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Disclaimer
The below presented structural analysis is an exemplified calculation. This calculation is solely a proposal for a design approach. This structural design proposal must be verified and approved regarding completeness and correctness by the project structural engineer in charge.
Stora Enso Wood Products GmbH excludes all liability for the completeness or correctness of the analysis below. The project structural engineer is not allowed to use the calculation towards third parties. For further use in the project he has to produce his independent calculation.
The below calculation does not constitute any warranty or representation for the product Cross-Laminated-Timber.
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1. General
This document shall explain point support situations on CLT in a practical way, by means of an analysis sample. CLT is a load bearing shell element (or slab) that is capable of spanning in 2 directions.
This capability makes point supports very attractive. A typical situation would be a CLT slab that is directly supported by a column, without a beam as load distributing element in between. Such structures
can create very efficient and elegant solutions.
There are not many research documents related to shear stress at point supports on CLT slabs yet.
The most relevant information could be found in the doctoral thesis by Dipl.-Ing. Peter Mestek (Mestek,
2011). Additionally to the shear analysis, the bearing pressure needs to be analyzed.

2. Analytical equations and theory
The design of point supports includes the shear analysis and the bearing pressure analysis (cross
grain bearing) on the CLT.

2.1.

Shear analysis (Mestek, 2011)

The critical design criterion for point supports on CLT is the rolling shear analysis. The images below
indicate the relevant section for the shear design (Mestek, 2011):
left side: situation in the center of a slab; right side: situation at a corner of the slab
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The relevant design equations for the cases described above can be found in the table below (Mestek,
2011):

Certain limitations apply to the model, described above:




Support surface is square
The thickness of the layers in principal direction dx and thickness of the layers in cross direction dy are equal
The layering of the CLT section is symmetrical
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2.2.

Shear analysis for reinforces supports (Mestek, 2011)

Similar to the reinforcing method for glulam beams, CLT can be reinforced as well, suing fully threaded
screws. The images below indicate the relevant section for the shear design (Mestek, 2011):
left side: situation in the center of a slab; right side: situation at a corner of the slab

{

⁄

n⊥ is the number of screw rows perpendicular to the related bearing direction
The bearing pressure for reinforced sections includes a component for plain bearing pressure and a
component related to the screws. Therefore the bearing pressure shall be analyzed as follows:
√

For the verification of the rolling shear stress, the rolling shear form an unreinforced CLT slab is being
compared to the design rolling shear capacity of the reinforced CLT slab as follows:
̅

Page 4/25

Point support of CLT
01/2014

ANALYSIS SAMPLE

The bearing capacity for the reinforced section shall be:
√
̅

{

2.3.

c,90,k in N/mm²

Bearing pressure (Wallner-Novak, 2013)

The design equation for bearing pressure perpendicular to the grain is as follows:

Sources:
The effective area Aeff is based on the theory by Prof. Dr.-Ing. Hans Joachim Blass (Blass & Görlacher).
The kc90 values for CLT are according to (Bogensperger, Augustin, & Schickhofer).
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2.4.

Bearing pressure for reinforced sections

In order to increase the bearing pressure capacity of a CLT section, reinforcement with fully threaded
screws can be used. The following design procedure was taken from the European technical approval
for Rothoblaas, ETA-11/0030 (Rothoblaas, 2012).
Compression reinforcement
“VGS” and “VGZ” screws with a full thread may be used
for reinforcement of timber members with compression
stresses at an angle to the grain of
45° < < 90°. The compression force must be evenly distributed over all screws. The characteristic load-carrying
capacity for a contact area with screws with a full thread at
an angle to the grain of 45° < < 90° shall be calculated
from:
{

{

}

where

The relative slenderness ratio shall be calculated from:

