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LATERAL RESISTANCE OF LOG TIMBER WALLS
SUBJECTED TO HORIZONTAL LOADS

Jorge Brancd, Jodo Paulo Araljd

ABSTRACT: The present works intends to represent a furttegr im the knowledge of timber log-houses through a
experimental approach, from which only few inforioatis available. The main part of the experimemtatk is based
on in-plane static tests conducted on timber lotisweith distinct transversal stiffness, two vealicompression levels
and two values of slenderness. Monotonic and cyebts were performed according to EN 12512:200i. férmers
were performed to define the elastic slip valued assessment of the failure mechanisms while this lallowed
evaluating impairment of strength, to measure thetility and to quantify the energy dissipation. dnfirst step
research, an extensive characterization of thedirtdgs was made. The connection between thetifinbier log and the
basement was also evaluated.
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1 INTRODUCTION dropped by the ve_rtic_al components of earthquake
] ) ] forces. Actual contributions of counted or uncodnte
T|mber log constructions are pc_)pular inmany forest resisting elements above, however, are mostly

regions of the world, especially in North Americada  nclear [1].

Scandinavia. Their use in earthquake zones is alscThe University of Minho was contacted to perform a
common, despite design criteria for lateral resiséaof  geres of experimental and numerical studies taup
log shear walls, have not been given reasonablilyet  the European Technical Approval of the timber log
Timber log constructions are formed by stacking constructions produced by Rusticasa. This papesepts

horizontal layers of logs, where log cross-sectgmade,  some of the most important studies carried out raieg
and construction details vary among manufacturers. to ETAG-012 [3].

Under vertical loads walls are mainly subjectedow
compression perpendicular to the grain. Howevel] wa
height changes dimensions as logs lose and absorb dovei
moisture while settlements due to logs creep dedtion o
are expected.

Lateral loads in log shear walls are generally sfamed
through: (1) interlocks between logs, (2) wood taeb
dowels, (3) vertical through bolts and anchor-holfy
frictions between logs due to vertical loads.

As mentioned, some variations to the system and
resisting elements can be found. For example, Eidur
represents the lateral resisting elements of logaish
walls produced by Rusticasa, a Portuguese manuéactu
that marks since 1978. icton
Existing design standards for log constructionsyonl between
count wood or steel dowels and vertical throughtsbol
[2]. This is mainly because the interlocks arevadable

to be given definite allowable resistance and it is
indefinite how to evaluate the frictional resistartue to
vertical loads whose effective values may be pécaity
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Figure 1: Lateral resisting elements of log shear walls

2 TIMBER LOGS

! Jorge Branco, Civil Engineering Department, Univgref The basic component of this system produced by

Minho, Campus de Azurém, 4800-058 Guimarées, Pdrtuga ~ Rusticasa, are logs obtained from lamellas (40 mm)
Email: joranco@civil.uminho.pt glued face to face, representing an example oficadrt
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thicknesses are available for the logs: 80 mm influenced by the presence of nodes and numbeuetig
(2 lamellas), 120 mm (3 lamellas) and 160 mm surfaces.

(4 lamellas). Notches are made in .the up and .bOttomTabIe 2: Mean values obtained for the strength (f¢0) and
surfaces of _th(,:" logs. Those nOtC,heS increase tesdok modulus of elasticity (Eco) under compression parallel to
and the friction between horizontal layers of logs. the grain

Figure 2 presents the logs cross-sections avaitablbe

Rusticasa system.

Specimen (mr) f.c (MPa) E..(MPa)

- - 45x270x80 37 10900
. 120x480x80 33 11900
160x480x80 33 11000

Table 3: Mean values obtained for the strength (fc.90) and

[ modulus of elasticity (Eco) under compression
perpendicular to the grain
@) (b) (©
Specimen (mr) fooo (MPa)  E.go (MPQ)
Figure 2: Available logs cross-sections. (a) 80 mm; (b) 45%x90%70 24 309
120 mm; (c) 160 mm. 120x150x156 3.2 315
160x150x%208 3.2 380

Lamellas are made of Scots pireifus sylvestrid..),

bought to the Scandinavian supplier with the minimu
requirement to belong to Quality Class VI (or Cl&ss 3 CONNECTION BETWEEN THE

under the new designation), according to [5]. lheot FIRST LOG AND FOUNDATION
words, lamellas are bought based on a visual|n timber log constructions, connections betweee th
classification for non-structural applications. first log and the foundation are normally achieved

