<Z 3d
I 1 | - ] 5 N
n= n= °
2 10
N ~
Al Al

a, is the spacing of reinforcement along the beam.
Recommended spacing: 250 mm < a, < 0.75 x h,,, where h,; is the depth of the beam at the apex.
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Design of the reinforcement against perpendicular to the grain tensile stress

Design tensile force perpendicular to the grain in the central part of the apex area:

6t,90,d X b X al

Fiooa=
n

=

_
i
At

'|||MIII'

Design tensile force perpendicular to the grain in the outer quarters of the apex:

2 OGuo0aXbXa

Reinforcing screw
or bonded-in rod

Ft,90,d

F, ==X
£,90,d 3 n

Check: Ft,g(),d < Rt,d

where:

aioon is the design tensile stress perpendicular to grain.

b is the beam width.

ES is the spacing of reinforcement along the beam.
Recommended spacing: 250 mm < a, < 0.75 x h,,, where h,,
is the depth of the beam at the apex, see table 10.12, page 48.

n is the number of groups of reinforcement bars in the direction
perpendicular to the longitudinal axis of the beam, see table 10.12,
page 48.

R is the design axial strength of the reinforcing screw/bonded-in bar,
i.e. the minimum value between tensile and withdrawal strength.
The bonding length in case of bonded-in rods or the penetration
length in case of screws shall be taken equal to /,,, see figure to
the right.

The Glulam Handbook — Volume 3 49



11 Design for SLS

11 Design for SLS

General

Calculation of deflections is usually based on mean values of stiffness
properties. Time dependence may be considered by defining a final
effective modulus of elasticity as

E

mean

E = _mean
1 + kgt

'mean,fin

where kg accounts for moisture effects on deformation according to
table 11.1.

Table 11.1 Values of k. for timber and wood-based materials according to EN 1995-1-1

Solid timber EN 14081-1 0.60 0.80 2.00
Glulam EN 14080 0.60 0.80 2.00
LVL EN 14374 0.60 0.80 2.00
EN 14279 0.60 0.80 2.00
Plywood EN 636 0.80 1.00 2.50
OSB EN 300
0SB/2 2.25 - -
0SB/3 1.50 2.25 -
OSB/4 1.50 2.25 -

Table 11.2 Slip modulus K., per shear plane and per fastener in timber-to-timber and wood panel-to-timber connections
P is the mean density of the timber, in [kg/m?®] and d'is the fastener diameter, in [nm]. If the mean densities p,,; and p,,, of two jointed members are
different, for p,, use a value that is p,, = Vp,.; X p,,. Where p., and x p, , are taken from table 7.4 or table 7.5, page 20.

Dowels p§15d/23
Bolts with or without clearance

Screws

Nails (with predrilling)

Nails (without pre-drilling) p§{5d0'8/30

" The clearance should be added separately to the slip of the fastener.
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Deflections

Calculation of deflections. The relevant load combinations can be taken from table 5.3, page 1.
The values of kg can be taken from table 11.1, page 50. The values of w, can be taken from table 5.4, page 11.

Wine Instantaneous deflection.
Wereep Deflection due to creep: X
Wereepp = Kaer X Winse due to permanent load. 3 , -
Wereepy = W X Kger X Wig due to variable load. = < = _ %0 e 5
. | \\ —~ - ~ 2
A Possible precamber. — —— - N
~ —
: ) — _
W, Final deflection: N
2
3
Wip = Winge + pX Wereep,i §b /
Woet fn Total net deflection:
Whet fin = Wan — We

Normally accepted limits for deformations in relation to the free span in the serviceability limit state
The table values are based on tried and tested methods and good engineering practice and have been converted to values in line with EN 1990,
EN 1991, EN 1995 and the current EKS. They should be seen as industry recommendations to guide developers and their agents, as well as a basis for
evaluating competing alternatives.

Application Non-cambered structural elements
Uax,inst Unax,frekv Umax,fin
Roof beams
Manufacturing L/300 L/300 L/250
Schools, shops, etc. L/375 L/375 L/300
Animal sheds - L/200 L/200 (maximum 30 mm)
Machine halls, barns, etc. - L/150 L/150 (maximum 40 mm)
Floor beams
General " L/500 L/375 L/300
Storerooms and other premises with no public access L/275 L/250 L/200
Animal sheds - L/200 L/200 (maximum 30 mm)
Barns, etc. - L/150 L/150 (maximum 40 mm)
Trusses
Generally, without consideration of node deformations L/625 L/500 L/400
In agricultural buildings, without considering nodal - L/400 -
deformations
Cantilevers L/250 L/250 L/200
Roof ridges
Generally, without a separate ceiling L/375 L/375 L/300
In agricultural buildings, without a separate ceiling - L/200 -
Generally, with a separate ceiling L/200 L/200 L/150
In agricultural buildings with a separate ceiling - L/100 -

" The stiffness of wooden floors should also be checked regarding sagging and vibrations.

L denotes the free span. For structural elements with camber, the table value/1.5 applies.

Upaxinst 1 Calculated according to EN 1990 (equation 6.14a), characteristic load combination and EN 1995 (equation 2.2.3 (2)).

Upaxsn IS Calculated according to EN 1990 (equation 6.16a), quasi-permanent load combination and EN 1995 (equation 2.2.3 (3) and (5)).
There are no instructions for the frequent load combination according to EN 1990 (equation 6.15a) in EN 1995. The frequent load combination
Unaxreky 1S Calculated according to equation 6.8, page 86.

The table must also be supplemented with the constraints imposed by the conditions of the construction project in question. For example, the outer
layer of the roof may require a maximum deformation of 30 mm for the characteristic load, to avoid damage where a shallow pitch causes a risk of
standing water freezing into ice. There is also a risk of damage to ceramic floors and stone tiles, where a stiffness of at least around L/300 is reasonable
for the characteristic load. Lintels over doors and windows are examples of instances where absolute measures of deformation must not exceed

the space available. Floors must also not place a load on non-load-bearing internal walls. Glass roofs are highly sensitive to vertical and horizontal
movements. The values for agricultural buildings were chosen in accordance with SIS-TS 37:2012.
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12 Carpentry joints

12 Carpentry joints

Table 12.1 Strength of the joint according to the Swiss norm for timber structures SIA 265:2003

Steel plate §y
t=5mm &
S

Compression strength at an angle « to the grain

0.8 X fe04 X fe004
0.8 X fi 04 X Sin? @ + f, g0 g X cOS?

fc,a,d <

Jeo.a X Jfeo0d
feoa X sina 4 f; 994 X cOS?

fc,a,d <

Table 12.2 Design of carpentry joints according to SIA 265:2003 with some modifications by the authors of The Glulam Handbook Volume 3

>150 mm

Minimum values F;Xcosf " F,x F, ?
;> L p 0>t cos f§ d> d
b X fead bx0.5X%f,q b X feaa
Maximum values t <h/4 for p<50° a<8xt” -
3)
t <hl/6 for p>60°

" For the determination of f_, , use a = 0.5 x S.
2 For the determination of £, 4, use a = §.

P For 50° < < 60° linear interpolation of t can be used.
4 Alarger chord toe length (a) than that prescribed in the table can be adopted.
When calculating the load-carrying capacity, use the maximum shear length a= 8x t.
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13 Connections with metal fasteners

13 Connections with metal fasteners

The rules for the design of connections with metal fasteners treated
in this section are basically those of the EC5 approach. However, it is
always recommendable to design connections with ductile proper-
ties. In tables 13.3 —13.11, pages 56 — 64, therefore, the suggested
material thicknesses for a given fastener diameter with correspond-
ing load bearing capacities relates only to ductile failure modes of
the connection and excludes therefore brittle failure modes. In par-
ticular, the presented approach aims at ensuring the formation of
one or two plastic hinges in the fasteners which correspond to failure
modes f and k for timber-to-timber connections and failure modes b,
e, h and m for steel-to-timber connections, see figure 13.1. These fail-
ure modes can be ensured by requiring either sufficient thicknesses
of the timber parts or smaller fastener diameter.

—
Mode “b” Mode “k
\ \ | \
; \ \ 1 ; AY ‘
\ ‘ \ ‘
() ‘ ‘
. . “pn
|| | \ / : ‘ Mode h_ |
‘ ~
Mode “e” Mode “m” . ‘
; | — || |
\ O ‘ \ ° b (of [
. | o | |
| % | i
I o
\ L - ‘

Ductile failure of connections

If thinner timber parts or larger fastener diameter than those sug-
gested in tables 13.3 — 13.11, pages 56 — 64 are adopted, the failure
mode will become brittle and the equations of EN 1995-1-1, sec-
tion 8.2 should be used for the determination of the load bearing
capacity of the connection. However, for a quick (and conservative)
estimation of the load bearing capacity of a connection in case of
brittle failure modes, the approach given in DIN EN 1995 1-1/
NA:2010-12 can be used. According to this approach, the load-carry-
ing capacity related to the ductile mode shall be decreased linearly
with the thickness of the timber member, giving capacities slightly
smaller than EN 1995-1-1, EC5. The discrepancies between the DIN
and EN 1995-1-1, EC5, approaches are illustrated in figure 13.2, page
54, for a steel-to-timber connection with a thick steel plate in single
shear.
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Capacity of the fastener

Parameters used in design of
timber connections

Fore is the characteristic capacity per shear plane,
per fastener.

Shix is the characteristic embedment strength of
member “i”.

t; is the thickness of the timber member
(or penetration depth for nails and screws).

d is the diameter of the fastener.

My is the characteristic yield moment in the fastener.

B =foox! fuix 1S the ratio between embedment strengths of members
“1” and “2”. For single shear timber-to-timber
connections the designation “1” or “2” can be given
arbitrarily. However, for double shear timber-to-timber
connections designation “2” shall always be given to
the member in the middle.

Embedment A One plastic
failure hinge
™ EC5
(ﬁ ————— DIN
[
p———————
t \ // } N
t 7 I
7
M 7 \
7 \
7/ \
\ // | _#  Two plastic
// } : hinges
el |
7/ ‘ i
e | "
A -
/’ |
7 \
/ L't
/ 1 req

Thickness of the timber member t

Steel-to-timber connection with a thick steel plate in single shear
— discrepancies between EN 1995-1-1 approach and DIN approach



13 Connections with metal fasteners

Table 13.1 Characteristic embedment strength for glulam in strength class GL30c (p, = 390 kg/m?)

Fasteners with predrilled holes:
f 0.082X(1—0.01><d)><pk
hak = -
E[ * (1.35+0.015><d) X sin? a + cos? a
A\ /’F ]\/T/I\/’r Nails with non-predrilled holes (d < 6 mm):
foa fox = 0.082x d™%3 x p,
da
Fastener diameter d [mm] 4 8 10 12 16 20 24 30
0° 211 29.4 28.8 281 26.9 25.6 24.3 22.4
£, [MPa] 20° 211 27.9 27.2 26.5 251 23.8 22.4 20.5
Zirrength Angle to 40° 211 24.6 239 231 21.6 20.2 18.8 16.8
class the grain 60° 211 218 20.9 20.1 18.6 17.2 15.9 14.0
GL30c 80° 211 20.2 19.4 18.6 171 15.7 14.4 12.6
90° 211 20.0 19.2 18.4 16.9 15.5 14.2 12.4

Table 13.2 Characteristic yield moment for bolts and dowels of some typical steel grades

My My

Fastener diameter d [mm] 4 8 10 12 16 20 24 30
S355 - 34,098 60,910 97,850 206,730 369,292 593,254 1,059 758
Strength
class/g 4.6/4.8 - 26,743 47773 76,745 162,141 289,640 465,297 831,183
E\I/\llyhkwm] steelgrade | 5.6/5.8 - 33,429 59,716 95,932 202,676 362,051 581,622 | 1,038 978
forbolt/ | ¢ _g00 6,617 - - - - - - -
nail ¢ !
8.8 - 53,487 95,546 153,491 324,282 579,281 930,594 1,662 365
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13 Connections with metal fasteners

Single shear timber-to-timber connection. Minimum required thickness of the timber for the formation of two plastic hinges in
the fastener and corresponding shear capacity of the connection. Timber parts: Glulam in strength class GL30c. Fastener: steel dowel or bolt of

structural steel grade S355. Corresponding design values can be obtained by multiplying the characteristic values by (k.4 /7)., where y,, = 1.3.

n
R, =1.15x% fiﬁx\/ZxMy,kxﬁu,kxd
) 2 b peq = LIS X [2X r X &
L+p Jhaxxd
Iy > fypeg = 1.15% [ 2% ERENPY (VR T
’ L+p Jhoxxd
a, Cireq o, i req a, Cireq o, b req
a, oy a, oreq a, e a, oreq
d=8mm 0° 47 mm 0° 47 mm 0° 46 mm 0° 45 mm
0° 47 mm 30° 51 mm 60° 57 mm 90° 59 mm
R,=4.6 kN R.=4.5kN R,=4.2 kN R,=4.1kN
a, b req o, i req a, b req a, i req
a, ) req a, ) req a, b5 req a, b5 req
d=10mm 0° 57 mm 0° 56 mm 0° 55 mm 0° 55 mm
0° 57 mm 30° 61 mm 60° 69 mm 90° 73 mm
R, =6.8 kN R, =6.6 kN R, =6.2 kN R, =6.1kN
a, Cireq o, b req a, tireq o, b req
a, £ req o, oy a, By a, o req
d=12mm 0° 67 mm 0° 65 mm 0° 64 mm 0° 63 mm
0° 67 mm 30° 67 mm 60° 72 mm 90° 86 mm
R,=9.3kN R.=9.1kN R, =8.6 kN R.=8.3kN
a, b req a, i req a, b req a, i req
a, b5 req a, ) req a, b5 req a, b5 req
d=16mm 0° 86 mm 0° 84 mm 0° 83 mm 0° 82 mm
0° 86 mm 30° 97 mm 60° 107 mm 90° 113 mm
R.=15.3 kN R, =14.5 kN R.=13.9 kN R, =13.5kN
a, tireq o, i req a, tireq o, b req
a, 5 req o, o req a, oy o, o req
d=20mm 0° 105 mm 0° 105 mm 0° 1701 mm 0° 100 mm
0° 105 mm 30° 111 mm 60° 134 mm 90° 142 mm
R =22.4kN R.=21.9kN R,=20.0kN R.=19.4 kN
a, b req a, i req a, b req a, i req
a, b5 req a, 5 req a, b5 req a, t)req
d=24 mm 0° 125 mm 0° 123 mm 0° 119 mm 0° 118 mm
0° 125 mm 30° 138 mm 60° 161 mm 90° 172 mm
R.=30.3 kN R, =29 kN R.=26.9 kN R.=26.0 kN

DIf £y < b0 OF T, < t, 4, the load bearing capacity can be calculated as:

Rk,red = R, X min
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13 Connections with metal fasteners

Double shear timber-to-timber connection. Minimum required thickness of the timber for the formation of two plastic hinges in
the fastener and corresponding shear capacity of the connection. Timber parts: Glulam in strength class GL30c. Fastener: steel dowel or bolt of
structural steel grade S355. Member “2” is the central member. Corresponding design values can be obtained by multiplying the characteristic values by
(Kmog /7m), Where py, = 1.3.

)
0.5 x R, 2xp
R =2x]|1.15x% x\/zxMy,kxch,kxd
1+p
p
N t, 15 Ztl,req= 1.15x |2 X m'l'z
0.5 x R,
1 My,k
fy 2 1 g = LIS X |4 X X
’ 1+p Jo2x Xd

% b req % b eq % tireq % b req

() tZ,req o z'Lz,req (&) tZ,req o tZ,req
d=8mm 0° 47 mm 0° 47 mm 0° 46 mm 0° 45 mm

0° 39 mm 30° 43 mm 60° 49 mm 90° 52 mm

R.=9.2 kN R.=9.0 kN R.=8.5kN R,=8.3 kN

@y t1,req ] tW,req [ t1,req % tW,req

[ brreq % toreq @, bareq %, toreq
d=10 mm 0° 57 mm 0° 56 mm 0° 55 mm 0° 55 mm

0° 47 mm 30° 52 mm 60° 60 mm 90° 63 mm

R.=13.6 kN R.=13.2kN R.=12.5kN R.=12.2 kN

] b req % b req ] b req % b req

() tZ,req (&) z'LZ,req () tZ,req o tZ,req
d=12mm 0° 67 mm 0° 65 mm 0° 64 mm 0° 63 mm

0° 55 mm 30° 61 mm 60° 71 mm 90° 76 mm

R,=18.7 kN R.=18.2 kN R.=17.2kN R,=16.7 kN

@y t1,req % tW,req [ t1,req % tW,req

@, Erreq % toreq a; bareq &) toreq
d=16 mm 0° 86 mm 0° 84 mm 0° 83 mm 0° 82 mm

0° 71 mm 30° 83 mm 60° 93 mm 90° 1700 mm

R.=30.7 kN R.=29.1 kN R.=27.7 kN R, =26.9 kN

% b req % b req ] b req % b req

() tz,req o z'LZ,req () tz,req o tz,req
d=20mm 0° 105 mm 0° 105 mm 0° 101 mm 0° 100 mm

0° 87 mm 30° 93 mm 60° 117 mm 90° 125 mm

R.=44.7 kN R.=43.7 kN R.=40.1 kN R,=38.8 kN

(23] t1,req Qq tW,req (23] t1,req Qq tW,req

(25} t2,req [2%) tZ,req [27) t2,req a; tZ,req
d=24 mm 0° 125 mm 0° 123 mm 0° 119 mm 0° 118 mm

0° 104 mm 30° 117 mm 60° 141 mm 90° 152 mm

R.=60.5 kN R, =58.0kN R.=53.8 kN R,=52.0kN

VIf £ <ty OF £, < t, ., the load bearing capacity can be calculated as:

Ry 1eq = R X min

Ul

b
tl,req [2,req
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13 Connections with metal fasteners

Double shear steel-to-timber connection, with thin steel plates. Minimum required thickness of the timber for the formation of
one plastic hinge in the fastener and corresponding shear capacity of the connection. Timber parts: Glulam in strength class GL30c. Fastener:
steel bolt, strength class 4.8. If the thickness of the plates is greater than 0.4 x d, the capacity of the connection may be calculated taking into account
the rope effect, Ry = R, + 4R,. Corresponding design values can be obtained by multiplying the characteristic values by (k.4 /yv), where y,, = 1.3.

0.5 xR, N
R, =2x1.15 ><\/2><My’k X fhox Xd
04xd<1t,<05x%xd
f 2 by eq = 115 % (ZX\/E> X
0‘2 tZ,req aZ tz,req aZ t2,req aZ t2,req
d=8mm o o o R
(IR, = F. /4 = 3.0kN) 0 35 mm 30 37 mm 60 40 mm 90 42 mm
R.=8.2 kN R.=7.7 kN R.=7.0kN R.=6.7 kN
az tz,req az tz,req az tZ,req az tZ,req
d=10mm B B B o
(UR. = F, /4 = 47 kN) 0 42 mm 30 44 mm 60 49 mm 90 51T mm
R,=12.1kN R.=11.4 kN R.=10.3 kN R.=9.8 kN
d a; tZ,req a; tZ,req a; tZ,req a; tZ,req
=12 mm B B B o
(/4 = 6.9 kN) 0 49 mm 30 52 mm 60 58 mm 90 61 mm
R.= 16.6 kN R.= 15.6 kN R.=14.0kN R.= 13.4 kN
J %, b5 req @, b5 req @, ) req @, t)req
=16 mm R o R o
(IR, = F, /4 = 12.8 kN) 0 63 mm 30 70 mm 60 76 mm 90 80 mm
R.=27.2 kN R.=24.6 kN R.=22.6 kN R.=21.5kN
; %, foheq @, ey @, ey a; ey
=20 mm o o o o
(IR, = F, /4 = 20.0 kN) 0 77 mm 30 81 mm 60 94 mm 90 99 mm
R.=39.6 kN R.=37.9 kN R.=32.5kN R.=30.8kN
a; tZ,req a; tZ,req a; tZ,req a; tZ,req
d=24 mm o o o °
(UR, = F, /4= 28.8 kN) 0 92 mm 30 100 mm 60 114 mm 90 120 mm
R.=53.6 kN R.=49.4 kN R.=43.3kN R.=41kN
[2%) tZ,req [2%) tZ,req [2%) tZ,req [2%) t2,req
d=30mm o o o R
(UR, = F, /4= 45.9 kN) 0 114 mm 30 125 mm 60 145 mm 90 154 mm
R.=76.8 kN R.=70.2 kN R.=60.8 kN R.=57.3 kN

D If t, < t, . the load bearing capacity can be calculated as: Ry ;o5 = Ry X 5 /t; eq
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13 Connections with metal fasteners

Double shear steel-to-timber connection, with thick steel plates. Minimum required thickness of the timber for the formation of
three plastic hinges in the fastener and corresponding shear capacity of the connection. Timber parts: Glulam in strength class GL30Oc. Fastener:
steel bolt, strength class 4.8. If the thickness of the plates is greater than 0.4 x d, the capacity of the connection may be calculated taking into account
the rope effect, Ry = R, + 4R,. Corresponding design values can be obtained by multiplying the characteristic values by (k¢ /yw), Where y,, = 1.3.

1)
R, =2x 1.15x\/§x\/2xMy,kxﬁLz,kxd
t.>d
Iy 2 1y roq = 115 X4 X
az t2,req az tz,req az tz,req az tz,req
d=8mm o o o R
(4R, = F,./4 = 3.0kN) 0 49 mm 30 52 mm 60 57 mm 90 59 mm
R.=11.5 kN R.=10.9 kN R.=9.9kN R.=9.5 kN
a, b5 req a; b5 req a; b5 req a; b5 req
d=10mm B B o o
(IR, = F../4 - 4.7 kN) 0 59 mm 30 63 mm 60 69 mm 90 73 mm
R.=17.1kN R.=16.1 kN R.=14.5 kN R.=13.9kN
; a; 5 req a; £ req a; £ req a; 5 req
=12 mm B B o o
(/4 = 6.9 kN) 0 69 mm 30 74 mm 60 82 mm 90 86 mm
R.=23.4kN R.=22.0kN R.=19.8 kN R.= 18.9 kN
J a; req a; req a; req a; req
=16 mm R R o B
(IR, = F, /4 = 12.8 kN) 0 89 mm 30 99 mm 60 107 mm 90 113 mm
R.=38.4 kN R.=34.8kN R.=32.0kN R.=30.5 kN
; a; b req a; £ req a; b req a; b req
=20 mm o o o B
(IR, = F, /4 = 20.0 kN) 0 109 mm 30 114 mm 60 133 mm 90 141 mm
R.=56.0 kN R.=53.6 kN R.=45.9 kN R.=43.6 kN
0, t2,req a; t2,req 0, t2,req 0, t2,req
d=24 mm o o ° °
(IR, = F, /4= 28.8 kN) 0 130 mm 30 141 mm 60 161 mm 90 170 mm
R.=75.8kN R.=69.8 kN R,=61.2 kN R.=58.0kN
(25} t2,req (25} t2,req (25} t2,req (25} t2,req
d=30mm o o 5 R
(UR, = F, /4= 45.9 kN) 0 162 mm 30 177 mm 60 205 mm 90 217 mm
R.=108.7 kN R.=99.2 kN R.=85.9kN R.=81.0kN

D If t, < t, ., the load bearing capacity can be calculated as: Ry ;o5 = Ry X t;/t; eq-
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13 Connections with metal fasteners

Steel-to-timber connection with one slotted-in steel plate. Minimum required thickness of the timber for the formation of three
plastic hinges in the fastener and corresponding shear capacity of the connection. Timber parts: Glulam in strength class GL30c. Fastener: dowel
of structural steel grade S355. The thickness of the steel plate is assumed equal to d/1.5 where dis the diameter of the fastener. Corresponding design
values can be obtained by multiplying the characteristic values by (k,..q /yw), Where y,, = 1.3.

N 1)
R, =2Xx 1.15x\/§x\/2xMquxthkad
t;
b ,>05xd
0.5 x R,
M
0.5 R, B2t e = LIS X4X 4 [—2— — 0.5 %1,
& bireq & bireq & bireq & bireq
bl 0° 57 mm 30° 60 mm 60° 66 mm 90° 69 mm
R =12.2 kN R =11.5 kN R =10.5 kN R, =10 kN
[ b req % b req % b req [ t req
d=10mm 0° 68 mm 30° 73 mm 60° 81 mm 90° 84 mm
R, = 18.0 kN R, = 17.0 kN R, = 15.3 kN R, = 14.7 kN
(&} t1,req % t1,req % t1,req % t1,req
i 0° 80 mm 30° 85 mm 60° 95 mm 90° 100 mm
R, = 24.7kN R =23.2 kN R, = 20.9 kN R, = 20.0 kN
[ t1,req % t1,req % t1,req % t1,req
d=16mm 0° 103 mm 30° 110 mm 60° 124 mm 90° 131 mm
R, = 40.5 kN R, = 37.8 kN R, = 33.7 kN R, = 32.1kN
O t1,req O t1,req O t1,req O t1,req
=2l 0° 126 mm 30° 136 mm 60° 155 mm 90° 163 mm
R, =59.0 kN R, = 54.8 kN R, = 48.4 kN R, = 46.0 kN
(){1 t1,req (11 t1,req (){1 t1,req (){1 t1,req
d=24mm 0° 149 mm 30° 162 mm 60° 186 mm 90° 197 mm
R.=79.9 kN R.=73.6 kN R = 64.5 kN R.=61.1 kN
a1 t1,req 0!1 t1,req 0!1 t1,req 0!1 t1,req
&/= Ef0) i) 0° 186 mm 30° 190 mm 60° 221 mm 90° 235 mm
R.=114.6 kN R.=104.6 kN R.=90.6 kN R = 85.4 kN

" If t; <ty the load bearing capacity can be calculated as: Ry s = R X t,/t; eq-
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13 Connections with metal fasteners

Steel-to-timber connection with two slotted-in steel plates. The thickness of each timber central member is the minimum
required for the formation of three plastic hinges in the fastener. The thickness of each outer timber member is the minimum required for
the formation of one plastic hinge in the fastener, at each outer member. The thickness of the steel plates is t, = 8 mm. The width of the slots is t,
=10 mm. The diameter of the dowel is d = 12 mm, structural steel grade S355. Timber material: Glulam in strength class GL30c. Corresponding design
values can be obtained by multiplying the characteristic values by (k.4 /yu), Where y,, = 1.3.

Rk = Rk,centre + Rk,lateral

Ry cene = 2% 115 /2 X \/2 X My, X fyy X d

4Xx My . My My
- - <
flkadxtl( 2+th1(le]thz 1 if \/Ex fh.kxd<t1_l.15><4>< o

|+ S5xR R taeral = 2 X
‘ J 0.5 x k a k. lateral . My’k
s - 1 d=12/mm 1.15><\/5><‘/2><My,k><fmk><d if >1.15%x4x T
R 10.5 x R,
= t.=8mm
fy 2 1 g = 115 X4 X
£ min = breq tror 3 £ = e tror
a=0° 29 mm 88 mm 146 mm >83 mm 88 mm > 255 mm
R,.=43 kN R.=53 kN
t’\,mm tz = tZ,req tTOT t1 tz = t2,req tTOT
a=30° 31 mm 93 mm 154 mm >88 mm 93 mm > 270 mm
R,=40 kN R.=50kN
b i t,= tZ,req tror t t, = tZ,req tror
a=60° 33 mm 103 mm 170 mm > 98 mm 103 mm >298 mm
R,=36 kN R.= 45 kN
b min )= threq tror t t =1 tror
a=90° 35 mm 107 mm 176 mm > 102 mm 107 mm > 311 mm
R,=34 kN R.=43 kN
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13 Connections with metal fasteners

Steel-to-timber connection with three slotted-in steel plates. The thickness of each timber central member is the minimum

required for the formation of three plastic hinges in the fastener. The thickness of each outer timber member is the minimum required for
the formation of one plastic hinge in the fastener, at each outer member. The thickness of the steel plates is t, = 8 mm. The width of the slots is
t, = 10 mm. The diameter of the dowel is d = 12 mm, structural steel grade S355. Timber material: Glulam in strength class GL30c. Corresponding
design values can be obtained by multiplying the characteristic values by (k.4 /7)., Where y,, = 1.3.

Rk = Rk,centre + Rk,lateral

Ry centre = 2 X <2>< 1.15 x4/2 x\/2>< My X fix xd)

ﬁnkxdxtl< 2+

4xMy.k . My.k
— -1 if /2X <t <1.15x4x%
Faxxdxi} ok xd

My.k
Sk xd

‘ d=12 mm Rk,laleral =2x
M,
¢ ‘ 0.33xR LIS X2 %, 2x My, % fy xd if z121.15><4x,/fhkyjd
R
‘ p.33 xR,
! t =8 mm f>4/2X
—
t22t2,req= 1.15X4><
t1,mm t, = tZ,req tror t t, = tZ,req tror
a=0° 29 mm 88 mm 235 mm > 83 mm 88 mm > 343 mm
R,=69 kN R.=79 kN
t1,mm t, = tZ,req tror t, t,= tZ,req tror
o =30° 31T mm 93 mm 248 mm >88 mm 93 mm > 363 mm
R,=65 kN R.=74 kN
t1,rmn t, = tZ,req tror t, t, = tZ,req tror
o=60° 33 mm 103 mm 272 mm >98 mm 1033 mm > 400 mm
R, =58 kN R.=67 kN
t1,mm tZ = tZ,req tTOT tW tZ = tZ,req tTOT
o=90° 35 mm 107 mm 283 mm > 102 mm 107 mm > 417 mm
R, =60 kN R.= 64 kN
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13 Connections with metal fasteners

Steel-to-timber connection with four slotted-in steel plates. The thickness of each timber central member is the minimum
required for the formation of three plastic hinges in the fastener. The thickness of each outer timber member is the minimum required for
the formation of one plastic hinge in the fastener, at each outer member. The thickness of the steel plates is t, = 8 mm. The width of the slots is
t, =10 mm. The diameter of the dowel is d = 12 mm, structural steel grade S355. Timber material: Glulam in strength class GL30c. Corresponding
design values can be obtained by multiplying the characteristic values by (k. /7)., Where y,, = 1.3.

