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Stiffness test in lateral direction of temporary wooden building
supports
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Abstract. Temporary supports consisting of a jack, a stackadden cubic elements and a iron
plate are used during the removal of buildingsedgibns by uneven raising. Where the weight of
a building is rested on temporary supports witl@saerable length, unintentional displacements
of buildings in the horizontal direction are se@he displacements are connected with supports
deformations caused by horizontal forces actingherbuilding part being raised. Non-vertically
installed jacks, being part of the supports, aeenttost frequent reason for the occurrence of such
forces. The jacks are not vertical due to deforomatin the stack of wooden elements, upon which
they are rested. In such case, the stiffness gbdeany supports is essential for the safety of the
deflection removal process. Laboratory tests ofpmrary supports were carried out and they
showed that their stiffness, understood as a het@tforce divided by a displacement in the acting
direction of the force, is not constant. The s&fa of supports is decreasing as the displacement
amplitude grows. A considerable decrease in supmtiffness was experienced when positive
longitudinal deformations occurred in the crosstisacof the support elements. As a result, the
unconnected elements of the supports were unaliartemit positive stresses of this number. For
the investigated range of loads, the deformatidnth@ material of the supports elements were
elastic. Inelastic forces were however generatedgathe contact points of the elements forming
part of the supports, and such forces were resplenfir creating a hysteresis loop and energy
dissipation by the supports. The system, whenlddadl-unload cycle was applied, was returning
to the initial position. Higher values of the enemdjssipation coefficient correspond to higher
values of a displacement amplitude.

1 Introduction mm are mounted underneath the jacks for buildirigsup

o ) ] to two floors. Such elements are forming stacks s&ho
Building deflections are removed (straightened) by |engthl,, depends on the structure raising height. A 20 mm
uneven raising of structures with hydraulic jack®g(1)  thick steel plate (pl. 400/200/20) has to be itestHbetween
[1]. The jacks of lengtlh, are installed in openings made 4 jack and a stack to limit the values of locabsses
in advance in structure walls (Fig. 2a). The sti8ging  transmitted from the jack base onto stacks of woode
process is comprised of three phases. Force gemglin - elements. Temporary supports of buildings are forthes
all jacks in the first phase, as a result of whithbuilding way, onto which the entire weight of the part @ tilding
is detached (Fig. 2a). Horizontal rupture of a din, being straightened is placed. The length of sugipais
running between thg j_a(_:ks, is then formed. A hariab (Isup— Fig. 2c) depends on the raising height. If aities
detachment plane, dividing a structure to the ugiemd o considerably deflected buildings [3, 4] or multi
partand the straightened part, is then createdtléutical segments buildings are removég, reaches up to 2 m.
displacement is applied in all the jacks in theosec Unintentional vertical and horizontal displacemenfts
phase, as a result of which a building part locatest the  pjidings are witnessed during deflection remowatrie
de_tachment pla_ne is raised to a he|gh_t of 20 mﬁﬁ)tmm event where a building is placed on temporary stppo
(Fig. 2b). This is necessary so that, in the tindse of  yth a considerable length. Displacements in theica
straightening, i.e. uneven raising, the part being girection are the result of changes in the length o
straightened and this remaining in the ground ddnok supports. The changes are caused by temporaryalic c
up. In the last phase of straightening, hydraaaks, due  |ads of stacks of wooden elements (the underpi)rix

to limited piston extension of 220 mm, need to be jacks, This issue was a subject of the laboratesgst
underlain periodically. Cubic wooden elements with discussed in [2].

cross-sectionbfh) of 400/300 mm and a thickness of 100
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temporary support base positioned on the part ef th
building remaining in the ground (Fig. 3).

The presence of displacements in the horizontal
direction is dangerous because this may lead thofiseof
stability of a single support, and in an extrenteagion to
the loss of stability of the entire building being
straightened and to a constructional disaster. ligight
Isup Of temporary supports is limited to prevent tfikis
is achieved by dividing the uneven raising of thdding
into several stages. A straightening process habketo
interrupted several times as a result, temporappaus
have to be dismounted and walls have to be constiuc
for the part of the building remaining in the grdun

z z A

Fig. 1. Example of wooden supports installed in the wathe |
straightened building _ ! 10

