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ANALYSIS OF LEDGER-STAND JOINTS IN THE
ALUMINUM MODULAR SCAFFOLD

E. BLAZIK-BOROWA !, M. PIENKO?, A. ROBAK?, A. BOROWA?,
P. JAMINSKA-GADOMSKAS

This paper concerns an approach to model the ledger-stand joints of modular scaffolds. Based on the analysis of
the working range of the ledger (represented by a linear relationship between load and displacement), two
models of the ledger-stand joint are analysed: first — with flexibility joints and second — with rigid joints and
with a transition part of lower stiffness. Parameters are selected based on displacement measurements and
numerical analyses of joints, then they are verified. On the basis of performed research, it can be stated that both

methods of joint modelling recommended in this paper, can be applied in engineering practices.
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1. INTRODUCTION

One type of scaffolding is the modular scaffold. Scaffolds of this type are assembled from single
elements, such as base jacks, ledgers, stands, bracings, and platforms. Additionally, scaffoldings are

designed in a way that allows the model to create spatial structures of any shape. It enables
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constructing scaffolds around facilities of complicated shapes, e.g. historical monuments [13, 16] or
in industrial facilities. Currently, development of modular scaffolds is based on the introduction of
aluminium as a construction material of the scaffold components. Due to the application of
aluminium, a scaffold becomes lighter. On the other hand, it causes technological problems
concerning e.g. combining different types of materials and then modelling these combinations. In
the case of aluminium scaffolds, it shall be tested whether a linear-elastic material can be used in its
numerical model, and, if so, in what range of load capacity. Joint flexibility should also be
determined as in the case of all other scaffolds.

The analysis of joint flexibility, made of various materials and used in different types of
constructions, is currently the subject of many written works. The reviews of models, which
describe behaviours of steel frame joints, are included in such papers as [3, 10]. Paper [5] is devoted
to computer analysis of steel-concrete joint flexibility. Numerical models considering the
complicated geometry of joints, nonlinear material characteristics, as well as such nonlinear
phenomena as contact and friction between connected components, are presented in this paper.
Laboratory tests, apart from numerical analysis of steel joints, are demonstrated in work [8]. A
similar scope of research for a steel-concrete joint is shown in work [6] and its results have
provided the basis for preparation of practical remarks on shaping and designing composite joints.
Papers [9, 17] present different stiffness matrices of beam elements, taking into account the
flexibility of connections to a joint, and, subsequently, model verification is demonstrated via the
example of single- and multi-storey frames. The problem of joint flexibility in scaffolds is
particularly important. Papers [1, 7, 11, 15] are solely or partially devoted to this issue. Articles [12]
and [18] show laboratory tests on the flexibility of various scaffold joints. In paper [11] it is
demonstrated that the consideration of flexibility in the case of scaffolds influences the calculation
time and the obtained results. Paper [1] is an overview study presenting the information on both
issues: flexibility research as well as the use of its results in static-strength analyses on scaffolds.
Nevertheless, the rest of papers [7] and [15] refers to research on joint flexibility and static-strength
analysis of the complete scaffold, considering the results of laboratory tests.

This paper demonstrates the analysis of laboratory measurements of displacements in the middle of
aluminium ledgers caused by a concentrated force and a uniformly distributed load. On the basis of
this research, the linear-elastic nature of working range of ledger determined. Subsequently, for this
scope of work, the model of a stand-ledger joint is analysed. The obtained results are verified on the
basis of measurements of o-ledgers displacements caused by a distributed load and double o-ledgers

loaded with a concentrated force. This work stands out from previously mentioned ones since joint
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flexibility is determined on the basis of tests made on the whole ledger, in contrast to the research

made only on the joint itself, as has been presented so far.

2. LABORATORY RESEARCH

2.1. DESCRIPTION OF PROCEDURES AND A TEST STAND

The research objects were ledgers of the ALUROTAX system with a cross-section ¢48.3mmx4mm,
as well as double o-ledgers, with additional rectangular pipes of dimensions 40mmx20mm and a
wall thickness of 3mm. The main parts of the ledgers are made of aluminium and ledger ends are
made of steel. Table 1 summarizes the types of ledgers that have undergone laboratory tests and the

number of trials carried out for each test.

