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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 71, Concrete, reinforced doncrete and
prestressed concrete, Subcommittee SC 5, Simplified design standard for concrete structures.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

The current design practice of reinforced concrete buildings, most commonly precast, is based on a
frame model, where the peripheral cladding panels enter only as masses without any stiffness. The
panels are then connected to the structure with fastenings dimensioned with a local calculation based
on their mass for anchorage forces orthogonal to the plane of the panels.

Furthermore, the seismic force reduction in the type of reinforced concrete structures of concern relies
on energy dissipation in plastic hinges formed in the columns. Very large drifts of the columns are
needed to activate this energy dissipation foreseen in design. However, typically, the capacity of the
connectionsbetween—<eladdingand-strueture-is—exhausted—wel-beforesuechtarge-drifts—ean—-develop.
Therefore, the design of these connections cannot rely on the seismic reduction factor typicallyqisgd for
design of the bare structure.

This document contains a set of practical provisions for the design of mechanical connections of
concrete clgddings to concrete structures under seismic actions as well as suggestions for strucfural
analysis for[the specified systems.

vi © IS0 2020 - All rights reserved
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Simplified design of connections of concrete claddings to
concrete structures

1 Scope

The present document refers to the panel-to-structure and panel-to panel connections used for the
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4 Generalities

4.1

Cladding panel orientations

Figure 1 a) shows a vertical panel orientation referred to a system of orthogonal axes, where x is
oriented horizontally in the panel plane, y is oriented orthogonally to that plane and z is oriented
vertically parallel to the gravity loads. The origin is placed in a corner at the base side of the panel.

Four connections are foreseen at the corners of the panel, indicated respectively by A, B, Cand D. Any one
of these connections is intended to give only translational restraints without any rotational restraint. E
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and F indicate the possible joint connections with the adjacent panels. Usually, the connections A and B
are attached to the foundation beam, the connections C and D are attached to the top beam.

The couple of bottom and top connections may be replaced by single connections placed in the middle
of the bottom and top sides for a pendulum arrangement of the panel. In this case, the connections are
respectively named A and C, and the symbols B and D are omitted.

In Figure 1 b), the same reference system is associated with a horizontal panel for which the connections
A, B, C and D are usually attached to the columns, and E and F refer to the possible joint connections

with the adjacent panels, foundation or top beam where the uncertain friction effect can act due to the
superimposed panels.

Z Z
F
° ® eC De
C D
oA Be
E
E F Y X
A B
® e
Y X
a) Vertical b) Horizontal
Figure(1)— Cladding panel orientations
Table.1.— Symbols and graphic schemes for supports
Symbol Description Graphic scheme
v
f. fixed (bilateral)
> <A
f+ fixed (unilateral in + direction) A >
f- fixed (nnilnfprnl in - dirnrtinn) VvV 4
S sliding (bilateral) <, 7
d dissipative AAA
/ omitted [empty]

Table 1 gives a general description of the symbols and graphic schemes regarding the effect of the
supports along the three directions x, y and z. As an example, Table 2 gives the arrangement matrix
indicating the effect of the supports for a vertical panel.

2 © IS0 2020 - All rights reserved
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Table 2 — Arrangement matrix - example

Direction A B C D E F
X f / S / f f
y f / f / / /
z f / / / d d

The term “fixed” is used with reference to the restrained linear displacement while the rotational
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Design criteria to connect frame and panels

Isostatic approach

ostatic arrangement of panel connections is able to allow without reactions the large di
cted for the frame structure under earthquake conditions. Very large displacement cg
red for connectors with this choice.

‘rame deformation demand is allowed by a relative clearancé that uncouples the mot
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Figure 2 a)].
Integrated approach

htegrated arrangement relies on fixed connections that integrate the panels in t
tural assembly with a dual wall-frame system behaviour. High forces may arise in the
this choice.

s and frame have a coupled motioh the system is kinematically paired [see Figure
ne part of the seismic resisting system and they act as the main restraints in th
tion thanks to their higher stiffness. As a consequence, the connections shall be over-p

Dissipative approach
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fic deviees'can balance the overall building response, reducing the displacement and
below<an imposed threshold, determined by the connections themselves [see Figure
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Figure 2 — Design criteria to connect frame and panels

pgies to implement isostatic and dissipative design criteria

anels. To achieve this result while avoiding the issues.that affect current systems, pr
(sliders) shall be introduced. They only restrain ouit-of-plane motions, reproducin
ypically assumed in the current practice, but in a-safer way [see Figure 3 a)].

ble-hinged pendulum (DHP)
hinged pendulum is the proper way tel¢onnect the cladding as simple mass withou

ntribution [see Figure 3 b)]. This restlt can be obtained either by connecting panel ¢
or by replacing the top hinge with\¢oupled sliders.

king panel (RP)

m DHP, the rocking panel'configuration may be obtained replacing the bottom hinge
rizontal restraints,. These leave the panel free to rock around its bottom corners.

eed to be highlighted [see Figure 3 c]].

| uncoupled system, the isostatic sliding-frame is, in prinCiple, the easiest way to discornect

oper
b the

[ any
dges

with
Even

solution looks very-similar to the former one, some differences in statics and in kinematic

a)

C

Figure 3 — Isostatic and dissipative design criteria: schemes of design strategies

I
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4.4 Parameters
[SO 20987 shall apply. In addition to the provisions of ISO 20987, the following applies.

Among the main parameters that characterize the seismic behaviour of the connection, the following
one is added:

slide - free linear relative displacement capacity with null or negligible reaction.

The main behaviour parameters are provided for each x, y, z direction defined in ISO 20987 specifying
possible interaction effects.

4.5 | Classification
[SO 40987 shall apply. In addition to the provisions of ISO 20987, the following applies:

Conrnlections present in existing buildings, where sufficient information about their strength and/or
ductllity is not available, can be classified as unknown.

Exisfing connections can be classified as insufficient when a specificcaleulation under the expected
seisthic action shows their inadequate strength.

5 Isostatic systems

5.1 | General

For bpuildings with isostatic arrangements of cladding panel connections, the structujral analysis
undér seismic action shall refer to the frame system following the conventional design pragtice of such
strugtures. In expectation of large displacements, the second order effects, PA, should bg taken into
accoynt. In addition to the ordinary output.data used for the design of member resistanceg at ultimate
limit|{state (ULSY), the sliding or rotation displacements shall be provided for the design of the pertinent
capafities of panel connection devices:

5.2 | Analysis of the building

5.2.1 General

For the frame systems eonsidered, capacity design criteria for the proportioning of the comnection are
applied. It is assuntéd; as a rule, that the beam-to-column and column-to-foundation connections are
properly over-propertioned with respect to the bending moment ultimate capacities of the columns.
Floor connectienis involved in the diaphragm action can refer to some approximate methodss.

In arly caseythe structural connections can be over-proportioned, referring to the forces oftained from
a strjictural analysis performed with behaviour factor g = 1,5

Figure A.1 shows a simplified design flowchart. It shows the required steps to design a cladding to
concrete structure connection. Specific suggestions regarding the isostatic systems structural model
analysis are given in 5.2.2 and 5.2.3.

5.2.2 Suggestions for the structural model

For the numerical model of the structure, the ordinary linear elements (beam type) can be used,
positioned along the axis of the members. Different eccentricities between the members should be
reproduced using link rigid elements at their joints. The connections between the elements shall be
faithfully represented with their degrees of freedom in the different planes. It should be considered
that, if the connections are modelled with no deformability (e.g. fixed built-in full support or hinged

1) ULS: state at which the material stresses are limited to the point at which the bearing elements can withstand
the design loads and maintain the safety and integrity of the structure.

© IS0 2020 - All rights reserved 5
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support), the results of the analysis can lead to very high joint forces. The actual deformability of the
connections, even small, can substantially lower these forces. More reliable results can be obtained if
the actual deformability of the connections is reproduced in the model.

The floor elements can be modelled as linear elements concentrating their mechanical properties along
the axis. To reach the actual points of their connections, link rigid elements can protrude from the
axis. The diaphragm action of the floors shall be properly represented, implicitly by the layout of their
members or explicitly through the options provided by the computation code.

If the cladding panels are introduced as members in the model, they can be reproduced as linear
elements distributing their weight along the axis. Their supports shall faithfully reproduce the isostatic

. £l e T, L+l + 1 it £l £ Lo
darrangementortiecotrectons—roTreacntneacttar pomrs-or e tonrectroftsS,—wnere—sonmeresponse

parametersjare needed, rigid link elements can protrude from the panel axis.

If the claddipg panels are introduced as masses in the model, their total mass, M, shall be transferred to
the sustainihg members in a ratio, R,, depending on the connection arrangement.

For one-stofey structures with vertical panels in the horizontal orthogonal y direction, this ratio, |R,, is
given by Forimula (1):

_0,67Mh
y ho

M

h is|the height of the panel;
is|the elevation of its upper support connected with the roof deck;
M  is|the total mass of the cladding panels in the model.

In the in-plgne horizontal x direction, the same ratio, R, = Ry, can be assumed for a pendulum support
arrangemert. A null ratio, R, = 0, can be assunited for a cantilever arrangement with upper sljding
connectionsg.

For one-stofey structures with horizontal panels in the orthogonal y direction, their mass, M, sh3ll be
shared between the two lateral suppaorting columns, amplified as a function of their elevation hf [see

Formula (2)]:

0,5Mh,
R =" (2)

4]

where h, is the elevation of the roof deck.

In the in-plgne h@rizontal x direction, their mass shall be transferred to the lateral columns with the
same amplification, based on the constraint degree of the corresponding support.

5.2.3 Rocking systems

The vertical panel of Figure 4 keeps its stability in its plane until the horizontal top force, H, [see
Formula (3)], is smaller than the limit force

Gb
H =— 3
=5 (3)
where
G is the weight of the panel;

band h are geometrical quantities indicated in Figure 4.

6 © IS0 2020 - All rights reserved
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If H> H, the panel starts rocking around its lower corner like an inverted pendulum with a restoring
force, H,, that remains constant for small displacements. At the reverse motion, the panel sits back on
the base side and starts a new opposite cycle similar to the previous one. To capture such vibration
motion, a refined dynamic analysis should be carried out for the solution of the non-linear algorithms
inclusive of the unilateral effects of the base supports.

Considering this, the small value of the limit force, H,, can prevent the rocking motion only for low
actions. For practical design applications, a simplified approach can be used, based on a linear elastic
structural analysis for each of the two possible structural schemes: integrated and isostatic. The design
approach can therefore adopt a first model corresponding to the integrated system with cantilever
panels fully fixed at their base and connected with an equivalent hinge to the roof and a second model
referfred to the 1sostatic system with pendulum panels connected with two end hinges.

Starting with the integrated system, the first analysis refers to the serviceability Jimit $tate (SLS?)
seismic action, evaluated using the pertinent elastic response spectrum. Its outcome provides the
forcds and displacements. If the corresponding connection forces are not greaterthan H,, the calculated
displacements are used for the verification of the drift limits. If they are greater, the analysis of the
isostptic model is necessary.

H,

b/2 | b2

Figure 4 — Vertical panel force equilibrium

The second analysis of the integrated system refers to the ultimate limit state seismiq action (no-
collapse requirement), evaluated using the pertinent design response spectrum with the behaviour
factdgr g =;1,0. Its outcome provides the forces and displacements. If the corresponding connection

forcdsare not greater than H,, the forces calculated in the structure are used for the strength design. If
they re’greater, the nnnlycic of the isostatic maodelis necessary

When necessary, the isostatic system is analysed neglecting the restoring force, H,. The panels only
contribute to the response of the structure as masses without any stiffness. Thus, they can be modelled
as indicated in 5.2.2. For SLS, the elastic response spectrum is used. The resulting displacements are
verified against the required drift limits. For the ULS, the design response spectrum is used. The
behaviour factor g, of the frame systems and the resulting forces are used in the strength designs.

In any case, the forces in the panel connections for their strength design, taking into account the
impulsive effects of the dynamic action, shall be taken at least equal to 2H,,.

2) SLS: state at which the structure is supposed to be comfortable and usable taking into account vibrations,
deflections and cracks.

© IS0 2020 - All rights reserved 7
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5.3 Analysis of conventional systems

5.3.1 Gen

eral aspects

The term “conventional systems” used in these rules is for the reinforced concrete buildings with the
existing fastening systems of cladding panels, which have been extensively used in the past and may

still be used

at present in zones with low to medium seismicity.