Where
F90,Rk
kc,90
B
Aeff
lef,1
fc,90,k
n
n0
n90
Fax,Rk
Fki,Rk
lef,2

lef,3

lef
a1
a1,c

load-carrying capacity of reinforced contact area [N]
factor for compression perpendicular to the grain according to EN 1995-1-1:2008, 6.1.5
bearing width [mm]
Effective bearing contact area according to item 2.3
above
effective length of contact area according to EN 1995-11:2008, 6.1.5 [mm]
characteristic compressive strength perpendicular to
the grain [N/mm²]
number of reinforcement screws,
n = n0 ・ n90
number of reinforcement screws arranged in a row
parallel to the grain
number of reinforcement screws arranged in a row
perpendicular to the grain
characteristic axial withdrawal capacity [N]
characteristic buckling capacity [N]
effective distribution length in the plane at the screw
tips in x-direction[mm]
lef,2 = lef + (n0 - 1) ・ a1 + min (lef; a1,c)
for reinforced end-bearings [mm]
lef,2 = 2 ・ lef + (n0 - 1) ・ a1 for reinforced centerbearings [mm]
effective distribution length in the plane at the screw
tips in y-direction[mm]
lef,2 = lef + (n0 - 1) ・ a1 + min (lef; a1,c)
for reinforced end-bearings [mm]
lef,2 = 2 ・ lef + (n0 - 1) ・ a1 for reinforced centerbearings [mm]
point side penetration length [mm]
spacing parallel to the grain [mm]
end distance [mm]

Reinforcing screws for compression shall be arranged
according to Annex C of ETA-11/0030. Reinforcing screws
for wood-based panels are not covered by this European
Technical Approval. The characteristic buckling capacity
Fki,Rk shall be calculated from: Fki,Rk = c ・ Npl,k [N]

[-]
where

[N]
is the characteristic value for the axial capacity in case of
plastic analysis referred to the inner thread cross section.
Characteristic yield strength of screws from carbon steel:
fy,k = 1000 [N/mm²]
Characteristic ideal elastic buckling load:
[N]
Elastic foundation of the screw:
[N/mm²]
Modulus of elasticity: Es = 210.000 [N/mm²]
Second moment of area:
[mm4]
d1 = inner thread diameter [mm]
Note: When determining design values of the compressive
capacity it should be considered that fax,d is
to be calculated using kmod and M for timber according to
EN 1995 while Npl,d is calculated using M,0 for steel
according to EN 1993.
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3. Analysis sample - unreinforced
A CLT floor slab shall be supported by 5 point supports – one at each corner of the CLT slab and one
in the center of the slab. The ULS design shall be performed for the given support condition

3.1.

Geometry & load assumption

The following image has been taken from the finite element software RFEM by Dlubal.
RF-LAMINATE FA1

Isometri

X

Y
Z

2 .9
50
7.000

Geometry & material:
 CLT 200 L5s, pine C24
 Length l = 7,00 m
 Width w = 2,95 m
 End plates of the steel columns are all 200 x 200 mm. These end plates are the supports for the given slab.

Loading:



Dead load: self-weight of the CLT slab + a surcharge of 1,5 kN/m²
Live load: 2,00 kN/m²
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3.2.

Support reactions by FE software

The support reactions have been taken from the finite element analysis software:
Center support:



DL = 28,59 kN
LL = 22,87 kN

Design support reaction (governing load combination):

∑

∑



Corner supports:



DL = 5,76 kN
LL = 4,16 kN

Design support reaction (governing load combination):

1.50
LF1: DL
Lagerreaktionen[kN]

Isometrie
LF2: LL
Lagerreaktionen[kN]

5.76

2.
95
0
2.
95
0

5.76

7.000
7.000

4.61

28.59
22.87

5.76

Max P-X': 0.00, Min P-X': 0.00 kN
Max P-Y': 0.00, Min P-Y': 0.00 kN
Max P-Z': 28.59, Min P-Z': 0.00 kN

Screenshot RFEM: DL support reaction

4.61

Max P-X': 0.00, Min P-X': 0.00 kN
Max P-Y': 0.00, Min P-Y': 0.00 kN
Max P-Z': 22.87, Min P-Z': 0.00 kN

Screenshot RFEM: LL support reaction
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3.3.

Shear design for point support

3.3.1. Center support

{

[

⁄

]
⁄

⁄

3.3.2. Corner support
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⁄

⁄

⁄

3.3.3. Conclusion from shear design
In both cases, at the center support and at the corner supports, the design shear stress does not exceed the design rolling shear strength → o.k.

3.4.

