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Analysis of the effect of load application eccentricity on the
stiffness of supports consisting of stack of elements

Krzysztof Gromys2”

ISilesian University of Technology, Faculty of Cii@hgineering, 44-100 Gliwice, ul. Akademicka 5, Pala

Abstract. During the removal of building deflections, temg@grsupports, consisting of a stack of repeatable
elements, are used. Hydraulic jacks which forcevétréical displacement of the building are usedwaH.
Depending on the phase of deflection removal, thigeeweight of the building, or part thereof, &sted on
temporary supports. As a consequence of inaccuratigne installation of a stack of elements, thidding
weight is transmitted onto supports in an eccemaaner. In addition, the supports are loaded gtiizvontal
forces. The forces result from the wind load, frkeimematic excitations of non-axially installed jackrom
2nd order deformations of supports and from exoeptiloads. Deformations in the vertical directiaith

a positive sign, occur due to the activity of tlseentric load and horizontal forces in the suppdttavever,

the unbounded hexagonal elements forming the saaekunable to transmit the tensile stresses. As a
consequence, the stiffness of the supports depamdise load. The stiffness of temporary supportthén
horizontal direction was analysed considering ttistence of unintended eccentricity and the hotizidoad.

A support model was defined for this purpose, wiroagerial does not transmit tensile stresses. stakawn
that the scheme of the support is changing depgrairthe application eccentricity of the verticadd and

on the horizontal load value. Eight schemes westdjuished, which may be executed by a supportast
found that if the eccentricity and the horizontaéd value are increased, this will decrease th@atp
stiffness. This stiffness varies from zero, whemeker arm is the support scheme, to the maximuliereva
that is corresponding to the stiffness of cantiteeel. The analysis is limited to stocky suppostsabsuming
that the load is much smaller than critical. Moreg\the influence of the support’s vertex displaeehon

the eccentricity was not taken into account.

1 Introduction application of a vertical load and the occurrenéeao
horizontal load may cause deformations of the pasit

During the removal of building deflections, tempgra  sign to the part of the support ¥ 0). Meanwhile, the

supports, consisting of a stack of repeatable elspare  supports, due to their construction, are not abteansfer

used. The elements are made of wood, steel or €@ncr normal tensile stresses. As a consequence, cquats

and remain unbounded. Hydraulic jacks, which fdhee  between elements of the stack are opening alonpatte

vertical displacement of the building, are ofteaqald on of the support length marked hg(Fig. 2a). This length

the stacks of such elements. The use of such stspisor  depends on the eccentricity vakseas well as on the load

common in the region of Silesia, where the rem@fal  Q,. The mechanical parameters of such support are not

buildings deflection is carried out commonly. stable, therefore.

A deflection is removed by the uneven raising & th
structure with jacks mounted in the walls and by

supporting the structure with temporary supportsctvh
form stacks of elements (Fig. 1). /4
When straightening the building, the supports ae r s
installed many times and their length is being edés » .':"'E e
together with the uneven raising of the structdjeAs a : o
result of any inaccuracies in the installation oports,
an unintended eccentricitg, of the load application
occurs. At the same time, due to inaccurate irstalt of
supports and the unavoidable rotation of the deddten
subgrade, a horizontal for€ occurs, which is acting on

the supports. In addition, the existence of thazootal Fig. 1. Example of a building whose deflection is removad a

force is caused by the aCtiVitY C_)f wind and by epti:m.al whose weight is transmitted by supports consistiing stack
loads, for example due to mining tremors. The eZ@®nN  f elements.
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The analyzes of eccentrically loaded elements haen
carried out mainly in relation to reinforced cortere
elements [2], steel columns [3] and masonry strest{4,
5]. Respectively, the results of the experimengakarch
concerns mainly GFRP Reinforced Geopolymer Concrete
[6], steel [3] and masonry structures [7, 8]. Howigthe
possibility of transferring eccentrically appliearées by
temporary supports consisting of a stack of elembat
not been studied. Meanwhile, the possibility of
transferring an eccentrically applied load by these
supports determines the safety of the buildingedithn
removal processThe mechanical parameters of supports
need to be known when designing the straightenfrey o
building.

