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The overall objective of the investigation is to change coniferous wood element to poplar in the wall construction of
light frame wood residential buildings therefore important properties were compared. Although not all coniferous
element of wood wall is worth to be changed, but there are elements such as studs what are not bearing big forces
and have lower exposure. It was investigated some of the most important influencing factors determining the
utilization of poplar elements in light frame wall constructions. The element chosen to be changed in the wall
construction was examined in the following aspects: mechanical properties; thermo-dynamical properties; screw
holding strength. Nowadays one of the most important questions is the thermal resistance of the structure. Originally
the studs are heat bridges among the thermal insulation materials being between studs. The poplar studs have a
lower thermal conductivity than that of the coniferous consequently the thermal bridge effect is lower compared to
the coniferous. The other main part of the study is to investigate the properties of the whole construction. According
to our investigations the poplar seems to be an appropriate row material of light frame constructions with the
condition the bulk density is higher than 400 kg/m?.
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Introduction

In the northern hemisphere the most widespread
raw material used in light frame wood construction
is coniferous mostly scots pine and spruce. There are
wood species which is used mostly for industrial pur-
poses like poplars and the secondary utilization for
higher value added products is desirable. Many coun-
tries have great population of different hardwood
species e.g. the fast growing poplar. In descending
order Canada, the Russian Federation, the United
States, China and Germany have the biggest reported
natural poplar stands out of the International Poplar
Commission (IPC) member countries. China, India,
France, Turkey and Italy have the biggest reported
planted poplar areas, also in ascending order of [IPC
members [3, 15]. Some of these countries have high
quality poplar plantations that can produce materi-
als with dimensions appropriate for building frame
elements.

The possibility of using poplar in exterior struc-
tures was already examined [4]. According other
researchers’ opinions the most promising utilization
of poplar among others is structural panel industries
[1, 2, 9]. Fraanje [7] examined the possibilities of
using poplar wood as purlin.

There have already been numerous experiments
to use Hungarian broad leaved wood species raw
materials but these attempts have been suppressed
by the existing coniferous-based construction tech-
niques.

In the 1970’s the Forestry Research Institute in
Hungary (FPI) already looked into the possible appli-
cations of broad leaved wood materials in glue lam-
inated frame structures [6, 14]. The two applicable
species mentioned in their work are poplar and black
locust. From a strength point of view, black locust is
the most desirable; however, hybrid poplars are more
favorable in terms of figure and dimensional prop-
erties. The raw material of the first building of this
sort, using layered-cemented three-point arc framed
was hybrid poplar. In addition, even presently, there
are family houses at the Hungarian Great Plane with
poplar-based roof structure, what reason is the avail-
ability of poplar raw material at the region.

Apart from these, numerous European and North
American examples exist for using different wood
species than coniferous. There have been a number of
experimental attempts on using broad leaved wooden
materials for structural purposes. Hernandez et al. [8]
reported the construction of a vehicular bridge with a
glue laminated structure of tulip tree. Another example
is presented by the collaboration of the Swiss architec-
ture company, Bernath and Widmer with other experts
(Hermann Blumer, Michael Koller, Bergauer Holzbau
GmbH, Heiri Biihrer), who constructed a three-story
youth hostel of oak logs in Schaffhausen province
near Biittenhardt. In summation, experts are constantly
examining the possible usage of stratum raw materials,
which could open new horizons in wood construction,
beyond the conventional coniferous-based methods.
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To create safe poplar structures, thorough exam-
ination of basic stress factors, like tensile compres-
sive and bending strength followed by the different
analysis of the full-sized specimen including the
thermo-technical attributes. In the case of full struc-
tures where the overall performance depends on
the interaction of the adjacent materials and their
features, these thermo-technical and strength tests
and durability comprise the basis of the examination.

This article focuses on introducing only on some
of the important examined attributes, such as strength
and thermodynamic differences between poplar and
spruce. The authors are aware that deeper analysis of
more features is necessary for the applicability but
the article does not touch upon these due to space
limitations.

MATERIAL AND METHODS

In Hungary, poplar cover 1,5 million ha, account-
ing for the 9,6 %-a of the full forest area. Every
year 1,3...1,5 million m3 poplar raw materials are
processed which comprises 23...25 % of all wood
cutting. To ensure good quality, poplar plantations
have to be branch cut up to 6 meter height what can
be called pruning [11].

The coniferous wood species ratio is very low
in Hungarian forest contrast to the Siberian forests,
and also to the west — and north European forests.
Because of this fact high amount of the construction
wood is imported in building market. However, Hun-
gary has valuable broadleaved wood species such as
poplar (Populus Euramericana cv. Pannonia).

From the 1980’s more and more hybrid poplar spe-
cies have been genetically improved, cutting back the
share of then-popular I 214 Italian poplar. Examining
the plantation data of the poplar species in the 90’s, the
Populus Euramericana proves to have had the biggest
share (almost 50 %) on the market [13].