Using NP EN 1194:1999 [6] it is possible to predt@  through anchor bolts using holes, spaced 120 cm on
global behaviour (log) based on the mechanical ayerage, using oversized to facilitate construction
properties of the lamellas. However, in this case,  anchor bolts lose tightness as the log shrinks thue
references values are known for the lamellas. Tose  qrying and anchor bolts nuts may be inaccessiblé so

it was decided to perform an experimental analgsise  they cannot be tightened later in the life of theicture
logs under compression and bending. [9]. In the Rusticasa system, the connection betvibe
Adopting the EN 408:2003 [7] requirements, the first Jog and the foundation is made using an angle
following tests were carried out at the Structures cgonnector (BMF 40314), every 150 cm, with three

tests with three different cross-sections: 80x 156" {2 anchors (M8) fixed to the concrete, Figure 3.

lamellas), 120x150 mfr(3 lamellas) and 160x150 mMm
(4 lamellas); b) compression parallel to grain gdimree
specimens: 45x270x80 ninfl lamella), 120x480x80
mn? (3 lamellas) and 160x480x80 mn¢ lamellas);
and c) compression perpendicular to grain usingethr
types of specimens: 45x90x70 rhn{1 lamella),
120x150x156 mim(3 lamellas) and 160x150x208 mm
(4 lamellas). Tables 1, 2 and 3 summarized the mean
values obtained based on 8 results for each typgesof
More details of this experimental evaluation can be
found in [8].

Table 1: Mean values obtained for the bending strength
(fm) and modulus of elasticity in bending (MoE)

Figure 3: Connection between the first log and the

Cross-section (mf  f, (MPa)  MoE (MPa) foundation used by the Rusticasa system
80x150 37 11400
120x150 43 12000 Applying the expressions of Eurocode 5 [10] sec8pa
160x150 44 12300 value of 3,57 kN is obtained for the resistancethaf

connections for both directions (parallel and
As general conclusion it is possible to point duattthe perpendicular to the log axis).
presence of a greater number of glued surfaceseau  Apart the numeric analyses, two types of cyclidstes
more global behaviour of the cross-section. It lsoa were performed to evaluate the behaviour of this
important to point out that the failures observedrav  connection. Using three specimens for each type, th
connection was submitted in the wall plane to shear



(Figure 4a, loaded in the direction of the log psisd to 10
tension (Figure 4b, loaded in the direction perpandr
to the log).

Load (kN)

Displacement (mm)

a) Shear test b) Tension test Figure 7: Load-displacement curves obtained from shear

. . tests (S)
Figure 4: Specimens layout used for the tests of the

connection between the first log and the foundation .
g The results obtained from both tests (S1 and S@ysh

good agreement. They demonstrate a good ductitity a
an important capacity of those connections to pédsi
energy under shear. The response is not symmetre.
load increases with the amplitude of the cycle aliie
stiffness decreases. As characteristic of timbémtgp
considerable pinching is observed. The impairmént o

For both kinds of tests, a quasi static cyclic logd
procedure in accordance with EN 12512:2001 [12] was
assumed. For the shear tests (S) complete cycles we
used (Figure 5) while half cycles (only in the iens
side) were adopted in the tension tests (T) (Figlre

10 the strength is low, under 10% in the compressida s
(positive) and less than 5 % in the tension side.
T s /\ /\ /\ /\ /\ /\ Table 4 summarizes the maximum load and stiffness
= A values, per cycle, obtained from the shear tests
% 0 i \/ \/ \/ \/ \/ \/ \/ performed.
£ 5
A Table 4: Maximum load and stiffness values obtained
104 from the shear cyclic tests (S)
Time
Displacement Max. load (kN) Stiffness (KN/m)
Figure 5: Loading procedure for shear tests (mm) TestS1 TestS2 TestS1 TestS2
2,5 2,893 2,219 1,208 1,180
20 -2,5 -1,764  -1,922 0,511 0,732
5 5,222 4,627 1,248 0,894
g 154 -5 -3,220  -3,319 0,508 0,678
= 7,5 7,124 6,193 0,764 0,654
§ 10 -7,5 -3,993 -4,34 0,400 0,540
s 7.5 6,678 5,777 0,491 0,507
2 54 -7,5 -3,884 -4,171 0,318 0,419
7,5 6,589 5,539 0,495 0,438
0 : : ' -7,5 -3,825  -4,033 0,300 0,385
Time 10 8,640 7,322 0,722 0,559
Figure 6: Loading procedure for tensile tests -10 -4,389  -5,469 0,303 0,400
. . . 10 8,184 6,876 0,533 0,467
Figure 7 presents the experimental load-displacémen 10 429 4964 0271 0.315
curves obtained in the shear tests. The first slesamwas 10 - é17 6,728 0’519 01465
not considered because important rotation of the ' ' ' '
-10 -4,300  -4,895 0,258 0,311

