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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.
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Introduction

This document contains a set of practical provisions for the design of the mechanical connections in
precast elements under seismic actions. Design of the connections is carried out in terms of strength
verifications. Indications are also provided for defining the actions to be used in design.

If national standards provide alternate formulae for the same typology, those can be used instead of the
ones given in this document.

© 1S0 2019 - All rights reserved vii
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INTERNATIONAL STANDARD ISO 20987:2019(E)

Simplified design for mechanical connections between
precast concrete structural elements in buildings

1 Scope

This document refers to connections in precast frame systems, either for single-storey or multi-
storgy buitdings—The tomnmections foratt orders of joints are considered: Large wait pamal and three-
dimgnsional cell systems are not considered.

Accofding to the position in the overall construction and of the consequent,different structural
functions, the seven following orders of joints are considered:

a) 1nutual joints between floor or roof elements (floor-to-floor) that, in the seismic behayviour of the
gtructural system, concern the diaphragm action of the floor;

b) jpints between floor or roof elements and supporting beams (floor=to-beam) that give the peripheral
¢onstraints to the floor diaphragm in its seismic behaviour;

c) Jpints between beam and column (beam-to-column) that enstire in any direction the required degree
¢of restraint in the frame system;

d) jpints between column segments (column-to-column) used for multi-storey buildings usually for
dual wall braced systems;

e) Jpints between column and foundation (colurin-to-foundation), able to ensure in any glane a fixed
full support of the column;

stiffness of

deformable
1Ismission of

€s.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
union
generic linking constraint between two or more members

© IS0 2019 - All rights reserved 1
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3.2
connection
local region

3.3
connector
linking devi

34
node
local region

3.5
joint
equipped in

3.6
system

<joint> set ¢

typical joint
dry joint (3]
anchors, fas

or fixing

3.8
emulative j

wet joint (3.]

cast-in-situ

3.9
strength
maximum V|

3.10
ductility

ultimate pla
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the connectigd

Note 2 to er
equivalent n(
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that includes the union (3.1) between two or more members

ce (usually metallic) interposed between the parts to be connected

of convergence between different members

ferface between adjacent members

flinking practices classified on the basis of the execution technology

5) with mechanical connectors (3.3) generally composed-of angles, plates, channel
teners, bolts, dowel bars, etc., including joints completed/in-situ with mortar for f

pint
b) with rebar splices and cast-in-situ concretetestoring the monolithic continuity typi
structures and leading usually to “moments¥esisting” unions (3.1)

hlue of the force which can be transferred between the parts

stic deformation compared to the yielding limit

Fy: The ductility valués or ranges provided refer to the connections (3.2) themselves and, in ge
t relation with the-global ductility of the structure. Those values are given for the sake of class
n and are notsupposed to intervene in the design, which is carried out in terms of strength (3.

try: Instead of the plastic deformation of steel element beyond the yield limit, other ph
n-conservative phenomena can be referred to (such as friction).

bars,
lling

ral of

heral,

fying
10).

sical

dissipation

specific energy dissipated through the load cycles related to the corresponding perfect elastic-
plastic cycle

Note 1 to entry: The values or ranges provided refer to the connections (3.2) themselves and, in general, have
no direct relation with the global energy dissipation of the structure. Those values are given for the sake of
classifying the connection and are not supposed to intervene in the design, which is carried out in terms of
strength (3.10).

3.12

cyclic decay

decay

strength (3.10) loss through the load cycles compared to the force level

© ISO 2019 - All rights reserved
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3.13
damage
residual deformation at unloading compared to the maximum displacement and/or evidence of rupture

4 Properties
A connection is composed of three parts: two lateral parts A and C, corresponding to the local regions

of the adjacent members close to the connector; and a central part B constituted by the connector itself
with its metallic components (see Figure 1).

Figure 1 — Scheme of connection

The main parameters which characterize the seismicbehaviour of the connection, as measufred through
mongtonic and cyclic tests, refer to the six properties‘of:

— gtrength;

— (luctility;

— (lissipation;

— (leformation;

— decay;

— (lamage.

A ductile dissipative behaviour of the connection can be provided by the steel connector B:

— hen parts\A-and C have a non-ductile non-dissipative behaviour characterized by a byittle failure,
ith smalldisplacements, due to the tensile cracking of concrete; and

— if jt"is'correctly designed for a failure involving flexural or tension-compression moldes and not
héar modes or by other dissipative phenomena like friction.

In this case, for a ductile connection, in addition to a ductile connector, the criteria of capacity design
shall be applied, under-proportioning the connector with respect to the lateral parts.

Also, the geometric compatibility of deformations shall be checked (e.g. against the loss of bearing).
Non-ductile connections shall be:

— suitably over-proportioned by capacity design with respect to the resistance of the critical
dissipative regions of the structure; or

— proportioned on the basis of the action obtained from a structural analysis that does not account for
any energy dissipation capacity.

© IS0 2019 - All rights reserved 3
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The ductility of the connections can contribute to the global ductility of the structure or not depending
on their position in the structural assembly and on their relative stiffness.

5 Classification

5.1 General

For any single type of connection, the strength is quantified by the relevant formulae. The other
behaviour properties listed in this clause are quantified by specific numerical values. When this precise
numerical quantification is not possible, because of lack of experimental data or excessive variability of
performances, the type of connection is classified in qualitative terms corresponding to ranges ofvglues.

5.2 Strength

For strength, the following information shall be given:

— behaviour models corresponding to the working mechanisms of the connection;

— failure modes of the resistant mechanisms;

— calculatjon formulae for the evaluation of the ultimate strength for afiy failure mode;
— other ddta concerning the specific properties of the connection.

Reference ig made to the strength obtained from cyclic loading tésts.

5.3 Ductility

For ductility, the following classification is deduced frem the force-displacement diagrams obtainged in
experiments:

— brittle cpnnections, for which failure is reachéd without relevant plastic deformation;
— over-resjisting connections, for which failure has not been reached at the functional deformation limit;
— ductile qonnections, for which a relevant plastic deformation has been measured.

In this classification, intentional friction mechanism is equal to plastic deformation. Brittle connecfions
can be used|in seismic zones provided they are:

— over-prpportioned by)capacity design with respect to the critical regions of the overall structufe; or

— proportfioned with 'the action deducted from a structural analysis that does not account fof any
energy (lissipation capacity.

5.3.1 Dudtile connections

Furthermore, ductile connections are divided into:

— high ductility connections, with a displacement ductility ratio of at least 4,5;

— medium ductility connections, with a displacement ductility ratio of at least 3,0;
— low ductility connections, with a displacement ductility ratio of at least 1,5.
With ductility ratio lower than 1,5, the connection is classified as brittle.

These definitions refer to the connection itself and, in general, have no direct relation with the global
ductility of the structure. For any single order of connections, specific indications are given on this
aspect, referring both to ductility and dissipation.