Support stiffness in the horizontal direction is Fig. 3. Examples of temporary supports: a) support congsti

analysed below with an analytical model. The stiffnis  ©f wooden hexagonal elements, b) support placestesei
defined as: hexagonal elements, c), d) supports with circudatisn

A0, 0
Auy, 2 Support model
whereAQx is an increment of the horizontal force applied
to the support at the heightandAuy, is a value of support

displacement at the same height inAlag direction. This hivmg éhe cross sectkiog Wi.tg theh heighar;]d ngthb}
article is limited to analysing the effect of lstder ~ |N€ rod axis is marked with whereas the direction

deformation on support stiffness (Fig. 2b). It was Perpendicular to the road axis is marked withThe
therefore assumed that the force valiés much smaller ~ P€ginning of the coordinate syster3) is situated in the
than a critical load and the influence of the suppertex place where the rod is supported._ Thg vertex of s
(z = 1) displacement on the increase of deformation Wasfree "?‘r_'d may move towards the directiofhe bound_ary
omitted. conditions of the supported end of the rod prevent
displacement. The possible rotation of the padraff the
b) entire rod section in the coordinate 0 depends on the
I\ distribution of stresses in the base. The vertethefrod
fa (z=1) is loaded with the vertical ford®, applied in the
;Q, distancee, to the road axis (unintended eccentricity) and
with the horizontal forc€. The unintended eccentricity
=] | T €, assumes a negative value if the fofzeas applied on
f ; the left side of the axig or a positive value, in the
— opposite case. The for€g, directed to the right side, is
' considered in this paper, hen€® assumes positive
' — values.

kx,l =

A model of the support consists of a rod with tegthl,

L

2.1 Assumptions of the model

A load applied to the model causes vertical stessthe

Fig. 2. Temporary support consisting of a stack of elemets ~ Material of supports, marked as (Fig. 4). In practice,

scheme of deformations caused by the unintendezhiazity the value of such stresses is smaller than thegttreof
ea and by the horizontal loa@, b) scheme for determination the material of repeatable elements of the stackias
of the stiffness,; a place is marked with arrows where therefore assumed in the model that deformatiorssicif
contact points between elements are opened elements are elastic.

The model of the material is assumed which does not
In practical solutions, a cross-section of tempprar transmit stresses, with positive values towardsatisz.
supports is usually rectangular (Fig. 3 a,b), algfo  Moreover, a linear dependence is assumed between th
supports with a circular section are also used. Figd).  stress g, and the longitudinal deformatios, with a
Repeatable elements of supports are made of wdgd (F negative mark, and that the modulus of elasticity o

3 a,d), steel (Fig. 3 b) or of composite steel emacrete  support's material equals For this reason, the value of
elements (Fig. 3 c). It is therefore necessaryetemnine stresses, is:

general dependencies for the stiffness of such @tpp 6,=0 £=0

depending on the load application eccentricity #ma 6, <0 £€<0 ()

value of horizontal force. The deliberations in tré&cle As mentioned above, the analysis is limited tat finsler

are limited to a support with rectangular sectiathwhe  deformations. Hence, the rod stiffness in the luotal

width b and heighh. direction, defined with the formula (1), can beccdted
from the dependency:
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kx,l ==

= ®3)

where 0 is the displacement caused by the unit force

applied to the rod vertex and acting in the horiabn
direction.

Shear and normal stressesare caused in the base of
the support by external loads. The location ofrésaltant
of normal stresses on the lower base of the supp®rt
determined from the dependency:

eq =nl+e, 4
wherer is the quotient of value of the for@ by Q,. This
quotient has always a non-negative value, because t
analysed forc€x has always a positive sense:

=—=20 5
=0, (5)

