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Abstract: This paper presents the results of research conducted within R&D project. The
primary goal was to apply the current state of the art technology in aluminium to a timber-based
frames, but also to improve the energy performance of the building envelope and create
environmentally friendly product, which physical, structural and aesthetic performances are equal to
or even better than equivalent aluminium systems. The developed TimberCW is an innovative
structurally glazed curtain wall system entirely comprised of laminated timber profiles incorporated
in a fully prefabricated unitised curtain wall design, where glass panes are bonded by the structural
silicone to timber frames. While most current timber curtain wall systems are stick designs, combined
with aluminium elements, this new concept introduces timber split mullions and entirely eliminates
aluminium structural members, whilst maintaining high weathertightness performance. In order to
retain thin cross sections, as they are common for aluminium design, specialised corner connections
in timber frame and stainless-steel bracketry has been developed and laboratory tested. Comparative
energy efficiency analysis and condensation risk assessment of the TimberCW vs fully unitised
aluminium systems of identical overall geometry and structural performance are presented. Full scale
laboratory testing has been undertaken and certification obtained, proving the TimberCW concept
suitable for project application.

Keywords: TimberCW, laminated timber frame, unitised system, structurally glazed curtain
wall, thermal performance.

1. Introduction. Presently, the technology of exterior building envelopes is dominated
by the curtain wall based on the aluminium framing, which can be divided in two families: unitised
systems and stick systems. Unitised systems are completely prefabricated (frames and infill) and more
technologically advanced, providing the better overall quality and performance than stick systems,
which are assembled on site, offering the economic advantage, in particular for low-rise buildings.
Unitised systems are often structurally glazed, and this technology provides aesthetically pleasing
flush appearance, but also some performance advantages (bomb blast resistance, e.g.). Since
awareness of energy efficiency and sustainability have been growing rapidly in recent decades, the
introduction of timber as a suitable framing material for building envelopes is imposed as a reasonable
option.

The above listed logically leads toward to investigate possible alternative structural solutions
of wood-based curtain walls. Therefore, the scope of this research conducted under R&D project is
to prove that the technologically advanced concept of the curtain wall system can also be applied
using innovative wooden frames:

¢ Unitised wooden frames in lieu of the stick system.

e Glass units structurally sealed directly to the wooden substrate.
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By achieving the scope, the additional advantages will be brought to the unitised technology:

¢ Improved energy performance — TimberCW system effectively increases the energy efficiency
during the lifetime of the building due to the difference in the thermal transmittance between
aluminium and wood systems.

e Zero (0%) aluminium content — aluminium is a material with the large carbon footprint, having
C02 net emissions in the production and processing of 26 t/m?®, whereas wood sequesters only 1 t/m?
[1].

e Hygrotechnical (rot) and mechanical (thermal dilatation) interaction problems between
aluminium and the wood are eliminated.

2. Current State of the Art and Goals of R&D Project TimberCW

2.1 About current curtain wall systems incorporating timber. Due to the nature of
wood, most current curtain wall systems incorporating timber are based upon conventional stick
system designs whereby timber sections are combined with aluminium ones that in effect provide
weathertightness and glass retention. Stick systems are assembled on site from individual frame
elements which form a lightweight grid that supports the infill (glass, cladding panels and insulation).
While stick systems are simple and efficient, they are not well suited for high-rise buildings, due to
so far known limitations of stick systems, among which are:

e They are installed from the outside, so the scaffolding or an external platform are required,
which is impractical and costly for high-rise construction.

¢ Assembly on site is detrimental to the quality, in particular for the structural silicone, which
is not recommended to be applied on site.

¢ Limited capacity for the accommodation of differential vertical movements between floors —
these are caused by live loads, but also by long term effects as the creep and settlement (high rise
buildings usually feature thin metal deck slabs, whose low stiffness will highlight this problem).

Further, there are interaction problems between aluminium and the wood itself:

e Differential temperature elongation between aluminium and timber, which may lead to the
defect in aluminium-to-timber fixing.