specimen, around the connection axis, occurredtaae

misconceived test layout. After the improvementha ) . .
test layout (Figure 4a), shear tests were carrigtl o Figure 8 shows the experimental load-displacement

applying pure shear to the connection, as wanted. curves obtained from the three tension tests peddr



30 Table 6: Stiffness values obtained from the tension cyclic
— TestTL tests (T)

_ Displacement Stiffness (kN/m)

3 (mm) TestT1l TestT2 TestT3
g 1,781 2,208 2,381
- 5 1,618 1,942 1,955

1,506 2,009 1,948
3,016 3,037 1,506

10 2,291 2,554 2,430

Displacement (mm) 2,285 2,561 2,523

. . . 2,756 2,997 2,923
Figure 8: Load-displacement curves obtained from 15 1,773 1,643 1.951

tension tests (T) 1.914 1,667 2,085

Analysing in detail the results obtained, it is gibke to 2,074 1,669 2,383
conclude that 15 mm of deformation, in agreemeith wi 20 0,394 0,537 0,604

EN 26891: 1991 [2], determines the maximum rescstan 0320 0421 0,555

of the connection. The results obtained from thredh

specimens are consistent, apart slight variati@taden 4 IN-PLANE BEHAVIOR OF LOG-TO-

the experimental values achieved. In terms of marim LOG

load, this value has increased with the cycle aombdi

unti 15 mm, after which, there is a significant The in-plane behaviour of timber log walls is ersby
impairment of the strength. The same conclusionsbea  the friction forces developed in the notches exgstin
extended to the stiffness experimental values sebie  the top and bottom of the logs and by the interoept

In particular, a major reduction of the stiffnesue is  between orthogonal walls.

measured in the last cycle amplitude (20 mm), betwe The Rusticasa system defines as maximum distance
the first and the third cycles. between two consecutive interceptions: 4 meters for

Tables 5 and 6 presents the experimental resultieof 80 mm thick walls, 6 meters for walls with a thielss of
maximum load and stiffness for the tension tests 120 mm and 8 meters in the case of 160 mm thiclkswal

performed on the connections between the firstdnd ~ Those interceptions can be of 2 types: two extewals
the foundation. (halved joint) or one exterior wall with an interiaall
(dovetail joint), Figure 9.

Table 5: Maximum load values obtained from the tension
cyclic tests (T)

Displacement Maximum load (kN)
(mm) TestT1 TestT2 TestT3
9,334 11,434 11,791
5 9,175 10,840 11,226
8,808 10,384 10,978
19,549 17,577 19,064

10 19,133 16,349 17,746 b
18,370 15764 17,211 ()
22,393 18,420 20,827 Figure 9: Possible interceptions between orthogonal log

15 19,866 14,139 19,490 walls. (a) Two exterior walls through halved joints; (b) one
19,609 13,872 18,776 exterior wall with an interior by dovetail joints
20,451 14,436 20,401

20 10,404 8,135 10,919 In accordance with Eurocode 5, friction cannot be
8,818 7,154 10,037 regarded as a resistant mechanism, despite itstianoe

in this kind of timber structural system. Therefotiee
in-plane resistance of log walls is determined taze

the compression perpendicular to the grain andrshea
stresses developed at the interceptions betweds. Wwal
fact, in the halved joints there are both compoassi
stresses, perpendicular and parallel to the gtait, as
the second is higher, it is the former that govetimes
resistance. Then the resistant capacity offeredthay
intersection of two walls can be quantified as:



cyclic tests under four different vertical compiess
rcomp (1) values.
x4/3 In the first step, the vertical compression (3,0 &hd