Table 1. The summary of o-ledgers types and test types.

Element No. (?f test No. of tests with | Distance between | No. of
Element with .
tvne Name length concentrated uniformly pulley blocks / pulley
P L [mm] distributed load [mm] blocks
force
o-ledger 0.732m 732 5 5 183 3
o-ledger 1.088m 1088 5 5 181 5
o-ledger 1.572m 1572 5 5 196 7
o-ledger
o-ledger 2.072m 2072 5 5 259 7
o-ledger 2.572m 2572 5 5 285 8
o-ledger 3.072m 3072 5 5 340 8
double o-ledger 1.088m 1088 5 - 181 -
double o-ledger 1.572m 1572 5 - 196 -
double
o-ledger double o-ledger 2.072m | 2072 5 - 259 -
double o-ledger 2.572m | 2572 5 - 285 -
double o-ledger 3.072m 3072 5 - 340 -

Laboratory tests were performed on the Zwick-Roell test machine. The measuring range of the
device is £ 3000kN. The range of piston movement is up to 60cm. The accuracy of force and
displacement measurements corresponds to a voltage of 2mv/V. Both o-ledgers (Fig. 1, Fig. 2a) and
double o-ledgers (Fig. 2b) were mounted to steel base jacks placed on a threaded steel pivot 38mm
in diameter. Due to this fact, the stiffness of the vertical elements was considerably greater than the

stiffness of the tested element. The pivots welded to the steel angles were screwed into the test
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machine base. One of the pivots was screwed with a moment that guarantees obtaining pinned

support, whereas the other one can slide within the base rails (Fig. 2¢).
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Fig. 1. The scheme of the test stand for measurements of the load-displacement relation under: a)

concentrated force, b) uniformly distributed load.

Fig. 2. The test stand for measurements of the load-displacement relation: a) o-ledger, b) double o-ledger,

¢) connection of the ledger and stand.

A load in the form of a concentrated force was implemented by a steel rope placed in the middle of
the o-ledger. The action increment of the load was controlled by displacement and was equal to 5
mm/min. Since the steel rope was subjected to considerable extension during research, the
displacement of crosshead recorded by the test machine was not reliable, thus an additional LVTD
displacement gauge was applied. In the case of tests under a distributed load, a system of blocks and
steel ropes was applied to distribute loads evenly over the length of the ledgers. As shown in the
case of research performed for the concentrated force, the additional LVTD displacement gauge

was also used for the distributed load. For both types of load, the relationship between force on the
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test press crosshead and ledger displacement in its mid-span was measured. Sample results of

measurements are shown in Fig. 3.
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Fig. 3. The measurements results of force versus displacement for: a) o-ledger with length of 1.572m loaded
with concentrated force F, b) o-ledger with length of 2.572m loaded with uniformly distributed load ¢, c)

functions gs3(u) for o-ledger with length of 1.088m.

2.2. ANALYSIS OF MEASUREMENT RESULTS

The analysis of joint flexibility is proceeded by determination of the displacement range, for which
it can be assumed that the system works linearly, and ledger behaviour can be described similarly,
meaning that the linear equation has to be determined to approximate the results of measurements in
this area. In relation to this, after visual analysis of the results, the approximation of measurements
is conducted by two functions: a linear function and a polynomial one. A linear range is selected on
the basis of local maxima of function g3(#) or chosen manually after graph analysis of function

g3(u), e.g. for an o-ledger of 1.088m in length (Fig. 3¢). Function g3(u) is described by the formula:

pyw)pi(u)

2.1 3 :zﬁa
@D ST 2 )

where:
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pf,(u) - correlation coefficient square for a straight-line, approximating the first part of measurement results
(Fig. 3), pf‘(u) - correlation coefficient square for a polynomial, approximating the second part of

measurement results.