To prevent this differential deformation, countersunk head screws are usually used to fix the
aluminium (or inox) profile to the wood, and the range of thermal elongation of the aluminium profile
(depending on the type of the glass and of the construction of the frame), can be illustrated by an
example of typical 3600 mm high unit:

— on the yearly basis the temperature of the aluminium profile will vary between approximately
0°C and 40-50°C, resulting in 3,3-4,1 mm differential aluminium-to-wood dilatation, or 1,6-2,0 mm
at screws located near profile’s ends;

— on the daily basis in the summer the temperature of the aluminium profile will vary between
approximately 20°C and 40-50°C, resulting in 1,6-2,5 mm differential aluminium-to-wood dilatation,
or 0,8-1,2 mm at screws located near profile’s ends.

Since the movement capacity at screws is limited or prevented, this elongation will cause the
searing load in screws and over time this will lead to the deterioration of the connection and eventually
to the failure of the metal-wood assembly, which has been observed in the practice. If stainless steel
is used instead of the aluminium, the differential movement will be reduced to 40% of those of the
aluminium, but still, over a number of cycles, detrimental effects may be observed.

Figure 1. Countersunk head screws fixing the inox profile with limited movement capacity
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e Screws that fix the aluminium have the same temperature as the aluminium section, so the
possible difference in the temperature between aluminium and timber sections may lead to the local
condensation around screws, leading to the rot localized at screw holes and subsequent failure of the
connection.

2.2 Goals of the Research Conducted under R&D Project TimberCW. The scope of
this research was to develop a functional, fully unitised curtain wall system that would:

e feature split timber mullions and stack joints;

e have zero (0%) aluminium content;

¢ have the same sight lines (width of the frame), structural stiffness and loadbearing capacity as
the equivalent aluminium system;

e have the same or better weathertightness performance as the equivalent aluminium system;

¢ have better energy performance than the equivalent aluminium system.

2.2.1  Unitised Construction. Unitised systems are fully preassembled in the shop, and
shipped to the site for the installation already complete with the frame, infill and gasketry. Although
more complex than stick systems, there are significant advantages of timber unitised systems:

e unitised systems are installed form the inside, without the requirement for the scaffolding or
external platforms;

e shop production and assembly maximise the quality of the workmanship;

e appropriate for the structural silicone;

estack joints enable the accommodation of large differential vertical movements between
floors.

2.2.2 Zero Aluminium Content. Aluminium is a material with the large carbon footprint,
due to its poor thermal properties (conductivity 160 W/mK) and to high energy requirements for the
production, processing and recycling. Exclusion of the aluminium from the TimberCW system
effectively increases the energy efficiency. Interaction problems between aluminium and the wood
are thus eliminated as well.

3. Design Concept. TimberCW is a system entirely comprised of glued laminated wood
profiles, using spatial lamination — longitudinal, lateral and layered gluing of wood lamellae [2],
incorporated in a fully unitised curtain wall design. Glass units are fixed to the frame by the structural
sealing, which avoids the direct exposure of wood elements to the weather. Unitised systems feature
split mullions; conveniently slim in typical aluminium framing design, that provide aesthetic narrow
sight lines.

3.1 Equivalent Aluminium System. In typical curtain wall applications, spanning
between floors, the main limiting structural property of frame members is stiffness, rather than
resistance. The allowed lateral deflection d under the design load is, according to EN 13830 [3].

od <L /200, if L <3000 mm:;

ed <5mm+ L /300, if 3000 mm <L <7500 mm;

od <L /250, if L > 7500 mm.

Frame elements of TimberCW have the same stiffness of the equivalent aluminium system. The
chosen comparable aluminium system is series 180 by Permasteelisa. The width of the frame is
maintained the same for both systems, 90 mm. TimberCW system features are the following:

e split wood mullions and stack joints;

e zero (0%) aluminium content;

e same sight lines (width of the frame) as the equivalent aluminium system;

e structural properties and loadbearing capacity not lower than the equivalent aluminium
system;

e same or better weathertightness performance as the equivalent aluminium system;

e better energy performance than the equivalent aluminium system and adequate durability.