3,9 kN) was applied using cycles to ensure the aateq
wheref; g4 is the design value of compressive strength contact between logs. Then, the vertical compressio
perpendicular to the grain, fis the design value for the was kept constant during the application of a tunal
shear strength, A.mp and Asnearfepresent, respectively,  displacement to the central log.
the contact area where strengths of compressionThe vertical compression was applied at a constst
perpendicular to the grain and shear can develop. of 12,5 N/s and the horizontal displacement wadiegp

at a constant rate of 0,120 mm/s. Four transduters

Equation (1) allows quantifying the in-plane resiste  on each side of the specimen) were used to measure
given by interceptions exterior-exterior and exieri  displacements: 2 for measuring the vertical disgiaent
interior walls, despite their cross-section. Thealto and 2 arranged horizontally to measure the horatont
in-plane resistance of a log wall is given by tlhensof slip between logs. The equipment consists of two
the individual resistance of each interception tegsin servo-controlled actuators, which allows the camins

fc,Q(ld xA
v,d xA

rshear

Rh=min{f

the wall: acquisition of results. We used a load cell with a
n capacity of 50 kN for both actuators. Figure 10veho
Rotoral = Z R, 2) the test setup and the instrumentation used.
i=1

whereR,; is the in-plane resistance to horizontal actions
of a wall guaranteed by the interception

Tables 7 and 8 present the in-plane resistancen dive
an interception for different load duration and eypf
load combination and assuming service class 3.

Table 7: In-plane resistance for different interceptions
assuming service class 3, accidental combination and an Figure 10: Test setup and instrumentation used
instantaneous load (earthquake)

Analysing the results obtained during the applaatf

Interception Rui (KN) the vertical compression (Figures 11), a quite
2 exterior walls of 160 mm 13,72 homogeneity is observed. The stiffness remainstaohs

2 exterior walls of 120 mm 7,62 along the two different vertical compression vajusasd
Int. of 80 mm with the outer wall 9,48 the maximum displacement increases with that valse,
Int. of 120 mm with the outer wall 8,84 expected.

Table 8: In-plane resistance for different interceptions
assuming service class 3, fundamental combination and
short duration load (wind)

Interception Ry (KN) = .

2 exterior walls of 160 mm 8,54 N

2 exterior walls of 120 mm 4,74

Int. of 80 mm with the outer wall 5,90 .

Int. of 120 mm with the outer wall 5,50 00 01 02 03 0 05

Vertical displacement (mm)

As example, the in-plane resistance of an extevall of
160 mm, which intercepts 3 interior walls of 80 mm,
under the wind action, is given by:

Figure 11: Load-vertical displacement

After, and keeping constant the value of the valtic
RitoraL = 894% 2+ 590%x 3= 3478KN (3) compression wanted, a horizontal displacement ef th
middle log was applied. The experimental load-slip
curves obtained are very similar with differencesyan
In order to evaluate the friction developed in the the load value after which the slip began. Afteattioad
notches that each log has along its length, anyalue, the load slightly decreases until its staiion.
experimental campaign was performed. In a firsp,see  This behaviour is explained by the difference betwe

specimen composed by three logs was tested undethe coefficient of static friction and coefficierdf
monotonic loading under two vertical compression kinematic friction (Figure 12).

values. After, full-scale walls were analysed thylou



Table 9: Main results obtained from the cyclic tests on
5 overlapped logs

e L CEELC LG

= .AAAAAgMA&&332222222:22222:::::::: Test Pre-comp  Frax Fmax+ Veq
Z e (kN) (kN)  (kN)

‘,g ......................................... L1 10 -5,51 5,54 0,506
—a—3KN_1 —a—3,0kN_L L2 -4,87 5,47 0,522
s S L3 30 -12,86 11,68 0,442
TN eSOk L4 -11,41 11,59 0,509
pA A . L5 50 -18,71 17,37 0,471
Horizontal displacement (mm) L6 '18 y 25 17,35 0 ,490
L7 -25,95 25,7 0,493
Figure 12: Load-horizontal displacement L8 70 -23,67 26,18 0,481

The specimen with a vertical compression of 3 kKN The results obtained demonstrate the symmetriorssp
presented an average value of the maximum loadl equaof the walls and the very high values of the edieint

to 4 kN (CoV=8,4%) while 5 kN (CoV=12,8%) was viscous damping ratio that can be achieved. Howsver
registered under 3,9 kN of vertical compressiortetms is important to notice that the huge dissipatioeérgy

of coefficient of static friction, 1,33 (CoV=8,4%and is due to larges displacements and based on frictio
1,28 (CoV=12,8%) were measured whereas 1,11resistance mechanisms. Results obtained for the
(CoVv=15,5%) and 1,49 (CoV=11,8) have been obtainedmaximum load applied shows a linear correlation
for the kinematic friction coefficient, under a tieal (y = 0366x, with a R of 0,98) with the vertical
compression of 3 kN and 3,9 kN, respectively. compression value.