After analysing element behaviour during the tests and determining two functions, approximating
the load-displacement relationship, i.e. a linear function and a polynomial, a static analysis of
results can be performed in accordance to standard EN 12811-3 [4]. The determination of the
linear-elastic part of the graph force versus displacement requires determining the tangent of the
angle of straight-line inclination, which is referred to in the article as the superelement stiffness K.
Calculations of this value are performed according to the procedure for joints given in standard EN
12811-3 [4]. The following formulae are used for:

e average value

(2.2) k=

where:
ki=tan(o) — stiffness value of i-th element and simultaneously a directional coefficient of a straight-line,

approximating the first part of measurement results,

e standard deviation

2.3) ol =13k - k),
e variation coefficient

2.4) v, =

2.5) K, = uk

where: £~=1.0 at »<0.10, £=0.9 at 0.10<1<0.20, £=0.8 at 0.20<1<0.30, £=0.7 at 0.30<14<0.40, and at
0.40<vy the tests should be repeated.
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The results of calculations are compiled in Table 2 and Table 3. Column 2 shows the values of
superelement stiffness and column 3 demonstrates coefficients vx. In these tables, in the 4™ column,
there are also the coordinates of a point between a linear function and the polynomial. The abscissa
of this point is defined as the lowest value among all u; values, ending the parts of graphs
approximated by a linear relationship. The last columns of Table 2 and Table 3 contain the
maximum specified permissible loads for ledgers, obtained from the procedure described in
standard [4] and paper [2]. These values are calculated through the following steps: determination

of the maximum value (the ultimate value) r, calculation of y, =Inr, determination of average
value ¥ and standard deviation o, determination of the lower 5%-quantile ys =y —2.460,
determination of the limited basic characteristic resistance R, , =e”*, determination of factor y,,

from the equation:
(2.6) 125>y, =—0.0257, +1.275>1.00,

determination of the nominal characteristic value of resistance from the formula:

2.7) Riom =Ricp [ 7

and calculation of the specified permissible value of the tested parameter (£ or q)

(2.8 R:Rk,rmm/}/M}/F >

where:

q, —average value of the ratio of the plastic and elastic energy [2], ja=1.1, y»=1.5 — partial safety factors.

Table 2. The measurement results of displacements in an elastic range caused by concentrated force F.

p The linear part of graph F-u
L [m] K, [kN/mm] vi [/] s [mm] | F =K u [kN] F [kN]
o-ledger
0.732 1.0-2.060=2.060 0.069 5.88 12.11 7.31
1.088 1.0-0.835=0.835 0.074 7.50 6.26 4.22
1.572 1.0-0.313=0.313 0.045 9.34 2.92 2.95
2.072 1.0-0.143=0.143 0.089 20.47 2.93 2.42
2.572 1.0-0.0735=0.0735 0.045 46,52 3.42 2.10
3.072 1.0-:0.0466=0.0466 0.048 62.59 2.92 2.01
double o-ledger
1.088 0.8-4.966=3.973 0.236 1.30 5.16 14.67
1.572 0.9-3.376=3.038 0.118 2.59 7.87 12.51
2.072 1.0-1.296=1.296 0.013 2.61 3.38 8.56
2.572 1.0-0.795=0.795 0.026 4.08 3.24 7.56
3.072 1.0-0.453=0.453 0.077 7.48 3.39 5.49
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Table 3. The measurement results of displacements in an elastic range caused by distributed load g.

¢ [kN/m The linear part of graph g-u
L [m] K. {E} vl o [mm] | g, = Kfu [kNimy | 0N/
0.732 1.0-4.597 0.073 6.70 30.79 18.70
1.088 1.0-1.093 0.019 12.85 14.05 7.88
1.572 1.0-0.325 0.060 12.05 3.92 3.88
2.072 1.0-0.115 0.046 31.11 3.56 2.33
2.572 1.0-0.0425 0.032 48.85 2.08 1.69
3.072 1.0-0.0279 0.026 55.29 1.54 1.16

3. NUMERICAL MODELS OF LEDGERS

3.1. SELECTION OF THE LEDGER-STAND JOINT MODEL

The selection of the numerical beam model with a ledger-stand joint is conducted on the basis of
static work and research on o-ledgers loaded with a concentrated force. The static work of the pipe
element, the main part of the o-ledger in an elastic state, is defined by known formulae of structural
mechanics. The problems with modelling an o-ledger as an element of complete scaffold structure
occur near to its connection to a stand. This joint works as a flexible connection, but due to the
complicated shape of connecting elements (Fig.2c) — including parts of varying stiffness, such as
the pipe-end joint, the part of the ledger end connected to a plate, as well as the offset of the ledger