The Young's module of elasticity in bending of the wood is 4-7 times lower than that of the
aluminium. Also, the limiting bending stress is much lower, depending on the used wood species and
grade. The system depth has to be increased approximately 30% in order to match the structural

-17 -



Cyuachi 6ydisenvhi KOHCmpYKyii 3 memany ma oepegutu, 2022. — Bun. Ne 26 (cTop. 15-24)

performance of the aluminium frame. The depth of the wood profile is 180 mm and of the aluminium

profile 140 mm, i.e. 28,6% more for the nearly equal lateral stiffness.
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Figure 2. Wood frame and equivalent 180 series aluminium frame

3.2 TimberCW Profiles. The profiles used are from glued laminated timber (glulam),
using spatial lamination — longitudinal, lateral and layered gluing of lamellas. Grain orientation in
different lamellas reduces the risk of warping and a single thin lamella is on the side face for the

improved aesthetic quality.
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Figure 3. Wood profiles: mullion and upper transom (left), lower transom, intermediate transom
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The section has been developed in the collaboration with University of Zagreb, Faculty of
Forestry. The material used for the sample was fir wood for the core and Siberian larch for the ridges,
Marine grade plywood stiffened the internal lateral face. The choice of the wood material was based
on its availability, moderate cost and adequate structural properties. Final choice can be project
driven, and a number of other species, including hardwood, may be used.

33 Corner Connection. A vertical row of curtain wall units structurally forms a Gerber
beam. The horizontal reaction from the upper unit is transferred to the lower unit through the stack
joint using bespoke spigots at the corners of the unit. Mullion sections in unitised system are very
narrow, for 90 mm of the frame width, the mullion width is only 39,5 mm and specialised bespoke
corner connections are required to form the corners of the frame and enable the load transfer the load
in limited space. Connection corners and brackets in stainless steel 1.4404 have been developed for
this [4, 5].

The transfer of the shear load through the corner connection (joint of the Gerber beam) until
the failure has been successfully tested (on three corner samples) at Faculty of Civil Engineering of
University in Rijeka. The observed range of results was homogeneous. The increase of the
deformation was approximately linear and it did not show any significant plastic deformation after
the load release at 5 kN. The breakage pattern was through the splitting of the wood at fixings of the
stainless steel connection joint. The resulting loadbearing capacity (~15 kN) is superior to the
loadbearing requirements of the joint (2,5-4,0 kN).
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Figure 5. Structural test of the corner connection (left) and Gerber beam system (right)
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34 Structural Glazing. Since the aim of the development was to eliminate aluminium
parts from the design, the mechanical glazing with external retaining clips was not preferred, as it
would expose timber elements to the external weather. Glass units are fixed directly to the timber
frame by structural sealing. The structural silicone used is two component Sikasil SG500. The silicone
joint and the process of the application have been developed with the collaboration of the company
Sika and tested for adhesion in their laboratory [6, 7], while tensile strength was tested by

Permasteelisa [8].
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Figure 6. Glazed unit (left) and peel test — pure cohesive failure (right)

3.4.1  Peel test. The adhesion of 3 silicones were tested (peel test according to EN
13022-2: A.3.2 and C.3.1): Sikasil SG-500 (two component structural silicone sealant), Sikasil SG-
20 (one component silicone sealant for structural glazing) and Sikasil WS-605 (one component
silicone weather sealant). The silicone was applied to the:

e non-treated surface;

e surface of the sample that was painted with water based transparent finish (the surface in
contact with the silicone was protected by adhesive tape);

e and to the surface of samples impregnated with fire retardants.

Surfaces in all combinations both treated and not with the primer. Samples were conditioned
up to 21 days in the water saturated atmosphere (90% RH) and high temperature (55°C).