Fundamental differences can be observed among
certain poplar clones in density, strength, and figure
and also in durability. In the table 1 below the at-
tributes of the most common poplar clones and the
control variables are highlighted.

Among the mechanical properties density and
strength have crucial importance. Bending strength
plays a crucial role among strength features. Populus
Euramericana (Pannénia) was selected due to its excel-
lence in these two defining parameters along with its
figural properties, durability and quantity. Its Hungarian
ratio is remarkably high; it is the most important poplar
species of the plantation-type poplar growing [13].

Due to the lower mechanical properties of poplar
the dimensions of the cross section could expectedly
be changed as the distance of studs from each other.

Mechanically the wall should not be significantly
weaker than the original construction build with co-
niferous studs and top and bottom elements.

MECHANICAL PROPERTIES

The utilization of the different wood species
depends on their physical and mechanical proper-
ties. In general, the strength of poplar wood falls
below that of coniferous, but for certain species the
differences is not substantial. Examinations by the
Witmann and Pluzsik [14] provided strong correla-
tion between the mechanical properties of poplar
and their volume mass. According to their findings,
the poplar species whose absolute dry volume mass
reaches or exceeds 400 kg/m? can effectively replace
coniferous in strength-stressed structures and in
structural units. Taking into account the literature
and our test results, these apply to the Populus Eu-
ramericana. The comparison investigation results
also reveal that the density of wood highly depends
on the soil of planting location and the volume of
precipitation.

We conducted our tests on 50 Populus Euram-
ericana specimens prepared in accordance with the
standards based on the following strength groups:

— tensile strength

— compressive strength

— shear strength

— bending strength

— impact strength

SCREW HOLDING STRENGTH

There is only few literature with exact informa-
tion about the nail and screw holding strength of the
Populus Euramericana but there is indication that
their nail holding strength is 5...10 % lower than
that of pines [5]. Due to the number of species, the
screw holding strength of the hybrid poplar should
be measured experimentally, in parallel with pine test
units. The last valid standard (MSZ EN 1382) gives
an exact description of the examination that can be
conducted with arbitrary nail and screw properties so
that specific values can be assigned to the joints the
most likely to be used.

Thermal conductivity

Our research also examined the conventional
thermal conductivity of Populus Euramericana com-
pared that of the spruce, the most widely used wood
species in light frame wood construction. Minimizing
the thermal bridges is essential when designing the
wall structure. There is a huge difference between
the thermal conductivity of the wall frame and the
insulation materials.

The frame in the wall structure are located ev-
ery 62,5 cm. This wall structure relates back to the
125 cm table division. The usual 40...50 (45) mm
thick studs create a substantial thermal bridge in the
wall. 16,5 % of the full wall surface comprises wood
compared to insulation material [12]. The bigger the
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Table 1
Mechanical properties of polar species (Téth, 2006; Molnar, 1999) [10, 13]
Mexannyeckue cBoiicTBa noasipubix Buaos (Toth, 2006; Molnar, 1999) [10, 13]
. Mechanical properties . Hardness
Name ][?:;ISIII?]] : [MPa] : : ElaStE;ﬁ;;]d ulus [MPa, Brin.ell]
shear compressive bending tensile butt side
1-214 330 6,4 22,5 52 44,3 5330 21,9 8,3
Villafranca 350 6,9 32 64 46,2 5600 19,3 9,9
Triplo 360 — 26,6 57 64,1 — 22,8 7,7
BL-Costanzo 375 75 36,9 75,1 59,6 6160 254 | 113
Koltay 390 — — 56 — — — —
Kopecky 390 7,4 33 70,7 56,1 5620 20,6 12,5
Parvifol 400 — 32,9 66,3 75 7830 24,8 9.8
Agathe-F 405 6,9 29,6 58 44,5 5200 20,7 11,7
1-273 410 8,1 32,8 72,2 - 5690 28 13,9
Pannonia 410 8,3 32,6 67,4 56,2 6510 20,6 10,8
Robusta 419 8,1 30,2 66,9 74,4 7500 22,8 7,7
Unal 420 — — — — — — —
White poplar 450 7,8 38,3 67,5 82,3 8250 27 -
Black poplar 450 6 35 65 77 8800 30,5 —
Trembling poplar 450 6.8 32,5 56 75 7800 23 —
Spruce 470 6,7 50 78 90 11000 32 —
Scotch pine 520 10 56 80 104 12000 40 19

difference in thermal conductivity the bigger the
thermal bridge effect in the structure. The thermal
conductivity of the insulation material is 0,04 W/mK
compared to 0,12 W/mK of the spruce studs accord-
ing to the literature. In accordance, on one sixth of
the surface the coniferous material determines the
thermal conductivity while the rest of the surface is
dominated by the properties of the insulation material
in terms of thermal behavior.