The existing design practice for the conventional systems usually has been based on the model that is
not explicitly considering the interaction between the main structural system and the claddings in the
plane of the facade. Such approach cannot identify eventual complex interaction between the structure

and the panels leading to possible failure of the fastening system and to the fall of the panels-diiring

strong eart}
large over-s

A suitable d
structures 3

5.3.2 Gen

These rules
fastening sy
analytically
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the structui
case whenr
fastening sy

Furthermor
and Figure |
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sliding free
with two pi
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the lower p
direction an

hquakes. Some of such systems, in case of small seismic demand and/or structures
frength and stiffness, can still provide sufficiently safe design solutions.

esign procedure is provided in 5.3.2 and 5.3.3. It can be used for strengthening exi
s well as for the design of new ones.

eral design methodology

are strictly limited to those fastening systems described in Clause 6. When the ap
stem is different from those presented in Clause 6, the system shall be experimentally
investigated (taking into account the 3D behaviour of the-structure) to provide the

in the proposed methodology. These data include, butiare not limited to, the mechani
e-to-panel interaction, deformation and strength capacity, equivalent stiffness, and, i
pfined inelastic response analysis is chosen, the hysteretic models for the structure an
stem.

e, these rules are limited to fastening schemés presented in Figure 5 a) for vertical p

nnections giving bilateral restraint iny (orthogonal) direction and bilateral essen

with

sting

plied
 and
basic
tm of
h the
d the

hnels

b b) for horizontal panels. In particular,the vertical panels are attached to the upper heam

tially

Homs in x (horizontal) and z (vertical) directions, while at the base they are supp
hned connections providing restraints in all the three directions. Any horizontal paj

hrt giving bilateral restraintiin y (orthogonal) direction, unilateral support in z (ver
d bilateral partially slidingfreedom in x (horizontal) direction.

h has two possibletevels of complexity and it is based on the following main considerat

weak interaction between the panel and the bare frame (i.e. the stiffness of the fastening de

compared tothe stiffness of the structure itself) can be expected in conventional sys
rtain deformation threshold is exhausted. Until this deformation limit is reached
behaves.essentially as isostatic and relatively simple traditional structural models c{
pglecting the structure-to-cladding interaction. The relevant deformation capacity g
ed conventional systems is provided in 6.3;

rted
nel is

the lateral columns with two connections at the upper part and with two connections at

fical)

ions:

vices
tems
, the
in be
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after the deformation limit is reached, more complex model shall be used considering the

interaction between the panels and the bare structure through the fastening system. Relevant
input parameters for the addressed conventional systems are provided in 6.3;

system shall be chosen.

The approad
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until ce
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used, n
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c)

8

if the more refined model does not prove the adequacy of the system, a different cladding connection
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Figure 5 — Cladding elements fastening.s¢chemes for conventional systems

Design of the connections in the direction perpendicular to the plane shall always be done.

The most critical problem in the case of the-conventional systems is their quite limited fleformation
capafity. Below this limit, the conventionalconnections behave essentially as isostatic conmections.

Sincg the deformation threshold and‘the interacting mechanism are highly uncertain, back-up devices,
such(as restrainers shall always.be.used (see 6.4.1).

5.3.3 Application procedure
5.3.3.1 Practical application

5.3.3.1.1 General

The practical*design application can be made through steps 1 to 4.

Step|1:

The bare frame (without panels) is analysed taking into account the local seismicity at the site. The
modal response spectrum analysis is used.

Estimation of the required strength of the structure can be based on the un-cracked cross-section of
columns. For calculating the displacements, the cracked cross-sections shall be considered.

Step 2:

The displacement capacity of the connections in the plane of the panel is compared with the
displacement demand defined in Step 1 as it is stated below:

a) vertical panels: the displacement capacity of the top connections is compared with the displacement
of the beam [see Figure 6 a)]. The size of the gap, corresponding to the displacement demand shall
be checked according to the procedure presented in 6.3;

© IS0 2020 - All rights reserved 9
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b) horizontal panels: the displacement capacity of the connections is compared with the displacements
of the columns at the level of these connections [Figure 6 b)].

ds = dYS]

i
dg, |
ds3' |

ds3

dsZ'

1
1]

dsZ
dsl

(T

a) Vertical configuration b) Horizontal ecobfiguration

Figure 6 — Displacement demand of cladding-elements

I, the
ment
F this
bare

If the displa|
analysis is

capacity of
step is comj
frame is we

cement capacity of vertical panel connections is largerthan the displacement demang
ompleted unless the gap between the beam and he panel is closed. If the displace
horizontal panel connections is larger than the«displacement demand, the analysis o
pleted. In such cases, it can be assumed that the interaction between panels and the
e

"tical
lysis

If the displa
panels and
(see Step 4)

rement demand exceeds the capacity ofithe connections and/or the gap between the vel
he beam is closed, the cladding-to-structure interaction shall be considered in the ana
or different cladding system shall be chosen.

Step 3:
In the direct

ion perpendicular to thé panel, the strength of all connections shall be verified with regpect

to the demd
connectiong
the manufaq

nd, evaluated according to normal rules for non-structural elements. The capacity d
in the direction pérpendicular to the panel is estimated according to the data providf
turer. If the stréngth of the connections is inadequate, a different connection system

f the
ed by
shall

be chosen.
Step 4:

The claddinjg-to-structure interaction is taken into account by means of a more refined struc
analysis. erl}es regarding this analysis are provided in 5.3.3.4.

tural

If the displacement demand exceeds the capacity of the connection and/or the gap between the vertical
panel and the beam is closed, a different connection system should be chosen. If not, go to Step 3.

5.3.3.2 Suggestions for the structural model

Any type of structural model and analysis can be used for the evaluation of the existing reinforced
concrete buildings. While the equivalent elastic modal spectrum analysis is the first choice in the
conventional design practice, more refined inelastic analysis method can be adopted in some cases due
to the highly complex non-linear behaviour considering panel-to-structure interaction.

In the general case of existing reinforced concrete structures, the frame or dual wall-frame analysis
should be performed by means of software computation. The ordinary methods for the formulation
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of the calculation model is applied with the specific pertinent indications given in 5.3 for conventional
systems, 5.2 for isostatic systems or in 7.1 for integrated systems of connections.

5.3.3.3 Conditions for strengthening interventions

Any intervention of upgrading or retrofitting of panel connections on existing buildings shall be made
only when the adequacy of all the remaining parts of the structure has been verified to be compliant

with

the requirements of the chosen level of seismic resistance.

When the proposed analysis procedure is used for existing buildings the following specifics shall be
considered:

— 1

q

— Im Step 1 the adequacy of the main structural system (bare frame) shall lre checked
r

5.3.3

Num|
resp
be u
can i

The quoted numerical models of connections can be further simplified. An equivalent linea

Figu
takel

whel

The ¥

gtructural system;

b1 { TE); }
Jof = >
21| K gdZy

he analysis and design shall follow the general requirements for the design.q

oceeding to Step 2. The main structural system itself may need upgradingfirst.

4 Refined analysis model

erical models of the connections shall be able to describe all important features of t
bnse. For conventional fastening systems, the appropriate hysteretic models presentg
bed. Such models can imply the nonlinear dynamic analysis. For regular structures,
e simplified using the nonlinear pushover-based analysis.

re 7 a)], considering an increased effective damping & [see Formula (4)] (hysteretic
1 into account), can be used. The damping canbe estimated as:

e

E

b is the dissipated energy;

K. s the effective stiffness;

d .4 is the makimum displacement.
Fariables used in Formula (4) are illustrated in Figure 7.

f the main

first before

heir seismic
d in 6.3 can
the analysis

r model [see
damping is

(4)

© ISO

a) Equivalent linear model b) Parameters for calculation of effective damping

Figure 7 — Numerical models of connections
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5.4 Design of isostatic system connections

5.4.1 General
In order to ensure the pure frame behaviour of the resisting structure, the connection system of the

cladding panels shall actually allow without reaction the large displacements of the frame structure
under seismic action, except for possible minor unintended reaction effects due to friction or sealing. In
this case, one shall adopt sliding connection devices with adequate capacities or pinned connectors free

for rotations.

ctural arrancemants
cratrararrangenents

5.4.2 Stry

rtical structural arrangements
y and

54.2.1 Ve
rtical arrangement configurations, adequate for all seismic levels shall be easy“to apply

Isostatic, ve

shall follow pne of the described solutions:

m solution presented in Figure 8 a) with arrangement matrix given injTable 3;

— penduly

— cantilevler solution presented in Figure 8 b) with arrangement matrix given in Table 4;

— rocking|solution presented in Figure 8 c) with arrangement matrix-given in Table 5.

For all threq solutions, in the out-of-plane direction the panels are supported with an isostatic pendplum
scheme Figyre 8 d).
Considering that the vertical panels are placed over the bottom beam, to which they transmit [their

are supported horizontally by the upper beam-with connections placed close to the top, the
8.

weight, and
arrangemern
[———

b/ b/2 |
d |
. d
-+ Yo >;/,a 4L g
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ts to obtain an isostatic connection system-for these panels are those shown in Figure

|
|
d|

1
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|

| |
O}

c) Rocking behaviour d) Out-of-plane behav-

a) Pendulum behav- b) Cantilever behav-
iour iour

iour
Figure 8 — Vertical isostatic configurations

The first solution adopts hinged lower and upper supports so to have a pendulum behaviour for any

single panel.

© IS0 2020 - All rights reserved
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In the pendulum arrangement for a given top displacement d, the adjacent vertical sides of the panels

display a relative slide of bd/h

where

h  isthe height of the upper support;

b isthe width of the panels.

The two adjacent sides get closer by a minor quantity that requires in any case a sufficient
between the panels, closed by the sealant. The sealing between the adjacent panels may
reac PNETCWN S Pe s coaa oo L oagla ot o d bha wvatat oo b o oo o o sto o = aasa-ala1ia o
that pllow it, may
effedts on the seismic response. Since only vertical compression forces are expécted
supplorts, these can consist of simple seating able to provide only a unilateral restraint in

To allow for thermal expansion, the upper supports may be made of one centralortwo lat|

slide|channel bars able to transmit only horizontal forces.

Table 3 — Arrangement matrix - pendulum behaviour

Direction A B C D E F
X f / f / / /
y f / f / / /
z f / S / / /

The

struqture.

The

beca
verti
Sens
vibrd
from
with
supp

cantilever arrangement [see Figure 8 b)]keeps the panels still during the motion of t

the bottom and anchored by bond within corrugated sleeves inserted in the foundati
no-shrinking mortar. Qther types of dry mechanical connections may be adopted
ort of the panels.

Table 4 — Arrangement matrix - sliding frame (cantilever)

Direction A B C D E F
X f f S S / /
y f f f f / /
y/ f f S s / /

display a friction reaction to the motion that has very small (negligible

second solution adopts fixed (pinned) supportswat-the base of the panels and one or
connfections to the structure at the upper position se to have a cantilever behaviour uncoup

1se of the horizontal slide channel baxs.placed at the upper position. To allow for thermg
cal channel bars may be coupled-to-the horizontal ones (one in the beam and one iy
ble friction effects may arise due to the contemporary orthogonal forces caused by
tory motion. The base suppoert of the panels can be provided with reinforcing bars

free spacing
give a minor
rangements
dissipative
at the base
-z direction.
eral vertical

two sliding
led from the

he structure
l expansion,
| the panel).
v the biaxial
protruding
bn and filled

for the base

The third solution adopts a simple seating of the panels on bearings placed at the two edge

side together with a hinged connection to the structure at the upper position so as to hav

behaviour for large displacements.

s of the base
e a rocking

The rocking arrangement consists of the seating of the panels on the foundation through unilateral

bearings that work only in compression. The two edges of the base side of the panel altern

up during the rocking motion, hence should be properly reinforced against spalling. Sma

atively rise
11 horizontal

actions applied to the upper connection of any single panel are equilibrated by its weight until

Formula (5) is satisfied.
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H<Gb/(2h)
where
G is the weight of the panel;
b is its width;
h is the height of the applied horizontal action.

In this cond
system wit}

receives an

panels begi)

edge active

H=Gb/

At the reven

stable equi
algorithms

is given in 5|

5.4.2.2 Hq

The horizon

weight, being restrained hogizentally by the same connections. The lower panels can be seated dir

with their w

Isostatic ho

(5)

initial high horizontal impulsive force that decreases when that limit is overcome an
1 to rock, behaving as an isostatic system. In the rotated position the panel, seated
bearing, provides a stabilizing constant horizontal force expressed in Earmula (6)

2h)

se motion, the panel seats back again on the two base lateral bearings restoring its i

}Iibrium. The analysis of such vibration motion requires{calculation codes with re
or the solution of the nonlinear equations. A simplified approach for the structural an3

2.3.