The results of the adhesion test were positive, meaning that the silicone peels through the
cohesive failure, proving that the adhesion to the substrate is higher than the cohesive strength
(denominated by “1”’). Only samples of Sikasil SG-20 (not used for the project) on non-primed
surface showed partial adhesive failure (“2” through “5”’) and separation of edges (“RA”).

3.4.2  Tensile Strength Test. Tensile strength test [8] of silicone (EN 13022-2: A.3.1 and
C.5 and EN 15434) on 10 “H” samples. The results of the adhesion test were positive. No adhesion
failure was observed. All samples broke through cohesive failure in the silicone within known
material strength limits. At 4 samples the breakage of the wooden substrate was observed, caused by
the small thickness of the wooden lamella used (between 5,6 and 5,8 mm), but this did not invalidate
the test results.

4. Performance Mock-up Testing. Full scale laboratory testing of a two-storey high by three
units (4500mm x 7200mm) sample was carried out in Permasteelisa laboratory (Vittorio Veneto,
Italy). The sample were successfully tested according to EN 13830 and certification obtained for
constructability, air permeability, water tightness, serviceability, thermal cycling, accommodation of
building movements, impact and structural resistance, proving this concept suitable for project
application [9].
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Test sequence and performance:

1 — Air permeability +600 Pa

2 — Static watertightness 600 Pa
3 — Wind resistance 2 kPa

4 - Air permeability £600 Pa

5 - Static watertightness 600 Pa

6 - 3 temperature cycles -20 °C / +50°C

7 - Air permeability 600 Pa (chamber only)

8 - Air permeability +600 Pa

9 - Static watertightness 600 Pa

10 - Vertical movements £10 mm* -1 cycle

11 — Horizontal racking +7 mm - 2 cycles

12 - Air permeability =600 Pa

13 - Static watertightness 600 Pa

14 — Dynamic watertightness 600 Pa (airplane
engine)
15 - Water hose test

16 - Safety test £3 kPa

17 — Impact load, external in 3 points, 45 kg falling
from 950 mm

18 - Impact load, internal in 3 points, 45 kg falling
from 950 mm

Figure 8. List of test sequence and performances (left) and internal view on installed sample (right)

5. Energy Performance. In order to evaluate the thermal performance of the Timber CW, a
comparative analysis of 4 different systems is made for a typical unit, characteristic for unitised
curtain wall projects [10] The modular width of a unit is 1500 mm and the height 3600 mm, of which
2400 mm is the visual area and 1200 mm is the insulated shadowbox. It has been assessed the thermal
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transmittance characteristic for winter conditions, using 2 different glass configurations: a double-
glazed unit (DGU, Ug- 1,1 W/m?K) and a triple glazed unit (TGU, U, = 0,6 W/m?K).

nrn

TimberCW Aluminium system Combined wood / alu Combined wood / alu
structurally glazed structurally glazed structurally glazed mechanically (dry) glazed

Figure 9. Four framing systems subjected to the thermal transmittance assessment
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Figure 10. Overall Ug [W/m?K] for double glazed, DGU (left) and triple glazed unit, TGU (right)

TimberCW has 84% of the overall thermal transmittance of the aluminium system for the option
with DGU (Ug = 1,05 vs 1,25 W/m?K) and 83% for the option with TGU (Ug = 0,68 vs 0,82 W/m?K).
Composite systems fall in between.

6. Conclusions. The development of the TimberCW system has proven to be a successful
innovative technical solution in meeting the proposed targets:

e Spatially laminated wood frames with specifically developed fittings proved applicable for a
fully unitised prefabricated facade system, featuring advantages over wood stick facade systems and
aluminium constructions.

e The structural glazing directly to the wooden frame proved to be feasible and functional after
the extensive testing.

e Energy performance of the wood-based framing system is better than of the equivalent
aluminium curtain walling, resulting in ca 35-41% better thermal transmittance of the frame alone
(for the warm glass edge technology) and up to 20 % better overall thermal transmittance of the
building envelope. The carbon footprint and heating costs are demonstrated to fall below the standard
aluminium prefabricated facade elements. 0% aluminium content contributes to the reduction of the
embedded energy in the system.

e The structural properties, weathertightness and transparency of the TimberCW building
envelope are equal or better than the aluminium solutions. Standard testing of the TimberCW system
proved that all the high end requirements according to EN 13830 are fulfilled, rendering the system
suitable for high-rise buildings and adverse climatic conditions.