It was assumed that there is no mutual slide betvlee
elements making the stack, because friction stsease
caused on the surface of the elements, which daediag
the effect of the horizontal force. This is equérdlto the
assumption that the valugis smaller than the friction
coefficient of the elements of supports.
The eccentricity value meets the condition:

h h

—=<e, <=

> > (6)

in the cross-section at the height 0. This means that the
condition is met:

h_e

a
n= 2 I

The distribution of normal stressesin the cross-
section of the rod, by assuming the constant madailu
elasticityE, is trapezoid-shaped if the compression zone
h; = h, or triangle-shaped whdn < h (Fig. 4).
A location of resultant stressesin relation to the vertical
axis, at the heigt#t= 0, is marked a&y (Fig. 4). The height
of the compressed cross-section zone, in the plhese
the rod is supportelh(z = 0) =hy,0, depends on the value
of this eccentricity and is:

h
3<§_|ed|> for J|eq| <

(8)

h1,0 =

h for

h
R )
leq| = 3

2.2 Distributions of normal stresses

The value of the unintended eccentricity and the
distribution of normal stresses on the lower swfatthe
support model, have all influence on the distribatdf

The height of the cross-section zone, where thestresseso; at the heightz. Eight such distributions are

deformationse < 0 exist, is marked with;, and is called
the height of the compressed zone or the matirghhdff
the whole cross-section of the rod is being congaes
thenh; = h. In case where positive deformations exist in
the cross-section of the rol, < h. This means that the
height of the compressed zone meets the condition:
0<h<h @)

Z lea< hl6
A
z= 0:

Fig. 4. Scheme of the support and examples of possible
distribution of normal stresses

The limit value of the horizontal loa@y, with the given
eccentricitye,, is determined from the conditidn — 0

possible for the assumptions made. Such distribsitare
defining eight possible schemes of the supportclvare
marked a#\, B, C, D1, D2, E1, E2, F (Fig. 5). Parts of the
lengths of the supports, whdigz h, are marked ds g, if
positive deformations exist in the upper part efshpport
model, and a$;q, if positive deformations exist in the
lower part of the model. Along such lengths, theinga
heights of the cross-sectibingz) andhy,«2) are the linear
functions of the coordinate For this reason, also the
moments of inertidy,((z) andly«2) of the mating cross-
section along such sections, represent the lingaitibn
z Hence, the displacemedtin the directiorx, caused by
the unit force, can be calculated from the follogvin
general dependency:

Lid -l g

1 U-2? 1 (I—2)?
“E) Ta@ “TE f L@ “
0 . lg (10)
1o[ -2
E ) @

I-ly,g
If l1g=114= 0, thend=1%3El, and the stiffness (3) of the
support isks; = 3EI/I3, and corresponds to the stiffness of
the cantilever rod.

Two edges are distinguished in the modets:
corresponding to the coordinate = - h/2 and 8
corresponding to the coordinate h/2 (Fig. 4).

The condition of zeroing of stresseson the edger on
the heightzis:

Qx(l - Z) Qzea Qz

~w tw F° ()
whereW andF are, respectively, the section modulus and
the field of the compressed cross-section of thmsu
model on the height If h; = h, then we have:

b-h

—F=bh

: (12)

W =
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On the other hand, the condition of zeroing of sstes3

IS:
Q:(l—2) Qe Qz_
2D Qe O, 13)
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Fig. 5. Schemes of supporté,(B, C, D1, D2, E1, E2, F)
depending on the value of the unintended eccetytegand
the horizontal loa®x.

Ilgg:I

a

2.2.1 Scheme A

A condition for executing the scheme(Fig. 5) is to

et (14)
and also the existence, along the whole lehgflthe edge
[, of the positive deformations A limit situation in the
analysed schemeé occurs when the distribution of
stresses at the height= 0 is triangular and covers its
entire height, this mearns o = h. On the basis of (13) and
(12) and (5), an allowable range of changes irvéthee 7
in the schem@ was determined:

h

|ea| -7

6 (15)
0 <

< = 7

The mating height of the cross-section, based on (4)
and (9), is:

h
hao=3(5+ 71 -lesl) (16)
The mating height in the region of the supportexerby
analogy to (9), was assumed as equivalent to:

mu=3 (5~ leal) a7)