Table 5 — Arrangement matrix - rocking behaviour

Direction A B C D E F
X fa f* f f / /
y f f f f / /
z f £ S S / /
a2 Working alternatively.

brizontal structural arrangements
tal panels are connected externally to the adjacent columns to which they transmit

eight on the fotindation elements.

and shall follow some.of the described solutions.

Hanging

b solution presented in Figure 9 a) with arrangement matrix given in Table 6.

ition, the panels behave as integrated in the structure that becomes a dual wall*f
1 a much higher global stiffness. Under seismic action, therefore, the reacting sy

Fizontal arranigement configurations, adapted for all seismic levels, shall be easy to §

rame
stem
d the
n its

(6)
hitial

fined
lysis

their
ectly

pply

Seated solution presented in Figure 9 b) with arrangement matrix given in lable 7. Following an

alternative solution, the horizontal panels can be seated one over the other, taking all their weights
directly to the foundation and transmitting to the adjacent columns only the horizontal orthogonal
actions due to their mass. In this case, there is a lower reliability of the model because of the higher
uncertainties of the friction longitudinal behaviour of the mutual joints under seismic conditions.
For these reasons, this alternative solution is not recommended.

14
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X
>
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+
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+

a) Hanging b) Seated

X
»

Figure 9 — Horizontal isostatic configurations

The panels shall have a free spacing at the joint between the adjacent sidésto allow [the relative
slide| motion without friction. This joint is sealed with proper material that/may introdpce a minor
reaction effect.

Any pingle panel is provided by two upper or lower vertical supports'placed at the ends pnd fixed to
the dolumns. One of them provides also the horizontal restraint in the plane of the parel. To allow
for thermal expansion, the opposite one gives no horizontal reaction in the plane of the panel. At the
oppdsite lower or upper side, two couples of sliding connectians‘are placed allowing the freje horizontal
and yertical displacements. All four corner connections provide a fixed horizontal support orthogonal
to the panel.

Table 6 — Arrangement matrix- hanging horizontal panel

Direction A B C D E F
X S S f s / /
y f f f f / /
y/ S S f f / /

Table 7 —Arrangement matrix - seated horizontal panel

Direction A B C D E F
X f S S s / /
y f f f f / /
y/ f f S S / /

5.4.3 Sliding devices

The pliding devices, such as fixed channel bars with internal moving head slides, shall allow free
longitudinal alternate displacements without reactions. Tangling effects may result in unexpected
integrated behaviour: they shall be avoided in all cases. The slides shall be proportioned with the due
clearance with respect to the channel without sharp corners and shaped in such a way to avoid seizure
especially under impulsive actions. Steel-to-steel contact shall be avoided and special inner coating of
the channel bar shall be provided with PTFE polymer or other slippery materials.

An initial type testing shall be performed submitting some devices to monotonic and cyclic longitudinal
actions for different values of the transverse force (3D effects) consistently with the joint arrangement
expected in the structure and with the geometrical allowances proportioned considering also the
production and installation tolerances in the overall fagade. The proper functioning shall be checked all
over the range of the expected displacements.

Particular care shall be given to the installation of the sliding devices in order to keep the positioning
deviations within the admissible linear and angular tolerances of the joint.
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The sliding devices of concern shall provide an effective connection between panel and structure in the
direction orthogonal to the panel, without excessive out of plane plays. In the overall arrangement of
the panels, all possible hammering phenomena between adjacent panels and panel to structure shall be
prevented.

Specific checks of the geometrical compatibility of the displacements shall be addressed to the corners
of the building where orthogonal panels are jointed, with possible interposed angle elements.

Figure 10 shows a type of sliding device for connecting a vertical panel to the upper beam. The channel
bar short or long (1) is fixed to the beam. A fixing gear (2) is attached to the panel in a special pocket,
bolted to a counter-plate (4). A fastener (3) is placed to connect the two parts, where its grooved head
slide is insertedntheHpsofthechannetbartoprovide-abitaterat-transversesupportwhitettremains
d in the longitudinal direction. At the other end, the fastener is attached to the fixing[gear

The sliding |ength of the channel bar is dimensioned with reference to the expected drift of the [floor
under seisnjic conditions amplified by a factor of 1,2 to cover the uncertainties of thé/calculation| The
resistance design of the connection is made with reference to the transverse force baséd on the mgss of
the panel.

Key

1 channel pbar
2 fixing gepr
3 fastener

4 counter plate

Figure 10 — Sliding device connection

5.4.4 Hingeconnections

Rotating connections can be used at the base of vertical panels in pendulum arrangement. Figure 11 a)
shows the mechanical device that can be used when a resultant vertical upward (lifting) action is
expected on the panel so to require a downward reaction from the connection. It is the case of the
end panels of a cladding, subjected to a longitudinal horizontal alternate force, where the panels are
connected to each other by lateral joint connectors (possibly dissipative). The quoted one is an ordinary
hinge, common in steel construction, which relays its resistance on the shear strength of the pin and on
the bearing action of the lateral plates. If no upward actions are expected on the panel, a simple support
on a steel pad that concentrates the compressions in a small print can be used [see Figure 11 b)]. The
plastic settlements of the pad allows the small relative rotations of the bearing contact surfaces. Proper
lateral restraints (stoppers) shall be provided for the shear action.
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a) Hinge connection b) Simple steel'pad support
Key
1 foundationbeam 3  upper part 5  brackets 7  panel
2 Ibottom part 4  pin 6  steel/laminated rubberpad

5.4.3 Supports with steel brackets

Strong steel brackets are conceived to support the horizontal suspended panels, connect
the dolumns. They are made with traditional steel profiles that may be filled with concrete

Figure 11 — Vertical supports

ing them to
to increase

their|stiffness. Bracket connections are conegived to carry the gravity load of the panel, and are usually
placed in two positions in a row. A recessiin the panel or/and an inclined contact surface may prevent

the panel out-of-plane displacement. Even if they do not usually allow the panel in-plane d
al features may be adopted to .make them slide horizontally for thermal expansion. The efficiency

spec
of th

Figufe 12 shows a type of beaping bracket device provided with an adjustable steel bolt for
of hgrizontal panels, connested to the column. The bracket is inserted in a recess left in the
the panel, which is provided with a hosting groove.

e sliding mechanism shall be experimentally verified through monotonic and cyclic teg

splacement,

ts.

the support
column and

For the bearing capacity of the device, reference should be made to the technical specifications of the
producer that aré usually based on experimental testing. The out-of-plane resistance dpsign of the
connection isimade with reference to the transverse force calculated according to normal rpiles for non-

strugtural élements based on the mass of the panel.
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6 Design of conventional connections
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Figure 13 sh
vertical pan|
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Figure 12 — Bearing bracket device

ral

mic analysis, the old design practice of the\reinforced concrete structures of cor
ased on a bare frame model where the peripheral cladding panels enter only as m

 with a local calculation on the base oftheir single mass for anchorage forces orthogo
the panels.

y existing buildings designed following this old practice, proper upgrading or retrofi
s shall be made. These interventions are needed also for the many existing buil
ot designed for seismiccactions and placed in areas that now, following the upc
are classified as seismic zones.

tural arrangements

fical structural arrangements

Jjows thesgraphic scheme of a very common connection system used during many yeai
els, The unit is simply supported on the foundation beam without mechanical connectq
| to-the top beam through vertical channel bars and headed fasteners giving a bilatera

stiffness. The panels are then connected-to the structure with fixed (pinned) fasteI
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the horizontal x direction. Table 8 - gives the corresponding arrangement matrix.

18

Table 8 — Arrangement matrix - conventional vertical panels

Direction A B C D E F
X fa fa f f / /
y f f f f / /
zZ f f S S / /
a  Restrain due to friction.
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6.2.2

Y A s X
Figure 13 — Vertical structural arrangement

Horizontal structural arrangements

Figufe 14 shows the graphic scheme of one of the connection systems used during many years for

horiZ

ontal panels. The unit is connected to the two lateral columns. The two lower connections consist
of stgel corbels protruding from thé.columns proportioned to give the vertical -z support fo the panel;
the tjwo upper connections consist of shear dowels that ensure the bilateral horizontal x festraint; all
the fpur connections providethe bilateral horizontal y restraint. Table 9 gives the arrangement matrix.

Z

o o

© ISO

Pt Pt

Y

X

Figure 14 — Horizontal structural arrangement
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Table 9 — Arrangement matrix - conventional horizontal panels

Direction A B C D E F
X fa fa f f / /
y f f f f / /
z f f S S / /
a2 Weak unintended restraint.

6.3 Convq

6.3.1 Gen

The deform
carefully ve

The use of 4
than those

entional fastening systems

eral

htion capacity of the system and the interaction of all components in the-stpucture sh{
Fified.

ny other existing fastening types or the above connections with‘different character
described in 6.3.2 to 6.3.4 is not allowed unless adequate experimental and analy

studies do pfrovide these data and verify the design methodology for theparticular type.

The data in
check of elq
capacity of

For the mor
on the expel
as well as hy

6.3.2 Han

6.3.2.1 Gg

Hammerhed
and a panel
by means of
fastening of]

6.3.2 to 6.3.4 are provided for the two levels of analyses foreseen in 5.3. For the simp
stic displacements (Steps 1 and 2 in the procedure putlined in 5.3.3), only deform
he connection, based mainly on the geometric charaGteristics, is needed.

e refined analysis, (Step 4 in the procedure outlined in 5.3.3) a set of data is provided H
imental results. It includes strength and deforimation capacity based on the cyclic env
rsteretic rules for inelastic response analysis:

hmerhead strap connection

tneral

d strap connection consis§ts of two steel channels that are mounted in a beam (or col
and a hammerhead strap/that is fastened to the channel mounted in the beam (or col

vertical panels to'the beams.

1] be

stics
rtical

ified
htion

ased
tlope

lmn)
mn)

a single bolt (see Eigure 15). Hammerhead strap connections are most often used for the

Hammerhedd strap conmections can be provided with channels of different strength. Principally} two

different types of chantiels should be recognized:

a) strong fhannél;= when loaded in shear, the connection fails due to the failure of the strap| (see
Figure 16);

b) weak clranmel=whemn foaded i shear, tie connection faits due to the faiture of the chanmel (see
Figure 17).
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Figure 15 — Schematic presentation of the hammer-head strap connection ass¢mbly

1
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/ Q [

gure 16 =“Failure mechanism of the hammer-head strap connection with strong

]
/

0

Figure 17 — Failure mechanism of the hammer-head strap connection with weak channels
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For seismic loading, deformation capacity in shear and out of plane resistance of the hammerhead strap
connections shall be checked.

In the direction perpendicular to the panel plane, the design forces in the panel-to-structure connections
shall be calculated according to normal rules for non-structural elements. Out of plane resistance as
well as shear deformation capacity of hammerhead strap connection shall be proved by experimental

testing.

In the direction parallel to the plane of the panels, weak interaction between the panel and the bare
frame may be expected until certain deformation threshold is exhausted. Until this deformation limit is
reached, the system behaves essentially as isostatic and relatively simple structural models can be used,

neglecting he—straeture-to \,laddius Hrteractionr—The—relevant dcoisu Pat areters—for—hammeshead
connectiong are given in 6.3.2.2.

After the deformation limit has been reached, either a more complex model shall be used, donsidering
the interactjon between the panels and the bare structure through the fastening system, or a different
cladding sy$tem shall be chosen. The relevant design parameters for hammerheadvconnectiong are
givenin 6.3/2.2.2.

6.3.2.2 Design based on the simplified model, neglecting panel-to-structure interaction
6.3.2.2.1 (eneral

Two checks fshall be done:

a) deformation capacity of the connection when loaded in shear'shall be adequate;

b) closing pf the gap between a beam and a panel shall be\controlled.

6.3.2.2.2 DPeformation capacity control

Deformation capacity of the hammerhead strap connection when loaded in shear depends on the
geometry of the main components of connéction and deformability of the strap or the channel,
depending gn the type of the failure mechanism (see Figure 15 and Figure 16). It shall be estimated in
the followinjg way.

a) If strong channels are used, thé.ultimate displacement of the connection when loaded in sheaf can

be estimated by means of Formula (7):

d,=(6),+6,)L (7)

where

anp s tHe rotation of the strap due to allowances within the channel taking also into account the
broduction and erection tolerances of the panel;

0, is the rotation of the strap due to the flexural deformations of the strap at the narrowing
just under the head, which can be estimated as ultimate curvature multiplied by the length
of the narrowing;

L is the distance between the bolt and the channel mounted in the panel (see Figure 16).

b) If weak channels are used, the ultimate displacement of the connection when loaded in shear can

be estimated by means of Formula (8):

du = (egap + 6ch )L (8)
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where

e is the rotation of the strap due to the tolerances within the channel;

0, is the rotation of the strap due to the deformations of the channel mounted in the panel (which
shall be evaluated by Finite Element analysis or experimentally verified, in both cases under
cyclic action);

L is the distance between the bolt and the channel mounted in the panel (see Figure 17).