TimberCW demonstrates that the structurally glazed unitised systems using innovative wooden
frames is the feasible technology that provides better energy performance than aluminium based
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systems. At the same time, it is advantageous to composite alu-wood stick systems, being suitable for
high-rise buildings and avoiding some stick related constraints (poor movement accommodations and
aluminium-to-wood fixing problems).
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AHoTauis. Y 1iit poOoTi mpeacTaBiIeH! pe3ynbTaTH JOCIIKEHb, TPOBEICHUX B paMkax R&D
npoekty. OCHOBHa MeTa ToJisArajia B TOMY, IIO0 3aCTOCYBAaTH CYYacHY TEXHOJIOTIIO TO€THAHHS
TIOMIHIIO Ta JEPeB’STHUX KapKaciB, a TaKOX IMOKPAIIUTH €Heproe(eKTUBHUCTh KOHCTPYKINI Ta
CTBOPUTU E€KOJIOTIYHO YMCTUI MPOIYKT, (Hi3MUHi, KOHCTPYKTHBHI Ta €CTETHYHI XapaKTEPHUCTUKU
SIKOTO piBHI a00 HaBiTh BUIIE EJIIEMEHTIB aHAJOTIYHUX altoMiHieBUX cucTeM. TimberCW 1e
iHHOBaIliliHa cucTeMa 31 CTPYKTYPHHM CKJIIHHSM JIepeB’SHOi HaBICHOI CTiHHM, $Ka MOBHICTIO
CKJIQZIAEThCSl 3 JIAMIHOBAaHUX JIepeB’STHUX MPOQiTiB, BKIOYCHUX y TMOBHICTIO 30ipHY 00’€qHaHy
KOHCTPYKIIII0 OTOPODKYIOUOI CTiHH, i€ CKJISIHI HMaHei MPHUKICEH! CTPYKTYPHUM CHUIIIKOHOM [0
nepeB'sHux paM. Lls HOBa KOHIIENIliS MOBHICTIO BUKIIIOYAE AIFOMIHIEB] €IEMEHTH KOHCTPYKIIIi Ta
3a0e3neuye BUCOKY aTMOC(HEPOHETPOHUKHICTD. [t 30epeKeHHs] TOHKUX TIOTIePEUHUX MepepisiB, AKi

-23 -



Cyuachi 6ydisenvhi KOHCmMpYKYyii 3 memany ma depesuru, 2022. — Bun. Ne 26 (cTop. 15-24)

€ 3BHUYAHMMHU JUIsl QNIOMIHIEBUX KOHCTPYKUIH, Oynau po3poOisieHi Ta mpoBeneHi j1adopaTopHi
BUMPOOYBaHHS CIICIIaIi30BaHUX KYTOBUX 3’€JIHaHb B JCPEB’STHOMY KapKaci Ha KPOHIITEHHax 3
HepxkaBitouoi craii. [IpencraBieHo MOPIBHAIBHUN aHali3 eHEeproe()eKTUBHOCTI Ta OLHKY PH3UKY
koHneHcanii TimberCW Ta moBHICTIO YHI()IKOBaHMX aJFOMIHIEBUX CHCTEM 1ACHTHYHOI 3arajibHOl
reomMeTpii Ta KOHCTPYKTHBHHMX XapaKTEpUCTHK. Bynu mpoBeaeHi MOBHOMACIITAOHI J1abopaTopHi
BUMPOOYBaHHS Ta OTpMMaHa cepTu(dikallis, o MATBEPKYE, 10 KoHIen s TimberCW miaxoauTs
JUIsL IPOEKTHOT'O 3aCTOCYBAHHS.