Rk = Rk,centre + Rk,lateral
‘ Ry centre = 3 X <2><1.15><\/§><\/2><My,k><ﬁ1,kxd>
[ 0.25x R,
—r— % 4Xx My . My x My x
‘ _ - <
. 1 d=12mm ﬁLkXdth(‘/“fh,kxdx:lZ 1) if ﬁx‘/.fh,kxd<t1‘1'15X4X‘/fh.k><d
| 0.25 x Rk RkA,laleral =2x
‘ T 1 - . My,k
¢ | . LIS XV/2 X\ [2X My, X fy, xd if 1> 1.15x4x d
R, ‘ L, 025 xR,
!“ 0.25xR, | 1;>1/2x
! - t =8mm
fy 21 g = 1.15 X4 X
t’\,mm tz = tZ,req tTOT t1 tz = tZ,req tror
a=0° 29 mm 88 mm 323 mm > 83 mm 88 mm > 432 mm
R, =96 kN R.= 106 kN
t’\,mm t, = tZ,req tror t t,= tZ,req tror
a=30° 31 mm 93 mm 341 mm >88 mm 93 mm > 457 mm
R,=90kN R.=99 kN
t‘\,mm t, = tZ,req tror b t, = tZ,req tror
a=60° 33 mm 103 mm 375 mm >98 mm 103 mm > 503 mm
R,=81kN R.=90 kN
t‘\,mm t, = tZ,req tror t t,= tz,req tror
a=90° 35 mm 107 mm 390 mm > 102 mm 107 mm > 524 mm
R.=77 kN R.=85kN
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13 Connections with metal fasteners

Steel-to-timber connection with five slotted-in steel plates. The thickness of each timber central member is the minimum
required for the formation of three plastic hinges in the fastener. The thickness of each outer timber member is the minimum required for
the formation of one plastic hinge in the fastener, at each outer member. The thickness of the steel plates is t, = 8 mm. The width of the slots is t,
=10 mm. The diameter of the dowel is d = 12 mm, structural steel grade S355. Timber material: Glulam in strength class GL30c. Corresponding design
values can be obtained by multiplying the characteristic values by (k.4 /yw), Where y,, = 1.3.

Rk = Rk,centre + Rk,lateral
|
e 0.2%R Rk’cemre=4x(2x1.15><\/§><\/2xMy,kxfh’k><d>
| ————
d=12 mm
‘ A -1 X My i ) My My
0.2xR, fox X d X1 24 —— -1 if y/2x <y <L1I5x4x
‘ L — s —> : ok xdxi} Shxxd Sfhkxd
~ RkJaleral =2x
= M,
p \ | 0.2xR, LISXV2 X, /2X My, X fy xd if 1, >1.15x4x flkyjd
\ —1 1 % n,
R, ‘ -
‘ 0.2xR
I ‘ 1, >4/2x
I = ‘0.2 xR,
‘ = t =8mm
Iy 2 1 roq = 115 X4 X
t1,rmn tZ = tZ,req tTOT t‘\ t2 = tZ,req tTOT
a=0° 29 mm 88 mm 411 mm >83 mm 88 mm > 520 mm
R.=122 kN R.=132 kN
t‘\,mm t, = tZ,req tror t, t, = tZ,req tror
a=30° 31T mm 93 mm 435 mm >88 mm 93 mm > 550 mm
R.= 115 kN R.= 124 kN
t1,mm = tZ,req tTOT t, = tZ,req tTOT
o=60° 33 mm 103 mm 477 mm >98 mm 103 mm > 605 mm
R.=103 kN R.=112 kN
tw,mm t,= tZ,req tror t; t,= tZ,req tror
a=90° 35 mm 107 mm 497 mm >102 mm 107 mm > 631 mm
R, =99 kN R.=107 kN
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13 Connections with metal fasteners

12 mm

d

t. =8mm
S

R/n R/n R/n

[kN]

200

150 R.=26.3xn-9.8

100

50

Capacity of one dowel d =12, S355 [kN]

0 n

~
[e9)
-

>853 mm o

Number of -
slotted-in plates n

>411 mm w

>146 mm ~
>235 mm w
>323 mm »
>500 mm ©
>588 mm

>676 mm

>765 mm ©

Steel-to-timber connection with nslotted-in steel plates loaded in the direction parallel to the grain (n > 2)
The thickness of the central members is 78 mm, which means that the centre-to-centre distance between slotted in plates is 88 mm. The thickness
of the outer members is 24 mm. The thickness of the steel plates is t, = 8 mm. The width of the slots is t, = 10 mm. The diameter of the dowel is d
=12 mm, structural steel grade S355. Timber material: Glulam in strength class GL30c. Corresponding design values can be obtained by multiplying
the characteristic values by (k.4 /), Where y, = 1.3.
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13 Connections with metal fasteners

Table 12.12 Minimum spacings, edge and end distances for dowels and fit bolts in members loaded parallel to the grain

Fit bolt

Dowel

Washer

<d

Nut

Tension

member

23xd)|

2

§
=

>3xd' >3xd

b -
R

e —

I \/>7

de>5><d L>5Xd L>7Xd I !

(> 80

mm) (> 80 n'\l'l'l)

Compression member

T

// = parallel to the grain, L = perpendicular to the grain.

Table 132.13 Minimum spacings, edge and end distances for bolts in members loaded parallel to the grain

Bolt

,/

Washer

.

Washer

Tension

member

3><d‘

2
12

3xd' >4xd "
/

[
EEE

P/\I

e |
== —
e A

e —

‘ \/>7><d \/>5Xd \/>5Xd \/>7><d I}

(> 80

mm) (> 80 mm)

Compression member

Sl e
| L§fo,L,,L,,A‘
e \

a
4xd 5xd min{7 x d; 80} 3xd 4xd
32mm 40 mm 80 mm 24 mm 32mm
48 mm 60 mm 84 mm 36 mm 48 mm
64 mm 80 mm 112 mm 48 mm 64 mm
80 mm 100 mm 140 mm 60 mm 80 mm
96 mm 120 mm 168 mm 72 mm 96 mm

// = parallel to the grain, L = perpendicular to the grain.
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13 Connections with metal fasteners

Table 13.14 Minimum spacings, edge and end distances for dowels and fit bolts in members loaded at an angle to the grain

ar

ay

ay

S S
Diagonal in tension + +2> Diagonal in compression Ny +b
> A VRS 1,5 %
ATS Ry, > R
o < SRS n A
X /I/Q)Q LY o ™ Ly
™ T /I’b X X ’I,))
N > - \ i -
7 5 / | ‘ / / |
= — /4'%/704/7 ‘ \—— —#/)’—o—o‘/ ‘
> (3-5)xd Py i T Vil |5 3-5)xd LSS \\L
KN o o o — ‘ yiiﬁﬁ%pﬁ* i
[ 7 g g 4 ' . / / ‘
‘ ‘ o \
3 7 o X7
(;f\)l owe o N
. BN RN
PN 2
BN AN

3.5xd(incl.) governed by a, max{7 x d; 80} 3xd 3xd
(3-5)x d (horiz.) in the horizontal (incl.)
member
8 28 mm - 80 mm 24 mm 24 mm
10 35 mm - 80 mm 30 mm 30 mm
Spacing 12 42 mm ~ 84 mm 36 mm 36 mm
in inclined
member 16 56 mm - 112 mm 48 mm 48 mm
20 70 mm = 140 mm 60 mm 60 mm
24 84 mm - 168 mm 72 mm 72 mm
8 26 mm (y<40°) - - - 24 mm
35 mm (40°<y<60°)
40 mm (60°<y<90°)
10 33 mm (y<40°) - - - 30 mm
44 mm (40°<y<60°)
50 mm (60°<y<90°)
12 39 mm (y<40°) - - - 36 mm
Spacing 52 mm (40°<y<60°)
in 60 mm (60°<y<90°)
horizontal 16 52 mm (y<40°) - - - 48 mm
member 70 mm (40°<y<60°)
80 mm (60°<y<90°)
20 65 mm (y<40°) - - - 60 mm
87 mm (40°<y<60°)
100 mm (60°<y<90°)
24 78 mm (y<40°) - - - 72 mm
104 mm (40°<y<60°)
120 mm (60°<y<90°)

// = parallel to the grain, L = perpendicular to the grain.
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13 Connections with metal fasteners

Table 13.15 Minimum spacings, edge and end distances for bolts in members loaded at an angle to the grain

Bolt with washers and nut

S
Diagonal in tension st 5 Diagonal in compression 0)+E> 5
> v + T +
£ LR LR
© AT S S %
X S >0 ) >0
I /ch v/ E 4 T/
Al & T, o T,
| | | |
T ] }
] / ' / / /
‘7——— //f{r%/roé/f ‘ \—— —#/)‘—o—o‘/ ‘
V{T‘z(4-5)><d s S S ‘TV Vz\L}z(4-5)xd S S \i
S e S S | T A |
] [ | . [ ]
\ \ \ [
2 X
™M o™
A © N
N N
T\ ).\.
C

ch ay ay
4 x d (incl) governed by a, max{7 x d; 80} 4xd 3xd
(4-5)x d (horiz.) in the horizontal (incl)
member
8 32 mm - 80 mm 32 mm 24 mm
10 40 mm - 80 mm 40 mm 30 mm
Spacing 12 48 mm = 84 mm 48 mm 36 mm
in inclined
e 16 64 mm - 112 mm 64 mm 48 mm
20 80 mm - 140 mm 80 mm 60 mm
24 96 mm - 168 mm 96 mm 72 mm
8 26 mm (y<40°) - - - 24 mm
35 mm (40°<y<60°)
40 mm (60°<y<90°)
10 33 mm (y<40°) - - - 30 mm
44 mm (40°<y<60°)
50 mm (60°<y<90°)
12 39 mm (y<40°) - - - 36 mm
) 52 mm (40°<y<60°)
Spacing
in 60 mm (60°<y<90°)
horizontal 16 52 mm (y<40°) - - - 48 mm
member
70 mm (40°<y<60°)
80 mm (60°<y<90°)
20 65 mm (y<40°) - - - 60 mm
87 mm (40°<y<60°)
100 mm (60°<y<90°)
24 78 mm (y<40°) - - - 72 mm
104 mm (40°<y<60°)
120 mm (60°<y<90°)

// = parallel to the grain, L = perpendicular to the grain.
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13 Connections with metal fasteners

Connections with several dowels or bolts in a row: Effective number of bolts n,; according to EN 1995-1-1, section 8.5.1

Load // grain Load L grain
a,
\ . }77f7*\7*7\*4“
‘ —_——t———————— #;’ : : : 4
ERrin tn Sk ett i 01T
1 I
e T 0y A S N 2 0 G o U
e et e
® |___\___L___l___ @ . *L;‘:;J*
I ‘n_% \ ny @
n Mg = 1)
Mg = Min g 4 I
x4 13xd
Nep) =Ny Nepy =Ny
Nef ot = Mef) X 1L Mefior = 1y X 1.

// = parallel to the grain, L = perpendicular to the grain.

Connections with several dowels or bolts in a row strengthened by means of reinforcing screws. Effective number of bolts n

Reinforcing screw
on each side
of the steel plate

Fastener

Effective number of connectors in the direction of the load Mg = 1
The reinforcing screw shall be designed to resist an axial force:
F,,=03Xx
n” X Nm
where:

n, is the number of fasteners (4 in the figure above).
Ny, is the number of timber members (2 in the figure above).
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13 Connections with metal fasteners

Block shear failure at multiple dowel-type steel-to-timber connections according to EN 1995-1-1, Annex A.
Simplifications recommended by the authors of The Glulam Handbook Volume 3 have been included. As a rule of thumb, in order to reduce the risk
for block shear failure, not more than five dowels in a row in the direction of the grain should be used.

s |2 | Laus | L 2us |

A AA A AA Zd
Characteristic load carrying capacity of fracture along 154, f
the perimeter of the fastener area Fis g = Max HEGALO.E
N O'7Anet,va,k
Tensile net area _
Anet,l - Z a X Z t]
i J
Shear area —
Anet,v - z a||,i X Z tj
i J
Characteristic tensile strength // grain feox
Characteristic shear strength fox

// = parallel to the grain, L = perpendicular to the grain.

S 5 o
g h
Q)
\IE\
oooool\\ o
\\
O O O O N,
~O O
O O O O O AN

Connections with nailing plates. Steel nailing plate with typical hole pattern for anchor nails with nominal diameter d = 4 mm.
The thickness of the plate varies normally within the range t, 2 - 6 mm.
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13 Connections with metal fasteners

Table 12.19 Nailing plate connection. The thickness of the steel plate varies between 2 — 6 mm. The diameter of the nailis d = 4 mm, f,, > 600 MPa.
Timber material: Glulam in strength class GL30c. Rope effect not taken into account. Corresponding design values can be obtained by multiplying

the characteristic values by (k..4/yu), Where y,, = 1.3.

2 mm 35 mm
2.5 mm 36 mm
3 mm 38 mm

4 -6mm 41 mm

40 - 50 mm
40 - 50 mm

50 mm
50 - 60 mm

TRv,k LISXV2 X\ /My X f xd if <4
' R, =
: LISX2X /My X fixd if t>d
fpenreq = 1.15 X (\/5 + 2) X
Tpenreq = 1.15 X4 X if t>d
tpen

1.22 kN

1.34 kN
1.47 kN
1.72 kN

D If then < thenreq the load bearing capacity can be calculated as: R g = Ry X tpen/ toenreq-

Table 13.20 Plug shear capacity of nailed plate connection. The thickness of the steel plate varies between 2 — 6 mm. The diameter of the nail is
d=4mm, f,, 2 600 MPa. Timber material: Glulam in strength class GL30c. Corresponding design values can be obtained by multiplying
the characteristic values by (k,.4/7), where y = 1.3. Approach according to EN 1995-1-1, Annex A. Simplifications recommended by the authors of

The Glulam Handbook Volume 3 have been included.

B ) R 1.5% bplug X foiug X Jro.x
| Rouer =M% 0 2 (2xh By X b
£ ‘:?1 RS X plngtplug+ plug X Oplug va,k
'_ i B e I e B
hp\ug
ﬁ,O,k = 20 MPa
IR
<) H 0 ° . ° . ° . * . ° o ° Rplug,k
-D% i . . . . . . o o —>
L] . ° . ° . ° L] ° @ ’
L — | — | —  — O w— O f"] = 3.5 MPa

40 - 50 mm
40 - 50 mm

2 mm

2.5 mm
50 mm

50 - 60 mm

3 mm

4 — 6 mm

@ <41 % > 4.1

bplug plug

510 x by, " 83 X hyy + 2.4 X byyy X g
540 x by, " 88 X g+ 2.4 X byyg X g "
570 x by, " 93 X hyg + 2.4 X by X hyg ”
600 x by, 98 X hyjug + 2.4 X byyg X hyug

’\)b

oiug @A Ay in [Mm1. Ryyq in [N,
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13 Connections with metal fasteners

Connections with several nails in a row. Effective number of nails n,;, according to EN 1995-1-1, section 8.3.1

Load // grain Load 1 grain
n//
- )
(] [ ] [ ] [ ]
a [ ] [ ] ]
2y —— 5 %5 %6 9.
\ n, ° ° °
L] L] L[] [ ] [ ) . ] {% O ° ° ° °
L] L] [ ) [ ]
° ° . ° . I o o O O = =
n ° ° ° ° : 9 H ® o L o o - °
+ * L[] ° o ° [ ) ¢ [ ) ° ° &) © (0] (o] (] (0]
L] L] [ ) [ ] [ ) I o o] (o] (o] O
L] o ° o + (o] (e} (o] (0]
[ ] [ ] ] [ ] e ' O (0] o (¢] o
! f o o o o
(- _J ‘ o (] (o)
(o] (o] O O
n,
Moy = nl’lfef Spacing ke Mol = 1)
a,=14xd 1.0
a,=10xd 0.85
a,>7xd 0.7
For intermediate spacing,
linear interpolation of k,; can
be used.
Mefy =1 Mepy =1
Neftor = Mef X 1L Mefior = 1y X 1.

// = parallel to the grain, L = perpendicular to the grain.

Loading perpendicular to the grain Loading parallel to the grain

%
=
=
=
=
=
=
=
=
=
Z
Z
=
=
=
=
=
=
=
=
=
=
=
=
=
=

[
Bar diameter

Hole diameter |d+1 mm

A-A

Connections with bonded-in rods. Connections with bonded-in rods loaded in the direction perpendicular (left) and parallel (right) to
the grain respectively. Typically the nominal diameter of the baris d = 10 — 20 mm. The steel grade is normally 4.8 — 8.8. The diameter of the drilled
hole is 1 mm greater than the nominal diameter of the bar. Common adhesives are PUR (polyurethane) and EPX (epoxy).
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13 Connections with metal fasteners

Table 12.22 Recommended distances between rods and edge distances

L T

LALARARRRLVRRRRRR R AR AR AN RNARRA TN

\

3 3

A-A

h [LIAARANY W‘
|
|

a, a,
\ \
O O
T T
| |
\ \
| |

| €—— [y

M10 40 mm 25 mm
M12 48 mm 30 mm
M16 64 mm 40 mm
M20 80 mm 50 mm
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13 Connections with metal fasteners

Capacity of axial loaded bonded in rods according to the Swedish national technical approval 1396/78, issued by SP Technical
Research Institute of Sweden, valid for service class 1. The bonded-in length is 350 mm for all the cases. The nominal diameter of the bonded-in rod
varies in the range d 10 — 20 mm. Timber material: Glulam in strength class GL30c. Corresponding design values for the tensile capacity of the steel rod
(R.4).0s Can be obtained by multiplying the characteristic values by (1/1.2). Corresponding design values for the withdrawal (R, 4)meer Can be obtained by
multiplying the characteristic values by (k.../yn), Wwhere y,, = 1.3. Threaded bonded-in rods must not be used in service class 3.

(Rl’k)md =0.6 X f,, X A
(Rir) ey = 7 X (d 4+ 1mm) X[ X fo i X Ky X Ky
P - I T
‘ Jaxx = 5.5 MPa
2 d ‘ =~
| = | 0.55 for M10
‘ ‘ o = 1 for service class 1 k 0.59 for M12
2 o ! 0.85 for service class 2 ! 0.64 for M16
| ] 0.69 for M20
Steel grade Bar type Tensile capacity of the steel rod Withdrawal capacity ”
(Rt,k)rod (Rt,k)timber
4.8 M10 13.9 kN 36.8 kN
M12 20.2 kN 46.3 kN
M16 377 kN 66.3 kN
M20 58.8 kN 87.3 kN
5.8 M10 17.4 kN 36.8 kN
M12 25.3 kN 46.3 kN
M16 471 kN 66.3 kN
M20 73.5 kN 87.3 kN
8.8 M10 27.8 kN 36.8 kN
M12 40.5 kN 46.3 kN
M16 75.4 kN 66.3 kN
M20 117.6 kN 87.3 kN

" Valid for service class 1. For service class 2, multiply (R, ¢)smser DY @ factor x; = 0.85.
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13 Connections with metal fasteners

Reduction factor for shear strength k, as function of the bonded-in length /,. Timber material: Glulam in strength class GL30c.
Threaded bonded-in rods must not be used in service class 3.

(Rt’k)limber = X (d +1 mm) XX fox x X ky X K

fax,k =5.5MPa

o = 1 for service class 1
! 0.85 for service class 2

Reduction factor for shear strength k,

1.00
0.90 —
d=10mm
0.80 d=12mm

d=16 mm
0.70 4 d=20mm

0.60 —
0.50
0.40 7
0.30
0.20

0.10

0.00 T T T f f f 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

Bonded-in length 7, [mm]
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14 Bracing of columns

14 Bracing of columns

Bracing forces in a system of columns stabilised by means of an infinitely stiff bracing system bracing

Pd Pd Pd
Vo WYoxr | | WV nxF,
e IO | | { %
o ES E
| | v a
For 2xFy nxFy, >R
K > >— ; > Pég
| £3
~ S . e}
F, 2xF, | | nxF, N
N \ \ \
N 7 7 7
| |
le]

Bracing forces
F,.=0.01x P,

Bracing forces in a system of columns stabilised by means of a braced-bay system with threaded steel diagonals

Py Py Ps
\l/ Fo 2xF, \l/ nxFy,

1 2 Braci
’ system | ° |

Bracing forces
Fy, =0.01 x Py

Required stiffness of the braced bay system

E. X Ay X cos®a nxP,
:L22x< d)
a

br
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15 Bracing of beams

15 Bracing of beams

Table 15.1 Equivalent compression forces in simply supported beams and trusses due to bending moment
generated by gravity loads and out-of-plane imperfection bounds

0.5xN, ¢ 0.5xN,
Dr<=c1 e
Ny N,
— oot e — M,
Ny N,
—r=ott e —
e
T[T T 7] ===7 Bracing Ms
X system
L

Qg x L? N_3><Md M, _ L L
TR T oxH H 500
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15 Bracing of beams

Table 15.2 Equivalent lateral destabilising loads in simply supported beams and trusses. These loads must be resisted by the bracing system.

0.5xN, € 05xN,
%‘Q'—“ e i é
Ny Ny
%‘i'—““““"“—
Ny Ny
e I A B
e
7777 === Bracing
X system
L

[ ‘ ‘ ‘ ‘ | 0.5xg,
[TJTITIIITIILII o

N
FPrrTTrs
Ll b=

T 20xLxH

4h

&= 30xLxXH

Table 15.3 Example. Design case where “equivalent” lateral destabilizing loads and wind loads act simultaneously
Two loads combinations are normally checked, namely: 1) Snow load as leading load (gives largest destabilising load) and
2) Wind load as leading load (gives smallest destabilising load).

4n

Plan

_ My
T 20xLxH

Elevation

Wind load

w

Ndi Ndl N, O.Sj,Nd

Wind bracing

3x M

N, = d

Beam T % H
Truss N, = My
H

WL

lJJJJMJJ’th

ajlajajla

Wl

My
Gh

voal el 4
0.5xQ, 0.5xQ,
™ + a f a f a f a f

T 30xLxH
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16 Design values for glulam

16 Design values for glulam

Table 16.1 Design strength and stiffness of combined glulam in strength class GL30c for different load duration classes according to
EN 14080 and to EKS 10. The values applied in service classes 1 and 2. For service class 3 the strength values may be obtained by multiplication of
the values in the table with 0.78. For service class 3 the stiffness values are the same as for service classes 1 and 2. Properties in [MPa].

Bending // f,, 14.4 16.8 19.2 21.6 26.4
Tension // f, 9.4 10.9 12.5 14.0 17.2
Tension L f, o0 0.2 0.3 0.3 0.4 0.4
Compression // f g qx 11.8 13.7 15.7 17.6 21.6
Compression L f g, ” 2501.2) 2.5(1.4) 2.5(1.6) 2.5(1.8) 2.5(2.2)
Shear f, 1.7 2.0 2.2 2.5 31
Rolling shear f, 0.6 0.7 0.8 0.9 11
E-modulus // deflections analysis 13,000 13,000 13,000 13,000 13,000
E-modulus // buckling analysis 10,800 10,800 10,800 10,800 10,800
E-modulus // Il order analysis 10,400 10,400 10,400 10,400 10,400
Shear modulus deflections analysis 650 650 650 650 650
Shear modulus buckling analysis 542 542 542 542 542

" The values in brackets apply for g./q, > 0.4, see more in The Glulam Handbook Volume 2, section 4.1.4, page 58.
// = parallel to the grain, L = perpendicular to the grain.

Table 16.2 Design strength and stiffness of homogeneous glulam in strength class GL30h for different load duration classes according to
EN 14080 and EKS 10. The values applied in service classes 1 and 2. For service class 3 the strength values may be obtained by multiplication of
the values in the table with 0.78. For service class 3 the stiffness values are the same as for service classes 1 and 2. Properties in [MPa].

Bending // f,, 14.4 16.8 19.2 21.6 26.4
Tension // ., 115 13.4 15.4 17.3 211
Tension L f, o0 0.2 0.3 0.3 0.4 0.4
Compression // f.q g 14.4 16.8 19.2 21.6 26.4
Compression L f g,V 2.5(1.2) 2.5(1.4) 2.5(1.6) 2.5(1.8) 2.5(2.2)
Shear f, 1.7 2.0 2.2 2.5 31
Rolling shear f, 0.6 0.7 0.8 0.9 11
E-modulus // deflections analysis 13,600 13,600 13,600 13,600 13,600
E-modulus // buckling analysis 11,300 11,300 11,300 11,300 11,300
E-modulus // Il order analysis 10,880 10,880 10,880 10,880 10,880
Shear modulus deflections analysis 650 650 650 650 650
Shear modulus buckling analysis 542 542 542 542 542

" The values in brackets apply for g, /g, > 0.4, see more in The Glulam Handbook Volume 2, section 4.1.4, page 58.
// = parallel to the grain, L = perpendicular to the grain.
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Example 1: Design of a simply
supported beam

Design examples

Example 1: Design of a simply supported beam

1.1 System, dimensions and design parameters

Design and verify the beam below.

Simply supported beam

360

100

Static system

The beam is made of glulam, strength class GL30c

The floor sheeting is made of tongued boards, C24

Floor sheeting of tongued boards — not in
strength class

composite action with timber beams

Safety class 3 yg=1
Service class 1 X t=45mm
Partial factor for permanent load Pg=12 2 B B M h=360 mm
—t ##
Partial factor for variable load 7=15 i=900 mm b=90mm
B=6,000 mm
Material partial factor for glulam yu=1.25 4 - *
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Example 1: Design of a simply
supported beam

1.2 Loads
The loads considered in the design are:
Structural
gk,l = 02 kN/m

Non-structural

Gy, = 0.5 kKN/m? 82 =G, xi=05x09=0.5kN/m
Variable load

0, = 2 kN/m? g =0 Xi=2x09=18kN/m

1.3 Load combinations

Two different load combinations are considered (EN 1995-1-1, clause 6.4.3):
Combination 1 (self-load leading, permanent load, k.4 = 0.6):
Gar = 10X |1 X (81 + 8c2) | = 10X 12 (0.2 +0.5) = 0.8 KN/m
Combination 2 (self-load leading + variable-load leading, medium term load, k,,,q = 0.8):
Gat = 74 X [yg X (g1 + 82) +7q + qk] = 1.0x [1.2 x (0240.5) +1.5x 1.8] = 3.5KN/m

Select the critical combination in the ultimate limit state:

aw__ 08 _
knoa1 0.6

Qan 3.5 _

1.3 =— =
kymoap 0.8

4.4

Thus combination 2 is leading.

1.4 Preliminary design

b =90 mm
l 6% 103

h=2L= =353mm — h=2360mm
17 17
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Example 1: Design of a simply
supported beam

1.5 ULS verifications

a) Compression perpendicular to the grain

ltot 6
Nea = qan X 5+ = 348 X — = 1044 kN

Ngg 10.44 x 10°

0¢,90,d = = = 0.89 MPa
o b X lgppore 90X (100 + 30)

Verify the figure for compression perpendicular to the grain (EN 1995-1-1, equation 6.3):

0¢90.d 0.89

= =020 <1 OK
feo0d X keoo 25X 1.75

b) Shear

The design shear stress 7, is determined using the reduced value of the shear force at the support V,.,,
see table 8.5, page 22:

Lot 6
Vea = dan X 5+ =348 X — = 1044 kN

2%V, l bguppor 2% 10.44 6 0.1
Vg = By [ ot _ 2P =—><<————0.36>=9.01kN
Lot 2 2 6 2 2

3X Vg _ 3x9.01x10°

T = = = 0.42 MPa
2XbXh 2% 90 x 360

Verify the figure for shear stress (EN 1995-1-1, equation 6.13):

T 0.42

= =022 <1 OK
faXky 224x0.86

¢) Bending moment
Lateral torsional buckling is prevented by the slab:

Lo 6
My = qay X % = 348X — = 15.66 kNm

66X Mgy 6x15.66% 10°

- - — .06 MP
omd = T 2 90 x 3602 .

Verify the figure for bending stress (EN 1995-1-1, equation 6.11):

O 8.06

= =04 <1 OK
g Xky  19.2%x1.05
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Example 1: Design of a simply
supported beam

1.6 SLS verifications

a) Deflection

Two different load combinations are considered:

Combination SLS 1 (permanent loads):
qsis,1 = (gk,l + gk’z) = 0.7 kN/m

Combination SLS 2 (variable load):

qSlS,2 = qk = 18 kN/m

Instantaneous deflection at the mid-span, see The Glulam Handbook Volume 2, section 6.2.6, page 90,
The deflection is calculated for a uniformly distributed unit load:

5 Lot 5 6000*
MI'E 354 X bxi3 384 X 90 %3603 3.7 mm
EO,mean X T 13000 x 1z

The shear-deformation contribution is neglected.

Instantaneous deflection due to permanent load:
Winst,permanent =W X QSIS,I =3.7x0.7=24mm
Instantaneous deflection due to variable load:

Winst,variable

=Wy X gy, = 37X 1.8 =06.7mm

Verify the figure for instantaneous deflection, see table 11.4, page 51:

lt()t
w; =9.1mm < —O=12mm OK

inst,permanent + Winst,variable 5

Final deflection due to permanent load:

Wﬁnal,perm = Winst,perma.nent X (1 + kdef) =24X (1 + 06) =39 mm
Final deflection due to variable load:

Wﬁnal,variable = inst,variable X (1 + %) X kdef) =6.7x (1 +0.3 % 06) = 7.9 mm

Total final deflection:

Wﬁnal,tot = Wﬁnal,variable + wﬁnal,perm =79+39=11L7mm

Verify the figure for total final deflection, see table 11.4, page 51:

[
Winalo = 11.7mm < ;TOE) —=20mm OK
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Example 1: Design of a simply
supported beam

b) Vibration
The equivalent plate bending stiffness of the floor about the y-axis:
bxh® 1 s 009x036° 1 m?
El = Ej ean X ——— X — = 13000 X 10° X ————— X — = 5054400 N X —
’ 12 i 12 0.9 m

Equivalent plate bending stiffness of the floor about the x-axis:

r s 0.0453 m?
X — = 11000 x 10° x = 8353125 N x —
12 m

EO,mean,ﬂoor

where t is the slab thickness.
Mass per unit area:
m = 72 kg/m?

Fundamental frequency (EN 1995-1-1, section 7.3):

I, 3.14 5054400
h= — X 5 X =11.55Hz
2 % lwt m  2x6

The first fundamental frequency of the floor is f; > 8 Hz. Therefore, the verification procedure according
to EN 1995-1-1, section 7.3.3 should be adopted.

Static deflection under a concentrated load at the mid-span:

12 X F x 60003 103

w _ 48x 13000 x 90 x 3603 =0 939E
7 F ) kN

The parameter a shall be chosen greater than w/F but smaller than 1.5 mm/kN:

Choose a =1

w mm
—=0989 < a=1 < 155—
F kN

According to EN 1995-1-1, figure 7.2:

140 1 1
130 1
120 {¢——

b 100 - a=1— = b=120
90 - kN

80 \
70 A

0 1 2 3 4

a[mm/kN]
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Example 1: Design of a simply
supported beam

Number of first-order modes of vibration with natural frequency up to 40 Hz:

) . 0.25 , ) 025
40 B EI 40 6 5.05 % 10°
Nao = — ) 1| x| — ) x— = — ) -1 X{=)] X—— =5.08
N Liot El 11.55 6 8.35 x 104
Impulse velocity response:

4% (04+0.6%Xn,) 4x(04+0.6x5.08)
p = - = 0.0049
m X B X I, + 200 72 X 6% 6+ 200 m X s2

Verify the figure for vibrations (EN 1995-1-1, equation 7.4):

v =00003 < bUixé-1) = 120(115%x001-1) = 0014
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Example 2: Design of a tapered beam

Example 2: Design of a tapered beam

2.1 System, dimensions and design parameters

Design and verify the tapered beam below.