6.3.4.2.3 Gap closure control
The minimal gap shall be equal to L, calculated with Formula (9):

, d, Y
Ly 2L 1- 1—&'} , )

where

.

1 and Lgap are the distances marked in Figure 18;

is defined in 6.3.2.2.2.

1 2
o LS i /{}\ Ll §
- N LA S — — B NP e o
—— A e
N
3 4
Ly Lgap
. s
A
Loy, =0
Key
1 beam
2 panel
3 hammerhead stripe
4  channel

Figure 18 — Closing of the gap between a panel and a beam
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6.3.2.3 Design based on the refined model considering panel-to-structure interaction

6.3.2.3.1 General
The design procedures and parameters shall be based on the experimental data for cyclic tests:
a) hysteretic response envelope given to define stiffness, deformation and strength properties;

b) hysteretic behaviour model.

6.3.2.3.2 Hysteretic response envelope

Hysteretic response envelope of the shear behaviour of hammerhead strap connections can be ideallized
as suggested in Figure 19. Three characteristic points are recognized.

F (kn)
d

Key
Rg.  friction force
dg,,  displagement in which hammerhead strap is stuck withitvthe channel in panel
R, force aft yielding (of the hammerhead strap or the channel in plane)
d, displagement at yielding
R .« strength
d, displagement at failure

Figure 19 — Calibratedhysteretic model for hammerhead strap connections

The characferistic points pf\the force-displacement response envelope of a hammerhead $trap
connection with strong channels can be evaluated using Formulae (10) to (15):

R, = _LfL (10)
R - [My,N\/% M, | (11)
;
=
wp = Oy L u (13)
d,~d, (14
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d,=(6,,+6,)L, (15)
where

Mg, is the moment in the bolt (it can be estimated as the tightening torque T},);

L is the distance between the bolt and the channel mounted in the panel (see Figure 16);

M, is the flexural resistance of the hammerhead strap at the narrowing just under the head
taking into the account axial force N;

MpLN is the flexural resistance of the hammerhead strap at the narrowing justunder the head
taking into the account axial force N;

P is the force in the direction perpendicular to the panel plane;

9gap is the rotation of the strap due to the tolerances within the ¢channel;

0., is the rotation of the strap due to the flexural deformations of the strap atfthe narrow-

Figure 20 — Failure mechanism of hammerhead strap connections with strong cl

ing just under the head (see Figure 16), which can pg estimated as ultimat
multiplied by the length of the narrowing.

e curvature

hannels

The |characteristic points of the force-displacement response envelope of a hammerhead strap
connlectionwith weak channels can be evaluated using Formulae (16) to (21):
M.
szr 7 Tfr (16)
v
2
1 d
ok 1—[2} (R, —P)+d, P+M,
= (17)
y 2 2
L' —d,
1 d, Y
~R 1—[uj (Ryn—P)+d, P+ M,
2 L ch,u u T
R = Ny (18)
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a’gap = Ogap L (19)

dy = a’gap (20)

d,=(6,,+6,)L, (21)
where

Mfr isthe momentin the bolt (r‘nn be estimated as the fighfpning torque Tu):

L is the distance between the bolt and the channel mounted in the panel (see Figure-17);

Reny is the out of plane yield resistance of the channel (normally specified by the|producdr);

Repu is the out of plane resistance of the channel (normally provided by the'producer);

R is the distance marked in Figure 21;

P is the force in the direction perpendicular to the panel plane;

anp is the rotation of the strap due to the tolerances within-the¢ channel;

0, is the rotation of the strap due to the deformations*of the channel mounted in the panel

(to be evaluated by FE analysis or experimentally verified).

L

Figure(21 —<Failure mechanism of hammerhead strap connections with weak channels

6.3.2.3.3 Hysteretic behaviour model

Hysteretic response of a hammerhead strap connection can be modelled by using a combination of
three different responses: elasto-plastic, gap and hysteretic (see Figure 22).
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F F F
Rmax ________ < =
I X x
Ry T Ry — I
| (%)
NS
Ry 7 dgap dy - dgap I
M, d M, d M. d
Key
M tlastic PP

M, | elastic PP gap
hysteretic

Figure 22 — Combination of three different force-displacementresponses

6.3.2.4 Other aspects

If pahels are not anchored but only seated on the foundation beam; the relative displacements in the
panell-structure connections are more difficult to model. Nonlinear dynamic analysis with|appropriate
modg¢ls allowing for rocking behaviour should be performed.

6.3.3 Cantilever box connection

6.3.3.1 General

Cantjlever box connections consist of a vertical channel, which is mounted in the columns gnd a special
steellelement that is mounted in the panel,[The two components are then connected by means of a single

bolt (see Figure 23).
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The behavi

Figure 24. 4
friction ford

‘igure 23 — Schematic presentation of the cantilever connection assembly

pur of the cantilever connections, when loaded in shear, is schematically present¢d in
\t first the bolt slides along the profile: The resistance of the connection is equal tp the
e between the components. At some displacement level, the bolt reaches the end df the

profile. At that point, the stiffness of the connection increases. Finally, the channel fails and the bjolt is

pulled out o

[ the channel.

€ch

[/—

-

|

Ry

Dy,

/]

Figure 24 — Failure mechanism of the cantilever connection

6.3.3.2 Design

For seismic loading, the deformation capacity in shear and the out of plane resistance of the cantilever
box connection shall be checked.

28
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In the direction perpendicular to the panel plane, the design forces in the panel-to-structure connections
shall be calculated according to normal rules for non-structural elements. The out of plane resistance
as well as the shear deformation capacity of cantilever box connection shall be proved by experimental
testing.

In the direction parallel to the plane of the panels, weak interaction between the panel and the bare
frame may be expected until certain deformation threshold is exhausted. Until this deformation limit
is reached, the system behaves essentially as isostatic and relatively simple structural models can be
used, neglecting the structure-to-cladding interaction. The relevant design parameters for cantilever
box connections are given in 6.3.3.3.

Aftel
inter
cladd

6.3.3

6.3.3

The
capa

components of the connection (Figure 24). It should be estimated with Formula (22):

whet

)

6.3.3

6.3.3

£l dof. 43 1. ik Lad atla 1 dal Lall L A |

LIIC UCTIUTIIIAatIUIT IIIIIe 15 1CdllITUl, TILLITIT d 11IUI'T LUIII}JICA ITITUUCT SIIdIl UT UsSCTuU, CUII
action between the panels and the bare structure through the fastening system,
ling shall be chosen. The relevant design parameters for cantilever box connections
4.

leformation capacity of the connection when loaded in shear shall be’adequate. The
City of the cantilever box connection when loaded in shear depehds on the geometry

D,
gap 20_7

Dy, is the bolt diameter

| is the distance marked in Figure 24

4.1 General

The

a)
b)

6.3.3.4.2 Hysteretic response envelope

The hysteretic response envelope of the shear behaviour of cantilever connections can be
suggested in Figure 25. Two characteristic points are recognized.

esign procedures and parameters shall be based on the experimental data for cyclic t
ysteretic responséeiivelope given to define stiffness, deformation and strength props

ysteretic behdviour model.

.4 Design based on the refined-model considering panel-to-structure interactian

idering the
or different
are given in

.3 Design based on the simplified model, neglecting panel-to-structure interaction

Heformation
of the main

(22)

PSts:

rties;

idealized as
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d
Key
R, frictiorll force
dgap  displagement in which the bolt reaches the end of the steel box
R,.« strength
d, displagement at failure

Fig
The charact
strong chan

R, =P,

i
i
i

i

ure 25 — Hysteretic response envelope definition for cantilever connections

eristic points of the force-displacement response envelope.6f a cantilever connection
hels can be evaluated using Formulae (23) to (29):

kfr

_ech,u (rl + l"2 )

21,
Db
2

b
+e,

2

s the axial forcelifvthe bolt due to the tightening torque;
s the friction‘coefficient between panel and beam;
s the out'of plane resistance of the channel;

sd@he bolt diameter;

i

i

30

s the distance marked in Figure 24;

s the distance marked in Figure 24.

A

bpr—Db)

2L,

with

(23)

(24)

(25)

(26)

(27)

(28)
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bpr _Db

2
=L [1-| 22—
-1 (%J

where Ry, Ry, b

(29)

pr L1 L, are marked in Figure 24

6.3.3.4.3 Hysteretic behaviour model

The hysteretic response of a cantilever box connection can be modelled by using a combination of three
different responses: elasto-plastic, gap and elastic (see Figure 26).

F T F
Rmax —————————
| S £
Ryt I
|
R x“’
‘ dgap dgap du - dgapl
M, d M, d M d
Key
M, elastic PP
M, elastic PP gap
M elastic

Figure 26 — Combination of three different force-displacement responseg

6.3.4 Steel angle connections

6.3.4.1 General

The gteel angle connection consists of two steel channels that are mounted in a beam (or cqlumn) and a
panel and a steel angle that is fastened to the channels by means of bolts (see Figure 27).
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Higure 27 — Schematic presentation of the steelangle connection assembly

The behavigur of the steel angle connections, when:l@aded in shear, is schematically presented in
Figure 28. Jompression forces are induced at one edge of the angle and tension forces are inducgd in
the bolt. Thg connection fails due to the failure of‘the channel mounted in the panel. The bolt is{then
pulled out of the channel.

o~

Figure 28 — Failure mechanism of steel angle connections

6.3.4.2 Design

For seismic loading, the shear and out of plane resistance of the connection shall be checked. The
stiffness of the steel angle connection is not negligible and it should be taken into account in the global
analysis of the structure. In the most simplified situation, the steel angle connection can be considered
as a pinned joint.

In the direction perpendicular to the panel plane, the design forces in the panel-to-structure
connections shall be calculated according to normal rules for non-structural elements. The out-of-plane
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resistance as well as the shear deformation capacity of cantilever box connection should be proved by
experimental testing.

6.3.4.3 Design based on the refined model considering panel-to-structure interaction

6.3.4.3.1 General
The design procedures and parameters shall be based on the experimental data from cyclic tests:

a) hysteretic response envelope given to define stiffness, deformation and strength properties;

b) lysteretic behaviour model.

6.3.4.3.2 Hysteretic response envelope

The hysteretic response envelope of the shear behaviour of steel angle connections can be|idealized as
suggpested in Figure 29. Two characteristic points are recognized.

F (kn)
Rmax
|
By |
I
| |
| |
I |
d, du d
Key
R, force at yielding (channel in the panel yields)
d, displacement at yielding
R .« | strength
d, displacement at failure

Figure 29 — Hysteretic response envelope definition for steel angle connectipns

The ¢haracteristic peints of the force-displacement response envelope of a steel angle conmpection with
strong channels ean'be evaluated using Formulae (30) to (33):

2
| d
R 1—[5] (R, —P)+d, P+ M,
L=t \/LZ — - (30)

y

d 2
R 1—[Luj (Ry, —P)+d, P+ M,
R, = — - (31)

y

d,= \/ech,y (2L — €4y ) (32)
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du = \/ech,u (2 L- ech,u )

ch,u

6.3.4.3.3

is the moment in the bolt (it can be estimated as the tightening torque T});
is the distanced marked in Figure 28;

is the distance between the bolt and the channel mounted in the panel (Figure 28);

(33)

S the force In the direction perpendicular to the panel plane;
is the out of plane yield resistance of the channel (normally specified by the producer);

is the out of plane deformation of the channel at yielding (evaluated by FE analysis or e
imental testing);

iis the out of plane deformation of the channel at failure (evaluated by FE analysis or ex
mental testing).

Hysteretic behaviour model

Hysteretic résponse of a steel angle connection can be modelled by usinig an appropriate hysteretic m

6.4 Conventional strengthening and fastening systems

6.4.1 Second line back up devices

A not very invasive technique of intervention on existing buildings, to prevent the fall of cladding p
under earthjquake conditions, consists in the insertion of short slack cables connecting the panel t
main structpiral element as shown for verticakpanels in Figure 30. solution can be used only for a

upgrading of existing buildings in order to ensure their operativeness for a (short) transitory peri

A-A

e
T = o

Kper-

peri-

odel.

hnels
o the
quick
d.