In the second step of the experimental campaign,

8 cyclic tests, divided in 4 groups, were perfornwed

full-scale walls made of 5 logs (75 cm height). fEac 5 IN-PLANE BEHAVIOR OF LOG

group composed by 2 walls, was tested under differe WALLS

values for the vertical pre-compression (10 kN.KBD  The main objective of this work is to evaluate the

50 kN and 70 kN) while a quasi static cyclic horital  plane behaviour of timber log walls subjected terial
displacement (Figure 13) was implemented in theaop  (horizontal) actions. To achieve that, and as agich

the wall, in accordance with the recommendations of 5f the several precedent numeric and experimental
EN12512:2001 [11]. studies already presented, an experimental campaign
composed by full-scale log walls was performed. Two
distinct transversal stiffness (wall type 1 and &yp
vertical pre-compression values (10,1 kN and 48 kN)
and the influence of the slenderness of the waly&nd
11,25) have been study. For each possible combmati
of the variables under study, one monotonic and two
cyclic loading tests were performed. In the totalvialls

i

=
=
~

I were tested, 4 under monotonic loading and 9 under
quasi-static cyclic (Table 10).
figture 13: Loading procedure adopted for the cyclic Table 10: Tests performed on full-scale timber log walls
ests
The test setup and the instrumentation used artasitm Test Loading  Wall Heigh Pre-comp
the ones used to evaluate the in-plane behaviour of number type  (cm) (KN)
full-scale log walls that will be presented in thext W1 1 monotonic
section of this paper. The unique difference ig tha Wi 2 i 10,1
walls used here do not have interceptions with Wi 3 cyclic
orthogonal walls, being simply made of 5 overlapped W1 4  monotonic 1 75
logs. _ _ W1_5 . 48
A summary of the tests results is presented in & &bl Wi 6 cyclic
namely, in terms of maximum Ioi;\d values in W2_1  monotonic
compression Kn.x) and tension Hn.,c) and the w2 2 10.1
equivalent viscous damping ratia.§). W2 3 cyclic ’
W2_4 _monotonic 2 '°
W2_5 . 48
W2 6 cyclic
wW2_7 cyclic 2 135 48




Monotonic tests aimed at analysis of the failuredem
and at defining the limits of the elastic displaes
needed to define the cyclic procedure according to
EN 12512:2001 [11]. Cyclic tests permit the
guantification of resistance and its reductionresteveral
cycles. In addition they allow assessing the capaoi
dissipate energy and to have a quantification @& th
ductility.

In the first test carried out (W1_1), monotonicdowy of

a wall type 1 under a vertical compression of N1 a
displacement of 50 mm at the top of the wall waslieg
with a constant movement of the hydraulic head of
0,03 mm/s. In the next tests, and because in those
conditions testes take too much time, it was detide
apply 100 mm displacement on top of the wall thitoag
constant rate of 0,06 mm/s.

All tests performed, monotonic and cyclic, are cosgl

by a preliminary step aimed at ensure the adequate
contact between logs and to remove eventual vaidis.
step consist in the application of the vertical poession
level in 3 minutes (56,1 N/s and 266,67 N/s), kegpi
then the load value for 3 minutes after which thedlw
was unload within 3 minutes. This process was regea
4 times for each wall. Total vertical displacemehthe
wall and relative vertical displacement betweenslog
were recorded during this preliminary step for Hiert
analysis. After that, the vertical compression lewas
apply in 3 minutes and then kept constant during th
implementation of the horizontal displacement higtin

the top of the wall. This horizontal displacemeistdry
was defined according to [11] using the elasticitlim
displacement obtained in the corresponding monotoni
test, performed previously.