Tapered beam
! ! :
()]
X g |
NG 8
I 3,6° : @©
=S N 1
| 360
‘ | \ i
| | Il S
\ S
| i 1
I ‘ ,,,,,,,,,,,,,,,,,,,,,,,,, NI N
I
10,000 L 10,000
A
20,000
Static system
The beam is made of glulam, strength class GL30c
Safety class 3 yg=1
Service class 1
Partial factor for permanent load Yg=1.2
Partial factor for snow load y,=1.5
Material partial factor for glulam = 1.25

The Glulam Handbook — Volume 3 87



Example 2: Design of a tapered beam

2.2 Loads
The loads considered in the design of the beam are:
Structural
Non-structural
Gy, = 0.6 kN/m’ 82=G,xix11=0.6x6x1.1=4kN/m
Snow load
Sy=15 kN/m? S =5 XixXxux11=15x6x0.854x1.1 =846 kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

2.3 Load combinations
Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):

Gt = 74 ¥ [yg X (g, +gk,2)] = 1x12%x(1.1+4) = 6.1 kKN/m

Combination 2 (self-load leading + snow load, medium term load, k4 = 0.8):

Ganr = g X [yg X (g1 + &) + ¥ X sk] =1x[1.2%x (1.1 +4) + 1.5 x 8.46] = 18.8 kN/m

Select the critical combination in the the ultimate limit state:

6.1 18.8
a0 o1 < S _2%° 995

Kmoa1 0.6 Kmoar 0.8

Thus combination 2 is leading.

2.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, section 7.3.2,
page 109:

Beam:
Ly 20x10°
110 110

l 20 x 10° 18.8
hy="%x|3x [—M_ _an(a)| = x| 3xq/—=————— —tan(3.6°) | =820.6mm — h, =800 mm
4 bx0.9X f4 4 190 X 0.9 x 19.2
Ly an 20 x 10 1838
Bypex = == X | 3X | [—————+tan(a) | = x| 3%y /——————+tan(3.6°) | =1449.7mm — h,,. =1429 mm
4 b X 09X foq 4 190 % 0.9 x 19.2

Column:

=182mm — b =190mm

Lot 20 % 103

hcol,min = = = 353.4 mm - hcol = 360 mm
b X koo X fosna 190X 175 x 1.6

The depth of the column is determined on the basis of the compression strength perpendicular to the grain
of the beam. Column buckling verification is shown in example 6, page 117.
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Example 2: Design of a tapered beam

2.5 Internal forces and moments
Shear:

V=188 kN

Bending moment:

M =940 kNm

2.6 ULS verifications
a) Shear

The design shear stress 7, is determined using the reduced value of the shear force at the support V.,

see table 8.5, page 22:

0= 2><VEd X(ﬁ_hcol

2 2

- h0> = 169.6 kN

l tot

3X Ve  3%169.6x10°
T = =
4T 2xbxhy  2x190x 800

= 1.67 MPa

Shear verification (EN 1995-1-1, equation 6.13):

74 1.67

= =087 <1 OK
foaXky 2.24x0.86

b) Compression perpendicular to the grain at the support

Ngg 188.02 x 10°

b X (he +30) 190 x (360 + 30)

0c90d =

Compression perpendicular to the grain verification (EN 1995-1-1, equation 6.3):

0¢.90.d _ 2.54
keoo X feooa  1.75% 1.6

=091 <1 OK

fes0.a can not be replaced by f, 4, due to the fact that g,/s, = 0.60 > 0.4, see table 8.11, page 25, 8.12, page 25 and

8.13, page 26.
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Example 2: Design of a tapered beam

¢) Bending stress at the most stressed cross-section

Ly Xhy  20%10% x 800

xmax - - = 5598.3 mm
2 X hapex 2 % 1429
g X X 18.8 X 5.6 20 x 10°
Mx,max = 3 == X (ltot - xmax) = ) X 103 —5.6 | =758 kNm

By max = o+ X X tan (@) = 800 + 5598.3 X tan (3.6°) = 1152.2 mm

6Mx,max 6 X 758 X 106
o _

ad = = = 18 MPa
T X 190X 115222

Bending stress diagram:

Onnod = 18 MPa

The design bending strength shall be decreased by the factor k,, ,, which accounts for the simultaneous
action of bending stress, shear stress and compression stress:

1 1
= = =0.94

km a
’ 2 2 2 2
fm fm 19.2 o 19.2 0\ 2
L (2 san@) + |2 x (tan @) \/1 + (3235 < an (369) )+ (42 xtan (3.6°)°)
L5X fyd 0,d

Je,90
Verify the figure for bending stress (EN 1995-1-1, equation 6.38):

Om,a,d _ 18
Ko X fod  0.94%19.2

=0997 <1 OK

d) Bending stress at the apex

6XM 6 % 940 x 10°
6,q=kx —"% =11l x ————— =16.1 MPa
' bxh,.> 190 x 14292

apex

The bending stress at the apex is increased by k,, which takes into account that the neutral axis is not at
the mid-depth of cross-section (EN 1995-1-1, equation 6.43):

k= 1+ 14 xtan (@) +5.4x (tan (@)’ = 1 + 1.4 x tan (3.6°) + 5.4 x tan (3.6°)” = 1.11

Verify the figure for bending stress (EN 1995-1-1, equation 6.41):

o 16.1
md 2 _084 <1 OK
foa 192
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Example 2: Design of a tapered beam

e) Tensile stress perpendicular to the grain at the apex

k, = 0.2 X tan () = 0.2 X tan (3.6°) = 0.013

6XM 6 X 940 x 10° 18.8
28 P max g B _ 01 x 22X g6 02— 0,086 MPa
bxh,.> b

=k X
%90, = %p 190 x 14292 190

apex

0.2 0.2

) ) A 0.01

Vol =bxh,>=019x1429=0388m> k,=(—) =(——) =0481
p Vol 0.388

Tensile stress perpendicular to the grain verification (EN 1995-1-1, equation 6.50):

0t 90,d 0.086

= =040 <1 OK
kais X kyor X frooa 1.4 0.48 % 0.32

f) Stability check for lateral torsional buckling

The beam is laterally stiffened by means of a bracing system; braced points are 1.80 m apart.
Between two purlins the cross-section depth is considered constant. The verification is performed at
the location where the bending moment is maximum, i.e. at X = X,

OM, o 6% 758 x 10°

A SR T P TEE DA A
Effective buckling length:
ly, =1.80m
Critical bending stress:
Germ = o X /By X I, X G5 X Iy = z x\/IOSOOXMXSMXM:BZﬁMPa
> lo,y.XWy 1.8 % 103 1152.22 x 190 12 3

Relative slenderness ratio:

Jmx 30
et = [ —— = - =0.5
Cer.m 32.3

Critical factor for lateral torsional buckling:

k

crit

=1

The lateral torsional buckling critical factor is equal to 1. Hence, no need for lateral torsional buckling
verification.
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Example 2: Design of a tapered beam

2.7 SLS verifications

Two different load combinations are considered:

Combination SLS 1 (permanent loads):
9s1s1 = (gk,l + gk’z) = 5.1 kN/m

Combination SLS 2 (snow load):

qSlS,2 = Sk = 846 kN/m

Select the critical combination in the the ultimate limit state:

he = hy+0.33 X [, X tan (a) = 1215.2 mm
5 Gl Gl 5 1 x 20000* 03 1 X 200002

Ty oy T035% BETYR 0x1s08 0% X 650 % 190 x (1429 + 800)
E(),mean X Te Gmcan X b X (hapcx + h()) 13000 x - 12

= 6.15 mm

Where the deflection due to the shear force is:

2
=035 bt —05] Dher _ g3,
Wshea.r —_— . X — . — . 0

Gmean X b X <hapex + hO) Wi

the deflection due to the bending moment is:

4
Wi = > X ot =564 —— =91.7%
bending 384 bx he3 Wy

EO,mean X 12

Whendin g

Instantaneous deflection due to permanent load:

Winst,permanent =W X qsls,l =6.1x5.1=31.1 mm

Instantaneous deflection due to snow load:

= Wy X ggs» = 6.1 X 8.46 = 52.0 mm

winst,snow

Instantaneous deflection verification, see table 11.4, page 51:

l
Winst,permancnt + Winst,snow = 83.1 mm > % =67mm NOT OK

Final deflection due to permanent load:

(14 kger) =311 x (1 +0.6) = 49.8 mm

Wﬁnal,perm = inst,permanent X
Final deflection due to snow load:

Wi

nstsnow X (14 W gnow X kger) =52.0x (14 0.1 X0.6) =55.1 mm

Wﬁnal,snow =
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Example 2: Design of a tapered beam

Total final deflection:

Wﬁnal,tot = Wﬁnal,snow + Wﬁnal,perm =55.1 + 49.8 = 104.9 mm

Total deflection verification, see table 11.4, page 51:
[
Winalor = 1049 mm > % =80 mm NOT OK

The verification for instantaneous deflection is not satisfied. Therefore, the depth of the cross-section may
be increased, e.g. by means of one or more laminations. It is also possible to precamber the beam.
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Example 3: Design of a pitched
cambered beam

Example 3: Design of a pitched cambered beam

3.1 System, dimensions and design parameters

Design and verify the pitched cambered beam below.

Pitched cambered beam

360 ‘

R18,000

6,000

Static system

The beam is made of glulam, strength class
Safety class 3

Service class 1

Partial factor for permanent load

Partial factor for snow load

Material partial factor for glulam

GL30c
Ya=1

Yo=12
7.=1.5
ym=1.25
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Example 3: Design of a pitched
cambered beam

3.2 Loads
The loads considered in the design are:
Structural
Non-structural
Gy » = 0.60 kN/m” 82 =G Xix1.1=0.60x6x1.1=4kN/m
Snow load
S, = 1.5 kN/m? S =S XixXux1.1=15%x6x098x1.1=9.7kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over beams.

3.3 Load combinations
Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):
G = 74 X [yg x (g1 + gk,z)] —1x12%(1.2+4) =62 KN/m
Combination 2 (self-load leading + snow load, medium term load, k4 = 0.8):
Gait = Tq X [yg X (81 + 8a) +7.X sk] = Ix[12%(12+4)+1.5%9.7] =20.8 kN/m

Select the critical combination in the the ultimate limit state:

441 _ 6.2 qan _ 20.8

=—— =103 = =26.0
Kmoas 0.6 Kmoao 0.8
Thus combination 2 is leading.
3.4 Preliminary design
Beam:
r>10m - r=18m
l 20 % 103
o X 500 mm ~ b=215mm
100 100
Lo 20x10°
hypex = B- 1 - 1538 mm = Hypex = 1600 mm
l 20 x 103
hy=-2="""_" =667 mm - hy =800 mm
30 30
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Example 3: Design of a pitched
cambered beam

3.5 Internal forces and moments
Shear:

V=208 kN

Bending moment:

M. = 1,040 kNm

max

3.6 ULS verifications
a) Shear

The design shear stress 7, is determined using the reduced value of the shear force at the support V,.q,
see table 8.5, page 22:

2 2

_2><vmx<ztot Beyy h>_2><208x<20><103 360
-7 —

= - —800 ) = 188 kN
20x 103 2 2

3X Vg 3x188%10°

2xXbxhy 2x215x800

T4

Shear verification (EN 1995-1-1, equation 6.13):

7 1.64

= =08 <1 OK
foaXky o 224%x0.86

b) Compression at an angle f to the grain at the support

In this example a column with a depth of 360 mm is considered:

B =90° — @y = 90° — 9° = 81°

int

The compression stress at the support is:

x 1 20.8 x 20 x 10°
Ocpd = fan = "o = = 2.48 MPa
T 2 X b X (oo 30X c0s (9°9)) 22X 215 X (360 + 30 X cos (9°)
Compression strength at an angle f to the grain:
Jeod 15.68
Jepa = 3 R T p———" —; =286 MPa
— X (sin (ﬂ)) + (cos (ﬁ)) 5% 16 % sin (81°)” + cos (81°)

(kc,9o x fc,90,k)

fes0q can not be replaced by f 4, due to the fact that g,/s, = 0.54 > 0.4, see table 8.11, page 25, 8.12, page 25
and 8.13, page 26.

Compression at an angle f to the grain verification (EN 1995-1-1, equation 6.16):
Ocpd  2.48

=——=087 <1 OK
Jepa  2.86
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Example 3: Design of a pitched
cambered beam

¢) Bending stress at the most stressed cross-section

Ly Xhy  20%10% x 800

xmax - - = 5000 mm
DX e 2% 1600
x 208% 5
M, = w (Lot = Xmax) = ———= x (20 = 5) = 780 kNm

h
Dy max = 848 + (x - ;"‘) X (tan (@) — tan (aim)) x cos (o) = 848 + <5000 - ?) X (tan (12°) — tan (9°)) X cos (9°) = 1105.9 mm

OM, 1. 6 % 780 x 10°
o _

= = = 17.8 MPa
M Xy 215 % 1105.92

Bending stress diagram:

Onad = 15.46 MPa

m,a,d

The design bending strength shall be decreased by the factor k,, ,, which accounts for the simultaneous
action of bending stress, shear stress and compression stress:

1 1
= = =0.96

2 2 2 2
S, fon, 2 19.2 o _ Qo 19.2 o _ goy)?
\/1 i (ﬁxmn(A")) " [ X (ta“ (A“)) ] \/1 +(145xz.z4 X tan (12° -9 )) + [—]_6 x (tan (12° - 99)) ]

Je,90.4

Bending stress verification (EN 1995-1-1, equation 6.38):

Gm’a’d 17.8

= =097 <1 OK
knoXfma 0.96x19.2

d) Bending stress at the apex

The bending stress at the apex is increased by k;, which takes into account that the neutral axis is not at
the mid-depth of cross-section (EN 1995-1-1, equation 6.43):

ky =14 1.4 Xtan (aext) +54x% (tan (aext) )2 =1+ 1.4 x tan (12°) + 5.4 x tan (12°)* = 1.54

ky =0.35 — 8 X tan (@) = 0.35 — 8 X tan (12°) = — 1.35

ky; =0.6 + 8.3 X tan (aext) —-7.8x% (tan (aext) >2 = 0.6 + 8.3 X tan (12°) — 7.8 X tan (12°)* = 2.01
k, = 6% (tan () )2 — 6x tan (12°07 = 027

R=R_+05%xh,_.=18x10°+0.5x%x1.6x10°=1.88 x 10* mm

int apex

2 3 2 3
apex Rgpex Dapex 1.6 x10° 1.6 %103 1.6x 10°
=k kx| = ) fhyx [ 22 ) hyx | =2 ) =154+ -135x————— +20Ix [ ——— ] +027x| ———— ) =144
TR (R 3 R 4 R 1.88 x 10* 1.88 x 104 1.88 x 104

Bending stress:

6X M, 6 x 1040 x 10°
O = kX ——"5 = 1.44 X ——————— =163 MPa
b X hypex 215 x 1600
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Example 3: Design of a pitched
cambered beam

The tensile strength perpendicular to the grain shall be modified by factor k, (EN 1995-1-1, equation 6.49):
Ry 18x10°
45 45
k.=1.0

T

=400

Bending stress verification (EN 1995-1-1, equation 6.41):

Omd 163
kX fna  1x19.2

=08 <1 OK

e) Tensile stress perpendicular to the grain at the apex
Factor k, (EN 1995-1-1, equation 6.56):

ks = 0.2 X tan (a,) = 0.2 X tan (12°) = 0.04

2
ke =0.25 - 1.5 X tan (a,,,) + 2.6 X (tan (am)> = 0.25 — 1.5 x tan (12°) + 2.6 X tan (12°)? = 0.05

2
ky = 2.1 x tan () — 4 X (tan (am)> =2.1 x tan (12°) — 4 x tan (12°) = 0.27

2 2
ha X ha X 1.6 X 103 1.6 x 103
ky=ks+kex | —— ) +h;x [ —— ] =0.04+0.05X ——— +027x [ ———— | =0.05
R R 1.88 x 10 1.88 x 10

Tensile stress (EN 1995-1-1, equation 6.54):

6X M 6 x 1040 x 10° 20.8
—ma’;—o.6x%=0.05x——06 Z =0.51 MPa

k% 6%
0904 = Kp b X e 215 x 16002 215

Tensile strength perpendicular to the grain shall be modified by factors k., and kg (EN 1995-1-1,
equation 6.51 and 6.52):

Vol =b X

2 .
<Rim + hapex> X sin (i) X (cos (ine) — sin (@) X tan (e — aim)) - Ry, X %] =1713m’
kgis = 1.7

VO 0.2 0.01 0.2
k=(—) =(—=) =0357
Vol 1.713

Tensile stress perpendicular to the grain verification (EN 1995-1-1, equation 6.50):

0t 90,d _ 0.51
Kgis X kyoy X frooq 1.7 %0.36 % 0.32

=26 >1 NOTOK

The beam needs to be reinforced for tensile stress perpendicular to the grain at the apex zone; the design
of the reinforcement is shown in example 16, page 189.
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Example 3: Design of a pitched
cambered beam

f) Stability check for lateral torsional buckling

The beam is laterally stiffened by means of a bracing system; braced points are 1.80 m apart. Between two
purlins the cross-section depth is considered constant. The verification is performed at the location where
the bending moment is maximum, i.e. at x = x,,.

6 XM, max 6 %780 % 10°

Omad = s hyma® 215X 1105.892 = 178 Mpa
Effective buckling length:
ly, =1.80m
Critical bending stress:
n n

1105.9 x 2153 « 2153 % 1105.9
3

~ X \/10800 X —————— X 542 = 176.5 MPa
1105.92 x 215 12
6

Corn = ————— X/ Eg o5 X I, X Gos X 1o, =
cr,m lO,z % Wy 0.05 z 05 tor

1.8 x 103 x

Relative slenderness ratio:

Sk 30
)“rel,m = - = 1 =04
Cerm 76.5

Critical factor for lateral torsional buckling:

k

crit

=1

The lateral torsional buckling critical factor is equal to 1. Hence, no need for lateral torsional buckling
verification.

3.7 SLS verifications

Two different load combinations are considered:

Combination SLS 1 (permanent loads):
dgs,1 = 8k,1 + 82 = 5.2 kN/m
Combination SLS 2 (snow load):

qSlS,2 = Sk = 97 kN/m

The deflection is calculated for a uniformly distributed unit load g, see The Glulam Handbook Volume 2, section 6.2.6,
page 90:

hO
k= 0.15 + 0.85 x =0.58

apex
5 Loy 1 1 5 20000* 1 1 3
Mibsndine = g X T N o (o)~ 388 3000 x i@ < 06 < o (e o0
0,mean X lzpex ' cos ( 2 ) 13000 x 12 ’ cos ( ) )
2 2
lic 2 X hy3

Wl,shear =1.2x > = 0.4 mm

X
8 X Gean X b X hyy ho% + hyper s
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Example 3: Design of a pitched
cambered beam

The additional deflection of the beam due to shear deformation is neglected:

W1 = W1 bending = 3.9 mm

Instantaneous deflection due to permanent load:

Winst,permanent

=Wy X ¢gs; =3.9%X52 =199 mm

Instantaneous deflection due to snow load:

Winst,snow

=Wy X gy = 3.9%X9.7=37.8 mm

Instantaneous deflection verification, see table 11.4, page 51:

i
=577mm < —2 —100mm OK
300/1.5

w.

inst,permanent + Wi

nst,snow

Final deflection due to permanent load:

Wﬁnal,perm = Winst,permanent X (1 + kdef) =199 % (1 + 06) = 31.9 mm

Final deflection due to snow load:

- Winst,snow

X (1 + Wy gnow X kaer) = 37.8 X (1+0.1X0.6) = 40.1 mm

Wﬁnal,snow
Total final deflection:

Wﬁnal,tot = Wﬁnal,snow + Wﬁnal,perm =40.1+31.9 =72.0 mm

Total deflection verification, see table 11.4, page 51:

l
Wﬁnal,tot =72.0 mm < 2’5(;% =120mm OK
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Example 4: Design of a curved beam

Example 4: Design of a curved beam

4.1 System, dimensions and design parameters

Design and verify the curved beam below.

Curved beam

‘ 1,559‘

6,000

Static system

The beam is made of glulam, strength class GL30c
Safety class 3 Py =
Service class 1

Partial factor for permanent load Yo=1.2
Partial factor for snow load y,=15
Material partial factor for glulam My = 1.25
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Example 4: Design of a curved beam

4.2 Loads
The loads considered in the design are:
Structural
Non-structural
Gy » = 0.60 kN/m? 82=G,Xix1.1=06%x6x1.1=4kNm
Snow load
S, = 1.5 kN/m? S =8 Xixpux11=15x6x0.935%1.1 =93kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

4.3 Load combinations
Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):
Gt = 74 ¥ [yg x (g1 + gk,z)] —1x12x(1+4) =6kN/m
Combination 2 (self-load leading + snow load, medium term symmetric load, k4 = 0.8):
a1 = 7a ¥ [yg X (81 + &) +7.X sk] = 1x[12% (1 +4)+1.5x93] = 19.8kN/m

Leading design combinations at ULS:

6 19.8
da 99 <« qan _

kmoa1 0.6 Kinod 2 0.8

Thus combination 2 is leading.

4.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2,
section 7.3.4, page 114:

A beam with a constant cross-section is chosen:

Ly  20x10°

b= = 167 mm — b =165mm
120 120
! 20 x 10°
hapex = % = T = 1538 mm - hapex = 1575 mm
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Example 4: Design of a curved beam

4.5 Internal forces and moments
Shear:

V=198 kN

Bending moment:

M, =992 kNm

m;

4.6 ULS verifications
a) Shear

The design shear stress 7, is determined using the reduced value of the shear force at the support V,,,
see table 8.5, page 22:

22XV, l h 2XV 20x 10> 360
y o 2V (ﬁ IR x — 22 1559 ) = 163.87
Lot 2 2 20 x 103 2 2

3X Vg _ 3%163.87%10°

Ty = = = 0.96 MPa
2X b Xhg 2 x 165 x 1559
Shear verification (EN 1995-1-1, equation 6.13):
0.96
“ =050 <1 OK

foaxke 224%086

%
o
2 j? 2
b) Compression at an angle f to the grain at the support - :
In this example a column with a depth of 360 mm is considered: i 9°i
p =90°—a =90°—-9° =81°
The compression stress at the support is:
x 19.8 X 20 x 10°
Ocpa = utak = =3.09 MPa
T 2 X b X (oo +30x €08 (9°9)) 22X 165 X (360 + 30 X cos (9°))
Compression strength at an angle g to the grain (EN 1995-1-1, equation 6.16):
J; 15.68
Jepa= 7 = 5 N T e = 2.86 MPa
0 (sin ()" +eos (5)7) T x (sin (81°)% + cos (81°)?)

(kc,90 X fc,90,d)

Compression at an angle f to the grain verification (EN 1995-1-1, equation 6.16):

o 3.09
“hd _ 27 _108 >1 NOTOK

fopa  2.86

ex4-6-07

The length of the support should be increased, or the support should be reinforced, for example with
wood screws.
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¢) Bending stress

The bending stress at the apex is increased by k,, which takes into account that the neutral axis is not at
the mid-depth of cross-section (EN 1995-1-1, equation 6.43):

2
ki =1+14xtan (aapex> +54% <tan (ap)> =1+ 1.4xtan(0) + 5.4 x tan (0)° = 1
ky = 0.35 — 8 X tan <aapex> = 0.35— 8 x tan (0) = 0.35
2
ks = 0.6+ 8.3 X tan <aapex) —78x <tan <ap)> = 0.6 + 8.3 x tan (0) — 7.8 X tan (0) = 0.6

2
k=6 <tan <ap>> = 6x tan(0)% =0

R=R, +05Xh,. =18x103+0.5x 1575 = 18788 mm

int apex

Dapex Napex ’ hapex ’ 1.58 x 10° 158%10°\’ 158 10° )’
k =k +ky X +kyx +k, X =1+4035x——— 406%x| — ) +0x|{ ——— ) =103
R R R 1.88 x 104 1.88 x 104 1.88 x 104
6 X M, 6% 992 x 10°
O d :k,x—2 =103 X — = 14.98 MPa
' bXxh 165 x 15752

The tensile strength perpendicular to the grain shall be modified by factor k, (EN 1995-1-1, equation 6.49):

R, 18 x 10°

nt — X— = 400
45 45
k. =10

Bending stress verification (EN 1995-1-1, equation 6.41):

Om.d 14.98

= =078 <1 OK
ke X fog  1%x192

d) Tensile stress perpendicular to the grain at the apex
Factor k, (EN 1995-1-1, equation 6.56):

ks = 0.2  tan (aapex> =02 x tan (0°) = 0

2
ke = 0.25 — 1.5 X tan <aapex) +2.6x (tan (ap>> = 0.25 — 1.5 x tan (0°) + 2.6 x tan (0°)* = 0.25

2
ky = 2.1 X tan (aapex> —4x <tan <ap>> = 2.1 x tan (0°) — 4 x tan (0°)% = 0

2
h h 1575 1575 1\’
ky=hks+hkgX | —— ) +hk;x [ —=) =0+0.25x +0x [ ———) =0.021
P R R 18787.5 18787.5

Tensile stress (EN 1995-1-1, equation 6.55):

6% 992 x 10° 19.8

6xXM .
Grong = iy X 8 _ 065 ML .00 x 2222 — _ 0.6 x —— = 0.23 MPa
o bxh,.> b 165 x 15752 165
apex
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Tensile strength perpendicular to the grain shall be modified by factors k., and kg, (EN 1995-1-1, equation 6.51
and 6.52):

3.14
Vol = b x ., % (2><Rim+ha ) X X —— =017 x 1.58 X (2x 18 + 1.58) X 9° X — = 1.53 m3
P P 180° 180°

kyiy = 1.4

v, \%? 0.01 \*?
ky=(—=) =(—=) =0365
Vol 1.533

Tensile stress perpendicular to the grain verification (EN 1995-1-1, equation 6.50):

0¢ 90,d 0.23

= =143 >1 NOTOK
kais X kyor X frooa 14X 037 x0.32

The beam needs to be reinforced for tensile stress perpendicular to the grain at the apex zone.

e) Stability check for lateral torsional buckling

The beam is stiffened by means of a bracing system; braced points are 1.80 m apart.

Length between two supports:
lp,, = 1.80m

Critical bending stress:

b2 b2 1575 x 1653 165% x 1575
Ougn = ———— X \/Eg o5 X I, X o3 X Iy, = ——— x1/ 10800 x ———" x 542 x —— "= = 73 MPa
Lo, x Wy 1.80 % IOSXW 12 3

Relative slenderness ratio:

fm k 30
A = — =1 [— =0.6
rel,m Ucr,m 73

Critical factor for lateral torsional buckling:

ko =1

crit

The lateral torsional buckling critical factor is equal to 1. Hence, no need for lateral torsional buckling
verification.

4.7 SLS verifications

Two different load combinations are considered:

Combination SLS 1 (permanent loads):

qys,1 = 8k,1 T 8k2 = 5 kN/m

Combination SLS 2 (snow load):

qSlS,z = Sk = 93 kN/m
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The deflection is calculated for a uniformly distributed unit load q,, see The Glulam Handbook Volume 2, sec-
tion 6.2.6, page 90:

wy =

S X o IXho o +12x o’ X ! S X (20 103)4 +12x (20 103)2 X ! 35
X . =3.5mm
384 o bxho’ 8X Gpean X b X ho [ (06 (_> 384 7 13000 x 165 15590 8X 650X 165x 1559 [~ o ( 29° >
0, mean 12 2 2 3

where:
The deflection due to the shear force is:
I 2 Wepes
W = 1.2 X ot =036 — 109
8 X Gipean X b X Nypey wy

The deflection due to the bending moment is:

5 1%,
X b ie? =3.08 "
EO,mean X T

W .
bending —90%

Wbending = 384

Instantaneous deflection due to permanent load:

Winst,permanent =W X qsls,l =35x5=172mm

Instantaneous deflection due to snow load:

Winst,snow

Instantaneous deflection verification, see table 11.4, page 51:

[
Winst,permanent + Winst,snow — 49.0 mm < 30(;% =100mm OK

Final deflection due to permanent load:

= Winst,permanent X

Weinal,perm (1 + kdef) =172x% (1 + 06) = 27.6 mm

Final deflection due to snow load:

- Winst,snow

X (1 + W5 gnow X kaer) = 31.8 % (1 +0.1x0.6) =33.8 mm

Wﬁnal,snow

Total final deflection:

Wﬁnal,tot = Wﬁnal,snow + wﬁnal,perm =338+ 27.6 = 61.4 mm

Total deflection verification, see table 11.4, page 51:

l
Wﬁnal,tot =61.4 mm < ngﬁ =120mm OK
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Example 5: Design of a three-hinged truss

Example 5: Design of a three-hinged truss

5.1 System, dimensions and design parameters

Design and verify the truss below.

Two structural systems are considered: 1. Tension tie of timber. 2. Tension tie of steel.
1. Tension tie of timber 2. Tension tie of steel
|
: o
‘ o
@
‘ 4 o
B ‘ Rafter f\f‘-
| tTension tie of steel SN -
i =Q
| o
|
11,000 | 11,000 11,000 | 11,000
A A
22,000 22,000
The cross-section dimensions are determined using the preliminary design shown in section 5.4, page 108.
. Top view
Static system 1,570
[ 4 ﬂ
i |
e
‘ o
‘ A
| ©
‘ I
Glulam roof truss, strength class GL30c \
Tension tie of timber (1), strength class GL30c ‘lllxxxx
e | | e | | | e e s | | e | o
Tension tie of steel (2), strength class 5.6 . _ NI . LI 8_
I | I | I | R | I | I | N R | R | | n
Glulam columns, strength class GL30c S L N R e e T e [ <
Safety class 3 yg=1 KKKKKK } 777777
Service class 1 ZZZZZZ ‘ lxxxxx
Partial factor for permanent load Pg=1.2 /Y NL NN N NN
Partial factor for snow load y.=1.5 \ o
i o
Material partial factors for steel Py = 140 | 2
P = 1.2 \ !
[N | N | I | U N | | | | - |
Material partial factor for GL ym=1.25 !
[
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5.2 Loads
The loads considered in the design of the truss are:
Structural
Gy, = 0.1 kN/m? g1 = Gy Xi=0.1x6.5=0.65kN/m

Non-structural

Gy, = 0.4 kKN/m? 8o =G Xix1.1=04x65x1.1=29kNm
Snow load
S, =20 KkN/m? Leeward 8, =S X i XpuX1.1=2x65%x1.03Xx1.1=14.75kN/m

Windward sy = S X I Xpu X 1.1 =2x6.5%x0.8x 1.1 =11.4kN/m

The self-weight considered in the equations above is the load projection onto the horizontal plane.
Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.
Assumed unsymmetric snow load as per EKS 10. Snow guards may be added.