7

Figure 30 — Second line back up fasteners configuration 1

The seismic force demand in short restrainers can be estimated as the larger of the forces listed in
Formulae (34) and (35):

n

34

2
\% 2
k-2 | +(2mS
u ) ons)

(34)

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=b565248635da45022392a165d4efae22

ISO 22502:2020(E)

F=v2k 0 (35)
0]
where
is the frequency of the restrainer;
K is the stiffness of the restrainer;
m is the tributary mass of the panel, supported by the restrainer;
A is the maximum acceleration of the bare frame structure;
Yo is the maximum velocity of the bare-frame structure.
v,=S5,/Q (36)
whefe (1 is the frequency of the bare-frame structure.
Formulae (34) and (35) can be used for panel supported at their base, only if second ord¢r PA effects
are rlegligible. The ratio s/H, where s is the length of the restrainerand H is the distance between the

bott
posit
total

For t
assu

1

whet

4

)

This
grea
can I

The 1
by te

Apo

m of the panel and the restrainer, should be less than 0;1y‘For panels that can fall

e used for medium or high ductility respectively.

esistance design of the entire restraining device (cable plus end fastenings) can be per
sting a setup reproducing the local arrangement of the connection.

bsible‘alternative solution is illustrated in Figure 31. The system consists of wire or sy

rope

and steel anchoring elements. It can be constructed with a wire or synthetic fibre ropg

from higher

ions, again for short restrainers, the conventional forcéshould be referred to the dopble of their
weight.

he proportioning of the end fastenings of the cabl€/a capacity design criterion should be applied,
ming a force given by Formula (37)

e = YoASom (37)
e

" is the sectional area of the cable;

hm=1,08f ) isits mean yield strength.

force should not be greater than the pull-out resistance of the panel fastener at one ¢nd, and not
er than the shear résistance of the beam fastener at the other end. The values yg = 1,2 gnd yg = 1,35

formed also

hthetic fibre
terminated

with

a steel socket and anchoring elements. In the case of the failure of the existing panel-

to-structure

connections, the panel falls in the direction perpendicular to its plane, the rope is activated and the
tension force is transmitted through the sockets into the steel anchoring elements and then into panel
and beam.
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Key

1 panel
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3 anchors
4  swaged

The stiffnes
experiment

6.4.2 Stre

In addition ffo the original connectors, in order to strengthen:the connections of horizontal panels 4

supporting
direction, tH
be justified

respect to the forces determined from the structural’analysis of the dual wall-frame assembly.

Folded steel
connections

cyclic deforinations [see Figure 32 b)].

As for the c
care for tolé
and panel W
constructiol

r resign-potted end termination
Figure 31 — Second line back up fasteners configuration-2

s, strength and deformation capacity of this restraining System should be detern
nlly.

ngthening folded steel plates

columns, steel angles can be used [see Figure:32 a)]. With reference to the longitudin
is provision can strongly improve the resistance but without any ductile capacity, an
bnly when the brittle failure is prevented.by a proportioning of the connection verified

plates can be used, instead of steel angles, in existing buildings to retrofit or upgrad
of horizontal panels to the structure ensuring a good dissipative capacity through pl

pmmon steel angles, thé installation of the steel folded plates does not require any s
rances since they cdn)be shaped on site in the existing situation and attached to co
ith post-installed-dfilled fasteners. Folded steel plates can also be effectively used in
1s. For their design, see 8.3.6.
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2 dolumn
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6.4.3
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Figure 32 — Folded steel plates

Strengthening with steel cushions

cushions can be used in existing buildings to retrofit or upgrade the connection

b of vertical

|s to the structure, ensuring a.good dissipative capacity through plastic cyclic deformations (see

e 33). The installation of thesteel cushions does not require any special care for tole
can be shaped on site in the existing situation and attached to beam and panel with p

bd fasteners.

cushions shall be proportioned to maintain an elastic behaviour up to the serviceabili
(with small deformations) and possibly to suffer plastic deformations beyond this limit, w
mations after‘the earthquake and need for their replacement and for the adjustme

ngement.

rances since
bst-installed

y limit state
rith residual
ht the panel
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M

Key
1 epoxy
2 steel cushions

3  steel angle
Figure 33 — Steél'cushions

For the behgviour, properties of steel cushions.dnd the calculation models, see 8.3.5.

7 Integrated systems

7.1 Genefal

For buildings with integrated-arrangements of cladding panel connections, the structural andlysis
under seisnjic action shalKrefer to the dual wall-frame system that includes in the resisting strugture
columns, bepms, floor eleinients and cladding panels with their connections.

7.2 Analysis of the buildings

7.2.1 General

In addition to the ordinary output data used for the design of member resistance at ultimate limit state,
the forces in the panel-beam joints shall be provided for the design of the pertinent capacities of panel
connection devices.

Clause 7 concerns rules for the design of panels with integrated connections. It is noted, however, that
other types of panel connections can be used together with integrated ones, which shall be designed
following the rules reported in the corresponding sub clauses. In such cases, the most unfavourable
value shall be assigned to the parameters referring to the overall response of the structure (e.g. the
behaviour factor q).

A simplified design flowchart for the required steps to design a cladding to concrete structure
connection is given in Annex A. Specific suggestions regarding the integrated systems structural model
analysis are given in 7.2.2 to 7.2.5.
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7.2.2 Behaviour factor

In buildings with integrated arrangements of panel connections, the panel claddings participate in the
lateral load resisting system. Typically, the lateral resistance of the panel claddings is more than 50 %
of the total lateral resistance of the building. Therefore, such buildings are classified as wall systems or
wall-equivalent dual systems.

In addition, reinforced concrete buildings with cladding panels shall be designed for medium ductility.
Therefore, the maximum allowed basic value of the behaviour factor is g, = 3,0.

Based on the above, the overall behaviour factor that is used in the seismic design shall be calculated
with Eermula (38):

g=q,k, 215 (38)
wherre
qO is 3,0,
®, is the prevailing aspect ratio of the panel claddings, where ¢, = —wi .
I+o,
k. = ( 0) <L0 but not less than 0,5.

7.2.3 Design aspects

For gtructures with integrated arrangements of(ladding panel connections, special attention shall be
addressed to the analysis of floor and roof diaphragms, verifying their elements and relative internal
and peripheral connections for the transfer.ef the inertia forces to the lateral resisting clpddings. If a
null diaphragm action is offered by thetoof arrangement, the verification of the compatibility of the
joint|distortions shall be made.

It is hoted that the large stiffness\ef the panel claddings can cause the development of large forces not
only in the panel connections but'also in all other connections of reinforced concrete membjers (roof-to-
roof,|roof-to-beam, beam-to4column), which shall be verified.

The ¢onnections shall det be designed for contributing to the ductile response of the system but shall
be oyerdesigned. Heriee, there shall not be any plastic deformations in the connections.

The flesign actiontéffects of the connections shall be derived based on the capacity design rules. For
the dual wallsframe systems, over-proportioning of the structural cladding connections shall be made
referring tosthée forces coming from a structural analysis performed with a behaviour factor g = 1,5.

7.2.4 ““Structural modelling

7.2.4.1 General issues

In general, due to the large stiffness of the panel claddings, the model of the structure that is used in the
analysis must reflect the real stiffness distribution within the structure in order to be able to capture
accurately the distribution of the internal forces that develop during the seismic excitation, especially
the forces induced to the connections among the precast members.

For the numerical model of the structure, beam/column elements in combination with plate elements
can be used, positioned along the axis or in the mid-plane of the corresponding structural element. It is
recommended to reproduce the different eccentricities between the members, using rigid link elements
at their joints. The connections between the elements shall be faithfully represented with their degrees
of freedom in the different planes, especially for the cladding connections.
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If the connections are modelled with no deformability (e.g. fixed “built-in” full support or hinged
support) the results of the analysis can lead to an unrealistic distribution of the joint forces. Thus, the
actual deformability of the connections is deemed necessary in order to obtain reliable results.

To avoid an excessive number of modes to be considered in the modal analysis, it is recommended to
neglect all the local vibrations of the elements by considering the masses, mainly the masses of cladding
panels, concentrated at the joints of the frame structure.

7.2.4.2 Modelling of the cladding panels

Besides using plate elements for modelling the behaviour of the panels, beam-column elements can
also be seldcted. Each panel can be modelled with five elastic elements (see Figure 34). The main
element is placed at the centreline of the panel while the remaining four elements are used to reach the
connectiong with the beams.

Ifthe connegtions are modelled with no deformability (e.g. fixed “builtin” full support orhinged support),
the results ¢f the analysis can lead to very high joint forces. The actual even small deformability of the
connectiong can lower sensibly these forces. More reliable results can be obtained if also the agtual
deformability of the connections is reproduced in the model.

In order to account for the deformability of the connections, zero-length retational springs should be
placed at th¢ ends of the panel element (see Figure 34) which capture thé overall rotational respor]se at
the panel-bgam joint.

In the case that the two upper fastenings are replaced by vertically:sliding connections to allow thgrmal
expansion of the panel [see Figure 37 b)], the rotation at the top, side of the panel is released. Thergfore,
the stiffness of the top rotational spring is set to zero (pinned‘connection between the panel element
and the top fonnecting elements).

Z
K
7/
B—0—=
3 4
1
3 4
Y X
2
Key
1 panel element
2 connecting element
3  zero length element
4 connection

Figure 34 — Cladding panel numerical model
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The stiffness, K, of the zero-length rotational spring can be calculated assuming that the connection
under tension can be simulated by a vertical linear spring of stiffness K, (which refers to the stiffness
up to the theoretical point of yielding). M is the bending moment at the base of the panel, which
produces rotation, 6 (see Figure 35). Then, the vertical displacement at the connection (elongation of
the equivalent connection spring) is evaluated with Formula (39)

d,=s0 (39)

where

it dict £1l ol £1l 3 £ +1 PR | Al
TS CCOrSTantCCoOT tIrCCCTIICT CTITCOT CIrCCOTITIC CTIOTT IT OTIT CIHICTIC Ut AT aATS O

4 is the rotation angle

Key

1 pane

2  leam

3  dJompression zone
4  flension zone

Figure 35 — Rotating panel base

The tensile foree induced to the connection is expressed with Formula (40):
=K d, =K,;s0 (40)

On the other hand, one can write Formula 41:
Fo=—, (41

where z is the inner lever arm of the tensile and the compressive forces developed at the base of the panel.

Combining Formulae (40) and (41) and setting K :%, ormula (42) can be derived:
K =K,zs (42)
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is set equal to z=0,9d, where d is the distance of the centreline of the connection from the

opposite edge (effective depth);

can be calculated as s=d-x, where x is the length of the compression zone that can be approx-

imated by x=0,25d. Thus, s=0,75d.

For what concerns the value of K,, for connections with protruding bars and wall shoes (see 7.3.4 and

7.3.5), one c

Lo 1o 400
TOTTOra 1o J.
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Lgrcan be e
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eff —

where d,) is

If Formula (;

from which
from which

For connect
affected by
the elongati

7.2.4.3 Py

7.2.4.3.1

In order to d

il

il

is the modulus of elasticity of the steel of the bars/bolts;
is the stressed area of the bars/bolts;

is the equivalent length of the spring, denoting the effectite)length in which the elong
of the bars/bolts takes place.

stimated by Formula (44):
d,

he diameter of the bar or the bolt.

L4) is used, it is suggested that two analyses are performed: one with double the value
the maximum forces in the connegtions are determined, and one with half the value
the maximum displacements is determined.

ions with bolted plates, the*calculation of the proper value of K, is uncertain, since
h number of factors that cannot be easily modelled, as the shear deformation of the |
bn of the steel plate, the distortion of the holes and the plate itself, etc.

e-dimensioning-of panel cladding connections

General

alculate the rotational stiffness, K, of the panel models by applying Formula (42), the ¢

section of t
in the conn

e bars/bolts is needed. Therefore, an initial evaluation of the forces expected to de}

(43)

htion

(44)

Df K,
bf K,

it is
bolts,

ross-
relop

lified

assumptions concerning the distribution of the lateral forces, as the ones reported in 7.2.4.3.2 and

7.2.4.3.3.

This analysis can only be used for the pre-dimensioning of the connections, while the final design of the
connections shall be based on the actual forces derived from the dynamic modal analysis. In case that
this design shows that some connections need to be modified, the analysis shall be repeated.
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7.2.4.3.2 Panels with four connections

Consider n panels at each side, pinned to the top and the bottom beam by two connectors at each edge.
Each panel has dimensions L, x H_, while L and H are the horizontal and the vertical distance between
the connections of the panel Esee IFigure 36). Then, one can define the coefficient C; with Formula (45):

G =L/L, (45)

In general, the total length, L, of the building sides is not fully covered with panels, thus a coefficient
C, can be defined as in Formula (46):

C,=n-L /L, (46)
Py Py
P P
hl o by
T
o) ®
F
FPANEL
Figure 36 — Connection distances
NOTH C, =1 for sides fully covered with panels, but it can be significantly smaller than unity for sides with
long ppenings\(partially covered).