{ o i o o of )
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Fig. 3. Rotation@of the temporary support (the support on the
left) as the cause for existence of the horizdotd Qx of the
support with the lengthup (the support on the right)
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b) The analyzes of eccentrically loaded elements haen

carried out mainly in relation to reinforced conere

elements [5], steel columns [6] and masonry strnest{i/,

8]. Respectively, the results of the experimergakrarch

concern mainly GFRP Reinforced Geopolymer Concrete
20 - 30 mm [9], steel [6] and masonry structures [10-12]. Hoere

the possibility of transferring eccentrically apgualiforces
/—Dﬁ by temporary supports consisting of a stack of elein
/ \ has not been studied. Meanwhile, the possibility of

©) transferring an eccentrically applied load by these

supports determines the safety of the buildingedtithn
removal process.
‘) The stiffness of supports in the horizontal directi

‘ has to be known in order to analyse, through catioiis,
%IW the horizontal displacements of a structure plaoad
temporary supports. Tests have been designed areldca
out for this purpose, the aim of which was to deiae

Fig. 2. Building straightening process: a), b), c) phasfes the stiffness of temporary supports of buildingsthie
straightening (description in the text) horizontal direction.

Displacements in the horizontal direction occur
because supports transmit a horizontal force datégras

Q. This force may be caused by wind acting on thé pa  as outlined above, parameters of temporary supjhrts

of the building being raised, by forces of inemiad by 5 pe investigated because it was necessary tysanah
exceptional loads. However, the most common cafise 0 c|cylations, the horizontal displacements of stmes
the forceQy are non-vertically installed jacks generating resting on temporary supports. Supports’ paramesach
the horizontal forceQx. The lack of verticality in the 55 the dependencies describing stiffness of suppuate
position of jacks results from a second-order deftiton 1 pe defined in modern computer software. For this
of temporary supports with the lengthp and from  yea50n, the non-linear stiffness of a support atingrto
considerable values of the vertical ford@s (structure its displacement is to be described as a resulthef
weight) applied to such supports. The non-vertical ndertaken tests.

installation of jacks also derives from rotatiéhof the

2 Programme of tests
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It was taken into account, when developing the triggering the forc&), imitating the building weight (fig.
programme of tests, that the upper part of the cupp a 5). A stack of fourteen rectangular elements mddsk
jack piston head provided with a joint. It was edlssumed  wood was placed between the jacks. A dimensioraciie
that the support base, resting on the wall of thiéding wooden element in the direction of the axis h = 300
part remaining below the detachment surface, cannotmm, in the directiory it isb = 400 mm (Fig. 5) and in the
move or rotate § = 0 — Fig. 3). In the case where the direction of the axiz it is 100 mm. The direction of
resultant of the longitudinal fore@, is situated in the core  growth rings of all the wooden elements was coingjd
of the cross-sectiore{ < h/6 — Fig. 4a), a static scheme of with the direction of the axig. 20 mm thick steel plates
a temporary support is, therefore, representedsoypport (pl. 300/400/20 mm) are situated between the haisthe
with the lengths,, loaded with the vertical ford®, and jacks and a stack of wooden elements. The systesn wa
with the horizontal forc€x (Fig. 4a). It is practically not ~mounted in a stand (Fig. 5) consisting of two heéadbe
possible to duplicate such a scheme of a singlpdeany form of plate girders with a height of 440 mm. Teads
support in laboratory conditions, with the valudsttee were connected with two ties, and each tie conefdiso
longitudinal forceQ; reaching up to 200 kN. Another test [ 200 sections. Dynamometers measuring the f@ge
scheme for a temporary support was used for thisore were mounted between the plate girders and thes jack