4 © IS0 2019 - All rights reserved
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Dissipation

For dissipation, the following classification is deduced from the force-displacement diagrams of cyclic

tests

— 1

and related enveloped area histograms:

ow dissipation, with specific values of dissipated energy between 0,10 and 0,30;

— medium dissipation, with specific values of dissipated energy between 0,30 and 0,50;

— high dissipation, with specific values of dissipated energy over 0,50.

With

dissipated energy lower than 0,1, the connection is classified as not dissipative.

The

elast
corrg
can k

5.5

For d
the ¢
limit|

Indid
infon

6 1
6.1

6.1.1

Figu
over
conti

action for the in-plane transmission of the horizontal forces to the bracing vertical elern
ture can be allottedentirely to the topping. Unless greater dimensions are defined f
s structural funcfions, the concrete topping shall have a minimum thickness, ¢
=2,4 dg > 60 mm.

strud
for it
the n

fheoretical value 1,00 would correspond to the maximum energy dissipated throu

esponds to well confined reinforced concrete sections under alternate flexureiand high
e achieved with the use of special dissipative devices.

Deformation

eformation, indications can be given about the order of magnitude.of the relative disp
onnection at certain relevant limits, such as the first yielding éf)steel devices, the ulti
or the maximum allowable deformation referred to its funetionality.

ations about cyclic decay and damage are given ifirelevant and when specific e
mation is available.

Floor-to-floor connections
Cast-in-situ topping

General

e 2 shows the details of a flodr made of precast elements interconnected by a concrete
their upper surface. The €oncrete topping, with its reinforcing steel mesh, provides
nuity to the floor that also involves the precast elements if properly connected to it. Th

min» T€

naximum aggregate size of the concrete, d,, such as ¢,

rh a perfect

ic-plastic cycle, e.g. by a massive section of ductile steel under alternate flexure, mediuny dissipation

| dissipation

acements of
mate failure

kperimental

topping cast
h monolithic
e diaphragm
hents of the
rom design,
ated also to
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6.1.2 Strength

Interface shear strength of the connection between the precast element and the topping under seismic
action can be evaluated neglecting the friction contribution due to gravity loads. Transverse vertical
shear at the joint between adjacent floor elements is diverted into the topping. For the good behaviour
of the connection, proper steel links crossing the interface shall ensure, with adequate anchorages, an
effective shear tie between the two parts (see Figure 3).

*l.‘

Figure 3 — Precast elements with and without interface connections with.topping

6.1.3 Othpr properties

No specific parameters of seismic behaviour (ductility, dissipation, deformation, decay, damage) fhave
been experimentally measured for this type of indirect connection provided by the cast-in-situ topping
that can be ¢alculated like an ordinary reinforced concrete element.

6.2 Cast-In-situ joints

6.2.1 General

Figure 4 shows the floor-to-floor connection made~with the concrete filling of a continuous |joint
between adjacent elements. It is typical of some preeast products like hollow-core slabs. The joint has a
proper shaple to ensure good interlocking with the-transmission of the vertical transverse shear fqrces,
when filled |in. For the transmission of the-horizontal longitudinal shear forces, the interface ghear
strength cafp be improved providing the adjoining edges with vertical indentations. With referenice to
the diaphragmatic action, this type of connections ensures that the floor has the same performarr:Ice as
a monolithi¢ cast-in-situ floor, provided that a continuous peripheral tie is placed against the op¢ning
of the jointd. For good filling, the makimum size of the aggregate of the cast-in-situ concrete shgll be
limited with reference to the joint width.

DEOOTOO00OC
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1+
o
)
®©
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o
®
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®
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tionmade by concrete fillina
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Other types of floor-to-floor cast-in-situ connections, possibly provided with spliced tying steel links,
are not considered in this document.

6.2.2 Strength

The type of connection of concern is usually intended as a continuous longitudinal hinge. Its strength is
ensured following the specifications for the erection of the elements given by the manufacturer.

6 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=9e750638ae5c5cc4998ead84c2c3969b

IS0 20987:2019(E)

6.2.3 Other properties

No ductility and dissipation capacities are expected from the concerned type of connections that are
located away from the critical regions of the structure.

6.3 Welded steel connectors

6.3.1 General

In Figure 5 two types of floor to-floor welded connectlons are represented The solutlon a) is constituted
by t : es of the 3 : : anchor loops.
On the ]omt lap, a bar is placed welded in 51te to the angles compensatmg the erection tolgrances. Two
steellplates inserted at the edges of the adjacent elements and fixed to them with anchorloops constitute
the splution b). Over the joint, a middle smaller plate is placed, welded in site to the lateral gnes. In both
solutiions, the steel components may be placed within a recess in order to save the\upper plane surface
of the finishing. In the first solution, the angles may be replaced with plates plated inclined so to leave
in the joint the room for the positioning of the middle bar. These kinds of connections are|used to join
ribbed floor elements without topping. They are also used to join specialroof elements whien placed in
contact one to the other.

2 1 31 2 2 1 4 1 2

a) Steel angles b) Steel plates
Key
1 dteel angles 3  steel bar
2  anchorioops Z4—Steel piates

Figure 5 — Floor-to-floor welded connections

These connections are distributed in some local position along the length of the floor elements. They
provide the transverse deflection consistency with the uniform distribution of the load between the
elements. Under seismic conditions, they mainly provide the transmission of the diaphragm action with
horizontal longitudinal shear forces.

6.3.2 Strength

The following indications about the mechanical behaviour of this type of connections leave out of
consideration the transverse vertical shear forces that are related to the distribution of the loads

© IS0 2019 - All rights reserved 7
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between the elements and refer to a non-seismic action. Proper combinations of effects should be added
to evaluate the compatibility with the seismic action.

6.3.2.1 Behaviour models

With reference to the transmission of the diaphragm action under seismic conditions, the behaviour
model is given in Figure 6 both for the solutions a) and b) described in 6.3.1. The longitudinal shear
force, R, shall be mainly transmitted, with no relevant transverse normal forces.

___________ - ] Fc
‘. | R
e | i \J
S | Fc | Ft
/
R L | |
| |
| o |
| |
AN 1 .
\\ | |
\\ | !
N Ft |
I I |
S i—
a) Action of the connection b) Action with normal forces c) Free body diagram

Key
Fc normal dompression force
Ft normal tension force

Figure 6 — Behaviour models for welded steel connectors
6.3.2.2 Fdilure modes

The principal failure modes ares follows:

a) rupture of the welding\between the angles and the interposed bar or plate;

b) failure ¢f the interposed plate for solution b);

c) failure ¢f the\anchor loops for tensile yielding (see NOTE);

d) failure af the anchor Innpc for pnl]-mlf (cpp NﬂTF’);

e) spalling of concrete edges due to tensile stresses.

NOTE It is assumed that the anchor loops are fixed to the angles with an adequate welding.