5.3 Load combinations
Three different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load), k,,,q = 0.6):

G = Ta X [yg x (g1 + gk,z)] = 1x 1.2 % (0.65 + 2.86) = 4.21 kN/m

Combination 2a (self-load leading + snow load, unsymmetric medium term load, k., = 0.8):
Leeward

Gania s = 7a X [}/g X (81 + &) + 7 X sk,,] =1x [1.2 % (0.65 +2.86) + 1.5 x 14.75] = 26.41 KN/m

Windward

Gattar = Ta ¥ [ys X (81 + &) + 70X sk’r] = 1x [1.2 x (0.65 +2.86) + 1.5 X 11.44] = 21.37 KN/m
Combination 2b (self-load leading + snow load, unsymmetric medium term load, k,,,, = 0.8):

Leeward

Gatts) = Yo X [yg X (1 + 8a) + 7 X sk,,] =1x [1.2 x (0.65 +2.86) + 1.5 x 14.75] = 26.41 kKN/m

Windward
Ganp.r = 7o X |7 % (8 + 8) + 7 X 0.5 X 5] = 1x [12 (0,65 +2.86) + 15X 0.5 x 11.44| = 1279 knim

5.4 Preliminary design Quuny =26.41 kN/m
The preliminary design is based on the recommendations given in L L \L i l L L \L i l L L
The Glulam Handbook Volume 2, section 9.1, page 132 and 9.2, page 135: ; ! gmax
el ‘
3% + x1 3x26.41+21.37) x 22 | |
Fy o = ( qdnA,l CIdHA,r) ot _ ( ) — 277 kN @ ‘ ‘
' 8 8 I | |
’ 5 B Fumo |
q +4q X1 26.41 +21.37) x 22
FH,max = ( A dHAJ) < = ( ) =301 kN /]\Fv,max
16 x f 16 x 4.8 B [J2-11m |
A A
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Example 5: Design of a three-hinged truss

Rafter:

Liot 22
— =" —013m — b =140 mm
170 170

k, 5 190.7 .
h=?+o.5><,/k1 +4xk2=T+0.5><\/190.7 +4%8916325 = 1044 mm - f, = 1035 mm

where k, and k, are defined as:

qdnia, X ltot 26.41 x 22 x 103
= - = - = 190.7 mm
544 xbxsin(a)  54.4x 140 X sin (23.6°)
x1. 2 2641x(22x10%)°
ky = daua,; X ‘ot ( ) — 891632.5 mm?

1024xb  102.4x 140
Tension tie of timber (it consists of two separate members):

b =90 mm
i Fima 30112 10°
™07 X foa 0.7x12.48

= 34468.86 mm?

Apin _ 34468.86

Rpin = = =191499mm — h=315mm
2Xb 2x90

The minimum thickness recommended for the glulam tie rod is 90 mm.
The depth of the two tie rod members should be chosen with regard to:
e compensation for the reduction of net area due to the fastener holes.
e allow for placing of the connectors.

For this example a minimum depth of the timber tension tie h = 315 mm is recommended.
A factor 0.7 is considered to take into account the reduction of the cross-section due to the presence

of fasteners.

Tension tie of steel (it consists of two separate members):

1 1.4 1 1.4
A min = ) X <FI_LmX X f_> =3 x301.12 x 10° x 300 421.6 mm?2 —  choose M27 A, = 459 mm?2
uk

Timber column:

=400mm — h =405 mm

ax 276.87 x 10°
b=140mm h, = Nomax__
fipaXb  495%140

For the value of f_, 4 see section 5.6 ¢}, page 112.
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5.5 Internal forces and moments

Load condition 2a Load condition 2b

Gawr [ [ LL LT I D00 v p vy Game

| |
e

Axial force

-282 kN

_398 kN 376 kN -328kN -268 kN

Shear force

108 kN 65 kN
D 4D
Bending moment
400 kN 323 kN 400 kN 193 kN
| T D | D
Load condition 2a is the governing condition.
5.6 Verification of rafter
a) Shear
3xV, 3% 145x10°
= B _ = 1.50 MPa
2xXbxh 2x140x 1035
Shear verification (EN 1995-1-1, equation 6.13)
1.50
“ =078 <1 OK

ko X foa  0.86x2.24

N

b) Stability check for combined bending and compression
Rafter

Section A-A

140 x 1,035 mm

The rafter is laterally stiffened by means of a bracing system;
braced points are 1.57 m apart.
6
66X Mgy 6x400x 10 g

- - = 16.0 MP -
Omd T T2 T 140 % 10352 4

N, 340 x 10°
6o 0q= —2% = = 2.3 MPa
P bxh o 140 x 1035

HHHHANHRRH

N
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Example 5: Design of a three-hinged truss

Stability about the z-axis (deflection in the y-direction)

Buckling length:

1.57 1.57 171
= = = 1. m
%47 cos(@)  cos (23.6°)

Euler critical stress:

2 1403 x 1035
72X Eyos X 1, - X 10800 X ————

12 ~ =59.33 MPa

Ucr, z

Ax (L)’ 140 % 1035 (1.71 x 103)

Relative slenderness ratio:

245
Aoty = feok _ \/ = 0.64
0wy V5933

k factor:

1 g1 ,
k=5 [1 + B % Aty = 0.3) + Arar, ] = x [1 +0.1 % (0.64 = 0.3) +0.64 ] - 0.72

Reduction factor for buckling:

1 1
k., = = =0.95
k, + kz2 — Ayl Z2 0.72 +4/0.722 — 0.642
Stability about the y-axis (deflection in the z-direction)
Buckling length:
lpy = —— = 2 =12m
Y cos(a)  cos (23.6°)
Euler critical stress:
2
7 X Eygs X I, 7% x 10800 x 2205
= = = 66.06 MPa

Gcr,y P

A x (,0’y>2 140 1035 x (12 103)

Relative slenderness ratio:

Ay = f°’°"‘—\/24'5 =0.61
rel.y Oery 66.06

k factor:

1
ky=5><

1
1+, % (,Irel,y - o.3) + zrel,f] =5 [1 +0.1% (0.61—03) + 0.612] - 0.70

Reduction factor for buckling:

1 1
k.y = =0.95

cy =
ky + 4 /kyz _ ﬂm,yz 0.70 + 4/ 0.702 - 0.612
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Example 5: Design of a three-hinged truss

Lateral torsional buckling

Effective buckling length:

1.57 1.57 171
= = = 1. m
%47 cos(@)  cos (23.6°)

Critical bending stress:

p P 1035 x 140° 1403 x 1035
Oapan = o X \/ By g5 X I, X Gy X Iy = ————————— x4/ 10800 X ————— x 540 X —————" = 83.87 MPa
Wy xly, MO0 517133 12 3

Relative slenderness ratio:

A= Ik =0.598

rel,m
Ocr,m

Critical factor for lateral torsional buckling:

for 2>075 —  ky=1

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

Ooa  Oma _ 235 160
keyX food  fmg  0.95x15.68 = 19.2

=099 <1 OK

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

P c 235 16.0
04 g7x 24 +07X—— =074 <1 OK
ke, X froa foa  095x15.68 192

Check for lateral torsional buckling and axial buckling about z-axis and bending about y-axis (EN 1995-1-1,
equation 6.35):

2 2
o o 16.0 2.35
m.d p0d ( ) n —08 <1 OK
Kerie X find ke, X fioa  \ 192 0.95 x 15.68

c) Check for compression at an angle 8 to the grain

F, 277 x 103
Ocpd = L = = 4.57 MPa

(e +30 % cos (@) X Dot (405 +30 x cos (23.6°) ) x 140

fes0.q can be replaced by f, 4o, due to the fact that g,/s, < 0.4, see table 8.11, page 25, 8.12, page 25 and 8.13,
page 26.

fiod 15.68
Fopa = 0, — = 4.95 MPa
¢ fe0.d 5 sin (ﬁ)z + cos (ﬂ)z % X sin (66.40)2 + cos (66.4°)2

(1.75 X fé,90,k)
p=66.4°

Compression at an angle f to the grain (EN 1995-1-1, equation 6.16):

o 457 |
P4 _ 220 092 <1 OK Wl 236°

fopa 495
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5.7 Verification of the timber tension tie

Example 5: Design of a three-hinged truss

The verification is performed on the net cross section. In this case 4 rows of connectors, each with a diam-

eter of d = 11 mm, are used.

Ty 301 x 10°

Otd =

The design of the connection is shown in example 17, page 193.

Tension parallel to the grain (EN 1995-1-1, equation 6.1):

o 6.17
M2 049 <1 OK
fioa 1248

5.8 Verification of steel tension tie

a) Tension force

Tey =275x 10°N

The capacity is determined according to (EN 1993-1-8, table 3.4):

A XS X095 459 X500 % 0.9

: M2 1.2

Verify the figure for tension (EN 1993-1-1, equation 6.5):

—=——=087 <1 OK

2><[b><(h—4><11)] T 2x90% (315-4x 11)

= 6.17 MPa

315

Rafter

Timber tension tie
(2 pcs. 90 x 315)

Column

x 1073 = 344.25 kN
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b) Compression at an angle a to the grain

The steel plate dimensions shall be chosen in order to avoid local compression failure of the rafter.
A steel plate of S355 with dimensions h, = 210 mm, £, = 40 mm is adopted:

TEd < fé,a,d X Aef,plate

Actptare = B X bragier X Myje = 1 X 140 X 210 = 29400 mm?

where £ is the area reduction factor:

2 X lyjae Jyd _ 2 x 40 300

p =min| 1, X =min| 1, X =1
brafter 2 X f;:,(l,d 140 2 X 1109

fes0.q can be replaced by f, o, due to the fact that g,/s, < 0.4, see tables 8.11, page 25, 8.12, page 25 and 8.13, page 26:

15.68
frad = feoa = ~ = 11.09 MPa

Je0.d . ) ) 1568 . 0)?2 o
= ——— X 23.6 23.6
175X fo90. X sin ()" + cos (@) 5% 25 S ( )"+ cos ( )

Verify the figure for compression at an angle a to the grain (EN 1995-1-1, equation 6.16):

Trq 301 x 103

= =092 <1 OK
Actplaie X foaa 29400 X 11.09

¢) Actions on the column

The columns are assumed to be clamped at their base. The deformation of the steel tie rod causes an addi-
tional bending stress in the columns:

T, 301 x 10°
g = —2— X1

ie X tot —
Egee X A 210000 x 2 x ZX27

x22x10° =27.5mm

Shear force in the column:

3
e 275 3% 10800 x 2
column = 3~ X 5 X 1073 = 5 X <0003 X 1073 = 1.60 kN
(lcol)

Bending moment at the base of the column:

M X 1y =1.60%6=9.61 kNm

column

column
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5.9 SLS Verifications

Deflection at the apex:

UL LU Ty
| |

Two load combinations are considered:

Combination SLS 1 (permanent loads):
qsls,l = gk,l + gk,2 =0.7 + 2.9 = 3.58 kN/m
Combination SLS 2 (unsymmetric snow load):

qsls’2’l = Sk’l = 1475 = 1475 kN/m

Ggs2r = Sk = 11.44 = 11.44 kN/m

a) Structural system 1 (tension tie of timber)

Calculate the instantaneous deflection at the apex under a uniformly distributed load q,, see The Glulam
Handbook Volume 2, section 6.2, page 84:

w;

inst,1 =

2
Gilo” 1 Eom X bar Xy 1x (22x10%) o1, 130001401035 \ _
= = U.55 mm
16 X By X brag X iy X tan (@)* \ c0s (@) Eoum X b X hrge X 2 16 x 13000 x 140 x 1035 X tan (@)* ~ \ cos (@)’ 13000 x 90 x 315 x 2

Instantaneous deflection due to permanent loads:

Winst,permanent =

Winst,l X qSlS,l = 033 X 2 X 358 = 232 mm

Instantaneous deflection due to snow load:

Winst,snow

= Wing1 X g2 = 0.33 X (14.75 + 11.44) = 8.51 mm

Final deflection due to permanent loads:

Wﬁnal,perm = inst,permanent X (1 + kdef) =2.32X% (1 + 06) =3.71 mm

Final deflection due to snow load:

WinaLsnow = Winstsnow X (1 F W2gnow X kaef) = 8.51 X (1+0.2%0.6) = 9.53 mm
Total final deflection:

Whin tot = Whinal,snow T Weinal,perm = 9.53 +3.71 = 13.24 mm
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b) Structural system 2 (tension tie of steel)

Instantaneous deflection due to permanent loads:

Winst,per =

2
2X gy X hot” I By XD Xhyp | 2x3.58x (22x10°) oL, 13000x1d0x 1035 o
cos(@®  Egeel X A 16 x 13000 x 140 x 1035 x tan (@)?  \ cos (@)’ 210000 X 1145 '

16 X Ey X bgg X figgg X tan (@)

Final deflection due to due to permanent loads:

Win,per =

2
2% gey X o L Bome X b X b _ 2x3.58% (22 % 10°%) “ 1, 8I25x140%1035) _ o
cos ()’ Egeet X Ajie 16 x 8125 x 140 x 1035 x tan (a)* cos (a)’ 210000 x 1145 ’

16 X Eg g X Drgp X Iy X tan (@)?

where the final mean value of the modulus of elasticity for permanent loads is:

Epm 13000

T ke 1406

Instantaneous deflection due to snow load:

Winsts =

(dugsns + Gaszr) X Lot 1 Egm X Drgg X By (1475 + 11.44) x (22 x 10%)° 1 13000 X 140 % 1035
+ = X + =20.2 mm

16 X By X g X e X tan (@2 \ c0s (@) Egeet XAge ) 16X 13000 x 140 1035 x tan (@) \ cos ()’ 210000 x 1145

Final deflection due to due to snow load:

Wiins =

2
(dutsns + Gutsnr) X liot” 1 Eg . X brag X pge (1475 + 11.44) x (22 x 10%) 1 11607.1 X 140 X 1035
X =23.7 mm

= +
16 X Eg o X brag X iy X tan (@)* \ cos (@) Eqeer X Age 16 x 11607.1 x 140 x 1035 x tan (@)>  \ cos (@)’ 210000 x 1145

where the final mean value of elasticity for snow load is:

Eom 13000

= = = 11607.1 MPa
1+ kdef X IIIZ,SHOW 1+ 0.6x0.2

EO,m,F

Total final deflection:

Whin tot = Whin.per T Whins = 998 +23.71 = 29.7 mm
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Example 6: Design of a column

6.1 System, dimensions and design parameters

Example 6: Design of a column

Design and verify the column below. The column is clamped at the base for rotations about y-axis and it is
free at its top. The column refers to the structure with pitched-cambered beams described in example 3, page 94.

The column is made of glulam, strength class
Safety class 3

Service class 1

Partial factor for permanent load

Partial factor for variable load

Material partial factor for glulam

GL30c
7a=1

Yg=12
y.=1.5
ym=1.25
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6.2 Loads

The loads considered in the design are:

Structural
gk,beam = 12 kN/m

Non-structural

8k column = 0.5 kKN/m
Other permanent load
G, =05 kN/m? &2 =G, XixX1.1=0.6Xx6x1.1=3.96kN/m
Snow load
S, = 1.5 kN/m? S =85 Xixux11=15x6x098x 1.1 =9.7kN/m
Wind load
O,k = 0.6 kN/m? Gusepos = Qi X i X Cypos = 0.6 X6 X 0.75 = 2.7 kN/m
G ineg = Qwk X1 X Cg peg = 0.6 X6 %x0.4 = 1.44 kN/m

qw,k,int = QW,k X l X Cil’lt = 06 X 6 X 035 = 126 kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

The effect of the wind load can be simplified by means of the following uniformly distributed loads:

Qup sl
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6.3 Load combinations

Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (snow load leading, k,,,, = 0.8):

oo = Vo X [}/g X (@i beam + &2) + 74 X sk] = Ix[12x(1.2+4)+1.5%9.7] = 20.8 kN/m

Gwp1 = Yd X Vg X Guxpos X Wow = 1 X 1.5X2.7x0.3 = 1.21 kN/m
Gwn1 = Ya X ¥q X Gy jneg X Wow = 1 X 1.5 X 1.44 X 0.3 = 0.65 kN/m
qW,i,l = yd X yq X ‘IW,k,int X WO,W = 1 X 1.5 X 1.26 X 03 = 0.57 kN/m

Combination 2 (wind load leading, k., = 0.9):

o = Ta X [yg X (21 veam + &2) + ¥q X Vo X sk] = Ix[12x(1.2+4)+ 1.5x0.6x9.7] = 15.0 kN/m

Gup2 = Ta X Yq X Gwipos = 1 X 1.5 X 2.7 = 4.1 kN/m
Gwn2 = Y4 X ¥q X Gk neg = 1x15%x1.44 =2.2kN/m
qW,i,Z = ]/d X ]/q X qw,k,int =1 X 15 X 126 = 19 kN/m

6.4 Horizontal displacement of the supports due to
vertical deflection of the beam

The deflection of the beam causes a horizontal displacement at the support. In a real structure this
displacement occurs at both supports and its magnitude is d,/2. t is the height difference between

the beam’s system lines at the support and the apex.

t=1.72m
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a) Vertical deflection

The instantaneous deflection due to permanent load and snow load is calculated in example 3, page 94:

Sinst.snow = Wanitary X () =3.9%9.7=37.8 mm

5inst,perm = Wunitary X (gk,beam + gk,2) =39x (12 + 4) = 19.9 mm

The final deflections are:
Combination 1:

81 = YaBinstperm X (1 Kaer) + YqBinstsnow X (14 Wi X ker) = 1.2X19.9% (140.6) + 1.5% 37.8 x (1 +0.1 X0.6) = 98.4 mm

Combination 2:

8e2 = VeBmstporm T Yo X Wo.sBinstsnow = 1.2X 19.9 + 1.5 X 0.6 X 37.8 = 57.9 mm

b) Horizontal displacement

The horizontal displacement depends on the mid-span deflection ¢, and it can be evaluated by the follow-
ing equation, see The Glulam Handbook Volume 2, section 6.2, page 93:

t hg
Op=|4X—+32Xx— ] X9,

tot tot

Combination 1:

t h 1724 800
S =[4x—+32x"2)x6,, = (4x———=+32x——— ) X984 =46.5mm
’ tot tot ’ 20 x 103 20 x 103

Combination 2:

t hy 1724 800
O =|4X—+32X— | X6, =|4X—-=+32X——=) X57.9=274mm
' tot tot ’ 20 x 103 20 x 103

c) Effects of the horizontal displacement

The horizontal displacement of the supports generates the following additional actions on the columns:

465 3% 10800 x 213x360°

Sh.1 x 3X Epps X Ig) 12

Vshi = —
6h,1 )

x 1073 x 103 =29kN

X
3 2 60003

lcol

3
Sho 3% Eygs X Loy 274 3% 10800 x 2220
Vina = —= X — % 1073 = 5% E x 1073 = 1.7kN

col

Mﬁ,h,z = V5,h,2 X lCOl = 17 X 6 = 103 kNm M(S,h,l = Vﬁ,h,l X lcol = 29 X 6 = 174 kNm
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6.5 ULS verifications

Load distribution between connected columns:

3 3
3 ah 3 ah
q q 8 : 8 N
— —
— - +
— —
A B A B A B
777 Ve d asscd Ve
Hy «—— Hg %g gh 136 gh 136 gh
M, M g a” 169" 169"
5 3 13xhxq 1 3 13xh>xgq
H=—XgXh+—XgXh—> ——— M,=—X Xh2+—X Xh?—» ———~
AT g T 16 ATy 161 16
3 3xh*xq
Hyg=-—XgXh Mg =—x g X h?
LTI LTI 16
Both external and internal wind loads generates shear and moment in the columns:
o
@©
o I
N Gup Fup K Gwn
E —> L
I
Qs 3 A Qu
: O
- A B
S “—
R Rs

Fyp = dypo X 0.8 =4.05x0.8 = 3.24 kN

Ry = 13>< +3 X X1 +1><F +5>< Xl = 13><41+3 xX2.2 ><6+1><32+5><19><6—309kN
AT 16 qw,p,z 16 qw,n‘z col 2 w.,p 8 qule col — 16 . 16 - 2 . ) . - .

R—<13>< +3x X1 +1><F +5>< X1 —(13><22+3><41 ><6+lx32+5><19><6—96kN
B — 16 qw,n,2 16 qw,p,z col B w.,p 8 qw,1,2 col — 16 - 16 . 2 - 8 . -7

a) Shear

Load combination 2 governs the design for shear at the base of the column:

Vwindwa.r,2 = RA =30.9 kN
3 X Vi 2 x30881.25
a2 TR = 0.75 MPa

T 2% (hooy X hegt) Xk 2% 215X 360 % 0.8
k. is a reduction factor which accounts for the presence of fasteners.

Shear verification (EN 1995-1-1 equation 6.13):

L Xk 3.5x0.9 T, 0.75
fodan = Foie X Kmoa? = =2.52 MPa d.2 =
4 T 125 ko X foan  0.86x2.52

=035 <1 OK
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b) Combined bending and compression at the base

Load combination 2 governs the design for bending at the base of the column:

1 Gw,i
) X L2+ 5 X FupX Loy + WS"J X1t =

16 16

_ 5x qw,p,Z + 3% Gw.n2
16 16

5x4.1 3x22 1 1.9
< + >><62+§><3.2><6+T><62=78.4k1\1m

[ 20
Fy5 = Gyern X = 4 Yo X 8k column X Lol = 15.0 X > +1.2x05%x6=1533kN

2
Fy, 153.3x 103
0c0d2 = = = 2.47 MPa
PGSk X by X Mooy 0.8 X 215 X 360
6xMy,  6x78.37x10°
Omd2 = = = 16.88 MPa

beoy X hcol2 215 x 3602

The bending moment M, ;, generated by the horizontal displacement of the pitched-cambered beam is not
taken into consideration in the design of the columns because it acts in the opposite direction compared
to the wind effects.

Combined bending and compression verification (EN 1995-1-1, equation 6.19).

ky X fox X kmoa2  1.05%30% 0.9

_ _ = 22.73 MPa
Jmaz ™ 1.25
Xk 24.5%0.9
food2 = Too X knoos _ — 17.64 MPa
0d, » 1.25

2 2
md2 [ %e0d2 ) _ + < ) =076 <1 OK
fndo feod2 22.73 17.64

c) Stability check for combined bending and compression

|
Fv 2 153.3 % 103 | Column
= - = = 2.47 MPa y
042 = Xk 215 %360 0.8 | 215x360mm
e e Y
|
|
6 XM 6 x 78.37 x 10°
Omd2 = 2 = 16.88 MPa ;

by X ho? 215X 3602

Stability about the y-axis (deflection in the z-direction)

Buckling length:
lyy=225x6=135m

Euler critical stress:

215 x 3603
77X Egos X I, 2 X 10800 X ===

Gcr,y -

= 6.32 MPa

beor X heot X loy* 215 %360 x (13.5 x 103)°

Relative slenderness ratio:

A= ﬁ’o’k—\/ﬁ—lw
rel.y Oery 632
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Factor k:

1
kyZEX

1
1+, % (zrel,y - o.3) + zrel,f] = S x [1401x(197-03) + 197 =2.5

Reduction factor for buckling:

1 1
k.y = =0.24

cy — =
k4 fh = hay?  252+V252 - 1972

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

0c0.d.2 Omd2 2.47 N 16.88
key X foodn  fmaz 024x17.64 2273

=133 >1 NOTOK

The verification is not satisfied. The depth of the column is increased from 360 mm to 405 mm:

heo = 405 mm by =215 mm
Fys 153.3x 103 6XM;y  6x78.37x10°

o, = = =2.21 MPa o = =
042 g X ey Xk, 215 %405 % 0.8 M o X o 215 X 4052

= 13.33 MPa

Euler critical stress:

215 x 4053
7 x Ey o5 X Iy 72 x 10800 x >1<—2

= 7.99 MPa

Ocry

beot X heot X loy? 215 x 405 x (13.5 x 103)°

Relative slenderness ratio:
Jeok 24.5
hely =1/~ =1/=— =175
’ Ocryy 7.99
k factor:

1
ky:EX

1
1+ 8, % (lrel,y - 0.3) + Arelf] ==X [1 +0.1% (1.75-03) + 1.752] —2.1

Reduction factor for buckling:

1 1
k.= =0.31

cy =
by Jh = dy? 214+V212-1752

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

0c,0.d,2 + Omd2 2.21 N 13.33
keyX fooaz  Jman 031x17.64  20.77

=1.05 >1 NOTOK

The condition is not met, increase the column dimensions.
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Example 7: Design of a bracing system

Example 7: Design of a bracing system

7.1 System, dimensions and design parameters

Design and verify the bracing system below. The bracing system refers to the structure with tapered beams described in

example 2, page 87.

Static system of roof
bracing system

Static system of wall
bracing system

P 6.00 P

1 A

6.00

il
-

50.2°

6.80

— —
Yz

Glulam pitched beams, strength class
Glulam compression struts, strength class
Steel tie rods, strength class

Safety class 3

Service class 1

Partial factor for permanent load

Partial factor for variable loads

Material partial factor for glulam

Material partial factor for steel

GL30c
GL30c
5.6

ya=1

Yg=12
Ye=1.5
ym=1.25
Yo =12
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7.2 Loads

The loads considered in the design are:

Structural

gk,beam = 11 kN/m

Non-structural

Gy, = 0.6 kN/m? 8o =G xix1.1=06x6x1.1=396kN/m
Snow load
S, = 1.5 kN/m? S =85 Xixux11=15x6x0.854x1.1 =28.46 kN/m
Wind load
Oy = 0.7 kN/m? G sepos = Qu i X Copos = 0.7 X 0.75 = 0.53 kN/m®
Gusenee = Quic X Ceneg = 0.7 X 0.4 = 0.28 kN/m’

Gy icint = Ok X Cing = 0.7 X 0.35 = 0.25 kN/m?

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

7.3 Load combinations

The effect of the wind load can be simplified by means of the following uniformly distributed loads:

O PN A SR A 24

w,| n

Qi Qi

Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (snow load leading, k,,,; = 0.8):

Guerr = Vo X [yg X (21 beam + &2) + 7 X sk] — 1% [1.2 x (1.1 +3.96) + 1.5 % 8.46] — 18.75 kKN/m

Qup1 = 7a X Vg X Qusepos X Wow = 1 X 1.5 X 0.53 X 0.3 = 0.24 kN/m”
Gt = Ya X Vg X Gy koneg X Yo = 1 X 1.5 0.28 X 0.3 = 0.13 kN/m’

Qi = Ya X Vg X G seim X Vo = 1 X 1.5X0.25 % 0.3 = 0.11 kN/m®
Combination 2 (wind load leading, k.4 = 0.9):

uern = 74 % [yg X (2 peam + 82 + 7 X Vo X sk] = 1x [1.2 x (1.1 +3.96) + 1.5 0.6 X 8.46] — 13.68 kN/m

Gupa = Ta X Vg X Gy i pos = 1 X 1.5 % 0.53 = 0.79 kN/m*
Guna = Ya X ¥g X Gugneg = 1 X 1.5 % 0.28 = 0.42 kN/m’
Quin = Ya X Vg X Gy seim = 1 X 1.5 0.25 = 0.37 kN/m®
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7.4 Stability load

The bracing system is loaded by wind and a stability load (EN 1995-1-1, clause 9.2.5.3). The in-plane bending
moment at the most stressed section of the tapered beam is calculated in example 2, page 87.

7 X Xmax 18.75x 5.6
atx =x,,:. M, = QIT‘“ X (Lot = Xpax) = ——————— X (20 = 5.6) = 756.02 kNm
X x 13.68 X 5.6
M, = “Tm X (Lot = ) = ————— X (20 — 5.6) = 551.48 kNm
| 5.60 % N

n
= |
-

—

|
|
‘ M, =756.02 kNm ‘
|

| M,=551.48 kNm

The structure is stiffened by two bracing systems. Each system brace one half of the total number of
tapered beams, i.e. n = 4.

Note that the number of tapered beams is 9. However the beams at the gables carry only one half of
the vertical load.

Stability loads, see The Glulam Handbook Volume 2, Chapter 13, page 170:

1 M, 1 756.02
Gui=NX—X— =4x—x——"" =656kN/m
S 20 " Lo X Py max 20~ 20% 1.15
1 M, 1 551.48
qst2=flX—X—=4X—X—=4.77kN/m
: 20 " Lot X P max 20 " 20% 1.15
Gstif
A A - .
\ \ \ \ N \
‘o "o [la . R
\h \ h | h 7g__h>777 2 \XX
| | | N2
\ \ | an
\Qh \Qh \Qh I’]‘Qh /
> Pt>Pr> - m— D> —x
! | [
o |la |lo n-Q 5
| b | | <h h ;/ N
I I / T N\ J
/ / / ' ‘
/ / / / \./
77777777 &
A K
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7.5 Roof bracing system
The wind load area is shown below. The factor 1.1 accounts for the presence of purlins and curtain walls.

Aying = 86X 1.1 = 94.6 m?

Wind load area 2

S

N
> N
A?

o

o)

™

N
Oi

(@]

=
S ||

10.00 | 10.00
Wl
20.00

The wind can be considered as a uniformly distributed load acting on the roof plane. It is assumed that
the bracing system closest to the windward side takes the entire load. This assumption is based on the fact
that the roof sheeting is normally not stiff enough to allow for an even distribution of the wind load
between the bracing systems.