Bearing pressure analysis

3.4.1. Center support
[

⁄

]

⁄

3.4.2. Corner support
[

⁄

]

⁄
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3.4.3. Conclusion from shear design
In both cases, at the center support and at the corner supports, the design bearing pressure does not
exceed the design compressive strength of C24 timber, perpendicular to the grain (cross grain bearing)
→ o.k.
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4. Analysis sample - reinforced
A CLT floor slab shall be supported by 5 point supports – one at each corner of the CLT slab and one
in the center of the slab. The ULS design shall be performed for the given support condition.
This are the same assumptions as in the case above, just with increased loads, so reinforcement is
required.

4.1.

Geometry & load assumption

The following image has been taken from the finite element software RFEM by Dlubal.
RF-LAMINATE FA1

Isometri

X

Y
Z

2 .9
50
7.000

Geometry & material:
 CLT 200 L5s, pine C24
 Length l = 7,00 m
 Width w = 2,95 m
 End plates of the steel columns are all 200 x 200 mm. These end plates are the supports for the given slab.

Loading:



Dead load: self-weight of the CLT slab + a surcharge of 2,6 kN/m²
Live load: 5,00 kN/m²
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4.2.

Support reactions by FE software

The support reactions have been taken from the finite element analysis software:
Center support:



DL = 41,17 kN
LL = 57,19 kN

Design support reaction (governing load combination):

∑

∑



Corner supports:
DL = 8,29 kN
LL = 11,52 kN
Design support reaction (governing load combination):

1: DL
gerreaktionen[kN]

2.

95

Isometrie
LF2: LL
Lagerreaktionen[kN]

0

2.
8.29

95

Isometrie

0

7.000
7.000

11.52

41.17
57.19

8.29
11.52

Screenshot RFEM: DL support reaction

ax P-X': 0.00, Min P-X': 0.00 kN
ax P-Y': 0.00, Min P-Y': 0.00 kN
ax P-Z': 41.17, Min P-Z': 0.00 kN

Screenshot RFEM: LL support reaction

Max P-X': 0.00, Min P-X': 0.00 kN
Max P-Y': 0.00, Min P-Y': 0.00 kN
Max P-Z': 57.19, Min P-Z': 0.00 kN
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4.3.

Shear design for point support

4.3.1. Center support
Shear analysis for the unreinforced section.

{

⁄

⁄

[

]
⁄

⁄

⁄

⁄





The design rolling shear at the central support is exceeding the design rolling shear strength in
y direction. Therefore the section shall be strengthened at the support by fully threaded screws.
Use Rothoblaas VGZ fully threaded screws 9x280 (Lscr = 280 mm, Ltr = 260 mm); inclination 45°
The layout for the strengthening is displayed on the sketch below.
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System sketch for strengthening:
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Dimensions, related to the sketch of the strengthened system:
Apply strengthening equally in all directions.
a1 = 50 mm (chosen)
Number of screws in a1 direction:
Screws are required in that part of the CLT section, where the design shear strength is exceeding the
design shear stress, so strengthening is required. To determine that width  (see sketch), the shear
distribution from the support towards the edge of the panels was assumed to be linear (conservative).
Actually the strengthening would be only required along the y-axis (R,yz,d is exceeding the limit).

Number or rows in a1 direction = (290 mm / 50mm) +1 = 6 rows
a2 = 50 mm (chosen)
Number of screw rows in a2 direction = 5 (chosen)

{

⁄

⁄

Design equation for the strengthened system:
̅
̅
̅

√

Characteristic axial strength of a fully threaded screw Rothoblaas VGZ 9x280:
Characteristic tensile strength of the screw:
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Characteristic axial pull-out strength of the screw in x-direction (screw inclined in x-direction):
Embedment length:
⏞
⏟

√

⏞
⏟

√

(

(

⏟

⏟

)

)

The pull-out strength of the screw in x-direction (7.256 N) is less and therefore design governing in x
direction over the characteristic tensile strength of the screw (25.400 N).
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Characteristic axial pull-out strength of the screw in y-direction (screw inclined in y-direction):
Embedment length:

⏞
⏟

⏞
⏟

⏟

√

⏞
⏟

⏟

√

(

(

√

)

)

The pull-out strength of the screw in y-direction (13.048 N) is less and therefore design governing in
y direction over the characteristic tensile strength of the screw (25.400 N).
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Rolling shear verification in x direction:
⁄√

⁄√

⁄

{
̅

⁄

√

√

̅

⁄

⁄

Rolling shear verification in y direction:
⁄√

⁄√

⁄

{
̅

⁄

√
⁄

̅

√
⁄

Due to the low utilization rates in both directions, the screw spacing in a1 direction could be extended.
This design step will not be executed in this document, but it shall be mentioned, that this would be
possible and reasonable.

4.3.2. Corner support
The shear analysis for the corner support is analogous to the analysis for the central support and will
be skipped in this document.
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4.4.

Bearing pressure analysis

4.4.1. Center support - unreinforced
[

⁄

]

⁄

With 92% utilization, the bearing pressure analysis would actually pass the design criterion. For
demonstrative purposes the strengthening of the bearing section shall be executed.

4.4.2. Center support - reinforced
The reinforcement at a bearing plate shall be done with fully threaded screws. The screw heads shall
be flush with the bottom surface of the CLT, so all screws receive load from the bearing plate.
Rothoblaas VGS 9x160 shall be used.
Geometry:
Bearing plate dimensions:
bAx = 200 mm
bAy = 200 mm
Screw spacing a1 = 50 mm
Number of screws: 4 x 4 = 16 screws
Screw length Lscr = 160 mm
Thread length Ltr = 150 mm

Page 20/25

Point support of CLT
ANALYSIS SAMPLE

01/2014

Systems ketch for strengthening at bearing plate
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The design equation for the characteristic load bearing resistance of the CLT perpendicular to the grain
is as follows:
⏞

{

⏟

}

{
Axial withdrawal strength:
(

)

(

)

15.795 N

Characteristic ideal elastic buckling load:
Elastic embedment of the screw:
(

)

(

)

Second moment of inertia:

Characteristic ideal elastic buckling load:
√
√

Modulus of elasticity: Es = 210.000 N/mm²

⁄

Relative slenderness ratio:
Characteristic yield strength for carbon steel
fy,k = 1.000 N/mm²
Relative slenderness ratio:
Characteristic axial plastic strength of the screw:
⁄

̅

√

√
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Characteristic buckling capacity:
(̅

[

̅

)

[

]
]

̅
̅


̅

{

̅

√


̅

√

Characteristic buckling capacity:

√



Characteristic load bearing resistance of the CLT perpendicular to the grain:
{

⏞

}

⏟

{

{

[

]

{

⏞

⏟

}

{

Design load bearing resistance of the central support:

[

]
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4.4.3. Conclusion strengthening design
The support would be capable to withstand the applicable design pressure perpendicular to the grain
with an utilization rate (UR) of 92%. With the help of 16 8x160 VGS screws (fully threaded), the utilization rate could be dropped to 51%. This is an increase in strength of 55%.

Thomas Demschner

Ybbs a.d. Donau, 22.01.2014

R&D Engineer
Stora Enso Wood Products GmbH

Page 24/25

Point support of CLT
ANALYSIS SAMPLE

01/2014

5. Bibliography
Blass, P.-I., & Görlacher, D.-I. (n.d.). Compression perpendicular to the grain. Universität
Karlsruhe.
Bogensperger, D., Augustin, D., & Schickhofer, P. (n.d.). Properties of CLT-Panels Exposed to
Compression Perpenducular to their Plane. Graz: Holzbau Forschungs GmbH &
Institute for Timber Engineering and Wood Technology, TU Graz.
Mestek, D. P. (2011). Punktegestützte Flächentragwerke aus Brettsperrholz (BSP) Schubmessung unter Berücksichtigung von SChubverstärkungen. München:
Technische Universität München.
Rothoblaas. (2012). European Technical Approval ETA-11/0030. Charlottenlund: ETADanmark A/S.
Wallner-Novak, D. (2013). Brettsperrholz Bemessung - Grundlagen für die Statik und
Konstruktion nach Eurocode. pro Holz.

Page 25/25