It is a freely supported element, with the lenlgth2syp heads.
loaded with two forceQx 2 perpendicular to the axis of i ol
the element applied in the midspan and aRQiepplied at 1= 2292
the and (Fig. 4b). A deformed axis of this elemémt, - [p=426  21w=1440 [y =426 "
which a shearing force with the valu®« occurs, ’5}— 0. - ‘ 0. _P
corresponds to a composition of an axis of two deéal L i L
supports working as a support, loaded with forciis the - I-Eﬁﬁﬁ]:| ‘ | | ‘ ‘ ‘ | ‘ ‘ ”:IE-E‘E‘E{
value Q.. The studied element, with the lengthis, [ T ]
therefore, a composition of two elements with tregth VQ"’”
lsup @and a centre of symmetry of the studied system is TR —
running through its midspan. In particular, théfiséisses TRRgAln
of the systems from Figures 4a (a support witHehgth — 1y
lsup and 4b (a beam with the length,d are equal to each bbbl WA o 1 SOVEDIR NS
other, in case where the foro®s andQ, with the same . e
values exist there. This results from the fact ttnet TE w TITITIATITT =8 —
quotient of the load i direction in relation to the = L\ : AR W' )
displacementi 2, in the systems from Figures 4a and 4b, bt ol 2 e L 2°0399°9%°%9)
are equal. N4 \u \2p\3 N1V N3 \z \u \4
a) Fig. 5. The studied element and the test stand (positinses of
the loadQxizand displacements iz are provided in the Figure):
1 — stack of fourteen rectangular wooden elemesash with
Q"‘" dimensions of 300/400/100 mm, 2a — active hydrgatik, 2b —
* ) i inactive hydraulic jack, 3 — steel plate with dirmems of
300/400/20 mm, 4 — the head of the stand, 5 — ties
h The tests consisted of producing the constant 1Qsce
while at the same time forcing the displacements in
I the system midspan. The displacements were forced
uxiz | NO: cyclically up (positive value) and down (negativaue)
ed < hl6 by applying a force with the valu@, - in the directiorx.
Two constant values of the axial for€e (force acting
b) 5 towards the axig) were assumed in the tests, accounting
0. =20 for 100 kN and 200 kN, and two values of the
x12 x . .
_— l displacement amplitude of 10 mm and 60 mm. It was
___9___ ____________ planned to perform four tests, as listed in TahldHe
z material designation of rectangular elements i€miin
Q,1 0. 1{ the title of each test (wo — wood), along with tegth
s Ao I lwo of the stack of wooden elements (1440 mm) and
‘ T information about the value of the forQg(100 kN or 200

kN) and about the assumed displacement amplitude

Fig. 4. Scheme of: a) temporary support, b) tested element (10 mm or 60 mm).

Laboratory tests were designed for a system with th
length 2s,pSet in a horizontal position. The studied system
consists of two piston jacks placed in the diretté the
axis z, with their bases positioned towards each other,
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Table 1. Designation of tests. Upward and downward displacements of the system
: were forced alternately for each test, thus obtagiriour
Test designation Q. a?r;ixiljiltizlmizt hysteresis loops. Hysteresis loops correspondintheo
kN mm last cycle were only presented below for all treeseEach
cycle is characterised by two extreme values of
Wo. 1440/100/10 100 10 displacements, i.euyzmn — a displacement with a
negative value (directed downwards) amgymax — @
Wo. 1440/200/10 200 10 displacement with a positive value (directed upward
The load value8)/2,min and Qx2,max cOrrespond to such
displacements (Fig. 7). The obtained values ofesxér
Wo. 1440/100/60 100 60 forces and displacements are given in Table 2.
Wo. 1440/200/60 200 60 Ouin
Qx,l/i,max s

3 Progress and results of tests

|
The tests were performed according to the programme / / IR )
presented in the previous section. The verticaldqX 2,
forcing the displacementsy 2, was applied with two
single-acting hydraulic jacks (Fig. 6a). The jaokcing
upward displacements (a positive sense of the
displacementuy) was positioned below the tested
element on a slab of large forces, and the jackirigr k
downward displacements (a negative sense of thedisplacementand loads marked
displacementy,2) was above the tested element and was , ,
mounted to a steel frame (Fig. 6b). The valueshef t The obtained load-displacementQ«(z - Uxir2)
forces were measured with the accuracy of 0.001 kN.hysteresis loops are presented graphically in Bg@r—
Displacements were measured with the accuracyo6flo. 1. Top branches were distinguished on such loops,
mm with induction sensors. The vertical fo@g, was  corresponding to the case where the load value is

applied with the speed of about 0.1 kN per secaith growing and the system i's displaced upwards, and a
is similar to the conditions existing when elimingt ~ POttom branch, corresponding to the case wherétte

deflections of real structures. The measured vadigse ~ V&lue Qa2 is falling and the system is displaced
forces and displacements were recorded with thedownwards.
frequency of two readings per second.