A wind

94.6
Gur = (Gupa + qw,i,1> x = (024+0.11) X = = 164 kN/m

tot

Awind

94.6
Gz = (Gupa+ iz ) X = (0.79+0.37) x> = 5.46 kN/m

tot
The total load acting on the bracing system is:
o1 = Qw1 + Gyt = 1.64 +6.56 = 8.20 kN/m
Got2 = Gwa + Gsp = 546 +4.77 = 10.23 kKN/m

Leading design combination:

8.20 10.23
fot 20 o3 < o2 95y
kmod,l 0.8 kmod,2 0.9
Thus combination 2 is leading at ULS.
a) Internal forces and reactions
QHJ\HH Q\JJ\QHHJQJ\[ Q\HRJJ\ Q\HJ\
SR IIIE BllIIRIIIE BlllB] J

-102.3 kN
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128

LLILEEL

ltOt 20 QtotZ
Rioof = Grorn X 7 =10.23 x 7 = 102.3 kN ie5m
Cl = Rroof =102.3 kI;I (/\ Qs /2
i \ / o -
oo X5 = 1023 %5 = 25.61N > /502 RN
39.8° [ \/
\
i /
<Cl —qmt,z><3) 102.3-10.23 x 3 \[\y
T, = = = 99.87 kN (R
c0s(39.8°) c0s(39.8°) C. T
C, =T, X cos (50.2°) = 99.87 X cos (50.2°) = 64 kN
Rroof
b) Verification of the strut
N, 102.3 x 10°
GC 0.d = Ed = = 24 MPa Strut
o bxh 190 x 225 Section A-A
(see 7.1, page 124)
'z
Stability about the z-axis (deflection in the y-direction) i
Buckling length: N s 7: —Ty
lO,Z = 6 m ;
1z
Euler critical stress: M

1903 x 225

2 _89MPa

P x Eygsx 1, 72X 10800%
(bxh)xlo,” 190 x225x (6 x 103)°

Ocrz

Relative slenderness ratio:

745
Arots = feox _ /o= = 1.66
Cer.z 8.91

k factor:
1 a1 )
k=5 [1 + % (At = 0.3) + Arar, ] = [1 +0.1% (1.66 — 0.3) + 1.66 ] = 1.94

Reduction factor for buckling:

1 1
k=

o ky +1/k = A,? 1944V 1.942 — 1.662

Check for axial buckling about z-axis (EN 1995-1-1, equation 6.23):

0c0,d _ 2.39
ke, X fooq 034X 17.64

=0.34

=04 <1 OK

The Glulam Handbook - Volume 3



¢) Verification of the tie rod

Example 7: Design of a bracing system

Tie-rods with diameter d = 24 mm (A, = 353 mm?) are utilized for the roof bracing system.
The verification is carried out following the rules for the design of bolts since the ends of the tie-rods

are threaded:

Ty = 99.9 kN

Tension capacity (EN 1993-1-8, table 3.4):
Ape X [ X 0.9 353 x 500 0.9
M2 1.2

= 132375 N

Tra =

Verification (EN 1993-1-1, equation 6.5):

Tea  99.9

= OK
Tra 13238

=075 <1

7.6 Wall bracing system

The wall bracing system is subjected to a concentrate force which is
the sum of the support-reaction from the roof bracing system and
the stability force acting on the columns.

The stability force on the columns is derived by means of the following
static model, see The Glulam Handbook Volume 2, Chapter 13, page 170:

l

tot 20
R Qs X - = 13.68 X — = 137 kN

tapered —

n X Rtapered _ 4 x 137
100 100

R tapered

=5.5kN

F, stiffen =

K . =2XnX

min

137
=2><4><§ = 160.9 N/mm

E

Riapereq

Fifien

Kbracmg

6,00

Kbracing = h

Minimum brace stiffness required:

Koraeing = 51442 N/mm > K, = 160.9N/mm  OK

a) Verification of the strut
Axial force:

Fi = Rigos + Fugion = 102.3 + 5.5 = 107.8 kN

48,5°

Flut

O

3
o T 2
steel X Atierod X (COS (485 )) 210000 x XTW X Ccos (48.50)3
B 6.8 x 103

= 5144.2 N/mm
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A new check is performed on the 190 x 225 mm strut, Strut

this time tacking also into consideration the action of Section A-A

the stability force: (see 7.1, page124)
Iz

N, 107.8 x 103 !
— __Bd _ 07.8x 10 =2.52 MPa *
bXxh 190 x 225 oy —=t—

0c.0.d

Check for axial buckling about z-axis (EN 1995-1-1, equation 6.23):

0c0.d _ 2.52
ke, X feoa  0.34x17.64

=042 <1 OK

b) Verification of the steel tie rod

Tie-rods with diameter d = 27 mm (A,..= 459 mm?) are utilized for the wall bracing system:

Ty = 162.7 kN

Tension capacity (EN 1993-1-8, table 3.4):

A X fie X 0.9 _ 459 x 500 x 0.9
M2 1.2

= 172125 N

Tra =

Verification (EN 1993-1-1, equation 6.5):

T 162.7
B 095 <1 OK
Tog 17211
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Example 8: Design of a truss

8.1 System, dimensions and design parameters

Design and verify the truss below.

%

NNN\N V74

Bottom chord

6.0

30 ,30 ,30 ,30 ,30 ,30 30
Al A Al Al A

21.00 21.00

42.00

Static system

The cross-section dimensions are determined using the preliminary design method shown in section 8.4, page 132.

The truss is made of glulam, strength class GL30c

Safety class 3 yg=1
Service class 1

Partial factor for permanent load Yo=12
Partial factor for variable load y.=1.5
Material partial factor for glulam P = 1.25
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132

8.2 Loads
The loads considered in the design of the truss are:
Truss
Non-structural
Gy, = 0.6 KN/m? 82 =G, Xix1.1=06%7x 1.1 =4.62kN/m
Snow load
S, = 1.5 kN/m? S =S XixXxux1.1=15%x7x0.853%x1.1=9.85kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

8.3 Load combinations

Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):
G = 74 X [yg x (g1 + gk,z)] = 1x12% (24 +4.62) = 842 kKN/m
Combination 2 (self-load leading + snow load, medium term symmetric load, k4 = 0.8):

Gan = 70X |1 X (81 + 82) 7+ | = 1x [12 (244 4.62) + 15 % 9.85| = 2320 kN/m

8.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, section 8.2,
page 123:

Truss depth at the apex:

!
Papex =~ =—=42m - h,, =45m
P10 10 ’

Truss depth at the edge:

Regoe = h

hot s sin (@) = 4.5 — 22 xsin (3.5°) = 3.22 Begee = 3.2
edge apex_?xsul(a)_ . —7><s1n( . )— 22m > hygee=32m
The most stressed truss chord elements are located at mid-span.

Maximum bending moment:

_ qan XLy 23.20x 422

Mmax =5116.6 kNm \
8 8 g LT
Maximum compression / tension force: M. g — — — —— — |
- A Y i
L/ / e
Ny = max _ 160 _ 41370 ( - Yvvivvi
hapex 45 N T«
i | = <
I I
| l/2=21m L f Eg
1 1
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Chords:

Npax 1137107

A= =
07X fioqa 07x125
d=+yA=360mm - h=360mm b =355mm

= 129946 mm?2

The cross-section should be relatively wide in order to allow for several slotted-in plates.
A reduction factor of 0.7 is assumed to account for the cross-section reduction due to slots and holes.

The reaction force is:

_ Gan X L

R L = 482 kN

_ Gan X1

max

R = 448 kN

The reaction force generates the follow internal force:

C =398 kN
T =581 kN

Verticals and diagonals:

b =355 mm
T

hpn=——"—"—"=186mm — /s =225mm
0.7X froaXb

8.5 Internal forces and moments

Load combination 2

Axial force

~N=1,122kN

A N=482KkN L N=1,142 kN
Shear
V=38kN —V=29kN
.
\ ‘ ‘ ‘ ‘ ‘ —— ‘ ‘ ‘ T
Bending moment
M=17 kNm — M=19kNm
-
! T = (L
mkNm
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8.6. Verification of the top chord

a) Compression parallel to the grain

Ngy 1122 x 10°
Oc0d = = = 10.72 MPa

(b —4><dplate) % (h =3 X dyyy) (355=4%8)x (360 -3x12)

The compression stress is computed in the net cross-section. For example a connection with 4 slotted-in
steel plates with a 3 x 3 dowel net d = 12 mm is assumed.

Compression parallel to the grain verification (EN 1995-1-1, equation 6.2):

o 10.72
cod _ 1072 _ e <1 oK
foa 1568

b) Stability check for combined bending and compression

The truss is laterally stiffened by means of a bracing system; braced points are 3 m apart.

Since the cross-section is nearly square, the check is performed only for buckling about y-axis (bending
moments caused by gravity loads also tend to reduce the buckling strength about y-axis):

Ngg  1122x10°

0c0d = = = 8.78 kN
bXh 355 x 360 Top chord,
Mgy 20 x 10° Section A-A
Omyd = 2 o = 2.65 MPa (see 8.1, page 131)
bx— 355X—
6 6 ; z
Stability about the y-axis (deflection in the z-direction) 3y L y
_ ‘ _
Buckling length: “ i
\
lpy=3m 12

, 355 |,

Euler critical stress:

3
7% X Eygs X I, 72 x 10800 x 222230
= : = = 127.91 MPa

C(bxh)xly,® 355%360 % (3% 103)°

Ocry

Relative slenderness ratio:

Aery = f°’°’k—\/ 245 o4
rel.y Oery 12791 ~

k factor:

1
kY:EX

1
1+ 8. % (zrel?y - 0.3) + zrel’yz] =2 X [140.1x(0.44-0.3)+0.44%] =0.6

Reduction factor for buckling:

1 1
k., =

cy =
k. + ky2 - grel’yz 0.6 +4/0.62 — 0.442

y

=0.98
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Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

0¢0.d Om,y.d 8.78 2.65
+ p—

= + =071 <1 OK
key X feod  Jma 098 x15.68 19.2

8.7 \Verification of the bottom chord

Tension parallel to the grain shall be evaluated with regards to the net cross-section. For example a con-
nection with 4 slotted-in steel plates with a 3 x 3 dowel net d = 12 mm is assumed:

Mgy, 9 x 10°
Umydz = > = 1.29 MPa
” - 2 (355-4x8) x X
b—4xdye )X X 8) X =
Bottom chord,
_ NEd _ 1142 x 103 _ Section B-B
0104 = - 355 — 4% 8 360 = 9.82 MPa (see 8.1, page 131)
<b—4><dplate>xh (355 -4 x8) x
z

Combined bending and tension verification (EN 1995-1-1, equation 6.17):

0i0d Omyd 9.82 1.29
+ = + =
Jod S 1248 19.2

360
R

08 <1 OK

|
|
|
— Y
|
\
|

z

, 355 |,

8.8 \Verification of the verticals

225 Most stressed ° Vertical
ﬁﬁé vertical strut ° Section C-C
(see 8.1, page 131)
Ly
T
\
e} \
0| Z- 4|+t +-2
™ \
3 \
(]
™ 1
y
N 225
N, 482 x 10°
B = 6.04 MPa

e0d = T T 355 % 225

Stability about the y-axis (deflection in the z-direction)
Buckling length:

loy=32m

Euler critical stress:

3
72X Epgs X I, @2 X 10800 x 222222
= = 43.91 MPa

Ocry

(bxh) xloy®  355% 225 (3.2x103)°
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Relative slenderness ratio:

Aoty = fc"“‘—,/ 245 _ 075
rel.y Oery 4391

k factor:

1 1
k= X [1 + B, (zrel’y - 0.3) + /lrel’f] = =% [1 +0.1x (0.75-03) + 0.752] ~08

Reduction factor for buckling:

1 1
k.. = =0.92

c.y =
ky 44/ —dy’  08+1/08 075

Check for axial buckling about y-axis (EN 1995-1-1, equation 6.23):

0c.0,d _ 6.04
key X fooa 092X 15.68

=042 <1 OK

8.9 Verification of the diagonals

The most stressed diagonal is the one located closest to the support.

62.5 62.5
50| |50
Most stressed o Diagonal
©o Section D-D T
50 ‘
I 7 (see 8.1, 50625%— 8585 |
N : | page 131) - % A | VA
‘ 1y & *
o | 100
S o, LI I 100
o m| STTOMT B 100
| * <] | 120
N Y I \ 80
<. |1 oo
225 ‘ ‘ 100
\ [ 80
i < i
B
1001 100

The diagonal shall be checked with regards to the net cross-section. Assume that the connection has 4 slot-
ted-in steel plates fixed with 9 dowels, d = 12 mm, in a 3 x 3 grid. The design of the connection is shown in
example 21, page 211.

a) Tension parallel to the grain

T 581 x 10°
Ed = X = 9.52 MPa

b4 dyye) X (h=3X diy) (355 =4X8) X (25-3x12)

0t0d = <

Tension parallel to the grain verification (EN 1995-1-1, equation 6.1):

o 9.52
4 _ 222 _ 076 <1 OK
fioa 1248
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Example 9: Design of floor joist and connection
with consideration to fire resistance class

Example 9: Design of floor joist and connection
with consideration to fire resistance class

9.1 System, dimensions and design parameters

In this example, the beam of example 1, page 81 is checked for fire performance. It is assumed that the beam is connected to
a concrete wall by means of a connection made with slotted-in plates and dowels as shown in the figure below.

N
o
o
8 8
(e8]
i o
o
N N
| 100 |50],
/1 A

il
27707077

\

Mmmmerermy

The beam is made of glulam, strength class GL30c

The slotted in plate is made of steel, structural S355 - 3
steel grade «
The dowels (d = 12 mm) are made of steel, S355

structural steel grade

Safety class 3 yg=1 @ @
1

Service class 1

The beam and the connection must meet fire
resistance class R60 (60 minutes)

Static system

Partial factor for permanent load ye=1.2 Vo= 1.0
Partial factor for variable load 74=15 Yon=1.0
Material partial factor for glulam ym=1.25 ms=1.0
Partial factor for connections ye=13 7es=1.0
w factor in event of fire = v =0.5
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9.2 Loads
The loads considered in the design are:
Structural
gk,l = 02 kN/m

Non-structural

Gy, = 0.5 kKN/m? 82 = Gy, X i =0.50x0.90 = 0.45 kN/m
Variable load

0, = 2 kN/m? g =0 Xi=2x09=18kN/m

9.3 Load combinations

Two different load combinations are considered (EN 1990, clause 6.4.3):

Combination 1 (self-load leading + variable load, medium term load, k.4 = 0.8):

Qo = 10X |1 X (81 + 8c) +74+ @i = 1 X [12% (02405) + 1.5 x 1.8] = 3.5 KN/

Combination 2 (self-load leading + variable load in event of fire, k.5 = 1.0, kg = 1.15):

qu = }’d X |:},g»ﬁ X (gk,l +gk,2) +l//ﬁ X }’q,ﬁ X qk] =1 X [1 X (02“"05) + 05 X 1 X 18] = 16 kN/m

9.4 Design strengths

Load combination 1 (ULS without fire):

Xk 30x0.8 N
fmd _ fm,k mod — - 192
’ ™ 1.25 mm?2
vk Xk 35x%x0.8 N
Vd:f,k mod: —004—
’ ™ 1.25 mm?

Load combination 2 (fire design):

X Ko 30x 1 N
fmdﬁ=kﬁxM=1.15x =345
” YM.fi 1 mm?2
X k 35x%x1 N
fvdﬁ=kﬁxM=1.15x =4.02——
” YM. 1 mm?
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Example 9: Design of floor joist and connection
with consideration to fire resistance class

9.5 ULS verifications (without fire)
a) Shear

ltot 6
Veg = dar X = =348 X = = 1044 kN

3 X Vgy 3% 10.44 x 10°
L= _

= = = 0.53 MPa
2X (b = tyraeer) X 2% (90 = 8) X 360

Verify the figure for shear stress (EN 1995-1-1, equation 6.13):
T 0.53

= =028 <1 OK
foa Xk 224 %x0.86

b) Bending moment

ltot 62
Mgy = qg X 5 = 3.48 x i 15.66 kNm
_ 6X Mgy 6x15.66% 10°

_ _ — 80.6 MP
Omd = T e 90 x 3602 a

Lateral torsional buckling is prevented by the floor sheeting. Verification (EN 1995-1-1, equation 6.11):

0.1

600 G 8.06

k=(—) =105 md =04 <1 OK
360 foaXky 192X 1.05

¢) Verification of the connection

d =12 mm
b s 90 8
hH==—-—=——-—=41mm
2 2 2 2

Shear capacity of one dowel (EN 1995-1-1, equation 8.11):
N

mm?2

Jix = 0.082x (1 =0.01 xd) X py = 0.08 x (1 —0.01 X 12) X 390 = 28.14

My gy = 0.3 X f; X d*® =03 %510 x 122¢ = 9.8 X 10* Nmm

4xXM 4%9.79 x 10*
Rie = 2% (Xt xd) x 4[24 ——22 1| =2x28.14 x4l x 12 |1/2 4+ 22— — 1| = 1.77x 10*N
o ’ Joxxd X t? 28.14 X 12 x 412

F,

V.

Verification, two dowels d = 12 mm are used.

F 17.7
Fde =n ><kmod>< VRl =2%X0.8 X — =22.7kN
’ e 1.3
F 10.44
Bl _ 7" _046 <1 OK
Fyra  22.68

For the SLS check, see example 1, page 81.
Note that the vibration check normally governs the design of a simply supported floor beams.
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Example 9: Design of floor joist and connection
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9.6 ULS verification with consideration to fire

a) Effective cross-section after 60 minutes of fire, three edges exposed to fire
Notional charring rate (EN 1995-1-2, table 3.1):

\
B, = 0.7 mm/min l

I
|
Effective depth of charring (EN 1995-1-2, equation 4.1): 1 |
dg = dchar,n +hyXdy=42+1x7 =49 mm o < Initial surface
where: Residual cross-section edge
d =f X R — 0.7x60=42mm E=' |  Effective cross-section edge
n . -

char,n
’ bﬁna\
ko =1.0dy =7 mm 7@%

Effective cross-section dimensions:
By =h —ds=360—-49 =311 >300mm OK
big=b—2%Xd;=90-2%x49=-8 NOT OK

The beam width must be increased.
The new beam width is:

| |

\ |

b = 140 mm | |
bi=b—2Xd; =140 — 2 x 49 = 42 mm | |
I I

b) Shear
V _ ltOt _ 6 _
Ed =qan X — = 1.55 X = =4.65kN
2 2 7%
3IXV, 3x4.65x%x103
= — _066MPa 40 L

- 2 X (bﬁnal - tbracket) X hﬁnal - 2x (42 - 8) x 311

Verify the figure for shear stress (EN 1995-1-1, equation 6.13):
t 066
Soafi X ke 4.02x0.85

=0.19 <1 OK

¢) Bending moment

2 2

[ 6

6X Mgy 6x6.98x 10°
Omd = -
" bﬁnal X hﬁna12 42 X 3112

= 10.3 MPa

Verify the figure for bending stress (EN 1995-1-1, equation 6.11):

ky = (600/h5,,)"" = (600/311)™" = 1.07

X kp X k
Jmdfi = Kmod.fi X M =30x1.07x 1.15 = 36.8 MPa
M, fi
o, 10.3
md _ 22 _028 <1 OK
fm’d,ﬁ 36.8
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d) Connection

An unprotected connection is assumed to offer fire resistance t,; = 20 minutes, see The Glulam Handbook
Volume 2, table 16.3, page 244. Verify the minimum required thickness, t, for bonded sheets or wood plugs,

see The Glulam Handbook Volume 2, equation 16.13, page 244:

a5 = By X kpyy X (treq - zd,ﬁ) =0.7% 1.5 x (60 — 20) = 42 mm

The dowels should never be exposed to fire. They shall therefore be protected by wood plugs or glued
boards with a minimum thickness a; = 42 mm.

L t>a

7 T

t>a

t>a,

1

t>a
1
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Example 10: Design of a frame with curved haunches

10.1 System, dimensions and design parameters

Design and verify the frame with curved haunches below.

Portal frame

ion 1
Section 2
Section 3

18.20 L 18.20
/1
36.40

Static system

The arch is made of glulam, strength class GL30c
Lamination thickness tom = 33 mm
Safety class 3 ye=1
Service class 1

Partial factor for permanent load Pg=1.2
Partial factor for variable load y.=1.5
Material partial factor for glulam =125
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10.2 Loads
The loads considered in the design of the portal frame are:
Structural
gk,l = 23 kN/m

Non-structural

Gy, = 0.6 KN/m? 82 =G, Xix1.1=06%x5x1.1=33kN/m
Snow load

S, = 1.5 kN/m? S =S XixXxux1.1=15%x5x107x1.1=8.8kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over the frames.

10.3 Load combinations

Three different load combinations are considered (EN 1990, clause 6.4.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):

G = 74 X [yg x (g1 + gk’z)] —1x12%(23+33)=6721N/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k.4 = 0.8):

Gaia = 7a ¥ [;/g X (g1 + 8a) +7.X sk] = 1x [12X(2.3+33)+ 1.5%8.8] = 19.96 kN/m

Combination 3 (self-load leading + unsymmetric snow load, here given the lower value, medium term load,
Kimoa = 0.8):

Gans = 7 ¥ [yg X (g1 + 8a) +0.57, % sk] = 1x [12X(23+33)+05% 1.5x6.6] = 11.67 kN/m

10.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, Chapter 10,
page 140:
H I, 54 364

L S e T L h. = 1530 I = 1530
rmin = 75 T30 T 5 T 30 me= e mm

hymin =03Xh i, =03%x1.57=047m — h;=495mm
bonin = 015 X iy = 0.15x 1.57=024m - b =215mm
<
Y
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144

10.5 Internal forces and moments

Load combination 2, symmetric snow load Load combination 3, unsymmetric snow load
Ry rnnnnnnnnnsnannnnnnnn A RALEALAARAAARAARRRRY!
Sec'1sec42 SeC'1sec.2
sec.3 sec.3
sec.4 sec.4

-256 kN

-196 kN -173 kN

-348 kN

253 kNm

531 kNm 463 kNm

T S
~ Y

10.6 ULS verification

a) Compression parallel to the grain at the support
The maximum stress occurs for load condition 2:

N, 348 x 103
Ed__ = 1.06 MPa

04 = hy T 215 % 1530

Compression parallel to the grain verification (EN 1995-1-1, equation 6.2):

o 1.06
0d _ 2 _007 <1 OK

fioq 1568

b) Compression parallel to the grain at the ridge
The maximum stress occurs for load condition 2:

Ngg 256 x 103
Oc0d = =
bxh, 215x495

= 2.40 MPa

Compression parallel to the grain verification (EN 1995-1-1, equation 6.2):
0c0.d 2.40

——=——=015 <1 OK
feoa 1568
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c) Shear verification at the support
The maximum stress occurs for load condition 2:

33X Vg 3x198x10°

Td = = = 0.9 MPa
2b x hy 2x%x215x%1530

Shear verification (EN 1995-1-1, equation 6.13):
74 _ 0.9
faXky 224x0.86

=047 <1 OK

d) Shear verification at the ridge
The maximum stress occurs for load condition 3:

_3x Vg 3x87x10°

= = = 1.23 MPa
2b X h, 2x215x%x495

Tq

Shear verification (EN 1995-1-1, equation 6.13):
74 123

= =064 <1 OK
faXky 224x0.86

e) Stability check for combined bending and compression of the straight parts (combination 3)

The frame is laterally stiffened by means of a bracing system; braced points are 1.8 m apart.

Cross-sections 1, 2 and 3 are checked for load combination 3.
Corresponding values of axial force and bending moment are shown in the table below.

1 215 x 670 -253 168 S
2 215 x 925 -263 218
3 215 x 1175 -274 210

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

1 I, =18 Gour = 126.73 Araan = 0.44 k., =098 R, = 0.66
2 Ip,,=1.8 0.,,=12673 s =044 k,,=098 R,=0.46
3 lo,, =18 urs=126.73 drys = 0.44 k,,=0.98 R, =0.27

Check for lateral torsional buckling and axial buckling about z-axis (EN 1995-1-1, equation 6.35):

1 lh,,=18 oy = 29133 Jrgan = 0.32 Kepen = 1 R, =0.56
2 Ip,,=1.8 oy =211.02 Ao =038 Koo =1 R,=0.38
3 I, =18 Oums = 211.02 Drns = 0.42 Kews =1 R,=0.23
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f) Stability check for combined bending and compression of the curved part, section 4

66X Mgy 6x820x%10°

_ _ — 9.78 MP
‘md T TS T 215 % 15302 N

Ngg 408 x 10°
= = 1.24 MPa

%04 = T T 215 % 1530

5.40

h

Stability about the z-axis, deflection in the y-direction, see The Glulam Handbook Volume 2, clause 10.4.1, page 143:
Buckling length:

lo, = 9.6 m

Euler critical stress:
2153 x 1530

12 ~ =4.45MPa

7 X EgosX 1, 3.14% x 10800 x

Ocrz

Ax(lp,)>  215x 1530 (9.6 x 10%)

Relative slenderness ratio:

[foox 245
ety = [~ = a5 =2
Gcr,z .

k factor:

1 2 1 2
k=5 [1 + X (At = 0.3) + Arar, ] =3 [1 +0.1% (235-03) +2.35 ] =335

Reduction factor for buckling:

1 1

k4 [kPoa, 2 335+4/335-23%
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Lateral torsional buckling

Buckling length:
ly, =9.6m

Euler critical stress:

Ego5x 1, +Gos X ky
Oupn = = 34.89 MPa
WY

Relative slenderness ratio:

30
Aretm = Ik _ A/ =0.93
um  V 34.89

Reduction factor for buckling:

for 0.75<i1<14 - &k

crit

=156-0.75x%x 1 = 0.86

rel,m

The tensile bending strength shall be modified by factor k, (EN 1995-1-1, equation 6.49):

R 8 x 103
— = =1240.02
bam  33.33

k=10

T

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

5 o 124 9.78
04 107 x—md 0.7

—_— = +07x——=082 <1 OK
ke, X feod ke X fna 017 x15.68 1x19.2

Check for lateral torsional buckling and axial buckling about z-axis (EN 1995-1-1, equation 6.35):

2 2
o o 978 1.24
o 04 + =082 <1 OK
ky X et X find ke, X food 1% 0.86% 192 0.17 % 15.68
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T Y
g) Verification of the frame leg | \
0 |
) A L R O
Neg  128x 103 |
GCOd = = == 190 MPa
. bxh 315x215 N ‘

Stability about the z-axis (deflection in the y-direction):
Buckling length:

lO,Z = 62 m

Euler critical stress:

315 % 2153

7 X Egos X 1, 7* x 10800 x ==

= 10.67 MPa

Ocrz

C(bxh)xlp,? 315%215x (6.2 % 10%)°

Relative slenderness ratio:

A, = fc,o,k_‘/24.5 =152
rel.z Oer.s 10.67

k factor:

1 g1 )
k=~ x [1+ﬂc><(ﬂrel,z—0-3)+lrel,2 ] = x [1 +0.1% (1.52-0.3) +1.52] =171

T2

Reduction factor for buckling:

1 1
k., = =04

RSy R ENERE ¥ S RV e 2

Check for axial buckling about z-axis (EN 1995-1-1, equation 6.24):
0c0,d 1.90

= =030 <1 OK
koy X fooq 04X 15.68

h) Stability check for combined bending and compression in plane
The most stressed cross-section is section 4:

Ngg 408 x 10° | 24 MP 6Mg, 6% 820 x 10°
= = 1. a Ond= =

_ _ - - = 9.78 MPa
%04 = % T 215 % 1530 M bxh? 215X 15302

The corresponding buckling mode is shown below.
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Stability about the y-axis (deflection in the z-direction)

The critical axial force is determined by means of a finite elements analysis.
Critical axial force:

N,, = 43044 kN

Relative slenderness ratio:

_ fe0x _ 24.5
LY T A Ner T 4| 43044 %103
\ A \ 328950

k factor:

A =1.37

k, = 0.5x [1 + B, % (lrel,y - 0.3) + ﬂrel,yz] =0.5% [1+0.1x(137-0.3)+ 137 = 1.49

Reduction factor for buckling:

1 1
k.y = =0.48

cy — =
ky + /kyz_ ey’ 149+ V14921372

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):
0c0,d Omd 1.90 9.78

+—C = + =076 <1 OK
keyX fogd  fma 048X 1568 © 19.2
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Example 11: Design of a knee-braced frame

11.1 System, dimensions and design parameters

Design and verify the knee-braced frame below.

Portal frame

Frame leg
Steel tie rod
Column

10.00 | 10.00 -~

K
20.00

Static system

The arch is made of glulam, strength class GL30c
Steel ties, structural steel grade S355
Safety class 3 yg=1
Service class 1

Partial factor for permanent load Yg=12
Partial factor for variable load ys=1.5
Material partial factor for glulam =125
Partial factor for steel P = 1.2
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11.2 Loads

The loads considered in the design of the portal frame are:

Structural
gk,l = 076 kN/m

Non-structural

Gy > = 0.7 kN/m? 82=G,xix1.1=0.7x5x1.1=385kN/m
Snow load
S, = 2.0 kN/m? leeward S, =S XiXpux1.1=20x5x1.01x 1.1 = 11.1 kN/m

Windward 8 = S X i Xpu X 1.1 =2.0x5x%x 0.8 x 1.1 = 8.8 kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over the frames.

11.3 Load combinations
Three different load combinations are considered (EN 1990, clause 6.4.3):
Combination 1 (self-load leading, permanent load, k.4 = 0.6):

Gut = 74 X [yg x (g, + gk’z)] = 1x 1.2x (0.76 + 3.85) = 5.53 kN/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k., = 0.8):

Leeward

Gatias = 74 X [yg X (81 + 8a) +7 X sk’,] —1x [1.2 x (0.76 +3.85) + 1.5 X 11.1] =222 kN/m

Windward
Gatias = 74 ¥ [yg X (g1 + 8a) +7.X sk’r] = 1x [1.2 x (0.76 +3.85) + 1.5 % 8.8] = 18.7 KN/m

Combination 3 (self-load leading + unsymmetric snow load; here given the lower value, medium term load,
kmod = 08)

Gartss = 7a X [yg X (201 + ga) +0.57, % sk,r] = 1x [1.2 % (0.76 + 3.85) + 0.5 x 1.5 x 8.8] = 12.13 kN/m

11.4 Preliminary design

The preliminary design is based on the recommendations given
in The Glulam Handbook Volume 2, Chapter 10, page 140:

(3% qguas * danas) Xhot | (3% 222+ 18.7) X 20

Vmax - == 21330 kN
8 8
+ Lo 2
H. = (‘IdnA,l quA,r) X iy _ (22.2+18.7) x 20 _ 17054 kN
16 % f 166
l,/2=10 ‘
H,. 170.54 | 7
Coox = = = 498.62 kN
cos (70°)  cos(70°) Vi
Tax = Cax X €08(20°) — V.. = 498.62 X cos (20°) — 213.30 = 255.24 kN
- X1 22.2—-18.7)x20
v, = (CIdHA,l quIA,r) o _ ( ) 866 kN

8 8
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152

Rafter cross-section:

S +S, 1041 x10°+3.58 x 10°

houpport = —5— = 3 =932.67mm = Iy = 950 mm
Byigge = 0.3 X hgppory = 0.3 X950 =285 mm = hygg,, = 318 mm

hg, 950
bz%psz=190mm - b =190 mm

Frame leg cross-section:
b = 190 mm
Chax 498.62 x 10°

= = =239.1mm - h=315mm
keXb X foa 0.7x190x15.68

The factor k, accounts for the strength reduction due to possible buckling.
Steel tie rod cross-section (It consists of two separate members side-by-side):
1 T 1 25524x10°

Afetmin = = X =5 X =333.65mm?2 - A=452mm2 A, =353 mm?2
2 0_9% 2 09x ==

11.5 Internal forces and moments

Load combination 2, symmetric snow load Load combination 3, unsymmetric snow load

BN imennnnnEEy

56 kN 63 kN

-120kN -129 kN

184 kN

218 kN

51kN  19kN

340 kN 247 kN 285 kN

The Glulam Handbook - Volume 3




Example 11: Design of
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11.6 Calculations of upper frames in ultimate limit state

a) Compression parallel to the grain

The maximum stress occurs for load combination 2 and the most stressed cross-section is at the ridge,
(section 1: 190 x 318 mm):

Ngg 161 x10°
UCOd = = = 267 MPa
4 bxh 190318

Compression parallel to the grain (EN 1995-1-1, equation 6.2):

6, 2.
cod _ 267 _ 010 o1 ok
fooq  15.68

b) Shear

The maximum stress occurs for load combination 2 and the most stressed cross-section is the section 7,
190 x (880 + 190) mm:

O 3x Vg 3x299x%10°
T 2bxh  2x190 X (880 + 190)

Td = 22 MPa
Shear verification (EN 1995-1-1, equation 6.13):
74 22
fraXky  224x0.86

=1.15 >1 NOTOK

The condition is not met, increase dimensions to 190 x 1,040 or 215 x 900.