For d symmetrical building and cladding wall panels placed at the two external sides, and accounting
for thelar iffn fth nel mpar he stiffn f the reinfor ncrete frame, it can be

assumed, as a first approximation, that the base shear due to the earthquake load, P, is taken only
by the panels. Then it can be proved that the horizontal force, P}, [see Formula (47)], and the vertical
force, P; , [see Formula (48)] that are induced to each panel connection are (see Figure 36):

P../2

P = base 47
i,h 2]’1 ( )
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H
Ro=hv T (48)
The total force induced to each connection is expressed by Formula (49)
P=\P,+P, (49)
and using the above, one can write [see Formula (50)]:
p [y ¢ 4 ¥
— =4 [+ —— (50)
Pbase 4 n Cl CZ Ltot
2
In general, fpr values of n larger than about 4, the term 1/n? is much smaller than the tekm [C c l_j
12 tot
and can be neglected in Formula (50).
Denoting with P* the base shear per unit length [see Formula (51)]:
P* — RD:SE — CICZ})base (51)
Lf, nL
one obtains|Formula (52):
P¥ H
R=—g- (52)
cq¢, 4
7.2.4.3.3 Panels with vertically sliding top connections
For the same assumptions of the above analysis, but considering panels free to rotate at theiy top,
Formula (53) can easily be proved
P¥ H
R=—g-" (53)
cq, 2
showing thdt the forces inducedto the bottom connectors are double than the ones for panels with four
connectiond. Formulae (52)and (53) imply that the force induced to each connection is independgnt of
the width of the panels This practically means that the forces at the cladding connections cannpt be
reduced by tising moreipanels of smaller length or less panels of larger length. However, the connertion
forces greafly depeiid)on the “coverage” of the external sides by panels (coefficient C,) and incyease
significantly in case.of sides with long openings (partially covered by panels). The force induced to[each
connection |s linearly increasing with the vertical distance H of the connections, i.e. with the height of
the storey. The.major component of P, is in the vertical direction.

7.2.5 C(ladding panels detailing

Specific requirements for integrated cladding panels used in the dual wall-frame systems are presented
henceforth. These requirements are formulated through proper adaptation of the rules for the cast-
in-situ shear walls and aim at ensuring strong fastening of the connectors, adequate in plane shear
resistance and sufficient ductility. Specifically:

a) panels shall have a solid bearing layer of at least 150 mm of thickness;
b) adouble reinforcing mesh of ductile steel shall be provided at the two faces;

c)

in both directions, the sides of the mesh shall be not larger than 200 mm and the bars should have
diameter at least 8 mm;
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d) a perimeter reinforcement shall be added with at least 2 longitudinal bars of diameter at least
12 mm and edge links of diameter at least 8 mm;

e) proper anchoring reinforcement of the inserts shall be located at the connection points.

Panels with openings shall be properly designed for the transmission of the expected in plane actions
through the lateral posts of the openings. Proper reinforcement, specifically continuous steel ties,
horizontal or vertical, shall be provided around the openings, similar to the reinforcement placed
around openings in ductile shear walls.

7.3

Design of integrated systems connections

7.3.1

In thle integrated system, the connections of each panel are arranged with a hyper-statid

supp
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Structural arrangements

.1 Vertical structural arrangements

bical hyper-static arrangement of’connections is shown in Figure 37 a) for vertical
fastenings are used, one fofteach corner, the lower two attached to the bottom bear
httached to the top beam¢ The corresponding arrangement matrix is given in Table 1
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For large size panels, thermal fluctuations can induce significant axial forces to the panels if their
expansion is prevented. These forces can lead to local damages and widespread cracking and to out-of-
plane buckling. In such cases, thermal forces shall be considered in the design of the panels.

In order to allow the free vertical thermal expansion of the panel, the two upper fixed fastenings can be
replaced by as many vertically sliding connections. Figure 37 b) shows this arrangement, in which each
panel acts as a vertical cantilever beam clamped at its bottom and pinned at its top. The corresponding
arrangement matrix is given in Table 11. For the same horizontal top action, this arrangement leads to
double the vertical reactions of the lower connections compared to the arrangement of Figure 37 a). It
is noted that the two upper corner connections can be replaced by only one central connection.

7.3.2.2 H¢

Figure 38 sH

matrix is th
beam clamp

In case of h
deformation
insertion of
resistance, (
integrated s

Table 10 — Arrangement matrix - vertical integrated

Direction A B C D E F
X f f f f / /
y f f f f / /
y/ f f f f / /

Table 11 — Arrangement matrix - vertical sliding top connéctions

Direction A B C D E F
X f f f f Y4 /
y f f f f / /
zZ f f S S / /

brizontal structural arrangements

P same as the one given in Table 10CWith this arrangement, any panel acts as a horiz
ed at its ends.

orizontal panels, the fixedwconnections applied to the columns affect significantly
during earthquakes, inducing the development of high local forces. Additionally
hdequate fastening devices in the reduced dimensions of the columns, without affecting
an be a difficult construction problem. For these reasons, horizontal panel arrangemse
ystems should net\b€ used, especially in zones with moderate to high seismicity.

ows a hyper-static arrangement of connections for horizontal panels. Four fixed fastenings
are used, one for each corner, attached to the contiguous columns. The corresponding arrange

ment
bntal

their
the
their
ntin
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T |
X

X

Figure 38 — Horizontal hyper-static structural arrangement

7.3.3 Base supports

Threle types of base fixed connecting mechanisms aretfeated below:
a) ¢onnections with protruding bars;

b) ¢onnections with bolted shoes;

c) ¢onnections with bolted plates.

Independently from the type of connéction, a gap is typically left, during construction, petween the
pane]l and the supporting beam,which is filled with high strength, non-shrinking grout after mounting
the ganels. The purpose of this bed of mortar is to form a uniform contact between the panel and the
suppprting beam, necessary._to ensure friction and prevent sliding. Special holding pr¢visions are
requfred to ensure the proper positioning of the panels and to ensure their stability duringerection.

The thickness of thisbed of mortar should not exceed 50 mm. Use of fibre-reinforced grjout leads to
bett¢r behaviour,

Panels with integrated connections behave as clamped at their ends. For this reason, and tpking under
cons|deration” their large in-plane stiffness, significant internal forces can develop dyring strong
eartlhquakes. Openings in the panels reduce their local strength and, therefore, approprjiate designs
shoulid be performed to ensure the ability of the reduced cross-sections of the panel at the|place of the
openings to transmit the large shear forces and moments. In addition, proper reinforcement, specifically
continuous steel ties, horizontal or vertical, should be provided around the openings, similar to the
reinforcement placed around openings in ductile shear walls.

7.3.4 Connections with protruding bars

7.3.4.1 General

This type of connections can be executed using steel bars (e.g. reinforcement rebars) protruding from
the panels into the beams or vice versa. In both cases, waiting corrugated sleeves are provided in the
opposite element for the insertion of the bars. These sleeves are filled with high strength, non-shrinking
fluid mortar after erection.
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In Figure 39 a), the typical connection in case of bars protruding from the panel into the supporting
beam is shown. In case that the connecting bars are protruding from the supporting beam into the
panel, the corrugated sleeves are placed in the panels and must have holes for the injection of the grout.
Special holding provisions are required to ensure the proper positioning of the panels and to ensure
their stability until hardening and sufficient aging of the mortar.

No special requirements apply to the embedded part of the protruding steel bars. However, proper
reinforcement shall be placed around the sleeves to confine the concrete around them and anchor them
against pull-out. The use of smooth sleeves instead of corrugated ones is not allowed, as pull-out slip
can occur at the surface of the duct.

An alternative-sotutioneatrbe-the-tse-of mrechanical-couptersinorder-toattach-thepro gpart of
the bars in gite. Special technological provisions, depending on the adopted coupler, shall be applied to
ensure the rlequired strength of the connections. If bolted bushes are used, proper provisions should be

adopted to 3
leading to al

In any case
qualified for

void that the weakening of bars due to threading jeopardizes the strength of the eonne
1 early brittle failure.

when using mechanical couplers, the coupling device shall have beenl experimer
its effectiveness in terms of over-resistance with respect to the connécted bars.

ction

tally

\<

1
3
\ 4
—
a) Setup b) Resisting mechanism

Key
1 panel
2 beam
3 Non-shrml{ing high-cfr‘nngﬂn grnnf
4  corrugated anchor sleeve

Figure 39 — Connections with protruding

The same type of connection can be used at the upper side of the panel to fix it to a superimposed
element of the structure.

7.3.4.2 Strength

Figure 39 b) shows the resisting mechanism at the panel-to-beam joint under a seismic action that
applies a shear force V/'to the panel. The figure shows only the height of the panel up to the zero-moment
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point (shear length, [;), which is equal to one half of the total height in the case of Figure 34 and equal to
the full height in the case of Figure 35.

The connecting bars provide the tensile strength in the tension zone, while the concrete provides
the resistance in the compression zone [see Figure 39 b)]. No special measures are usually required
to prevent sliding in the horizontal direction, since the horizontal resistance provided, mainly by the
friction between the panel and the beam and secondarily by the dowel action of the bars, is adequate to
sustain the horizontal forces.

The possible failure modes associated with the resisting mechanism shown in Figure 39 b) are:

a) null-out of the tension bars:

b)
)
d) f
e) 9

Pern
effec

a)

q

b)
To ay
effeq
Since
diffid
obta

Rule
7.3.4

7.3.4
Forn

1

§liding shear failure of the panel can occur;

pinching.

reak of the tension bars;

ermanent elongation of the tension bars due to large strains developed;

ailure of the concrete in the compression zone (not probable, except in case-of very hig
liding shear failure of the panel (not probable, except in case of yielded connecting bar

anent elongation of the connecting bars occurs after their yielding with several unfavj
ts, such as:

he panels stop being in contact with the beams. As a<esutlt, the friction resistancg
he nonlinear behaviour of the connections underceyclic loading is characterized by (
Foid such undesired situations, the connegtions shall be overdesigned. Thus, the d¢

ts of the connections shall be derived based on the capacity design rules.

the application of capacity design-Criteria to dual wall-frame integrated systems ig
ult, it is suggested that the over-proportioning of the connections is made referring {
ned from a structural analysis performed with behaviour factor g = 1,5.

5 for the calculation of theforces that develop in the connections are given in 7.2.
.3 Designs

.3.1 Design‘against axial yielding
ula (54)shall hold:
V, < Ny

h forces);

s).

purable side

b is lost and

onsiderable

sign action-

, in general,
o the forces

(54)

where

Ny

formed with behaviour factor g = 1,5 as mentioned in 7.3.4.2;

Ngq is the axial resistance of the connecting bar calculated with Formula (55).

Neg =4, fyd
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is the axial force induced to the connecting bar, calculated from a structural analysis per-

(55)
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where
A is the cross-section area of the bar;
fyd = & is the design yield stress of the steel of the bar;
¥
fyx is the characteristic yield stress of the steel of the bar;
Ys tsthesafety factor forsteet (s = 1,157:
7.3.4.3.2 DPesign against pull-out

To avoida b

rittle bond failure, the anchorage length of the connecting bars shall be oyersproporti

oned

by capacity fdesign with respect to the yielding force of the bars. Formula (56) shall Hold:

lbufl‘ad b YR As fym (56)
where

L, is the anchor length of the bar;

u=mnd is the perimeter of the bar, d being its diameter?;

foa=04pf,q isthebond strength of the mortar, f, 4 being the design cylinder compressive strepgth;

YR is the over-strength factor (y =1,2 formedium ductility and yg =1,35 for high ductflity);

A, is the cross-section area of the bar;

fym =108y is the mean yielding stress of the steel of the bar.
7.3.4.4 Any other data
The deformation capacity of the coniiection is governed by the elongation capacity, d,, of the connefting
bars near the joint. The effective’length, L in which the bar elongation takes place, extendg in a
distance of peveral bar dianieters on both sides of the joint, where the bond capacity has reached its
maximum vplue. L ¢ should be about 15 times the bar diameter.
Concerning [the contribuation of the joint opening to the drift capacity of the panel, this depends op the
rotation 0 af the base'of the panel. This rotation can be approximated by Formula (57) (see 7.2.4.2):

d
=4 C (57)
0,75d

where d is the distance of the connecting bars from the opposite edge of the panel.