end-plate joint from the axis of stand — standard [4] recommends selecting the stiffness on the basis

of laboratory testing.
2)
pipe $48.3x4

[
| i
| the axis of a stand the axis of a stand i
I .
- |
i i: I
B transition fragment N

b) e

0.5 mlea] gpeiis iut 0.0 m
| The length of the ledger for the axes of stands L |

Fig. 4. The static schemes of o-ledgers: a) scheme No. 1 with supports flexible to rotation b) scheme No. 2

with rigid supports and flexibility provided by transition fragments.
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Joint flexibility is modelled via two approaches: a typical modelling of flexible support (Fig. 4a)
and an insertion of a transition fragment of /=5 cm (Fig. 4b). Joint stiffness Ky in scheme No. 1

(Fig. 4a) is determined on the basis of displacements obtained from the formula:

16M
3.1 K, =E]——=° |
G- o I} -8LM,
where:

L’ —48uEJ
3.2 M, ==—"""
(3.2 0 oL

and E=7-10’kPa — Young’s modulus for aluminium, J=13.7676:10®*m* — moment of inertia, & — average

displacement at load F=1.0kN.

Eq. (3.1) and (3.2) are introduced by the force method according to the principles of structural
mechanics in reference to a beam with flexible supports on the both ends, and loaded in its mid-
span with a concentrated force F=1.0kN. The formulae for scheme No. 2 can be determined
similarly, but their development is quite problematic. For this reason, the relationship between joint
stiffness Ky» and displacement « is determined in a simpler way. A numerical model using static
scheme No. 2 is prepared for each ledger. Then, static linear calculations are performed for all
lengths of the ledger at 6 different values of joint stiffness K2 and at a concentrated force F=1.0kN.
The middle part of the ledger, an aluminium pipe of a cross-section ¢48.3x4mm, is modelled by a
beam element of the following material characteristics: Young’s modulus E =7-107kPa and density
2.7t/m?, as well as the following geometrical characteristics: cross-section area A=5.5669cm? and
moments of inertia J=/,=/5=13.7676cm". In reference to transition fragments, the following values
are assumed: Young’s modulus £=2-10%kPa, density 7.85t/m?, and cross-section area 4=5.5669cm?>.

The moments of inertia are calculated for every stiffness value based on the formula:

(3.3) J=Kpl/E.

The results of these calculations are summarized in Fig. 5. Subsequently, on the basis of these
results, the functions are determined for each ledger, describing the relationship between joint

stiffness and displacement, in the following formula:

(B4 Koy =d+—"

B
u—a

where: u — displacement in mm, a, b and d — curve coefficients.
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Fig. 5 The graphs of the deflection depending on joint stiffness K, + the location of research results.

The parameters of these functions are compiled in Table 4. Using them and the displacements
obtained at a concentrated force equal to 1.0kN, the stiffness of connection Ky is calculated. The
value of force is determined as the inverse value of element stiffness K. from Table 2. The values of
joints stiffness, obtained for both schemes, are listed in Table 4. The last row of Table 4 presents the
average values of stiffness K, and K,z which are in the end assumed as the stiffness which can be

used in a numerical model of the scaffold.

Table 4. The curve parameters from Fig. 5 and final properties of elements modelling ledgers ends.

Scheme No. 1 Scheme No. 2
1kN
Lim] |\7=%7 (mm]| - Ky [k::—;n} a[mm] | b [mm k::;n} d [lf:—dm} Ky [kz?} J[em?]
0.732 0.485 34.90 0.1766 18.4464 -33.4310 26.30 0.6576
1.088 1.198 56.04 0.5870 36.6685 -19.2596 40.79 1.0199
1.572 3.195 58.23 1.8069 76.3660 -13.0380 41.98 1.0495
2.072 6.993 52.08 4.2192 132.1714 -9.7550 37.89 0.9474
2.572 13.605 39.38 8.1829 202.8725 -7.7887 29.62 0.7406
3.072 21.459 44.65 14.0767 288.2992 -6.4808 32.57 0.8143
K,1=34.86 K ,.=47.55

3.2. THE VERIFICATION OF LEDGER-STAND JOINT SELECTION

The verification of parameters K, and K2, presented in Table 4, consists of comparing the
measurement results of the displacements in the mid-span of the ledgers with the corresponding
values from obtained calculations. The comparisons are performed for o-ledgers, which are
subjected to an evenly distributed load, and double o-ledgers, which are loaded with concentrated
force applied to the mid-span. These comparisons are demonstrated in Fig. 6. As it can be seen for

both cases, the values obtained from measurements and calculations where both schemes are used
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are close to each other. This means that in this type of calculations a single value of joint flexibility

can be applied for all ledgers.