Oxt2,max +

Fig. 7. Hysteresis loop with the characteristic values of

Table 2. Extreme values of the load for@g,2 and the
corresponding values of the displacemen{s.

a)
Test Qx li2,min Qxliz,max | Ux,li2,min, Ux,112,max
designation kN kN mm mm
Wo. 1440/1
00/10 -5.167 5.131 -10.579 10.514
Wo. 1440/2
00/10 -6.318 6.300 -10.435 10.411
Wo. 1440/1
00/60 -10.401 9.351 -60.341 61.061
Wo. 1440/2
00/60 -11.871 | 11.871| -60.321 60.369
b) , 8
Wo. 140100/10 | Qepn kN
(0, — 100 kN) ©
Fig. 6. Stand during the tests Fig. 8. Wo. 1440/100/10 test results
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well described. Such a high value Rf results from the
fact that the material of the elements of the exauahi
supports experienced only elastic deformations. The
polynomialsQxy2(Ux.2), determined independently for the
top and bottom branch, were listed in Table 3 fothee
tests with the corresponding valugs The polynomials
describing the dependenci€k(ux2), determined for
successive measurements, were presented graplocally
the charts given in Figures 12a, 13a, 14a, 15aoviicy

to the adopted procedure, the support stiffnesshén
direction corresponding to a given load phase was
determined as a derivative of the polynomial:

— de,l/Z (ux,l/z) (1)
dux,l/z .
The expressions on stiffness, calculated this waye
compiled in the respective rows of Table 3.

kx

Table 3. Polynomials approximating the dependencies
Qxii2(ux,2) and the derivatives of such polynomials.

5
3 u ; R?
( -/ Y Designa Qx,l/z( x,l/Z)
16 P : Branch d
- — bottom tion Qxi/z _ k
- duy/;
i — 2
Q12 (txp/2) = —0.0158u% , +
Fig. 10. Wo. 1440/100/60 test results top 0.4389u,,/, + 1.9728; R?2 = 0.996
. Wo. ky = —0.0316u,;/, + 0.4389
T G KN 1440/10
V\(/g ljg%gi%?.o H— 0/10 Qx,l/Z(ux,l/Z) = 0'0133u925,l/2 +
= rd / bottom |_24507 12 = 1.7175; R? = 0998
/ / Uy o, TOMML ky = 0.0266uy,,/, + 0.4507
-100 ';0 5 / 50 100 Qu1/2(Ux1s2) = —=0.0152u ), +
( K/ — iop op  |05860 2 +21024 R? =0.996
" — boffom Wo. ky = —0.03041,,/, + 0.5860
15 1440/20 >
0/10 Qui/2(txyp2) = 0014403 ), +
Fig. 11. Wo. 1440/200/60 test results 0.5946u,;,, — 1.6541; R? = 0.997
bottom -
_ ky = 0.0288u,/, + 0.5946
4 Analysis of tests results
_ _ u =—0.0014uZ, , +
An analysis of tests results was performed to dater Quir2(xi12) g 2
. L . 0.1499u,,;/,, + 5.1622; R“ = 0.995
the stiffness of supports and their inelastic patans. top :
Wo. ky = —0.0028uy,,, + 0.1499
i 1440/10
4.1 Supports stiffness 0/60 Qup/2(Ux1/2) = 0.00110% ), +
The following method was employed for determinatién bottom 0.1567uy,1/, — 5.0690; R* = 0.991
the stiffness of supports in the directian First, the ky = 0,022y, + 0.1567
polynomials  describing the load-displacement '
depende.nmes for the distinguished two bra_nchem_ﬂbf Quiy2(Uxisn) = —0.0022u2,, +
hysteresis loops (top, bottom) were dete_rmlned with 0.1521uy,/, + 9.1698; R? = 0.990
method of least squares. Functions describingtiffieess top
of temporary supports, as derivatives of respective wo. ky = —0.0044u,;/, + 0.1521
polynomials, were then calculated. 1440/20 5
A satisfactory description of the dependency| 0/60 Qu/2(txis2) = 0.0020ux,21/2 +
Qui2(uxi2) for all the tests and loads was obtained with a bottorn |2 1252%xi/2 = 74077; R” = 0.993
polynomial of second degree. The values of the k. = 0.0040
L . . . =0. +0.1252
determination coefficient&? of approximation of the x xi/2