KuarouoBi caoBa: TimberCW, naminoBanuii nepeB’sHUM Kapkac, yHiI(pIKOBaHa CHCTEMA,
HaBiCHA CTiHA 31 CTPYKTYPHHUM CKJIIHHSIM, TETIJIOB1 XapaKTEePUCTHKH.
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AnHoTtanusi. B nanHoit pabote mpeacTaBieHbl pe3yabTaThl UCCICIOBAHHM, TTPOBEICHHBIX B
pamkax R&D mpoekrta. OCHOBHas LieNb 3aKIIOYaNach B TOM, YTOOBI MPUMEHUTH COBPEMEHHYIO
TEXHOJIOTUIO COYETaHWs aIOMUHHUA M  JEPEBAHHBIX KapKacoB, a TakXke YIy4lIUTb
SHEprodPPeKTUBHOCTh KOHCTPYKIIMM M CO3/aTh AHKOJOTHUYECKH YUCTBIA HPOAYKT, (pu3nuecKue,
KOHCTPYKTUBHBIE U ACTETHUECKHUE XapaKTEPUCTUKU KOTOPOrO PaBHbI WM J1aXKe BBIIIE JIEMEHTOB
AHAJIOTHYHBIX AIOMUHHUEBBIX cucTeM. TimberCW 3TO MHHOBAIMOHHAS CUCTEMa CO CTPYKTYpPHBIM
OCTEKJICHUEM JEpPEeBSIHHON HABECHOW CTEHbI, IOJHOCTBIO COCTOALIAs U3 JIAMUHUPOBAHHBIX
JEpPEBSIHHBIX MpO(QUIeH, BKIIOUYEHHBIX B IMOJHOCTHIO COOPHYIO OOBEAMHEHHYIO KOHCTPYKILHUIO
OTpaKIaloIIe CTEHbI, TJ€ CTEKJISHHbIE TMaHEIH MPUKIEEHbl CTPYKTYpHBIM CHIMKOHOM K
JCPEBIHHBIM paMaM. OTa KOHLENIMS MOJHOCThIO HCKJIIOYACT AIIOMUHUEBBIC 3JEMEHTHI
KOHCTPYKLHUU M 00€CleYrBaeT BHICOKYIO aTMOC(HEpPOHENPOHULIaeMOCTb. J{Is coXpaHEeHUs! TOHKUX
MOTIEPEYHBIX CEUCHHM, OOBIUHBIX MJIi AJTIOMHHUEBBIX KOHCTPYKLUHMH, ObUIM pa3paboTaHbl U
MIPOBEICHBI Ja0OPATOPHBIE UCTIHITAHUS CIEIIMATU3UPOBAHHBIX YTJIOBBIX COSIMHEHHM B I€PEBIHHOM
KapKace Ha KpPOHIUTEHHAaxX W3 Hepxkasewllend cranu. [IpencraBineH CpaBHUTENBHBIA aHAIN3
3Heprod(h(PEeKTUBHOCTHU U OIIeHKA prcka KoHAeHcanuu TimberCW u MOJHOCThIO YHUDHUITUPOBAHHBIX
ATIOMUHUEBBIX CUCTEM HJIEHTHYHOU OOIIEH reOMeTpuu M KOHCTPYKTUBHBIX XapaKTEepUCTHK. bbuin
MPOBEJICHBI MOJIHOMACIITaOHbIE JIaOpaTOpPHbIE HUCHBITAHUS M TMOJY4YeHAa CcepTU(UKAIUSA, YTO
MOJTBEPXKAaeT, 4To KoHuenus TimberCW moaxoauT 11t IPOSKTHOTO IPUMEHEHUSI.

KuroueBbie cioBa: TimberCW, naMUHUPOBAHHBIN JAEPEBSIHHBIN KapKac, YHH(PUIIMPOBaAHHAS
crcTeMa, HaBECHAs CTeHA CO CTPYKTYPHBIM OCTEKJICHHEM, TEIIJIOBbIC XapaKTePUCTHKH.

-4 -