The dependency on the mating height was established
based on (16) and (17):

heo(y = 3n(L_tealy L2 18

2.2.2 Scheme B

A condition for the schemB to occur is to apply the
load Q; outside the core of the cross-section (condition
(14)), and the existence of the trapezoid distrdrubf
stressegy, for z = 0. A limit situation occurs when the
stress value; on the edg@inz= 0 is zero. This condition
was recorded by substituting in (18 0, and then the
maximum value7 was determined from it. In view of the
above, the condition for executing the schdns:

h
leal + 3 (19)

O<py=<

The lengthl, 4 of the support, where the height of the
cross-sectionh; < h exists, is determined from the
condition of zeroing of stresses on the eggeAfter
substituting in (13% =l gand after considering (12), the
following is obtained:

1 h
b = b = (el =) (20)

Considering the expressions (17) Fay and (20) forl1 g,
the cross-section heigh g was determined along the
lengthly g
1 el l—2z
hyg(z) =3h (E_ h +7n N ) (22)

2.2.3 Scheme C

The schemeC of the support is executed if the
eccentricitye; has a negative value and its absolute value
is higher tha/6, and the distribution of stressgsin the
base of the modelz(= 0) is triangular, whereas the
extreme value of the stresses,exists on the edg@ The
consequence of such application of the load anthef

apply the forceQ; outside the core of the cross-section, gistribution of stresses in= 0 is the existence of positive

i.e.:
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deformations on the edge at the lengtHi1,4 and on the
edge S at the lengthly g The minimum value of the
quotients was determined from the zeroing condition of
the stresses; on the edger in the base of the support.
The following is obtained by substitutig= 0 in the
equation (11):

leal + 2

nmin = l

The maximum value of the quotieny, hence the
maximum value of the forc®, was determined from the
conditionhy o — 0, which is equivalent teq — h/2. The
following was obtained from the condition of balanf
bending moments of the rod:

(22)

h
_ |ea| +7

Mnax =
The length1,4 was determined from the zeroing condition
of stresses on the edge The following was obtained by
substituting in (11 =l14

1 h
ba=1= (e +5) (24)

The maximum lengtHiq (I1,0may Was determined by
substituting in (24) - instead of - the value ZJmax
described with the formula (23). Hence:

l —21( h ) 25
1,d,max_3 2|€a|+h ( )

By substituting, in the equation (9), the depengd#d,
in the caseeg)| < h/6, the heighth; o was determined as
equal to:

(23)

h
hao =3 (5 + leal = 1) (26)

The following was determined using the dependencies

(26) and (24):
1 ley 1—z
hl(z)—3h<§+ W >
The lengthl; g and heighthy 4 of the cross-section is
determined the same as in the sch&nEor this reason,
in the schemé&, the dependencies (20) and (21) ffgy
andhy g are applicable.

(27)

2.2.4 Schemes D1 and D2

The schemeB1 andD2 are executed in the situation
where negative deformations in the directzaxist in the
whole support. A prerequisite for such a situai®that

the forceQ, is applied in the core of the cross-section. The

limit values s are determined from the zeroing condition
of the stresses; in z= 0 on the edge.

A pre-condition for the existence of the schdbieis the
occurrence of eccentricitg, with a negative value:

h
— g < e, = 0 (28)
and that the following condition is met by the qent/:
h
g + |ea| (29)
O=<np=

The schem®2 is executed if the eccentricigf assumes
a negative value:

h
O<e, < = (30)

6

and the quotieny meets the condition:
h

£~ el
l

(31)

0=n <

2.2.5 Schemes E1 and E2

The scheme&l andE2 occur if the eccentricitya
meets, respectively, the conditions (28) and (31), at
the same time, the conditions (29) and (31) arensit In
such situation, the distribution of stressgsin z = 0
assumes the triangular distribution. The depenésrfor
the maximum valueg) are obtained from the zeroing
condition of the stressas on the edger in z= 0. The
minimum valuess in the schemes£l and E2 are
equivalent to maximum values from the schemé&sand
D2. In connection with the above, the condition foe t

value 77 in the schemé&l, is:
h h
leal + 7 leal +5

<=n<

(32)