If the spruce material is replaced by poplar, the
thermal bridge effect changes by the difference be-
tween the spruce and poplar thermal conductivity.

In the frame of another project, we also aimed for
constructing a test building that makes identifying
every step of the necessary technological processes
possible. Manufacturing the building blocks requires
industrial usage of the new material, and assembling
and joining the structures also differs from the spruce
technology. Testing and measuring the real stress
results become possible on the full-size structure,
especially regarding the thermal behavior of the
building. Determining the value of low energy need
is also possible.

RESULTS
MECHANICAL PROPERTIES

The test results have a strong correlation with
density. In numerous cases, the density of Populus
Euramericana reaches or even exceeds 400 kg/m’.
Using this material for studs in structural applications
is also possible, thus it can replace spruce in certain
structural units. Our test results are summarized in

table 2. In structural materials bending strength is the
most important property. According to our tests, the
Populus Euramericana should be further examined as
raw material for light frame wall construction as its
key strength properties approach those of the spruce.
It is important to examine which spruce parts can be
replaced in the wall structure system, as well as how
the dimension of these parts would change.

The strength test results of Populus Euramericana
show favorable values; in addition it is available in
high quantities. It is reasonably priced and it is a raw
material relatively easy to work with. Due to its low
natural resistance, the Populus Euramericana needs
proper protection as well.

Screw holding strength

Our screw holding strength analysis was conduct-
ed in accordance with the latest corresponding stan-
dards. Table 3 shows the test results of the Populus

Table 2

Comparison of mechanical properties
CpaBHeHHe MeXaHMYeCKHX CBOMCTB

Poplar Spruce
Name ch—uj,0, ch—uj,0,
(N/mm?) (N/mm?)

Tensile strength 52,49 90
Compressive strength 38,51 50
Shear strength 5,24 6,7
Bending strength 57,04 78
Impact strength 3,65 4,6
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Table 3

Result of screw holding strength tests of Populus Euramericana
IIpoyHnocTh Ha c:katne BuHTa Populus Euramericana

Name Butt [N/mm)] Serial 1 [N/mm] Serial 2 [N/mm] Serial 3 [N/mm] Serial 4 [N/mm]
Minimum 20,00 47,50 47,50 40,00 50,00
Maximum 62,50 92,50 90,00 95,00 102,50

Average 45,70 63,80 63,60 65,40 66,26

Scatter 8,84 12,31 11,92 11,52 9,86

Variance 78,07 151,59 142,13 132,74 97,25

Euramericana test pieces — measurements included
1 from butt direction, 2—2 screw tests from radial and
tangential direction.

THERMAL CONDUCTIVITY

During the tests we prepared 20 test specimens
per wood species whose corresponding thermal con-
ductivity are shown in table 4. The specimens had
been air conditioned in a climate chamber on normal
climate (20 °C and 65 % relative humidity). To be
able to compare them, the specimens were stored
and measured the same way with the same methods.

The data clearly indicates that the thermal con-
ductivity values of the poplar are more favorable.
Comparing our test results with the literature we ar-
rive to an even more desirable conclusion: according

to our measurements the difference between the two
wood species in terms of thermal coefficient is nearly
6 %. During the design process when using spruce
the usual values vary between 0,13...0,15 W/mK, in
contrast our measurement showed only 0,110 W/mK.

The need for technological change compared to
spruce techniques is going to be an important topic
to examine during the research, as well as finding out
whether the extra technology input is proportional to
the benefits derived from using poplar instead of spruce.

CONCLUSION
MECHANICAL PROPERTIES

All of the mechanical properties of poplar show-
ing weaker results than coniferous can be compensate

Table 4
Thermal conductivity of poplar and spruce specimens
TenaonpoBoAHOCTH 06PA3OB TOMOJISI U €JIN
. . Thermal conductivi Densi . . Thermal conductivit Densit
Specimen id. [W/mK] ty e /cm?], Specimen id. [W/mK] y e /cm;i