+ - average values of displacements
u] u,
2 + - values from measurements,
determined from the formula ¥ £ o |
15 4 [0 - results of measurements
calculated as 1kN/m/K, or 1kN/K.,
1 < - results of calculations at the
scheme No. 1 of ledger-stand
05 connection,
O - results of calculations at the
0 . . ' o ‘ scheme No. 2 of ledger-stand

05 1 15 2 25 3 35 08 12 16 2 24 28 32  connection
ledger length [m] ledger length [m]

w
=3
1

deflection z [mm]
8
1
deflection # [mm]

10 4

Fig. 6. The comparison of deflections obtained from calculations and measurements for: a) o-ledger at a

distributed load ¢g=1.0kN/m, b) double o-ledger at a concentrated force F=1.0kN.

Utilizing the procedure presented in the previous point it should be considered that k; parameters of
connections cannot be determined based on fragments of measurement results representing the
relationship between the load and displacement which are too short. This can occur when the first
points of the measurements line up along a straight-line, and the next ones deviate slightly due to
various disturbances of measurements. It is sufficient for function g3(u) to assume greater values for
the first several measurements than for the greater group of measured points, constituting a more
widely represented group. An example can be seen in Fig. 3; the first maximum in the graph is
below 2mm, and the following ones which can be considered correct, are those above 7mm. These
second maxima are the basis for determining u; for an o-ledger measuring 1.088m. This approach is
also justified by values u;, obtained for ledgers of similar values for which there are no
interpretative problems due to the occurrence of two maxima in the graph g3(u). As seen in Table 2,

due to such an approach, an increase in the value of displacement along with an increase of ledger

length can be obtained.

4. CONCLUSIONS

This paper demonstrates two ways of modelling a stand-ledger joint as well as appropriate
parameters of these models. The ledger-stand connection is a system of complicated geometry, thus

the system components cannot be directly modelled. However, on the basis of the performed
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research, it is stated that both methods of joint modelling proposed in the article can be used and
that selected parameters can be applied in engineering practices.

Furthermore, a linear-elastic model can be applied to model the ledger composite material. Load
values ending the application ranges of these models are greater than the specified permissible load
of the element, in the case of o-ledgers. This means that these values cannot be exceeded, which
results in limited possibilities of function beyond a linear-elastic range of element work.
Nevertheless, in the case of double ledgers, the force - defining load-bearing capacity - is greater
than the force ending the linear range of the work. For this reason, in future research, the influence
of this second value needs to be taken into consideration, as it may very well have an impact on

load-bearing capacity.
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ANALIZA POLACZENIA RYGLA ZE STOJAKIEM
W ALUMINIOWYM RUSZTOWANIU MODULOWYM

Stowa kluczowe: rusztowanie modutowe, badania laboratoryjne, potaczenia podatne, analizy statystyczne, schemat statyczny
rygla

STRESZCZENIE:

Jednym z typow rusztowan budowlanych jest rusztowanie modutowe. Rusztowania tego typu cechuja si¢ tym, ze sa
sktadane z pojedynczych elementow, takich jak podstawki, rygle, stojaki, stezenia i pomosty. Dodatkowo rusztowania
te s tak zaprojektowane, aby mozna byto z nich montowa¢ konstrukcje przestrzenne o dowolnym ksztalcie. Pozwala to
na budowe rusztowan wokol obiektow o skomplikowanym ksztalcie, np. obiektow zabytkowych, w obiektach
przemystowych. Obecnie rozwoj rusztowan modulowych opiera si¢ na wprowadzaniu aluminium jako materialu do
budowy elementéw konstrukcji rusztowania. Dzigki zastosowaniu aluminium rusztowanie jest lzejsze niz w przypadku
typowych rusztowan stalowych. Jednak z drugiej strony powoduje to problemy technologiczne, polegajace na przyktad
na laczeniu réznych rodzajéw materialow a podzniej na modelowaniu tych polaczen. W przypadku rusztowan
aluminiowych nalezy réwniez zbada¢ czy mozna w modelu numerycznym korzysta¢ z materialu liniowo-sprezystego,
w jakim zakresie obciazenia i oczywiscie tak, jak w kazdym rusztowaniu, okresli¢ podatno$¢ weztow.