Figure 14 shows the test setup and instrumentation
adopted in the case of the walls with 75 cm height.
Seven displacement transducers were used to measure
the horizontal slip between each log (4), the hwnial
displacement on the top (1) and bottom (1) in tbetfof

the wall and the horizontal displacement on the dép
the back of the wall, near the hydraulic jack imrmge to
implement the displacement history.
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Figure 14: Test setup and instrumentation adopted on
] the full-scale timber logs walls tests

In the case of the 135 cm height wall test, a ckffe
A\ configuration of the transducers responsible tdsteg
the horizontal slip between logs had to be change
(Figure 15).
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Figure 15: Instrumentation scheme adopted in the case
of the 135 cm height wall

5.1 ANALYSIS OF RESULTS

The results obtained in the monotonic tests (Fidugke
shows that there is no difference between wall t¢pe
(Test W1_1 and Test W1_4) and wall type 2 (Test W2_
and Test W2_4). In other words, the fact that tlad i8
fixed to the foundation through an angle connector
(BMF 40314) or not, has little influence on the lofd
behaviour of the wall. The difference between viyglle

1 and wall type 2 is that in the first angle cortoex
have been used do fixed the first log to the fotinda
Wall type 2 did not have this connection, but the t
short orthogonal wall used to simulated connection
between exterior log walls, were fixed to the sfezine
located in the base of the specimen (log wall).
Experimental results show that the behaviour of the
walls tested depends on the level of vertical casgipn
and the transversal stiffness materialized by the
orthogonal walls.

For the same transversal stiffness the resporg@mikar.
Increasing the level of vertical pre-compressionthb

stiffness and load increases, although the maximum

force is fairly constant (64,03 kN, 60,2 kN and
63,18 kN). The value recorded in the first test,23XN)

compression is reflected in the resistance to dateall
(Figures 17, 18, 19 and 20).
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1
100

Figure 16: Load-displacement curves at the top of the
wall obtained in the monotonic tests

The force-displacement response obtained on thkccyc
tests follows the behaviour registered under the
monotonic loading. In the tests on fixed walls teet
foundation through the first log (type 1), maximioads
values of Fpa=24,49 KN andF.=-31,81 kN were
obtained for a vertical pre-compression of 10,1 kN
Frax =44,67 KN andFm.c=-48,83 kN were registered for
a vertical pre-compression of 48 kN. In the case¢hef
walls type 2, maximum forces valuesFf.. =28,82 kN
and F..=-42,81 kN were measured for a vertical
pre-compression of 10,1 kN arfél.., =50,84 kN and
Fnax=-54,72 kN were obtained for a vertical
pre-compression of 48 kN.

The experimental force-displacement curves obtained
the cyclic tests demonstrates the capacity of ithedr
logs walls to dissipate energy in both directions.

60

40

> e

x 204 Ny

o 7

g o] -

= ] [

< >

8 -20 4

5 | 2= | |7 TestW1 1

T 404 —— TestW1_2
fffff TestW1 3

60 1 1 1 1 1 1 1 1 1 1
-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60

Horizontal displacement of the top log (mm)

Figure 17: Load-displacement curves obtained from

walls type 1 and vertical pre-compression of 10,1 kN

should not be considered in this analysis because

corresponds to a displacement in the top of the efal
50 mm only.

The same conclusions cannot be extended to thésesu
obtained in cyclic tests. The walls of type 2, with
orthogonal short walls fixed to the foundation, wkd a
better performance under cyclic horizontal disptaeet.

In both cases, walls types 1 and 2, the value ef pr
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Figure 18: Load-displacement curves obtained from
walls type 1 and vertical pre-compression of 48 kN
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Figure 19: Load-displacement curves obtained from
walls type 2 and vertical pre-compression of 10,1 kN
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Figure 20: Load-displacement curves obtained from
walls type 2 and vertical pre-compression of 48 kN

Increasing the slenderness of the timber log wéitsn
6,25 to 11,25 (W2_7), results in a significant retthn
of the wall lateral resistance, Figure 21. In flaist test
the  maximum

force values recorded were
Fmax =19,63 KN andFy.x=-21,69 kN while the similar
wall  with a slenderness of 6,25 presented

Frax =44,67 kKN andF,,,,=-48,83 kN.

Nevertheless, experimental results obtained ineicat
good dissipative behaviour of the slenderer wall,
characterized by force-displacement curves symaoadtri
and quite large.