7.3.5 Connections with wall shoes

7.3.5.1 General

Figure 40 a) shows devices, usually called “wall shoes”, used to connect cladding panels to beams or to

other claddi

ng panels. A typical wall shoe consists of:

a) asteel nest with a strong bottom plate which is cast into the bottom part of the upper cladding and
fixed with anchor bars;

50
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b) an anchor bolt which is cast into the upper part of the lower cladding or beam;

c) awasher and a nut, used to fasten the bolt to the bottom plate.

There are special requirements concerning:

a) the minimum concrete cover;

b) the minimum thickness of the cladding cross section;

c) the minimum distance from the cladding edges;

d) 4
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h are usually specified by the producer. These requirements depend on the nomin
device can resist and vary from system to system.

er reinforcement shall be placed around the anchor bolts to confine the con¢rete arou
pr them against pull-out.

.2 Strength

e 40 shows the resisting mechanism at the panel-to-beam connection under a seismi

appl:les horizontal forces, H, to the panels at any floor of the Structure. The connections
ile strength in the tension zone, while the concrete provides the resistance in the comprilession zone.

pecial measures are usually required to prevent sliding in the horizontal directio
ontal resistance provided, mainly by the frictionétween the panel and the beam and
e dowel action of the bolts, is adequate to sustaiirthe horizontal forces.
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a) Wall shoe device b) Wall shoe connection resisting mechanism
Key
1  anchor Holt 3 nut 5 “continuity
2 washer 4 wall shoe

Figure 40 — Wall shoe device and resisting mechanism

The possible failure modes associated with the resisting mechanism shown in Figure 40 are:
a) pull-out of the anchor bolts;

b) break of the anchor Holts;

c) permarnfent elongation of the anchor bolts due to large strains developed;

d) warping ofthe washer plate;

e) failure ofthrecomncreteimthe tension Zomne (ot probabie exceptinmcase of very high forces);
f) sliding shear failure of the panel (not probable except in case of yielded anchor bolts).

Permanent elongation of the anchor bolts occurs after their yielding. Hence several unfavourable side
effects arise, such as:

a) the nuts stop being tightly fastened to the washer, and as a result, the connections turn loose;

b) the nonlinear behaviour of the connections under cyclic loading is characterized by significant
pinching.

To avoid such undesired situations, the connections shall be overdesigned. Thus, the anchor bolts shall
be verified for the axial forces induced to the connections under the design earthquake assuming an
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elastic response (behaviour factor g = 1,5). Rules for the calculation of the forces that develop in the
connections are given in 7.2.

In general, all parts of the wall shoes, except the anchor bolt, should be over-proportioned, since only
the anchor bolt is allowed to yield.

Only wall shoe systems that have been experimentally qualified shall be used.
7.3.5.3 Designs

7.3.5.3.1 General

For ipdustrially manufactured wall shoes, the design consists mainly on preventing the dkial yielding
of the anchor bolt and the failure of the concrete in the compression zone. Details about th¢ connection
capafity and the additional measures necessary to ensure its integrity can be found in the technical
specifications of the product.

7.3.3.3.2 Design against axial yielding of the anchor bolt
Formula (58) shall hold:

N, <N, (58)
where
Ny is the axial force induced to the anchor bolt, calculated from a structural analysis performed

with behaviour factor g = 1,5;

Nrq  is the design axial resistance of the-anchor bolt according to the specifications provided by
the producer.

7.3.5.3.3 Design against failure of the concrete in the compression zone

The flesign against failure of the‘concrete in the compression zone shall be performed Hased on the
moment that develops at the-beam-panel joint under the design seismic loads. The joint moments are
given as an output of the analysis if the panel model described in 7.2 is used.

7.3.53.3.4 Other failure modes

The ¢lesign againstbreakage of the anchor bolts, permanent elongation of the anchor boltg, warping of
the washer platefand sliding shear failure of the panel does not deem necessary, because it i improbable
that [these failire modes can occur, since the connections are overdesigned in accordarce with the
capafity«design rule.

7.3.5.3.5 Any other data - Deformation

The deformation capacity of the connection is governed by the elongation capacity, d,, of the anchor
bolts. The effective length, L, in which the bolt elongation takes place is equal to the sum of the
thickness of the bottom plate of the shoe, the thickness of the washer and the length along the cast part
of the bolt (beam side), where the bond capacity has reached its maximum value.

Concerning the contribution of the joint opening to the drift capacity of the panel, it depends on the
rotation, 6, at the base of the panel. This rotation can be approximated by Formula (59):

d
__4d, 59
0,75d (>9)

where dis the distance of the anchoring bolt from the opposite edge of the panel.
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7.3.6 Connections with bolted plates

7.3.6.1 General

This type of connections can be executed using steel plates that are connected to waiting nests fixed to
the supporting beam and to the panel by an adequate number of bolts. The steel nests are embedded in
the concrete and welded to reinforcing rebars, so that the connection forces are gradually transferred
to the concrete. A typical configuration of this connection is shown in Figure 41.

There are special requirements which depend on the nominal force that each device can resist and aim
at preventing local damage to the concrete, concerning:

a) the minimum concrete cover;
b) the minimum thickness of the cladding’s cross-section;
c) the minfmum distance from the cladding edges;

d) the principal and the supplementary reinforcement.

2 T
=
b..A’b.. a
f I:I . ‘b
b. 3 .f>.
4 a b
i -1
i {1
Key
1 beam
2 panel
3  steel barp
4 bolted plate

Figure 41 — Bolted plates connection

Yielding of the steel plate is not expected and the critical failure mechanism is the shear failure of the
bolts, which shall be avoided.

7.3.6.2 Strength

Figure 42 shows the resisting mechanism at the panel-to-beam joint under a seismic action that applies
a shear force V to the panel. The figure shows only the height of the panel up to the zero-moment point
(shear length, 1)), which is equal to one half of the total height in the case of Figure 34 and equal to the
full height in the case of Figure 35.
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Figure 42 — Bolted plates connection resisting mechanism

connecting mechanism provides the tensile strength i\ the tension zone, while
des the resistance in the compression zone. No special measures are required to prg
e horizontal direction, since the horizontal resistance provided by the friction betwe
he beam and by the shear resistance of the connection is adequate to sustain the horiz

possible failure modes associated with the resisting mechanism are:

hear failure of the connecting bolts;
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b) :Lermanent distortion of the bolts andj/or the plate due to large strains developed;

osening of the connection due to the permanent distortion of the bolt holes;
ailure of the connecting plate;
ailure of the concrete in.the compression zone;

liding shear failuré-of the panel.

L-proportioning of the connections shall be made referring to the forces from a structy
rmed with.Behaviour factor g = 1,5. Rules for the calculation of the forces that de
ections are given in 7.2.

.3 \Designs
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pntal forces.

ral analysis
velop in the

7.3.6.3.1 Design against bolt shear failure

To avoid shear failure of the bolts, Formula (60) shall hold:

N, <V (60)
where
N, is the axial force induced to the connection, calculated from a structural analysis performed
with behaviour factor g = 1,5;
Vrq  1sthe shear resistance of the connecting bolts calculated by Formula (61).
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i

VRd =n As av

where

Yra

n is the number of bolts on each connected element;

(61)

A, isthestressareaof each bolt when the shear plane passes through the threaded portion of the bolt;

o is aconstant depending an the holt class and the location of the shear plane-

the bolt: &, = 0,6;

of the bolt: o, = 0,5;

when the shear plane passes through the un threaded portion ofthe bolt: &, = 0,6;

fup  1s the nominal ultimate tensile strength of the bolts;

Ym2 1s the material safety factor for the design of bolts (yy,=1,25);

Yra 1S ¢ general safety factor that also accounts for the redéction of the shear strength of the

dul

of
an

= 1,20 is recommended.

7.3.6.3.2

Design against failure of the connecting plate

To avoid failure of the connecting plate, Formuila (62) shall hold:

for classes 4,6~ 5,6 and 8,8, when the shear plane passes through the threadedpartion of

for classes 4,8, 5,8, 6,8, and 10,9, when the shear plane passes through thethreaded poftion

bolts

e to the simultaneous development of tensile stresses caused by the out-of-plane distoftion
'he plate. Since these tensile stresses cannot be calculated within a typical design proceflure,
it is desirable to design the connection to aveid the shear failure of the bolts, a value ¢f yp4

N, < mm{ N, ra> Nu’Rd} (62)
where
Ny i$ the axial force ifiduced in the connection, calculated from a structural analysis performed
with behavigutfactor q = 1,5;

Ny rq 1 the plastic resistance of the gross cross-section calculated by Formula (63);

N, rq i$ the'ultimate resistance of the net cross-section calculated by Formula (64).
1

N = A— (63)
MO

Nu,Rd = O’ 9 Anet f;l (64)

where

56
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A is the gross area of the plate;

is the net area of the plate at the position of the holes;

fy is the nominal yield stress of the steel of the plate;

fu  isthe nominal ultimate tensile strength of the plate;

Ymo is the material safety factor (yyo = 1,00);

Ymz is the material safety factor (yy, = 1,25).

(65)

s performed

57

7.3.4.3.3 Design against permanent distortion of the bolt holes
To ayoid permanent distortion of the bolt holes, Formula (65) shall hold:
N, < nk o, f, dt
vz
wherre
Ng4 is the axial force induced in the connection, calculatedfrom a structural analysi
with behaviour factor g = 1,5;
1 is the number of bolts on each connected element;
f] is the nominal ultimate tensile strength-of'the plate;
Jirs is the nominal ultimate tensile strergth of the bolt;
d is the nominal diameter of the helt;
t is the thickness of the plate;
N2 is the material safetyfactor (yy, = 1,25);
q
b is the smallest of-ay, Jun or 1,0;
in the ditection of load transfer:
é
—. \’for end bolts: a;, = ——;
3d,
. p 1
— for inner bolts: a;, = ———;
3d, 4
where
p, isthedistance between the bolts in the direction of the load transfer
p, Iisthe distance between the bolts in the orthogonal direction
e, isthe distance of the bolt from the edge in the direction of the load transfer
e, lIsthe distance of the bolt from the edge in the orthogonal direction
d, isthe diameter of the hole
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perpendicular to the direction of load transfer:

is the smallest of 2, 8:]—2 -1,7,1, 4% —1,7 and 2,5 for edge bolts;

0 0
P

0

is the smallest of 1,4-=—1,7 and 2,5 for inner bolts.

7.3.6.3.4 Design against failure of the concrete in the compression zone

The design
moment tha
given as an

7.3.6.4 Any other data

The deform
is the cumu,
widening of
the strength

Concerning
rotation @ af

__ 4
0,7

where dis the distance of the centreline of the connectiof from the opposite edge of the panel

7.3.7 She

Shear keys

contemporalry panel out-of-plane displacement restraint. For vertical panels, they should alloy

vertical disy

sliding meclhanism shall be experimentally verified through monotonic and cyclic tests, in accord

with 7.3.3.

AgainNst fallure of the concrete In the compression zZone snall be performed based o
t develops at the beam-panel joint under the design seismic loads. The joint moment
putput of the analysis if the panel model described in 7.2.

ption capacity of the connection is governed by the overall elongationic¢apacity d,, \

[ative sum of the elongation of the steel plate, the shear deformation’ of the bolts an

the holes. The elongation d, depends on the strength of the steeliplate and the diamete
of the bolts and it is not easy to calculate analytically.

the contribution of the joint opening to the drift capacity.of the panel, it depends o
the base of the panel. This rotation can be approximatedby Formula (66):

5d

ar keys

couple the horizontal in-plafe) ‘displacements of panel and structure, providi

lacements related to thermal*expansion and other geometrical effects. The efficiency d

h the
S are

rhich
d the
r and

h the

(66)

ng a
U the

fthe
ance
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3
Key
1 ¢mbedded steel plat
2 dhear connector
3  Dbolt
4 dlot
5 qut
6 weld

Figure43 — Shear key connection

Figure 43 shows a type of sheat)key made by a steel element welded to a steel plate emb¢dded in the
beanp or column, and connectéd-with the anchor channel castinto the panel through a bolted connection.

For the bearing capacity-ef the device, reference shall be made to the technical specificdtions of the
producer, that are usually based on experimental testing. The out-of-plane resistance design of the
connection is madewith reference to the transverse force calculated based on the mass of the panel.

The shear keys, shall satisfy the vertical displacement and rotation demand and withstand the design
load [ combination (comprising in-plane and out-of-plane actions) and additional force$ related to
friction.

An inifi i itti i i ic longitudinal
actions for different values of the transverse force (3D effects) consistently with the joint arrangement
expected in the structure and with the geometrical allowances, considering also the production and
installation tolerances. The proper functioning shall be checked all over the range of the expected
vertical displacements and rotations.