6.3.2.3 Calculation formulae

In expectation of a brittle behaviour of the connection, the action R is evaluated through the analysis of
the overall structural system with an adequately reduced behaviour factor or through a reliable model
of capacity design with respect to the resistance of the critical sections of the structure, using the due
overstrength factor, yp.

NOTE Values yR = 1,20 for medium ductility structures and yR = 1,35 for high ductility structures.

8 © IS0 2019 - All rights reserved
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a) welding. For the verification of the welding the usual rules shall be applied.

b) plate. Formulae (1) and (2) apply.

R<Rg ®)
with
R,z =0,67 tp-a.de (2)
yhere
t, isthe plate thickness;
a isthe plate width;
fya is the design tensile yielding stress of steel.
c) 4nchor loop (yielding). Formulae (3) and (4) apply.
R<R4 (3)
yith
RSR =\/E AS 'f_yd (4)
where A is the bar section.
d) jull-out. Formulae (5) and (6) apply.
R<Ryg (5)
with
Ryr =N2R:9" 1}, fig (6)
Yhere
¢ isthe bar diameter;
I, isthe anchorage length.
fa =225 fra
e) spalling. Formulae (7) and (8) apply.
R<R (7)
with
Rep=2a-h-feq (8)

© IS0 2019 - All rights reserved 9
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where f_,; is the design value of the concrete tensile strength and

h=2c<t
a=b<l

for t, b, and c see Figure 5.

6.3.3 Other properties

No ductilityfand dissipation capacities are expected from the concerned type of connections thdt are
located awaly from the critical regions of the structure.

6.4 Bolted steel connectors

6.4.1 Gelleral

Figure 7 represents a type of floor-to-floor bolted connection. Over the joint,-@plate is placed, bplted
in site to the bushes inserted in the lateral parts and fixed to them with anchor loops. The plat¢ has
slotted holep to compensate tolerances and may be placed within a reeéss’in order to save the ypper
plane surfade of the finishing. These kinds of connections are used to jéin ribbed floor elements without
topping. They are also used to join special roof elements when placed{in contact one to the other.

w
L)

Key
1 connectipn plate
2 anchor blolts

3 anchor lpops

Figure 7 — Floor-to-tloor bolted connection

These connections are distributed in some local position along the length of the floor elements. They
provide the transverse deflection consistency with the uniform distribution of the load between the
elements and under seismic conditions. They mainly provide the transmission of the diaphragm action
with horizontal longitudinal shear forces.

6.4.2 Strength

6.4.2.1 General

The following indications about the mechanical behaviour of this type of connections leave out of
consideration the transverse vertical shear forces that are related to the distribution of the loads

10 © IS0 2019 - All rights reserved
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between the elements and refer to a non-seismic action. Proper combinations of effects should be added
to evaluate the compatibility with the seismic action.

6.4.2.2 Behaviour models

With reference to the transmission of the diaphragm action under seismic conditions, the behaviour
model is given in Figure 8. The longitudinal shear force, R, shall be mainly transmitted, with no relevant
transverse normal forces.

6.4.2
The |
a) 9
b) f
c) f
d) f
e) {
6.4.2
In ex]

the ¢
of ca

Figure 8 — Behaviour models for belted steel connector

.3 Failure modes

principal failure modes are as follows:

hear failure of the anchor bolt;

ailure of the interposed plate forsolution;
ailure of the anchor loops fortensile yielding;
ailure of the anchor loops for pull-out;

palling of concrete’edges due to tensile stresses.

.4 Calculatien formulae

pectation.of a brittle behaviour of the connection, the action R is evaluated through th
verallbstructural system with an adequately reduced behaviour factor or through a re
pacity design with respect to the resistance of the critical sections of the structure, u

e analysis of
liable model
sing the due

over

Ltrénath factor v
R g tHAct0 -

NOTE Values YR = 1,2 for medium ductility structures and yR = 1,35.

With reference to the symbols of Figure 8 the following effect arises [see Formulae (9) to (23)]:

Fy=vXx%+v?

© ISO

2019 - All rights reserved
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where
x=R.E
d
Y=—
a) bolt
Fq =g (10)
with
Fopti =Ap - fua (11)
0,7-f
fod=——H (12)
Ym2
where
A, isthe core section of the bolt;
fu s the bolt characteristic tensile strength;
yMZ = 1,25
b) plate
R<R p (13)
with
fyd
R{=0,67t,a- 2= (14)
where
t, isthe plate'thickness;
a is the/plate width;
fyq \Is the design tensile yielding stress of steel.
c) anchor loop (yielding)
R<R (15)
with
Rep =2 A “fya (16)

where A is the bar section.
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pull-out

R<Ryz R<Rp

with

Rpr =201} - fiq

where

(17)

(18)

\

s the bardianreter
I, isthe anchorage length

fva = 2,25 f;gand f_,; and is the design value of the concrete tensile strength

palling (when it gives a higher resistance than Rz and R, of items Caird d, the followin
rerification applies)

X<Xpy
wvith
X Ri
Xpa=——
Yec

Xk =2,2 D* 'hﬁ \[fck,cube .c?
05:0,1\/E

C
ﬁ:o,1§ﬁ

C

where
D is the bush diameter;
h is the bush effective length;

r alternative

(19)

(20)

(21)

(22)

(23)

fekcube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the bush axis;

v.=1,5.

6.4.3 Other properties

No ductility and dissipation capacities are expected from the concerned type of connections that are

located away from the critical regions of the structure.

© IS0 2019 - All rights reserved
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7 Floor-to-beam connections
7.1 Cast-in-situ joints

7.1.1 General

Figure 9 shows a typical detail of a cast-in-situ connection between floor elements and a supporting
beam. Proper links protrude from the upper side of the beam, overlapped to those protruding from
the floor elements. Longitudinal bars are added to improve the mutual anchorage. A concrete casting
encases the steel links in the joint. This type of connections ensures the transmission of forces without

sensible disptacenmemnts:
|
//i4:" AR A

Figure 9 — Floor-to-supporting beam cast-in-situ connection

Interface lopgitudinal shear strength of the cennection between the precast beam and the cast-in-situ
joint under geismic action can be evaluated.neglecting the friction contribution due to gravity lpads.
Horizontal fransverse shear forces between the same parts can be attributed to the shear strength of
the steel links protruding from the beam:.

7.1.2 Othper properties

No specific parameters of seismic behaviour (ductility, dissipation, deformation, decay, damage) fhave
been experimentally measured for this type of connection. If designed to transfer transverse moments
(in addition|to forces), the connection can be assumed as energy dissipating.

For the tranpmissiomrof longitudinal shear, no ductility and dissipation capacities are expected from the
concerned type‘oficonnections that are located away from the critical sections of the structure.

7.2 Supports with steel angles

7.2.1 General

Figure 10 shows the end connection of a rib of a floor element to a supporting beam. Steel angles are
used, applied at one or both sides of the rib and fixed by means of a passing dowel to the rib and by
means of anchor bolts (fasteners) to the beam. At the bottom of the rib, a U-shape steel sheet can be
inserted with a passing pipe welded to it.