An expression for the lengthy was obtained from the
zeroing condition of the stresseson the edgerinz=1

—|1,d:
1/h
ha=1=(5+el) (33)

The heighthy o of the cross-section transmitting the loads
inz= 0 is, based on the conditions (9) and (4):

h
hyo =3 (E_ ol + |ea|) (34)
and the valuéy o, for zchanging from zero th 4, equals:
hyg=3n(t4leal o (35)
1 =St Ty

An analogous condition for execution of the schdifie
is:

6135775213 (36)
and the lengtlh qis:
1/h
ha=1=(5le) 37)

The mating heighhy o, based on the conditions (9) and
(4), is:
h
hao =3(3- 1~ leal) (38)

and the valuenyq, for z changing from zero tdq is
described with the dependency:

B - 3 (1 e, l— Z)
1,d(Z) = 2 h h

(39)

2.2.6 Scheme F

The last possible scheme, which can execute the
support model with the positive value of the fofge is
the schemé- (Fig. 5). It is characterised by the fact that
deformations with positive values occur along thels
length of the edgea. The above results from the
condition:

(40)

o =
N s

<e, <
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and from the triangular distribution of stresgetn z= 0.
A minimum value of the parametey is zero, and a
maximum value results from the fact tlgathas reached

the valueh/2. In connection with the above:
h
O<n=< 2 ] fa
The heighth; o of the mating cross-section = 0 is,
based on the conditions (9) and (4), computed as:

h
hio=3(3- 1= leal) “2)

and the valuehy g, for z changing from zero tdyq is
described with the dependency:

e, l
43
h (43)

hy a(2) = 3h<——7—
The conditions for the value of the eccentri@fyand of
the quotient 7 in case of particular schemes,
summarised in table 1.

On the other hand, the dependencies introduceceabov
the lengthlyg andliq and the heighhyg and hy g are
summarised for particular schemes in table 2.

(41)

Table 1. Conditions forea ands in schemes

Sche

me e, n
h h IeI—ﬁ
R | [T
2" 6 l
h
leal + 2=
B (—ﬁ,—ﬁ) 0,——0
2’ 6 l
C (_B‘_B> |ea|+ 'lea|+
2" 6

( Ieal+6>

leal + 2 eyl +2

E1 (_ﬁ,o) alTg %72
6 ! !

E2

2

Table 2. Dependences dnandh, for schemas

Sch. L hy(2)
A I =1 sp(i_lealt=2
1= 27 Ty
: 1 eyl l—z
B 1 h 3h<———al >
=77<€a—€) 2 h g h

is

ll,g hl'g
_1( h) _ 3 1 eyl l—z
“\% 7% =M ZT T Ty
C l
_1'(} hyi4
- 1 eyl l—z
1 h P L1
77(ea+g) 3h<2+ n"h )
D1 0 h
D2 0 h
lia
EL | ~ sp(Lqleal =2
_E(EH) 27 Th
n\6 _°
lia
=1 1 e l—z
E2 (___a_ )
YL TR T
n\6
1 e l—z
F I =1 (___a_ )
! 3hz™ % h

3 Examples of stiffness calculation

The dependencies fbi gandhy 4 listed in table 2 allow to
determine the moments of inertia of the mating &ros
sectiond1 (2) andly,«2) at the lengths; g andly ¢ When
knowing such dependencies, one can use, in theediop
model, the formulas (10) and (3) for the valdeand
stiffnessk;.

When applying below the model defined, the follogvin
was analysed: the effect of unintended eccentrigityf
the application of the vertical forc®, and of the
occurrence of the horizontal lo§ on the stiffnesgy,.

3.1 The effect of the change of eccentricity e; on
support stiffness

The subject of the analysis is an analytical marfeha
support having the length= 1.0 m and the rectangular
cross-section with the widthhand heighh. The stiffness

k. was determined for this model depending on the
eccentricitye,, changing in the range of:

—E< e, < E (44)

Three permanent valuegof 0, 0.1 and 0.2 were adopted
for the calculations. The results obtained weresgmeed

as charts provided in figure 6. On such charts, the
quotientes/h was provided on the horizontal axis, and the
stiffnessky on the vertical axis, divided (51, whereEl

is the flexural rigidity of rectangular sectibrh. It is
worth-noting that the stiffness of the support whali
cross-sections are compressedg#13, which, with the
assumed = 1, equals BI. It is also the highest value of
the stiffnessk;.