The rafter is laterally stiffened by means of a bracing system; braced points are 1.8 m apart.
Two distinguished zones with different buckling length can be identified, namely:

e Zone 1 where the upper edge of rafter is in compression

e Zone 2 where the lower edge of rafter is in compression.

The cross-sectional depth is considered constant between two braced points.

Cross-sections 2, 3, 4 and 7 are checked. Corresponding values of axial force and bending moment
are shown in the table below:

Section Cross-section dimensions Design axial force N, Design bending moment M,
[mm] [kN] [kNm]
2 190 x 357 -164 24
3 190 x 460 -175 68
4 190 x 571 -185 49
7 190 x 880 -216 340
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Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

2 Iy, =1.8 6.,,=98.97 hans =05 k,,=097 R,=0.46
ly;=18 0y = 98.97 sz =05 ks =097 R,=0.66
4 Iy =18 0,4 =98.97 apa=05 k,.=097 R,=0.36

Check for lateral torsional buckling and axial buckling about z-axis (EN 1995-1-1, equation 6.35):

2 Ip,, =18 o =427 D = 0.27 Koo =1 R, =0.25

3 lo,3=1.8 Ouima =427 Arelmz = 0.3 Keres =1 Ry =0.41

4 Iy, =18 Oerms = 427 Joms = 0.34 Ko =1 R,=0.17

7 Io,; =55 o = 427 vty = 0.72 Koy =1 R, = 0.61
11.7 Verification of the frame leg ¥

190

N

|

I

I

I
|__
|

|

|

|
N

Ngg  498.62 x 10°
0c0d = =
bxh  315x190

y
Stability about the z-axis (deflection in the y-direction): M;

Buckling length:
ly, =376 m

= 8.33 MPa

Euler critical stress:

) 2 315 x 1903
X Evne X1 - % 10800 X ———
ot Rak 208 12 — 22.68 MPa

C(bxh) Xl 315% 190 % (3.76 x 103)?

Ocr,z

Relative slenderness ratio:

Jeox 245
Aoty = ‘/ LI s 1.04
Gcr,z .

k factor:

I 1
k=5 [1 + B % (At — 0.3) + ﬂrelj] = 3 X [14+0.1x (104~ 03) +1.042] = 1.08

Reduction factor for buckling:

1 1
k., = =0.74

k4 Jkr—a, 2 108 +4/1082— 1042
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Check for axial buckling about z-axis (EN 1995-1-1, equation 6.24):
0c0,d _ 8.33
ke, X fooq 0.74x15.68

=072 <1 OK

11.8 Verification of the tie rods of steel

Tie-rods with diameter d = 24 mm (A, = 353 mm?) are utilized. The verification is carried out following
the rules for the design of bolts since the ends of the tie-rods are threaded:

Ty = 255.24 kN

Tension capacity (EN 1993-1-8, table 3.4):
A X fe X k 353 x510x 0.9
TRd=2xMx 10‘3=2><T><10‘3=270.05kN
M2 .

Verify the figure for tension (EN 1993-1-1, equation 6.5):

Tya 25524

= =095 <1 OK
Tra  270.05

11.9 Verification of the cleat

a) Compression at an angle a to the grain

ed 498.62 x 10°
Gead = P 0 €08 (@) = =50

X cos (52°) = 5.13 MPa

Compression strength at an angle « to the grain:
Jeo.d 15.68
Jead = — = = 6.02 MPa

Jeo.d . 2 2 15.68 . o2 R
5% ooy o (@)" + cos (a) 75x25 S (52°)" + cos (52°)

fes0q can be replaced by f, 4o, due to the fact that g,/s, < 0.4, see table 8.11, page 25, 8.12, page 25 and 8.13,
page 26.

Compression at an angle « to the grain verification (EN 1995-1-1, equation 6.16):

o 5.13
cad _ 22 _08 <1 OK
foma 602
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b) Shear

= 0.81 MPa

Npg X cos(a)  498.62 x 10% x cos (52°)
T bxs 315 x 1200

Verify the figure for shear stress, see The Glulam Handbook Volume 2, section 10.5.3, page 149:
T _ 0.81
05X fq 0.5x2.24

=073 <1 OK

c) Geometrical verifications

See The Glulam Handbook Volume 2, section 10.5.3, page 149.
Cleat length:

s =1200mm > 200 mm

s =1200mm < 8Xa =1520mm

Ratio between length and depth:

2 -632>6 OK
a
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11.10 Stability check for combined bending and
compression in plane

The critical load combination for knee-braced frame is the number 2. The most stressed cross-section is
section 7, 190 x 880 mm:

216 x10° 216 x10°
bxh 190X 880

340 x 10° 340 x 10°
= 1.29 MPa Omd = o= 250
b x 3 190 x r

= 13.87 MPa

0c0d =

The corresponding buckling mode is shown below.

Stability about the y-axis (deflection in the z-direction)
The critical axial force is determined by means of a finite elements analysis.

Critical axial force:

N,, =2587.2kN

Relative slenderness ratio:

1 ox 245
Arety = Ne  y|2872x105 1.26
\ A \ 167200
k factor:
k,=05x |1+f,% (ﬂrel’y - 0.3) + Arelj] —0.5% [1 +0.1x(1.26-03) + 1.262] — 134

Reduction factor for buckling:

1 1
= = 0.56

k -
“ Kyt fh Ayt 134+1/1387- 126

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):
0:0d Omd 1.29 13.87

+ = + =087 <1 OK
keyX feod  Jma  0.56 X 15.68 19.2
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Example 12: Design of a fish belly beam

12.1 System, dimensions and design parameters

Design and verify the fish belly beam below.

Fish belly beam S
\ Top chord | ™
''''''''''''' =T o T il |
S « 15 -
det.2 N
© I~ € !
R235. | S
Bottom chord S
| AT
37.50 L 37.50
7]
15x5=75.00

Static system

ST ] ] [ Ty,

Three erection joints, both in the top chord and in the bottom chord, are needed for the transport of the beams.
The joints are designed as moment stiff (completely rigid).

The truss is made of glulam, strength class GL30c
Safety class 3 yg=1
Service class 1

Partial factor for permanent load Yg=1.2
Partial factor for variable load 7s=15
Material partial factor for glulam =125
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12.2 Loads

According to (EN 1991-1-3, clause 6.3.8), the following snow factors shall be considered.
Hr, =0.8
fy =02+ 10X —= =02+ 10><% =0.6

tot

N S A A A A A A

H3 0,5 1

m
AT I [[[[[]TTr=

The loads considered in the design are:

Structural
Non-structural
Gy, =07 kN/m? 82 =Gy XixX1.1=07x7x1.1=354kN/m
Snow load symmetric
S, = 1.5 kN/m? S = S XX py; X 1.1 =15x7x0.8x 1.1 =9.2kN/m
Snow load unsymmetric
S, = 1.5 kN/m? St = S X i XX 1.1 =1.5x7%x0.6X 1.1 = 6.9 kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over fish belly beams.
This example assumes that there is no snow guard.
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12.3 Load combinations

Three different load combinations are considered (EN 1990, clause 6.4.3):

Combination 1 (self-load leading, permanent load, k,,,, = 0.6):

G = 74 X [yg X (g1 + gk,z)] = 1x12% (28+54) = 9.8kN/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k.4 = 0.8):

Gai

Combination 3 (self-load leading + unsymmetric snow load, medium term load, k,,,4 = 0.8):
Gatia = Ta ¥ [yg X (21 + 8ia) + 7 X sk’u] —1x [1.2 x (2.84+54) + 1.5 6.9] =202 kKN/m

dams = Ta X [yg X (81 +8a) +7. X 05X sk’u] =1x [1.2 X (28+54) +1.5x05x 6.9] = 15 kN/m

G | ///r//‘///‘TZZdIIB\r\\T\\\
L | L | [ [ 1 ]

T 1 [ [ [ [ [T T =g

12.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, section 8.2,
page 123:

l
A:%=6.25m - A=6m

Lot 752
Mmax = gqip X ? =23.7X% ? = 16655.6

= Mo 1606 _»p06in T =c=2776kN
A 6
N Y N N R A

K

o
=TT [ [ ] [P~
Lo

max
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Top chord

I
Boin = 28’6 =038m — b =430mm

C 2775.9 x 103

= = =514.6mm — h=630mm
b X foaXk, —430x15.7x0.8

The width of the top chord is chosen as b = 430 mm (> 380 mm). The reasons for this are
e placing several slotted-in steel plates.
e increase lateral buckling resistance.

The factor k, is to account for the strength reduction due to possible buckling.

Bottom chord
The bottom chord consists of two separate members side-by-side. Each member has a width of 190 mm.

b =190 x 2 = 380 mm
T 2775.9 x 103

h = = =731.7mm - h=810mm
knee XD X froq  0.8x380x12.5

The factor k., accounts for the reduction of the cross-section section due to the presence of fasteners.

12.5. Internal forces and moments

Load condition 2, (symmetric snow load) Load condition 3, (unsymmetric snow load)
Axial force
-2,713 kN _ -1,624 kN
2,745 kN : 1,645 kN 71:629 kN
| okN—, | | | ey
-2,753 kN 2,713 kN S1627 KN 4630 kN 1,624 kN
Shear
30 kN
42 kN 47 kN
Bending moment
64 kNm 171 kNm /64 kNm
106 kN
145 kNm 90 kNm 340 KNm m

The Glulam Handbook — Volume3 1671



Example 12: Design of a fish belly beam

12.6 Verification of top chord

a) Compression parallel to the grain at the support

Notice that at the supports the top chord is double tapered in order to reduce the amount of steel of
the connection; the cross-section at the support is 300 x 600 mm. A possible connection is shown below.

Top chord

The maximum stress occurs for load condition 2:

Ngg 2753 x10°
0c0d = =
bXh 300 x 600

= 15.29 MPa

Compression parallel to the grain verification (EN 1995-1-1, equation 6.2):
0c0.d 15.29

—=——=098 <1 OK
feoa 1568

b) Stability check for combined bending and compression (out-of-plane buckling)

The beam is laterally stiffened by means of a bracing system; braced points are 5 m apart.
The maximum stress occurs for load condition 2:

Ngg 2713 x10°

Ocd = = = 10.01 kN ‘
T X h T 430% 630 @
y I 1y
6Mpy 6 X 64 x 10° ! Top chord
Omyd = S T TA30% 6302 225 MPa :Z 430 x 630 mm?

162  The Glulam Handbook — Volume 3



Example 12: Design of a fish belly beam

Stability about the z-axis (deflection along y-direction)
Buckling length:

lO,Z = 5 m
Euler critical stress:

3
) ) 4303 x 630
e X Eyos X 1, B 7z~ % 10800 X — 1

= = = 65.7 MPa
(bxh)xlo,*  430%630% (5% 10%)

Gcr, z

2

Relative slenderness ratio:

[ 245
Aoty = Teox _ /== = 0.6l
Ocr.z 65.7

k factor:

1 g4 2
k, = 5% [1 + e X (Aret, = 0.3) + A, ] =% [1 +0.1x (0.61 —0.3) +0.61 ] =0.7

Reduction factor for buckling:

1 1
k. =

ka2 07+1/072-0612

=0.95

Lateral torsional buckling
Effective buckling length:

lO,Z = 5 m

Critical bending stress:

_ 078 xb? 0.78 x 430°

Oy = —————  Eygs = —————— % 10800 = 494.48 MPa
T hxly, %7 630x5x 103

Relative slenderness ratio:

Aot = fm’k—\/ 0 _ 25
rel,m Oer.m 49448 =

Critical factor for lateral torsional buckling:

ke =1

crit

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

Gc,O,d Gm,y,d 10.01 2.25
——— +0.7X% = +07x——=075 <1 OK
ke.r X f-04 fud  0.95x15.68 19.2

Check for lateral torsional buckling and axial buckling about z-axis (EN 1995-1-1, equation 6.35):

2 2
. o 2.25 10.01
m,y,d + c0d ( ) + =068 <1 OK
Kerit X fm,d kC,Z X fC,O,d 19.2 0.95x15.68
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12.7 Verification of bottom chord

The bottom chord consists of two separate members.

N
N
™

Bottom chord
2 x (190 x 810) mm

L HHHITHIH]
T

N
N
N

=
(o]
o

330

=
o

\I‘

To connect the struts to the bottom chord, dowels d = 12, structural steel grade S355 are adopted.

Detail 2

a) Combined bending and tension

The maximum stress occurs for load condition 2:

MEgq 145 x 100

Omyd T T2 T 190 x 8102 :
NEd 2713 x 103
2 2

Gt,O,d = = 95 MPa

bx (h=5Xdge) 190% (810 —5x 12)
Combined bending and tension verification (EN 1995-1-1, equation 6.17):
004 | Omyd  9.52 349

+ = + =094 <1 OK
ft,O,d fm,d 12.48 19.2
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b) Tension at the support

The maximum stress occurs for load condition 2.

Notice that at the supports the bottom chord is tapered; the cross-section at the supportis 2 x 190 x 750 mm.
Dowels with diameter d = 20 mm are adopted for the connection between the bottom chord and steel plates.
The steel plate thickness is t; = 10 mm.

NEq 2745 x 103

2 2

= = 12.1 MPa
b—1) X (h—6Xdgone) (190 —10) x (750 — 6 x 20)

0104 = (

Tension verification (EN 1995-1-1, equation 6.1):

o 12.1
042 097 <1 OK
fioa  12.48

Block-shear failure and load caring capacity of the connection shall be checked in the final design of
the structure. However, these verifications are not shown in this example.

12.8 Verification of the struts
a) Axial buckling

The maximum stress occurs for the load condition 2.
The buckling lengths are the same about both axes, the worst case therefore is about the z-axis:

Ngg 60 x 10°

O.0d = = = 0.8 MPa
7 obxh o 215x330
4
|
Stability about the z-axis (deflection in the y-direction) y- = }7 -y
: Strut
Buckling length: ;Z 215x 330 mm
lO,Z = 6 m

Euler critical stress:

3
) 2 215° % 330
X Eygs X1, 7 X 10800 x —

= 11.41 MPa

Gcr, z

S (bxh) Xl 215%330 % (6 % 103)
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166

Relative slenderness ratio:

feox 245
Arm:d L L T 1.47
Gcr,z .

k factor:

1 1
k=5 [1 + B % (A, — 0.3) + zrelj] = 3 X [14+0.1x(147-03) + 1477] = 1.63

Reduction factor for buckling:

1 1
k., = =043

kiAo a,? 163+4/163 - 1472

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):
0c0,d 0.85

= =013 <1 OK
ko, X fioq  0.43%15.68

12.9 In-plane buckling of the structure

The critical load combination for the fish belly beam is the number 2.
The corresponding buckling mode is shown below.

Thus, only buckling between nodes of the structure is likely to occur. Global buckling will occur only at

higher buckling modes, therefore it is not relevant. In this example, the axial stress and the bending stress are

computed at the quarter point of the beam, in the top chord, i.e. where the bending moment is maximum:
Ngg 1629 x 10° 6Mpy 6% 171 x 10°

= = =6.01 kKN = = =6.01 MP
%04 = S T 430 % 630 Omyd T 52 T T 430 X 6302 .

The critical axial force is determined by means of a finite elements analysis.

Stability about the y-axis (deflection in the z-direction)

Critical axial force:

N., = 36143 kN

Relative slenderness ratio:
Jeox _

rely = Ner -
\ bXxh

245

36143 x 103
430 x 630

=043
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k factor:

ky = 0.5 X

1+ f, % (ﬂrel,y - 0.3) + zrel,yz] =05 [1 +0.1x(0.43 —0.3) + 0.43%] = 0.6

Reduction factor for buckling:

1 1
k., = =0.98

cy =
ky+1[ky2 = dry® 064 1/0.62-0.432

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):
GC,O,d am,y,d 6.01 6.01

+ -~ + =07 <1 OK
keyX food  fma  0.98x15.68  19.2
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Example 13: Design of a three-hinged arch

13.1 System, dimensions and design parameters

Design and verify the arch below.

Three-pin arch

The arch is made of glulam, strength class GL30c
Safety class 3 yg=1
Service class 1

Partial factor for permanent load 7o=1.2
Partial factor for variable load y,=15
Material partial factor for glulam ym=1.25
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13.2 Loads

Use the following form factors for snow load (EN 1991-1-3, clause 6.3.8)

,u3=0.2+10><i=0.2+10><%=1.7

tot

12m

f

The loads considered in the design of the arch are:

Structural

X 1.1=0.75x7x1.1 =578 kN/m

Non-structural

Gy, = 0.75 kN/m* 82 =GoXi
Snow load symmetric
S, = 2.0 kN/m? Sk =S Xy X i X 1.1 =2.0%x0.8x7x 1.1 =12.32kN/m
Snow load unsymmetric
Sk3 =S Xz Xi X 1.1 =2.0x 1.7x7x 1.1 = 26.18 kN/m

The self-weight considered in the equations above is the load projection onto the horizontal plane.
Factor 1.1 used in the equations above accounts for the continuity of purlins over arches.

This example assumes that there is no snow guard.

13.3 Load combinations

Three different load combinations are considered (EN 1990, clause 6.4.3):

Combination 1 (self-load leading, permanent load, k,,,, = 0.6):

G = 7q X [yg x (g, + gk,z)] =12x (3+5.78) = 10.53 kN/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k., = 0.8):
|12 (3+5.78) + 1.5 x 12.32| = 29.01 kN/m

qanr = Ya X [}’g X (gk,l + gk,2) + 7 X Sk,z]

Combination 3 (self-load leading + unsymmetric snow load, medium term load, k,,,q = 0.8):
|12 (3+5.78) +1.5x26.18| = 49.8 kim

dama = Va4 X [Vg X (gk,1 + gk,z) + 7 X 5k,3]

s = 7a X [yg X (81 + 8a) + 7 X 05 X sm] [1.2 % (3+5.78) + 1.5x 0.5 X 26.18] — 30.16 KN/m
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13.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, section 11.2,

page 155:
f=0.15[,=0.15x80=12m

Ly 80x10°

min=——=———""=1600mm — A/ =1620mm
50 50 645
215215215 ,
The width of the cross-section is chosen large in order to increase AT
the laterally buckling resistance, especially during erection: o ; ‘ X
~
h 1600 it ! !
byn=—20 = —— =533mm — b =645mm == |
3 3 — ~
] ©lo
R 3 N N
I-shaped cross-section is adopted in order to reduce the amount ©o| Of-— YNy
of glulam and optimize the mechanical properties. T % :
Area: N —= |
N 1 \
A =215% 1620 + 4 x 215 x 270 = 580500 mm?2 Ni== |
|

First moment of area about y-axis:

1080

S, = (645 x 270) X 675 + (215 X T) X 270 = 1.49 x 10® mm3

Second moment of area about y-axis:

3
645 x (1620) 215 x 1080°
[=———— —2Xx———
y 12 12

Second moment of area about z-axis:
1620 x 6453 1080 x 2153
[ =——— " x| ——==—

12 12

13.5 Internal forces and moments

=1.83 x 10" mm#

+ 1080 x 215 x 2152) = 1.3 x 10'9 mm#

Load condition 1, symmetric snow load

Load condition 3, unsymmetric snow load

e e A A

o N

N=2,061kN N=2,061kN

N=1,870kN

N=2,199 kN N=2,199 kN

N=1,786 kN
N=1,853kN

N=1,684kN
N=1,963 kN

V=76kN

V=140kN Ve 138 kN

M =339 kNm M =339 kNm

M=2,065kNm
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Example 13: Design of a three-hinged arch

13.6. Calculations in ultimate limit state, arch

a) Compression parallel to the grain

The maximum stress occurs for the load condition 1 and the most stressed cross-section is at the supports.

Notice that at the supports the cross-section of the arch is rectangular rather than I-shaped. In order to
reduce the amount of steel of the connection, the depth of the arch is tapered.

A possible connection at the supports is shown below.

Compression parallel to the grain (EN 1995-1-1, equation 6.2):

Ngg 2199 x 10°

Ce0d = = = 6.2 MPa
D47 h T 645 % 550

o 2
cod _ 62 _ 04 <1 OK

fooa  15.68

b) Shear verification
The unsymmetric load condition generates the highest shear stress:

VEa XSy 140 x 10° x 1.49 x 108
byxI,  215x1.83x 10!

= 0.53 MPa

T4

Verify the figure for shear stress (EN 1995-1-1, equation 6.13):
T4 0.53

= =028 <1 OK
faXky 224x0.86

c¢) Tension perpendicular to the grain

The curvature of the beam gives arise to stresses perpendicular to the grain.
Such stresses are maximum where the bending moment is maximum:

My, h ( h )_2065><106 1620 1620

= 0.05 MPa

=B 2 = X X
T T T M A e ] I3X 101 2 4x72.67% 103

Reference volume:

Vy = 0.01 m3

Stressed volume:

Ve = Lurve X A = 13.36 X 0.58 = 7.76 m3
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In accordance with the Australian building code AS 1720.1—1997, only the volume of timber subject to
a bending moment that is 80 — 100 percent of the maximum bending moment is taken into account for
the determination of k., see The Glulam Handbook Volume 2, Chapter 11, page 153.

80 % M

=1,652kN

max

Tension perpendicular to the grain verification (EN 1995-1-1, equation 6.50):

o 0.05
£.90.d - =043 <1 OK

Vo 102 - 0.01 \02
kdisx(w(lh) X f 004 1-“(%) % 0.32

d) Stability check for combined bending and compression out-of-plane

The arch is laterally stiffened by means of a bracing system; braced points are 6 m apart.
Combination 3 is dimensioned as follows:

N, 1684 x 10 Mgy h  2065x10° 1620
6c0d=—Ed=—=2.9MPa Omyd = B — = X =9.12 MPa
. A 580500 h 1, 2 1.83x 10U 2
Stability about the z-axis (deflection in the y-direction).
Buckling length:
lO,Z = 6 m
Euler critical stress:
2 2 10
X Eyos X I, x 10800 x 1.3 x 10
., = 0052 % _ 7 = 66.15 MPa

Axly, 580500 x (6 x 103)’

Relative slenderness ratio:
Je 245
Ay = 4| ~2K = =0.61
’ Oer.z 66.15

k factor:

I 1 2
k= 5% |1 B (R, = 03) 40,2 = 5 % |14 0.0 (061 -03) +0612| =07

Reduction factor for buckling:

1 1
k=

Y k4 iroa, 2 07+/0E 0612

=0.95

172  The Glulam Handbook — Volume 3



Example 13: Design of a three-hinged arch

Check for lateral torsional buckling
Effective buckling length:

lO,Z = 6 m

Critical bending stress:

7 X\[Eyos X I, X Gos X L, 7 x4/10800 X 1.3 x 1010 x 540 x 1.2 x 10'°
o} = = = 69.8 MPa

o lo, X Iy x = 6% 103x 1.83 x 1011 x =~

Relative slenderness ratio:

Ao = fm’k:0.66

rel,m
Ocr,m

Critical factor for lateral torsional buckling:
ki =1

crit

Bending stress must be increased by factor k,, in order to account for the effect of the curvature
(EN 1995-1-1, equation 6.43):

2
h h 1620 1620 2
k =1+0.35x +0.6% =14035x————  4+06x(——) =101
Foure Fourve 72.67 % 103 72.67 x 103

Check for lateral torsional buckling and axial buckling about z-axis (EN 1995-1-1, equation 6.35):

2
<am,y,d><kz)+ %04 —<9'12X1'01>2+ 29 _om <1 OK

Kerit X fm.a ke, X feo.d 19.2 0.95 x 15.68

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):

o, Omyd XK 2.9 9.12 x 1.01
o0 gy FOTx 22
ke, X foo.a find 0.95 x 15.68 19.2

=053 <1 OK
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Example 13: Design of a three-hinged arch

e) Stability check for combined bending and compression in plane

Two verifications are performed for each load condition.

Load condition 2, symmetric snow load:

Ngg 2061 x 103
O. =
c0d ™4 580500

Mgg _h 339x10° 1620

Cpyd=—— X —

= X
mdT L T2 T 183x 10 T 2

= 3.55 MPa

= 1.5MPa

Verification by hand calculation method
Stability about the y-axis (deflection in the z-direction)

Buckling length, see The Glulam Handbook Volume 2, equation 11.23, page 163:

I 84.42
I =125x 3% _ 125x 2= —5276m
Oy 2 2

Euler critical stress:

72X Eyos X I, 72 % 10800 x 1.83 x 10!
_ _ = 12.1 MPa

Axloy® 580500 % (52.76 x 103)°

Ocry
Relative slenderness ratio:

[feox 24.5
lrel,y = 0— = m =142
cry .

k factor:

ky =05x%

144, x (ﬂrel,y - 0.3) + zrel,f] = 05x [1+0.1x(1.42 - 03) + 1.422] = 1.57

Reduction factor for buckling:

1 1
k., = =0.45

cy =
k4 fh = hay? 15T +VI572- 1422

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

0c0.d 4 Om.y.d X ki _ 3.55 N 1.5x1.01
key X food  fma  045x15.68 19.2

=058 <1 OK

Check of the results by finite elements analysis
A numerical analysis is performed in order to check the validity of the above verification by hand calculation.

Critical axial force:

N, = 8743 kN

Approximate buckling length:

2
72X Eyos X I X Eyos % 1.83 x 10!
[ = \/ 0057y _ \/ 77 005 = 47283.26 mm

ey N, 8743 x 103

cr
The buckling length obtained by means of finite elements analysis is smaller than that obtained by
hand calculation method. Therefore, the stability check is performed only on the basis of hand calculation

method — which is on the safe side.
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Example 13: Design of a three-hinged arch

Load condition 3, unsymmetric snow load:

Ngg 1684 x10°
O = = —_——
c0d ™ 4 580500

Mgg h 2065x10° 1620
Opyd = —2 X — = X =9.12 MPa

mTL T2 183x 10 T 2

= 2.9 MPa

Verification by hand calculation method
Stability about the y-axis (deflection in the z-direction)

Buckling length, see The Glulam Handbook Volume 2, equation 11.23, page 163:

=5276m

l 8
loy =125 x%rve =1.25X%

Euler critical stress:

72X Eyos X I, 72 % 10800 x 1.83 x 10!
o = _ = 12.1 MPa

T Axly® 580500 % (5276 % 10%)

Relative slenderness ratio:

/fc,o,k 24.5
/1rel,y - o - ﬁ - 142
cry .

k factor:

k, = 0.5% [1 + B, % (ﬂrehy - 0.3) + ﬂml,yz] =05% [1+0.1x(142—0.3)+142%| = 1.57

Reduction factor for buckling:

1 1
— =045

k,, = -
C’y ky+1fh Ayt 15T +V/1572- 1422

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

%e0d . TmydX k29 L 912x 101
key X fr0d foa  0.45x15.68 19.2

=089 <1 OK

Check of the results by finite elements analysis
A numerical analysis is performed in order to check the validity of the above verification by hand calculation.

Critical axial force:

N,, = 8433.02

Approximate buckling length:

1 _\/HZXEO.OSXIy_\/n2><10800><1.83><10“

= 48144.44 mm

ery N 8433.02 x 103

cr

The buckling length obtained by means of finite elements analysis is smaller than that obtained by
hand calculation method. Therefore, the stability check is performed only on the basis of hand calculation
method — which is on the safe side.
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Example 14: Design of a trussed arch

Example 14: Design of a trussed arch

14.1 System, dimensions and design parameters

Design and verify the trussed arch below.

Trussed arch
67.85

Static system

The truss is made of glulam, strength class
Steel diagonals, structural steel grade
Safety class 3

Service class 1

Partial factor for permanent load

Partial factor for variable load

Material partial factor for glulam

Partial factor for steel

GL30c
S355

7e=1

Vo=12
y.=1.5
yw=1.25
v = 1.2
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Example 14: Design of a trussed arch

14.2 Loads

According to (EN 1991-1-3, clause 6.3.8), the following form factors for snow load shall be considered.
//lz = 08

hridge:O.2+10x684.-6861:1'54 LI ] m

tot . 0.5 15 /#3 _
P A e | l\ i

iy =02+ 10

The loads considered in the design are:

Structural M

Non-structural
Gy, = 0.7 kN/m? 82 =G, xix11=0.7x65x1.1=5kN/m

Snow load symmetric

S, = 2.0 kN/m? Sis = S X i X py X 1.1 =2.0%x6.5%0.8x 1.1 = 11.44 kN/m

Snow load unsymmetric

Sk = Sk XTI Xpu3X 1.1 =2%X6.5%x1.54x 1.1 =21.97 kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over the trusses.
This example assumes that there is no snow guard.

14.3 Load combinations

Three different load combinations are considered (EN 1990, clause 6.4.3):

Combination 1 (self-load leading, permanent load, k,,,, = 0.6):

G = 7g X [yg X (g, + gkg)] = 1x12x (1.85+5) = 8.23 kN/m

T T T TTT71 ] TT T T T T 1T 17 Qq

i~

Combination 2 (self-load leading + symmetric snow load, medium term load, k.4 = 0.8):

Gait = 7q X [yg X (81 + 8a) +7.X sk’s] —1x [1.2 x (1.85+5) + 1.5% 11.44] — 25.39 KN/m

v~

Combination 3 (self-load leading + unsymmetric snow load, medium term load, k.4 = 0.8):

an

amia = Ta ¥ [yg X (g1 + 8a) + 7. X sk’u] = 1x [1.2 x (1.85+5) + 1.5% 21.97] = 41.18 kKN/m

s = Ta ¥ [yg X (81 + &) + 7, X 0.5 X sk’u] =1x [1.2 x (1.85+5) + 1.5%0.5x 21.97] =247 KN/m

Gana
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Example 14: Design of a trussed arch

14.4 Preliminary design

The preliminary design is based on the recommendations given in The Glulam Handbook Volume 2, section 8.2,

page 123.
Top chord: N
A 4400
h=—=——=62857Tmm — h =630mm ©
7 7 e
h 630
b=—=—=210mm — b =215mm -
3 3 N
Tension tie of steel (it consists of eight separate steel bars): i
x 1 25.39 x 64.80?
e = ot = 1539.11 kN
8 X hridge 8 X 8.66

1 N_. X 1 1539.11x 103
A = xma T2 — 502.98 mm?
num 0.9 X fy 8 0.9 %510

— tension tie of steel is chosen; A = 561 mm?