14 © IS0 2019 - All rights reserved
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floor element
dupportingbéam
dteel angle

The steel angles have a minimum size due to the geometry of the rib with its lower reinforcement and
to the workspace for the tightening of the anchor bolts. This leads to minimum sides of about 100 mm.
If commercial profiles (hot rolled angles) are used with their minimum thickness, at least an angle
L100 x 10 would be chosen, which is very stiff and over-resistant with respect to the expected actions.
To allow plastic deformations under cyclic loading, weakened angles can be used, cold formed from
thinner steel sheets (e.g. thickness t = 5 mm) with a rounded corner.

In the steel angles, the holes for dowel and bolts should be slotted in orthogonal directions in order
to compensate tolerances. This requires the addition of proper knurled plates to ensure grip in the
direction of the holes. In the overall model for structural analysis, spherical hinges can simulate this
type of connection.

© IS0 2019 - All rights reserved 15
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ur in the horizontal transverse direction (see Figure 14) has not been tested.

7.2.2 Strength

7.2.2.1 General

The following indications about the mechanical behaviour of this type of connection leave out of
consideration the friction that sets up between the parts due to the weight of the supported element.

In fact, in seismic conditions, under the contemporary horizontal and vertical shakes the connection

shall work i

nstantly also in absence of weight.

With this pr
given by a s
the edge of t
arotational

emise, it has to be pointed out that, in the longitudinal direction of the rib, the cénst
teel angle fixed with one bolt to the beam is hypostatic. Only after a finite small-rotd
he steel angle gets in contact with the rib adding, in combination with the terfsiened d
constraint to the steel angle for a full isostatic connection of the two parts{see Figure

floor ele

supporti

Figurd

7.2.2.2 B¢

Figure 12 sH
direction of

rib to the fa
with an arn
eccentricity
global syste|
between thd
surrounding

- = 1_

i

nent
hg beam
e 11 — Kinematic models for floar-to-supporting beam steel angles connections

rthaviour models

ows the details in plan of the resisting mechanism for an action applied in the longitu
the rib, both for a.two side and for a one-side connection. The flow of the force R, fror
stener fixed to.the beam goes through the intervention of a couple of transverse forc

of the twaforces, R, leads to a moment, M, the effects of which are compensated b
m of the‘gopposite connections. These effects are neglected hereafter. The main diffef
twossolutions of Figure 12 is the bearing pressure of the pipe containing the dowel o
y concrete: constantly distributed for the two sides connection, variable for the ong

connection.

raint
tion,
bwel,
111).

dinal
n the
bs, H,

, Z, that is related to the dimension, [/2, of the steel angle. For the one side connection, the

y the
ence
n the
side
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1 1
\_77_ N, R

?

!
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o ]

R R R

p I W
Key

1 floorrib

Figure 12 — Behaviour models for floor-to-supporting beam steel angles connegctions

Figufe 13 shows the details in elevation of the resisting mechadism for the same longituginal action.
The ¢ccentricity, e, of the two forces, R, is compensated by acpuple of vertical forces, V, with an arm, z,
that |s related to tﬁe dimension, I/2, of the steel angle. Thisicouple carries a tensile “pull-oit” action to
the fastener and a pressure to the concrete.

S

Key
1 floor element
2 dupporting beam

Figure 13 — Floor-to-supporting beam internal actions

In the horizontal transverse direction, the force, F, is transmitted through a direct pressure between
the rib and the steel angle in one direction, or through a flexure of the flange of the steel angle indirectly
carried by the dowel in tension in the other sense (see Figure 14). In the two-side solution, the two
mechanisms are combined together, the first one being expected to be the major because of its greater
stiffness. Generally, the one side connection is placed in the opposite sides of the two ribs of a floor
element and in this way; the global force is mainly carried by the steel angle in compression.
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I I

| : |
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| | |

_i,_ .............. .i_
Key
1 floor element
2 supportihg beam
Figure(14 — Transverse behaviour of floor-to-supporting beam steel angles’connection

7.2.2.3 Fdilure modes
The principal failure modes are as follows:
a) rupturg of the external section of the dowel subjected to sheartand tension;
b) local plastic crushing of the steel angle around the holes due to bearing stresses;
c) breakinlg of the anchor bolt subjected to shear and tension;
d) spalling of the concrete edges of the rib due to tensile stresses;
e) spalling of the concrete edges of the beam duge to tensile stresses.

For ordinarj

7.2.2.4 (4

With refere

i proportioning, the failure of the steel angle subjected to twisting action is not expect

Iculation formulae

hce to the symbols ofEigure 12 and Figure 13, for the action of a given force, R, evaly

lated

by capacity design with respectto the resistance of the critical sections of the structure using th¢ due
overstrength factor, y,1, the fellowing effects arise [see Formulae (24) to (57)]:
b
M=R 4p +E (24‘)
e
H=R- - (25)
P4
e
V=R~ (26)
z
with
1
Z== 27
3 (27)
NOTE Values yp = 1,2 for medium ductility structures and y; = 1,35.
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a) dowel
N/ L 2 (28)
Hpg  Rpyg
and
H<H 29
Rd
with
Rypa =Ap - fya (30)
Hpq=0,9-4p fra (31)
fi
fya =074 (32)
Ym2
f
fua =2 (33)
YMm2
where

A, 1isthe core section of the bolt;

fix is the bolt characteristic tensile strength; y,,, = 1,25.

b) gteel angle

R<Rypq (34)
with

Ryri=25-t-¢ - f;y;  forround holes (35)
ar

Rypi =1,5-t-¢- f;y  for slotted holes perpendicular to the action (36)
where

t isthe flange thickness;

¢ isthe bolt diameter;

e isthe edge distance of the bolt axis;

fu 1s the flange characteristic tensile strength;

yMZ = 1,25

© IS0 2019 - All rights reserved 19
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d)

20

c) anchor bolt
R ’ %4 ’
— | +|— ] £1 (37)
Rp Ve
where
Rp is the minimum shear resistance;
Vp is the minimum tensile resistance of the anchor bolt declared by the producer.
rib edgd
R<Rpy (38)
with
R
Red == (39)
Ye
Rpd=1,4k-d* -hP | fo cupe - (40)
a40,1 h (41
c
0,1 i/g (42)
c
-h
k=2 < (43)
4,5.¢c
s=[,5-c-e,<3,0c (44)
b .
h= > <1,5¢ 0ortwo sides angles (45)
b :
h= 3 <1,5c¢ for one side angle (46)
h<8d (47)
where
d is the pipe diameter;
fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;
Y.=1,5.
© ISO 2019 - All rights reserved
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In case supplementary edge reinforcement (links or loops) of higher resistance is present, the

above verification is applied with:

Rpic = fyk - As (48)
R
Rpq =—2& (49)
Vs
where
f. <600 N/mm?2:
JyK 7 T
A, istheis the sectional area of the bars parallel to the forcel, R, included within a dis-
tance less than or equal to 0,75 ¢ from the dowel in its effective length, h;
y=1,5.
Ibeam edge
R<Rpg, (50)
with
R
Rpg = Rk (51)
Ye
RRk:1;6'k'(Pa'hﬁ \[fck,cube'c3 (52)
a=0,1 \/E (53)
c
B=0,1 i/g (54)
c
h<8¢ (55)
Wwhere
[0) is the fastener diameter;
h is the dowel effective length;

fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;

Y.=1,5.

