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Hybrid structure
living + working / co-living + co-working

work + living | | —
Under the influence of the globalisation, quick social, economic and political changes.

It's becoming more and more inconstant. Fixed offices and fixed apartments are slowly starting to
be obsolete.

Work is going in the way of living. People are working everywhere, constantly.

When does the work stop and living / being begins?

There is a need for a clear distinction between work and living.
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1. Structure:

Structure is divided on two parts; living and work space, which are connected

with the concrete core.

Both parts are made of cubic shaped modules, composed of glue laminated

timber elements, each having CLT floor panel.

The difference between modules in whose two parts is in dimensions of modules and their cross
sections.

Those cubic modules are made in factory, delivered and connected on the construction site.

2. Load analysis

Dead load: self-weight of glue laminated elements and CLT panels
Non-structural elements: interior equipment, insulation, etc.

Live load

Load inducted by environment: Snow s =s, -z -C, -C,
Relevant design situations:

ULS: 1,35G + 1,58

SLS: 1,0G +1,0S

3. Static calculations

Construction is designed in Autodesk Robot as a 3D model, due to high number of nodes and
main elements, and calculations of CLT panels were made in Stora Enso Calculatis software to
determine design which can meet conditions of ULS and SLS, vibrations in particular being the
most problematic condition.

Combinations Name Analysis type Combination
type

4 (C) (SW)*1.35+(Us)*1,5+(Sn)*0.90 Linear Combination ULS
5(C) (SW+Us)*1.00+Sn*0.60 Linear Combination SLS

4. Vertification of the main structural elements

The structure consists of beams and columns. The connection between them is fixed.
To design those elements and get the proper cross sections we made tests for:
1.1.  Shear capacity
Tyg :l,5-v—d <fq
1.2. Tension parallel to the grains

FI,O.d < f

netto

O,

t0d — £0,d

1.3. Tension perpendicular to the grains

o Ft,d < f
Oto0d = = 1o
A,

1.4. Compression perpendicular to the grains
Oc90,d =4 <k 90'f 90,d
c,90, Ab C, C,90,
1.5. Bending with torsional buckling + Compression parallel to the grains

with buckling

[ O-c,O,d J_'_[ Um,y,d Jsl O
kc,z : fc,O,d I(crit,y . fm,y,d
[—%*d }L K, —omd <1
kc,z : fc,O,d kcrit,y : fm,y,d

1.6. SLS

Results for the SLS have been compared with limitation values, taking into
consideration deformation factor kges.

Gk _ Gk
u finy — L’Iinst,y '(1+ kdef,G)

Qk — QK
u finy — uinst,y (1+ kdef,Q)

u +UX

_1Ck
net fin =u fin,y fin,y

u <L/250

net.fin

=u% . <L/300

u2,inst inst

5. Connections

In order to make our construction as rigid as possible, and to confirm assumption of
fixed connections between beams and columns, as well as their connection to
concrete core, we used new system of adhesive connection using perforated steel
plates. The innovative connection consists of two component adhesive system along
with the standardized steel connection geometry.

The basic idea behind this is to design in steel and at the same time build with timber.
The connection is design to produce steel failure in the range of ultimate load, and in
that respect the ultimate performance of the connection depends on the plastic
performance of the steel component in this innovative coupling system.

VEd < Rv,d = Oy epoxyd Aot =0y epoxyd Niges * Al

Steel to steel connection between plates is accomplished by welding on the
construction site.
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Concrete to steel connection is realized with steel plate connected with high load

capacity anchors, and then the metal plates of the timber structure are welded, and at
the same time, bolted to the steel plate connected to the concrete core.
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timber to metal connection connection in the node of one timber connection in the node of four timber
adhesive connection using perforated steel plates cube module cube modules

ribbed CLT plate and beam connection (metal hanger)
steel plate connected to concrete with

anchors and bolts
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TEHNICAL DATA
Load analyis

Dead Load: self load of elements included by static calculations
Non structural elements and fixed services: heating, ventilating, facade, ect.
Green roof load on top of building and platform load on construcion A and B
Live load: loads inducted by enviroment -snow

- wind

Relevant design situation:
USL: 1,35G+1,5S
SLS:1,0G+1,0S

1. STRUCTURE (A & B)

Construction is made of CLT panels suported by beams which transfer a load
action to columns. (Skeletal building system)

Vertical load: CLT panels are used as roof system and they transmit load the
aplied load to their suports which are beams. Beams are suported between
columns. Beams transfer loads horizontally along their lenth to the suports
where the loads are resolved into vertical forces.

Columns as a vertical elemnts are subjected compressive load and internal
moment due to wind load, they transfer all the loads into foundation.
Lateral load: the floor (CLT elements) ,the bracings and the CLT walls transfer
lateral load over columns into foundations.

Calculations for Ultimate limit state and Serviceability limit state runne by
Stora Enso in order to define design and material properties for roof pannel.
The roof plate, thickness 160mm with ribbs 100x200mm/100cm.

The ceiling plate, thickness 180mm. Full resoults can be found in the report.

To design the beams all the loads from the plates should be transfer equally
to the simply supported beams as plate's supports (USL combination).
Tests:

-Shear

-Lateral buckling |0m,y,a =Koy -fm,y,d|

-Longitudinal pressure buckling Teoa <Key oo
-Interaction of Lateral buckling & Longitudinal pressure buckling

Oco4 i

f

c,0,d

myd <
f

m,y,d

k k

cy . crit

Test for columns design were:
-Longitudinal pressure buckling
f,

oo <k ,0.d

ey’

The construction is designed in ROBOT Autodesk as a 3D Model.

2. STRUCTURE (C)

C structure is platform made of steel and timber elements forming grid.

Main longitudinal elements are 5m high timber grid on sides (two elemnts
11,2m devided) and in the middle of them, under the floor panel with ribbs
there is another longitudinal steel grid 0,8m high.

Vertical load is transfered from the panel on the main grid, and then over the
grid's elements to the supports where the platform is conected to the main
construction. In order to enable the conection between steel grid and main
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