bottom and top branches of the hysteresis loop wete
smaller than 0.990, denoting that the tests resutie
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It was found that the stiffness of supports depends 8
the displacement valugy, and on the load phase. Forthe @  Wo. 1440200/10 | Qo XN,
top branch, the support has maximum stiffness lier t @ =200k) —/
displacement ofi ;2 min. Next, as the displacement value B /
is growing, stiffness is falling, reaching the skest value Z / 7o, TOIT)
for a limit displacement adix i2,max : : ——5 : —
For the bottom branch, the support has maximum as a0 A ¥ s 10 15
stiffness for the extreme displacementugiz max. Next, / 4
as the displacement value is falling, the suppiiffness /)~ —op
is falling, reaching the smallest value in the posi of -
Ux, 2, min- 8
Average stiffnesses for the investigated range of .
displacements afiy2,min tO Uy y2,max Were also determined b) Wo. 1440/200/10 k.,
based on the tests results. Such stiffnesses vedie c (@ =2004) oo |MNm _~
diagonal stiffnesses, designatedkag., and calculated | /
from the dependency: -
Qx,l/z,max - Qx,l/z,min
kx,diag = ' (2) -
Uy,1/2,max — Ux,1/2,min / ’ —_— tOIN
Charts showing values of the stiffnessds, An Frtto
corresponding to top and bottom branches in pdaticu ” .
tests, and the diagonal stiffnes&egag are shown in the \ . .o | —— disgonalu, mm
’ s SRaAG | } } = } { |

charts given in Figures 12b, 13b, 14b, 15b.

It can be concluded by analysing the ch&i&i )
that the values of diagonal stiffnességqag are
approximately equal to stiffnesdegletermined for a zero
displacement value aly2. It can also be noticed that
support stiffness depends not only on the rangthef
investigated displacements, but also on the vafube
force Q.. Within the investigated range, the higher values
of the loadQ; correspond to higher support stiffness. The

B T [V 0 5 10 15

Fig. 13. Wo. 1440/200/10 test results : a) approximatiothef
top and bottom branch of the hysteresis IQapz — uxi2 with
polynomials, b) stiffnesses corresponding to theaiod bottom
branch determined on the basis of (1) and diagstifiless

determined according to (2)

=

i i i i . a gl
obtainedk diag values are listed in Table 4 ) Wo. 140710060 . 10, KN
—-100 Ny
< (28 <N) /
a) Wo. 144010010 Qo KN 5
©,=100kN) . . .y T
! ﬁ -100 -5V 50 100
s ]
: : : /0 / :“x’m’m:m / — top
= 10
G5 a0 A 87 s 10 15 — hotiom
1
-/‘/' 4 — tOp -
& —— DOttOTIT 1
I,
8 b) ' Kps
Wo. 1440/100/60 . |MN/m
) Q.- 100 kNy "
oy Wo. 14407100110 .. " ——fop
(@ —100kN) o |MN/ &0 — Toltom
e o — diagonal
\ 86 / o
4 — top
/ \_ bottom | . A iz, 0D
- 62 — diagonal -100 -50 0 50 100
Uy jyz, T . . .
I f —0 f | : Fig. 14. Wo. 1440/100/60 test results : a) approximatiothef
-5 -10 -3 0 5 10 15 top and bottom branch of the hysteresis |@ap2 — ux/2 with

polynomials, b) stiffnesses corresponding to theeand bottom
branch determined on the basis of (1) and diagstifiless
determined according to (2)

Fig. 12 Wo. test results 1440/100/10: a) approximatiothef
top and bottom branch of the hysteresis IQapz — uxi2 with
polynomials, b) stiffnesses corresponding to thpeatod bottom
branch determined on the basis of (1) and diagetifidess
determined according to (2)
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15 4.2 Inelastic parameters of supports
D o, 1440200/60 Gkl - T -
© TS If the load line does not coincide with the unldiad, and
7 ’ / / if the top and bottom branch of the hysteresis legist,
7 this signifies the occurrence of non-conservatoreds in
, , / o /, Hove- T the tested system. Such forces, in a load-unloate cy
100 5 50 100 perform the work whose value equals the area of the
ST hysteresis loop. The work of non-conservative feyce
— top performed on the deformations of the tested elenweas
— — bollom designated ag. An area hatched horizontally in Figure 16
1 is an indicator of dissipated energy. A formula for

polygon area was used for calculating its area,nthe
coordinates of vertexes are known (detail in F&). 1

-

b) v v
Wo. 1440/200/60 ‘m
(0, =200 kM) hE — top = Ez Qixi/2 (ui+1,x,l/2 - ui—l,x,l/z)- (4)
N —— bott i=2 . . .
&6 — dfag?;al The value of potential energy of the investigated
- element for a maximum deformation is designate&py
= vt g This energy is calculated as the field of the dra@hed
vertically in Figure 16E, was hence estimated with the