In case supplementary edge reinforcement (links or loops) of higher resistance is present, the

above verification is applied with:

© IS0 2019 - All rights reserved
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Rpic = fyk - As
Rpk
Rpq=——
Vs
where

fyk < 600 N/mm?;

istheisthe sactionalarea ofthe bhars para”n] tothe Fnr*r‘n’ D’ included within a distan

(56)

(57)

AS

Vs
7.2.2.5 Of
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her properties

es d and e related to a tensile cracking of the concrete edge generally correspond t
chanisms. Their strength depends mainly on the edge distance.of)the dowel or bolj
f the concrete and the reinforcement detailing.

f a floor element, the ordinary longitudinal reinforcement made of bars of large dian
bvent concrete spalling also if these bars are well anchored by hooks bent at 135°: in
me into effect only after the cracking of concrete, buit at this point, the support cd

In order to control the crack opening and prevent'the failure by spalling, effective
nt shall be added, made of small diameter U-shape horizontal links closely distrih
ver part of the beam. These horizontal links are particularly important for small ¢/d 1
rain the dowels after the cracking of concrete; They shall be distributed over a height, 4
[tom with a spacing not greater than 50 min'and dimensioned for a design resistance ¢
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he crack opening and the failure-hy-spalling of the beam edge in case of its local cra
rib supports, a closely spaced distribution of upper horizontal stirrups or mesh sha
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he failure limit-0f'the steel connectors has never been reached, showing an over-resi
Moreover, the)imonotonic force-displacement diagram appears to be affected by diff
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situation on

the construction, the actual behaviour of the connection can be brittle.

7.2.4 Dissipation

he concrete rib in tension. Because of possible early failures due to edge spalling, in the real

Cyclic tests show that the sum of the different contributions leads to a low dissipation capacity, sensibly
higher for the “weakened” thin cold-formed angles than for the “strong” hot-rolled angles.

No ductility or dissipation is expected from this type of connections due to their position in the

structural a

22

ssembly and to their high stiffness in comparison to the column flexibility.
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7.2.5 Deformation

The functional deformation limit has been set at #24 mm, being the total longitudinal drift of about
50 mm the maximum compatible with a no support loss requirement for ordinary proportioning

7.2.6 Cyclic decay

Cyclic tests show that at the functional deformation limit no relevant strength decay shows after the
three cycles.

7.2.7 __Damage

At the end of the monotonic and cyclic tests taken up to the functional deformation limit, large residual
defofmations remain as a result of the different non-conservative effects. Plastic warping deformations
of the steel angles are much more evident for the “weakened” thin cold-formed\ angles than for the
“strang” hot-rolled angles.

7.3 | Supports with steel shoes

7.3.1 General

Figure 15 shows the end connection of a rib of a floor element\to the supporting beam. A fteel shoe is
used} made of a lower horizontal plate with two vertical flanges welded to it. The shoe is placed under
the rjb, fixed to it with a passing dowel and to the beam with'two anchor bolts (fasteners). At the bottom
of the rib, a U-shape steel sheet can be inserted with a passing pipe welded to it.

In the steel shoe, the holes for dowel and bolts shotld be slotted in orthogonal directigns in order
to cdmpensate tolerances. This requires the addition of proper knurled plates to ensurg grip in the
diregtion of the holes.

In the overall model for structural analysis, spherical hinges can simulate this type of connpction.

The behaviour in the horizontal transyerse direction (see Figure 18) has not been tested.

Key

1 flloor element

2 supporting beam
3  welded shoe

Figure 15 — Floor-to-supporting beam steel shoe connection

7.3.2 Strength

The following indications about the mechanical behaviour of this type of connection leave out of
consideration the friction that sets up between the parts due to the weight of the supported element. In
fact, in seismic conditions, under the contemporary horizontal and vertical shakes, the connection shall
work instantly also in absence of weight.
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In the longitudinal direction of the rib, the shoe gives an isostatic constraint activated without sensible

initial settlements.
2R
W

e w

igure 16 — Equilibrium of floor-to-supporting beain steel shoe connection

7.3.2.1 Be¢haviour models

Figure 16 sHows the details in plan of the resisting méchanism for an action applied in the longitufinal
direction of the rib. The flow of the forces, R, from therib to the fasteners fixed to the beam goes through
a plane stregs distribution in the lower plate of the shoe.

The bearing pressure of the pipe containing the dowel on the surrounding concrete is consthntly
distributed plong the width of the rib.

Figure 17 sHows the details in elevatign of the resisting mechanism for the same longitudinal actign.

The eccentrjcity, e,, of the two forces, R, is compensated by a couple of vertical forces, V, with an afm, z,
that is related to the dimensien, [ / 2, of the steel angle. This couple carries a tensile pull-out actipn to
the fastenerland a pressure to the concrete corner.
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Key
1 floor element
2 qupporting beam

Figure 17 — Behaviour models for floor-to-supporting beam-steel shoe connection

In thle horizontal transverse direction, the force, F, is transmitfed through a direct pressyire between
the rib and one flange combined with a flexure of the oppositedflange, indirectly carried by the dowel in
tension (see Figure 18), where the first effect is expected to be:the major because of its greatei stiffness. At
the blase, the force is equally distributed on the two fasteners by the in-plane stiffness of the lpwer plate.

Key
1 oor element

2  supporting beam

Figure 18 — Transverse behaviour of floor-to-supporting beam steel shoe connection

7.3.2.2 Failure modes

The principal failure modes are as follows:

a) rupture of the external section of the dowel subjected to shear;

b) local plastic crushing of the steel flanges or plate around the holes due to bearing stresses;

c) breaking of the anchor bolt subjected to shear and tension;
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d) spalling of the concrete edges of the rib due to tensile stresses;

e) spalling of the concrete edges of the beam due to tensile stresses.

For ordinary proportioning, the failure of the steel angle subjected to twisting action is not expected.