14.5 Internal forces and moments

Load condition 2, (symmetric snow load) Load condition 3, (unsymmetric snow load)

Axial force

-1,378 kN

;L‘L?ikﬁ S

-1,653 kN 1,513 kN

1,198 kN -1,519 kN

Shear
19 kN
14 kN

Bending moment

14.6 Calculations in ultimate limit state, upper frame

a) Compression parallel to the grain at the support
The maximum stress occurs for the condition 2:

Ngg 1653 x 103
0c0d = =
bxh 215%x630

= 12.2 MPa

Compression parallel to the grain verification (EN 1995-1-1, equation 6.2):

0c,0.d

=078 <1 OK
c,0,d
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Example 14: Design of a trussed arch

b) Stability check for combined bending and compression

Load condition 2 and 3 give the same buckling load. The first critical buckling mode is shown below.

The upper edge of the top chord is assumed to be completely braced by means of a rigid corrugate steel roof
plate. Hence, lateral buckling is not an option. Section 1, section 2 and section 4 are checked.

Top chord

630
D
\

Ny 44‘4444 I
\
|
<

Section 1:

Neai 1487 x10° 6Mga;  6x22x10°

= = = 10.98 MPa = = = 1.55 MPa
04 = T T 215 % 630 Omdl T e T 215 % 6302
Section 2:
Nggo 1490 x 103 OMpg, 6 X 24 x10°
c = = =11 MPa o = = = 1.69 MPa
042 b h T 215 %630 mA2 T h k2 T 215 x 6302
Section 4:
N, 1546 x 103 oM, 6x 17 x 10°
Eat =114 MPa 6y 4= —ot = = 1.2 MPa

o044 =B h T 215 % 630 T bxh? 215X 6302
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Example 14: Design of a trussed arch

Stability about the y-axis (deflection in the z-direction):

Buckling length:
loy = 6.78m

Euler critical stress:
2 2 215 x 6307
| AT XEyesx 1, 7 X 10800 X ————

= = = 76.69 MP
(bxh) xlp,> 215x630x (6.78 x 103) )

Ocry

Relative slenderness ratio:

Ay = fc’o’k—‘/24‘5 =0.57
T 6y V7669

k factor:

1 1
k=5 [1 4B X (Arel,y - 0.3) + /lrel,yz] =3 x [1 +0.1x (0.57-03) + 0.572] = 0.67

Reduction factor for buckling:

1 1
= = 0.96

k -
“ ky+1fh—d,? 067 +1/0672-0572

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

Section 1:
0c.0.d,1 Omd,l 10.98 1.55

n - + =081 <1 OK
keyX food  Jma 096X 15.68 192

Section 2:
0c,0.d.2 Omd2 11 N 1.69
kc,y ><fc707d fm,d a 0.96 x 15.68 19.2

=082 <1 OK

Section 4:
0c0.d,4 Omd4 11.41 1.2

= + =082 <1 OK
keyX food  fma 096X 15.68 192
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Example 14: Design of a trussed arch

c) Stability check for combined bending and compression, load condition 3

Section 3 and section 5 are checked:
Section 3:

Ngas 1477 x 10° 6Mgg3 6% 65x 10°

= = = 10.9 MP = = = 4.57 MP
%043 = h T 215 %630 T MmO TR T 205 x 6302 :

Section 5:

Neas 1506 x 10° 11.12 MPa 6Mggs 6% 51 x10°

_ = = = 3.59 MP
%045 T Sh T 215 %630 mdS T T 215 x 6302 )

Check for axial buckling about y-axis and bending about y-axis (EN 1995-1-1, equation 6.23):

Section 3:
0..0.d,3 Om.,d3 _ 10.9 4.57

= + =096 <1 OK
keyX food  Jma 096X 1568  19.2

Section 5:
0c0,d.,5 Om.d,5 _ 11.12 3.59

+ = + =092 <1 OK
keyX food  Jma 096X 15.68 192

N
N
™

g H
AT

Bottom chord

N
N
N

RN
o
ul
N
-
Ul

215

14.7 Verification of the bottom chord

a) Combined bending and tension
The maximum stress occurs for the condition 3:

Ngg 255 % 103 Mgq 50 x 100
— o 6 X — =

2 2 =1.76 MPa Omd = 2 2

6 X
o0 T T 115 % 630 bxh?  115x 6302

= 3.29 MPa

Combined tension and bending verification (EN 1995-1-1, equation 6.17):
010d = Omd 1.76  3.29

+ = +
fod  Jmd 1248 19.2

=031 <1 OK
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Example 14: Design of a trussed arch

14.8. Verification of the web strut

Detail 1

Section

(@)
|
(@)

— |-z

180
N
\

Web strut

a) Axial buckling
The load condition 3 generates the highest stress:

N, 28 x 103
Y bxh o 180x215

Stability about the z-axis (deflection in the y-direction)

Buckling length:
ly, =44m

Euler critical stress:

1803 x 215

7° X Eygs X I, 7> x 10800 X —

= 14.87 MPa

Ocrz

T (bxh)xlp,t 180% 215 x (4.4 % 10%)?

Relative slenderness ratio:
Je 245
Ay = 1 [22K = = 1.28
’ Ocr .z 14.87

k factor:

1 1
k=% [1 + B X (A, — 03) + zrelj] = 3% [1+0.0% (128 - 03) + 1287 = 1.37

Reduction factor for buckling:

1 1
k., = =0.54

kiAo a,? 137441377 - 128

Check for axial buckling about z-axis and bending about y-axis (EN 1995-1-1, equation 6.24):
0c0.d 0.72

= =009 <1 OK
ke, X froq  0.54%15.68
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14.9 Verification of the steel tension tie

Load condition 2 generates the worst condition.
Design tensile strength (EN 1993-1-8, table 3.4):
_AX fuex0.9 561 x510x0.9

= =214582.5N
Rd YM2 1.2

Tensile capacity verification (EN 1993-1-1, equation 6.5):

T, 1513
Ed__ _ =088 <1 OK

num X Tpy ~ 8X214.58

The verification of the connections are not performed in this example.

It is however required by the EN 1995-1-1.

14.10 Verification of the web diagonal
The bracing system is made with M16 steel rods, grade S355.

Load condition 3 generates the worst condition.

Design tensile strength (EN 1993-1-8, table 3.4):
AgX fu x0.9  157x510%x0.9
M2 1.2

= 60052 N

Trq =

Tensile capacity verification (EN 1993-1-1, equation 6.5):

T 40
B __067 <1 OK
Teq  60.05

Example 14: Design of a trussed arch
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Example 15: Beam with holes

Example 15: Beam with holes

15.1 System, dimensions and design parameters

Verify the beam with holes below.

| | 640 1y
| | . |
~
| | L= !
0 1 1 |
2 : 1 | T ‘
| | ‘ |
‘ ! T ‘
| i
\ 360 |, 550
‘ | !
7 N
\ 6,000 \
\ 4
The beam is made of glulam, strength class GL30c I
Threaded bonded-in rods, strength class 4.8 0 7
Safety class 3 yg=1 } = ‘
|
Service class 1 ; i i —
Partial factor for permanent load Vo= 1.2 = | ’ l —
Partial factor for variable load Yo=1.5 ; | | —
f—
Material partial factor for glulam yw=1.25 ‘ — \
: - s £l e |
Partial factor for steel T = 1.2 | | |
R
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15.2 Loads
The loads considered in the design are:
Structural
gk,l = 03 kN/m

Non-structural

Gy, = 1.0 kN/m? 82 =G, xi=10x20=20kN/m
Variable load

0, = 2.5 kN/m? G =0 Xi=25%x2=5kN/m

15.3 Load combinations

Example 15: Beam with holes

Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k.4 = 0.6):

Qo = 10X |1 X (81 + 8c2) | = 10X 12X (03+2.0) = 2.8 kN/m

Combination 2 (self-load leading + variable load, medium term load, k., = 0.8):

Gai = T4 X [yg X (g1 + &ca) + 7 X qk] = 1.0% [1.2X (0.3 +2.0) + 1.5x 5.0 = 103 kN/m

Leading design combinations at ULS:

2.8 103
a0 e da 70 hg

Kmoa1 0.6 Kmoaz 0.8

Thus combination 2 is leading.

15.4 Geometrical rules
See table 10.8, page 47:
[,=640mm > h =495 mm

[,=550mm > g = 247.5 mm
hy=175mm > 025Xh =123.8 mm
hy=175mm > 0.25xh =123.8 mm
hy=145mm < 03Xh =149 mm
r=30mm > ry,=25mm

< h =495 mm
< 25X hy=362.5mm

a = 360 mm

OK

OK

OK

OK

OK

OK

OK
OK
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Example 15: Beam with holes

15.5 Internal forces at the hole edge closest to the support
Shear:

ltot 6
Viote = dan X | 7 =) =1026x { = =055 ) = 25.14kN

Bending moment t:

My = qay X % X 1, = quy X % =10.26 X g % 0.55 - 1026 22 1538 kvm
15.6 ULS verifications
a) Tensile force perpendicular to the grain at the edge of the hole
h. = min (hro, hru) =175 mm
Fvqa=V, Xix(3—hi2>=25.lx 145 x(3—i52>=5.4kN
LV Thole g sk h2 4 x 495 4952

M, 12.274
Finq = 0.008 x ;l‘"le = 0.008 X ~——_

T

= 0.561 kN

Fiooa=Fiva+Fima=59kN

Possible crack pattern:

I ]
N 1
[

ﬁé; i

Verification for tension perpendicular to the grain, see table 9.16, page 40:

lioog = 0.5 (hg+h) = 0.5x (145 +495) = 320 mm

F 59
04 _ 22 _13 >1 NOTOK
Ft,90,R 46

The verification is not satisfied, reinforcement is needed.
Two reinforcement methods are proposed:

e threaded bonded-in rods.

e fully threaded self-tapping screws.
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Example 15: Beam with holes

15.7 Reinforcement with threaded bonded-in rods

450
\
\

Use threaded bonded-in rods M10, strength class 4.8:

d = 10 mm
Jfux = 400 MPa
A, = 58 mm?

Withdrawal capacity of a steel rod, see table 13.23, page 74 and 13.24, page 75:
k=1 k =084
l;=h, =175 mm

fixx =5.5MPa
Riximber = X (d+ 1) X[ X fo X ky Xk =7 X (104 1) X 175X 5.5 0.8 = 27939.8 N

Tensile capacity of a steel rod, see table 13.23, page 74:
Riyroq = 0.6 X fy X Ay = 1 X 400 X 58 = 13920 N

Axial capacity of a steel rod:

Rt iod Kimoa X Rir 13.92 0.8 27.94
Rt _ min< t.k, od, mod t,k,t mber> _ min< ’ ) — 11.6 kKN

Verification for tension perpendicular to the grain:

funa _ 59 _ o5 ok
R, 116
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Example 15: Beam with holes

15.8 Reinforcement with full-threaded self-tapping screws

=35

7% Qs

N
V¢
jSo_

450

Fully threaded screws 9 x 450 mm are used:

S, = 1000 MPa
d=9mm d,=59mm
ly=h, =175 mm

€

Withdrawal capacity of a screw with an angle of 90° between screw axis and grain direction
(EN 1995-1-1, equation 8.38):

Fars = 0.52xd™ % x 1,7 % p, 08 = 0.5 x 9703 x 175701 x 390°8 = 12.2 MPa

) d
ky = min <I.O,§> =1

fax,k,stXlekad _ 122 x9x 175

> 5 = > > = 19262.4 N
1.2 X cos () + sin (@) 1.2 X cos (90°)~ + sin (90°)

Fax,k,rk =

Tensile capacity of screw, see table 6.10, page 15:

d.’ 5.9
Firi =09/, X 7 X == = 09X 1000 X 7 X —— = 24605.7 N

Design axial capacity of one screw:

ok X kmmoa F, 19.26 X 0.8 24.61
F,=min | —k = mod ZWRE ) - min ( , = 12.33kN

Verification for tension perpendicular to the grain:

funa _ 39 _ o5 ok
Fq4 123
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Example 16: Reinforcement for tension
perpendicular to the grain at the apex zone

Example 16: Reinforcement for tension
perpendicular to the grain at the apex zone

16.1 System, dimensions and design parameters

Design and verify the reinforcement of the apex zone for the pitched cambered beam analysed in example 3, page 94.

Pitched cambered beam

| | 800

6,000

Static system

The beam is made of glulam, strength class GL30c

Steel rods, strength class 5.8

Safety class 3 ye=1

Service class 1

Partial factor for permanent load Yg=12 1

Partial factor for snow load y,=1.5 a, ﬂaﬂé

Material partial factor for glulam ym=125 Ail 2254 ﬁgg >25d
Partial factor for connection P = 1.3 M% 22.5d Mfi i%g d
Partial factor for steel o= 1.2 n= n=1
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Example 16: Reinforcement for tension
perpendicular to the grain at the apex zone

16.2 Loads
The loads considered in the design are:
Structural
Non-structural
Gy, = 0.60 kN/m” 82=G,xix11=0.60%x6x1.1=4kN/m
Snow load
Sc=15 kN/m? S =S XpuXixXx11=15%x098x%x6x1.1=9.7kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over trusses.

16.3 Load combinations
Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):
Combination 1 (self-load leading, permanent load, k,,,q = 0.6):

G = 74 X [yg X (g1 + gk’z)] = 1.0x 12x (1.2 +3.96) = 6.2 kN/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k4 = 0.8):

G = Ya X [yg X (8k,1 +8c2) ¥ X Sk] =1xX [1.2 X(A2+4)+15x% 9.7] = 20.8 kN/m

Leading design combinations at ULS:

2 20.
da__ 52 _ 103 < ﬂ:%:zao

mod, 1 0.6 mod,2

k

Thus combination 2 is leading.

16.4 ULS verifications

See example 3, section 3.6, page 94:

6X M 6 x 1040 x 10° 20.8
(7190(1:]C ><—max—0.6><@=0.05><——0.6><—=0.51M]3'a
P o xen, 2 b 215 x 16002 215

apex

Verify the figure for tension perpendicular to the grain (EN 1995-1-1, equation 6.50):
0190 0.51

= =26 >1 NOTOK Risk of failure
kgis X kyor X frooa 1.7 %x0.36 X 0.32

The condition is not met, the beam apex needs to be reinforced.
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Example 16: Reinforcement for tension
perpendicular to the grain at the apex zone

16.5. Reinforcement with threaded bonded-in rods

600 |400]400/400|400|400
Pl | Pl A

S
o

0
A A A
3,000 | 3,000
7

Bonded-in rods M12, strength class 5.8 are used:

d =12 mm
Ju = 500 MPa
A, = 84 mm?
L,y = 400 mm

Length of the reinforced zone:

Conin = 2 X 1y X sin (B) =5.6m

Spacing between roads, see figure above:
a) gpex = 400 mm

=250mm < — 600 mm < Ay max = 0.75 X hypey = 1200 mm

al,min
al,outer

Withdrawal capacity of a steel rod, see table 13.23, page 74, and 13.24, page 75:
k=1 k =052
Jaxx = 5.5 MPa
R imber = X (d + 1) X g X fu o X ky Xk = w X (12 + 1) X 400 X 5.5 X 0.52 = 46722 N

Tensile capacity of a steel rod, see table 13.23, page 74:
Ry roq = 0.5 X fye X Ay = 0.6 X 500 X 84 = 25200 N

Axial capacity of a steel rod:

. <Rt,k,rod kmod X Rt,k,timber> . <252 0.8 x46.7
Rt = min = min

M2 ’ YMC 1.2 ’ 1.3

) =21.0kN

Design tensile force perpendicular to the grain in the central part of the apex area:

01904 X b X @1 e 0.51 X 215 X 400
n B 2

F, =21930N

,90,d,apex
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Example 16: Reinforcement for tension
perpendicular to the grain at the apex zone

Design tensile force perpendicular to the grain in the outer quarters of the apex area:

2 OGgaXbXa 2 0.51x215x%x600
Ft,90,d,0uter = g X L0 N Louter = g X ) =21930N

Verification for tension perpendicular to the grain:

F, 21.93
190.d.apex =104 >1 NOTOK
R, 21

Ft,90,d,0uter _ 21.93
R, 21

=104 >1 NOTOK

The condition is not met, closer spacing of rods required.
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Example 17: Design of a tie fixing

Example 17: Design of a tie fixing

17.1 System, dimensions and design parameters

Design and verify the tie fixing below. The tie fixing is part of the structure dimensioned in example 5, page 107.

22,000

The structure is made of glulam, strength class GL30c
Steel screws, strength class 10.9
Safety class 3 ye=1
Service class 1
Material partial factor for glulam ym=125
Partial factor for connections mc=1.3 ‘
|

The Glulam Handbook — Volume3 193



Example 17: Design of a tie fixing

17.2 Forces Foer
The forces acting in the connection system are, see example 5, page 107:
R, =277 kN Fie
Fs. =301 kN i
F,; = 340 kN

17.3 Design of the connection
Fully threaded screws are adopted:

[ =350 mm N
d =11 mm A
d, =7.5mm

£, = 1000 MPa

Axial force F,, ;4 acting in the screws: Mg

Fyy pa = Fyie X cos (45°) = 301 X cos (45°) = 213 kN N

a

Fax,Ed,left = ax,Ed,right = Fax,Ed

Withdrawal capacity of a screw where the angle between the wood screw axis and the grain is
arc tan (1/cos 23.6°) = 47.5° (EN 1995-1-1, equation 8.38):

Fax,Ed, left
tie

Fotd,right

Ly =173 mm
fuoks = 0.52x d™0%,,7% x p, 08 = 0.52 x 11709 x 173701 x 390°8 = 11.08 MPa

d
k4 = min <1,§> =10

Jacs Xd X Lg X kg 11L.1x 11x173

= 19321 N

ax,k,rk =

1.2xcos (@ +5in (@’ 12 x cos (47.5°)" + sin (47.5°)

Tensile capacity of a screw, see table 6.10, page 15:

d.’ 7.5?
Fope = 0.9f, x X = 0.9 x 1000 x 3.14 x - = 39740.63 N
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Example 17: Design of a tie fixing

Design axial capacity of one screw:

Fax,k,rk X kmod Ft,s,k . < 19.32x 0.8 39.74
= min

F, 4 = min ,
YMcC YM2 1.3 1.2

’

) =11.89 kN

The number of horizontal screw rows which can fit in the tension tie is 1, = 4.
Thus, the required number of vertical rows is:

Fax,Ed _ 213 —5
Nows X Frg 4% 11.89

Nin =

Taking into consideration that the effective number of fasteners is less than the real number,

the chosen number of screws in the grain direction for this example is:
n==6
P = n0.9 =5

ne

Spacing (EN 1995-1-1, clause 8.7.2):
Ay min = 7Xd =7x11=T77mm
Ay min =3 Xd =5X11=55mm

Ar0G.min = 4 xd =44 mm

Verify the figure for load-carrying capacity:

Raft
Section A-A atter

K

(@)
° o A A
— ™m| © -
R )
(@] o o o o0 o0 o \
™M o o o0 o0 o o0 1
o~ ©o 0o o0 o0 0 o |
™ © o o o o o
° B |
< 8" o] o Tie |
4 110 ;
N\_ Column

Fy X cos (45°) 301 x cos (45°)
Moows X Mg X Fyg  4.5%11.89

=089 <1 OK
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Example 18: Column with fixed support

Example 18: Column with fixed support

18.1 System, dimensions and design parameters

Design and verify the fixed support of the column below.
The fixing relates to the column dimensioned in example 6, page 117.

The column is made of glulam, strength class GL30c
Steel screws, strength class 10.9
Safety class 3 ye=1
Service class 1

Material partial factor for glulam yw=1.25
Material partial factor for steel: Pmo = 1.0
Partial factor for steel ties o =1.2
Partial factor for connection e = 1.3
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Example 18: Column with fixed support

18.2 Normal force, shear and moment

The connection is designed on the basis of the internal forces and the bending moment evaluated in example 6,

page 117.

Combination 2 (wind load leading, k.4 = 0.9):
qver,Z = J/d X I:}/g X (gk,beam + gk,z) + 0 X 1//0,3 X sk] = 1 X [1 X (12 + 4) + 0 X 06 X 79] = 52 kN/m

Gwp2 = Yd X ¥q X Gk pos = 1 X 1.5X2.7=4.1 kN/'m
Gwnp = Y4 X ¥q X Gy ieneg = 1 X 1.5 X 1.44 = 2.16 kN/m
Ny

Guin = Ya X Vg X Gy iim = 1 X 1.5x 1.26 = 1.89 kN/m @M
d

The maximum tensile force in the connection occurs when the vertical load is Vy

minimum:
My =T78.4kN
Ny =51.6kN
V,=30.9kN

18.3 Design of the connection

Two possible fixed supports are proposed.

a) Fixed support with nails

Nails 60 x 4 mm?, f, = 800 MPa;
Steel plate thickness t, = 6 mm, structural steel grade S355.

Ny

0%

405
- —>

Fo feoa m

/ 405 /

&

Length of the compression zone y and tensile force F:

2X M;+NyxXh 2% 78.4 % 10° +51.6 x 10° x 405
y=hx 1—\/1—# = 405 x 1—\/1— =71.36 mm

b X h2X f.oq 215 x 4052 x 15.68

Fy=bXyXfigq—Ny=215x71.4% 157 =516 x 10> = 1889752 N
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Example 18: Column with fixed support

Load-carrying capacity of one nail, see table 13.19, page 71:
t

penmin = 4lmm < 7., =52 mm

P

R, =1.72kN

k 0.9
Ry=R x—2¢ = 172x— =1.19kN
YMcC 13

The number of vertical nail rows which can fit in the plate is n,,,, = 19 (the nails are placed in a staggered
manner, see the figure below). Thus, the required number of horizontal rows is:

F, 188.98
n . = = =
ehmin = WX Ry 19%x1.19

8.35

Taking into consideration that the effective number of fasteners is less than the real number.
Therefore choose 13 nails in a row, parallel with the grain:

n=13
Ny = nket = 8.8

Steel plates with standard holes pattern are adopted.

, 405 ,
Ai
o
<
LN
AN

6
7L

Verification of the nailed connection:
F, 4 =n X ng X Ry =19x%x8.8x1.2=200.2kN

V,T TOWS

F, _ 188975
Funq  200.186

=0944 <1 OK

Verification of the steel plate:
Apet = Iy X (by = Ry X dpgre) = 6 % (200 — 19 X 5) = 630 mm?2

ok X At 0.9 x 430 x 630

NRd,steel =09 X% =2.03 x 105 N

= =09 <1 OK
NRd,steel 203.2
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Example 18: Column with fixed support

b) Fixed support with screws

Screws 300 x 11 mm?, f, = 1000 MPa;
Steel plate thickness t = 6 mm.

AN
N
74 =~
« L
7 o o o - \E
o o o :1/d
oo o /1 dm
LTQ

Fully threaded screws are utilized:

[ = 300 mm
d=11 mm
d, =7.5mm
f, = 1000 MPa

Axial capacity of screw with an angle of 45° between screw axis and grain direction (EN 1995-1-1, equation 8.38):

Ly =300 —1,x4/2 =291.5 mm

a

fueks = 052X d ™%, x p, 08 = 0.52 x 11799 x 291.517%1 x 390%8 = 10.51 MPa

. d
ky = min <1§> =10

Jacks Xd X LgXky 10.5x 11 x291.5
1.2x cos (@ +sin(@” 1.2 % cos (45°)” + sin (45°)

Fokak = =30644.5 N

Tensile capacity of screw, se table 6.10, page 15:

d 2
Fig = 0.9f, X 7 X % =398 x 10*N

Design value for a wood screw’s axial load-carrying capacity:

Foxxak X kmoa F 30.64 x 0.9 39.76
Fy= min( ok od t’s’k> X cos (45°) = min ( , > X cos (45°) = 15 kN

mc e 1.3 12

The number of vertical screw rows which can fit in the plate is n,,, = 3.
Thus, the required number of horizontal rows is:

F, 188.98
= =42
Niows X Ftd 3 X 15

n

min —
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Example 18: Column with fixed support

Taking into consideration that the effective number of fasteners is less than the real number.
Therefore choose 5 wood screws, parallel with the grain:

n=>5
ng =n" =43

Spacing (EN 1995-1-1, clause 8.7.2):
Ay min = 7Xd =T7x11=T77mm
Ay min =3 Xd =5X11=55mm
aycGmin = 10X d =110 mm

aZCG’min = 4 X d = 44 mm

Ko
&
)
Ul
110

71
R
5
.

565

Verify the figure for load-carrying capacity:

F, 18898
Myows X Mg X Fig 3% 4.26 X 15

=099 <1 OK
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Example 19: Design of a reinforcement
at the supports

Example 19: Design of a reinforcement

at the supports

19.1 System, dimensions and design parameters

Design the reinforcement at the support for the tapered beam shown below.

| I S
‘ 3.6° | @
= == =
| 3 i
\ | @ 405
‘ 1 —
\ ‘ \
! } 1K
| | 3
\ ‘ \
\ \
\ ‘ \
| | |
B 4‘» 7777777777777777 L] RN
10,000 | 10,000
/1
20,000
The beam is made of glulam, strength class GL30c ‘
Steel plate, structural steel grade S275 i
Steel screws, strength class 10.9 :i:}i:i:i:i:i:i:iji':
Safety class 3 yg=1 }
Service class 1 i
Partial factor for permanent load Yo=1.2 ‘
Partial factor for snow load y,=1.5 ‘
Material partial factor for glulam ym=1.25 o JERERENE S
Partial factor for connection mc=1.3
Partial factor for steel T = 1.2 :
‘ ® ®
[ 5
|
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Example 19: Design of a reinforcement
at the supports

202

19.2 Loads
The loads considered in the design are:
Structural
Non-structural
Gy, = 1.0 kN/m? 82=Gxix11=15x11=55kN/m
Snow load
Sy = 3 kN/m? S =S XpuXix11=3x0.854x5x1.1=14.1kN/m

Factor 1.1 used in the equations above accounts for the continuity of purlins over beams.

19.3 Load combinations
Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k,,,q = 0.6):

Gy = 74 X [yg X (g1 + gk’z)] =12x (1.1+5.5) = 7.9 kN/m

Combination 2 (self-load leading + symmetric snow load, medium term load, k., = 0.8):

Gat = 7a ¥ [ygx (81 + &) +}/S><sk] - [1.2>< (1.145.5) + 1.5 14.1] =29.1 KN/m

19.4 ULS verifications

a) Compression perpendicular to the grain at the support
The verification method shown in table 8.12, page 25:

Ngg x 103 296 x 10°

S _ =3.63 MPa
€904 = 37 (heg +30) 190 X (400 + 30)

ltO[

Compression perpendicular to the grain verification (EN 1995-1-1, equation 6.3):
0c.90.d 3.63

= =13 >1 NOTOK
keoo X feooa  1.75% 1.6

The verification is not satisfied. Thus, the beam needs to be reinforced at the supports.
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Example 19: Design of a reinforcement
at the supports

19.5 Reinforcement of the support
The reinforcement is realized by means of 4 self-tapping fully threaded screws and a steel plate.

d =11 mm

dm = 75 mm ::j:::::::::::£ -
£y = 1000 MPa B4 237 |4 K
Sy =900 MPa | =
[ = 450 mm | -
ly=1—d =450—-11 = 439 mm JMHL = §
405 Ei
‘ —R% o
| N
3
237 84

Spacing and distances between the screws are chosen in order to minimize the thickness of the steel plate.
The static system of the reinforcement is shown below.

Spacing parallel to grain:

=5Xd=55mm

al,min

Spacing perpendicular to grain (between rows of screws):

Ay min =3Xd=55mm - a,=90mm

Distance between screws and beam end:

=5Xd=55mm

alc,min

Distance between screws and beam edge:

Ayemin =3Xd=33mm - a,=50mm
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Example 19: Design of a reinforcement
at the supports

The distance between the screws in the beam grain direction is chosen so as to produce equal values of sag-
ging and hogging moment (M, and M,):

al,c2
2 __%

a,? ’ 2><\/§
NG

M2=de?—M1 -

M, = g4 X

col X
hcol=2xal,c+al \/§+l

_ Ngg _ 277200

_ Nea _ = 684 N/mm
da = T 405
V2

2
GIZhCOIX\/_—=405X \/—

2+1 V2+1

237
a .= S = 84 mm

2x4/2  2x42

by Xt*  Jfyx 6xXM
Mel = Wel Xfy,d = - X i - Ml = Mel - tmin = —L
6 ™ beol X fya

2 842
= 684 x — = 2407725 Nmm

240772 2
\/6X 07725.05 =182lmm — t=20mm
coleyd 190 x 229.167

a) Load bearing capacity of the screw

=237 mm

alc

Push-in capacity of a screw in the perpendicular to the grain direction (EN 1995-1-1, equation 8.38):
d
faox = 0.52x d731,7"" x p, 08 = 0.52 x 11705 x 439701 x 39008 = 10.09 MPa ka:mm<L§>=1

ok X d X lp X k 10x 11 x 439
Fax’kyrk — fdx,k ef d — — 48727 N

1.2 x (cos (oc))2 +sin(@) 1 xcos(90°) + sin (90°)

Buckling capacity of the screw, see table 8.15, page 28:
Horizontal stiffness constant:

¢, = (0.1940.012 X d) X p, = (0.19 + 0.01 X 11) X 390 = 125.58

Moment of inertia of screw:

dy'xz  15%x
L= 2t = 1553 mmd
64 64

Screw buckling load:

N, =/ XxExI, — 1/125.6x210000x 1553 = 63999.6 N

Screw yield strength:

7 Xdy' X fi 7 x 8 X 900

p 4 4
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Example 19: Design of a reinforcement

Relative slenderness ratio:
Ny 39760.8
/1rel =1 = =08
N, 63999.6

k factor:

k =0.5x [1 +0.49 X (A, —0.2) + Areﬂ] =0.5x [1+0.49 x (0.79 — 0.2) + 0.79%] = 0.95

Reduction factor for buckling:

1

-1 3
k. = <k +1/k - /1r612> = (0.95 +1/0.95 - 0.792) = 0.65

Buckling capacity of the screw:

xd > x 82
Ry = ke X (”Tm) X fyk =kcx”T % 900 = 25950 N

The load bearing capacity of the screw is the minimum between withdrawal and buckling capacity:

R, = min (fy, \ 4. Riq ) = min (48.7,25.9) = 25.9 kN

b) Compressive capacity perpendicular to grain of the reinforced support
See table 8.14, page 27:
L1 = heg + 30 = 400 + 30 = 430 mm

33l 3.3 %439

Liis = heg +0.25L; X e ™0 = 405 +0.25 X 439 X ¢~ 900 = 953.88 mm

at the supports

Rogx = min (koo X b X Loy X fogoie + 1 X Ric3 b X legn X fogox) = min (175 X 190 X 430 X 2.5 + 4 X 25.95 x 10° ; 190 x 953.88 x 2.5) = 453090.88 N

Ry X kioa  453.1x0.8
YMcC 13

= 278.8 kN

R90,d =

Verification of the compression perpendicular to grain of the reinforced support:
Nggq _ 277.2
Ryoq 278.83

=099 <1 OK
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Example 20: Beam with notched supports

206

Example 20: Beam with notched supports

20.1 System, dimensions and design parameters

Verify the notched beam below.