Analiza podatnosci weztow, wykonanych z réznych materiatow i uzytych w réznych rodzajach konstrukcji, jest obecnie
tematem wielu opracowan. Na przyklad praca [5] jest poswigcona badaniom komputerowym podatnosci weztow
stalowo-betonowych. W pracy zaprezentowano modele numeryczne uwzglgdniajace skomplikowana geometrig
potaczen, nieliniowe charakterystyki materialowe oraz takie zjawiska nieliniowe jak kontakt oraz tarcie pomigdzy
taczonymi elementami. Problem podatnosci weztdw w rusztowaniach budowlanych jest szczegoélnie wazny. Temu
zagadnieniu poswigcono w catosci lub czesciowo migdzy innymi rowniez takie prace, jak: [1, 12, 18]. Prace [12] 1 [18]
prezentuja badania laboratoryjne podatnosci roznych weztow rusztowan. Praca [1] jest praca przegladowa i mozna tu
znalez¢ informacje zardwno o badaniach podatnosci jak i wykorzystaniu wynikéw tych badan w analizach statyczno-
wytrzymatosciowych rusztowan.

W niniejszej pracy zostata zaprezentowana analiza wynikéw pomiaréw laboratoryjnych ugigcia rygli aluminiowych pod
wplywem obciazenia sita skupiona i obcigzeniem ciaglym. Na postawie tych badan okreslono zakres pracy rygla o
charakterze sprezysto-liniowym. Nastepnie dla tego zakresu pracy przeanalizowano sposéb modelowania potaczenia
stojak—rygiel, a otrzymane wyniki analiz zostaly zweryfikowane na podstawie pomiaréw ugi¢é o-rygli od obcigzenia
ciaglego oraz o-rygli podwojnych przy obciazeniu sita skupiona. Ta praca wyrdznia si¢ od wezesniej przytoczonych,
poniewaz podatno$¢ polaczenia jest okreslana na podstawie badan catego rygla a nie jak do tej pory na podstawie
badania samego wezta.

Badania laboratoryjne przeprowadzono na prasie wytrzymatosciowej Zwick-Roell. Zaréwno o-rygle, jak o-rygle
podwojne, montowane byty do wykonanych ze stali elementow poczatkowych, ktore byty naktadane na gwintowany
trzpien stalowy o srednicy 38 mm. Dzigki temu sztywno$¢ elementow pionowych byta znacznie wigksza od sztywnosci
badanego elementu. Obciazenie w postaci sity skupionej bylo realizowane za pomoca liny stalowej umieszczanej na
$rodku o-rygla. Przyrost obciazenia byl sterowany przemieszczeniem i wynosil 5 mm/min. Poniewaz lina ulegata
znacznemu wydhluzeniu w trakcie badania, przemieszczenie trawersy rejestrowane przez pras¢ nie bylo wiarygodne,

dlatego zastosowano dodatkowy czujnik przemieszczen LVTD. W przypadku badan przy obciazeniu ciaglym
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zastosowano ukfad zbloczy oraz lin w celu réwnomiernego roztozenia obcigzenia na diugosci rygla. Zblocza
montowano do sztywnej belki w rownych odstepach a liczba zbloczy zalezata od dtugosci rygla. Dla obu rodzajow
obcigzenia zmierzono zalezno$¢ pomiedzy sita na trawersie prasy i ugigciem rygli w $rodku rozpigtosci.