Horizontal load (kN)
I o

_25-.|.|.|.|..|.|.|.|.
50 -40 -30 -20 -10 O 10 20 30 40

Horizontal displacement of the top log (mm)

50

Figure 21: Load-displacement curve at the top of the wall
of 135 cm (Test W2_7)

Based on the experimental results obtained onytbkcc
tests, and following EN 12512:2001 [11], equivalent

viscous damping ratio by hysteresigg[ was calculated,
Table 11.

Table 11: equivalent viscous damping ratio

Wall Pre-comp Heigh

Test e (kN) i (crr?) Veq

W1 2 0,093
w1l 3 1 10.1 0,103
W1 5 48 0,158
W1 6 75 0,219
w2 2 101 0,135
w2 3 ’ 0,138
w25 2 0,237
W2 6 48 0,187
w2 7 135 0,341

Comparing the experimentald) obtained it is possible
to conclude that wall type 2 dissipates more endingy
wall type 1. Moreover, this dissipation increaséththe
vertical pre-compression and with the slendernéskeo
wall.

In terms of failure mode, no significant differeneests
between both wall types either the value of thdicar
pre-compression and the slenderness seems to loave n
influence. Analysing in detail the horizontal stiptween
the logs measured during all tests performed, it is
obvious a linear variation on that value with tteégit of

the logs.

6 CONCLUSIONS

Despite being a traditional system used on timber
constructions, Rusticasa produces one construction
system based on timber log that, in result of derta
particularities, make necessary a series of exmetiah
and numeric studies to apply to European Technical
Approval (ETAG-012 [3]).

In this work, the main resistant mechanism of theer

log walls were analyzed, in particular, the ones
concerned with the in-plane resistance to horidonta
loading. Timber logs used to make the walls were



characterized and both connections between logs and
between walls were studied trough numerical and

experimental studies. Considerable friction stresse [6]

developed on the connection between logs, whichaare
expected, function of the vertical pre-compresswel.
Special attention was paid to the connection ofwhbs

with the foundation because the way as it is magle b [7]

Rusticasa, is unusual. This connection was tesiddta
influence on the global behaviour of walls subjdcte
in-plane displacement was assessed.

The connection between orthogonal walls, namelg, th [8]

interlock between the logs of exterior walls is thain
resistant mechanism of timber log walls under @rpl
horizontal loads. Inside the halved joint used to
materialize this intersection, shear stresses
compression stresses perpendicular and paralléhdo
grain occur. In the tests performed on full-scakslsy
the localized failure was obtained always by

and9]

The Assoc. of Swedish Sawmillmen. ISBN 91-
7322-227-5, 1994.

NP EN 1194:1999. Estruturas de Madeira. Madeira
lamelada-colada — Classes de resisténcia e
determinacdo dos valores caracteristicos. IPQ,
Lisbon, 1999.

EN 408:2003Timber structures — Structural timber
and glued laminated timber — Determination of
some physical and mechanical properti€3EN,
2003.

Branco, J.M. and Cruz, P.J.SCaracterizacio
Mecénica de Toros de Madeira Lamelada Colada
7° Congresso Nacional de Mecénica Experimental,
UTAD, 23-25 Janeiro, 2008. (in Portuguese).

Leichti, R. J., R. J. Scott and T. H. Miller. An
experimental investigation of foundation anchorage
details and base shear capacity for log buildings.
Forest Products JournaWVol. 55, No. 4, 2001.

compression perpendicular to the grain. Those ,tests[10]EN 1995-1-1:2004Eurocode 5: Design of timber

aimed at evaluate full-scale timber log walls under
different vertical pre-compression levels, distinct
connection between the first log and the foundatioo
types of stiffness of the orthogonal walls and $sess
the effect of the slenderness of the wall.

structures - Part 1-1: General - Common rules and
rules for buildingsCEN, Brussels, 2004.

[11]EN 12512: 2001Timber structures - Test methods -

Cyclic testing of joints made with mechanical
fastenersCEN, 2001.

The experimental results obtained show a good dgpac [12]EN 26891:1991.Timber structures. Joints made

of these walls to dissipate energy, without any
impairment of strength being the monotonic response
normally envelope to the behaviour obtained on the
cyclic tests. The connection between the firstdad the

foundation, for the wall geometry evaluated, is not

with mechanical fasteners. General principles for
the determination of strength and deformation
characteristics CEN, Brussels, 1991.

important to the global behaviour, which is funatiof:
a) the stiffness of the orthogonal walls; b) vetipre-
compression value; and, ¢) wall slenderness.
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