8 Dissipative systems

8.1 General
Between the two extreme solutions of isostatic systems, with their large displacement demand, and

integrated systems, with their high force demand, the dissipative systems of cladding connections offer
an intermediate solution able to keep displacements and forces within lower predetermined limits.
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The use of dissipative connections, placed between the panels as described in 8.3.2, introduces a source
of friction or plastic hysteretic dissipation of energy in the dual wall-frame structural system. The
contribution to energy dissipation of these connections in seismic behaviour of the overall structural
system depends on the magnitude of their deformation and force capacities with respect to those of the
overall structural system.

A simplified design flowchart for the required steps to design a cladding to concrete structure
connection is given in Annex A. Specific suggestions regarding the dissipative systems structural model

analysis are

8.2 Anal

given in 8.2 and 8.3.

sis of the building

8.2.1 Gen

The friction|
very small i
that can be |

For the corrj
elastic rang
respect to tl
the force re
panels wher

To obtain a

the stiffenin
frame come
same consid

For the pang

The general
connectionsg
wall-frame |
laws as pres

A linear mo
behaviour f
calibration

preliminary
obtained by

Specific app|
is presented

In terms of 1

eral

dissipative devices considered in this paragraph refer to vertical panels only,/They h
hitial elastic flexibility and friction slide limited to few centimetres, with-aconstitutiv
‘epresented by a rigid-friction diagram.

esponding limited floor drifts, the columns that work in parallel rémain usually withi

e and the dissipation of energy comes only from the dissipative devices. Therefore,

e high seismic response of the initial stiff dual wall-frame systém with fixed connect

duction effects can result only from the set of dissipative/dévices interposed betwee
the slip threshold is overcome.

bensible force reduction, a suitable quantity of energy-shall be dissipated. In the mean
g effect that allows reducing sensibly the displacéments with respect to those of the
5 from the total contribution given by the friction devices in terms of resisting force
erations are valid for the multi-slit devices.

Is used in the dissipative systems, the same detailing rules of 7.2.5 shall be applied.

approach for the design of reinforged concrete structures with dissipative syster]
should be based on a nonlinear dynamic analysis applied to the spatial model of a
tructure where the mutual panel connections are represented by their proper constit
ented in 8.3. For the detailswof'the spatial model, reference can be made to 5.2.2 and 7.]

dal dynamic analysis of.the dual wall-frame structure can be performed with the pj
actor g representing the force reduction due to the dissipative connections. Fo
bf this behaviourfactor, that is not presently regulated by the pertinent design cod
parametric ipvestigation is needed, comparing with a probabilistic approach the re
the nonlineapand linear dynamic analysis for a significant set of structural situations

lication.fules are added in 8.3.3 for friction devices, while in 8.3.5 an alternative appj
for steel cushions.

ave a
b law

n the
with
ions,
n the

time,
bare
The

ns of
dual
utive

oper
" the
es, a
sults

oach

oefdrift, d,, of a one-storey building, the relative slide clearance, +s,, between two adj

hcent

panels (see |

Figure 44) leads to Formula (67)

s h

d, =+

X
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b

(67)
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Figure 45 shows the forces transmitted between the panels and to the frame structure, where:

a) the end panel is that transmits a relevant verticalforce to the foundation;

Figure 44 — Panels drift due to horizontaltop displacement

b) aninternal panel is that exchanges verticalishear forces at both sides;

c) acolumn of the frame connected at the top with the same roof diaphragm is.

b)

b/2 b o
' +H'
. +H °
. J_rV/z\ [J_rV/z
-~
+V/2 +V/2 \
Iilj/z | I mw‘iM
+H' liV H
a) b) <)

Figure 45 — Force transmission between vertical panels
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The horizontal resistance contributions can be deduced from the rotation equilibrium [see

8) to (70)):

(68)

(69)

(70)

Formulae (6
Ve
2h
H=b
h
M
VO =7
where
V istl
M ist]

These horiz
the contriby
maximum r

F= F;J .
in which on

maximum r
is given by

(behaviour)
— Fma
1 F

The calculat
spectral res

Formula (77

a proper va

of 7.2.5 shafll be applied. This7holds true as long as the total force contribution of the dissip

connectiong
the corresp
dissipative ¢

8.2.2 Stru

he threshold force of an elastic-plastic model of a dissipative device;
he contemporary moment of the column base.

pntal forces correspond to the maximum response of the structure-Calling F, the sy
tions H’ and H of all the panels and F, the sum of the contributions'V; of all the columns

esponse is expressed by Formula (71)
L

e can assume F, = 0 if the storey drift is kept within small values. With respect t
psponse, F, .., of the integrated dual wall-frame&yStem, in which the initial high stif
he large walls with fixed panel connections, this response leads to the required redu

factor [see Formula (72)]:

ion of F,, can be referred to the'total vibrating mass of the building and to the maxi

ponse of the site.

) can be used to proportion the dissipative devices in number and strength by assu
ue of the g factor. Fdr the panels used in the dissipative systems the same detailing

under the desigriseismic action is much higher than the total contribution of column

bnding ultimate‘floor drift is compatible with the maximum displacement capacity d
levices.

|ctures-with friction devices

m of
, this

(71)

b the
mess
ction

(72)
mum

ming
rules
ative
b and
f the

The seismic

amic

dpqign of this kind of system should be bhased on proper nonlinear timp-hicfnry dy

analyses under prescribed ground motions. As an alternative, the classical linear methods of seismic
analysis can be applied based on a conservative estimation of the behaviour factor.

Simplified seismic analysis can be carried out as follows:

1y
2)

definition of the elastic response spectrum of the site;

value of the behaviour factor g;

3)

integrated arrangement of the panels, attached to each other with fixed connections:

62

definition of the design response spectrum based on the conservative estimation of the reference

static analysis or dynamic modal analysis of the 3D model of the dual wall-frame structure with
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NOTE The first natural vibration period of the frame-panel earthquake resisting system is small and
falls in the plateau region of the spectrum.

4)

5)

6)

8.2.3 Structures with steel cushions

The

evaluation (from the above analysis) of the forces in the panel-to-panel connections and consequent
design of the dissipative devices;

capacity design of the panel-to-frame connections according to Figure 45 and related formulae
where V=V__ of8.3.3;

evaluation of the inelastic maximum top displacement of the dual wall-frame structure associated
with the reference value of the behaviour factor [elastic displacement multiplied by (1 + g)/2] and
: o . . : : N nel-to-panel

evices, to be compared with their kinematic capacity, 6, -

steel cushions are elements with very large displacement capacity. Their energy| dissipation

capapility is function of the top displacement or drifts of the structure. A cémbined energy dissipation
of R( columns and steel cushions is the type of behaviour that is desired. At high levels of digplacements,
the cushions contribute largely to the overall energy dissipation of the entire structure. Thie key points

herelare:

a) farget displacement of the system;

b) ductility demand on the cushions and on the columns;
c) 4mount of hysteretic energy and the overall dampifg.

Thesge characteristics of the cushions suggest the use of a displacement-based design procgdure rather

than|a forced-based.

In or(der to estimate the target displacement,the procedure below should be followed.

iy

2)

The fraction of the lateral load, 3-to-be carried by the cushions, is assigned by the desjgner. This f
yalue should be in the range of 20-% to 60 %, depending on the stiffness of the rigid digphragm.

Define the design displacemient for the columns by calculating the yield and the ultimate
displacements. The ultimate drift will be dictated either by the stability-related drifts of the
¢olumns, such as the@aximum allowable rotation to prevent the toppling of the beams, or by the
material strain limits)of the column.

First, the yield‘displacement of the frame, A, , is calculated with Formula (73):

2
o (H+1L,)
ye = 3 (73)
vhere @ is the vield curvature andiscalculated asin Formula (741:
y
2,10¢,
(py - h (74)

Consequently, the overall design displacement of the frame, A;; is estimated as given in
Formula (75) and compared to the displacement limit required for keeping the stability. The
minimum of the two displacements is assumed as the design displacement of the frame.

o,(H+L,)

A=A +A, = 3

+(os—9, ) L,H (75)
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3) Assume a yield displacement for the cushions to be used. This yield displacement will be the first
assumption since the steel cushions are not chosen yet, but the yield displacement of the cushions
is highly correlated with their geometric properties. Thus, an accurate assumption for the yield
displacement of the cushions can be made initially and can be revised with a single iteration at the
end of the design process, before even starting the computer modelling.

4) Calculate the ductility demand of the RC columns and of the steel cushions.

5) Estimate the hysteretic overall damping for the structure from the contributions of the columns
and of the steel cushions, by using Formulae (76) to (78).

NOTE The

formula for the RC columns is based on Takeda-like hycfm‘pfir‘ responses, while the for

ula

for the cushions is based on a bilinear behaviour. The elastic damping for the reinforced concte
columns is d§ssumed 5 %. If this level of elastic damping is deemed high and a lower value of,say; 2
to be adoptdd, then the coefficients in Formulae (76) to (79) need to be revised.

& =0,09

£.=0,0:

gstr = éf

6) Reduce
_ |7
1 2+
7) For the

calculat

0,565(u—
. 0,565(u-1)
um
0,519(u-1
. 0,519(u-1)
Uun

(1-B)+&.B

the design displacement spectral values by using Formula 79:

2
=]

design displacement and by using*the over-damped design displacement spect
e the effective period, T,.

e RC
% is

(76)

(77)

(78)

(79)

rum,

(80)

(81)

med

8) Calculate the effective stiffness, K, with*Eérmula (80):
e
e T?

9) Calculate the design base'shear of the structure, Vg as in Formula (81):

Ve =K A,
10) Distribuite thesdesign base shear to the cushions and to the frame by using the initially asst

B value,
11) CheCk t IT 1 CLiLlil Cd dCbigll b}lCdl VCISUS lllltld}}_y dbbulllcd _le‘ld dib})}dhclllcllt fUI tllﬁ Lub}liUllJ and

select a compatible cushion type. If not available, select the closest and conduct only one iteration
between steps 3 to 10.

12) Conduct a standard reinforced concrete design procedure for the columns

8.3 Design of dissipative systems connections

8.3.1 General

Between the two extreme solutions of isostatic systems, with their large displacement demand, and
integrated systems, with their high force demand, the dissipative systems of cladding connections

solution kee

64

p displacements and forces within lower predetermined limits.
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8.3.2 Structural arrangements

8.3.2.1 General

In this document three structural arrangements are considered, one for vertical panels and two for
horizontal panels.

8.3.2.2 Vertical structural arrangements

For vertical panels, starting from the isostatic pendulum system of fastenings of Figure 8 a), a number of
dissipative mutual connectors are added between the panels, opposing the relative slide at their vertical
jointp. Figure 46 shows this solution. The corresponding arrangement matrix is given imTable 12. An
equiyalent solution can be obtained starting from the isostatic rocking system of Figuxe!8 d).

Z

AVav4

Y o X

Figure 46— Vertical dissipative mutual connections setup

Table 12 = Arrangement matrix - vertical dissipative mutual connections

Direction A B C D E F
X f / f / d d
y f / f / f f
zZ f / S / d d

8.3.2.3 Horizontal structural arrangements

For horizontal panels, starting from the isostatic hanging system of fastenings of Figure 9 a), a number
of dissipative mutual connectors are added between the panels, opposing the relative slide at their
joints. An equivalent solution can be obtained starting from the isostatic-seated system of Figure 9 b)
that can be also used in combination with the former one for the different panels. Figure 47 shows
the solution with dissipative connections added between the panels. The corresponding arrangement
matrix is given in Table 13.
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The last solyition consists of a hanging (or seated) system where two lower corner supports along
e panel with dissipative folded plates attached to the columns. No mutual connector
s case in the joint between the adjacent panels as;shown in Figure 48. The correspor
t matrix is given in Table 14.

added to th
placed in th
arrangemery

Y

X

Figure 47 — Horizontal dissipative mutual connections setup

hble 13 — Arrangement matrix - horizontal dissipative mutual connéctions

Direction A B C D E F
X S S f S d d
Y f f f f f f
Z S S f f d d

Z

Y

X

Figure 48 — Horizontal hanging panel setup

Table 14 — Arrangement matrix - horizontal hanging panel

X are
5 are
1ding

Direction A B C D E E
X d d f S / /
y f f f f / /
y/ S S f f / /

8.3.3 Friction devices

8.3.3.1 General

The friction devices considered in this document are made of two steel T shape parts that are fixed
with a symmetrical set of bolted fasteners to the adjacent panels in special recesses and coupled with
two lateral bolted steel plates, as shown in Figure 49 b). The length of the slotted holes made in the
web of the T shape profiles gives the limit to the reciprocal slide between the parts. The tightening
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