Analiz¢ podatnosci wezta poprzedzono okresleniem zakresu przemieszczen, dla ktérych mozna przyjaé¢, ze uktad
pracuje liniowo i opisa¢ zachowanie rygli w tym zakresie, tzn. wyznaczy¢ rownania prostych, aproksymujacych wyniki
pomiaréw w tym obszarze. W zwigzku z tym po analizie wizualnej wynikéw dokonano aproksymacji pomiaréw dwoma
funkcjami: funkcja liniowa i wielomianem. Zakres liniowy byt wybierany na podstawie lokalnych maksimum funkcji

g3(u), ktora jest opisana wzorem:

1 e P
“ =2 e 2]

gdzie: pﬁ (u) - kwadrat wspétezynnika korelacji dla prostej, p? (u) - kwadrat wspdtczynnika korelacji dla wielomianu.
Wyznaczenie zachowania si¢ rygli w zakresie liniowo-spr¢zystym wymaga okreslenia tangensa kata nachylenia prostej,
opisujacej zaleznos¢ obcigzenie (sita F' lub obcigzenie ciagle ¢g=F/(L-0,1m)) — przemieszczenie, nazywane w pracy
sztywnoscia elementu K.. Obliczenie tej warto$ci wykonano zgodnie z procedura podang w normie [4] dla weztow.
Dobor pretowego modelu numerycznego potaczenia rygiel-stojak wykonano na podstawie badan pracy statycznej o-
rygli pod wplywem obcigzenia sitg skupiong. Praca statyczna elementu rurowego, ktory jest gléwna czgscia o-rygla, w
stanie sprezystym jest okre§lona znanymi wzorami mechaniki konstrukcji. Problemy modelowania o-rygla
pojedynczego w petnej konstrukcji rusztowania wystepuja w okolicy jego taczenia ze stojakiem. Potaczenie pracuje
jako potaczenie podatne, ale z powodu skomplikowanego ksztattu taczonych elementow, w tym fragmentow o roznej
sztywnosci takich, jak polaczenie rura-glownia, fragment glowni polaczonej z talerzykiem a takze odsunigcie
potaczenia glownia-talerzyk od osi rury stojaka, norma [4] zaleca dobdr sztywnosci na podstawie badan.

Podatnos¢ wezla zostala zamodelowana dwoma sposobami: poprzez typowe zamodelowanie podpory podatnej
(schemat nr 1) oraz poprzez wprowadzenie elementu przejsciowego o dtugosci /=5,0 cm (schemat nr 2). Sztywnos¢
podpory Ky w schemacie nr 1 wyprowadzono za pomoca metody sit zgodnie z zasadami mechaniki budowli w
odniesieniu do belki zamocowanej z dwdch stron na podatnych podporach i obcigzonej w srodku rozpigtosci sitg
skupiong F=1,0kN. W odniesieniu do schematu nr 2 zalezno$¢ pomiedzy sztywnosciag wezta Ky, a przesunigciem u
wyznaczono na podstawie obliczen przy 6 réznych sztywnosciach potaczen Ky i sile skupionej F= 1,.0kN. Nastepnie
na podstawie tych wynikow dla kazdego rygla wyznaczono funkcje, ktore opisaly zaleznosé pomigdzy sztywnoscia
polaczenia a ugigciem a w kolejnym kroku odczytano sztywnos¢ przy ugigciu, otrzymanym w pomiarach
laboratoryjnych. Ostatecznie otrzymano nastgpujgce wartosci sztywnosci wezla K, =34,86kNm/rad i K,
=47,55kNm/rad, ktore zostaty zweryfikowane na podstawie pomiaréw i obliczen dla o-rygli poddanych obcigzeniu
cigglemu i o-rygli podwojnych poddanych dziataniu sity skupionej. Ponadto w pracy stwierdzono, ze wartosci obcigzen,
konczace zakresy stosowania tych modeli, sa wigksze niz dopuszczalne obciazenie elementu w przypadku o-rygli.
Oznacza to, ze nie wolno dopusci¢ do przekroczenia tych wartosci, a wige takze nie dojdzie do wyjscia poza liniowo-
sprezysty zakres pracy elementu. Natomiast w przypadku rygli podwojnych sita, okreslajaca no$nosé, jest wigksza niz
sita konczaca zakres liniowy pracy, dlatego tutaj w przysztosci nalezatoby si¢ zastanowi¢ czy o nos$nosci nie powinna

decydowa¢ wtasnie ta druga wartos¢.
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