’ dependency:
\ iy o, [T
i 1 Fay 1 1

1 2
100 -50 0 50 100 Ep = Ek"'diag(u"'” 2.min) ®)
The energy dissipation coefficient value of theteys
Fig. 15. Wo. 1440/200/60 test results: a) approximatiothef was defined as the quotient:
top and bottom branch of the hysteresis |Qapz — uxi2 with _ X
polynomials, b) stiffnesses corresponding to tipeatiod bottom Y= E" (6)

branch determined on the basis of (1) and diagstifiiess b . .
determined according to (2) The valuesy, E; andy, obtained in particular tests, are

listed in Table 5. The energy dissipation coeffitiealue
for the tests conducted ranges between 0.505.84d.1

A list provided in Table 4 shows that much higher
P J tHigher values of this coefficient correspond to Heig

stiffness is seen for a support with a displacemen X X
amplitude of 10 mm. The above results from thefagt, ~ values of a displacement amplitude. On the othedha

for this displacement amplitude, the value of ndrma the effect of the value of the for€g on the value of the
stresses d) in all cross-sections of the support had €nergy dissipation coefficienp is not unequivocal. For

always a negative value. The values of such ssdsghe 1€ tests where the amplitudg,. was 10 mm, the
element midspan in Wo. 1440/100/10 and increase of the forc®, from 100 kN to 200 kN led to a

Wo. 1440/200/10 tests were determined from the SMall decrease of the valug from 0.505 to 0.431.

dependency (3) and were provided in Table 4. However, for the tests where the amplituge. was 10
. ] mm, the increase of the value of the fogzdrom 100 kN
z,1/2,max/min . e
0, 0.251[Q ol + QJu ol 3) to 200 kN led to a significant decrease of the @ghirom
= Xz Texlaminl T cal xl/zmin 0.758 to 1.017.
A w [
whereA = bih, W = bii%/6. Cut Ortxrn
g Wil x 112
It should be noted that for tests where the disptaent £ \, f‘:“jjj
. X / . )/ﬂj i
amplitudeuyz was 60 mm, the formula (3) could not be Ay 5 1. / Qistcin
applied. Deformations with a positive sens, whiokld Paisrads \ T N\ Mt
not be transmitted by the unconnected wooden elenen N
occurred in such tests. =
Table 4. The calculated stiffness valuds dag and extreme
values of normal stresses in a stack of cubic eisne
. . kx,diag Oz,i2max, MPa
Test designation MN/m G vamn, MPa
-0.164 Fig. 16. The designations adoptes; — potential energy
Wo. 14407100710 0.488 -1.503 (vertically hatched area); - area of hysteresis loop
Wo. 1440/200/10 0.605 -0.715 (horizontally hatched area)
-2.618
Wo. 1440/100/60 0.163 Not
determined
Wo. 1440/200/60 0.197 NOt.
determined
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Table5. The calculated values of potential enerigy) (of the
area of hysteresis loog)(and of the energy absorption

coefficient ).
Test designation ,5%1 N/\%ﬁ l//
Wo. 1440/100/10 26.985| 54.530 0.50%
Wo. 1440/200/10 32.804 56.582 0.431
Wo. 1440/100/60| 303.307 919.039 0.758
Wo. 1440/200/60 358.44? 1458.844 1.01f7

The results obtained, concerning the investigated
The

elements, lead to the following findings.
deformations of the material of the supports elésare
elastic. The system, after performing a full loadead
cycle, returns to the initial position and no peneat
displacements are observed. Inelastic forces anever

produced in the system, which exist along the ainta

points of the elements forming part of the suppdsteder
the growing load, with small displacement valuasthie
surrounding of the positionx, = 0, an approximately
linear dependency exists between the change db#ie
Quiz and the change of the displacemenf,. This

denotes that the deformations in the material & th
supports elements and the displacements connedtied w
their mutual pressing are growing proportionally. A

considerable decrease in supports stiffness oaghen
positive deformations occur in the cross sectiorthef
support elements. As a result, the unconnectedegitsm
of the stack were unable to transmit stresses suitth
number. This was experienced, for the tests coedyar

the displacement» of about 12 mm. Higher support

stiffnesses are seen at the beginning of the umgad

energy dissipation coefficient correspond to higraues
of a displacement amplitude.
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