7.3.2.3 Calculation formulae

With reference to the symbols of Figure 17, for the action of a given force, R, evaluated by capacity
design with respect to the resistance of the critical sections of the structure using the due overstrength

factor, yj, the following effect arises [see Formulae (58) to (89)]:

V=R - (58)
with
1
Z=~= 59
3 (59)
NOTE Values yp = 1,2 for medium ductility structures and y, = 1,35.
a) dowel
R<R,pg (60)
with
Ryga =Ap - fya (61)
fe
fyd =075 (62)
Ym2
where
A, isthe core se¢tion of the dowel;
St 1s the dowel-characteristic tensile strength;
yMZ = 1,25
b) steel shpe
R< Rppg (63)
1
=2>2,5¢ (64)
2
e>2,00¢ (65)
with
Rypi =2,5-t-¢- f;y  forround holes (66)

26
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or
Ryps =1,5-t-¢-f,;  forslotted holes perpendicular to the action (67)
f
fua =% 68)
Ym2
where
t isthe flange or plate thickness;
¢ isthe bolt diameter;
e isthe edge distance of the bolt axis;
fiw# 1s the flange or plate characteristic tensile strength;
)/MZ = 1,25
anchor bolt
R ’ vV ’
— |+ — | £1 (69)
Rg Ve
yhere
Ry is the minimum shear resistaneg;
Vp is the minimum tensile resistance of the anchor bolt declared by the prodyicer.
1ib edge
R<Rp, (70)
yith
R
Rpy =<K (71)
Ve
3
RRk:1'4'k'da'hﬂ\/fck,cube'c (72)
a=0,1 \/E (73)
c
B=0,1 i/g (74)
c
k=—3" —<n (75)
4,5.¢
s=1,5-c-e,<3,0c (76)
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h =g <1,5¢ for two sides angles (77)
b :
h:§S1,5c for one side angle (78)
h<8d (79)
where
d is the pipe diameter;

fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;

Y.=1,5.

In case[supplementary edge reinforcement (links or loops) of higher resistance is present, the
above verification is applied with:

Rpd = f i - As (80)
R
Rgd =—RK (81)
Vs
where
fyr <600 N/mm?;

A, istheis the sectional ared of the bars parallel to the force, R, included within a diy
tance <0,75 ¢ from theidowel in its effective length, h;

Ys=1,5.

e) beam edge

R<|Ryy (82)
with
R
Rpq =—2& (83)
Yec

RRk=1'6'k'§Da'hﬂ \[fck,cube'c3 (84)
a=0,1 \/E (85)
c
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peo1g? (36)
c

h<8¢ (87)
where
0] is the fastner diameter;
h is the dowel effective length;

fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;

Y.=15.

In case supplementary edge reinforcement (links or loops) ofthigher resistance is present, the
above verification is applied with:

Rpy :fyk Ay (88)
R
Rpq =—% (89)
Vs
here

fyk < 600 N/mm?;

A, istheis the sectional ared of the bars parallel to the force, R, included within @ distance
<0,75 c from the dowelin its effective length, h;
Ys=1,5.

7.3.1.4 Other properties

Failure modes d and’e related to a tensile cracking of the concrete edge generally corregpond to the
weakest mechanisms. Their strength depends mainly from the edge distance of the dowel ¢r bolt, from
the groperties of the concrete and from the reinforcement detailing.

In thie ribsfof a floor element, the ordinary longitudinal reinforcement made of bars of larjge diameter
doesrnot prevent concrete spalling, also if these bars are well anchored by hooks bent at 135°. In fact,
the bars come into effect only after the cracking of concrete, but at this point, the support can be
jeopardized. In order to control the crack opening and prevent the failure by spalling, effective edge
reinforcement shall be added, made of small diameter U-shape horizontal links closely distributed
along the lower part of the beam. These horizontal links are particularly important for small c/d ratios
as they restrain the dowels after the cracking of concrete. They shall be distributed over a height, e, + ¢,
from the bottom with a spacing not greater than 50 mm and dimensioned for a design resistance equal
to the expected action.

To prevent the crack from opening, and to avoid failure because of spalling of the beam edge in case
of local cracks at the floor rib supports, closely distributed upper horizontal stirrups or mesh shall be
provided with a spacing s < 1.5¢ < 100 mm and an included longitudinal bar of diameter more than or
equal to 0,12s along the corner.

© IS0 2019 - All rights reserved 29


https://standardsiso.com/api/?name=9e750638ae5c5cc4998ead84c2c3969b

ISO 20987

:2019(E)

7.3.3  Ductility

In testing, the failure limit of the steel connectors has never been reached, showing an over-resisting
behaviour. Moreover, the monotonic force-displacement diagram does not show a well-defined yielding
limit. As a consequence, ductility cannot be quantified.

It is to be noted that, during testing, the load has been applied in such a way that it prevents edge
spalling of the concrete rib in tension. Because of possible early failures due to edge spalling, in the real

situation on

the construction, the actual behaviour of the connection can be brittle.

7.3.4 Dissipation
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The functio
50 mm the 1
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7.3.7 Dan
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7.4 Weld
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show a low dissipation capacity. Regardless, no ductility and dissipation is expected
connections due to their position in the structural assembly and to their high-stiffne
to the column flexibility.
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hal deformation limit has been set at #24 mm, being the total lonpgitudinal drift of g
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Figure 19 shows the welded connection of the rib of a floor element to a supporting beam. A U-g
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Figure 19 — Welded supports
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1  U-shaped steel plate
2 L-shaped steel plate

Figure 20 — Plan of a welded supports

7.4.2.3 Fdilure modes

The principal failure modes are as follows:
a) rupture of welding;

b) failure ¢f the fastenings anchored in the rib of the floor elément;
c) failure If the fastenings anchored in the beam;

d) spalling of the concrete edges of the rib due to tensile stresses;

e) spalling of the concrete edges of the beam dute-to tensile stresses.

7.4.2.4 C3alculation formulae

With referepce to the symbols of Figure 19, for the action of a given force, R, evaluated by cappacity
design with(respect to the resistance of the critical sections of the structure using the due overstrgngth
factor, yj, thie following effect arises [see Formulae (90) to (97)]:

V=R L (90)
Z

1
2=k (91

NOTE Values yp = 1,2 for medium ductility structures and y, = 1,35.
a) Welding

For the verification of the welding, the usual rules shall be applied.
b) fastenings anchored in the rib of the floor element

The anchoring system shall be properly designed referring to the specific arrangement of the
fasteners.
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c) fastenings anchored in the beam

The anchoring system shall be properly designed referring to the specific arrangement of the

fasteners.
d) ribedge
R<R.y (92)
with
Rz =0,25b-h fq (93)
h=a+c< 2a (94)

or t, b, [ and c, see Figure 19.

e) beam edge

R<R (95)
bR
yith
Rpr =0,25t-h- foy (96)
h=I1+s<2s (97)

for s, d and t, see Figure 19.

The resistance of the steel sheets is assumed to be verified if their thickness is not lgss than the
throat thickness of the welding.

7.4.24.5 Other properties

Failure modes d and e,(related to tensile cracking of the concrete edge, generally corregpond to the
weakest mechanisms-heir strength depends mainly from the edge distance of the dowel ¢r bolt, from
the groperties of the toncrete and from the reinforcement detailing.