Poplar 1 0,099 0,319 Spruce 1 0,087 0,397
Poplar 2 0,105 0,335 Spruce 2 0,091 0,409
Poplar 3 0,106 0,343 Spruce 3 0,090 0,417
Poplar 4 0,105 0,357 Spruce 4 0,092 0,401
Poplar 5 0,101 0,346 Spruce 5 0,095 0,428
Poplar 6 0,100 0,340 Spruce 6 0,092 0,405
Poplar 7 0,112 0,414 Spruce 7 0,091 0,406
Poplar 8 0,098 0,410 Spruce 8 0,110 0,491
Poplar 9 0,117 0,406 Spruce 9 0,128 0,515
Poplar 10 0,113 0,420 Spruce 10 0,126 0,516
Poplar 11 0,099 0,405 Spruce 11 n.a. 0,517
Poplar 12 0,108 0,406 Spruce 12 0,124 0,503
Poplar 13 0,106 0,407 Spruce 13 0,124 0,519
Poplar 14 0,105 0,409 Spruce 14 0,128 0,529
Poplar 15 n.a. 0,410 Spruce 15 0,125 0,532
Poplar 16 0,096 0,421 Spruce 16 0,122 0,519
Poplar 17 0,099 0,422 Spruce 17 0,117 0,514
Poplar 18 0,098 0,412 Spruce 18 0,119 0,511
Poplar 19 0,097 0,419 Spruce 19 0,117 0,505
Poplar 20 0,103 0,416 Spruce 20 0,114 0,497
Average 0,104 0,391 Average 0,110 0,477
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with higher dimensions or higher processing tech-
nologies. The poplar material used for construction
materiel have to have higher density than 400 kg/m?.

SCREW HOLDING STRENGTH

According to the preliminary test results, the
screw holding strength of the poplar raw material
approximates that of the spruce. Special attention
should be taken to the number, size and location of
the joints in the important corner units. The point of
view this aspect the Populus Euramericana could be
substitute the spruce.

Thermal conductivity

Examination of the thermal coefficients revealed
that the Populus Euramericana shows better prop-
erties leading to decreased thermal bridge effect in
wall structures constructed of poplar rib frame. In
the wall construction the poplar causes lower heat
bridge effect thus the heat loss of the whole structure
is lower. In case of a successful project the poplar
could be the rival of the widely used coniferous row
material of wood residential buildings/
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B KAPKACHbIX KOHCTPYKUUAX BMECTO 4 PEBECUHDbI XBOUHbIX MOPOA
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Lenp paGoTHI 3aKITI09aIach B UCCIEIOBAHINH BO3MOKHOCTH 3aMEHBI QJIEMEHTOB KapKAaCHBIX KOHCTPYKLIHUH >KHITBIX
JIOMOB U3 JIPEBECUHBI XBOWHBIX [TOPOJI HA AJIEMEHTBI U3 APEBECUHBI TOIOJIS, a TAK)KE B CPABHEHUHM UX OCHOBHBIX
cBOMCTB. Jlaneko He Bce AMEMEHTHI U3 JIPEBECHHbBI XBOMHBIX MOPOJA MOKHO 3aMEHUTh, OTHAKO UMEIOTCS CTOMKU
KapKaca, KOTOPbIC CKPBITBI BHYTPHU OOIICH KOHCTPYKIIMK M HE MOABEPraroTcs OOJbIIMM Harpy3kaMm. [IpoBeneHbl
HCCIICIOBaHNSI HEKOTOPBIX Hanbolee BaKHBIX (haKTOPOB, OMPEEIISIOMINX HCIIOIb30BaHUE TOIOMS B JIETKUX Kap-
KaCHBIX KOHCTPYKIHUSIX CTCHOBBIX MaHENCH. DICMEHT, BHIOPAHHBIN JJIs1 3aMEHBI B KOHCTPYKIIUH CTCHBI, ObLT pac-
CMOTpEH B CIICAYIOIINX ACTIEKTaX: MEXaHNYEeCKHE CBOWCTBA, TEPMOTMHAMUUECKUE CBOMCTBA, MPOYHOCTH Kperuie-
HUs HIypynaMmu. B HacTosiiiee Bpemst ojiMe U3 BaXKHEUIINX BOIPOCOB — TEIUIOBOE CONPOTHUBIICHUE KOHCTPYKIUH.
CTOlKHM KapKaca sSBISIOTCS TEIIOBBIMUA MOCTaMH MEXKAY TETUIOW3OJSIIMOHHBIME MaTepualaMy BHYTPH KapKaca.
Croliku KapKaca U3 JPEBECHHBI TOMOJS UMCIOT 00Jiee HU3KYIO TEIUIOMPOBOMHOCTh MO CPABHCHHIO C JIPEBECUHOM
XBOWHBIX MOPOJI, CIIECIOBATEIBHO, 3(PPEKT TEIIIOBOTO MOCTa MPOSBIISCTCS B MEHbIIECH Mepe. B pesynbrare uccie-
JIOBaHHUSI BCEH KOHCTPYKIUH. YCTAHOBJICHO, YTO TOIOJIb SIBJISIETCS MOAXOASIIUM MAaTEPUAIOM JIJIsl KAPKACHBIX KOH-
CTPYKLMH NpH IOTHOCTH Bhimte 400 kr/m?>.

KiiroueBble cJIoBa: KapKacHbIC KOHCTPYKIIMH U3 APEBECHHBI, Torob Populus Euramericana, TemionpoBogHOCTb,
MIPOYHOCTH KPEIUICHH IIypyaMu
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