With the lack of a horizontal loadn(= 0) and
eccentricitye, varying in the range of k/6 to h/6, the
stiffnessky, of the support is constant and corresponds to
a cantiliver rod with the constant stiffness of tress-
section to bending ofl. This range is outside the
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horizontal line for figure 6a and covers two scheroé
the supportD1, when -h/6 <e, < 0, andD2 when 0 <g,

< h/6. The growth of the absolute valeg causes the
stiffnessky to fall to the zero value, whexn - h/2. When
—h/2 <e, < —h/6, the support is executing the scheine
and when -h/6 <e; < —h/2, the support is executing the
scheme-.

n=0, ¢=10m)
a) 3
B ) |
l . \ Interval
I Y
/. \L
\
/ s —_F
/I \
/ .
-0.5 -0.25 0 0.25 0.5
e,/ h
7=0.1, ({=10m)
b) 35
ke, EI |
3 Interval
N =
— B
5
// o = b
1 —
/ N B
/ N
-0.5 -0.25 0 0.25 0.5
e,/ h
7=02, ({=1.0m)
c) 35
kol ET
3
/\ "!_J
/ \ Interval
5 —0B |
[\ ¢
/ \ ; — Ei |
\o
03 0250 025,y 05

Fig. 6. Support stiffnesg,, as a value dependent on
eccentricitye,, calculated for: ap=0, b)7=0.1, c)p=0.2.

Figure 6b shows the results of a calculation aigbyfs
changes in the stiffnesgs, of the support for; = 0.1 and
eccentricity ofe, changing between k/2 to h/2. It was
found that - along with the change of the ecceityriche
support is executing schemésB, D1, E1, E2 andF. The
support model is characterised by maximum stiffness
corresponding to the cantilever rod, only in thegee,
changing betweenh/6 and -h/10. The support reaches
the zero stiffness with the eccentricityeaf= h/4.

Figure 6¢ shows the results of a calculation aibyfs
changes in the stiffnesg, of the support for; = 0.2 and
eccentricity ofe, changing between k/2 to h/2. It was
found that - along with the change of the ecceityriche
support is executing three schen®sC andEl. Fore, =

—h/2, the support stiffness is different than zerao. e
other handky reaches the value of zero alreadydpr
0. Forn = 0.2, the support - for neither of the eccentyici
values - does not reach the stiffness corresportditige
cantilever rod with constant stiffness of the crsastion
of El.

3.2 Effect of the horizontal load value on support
stiffness

A calculation analysis of the effect of horizonliéd on
support stiffness was carried out. The analysillts are
shown in the figures (Fig. 7 and Fig. 8a,b), whésethe
constant value of the quotiemth, the change of stiffness
kv, depending orny is presented. The Fig. 7 shows the
results of calculations for non-negative valegh of O;
0.05; 0.1; 0.167, 0.2; 0.25 and 0.3. The constamgth of
the support of = 1.0 m and the rectangular cross-section
of the rod with the dimensions and h is used in the
calculations. It should be noted that for the smalles

of e/h from 0 to 0.1 and for small valugg(from 0.025 to
0.075), support stiffness is constant and corredptmthe
support stiffness with flexural rigidit§el of the cross-
section. Then, as the horizontal load is rising,ghpport
stiffness begins to fall and decreases to zero. vethge
zero, fore, = 0, reaches fon = 0.2. The change of the
parameter 7 changes the schemes executed by the
support. For the examples from the figure (Fig.tigse
are the following schemes: fey/h from 0 to 0.1 — the
scheme®?2, E2; the schem&2 for es/h = 0.167 and for
e/h smaller than 0.167 — the scheme

35 :
‘ elh

kJEI 3 \ — 0
2.5 N ——0.050
. \ \ —0.100
\\ \ \ \ —0.167
1.5 \ \ ——0.200
1 0.250
15 \\ \\\ —0.300
W |

g
0 ~ |
0 0.05 0.1 0.15 02
7=0:/0y

Fig. 7. The stiffness of the suppdst), as a value dependent on
the horizontal load in case ef> 0: a) O< ea< h/6, b)ea>
he.