In the ribs of@afloor element, the ordinary longitudinal reinforcement made of bars of large diameter
does[not prevent concrete spalling also if these bars are well anchored by hooks bent at 135f. In fact, the
bars|come\inito effect only after the cracking of concrete, but at this point the support is jeopardized. In
orde} €eycontrol the crack opening and prevent spalling, an effective edge reinforcement cpn be added
madeof smaltt diameter U-shape horizontal Hnks closety distributed atong the tower partof the rib edge.

The use of steel fibre reinforced concrete at the end of the rib can be equally as effective on controlling
the crack opening.

The presence of pre-tensioned adherent wires or strands can contribute to improving the local
behaviour reducing tensile stresses in the concrete.

7.4.3 Other properties

No specific parameters of seismic behaviour (ductility, dissipation, deformation, decay, damage) have
been experimentally measured for this type of connection, for which no ductility and dissipation
capacities are expected.
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7.5 Hybrid connections

7.5.1 Gen

eral

Figure 21 shows the end connections of floor ribbed elements to a supporting beam. The term “hybrid”
refers to the connection arrangement made at the upper part with additional bars and cast-in-situ
concrete proper of an emulative joint and at the lower part with mechanical steel devices proper of a
typical joint. The upper cast-in-situ slab is connected to the precast elements by the protruding stirrups
that resist the longitudinal shear transmitted through the interface. The lower connection can be made
with one of the solutions described in 7.2, 7.3 and 7.4. In this subclause, the solution of welded support

described i

Figure 19 is referred to

Ty

7.5.2 Strd
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simple hingg
7.5.2.1 Bg

In both stag
go entirely g

ngth

pd support arrangement.

thaviour models

n the flange standing out from the beam web.

h

igure 21 — Hybrid connection: floor ribbed elements to a supporting beam

[ connection, after the hardening of the rast-in-situ concrete topping, provides a mo
pport between the parts, with anfasymmetrical behaviour for positive and neg
he loads applied after the hardening of the topping take their action on this mo
resisting copnection. The self-weight of the-floor elements, included the concrete topping, acts

es of hinged and fix€d support, the shear force coming from the floor element is assum

ment
ative
ment
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Figure 22 — Resisting mechanisms for hybrid connections

Figure 22 shows the resisting mechanisms respectively for negative and positive moments. In the
first mechanism, the tensile force, 7, acts in the longitudinal bars added in the cast-in-situ topping
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and the compressive force, C (=T), comes from the bottom weldings with a lever arm, z’. In the second
mechanism, the compressive force, C, acts in the cast-in-situ topping and the tensile force, T (=C), comes
from the bottom weldings with a lever arm, z.

7.5.2.2 Failure modes
For a negative moment, the principal failure modes are as follows.
a) flexural failure of the connection referred to the yielding of the longitudinal upper bars;

b) bond failure of the anchorage of the upper bars;

) llongitudinal shear failure at the interface between precast element and cast-in-situ slab;
d) failure of the bottom connection between the rib and the supporting flange.

For 4 positive moment, the principal failure modes are:

e) flexural failure of the connection referred to the rupture of the bottom connection;

f) longitudinal shear failure of the interface between precast elementand cast-in-situ slab.

7.5.2.3 Calculation formulae

For 4 negative moment (see Figure 22), the ultimate resisting moment, Mp,, can be calculated by:
Mpa=Ast - fya-2' (98)
where

4, is the total sectional area of the longitudinal upper bars;
fl,q is the design tensile yielding sttess of steel;

4’ isthelever arm.

a) flexure

Mgy =My (99)
Wwhere

M, £18'the design value coming from the structural analysis and for seismic actipn condition
could be calculated by capacity design with a proper overstrength factor yp;

t, isthe plate thickness;

A is the plate width;

fya  1s the design tensile yielding stress of steel.
NOTE Values y, = 1,2 for medium ductility structures and yy = 1,35 for high ductility structures.

b) bar anchorage

lb'u'fbdZYR'As'fym (100)

with
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fra =2.25 .4 s the ultimate bond strength (101)
fym=1.08f,,  isthe mean yielding stress of the steel (102)
where
I, is the anchorage length of a bar in the upper slab;
u is the perimeter of a bar in the upper slab;
A, —isthebarsareaintheuppersiab;
feeq| 1s the design tensile strength of the cast-in-situ concrete;
fyk | 1s the characteristic yield strength of steel.
c) longitudinal shear
Ag 'fyd >yp-Ag ’fym [103)
where
Agg| s the total area of protruding stirrups available in the&énd segment long h of the beam;
fya | s the design tensile yielding stress of steel;
Vallies y = 1,2 for medium ductility structures andy, = 1,35 for high ductility structures.
d) bottom|connection
Verifications a, b and c of point 7.4.2.3 shall be applied referring to an acting force R.
R=pg A fym 104)
For a pgsitive moment (see Figure-22) the resisting value can be calculated by
Mgpf=Rp -z 105)
where
Rp | isthe minimum resistance of the bottom connection calculated from all the failure mjodes
coveredpy 7.4.2.3 and z = h-t/2;
z is thelever arm.
e) flexure
Mpg 2Mgq (106)

where Mg, is the design value coming from the structural analysis and for seismic action condition
could be calculated by capacity design with a proper overstrength factor yp.

f) longitudinal shear

ASS

36

fya 2Vr Rp (107)
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The overstrength factor y, of the formulae given in 7.5.2.3 shall be properly quantified evaluating the
role of the connection behaviour on the seismic response of the structure. If no relevant role is played by
the connection of concern, y, = 1,0 can be assumed. Otherwise, the values y, = 1,2 for medium ductility

struc

7.5.3

tures and yy = 1,35 for high ductility structures shall be assumed.

Other properties

No specific parameters of seismic behaviour (ductility, dissipation, deformation, decay, damage) have
been experimentally measured for this type of connection, for which no ductility and dissipation
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Figure 23 — Beam-to-column connections

8.1 Cast-|n-situ joints

8.1.1 General

Figure 24 dhows typical cast-in-situ connections betWween beams and columns placed in different
positions. I case a), the connection is placed on the top'of the column, from which the longitudinalbars
protrude into the joint and overlap with those protruding from the beams. A concrete casting en¢ases
the overlapped bars in the joint. The size of thejoint shall provide the room necessary for the required
overlapping|lengths. This type of connectionf ehsures the transmission of forces and moments ainong
the elements without large displacements:. It falls within the possible critical regions of the resisting

frame under seismic actions.

& B

Figure 24 — Typical Beam-to-columns cast-in-situ connections
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In case b), the connection is placed at an intermediate storey and is divided into two separate parts, one
at each side of the column. Proper bars protrude from the column into the lateral joints and overlap for
the necessary length with those protruding from the beams. This way, the continuity of the column with
its reinforcing bars is saved. Connections of this type ensure the transmission of forces and moments
among the elements without large displacements. They fall within the possible critical regions of the
resisting frame under seismic actions.

In order to move the connections out of the possible critical regions of the beams, solution c) may be
adopted. In all three cases described above, proper temporary props shall be provided to the beams in
the transient situations of the execution stages.