L

The beam is made of glulam, strength class
Threaded bonded-in rods, strength class
Safety class 3

Service class 1

Partial factor for permanent load

Partial factor for variable load

Material partial factor for glulam

Partial factor for connection

Partial factor for steel

Load width 2.0 m

Pg=12
Yq=1.5
=125
e = 1.3
Ymz=1.2

4

L 200 , 205

7%4
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Example 20: Beam with notched supports

20.2 Loads
The loads considered in the design are:
Structural
gk,l = 02 kN/m

Non-structural

Gy, = 0.6 kN/m’ 82 =G, xi=0.6x20=12kNm
Variable load

0, = 2 kN/m? ¢ =0 Xi=2x2=4kN/m

20.3 Load combinations

Two different load combinations are considered (EN 1990, clause 6.4.3 and EN 1991-1-3, clause 5.3.3):

Combination 1 (self-load leading, permanent load, k,,,, = 0.6):

G = Ta X [yg X (g, + gk,z)] = 10X 12% (0.2 +1.2) = 1.7 kN/m

Combination 2 (self-load leading + variable load, medium term symmetric load, k4 = 0.8):

a1 = 7a ¥ [yg X (21 + &2) + 7 X qk] =1.0x [12X(02+1.2)+ 1.5 4.0] = 7.7 KN/m

Leading design combinations at ULS:

_Ga _ 17 -28 _Gau_ _ 77 -

kmod,l 0.6 kmod,2 0.8
Thus combination 2 is leading.
20.4 ULS verifications
Shear force at the support:

Viq = Xl—77><6—23kN

Ed = 4dn 5y - " 7
1.5 X Vgq 1.5 x 23040
Ty = = = 1.87 MPa
b X het 90 % 205
Shear verification (EN 1995-1-1, equation 6.60):
1.87
“ =098 <1 OK

ko X fog  0.86x2.24

9.6
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Example 20: Beam with notched supports

Verification of the notch at the support according to table 9.10, page 37:

h 205
a=-S=-"1-05 ¢ =110 mm
h 405
17
[L=0 i = =0 y =90°
v h — heg

1.5
65(1+1.1x+=
< " Xﬁ)

Vi x [ax(l—a)+\/§—a2xo.8x%]

k,=min |1,

= 0.41

.
o
Ny

Lh;

Nf ) S
A
I,

=2.03 >1 NOT OK Risk of failure

kyxf,q 041x2.24

The verification is not satisfied, reinforcement is needed. Two reinforcement methods are proposed:
¢ threaded bonded-in rods.

e fully threaded screws.

20.5 Reinforcement with threaded bonded-in rods

|
|0
1O
i N
|
s 5 3
SN PSS S
<R <
o
<
PO
ol |35 |
7 | -
> Le=110 |
ol L 180 |
o

30
90
F—F

Rods M10, 4.8 are used:

d = 10 mm
Jfux = 400 MPa
A, =58 mm?
L4 =200
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Example 20: Beam with notched supports

Withdrawal capacity of a steel rod, see table 13.23, page 74:
kg=1 k =0.78
Jaxx = 5.5 MPa
Riximber = X (d+ 1) X Lg X fo X ky X kp = 7 X (104 1) X 200 X 5.5 X 0.8 = 29635.3 N

Tensile capacity of a steel rod, see table 13.23, page 74:
Riyroq = 0.6 X fy X Ay = 1 X 400 X 58 = 13920 N

Design axial capacity of one rod:

R T km X R imber 13.9 0.8 x29.6
R, = min | —uored Zmod 7 T ktmber ) _ phin < , ) = 11.6kN
M2 Y™MC 1.2 1.3

Design tensile force perpendicular to the grain, see table 9.11, page 37:

Frong = 13X Vg X [3><(1 —aP-2x( —a)3] —13%x23x [3>< (1-05)*=2x(1 —0.5)3] = 147 kN

Verification for tension perpendicular to the grain:
F, £90d 14.7

= =0.63 OK
n.XR,  2x11.6

20.6 Reinforcement with fully threaded screws

|
2
o LN
< | 0
&l S
=) !O;TT
@ IQR| <
I o
~ <
S
0 \/35 ‘ —_ =
7 \
o Le=110 | d
: S
o L 180 | e,
o

30
90,
I

Fully threaded screws 9 x 400 mm are used:

f. = 1000 MPa
d =9 mm d, =59 mm
L,y = 180 mm
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Example 20: Beam with notched supports

Withdrawal capacity of a screw with an angle of 90° between screw axis and grain direction.
(EN 1995-1-1, equation 8.38):

fuoks = 0.52x d 0%, x p, 08 = 0.52x 9795 x 18071 x 390°8 = 12.2 MPa

. d
ky = min <1,—> =1
8

fax,k,st ><lad ><kd _ 12.2 X9 x 180
1.2 X cos (ov)2 + sin (oz)2 1.2 X cos (90°)* + sin (90")2

=19757N

ax,k,rk =

Tensile capacity of a screw, see table 6.10, page 15:

d 2
Fig = 0.9f, X 7 X % =246 x 10*N

Design axial capacity of one screw:

F, X kpoa F 19.76 X 0.8 24.59
Ft,d — min < ax,k,rk mod ’ t,s,k> = min ( , > =12.16 KN

yMC M2 1.3 12

Verification for tension perpendicular to the grain:
Fio0a B 14.7

= =06 <1 OK
nxXFg 2x12.16
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Example 21: Design of a truss node with
multiple steel-to-timber dowelled connection

Example 21: Design of a truss node with multiple
steel-to-timber dowelled connection

21.1 System, dimensions and design parameters

Design and verify the truss joint below using a dowelled connection. The joint is taken from example 8, page 131.

;\‘ ‘
N ) 11225
Diagonal N 9 i
(225 x 355 mm) ‘ ‘
N ‘ Vertical
. . (225 x 355 mm)
N\ |
| 4 A\ ‘ |
i 7 i
| ! S
E—— = ©
1 |
I I
Bottom chord
(360 x 355 mm)
The truss is made of glulam, strength class GL30c ¢
Steel dowels, structural steel grade S355 ‘
Safety class 3 yg=1
Service class 1
Material partial factor for glulam ym=125
Material partial factor for steel m2=1.2 ‘ \
Connections partial factor mc=1.3 :T: \
| J
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Example 21: Design of a truss node with
multiple steel-to-timber dowelled connection

21.2 Internal forces

The joint forces are, see example 8, page 131:

F, vertical — 424 kN
Fdiagonal = 581 kN \Fd\agona\ Fvertlca\
Fchord = 397 kN - \\ \ :
Diagonal
Vertical
| |
o———— — — — — — — - —>
OkN | ! Febora
|

21.3 Design of the connection

The spacing between the slotted-in plates should be chosen so as to prevent brittle failure.
In other words, one of the failure modes shown in the figure below should decide the capacity.

Failure mode A Failure mode B
Top view Top view
w6 |t th & |t
tout t\nt ‘ toul tout /‘ t\nt ‘/ tout
N o Sl —

Slotted-in steel plates and dowels, both with steel grade S355 are used.

Plates:
t =8 mm
fyd = 355 MPa
fux =510 MPa
Dowels:
d =12mm
fyd = 355 MPa
Jfux =510 MPa

Embedment strength (EN 1995-1-1, equation 8.32):
faox = 0.082x (1-0.01 xd) x p, = 0.08x (1 —0.01 x 12) X 390 = 28.14 MPa

Yield moment of dowels (EN 1995-1-1, equation 8.30):

My gy = 0.3 X fiy X (d)° = 03 x 510 x 1226 = 97850.4 N X mm
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Example 21: Design of a truss node with
multiple steel-to-timber dowelled connection

Minimum thickness of the internal timber member, see table 13.10, page 63:
My R 97850.41

—— =115X4X4/——— =783 mm

faox X d 28.14 % 12

Minimum thickness of the outer timber member, see table 13.10, page 63:

t = 1.15x4 X%

M, 07850.41
tout modeA — 2x }’—Rk = 2X ———— =24.07 mm
’ foox X d 28.14 % 12
M, gy 07850.41
Tout, modeB = 1154 X 4 —————=1.15%x4x —— =783 mm
’ fhox X d 28.14 % 12

A number of 4 slotted-in plates is chosen, see figure 13.3, page 65. The geometry of the connection is shown
below:

t, = 88 mm
t; =45 mm
b-2xt 355-2.45
Mo = 1+ =1+ =401 - n=4
tp 88

2XH+3%Xt,=35%mm < 35mm OK

g M
45 1, 88 |, 89 |, 88 45
il Ml /1 /1 /1
Dowel
Steel
plate
40 10

Since 24 mm < t; = 45 mm < 78 mm failure mode A will occur, see table 13.10, page 63.

Load-carrying capacity for one dowel, see table 13.10, page 63:

+
Joox X d x1? 28.14 x 12 x 452

Ry =2 X <1.15 X 2%y [My gy X foox X d> =2x1.15x 2 X 1/97850.41 X 28.14 x 12 = 26442.98 N

Ry =2X R gy + (1= )X R iy =2X 92+ (4 — 1) X 26.4 = 97.7 kN

4X M, 4% 97850.41
Reou =frox X d Xt X |24 ——2 | =28.14><12><45><<\/2+——1 =9176.68 N

R - Ry Xkpoq  97.7x0.8

] = =60.1 kN
YmC 13
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Example 21: Design of a truss node with
multiple steel-to-timber dowelled connection

214

Rows of dowels in each member
Minimum distances:

Ay min = 3 X d = 60 mm
Ay min = 3 X d =36 mm

A3 min = 7 X d = 84 mm
=3Xd =36 mm

a4c,min

In each members three rows of dowels

225
—

62.5

62.5

50,
/‘,,

| o
are placed: ‘ S 2
I
n.=3 |
i ‘
. \ LN o
Final geometry of the node: i O S

Vertical
Section A-A

50 1625,625,50,,
/‘

355

45,88 , 89 , 88 45
kil kil El El

50,65.5,62.5,50
225

ER R E

Bottom chord

360

100

100

‘,
|
\
|
|
|
|
I
°
!
|
;

Section B-B ]
B —
355 ‘ @ - ‘
é o
45,88 , 89 , 88 45 Lo g
>T A gl A A A? ! !
8 . | S
o | @ . 1
i 2 | N | 8
g | B
J i > q i
3 | [ 8
>V g< . .
B e JB 8 ‘ 100 |, 100 ‘
i < i
B

a) Verification of the doweled connection

Number of dowels in each row

Diagonal:

Ngiagonal = 9 Reg diagonal = Mdiagonal’> X Y 1361; 4 597 % \4/ % =38
Vertical:

Nyertical = 4 Ref vertical = Mvertical”” X Y 13a>1< d_ 49 % =31
Bottom chord:

Merord =3 Mefchord = Meora®® X ¢, 13a>1< 4 3%y % -
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Example 21: Design of a truss node with
multiple steel-to-timber dowelled connection

Verification of the doweled connection:

Fvertical — 424 =075 <1 OK
n; X nef,vertical X Rd 3 X 312 X 6011
Fgiagon 581
diagond! = = 0.84 <1 OK
n. X nef,diagonal X Rd 3 X 381 X 6011
F 397
chord 0.91 <1 OK

My X Morenora X Ry 3x 241 X 6011

b) Block-shear verification

Load carrying capacity due to fracture along the perimeter of the fastener area:

Fpora = max (1.5 X Apg X fioa» 0.7 X Apery X fiq) = max (1.5 X 31815 x 12.48 , 0.7 x 303975 x 2.24) = 595577 N

where:

l —125—2x;—d=101mm

net,t —

Lty =564 =5xd+521 = 5Xd =965 mm

net,v

Xt =355-4%X(t+2)=355-4%x(8+2)=315mm
Apery = le X =t = 101 X 315 = 31815 mm2

A =1y X2t =965 %315 =303975 mm?

net,t

net,v net,v

Block shear failure verification (EN 1995-1-1, annex A):
Fdiagonal _ 581

= =097 <1 OK
Fis rd 595.58

The proposed connection has sufficient capacity. However, it is recommended to increase the number of
dowels by 10 — 15 percent in each connector member in order to accounts for possible bending moments and/
or eccentricities in the connection, see The Glulam Handbook Volume 2, Chapter 8, page 119.
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Example 22: Design of a pinned ridge joint

Example 22: Design of a pinned ridge joint

22.1 System, dimensions and design parameters

Design and verify the pinned ridge joint below.
The connection relates to the structure dimensioned in example 5, page 107.

The rafters are made of glulam, strength class GL30c
Steel screws, strength class 10.9
Safety class 3 yg=1
Service class 1
Material partial factor for glulam ym=125
Material partial factors for steel Ymo = 1.0
o = 1.2
Partial factor for connections ymc=1.3
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Example 22: Design of a pinned ridge joint

22.2 Shear acting at the apex

The shear force V, acting in the connection system is, see example 5, page 107:

Symmetric snow load:

— X[ 264 —12.8) x 22
V, = (% 982) ot _ ( . ) 375 kN

Symmetric load does not generate shear force at the apex.

22.3 Design of the connection

N
Fully threaded screws are used: - - fi -
I =300 mm S J
d =9 mm M d
d,=59mm -
iT £
Ji, = 1000 MPa

The shear force acting in a given part of the connection can be upwards or downwards, depending on which
side of the roof is most loaded (i.e. left or right). Therefore, two different cases shall be considered.

The screws are only loaded axially:

v, 375

=53.0kN

F o= =
Ed45 cos (450) coS (45°)

v, 37.5
F Ed,36.4° = = =46.5 kN

cos (36.4°) cos (36.4°)
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Example 22: Design of a pinned ridge joint

Withdrawal capacity of a screw with an angle of 68.6° between screw axis and grain direction
(EN 1995-1-1, equation 8.38):

l

hd = 270 mm

facks = 0.52x d™%, 7% x p, 08 = 0.52 x 9795 x 270701 x 390°8 = 11.71 MPa

. d : 9.0
ky=min| 1,—) =min{ 1.0,— ) =1.0
8 8.0

Jacs Xd X Lg X kg 11.7 x 9% 270

Sl . _ = 277199N
1.2 X cos (a)” + sin (a) 1.2 X cos (68.6°)" + sin (68.6°)

ax,k,rk =

Withdrawal capacity of a screw with an angle of 30° between screw axis and grain direction
(EN 1995-1-1, equation 8.38):

l

d = 265 mm

Facrs = 0.52x d70%, 7% x p, 08 = 0.52 x 9707 x 265701 x 390%% = 11.73 MPa

fax,k,stXlakad _ 11.7 X 9 x 265

— > = TR > = 243332 N
1.2 X cos (a)” + sin (a) 1.2 X cos (30°)” + sin (30°)

ax,k,rk =

Tensile capacity of a screw, see table 6.10, page 15:
d.> 5.92
Fire = 0.9/, X X e = 0.9 x 1000 x 3.14 x 4 = 245933 N

Design axial capacity of one screw with an angle of 68.6° between screw axis and grain direction:

Fox krk68.6 X Kmod Ft,s,k> . <27.7 x0.8 24.6
= min

Fi 4686 = min 5
td, yMC }’Mz 13 12

B

> =17.1kN

Design axial capacity of one screw with an angle of 30° between screw axis and grain direction:

F, Xk F, 243%0.8 24.6
Ft,d,30 — min ax,k,rk,30 mod , t,s.k — min < , > =15 kN
YMC M2 1.3 1.2

Spacing (EN 1995-1-1, clause 8.7.2):
Ay min = 7Xd =7X9=63mm
Ay min =3 Xd =5%X9=45mm
alCG’min = 10 X d = 90 mm

a2CG’min - 4 X d - 36 mm

The number of vertical screw rows which can fit in the plate

. . . . 140 o
iS M, = 2. Thus, the required number of horizontal rows is: A2
— <65
Rrow = 2 ? iE:
Neg.6 = 2 Mef 8.6 = Neg.6"" = 1.87 m ol r
_ B _ n oo
n3 =2 T30 = N30%0 = 1.87 i%? | < D
o 40 40
a 60
N 400
20
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Example 22: Design of a pinned ridge joint

Shear verification:

F o
EdA - >3.0 =083 OK
nrow X nef’ég.() X Ft,d,68.6 2 X 187 X 1706
Frg 3640 465
Fd364 083 OK

Moow X eg30 X Frazo 2% 1.87x14.97

Two steel plates on each side of the beam are used to secure the two halves of the truss and to take any
tension which may result from wind forces.
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Symbols

Symbols

Symbol

‘ Explanation

Latin upper case letters

A
Aef

A
A

net,t

Anety
c
Eoos
Ed
E

mean

E,

mean,fin

F

FA,Ed

FA,m\n,d

Faxea

Fax,Rd

Fax,Rk
Fe
Fy

Fyser

Ff,Rd

Fiees
Fites

F\,vert, Ed

F\,v,Rd

Cross-sectional area

Effective area of the total contact surface between
a punched metal plate fastener and the timber;
effective total contact surface perpendicular to
the grain

Cross-sectional area of flange

Net cross-sectional area perpendicular to the grain
Net shear area parallel to the grain

Spring stiffness

Fifth percentile value of modulus of elasticity
Design value of modulus of elasticity

Mean value of modulus of elasticity

Final mean value of modulus of elasticity

Force

Design force acting on a punched metal plate fastener
at the centroid of the effective area

Minimum design force acting on a punched metal plate
fastener at the centroid of the effective area

Design axial force on fastener

Design value of axial withdrawal capacity of
the fastener

Characteristic axial withdrawal capacity of the fastener
Compressive force

Design force

Design force at the serviceability limit state

Design load-carrying capacity per fastener in wall
diaphragm

Design compressive reaction force at end of shear wall
Design tensile reaction force at end of shear wall
Vertical load on wall

Design racking resistance of panel ior wall i

Lateral load

Design force from a design moment

Tensile force

Characteristic tensile capacity of a connection

Characteristic load-carrying capacity of
a connector along the grain

Design shear force per shear plane of fastener;
Horizontal design effect on wall diaphragm

Design load-carrying capacity per shear plane per
fastener; Design racking load capacity

Fori

v,w,Ed
Fres
Fyes
Fx,Rd
Fyra

Fx,Rk

FMRk

ser

K

serfin

K

u

L

net,t

net,v

MA,Ed

M

ap,d
My
AAMRk

R9O,d

RQO,k

ax,d

ax.k

ax, o,k

Ry
Ref,k

R
Ry

sp.k

Characteristic load-carrying capacity per shear plane
per fastener

Design shear force acting on web

Design value of a force in x-direction

Design value of a force in y-direction

Design value of plate capacity in x-direction
Design value of plate capacity in y-direction
Characteristic plate capacity in x-direction
Characteristic plate capacity in y-direction
Fifth percentile value of shear modulus
Design value of shear modulus

Mean value of shear modulus

Overall rise of a truss

Second moment of area of flange

Torsional moment of inertia

Second moment of area about the weak axis
Slip modulus

Final slip modulus

Instantaneous slip modulus for ultimate limit states

Net width of the cross-section perpendicular to
the grain

Net length of the fracture area in shear

Design moment acting on a punched metal plate
fastener

Design moment at apex zone

Design moment

Characteristic yield moment of fastener
Axial force

Design splitting capacity

Characteristic splitting capacity

Design load-carrying capacity of an axially loaded
connection

Characteristic load-carrying capacity of an axially
loaded connection

Characteristic load-carrying capacity at an angle a to
grain

Design value of a load-carrying capacity

Effective characteristic load-carrying capacity of
a connection

Design racking capacity of a wall
Characteristic load-carrying capacity

Characteristic splitting capacity
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Symbols

Rto,k

R.g

Vi V)

W,

y
Xq
X

Characteristic load-carrying capacity of
a toothed plate connector

Design racking capacity of a wall diaphragm
Shear force; volume

Shear forces in upper and lower part of beam with
ahole

Section modulus about axis y
Design value of a strength property

Characteristic value of a strength property

Latin lower case letters

a
a

dice

a;

cq

Toow
abow,perm
Qe

adev,perm

By
o

o O o o

Distance
Spacing, parallel to grain, of fasteners within one row

Minimum end distance to the centre of gravity of
the screw in each timber member

Spacing, perpendicular to grain, between rows of
fasteners

Minimum edge distance to the centre of
gravity of the screw in each timber member

Distance between fastener and unloaded end
Distance between fastener and loaded end
Distance between fastener and unloaded edge
Distance between fastener and loaded edge
Maximum bow of truss member

Maximum permitted bow of truss member
Maximum deviation of truss

Maximum permitted deviation of truss
Width

Width of panel i or wall i

Clear distance between studs

Web width

Diameter; outer thread diameter

Diameter of centre hole of connector; inner thread
diameter

Connector diameter

Effective diameter

Head diameter of connector

Characteristic embedment strength of timber member i

Characteristic anchorage capacity per unit area for a =
0°andp=0°

Characteristic anchorage capacity per unit area for a =
90° and = 90°

Characteristic anchorage strength
Characteristic withdrawal parameter for nails
Design compressive strength along the grain
Design compressive strength of web

Design compressive strength of flange

Characteristic compressive strength
perpendicular to grain

Design tensile strength of flange

Characteristic embedment strength

Characteristic pull-through parameter for nails
Fundamental frequency

Characteristic bending strength

Design bending strength about the principal y-axis
Design bending strength about the principal z-axis

Design bending strength at an angle a to
the grain

Design tensile strength along the grain
Characteristic tensile strength along the grain

Design tensile strength perpendicular to
the grain

Design tensile strength of the web
Characteristic tensile strength of bolts
Design panel shear strength

Characteristic withdrawal strength at an angle a to
grain

Characteristic withdrawal strength
perpendicular to grain

Design shear strength

Depth; height of wall

Depth of the apex zone

Hole depth

Embedment depth; loaded edge distance

Effective depth

Depth of compression flange

Depth of tension flange

Distance from lower edge of hole to bottom of member
Distance from upper edge of hole to top of member
Web depth

Notch inclination

Instability factor

Crack factor for shear resistance

Factor used for lateral buckling

Dimension factor for panel

Deformation factor

Factor taking into account the distribution of stresses in
an apex zone

Modification factors for bracing resistance
Depth factor
Uniformly distributed load factor

Factor considering re-distribution of bending stresses
in a cross-section

Modification factor for duration of load and moisture
content

Sheathing material factor
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Symbols

Usnc

Ufna.1
Uﬁn,Q,l
Uinst

Uinst,G

umst,Q,W

Uinst,0,i

W,

creep
Wi

w,

inst

w,

net,fin

v

Reduction factor
Reduction factor for load-carrying capacity

Fastener spacing factor; modification factor for
spring stiffness

Reduction factor for spacing

Factor depending on the shape of
the cross-section

System strength factor

Reduction factor for notched beams

Volume factor

Instability factor

Minimum anchorage length for a glued-in rod
Span; contact length

Distance from a hole to the centre of
the member support

Effective length; Effective length of distribution
Distance from a hole to the end of the member
Spacing between holes

Mass per unit area

Number of frequencies below 40 Hz

Effective number of fasteners

Distributed load

Equivalent uniformly distributed load

Radius of curvature

Spacing

Basic fastener spacing

Inner radius

Thickness

Penetration depth

Creep deformation

Final deformation

Final deformation for a permanent action G

Final deformation for the leading variable action Q,
Final deformation for accompanying variable actions Q,
Instantaneous deformation

Instantaneous deformation for a permanent action G

Instantaneous deformation for the leading
variable action Q,

Instantaneous deformation for accompanying
variable actions Q,

Precamber

Creep deflection

Final deflection
Instantaneous deflection
Net final deflection

Unit impulse velocity response

Greek lower case letters

o

rely

rel,z

Px

Pm
Oc0,d
Ocad
Ofcd

0% c,max,d
Ottd

Ot max,d
O-m,crll
O-m,y,d
Omzd
Om,ad
On
Oto0d
0Ot904d
Oycd

Oytd

Angle between the x-direction and the force for
a punched metal plate; Angle between the direction of
the load and the loaded edge (or end)

Angle between the grain direction and the force for
a punched metal plate

Straightness factor

Angle between the x-direction and the timber
connection line for a punched metal plate

Partial factor for material properties, also accounting
for model uncertainties and dimensional variations

Slenderness ratio corresponding to bending
about the y-axis

Slenderness ratio corresponding to bending
about the z-axis

Relative slenderness ratio corresponding to bending
about the y-axis

Relative slenderness ratio corresponding to bending
about the z-axis

Characteristic density

Mean density

Design compressive stress along the grain

Design compressive stress at an angle o to the grain
Mean design compressive stress of flange

Design compressive stress of extreme fibres of flange
Mean design tensile stress of flange

Design tensile stress of extreme fibres of flange
Critical bending stress

Design bending stress about the principal y-axis
Design bending stress about the principal z-axis
Design bending stress at an angle « to the grain
Axial stress

Design tensile stress along the grain

Design tensile stress perpendicular to the grain
Design compressive stress of web

Design tensile stress of web

Design shear stress

Design anchorage stress from axial force

Design anchorage stress from moment

Design shear stress from torsion

Factor for combination value of a variable action
Factor for frequent value of a variable action

Factor for quasi-permanent value of a variable action

Modal damping ratio
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Disclaimer

Disclaimer

By using the content of The Glulam Handbook Volume 3, you agree to the terms of use set out below.
Everything in The Glulam Handbook Volume 3 is provided for information purposes only and should not
be seen as entering into an advisory or professional relationship with the reader.

All information is provided in its present state and without any form of guarantee, to the extent
permitted by prevailing legislation. Although the publisher has taken all reasonable steps to try and
provide reliable information in The Glulam Handbook Volume 3, the publisher does not guarantee

that the content is free from errors, mistakes and/or omissions, or that the content is up to date

and relevant to the user’s needs.

The publisher, The Swedish Forest Industries Federation, also provides no guarantees for any outcomes aris-
ing from the use of the information contained in The Glulam Handbook Volume 3. All use of the information in
The Glulam Handbook Volume 3 is the user’s own responsibility and is done at the user’s risk.

The Swedish Forest Industries Federation owns the rights to the content of The Glulam Handbook Volume 3.
The content is protected under copyright law. Misuse will be subject to a penalty.

Copying of the content is prohibited.

The Swedish Forest Industries Federation accepts no liability for any damage or injury that may arise
due to the content of The Glulam Handbook Volume 3.
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Swedish glulam industry

Swedish glulam industry

The raw materials come from Swedish forests and the finished products meet
the European standard for CE-marked glulam. All the glulam manufacturers have
an environmental declaration and are certified by accredited certification bodies.

HOLMEN
MARTINSONS

POWERED BY HOLMEN

Holmen Wood Products AB/
Martinsons Byggsystem AB
Burtraskvéagen 53

SE-937 80 Bygdsiljum
Sweden

Tel: +46 914 207 00
www.holmen.com
www.martinsons.se

' Setra

Setra Travaror AB
Amungsvagen 17
SE-770 70 Langshyttan
Sweden

Tel: +46 225 635 00
www.setragroup.com

M Moelven

Moelven Téreboda AB
Box 49

SE-545 21 Téreboda
Sweden

Tel: +46 10 122 62 00
www.moelven.se
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grading timber.

81 pages. A5 format.

Design of timber
structures, Volume 1
Structural aspects of
timber construction.
256 pages. A4 format.

Digital publications available in the UK

Available at www.woodcampus.co.uk.

The CLT Handbook
CLT structures —
design and detailing.
156 pages. A4 format.

T

Design of timber
structures, Volume 1

Structural aspects of
timber construction.

256 pages. A4 format.

Design of timber
structures, Volume 2
Rules and formulas
according to
Eurocode 5.

60 pages. A4 format.

The Glulam Hand-
book, Volume 3
Structural design of
glulam structures.
224 pages. A4 format.

Websites

The Glulam Hand-
book, Volume 4
Planning and assembly
of glulam structures.
76 pages. A4 format.

Guide to assessing
CLT surface quality
Support for developers,
project managers,
architects, purchasers,
contractors and others.
24 pages. A4 format.

www.swedishwood.com

www.woodcampus.co.uk

{5 Y
et S CEEAIRRN
Design of timber
structures, Volume 2

Rules and formulas
according to
Eurocode 5.

60 pages. A4 format.

Design of timber
structures, Volume 3

Examples.
60 pages. A4 format.
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Guide to CLT in

the early stages
Guide to the early
stages of designing
and constructing

a CLT building.

24 pages. A4 format.

App (UK market)
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Builders' App
Your calculator for
span tables, quantities,
volumes, surface areas
and angles. Download
the Builders' App at

App Store or Google Play.

Design of timber
structures, Volume 3
Examples.

60 pages. A4 format.

The Glulam Hand-
book, Volume 1
Facts about glulam.
88 pages. A4 format.
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Moisture-proof
CLT construction
without a full
temporary shelter

20 pages. A4 format.

Magazine

Tra! Magazine

Quarterly magazine
show-casing the best
in timber architecture
and interior design from
Sweden and beyond.

-

." g

Joinery Handbook
Everything for small
carpenters and
students, from design
to machine knowledge
and surface treatments.
120 pages. A4 format.

The Glulam Hand-
book, Volume 2
Project design of
glulam structures.
268 pages. A4 format.
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Swedish Wood disseminates knowledge about wood, wood products
and wood in construction, contributing towards a sustainable society and

a thriving sawmill industry. We achieve this by inspiring, educating and
driving technical advances.

Swedish Wood represents the Swedish sawmill industry and is part of

the Swedish Forest Industries Federation. Swedish Wood represents

the Swedish glulam, CLT and packaging industries, and collaborates closely
with Swedish builders’ merchants and wholesalers of wood products.
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