The figure (Fig. 8a) shows the results of calcolaifor
valueses/h of 0, - 0.05; - 0.1; - 0.167; and figure (Fig. 8b)
- for non-positive valuesy/h of — 0.167, - 0.2; - 0.25; - 0.3
and 0. Similar as previously, the constant supjeogth
was adopted df= 1.0 m and the rectangular cross-section
of the support. Similar as in the cas#h > 0, the support
stiffness for smalles/h of - 0.167 to O is constant and
corresponds to the support with the cross-sectitiness

to bending oEl. Then, as the horizontal load is rising, the
support stiffness begins to fall and decreasesito. 2 he
value zero, foe, = - 0.167, reaches fay = 0.27. On the
other hand, for high absolute vala#, of 0.2 and more,
for the risingn, first growth in the stiffness values was
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noted, and then its decline. The change of thenpater

horizontal direction were introduced for all static

n changes the schemes executed by the supporth&or t schemes.

examples from the figures (Fig. 8a), fafh of - 0.167 to
- 0.05, these are the following schemBg; E1; on the
other hand, foes/h < - 0.2 (Fig. 8b), the schemes afe:
B, C.

“hi6= e, <0(=1,0m)

a) 35 ‘
ol B | e
N 1
2 \ \ (())050
) AL\ -0
i, \ \ — -0.100
1 \ \ — 0167
05 A\
. N
0 005 0.1 0I5 02 025 03 035
n=0./0,
e, <-h/6({=1,0m)
b) : .
kx,l/EI3z 1 _ ea/l|1
25 1/ ~ NN\ | — 067
'2 / / \ A -0.200
AN =
L/ AT
0.5 d \ \\
" \\‘\ \.\\

0 005 01 015 02 025 03 035
n=0./0,

Fig. 8. The stiffness of the suppdst), as a value dependent on
the horizontal load, foga < 0: a)h/6 < ea< 0, b)ea < h/6.

4 Summary

The temporary supports of buildings, consisting sfack
of unbounded repeatable elements, are loaded hiéth t
weight of the building applied eccentrically andttwa
horizontal force. Such load may lead to the existeof
vertical positive deformations in the supports. kighile,
the supports, due to their construction, are nd¢ &
balance the normal stresses with values higherzbsm
The stiffness of such supports, considering thé& aic
horizontal elements — for example bracings, issieeifor
the safety of the buildings whose deflection isngei
eliminated.

An analytical rod model of a temporary support,
consisting of a stack of unbounded elements, wsatk
It was assumed in the model that the support naetisri
not able to transmit positive stresses, and foratieg
stresses, it is characterised by linear propeitiegas also
assumed that the support is stocky and the loadeval

much smaller than a critical value. The effect of
eccentricity at the rod displacement level has been8.

omitted. The support model, depending on the vaitiee
application eccentricity of the vertical load and the
value of horizontal load, may execute eight différgtatic
schemes. Dependencies describing model stiffnef®in

It was revealed that such stiffness depends on the
quotient of the value between a horizontal andicedrt
load, and on the value and direction of eccenyritftthe
horizontal load does not exist, and with the umdesd
eccentricity being within the cross-section colne, odel
stiffness corresponds to the cantilever rod. leetdcity
is increasing its absolute value, the supportr&g§ is
falling.

If eccentricity does not exist, and if a horizoritsd
exists, the cross-section stiffness depends onlahae
value. For considerable values of the horizontaldpthe
support is executing a scheme of a rocker arm tnd i
stiffness falls to zero. If a horizontal load amgentricity
exist at the same time, the support scheme astiffteess
depend on mutual directions and values of the bota
load and eccentricity.
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