Th i L. d ot 1 H £1 1 L H A 24 ) ALl s h d h f
e FUITIICCLIVUIT UAdll UU TTIIUVEU TTILU LIIT SIZT Ul UIIT CUTUIITIT dO5 SITUVVILI 11T 1 15u1 C 4T Cl)- VVILIIIII e ept 0

the floor in transient situation, only the passing longitudinal bars give the continuity of thel column.

1 lbheam
Figure 25 — Beam-to-columns cast-in-situ connections

The hecessity of temporary props during érection can be avoided if the continuity bars qre moved to
an inner position so as to leave room for the sitting of the precast beams, as shown in Figure 24 b). If
contjnuity bars of the same diameter of the current longitudinal ones of the column are| used in the
joint| this solution weakens locally the flexural capacity of the column with detrimental effects on
the frame behaviour of the structure under seismic action. Like the use of superimposgd segments
of column jointed at the floors_levels, the latter solution can be used in structures braced by walls or
core$ (wall systems) where the columns are mainly subjected to axial action without relefant bending
momlents. To save the uniform continuity of the flexural resistance of the column througH the joint in
framle systems, continuity bars of a bigger diameter can be used.

With| respect to Eigure 24 and Figure 25, proper stirrups shall be added within the joints. The detailing
of the joint may-be differently laid out depending on the type of connected elements|and on the
arrahgement.of'the connection.

8.1. Strength

8.1.2.1 General

Strength verifications of the connections of concern refer mainly to the adequate anchorage of the
overlapped bars within the joints. To avoid a brittle bond failure, it is necessary to over-proportion the
anchorage length by capacity design with respect to the full tensile strength of the overlapped bars.
Shear verification of the beam end shall be made following the ordinary calculation model.

The following sub-clauses give more detailed rules for a tested arrangement, which is described in
Figure 25. In particular, the tested prototypes had only one beam laterally connected to a passing column.
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8.1.2.2 Behaviour models

This type of connection provides a monolithic union of the beam on the joint, ensuring a full support
with the transmission of internal forces and moments. The usual models for the verification of shear
and bending moment of cast-in-situ structural elements apply.

8.1.2.3 Failure modes
The principal failure modes are as follows.

a) flexural failure of the connection referred to the yielding of the longitudinal tensioned bars;

b) bond fajlure of the tensioned bars;
c) longitudliinal shear failure at the interface between the precast beam and the cast-in-situl slab.

The shear gtrength of the beam shall be over-proportioned by capacity design withwespect tp the
flexural strgngth of its end sections.

8.1.2.4 Cglculation formulae

The ultimatg resisting moment (positive or negative) can be calculated by:

Mpg =45 fya-2 108)
with
Sk
fya=—— 109)
Ns
z=d-3 110)
2
A, -
x=—3 f yd 111)
b'ch
fcd:&k_ 112)
Y
where

A, is the sectional area of the tensioned reinforcement;

f 3 1 1 i eades ol i £l . - pa | + £, .
yk 1S tllC ClIdl dCLTT ISUIU _lelullls SLITSS Ul LT LTIISIUIICTU T TIHITUL LTLIITIIL,
d isthe effective depth of the beam section;

b isthe width of beam compressed chord;

fe s the concrete characteristic compressive strength;

Ys=1,15;
Y.=1,5.
a) flexure
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Mpy>Mpgy (113)

where Mg, is the design value coming from the structural analysis. For the design of the frame
resisting system under seismic action, the resisting moment My, could enter in the capacity design
calculation together with the competent resisting moments of the other members convergent in
the node.

b) bar anchorage

Ip-u fpqg 2V As fym (114)

with

frd =225 f g is the ultimate bond strength (115)

fym =1,08 fyk is the mean yielding stress of the steel (116)
where

I, is the anchorage length of a bar in the upper slab;

u isthe perimeter of a bar in the upper slab;
is the bars area in the upper slab;
feea 1s the design tensile strength of the cast-in-situ concrete;

Sy is the characteristic yield strength of steel.

c) longitudinal shear
A 'fyd 2YR Aste 'fym (117)
here

Agg totahavea of protruding stirrups available in the end segment long h of the bepm;
fya dsthe design tensile yielding stress of steel;

vk = 1,2 for medium ductility structures and y, = 1,35 for high ductility structures

8.1.2.5 Other properties

For the arrangements described in Figure 24, due to the uncertain stressing of the bars within the
overlapping length, it is difficult to evaluate a precise yielding limit moment of the sections in the joint.
For this reason, it is preferable to over-design the connections.

8.1.3 Ductility

For the arrangement of Figure 25, in testing a displacement ductility over 4,0 has been always
measured. This refers to the testing arrangement that includes a relevant part of the beam so that the
measurements refer mainly to the flexural contribution of the beam.

In general, it can be assumed that this type of connection, if properly designed following the rules given
above, saves the full capacities of the beam (between medium and high ductility).
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8.1.4 Dissipation

Cyclic tests performed on the arrangement of Figure 25 show a medium dissipation capacity that is to
be attributed to the beam.

8.1.5 Deformation

In cyclic tests, drifts of about 1,5 % have been reached for positive moments (upper slab in compression),

of about 2,0

8.1.6 Cycl

% for negative moments (upper slab in tension).

ic decay
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8.1.7 Dan
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Plastic flexu
tensioned b
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ngth decay has been measured after the three cycles of any amplitude before failure:

hage

rger than 1 %, relative rotations have been observed between the beamyand the col
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hrs. Shear cracks penetration into the joint has also been observed(
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Key
1 beam 3 mortar infill
2  column 4 dowel bar

Figure 26 — Beam-to-column connections

As a general rule, a proper confinement shall be provided at the column top with additional stirrups
and steel links. At the beam edge horizontal anchored hooks in front of the dowels shall be provided in
order to restrain them in case of spalling of the concrete cover.

A sirpilar behaviour with the same design critefia has the beam-to-column connections g

inter
conn|

8.2.2 Strength

8.2.2

The
cons
fact,
work

8.2.2
This

Figure 27 — Beam-to-column connections with supporting corbels

mediate floors over corbels standing out from the column. In particular, Figure 27 showg
ections with the solution of halfjoints that keep the corbel within the depth of the suppq

.1 General

following indications~about the mechanical behaviour of this type of connection
deration the frictiémthat sets up between the parts due to the weight of the supported

instantly also\in absence of weight.

.2 Behaviour models

laced at the
one of these
rted beam.

eave out of
| element. In

in seismic conditions, under the contemporary horizontal and vertical shakes, the conpection shall

type of connection provides a hinged support in the vertical plane of the beam and a

full support

in theorthogonal vertical plane. In the longitudinal direction of the beam, the horizontal force, R, is
transmitted through the shear resistance of the connection (see Figure 28), which is given by the shear
resistance of the dowels and their local flexure between the elements corresponding to the bearing
pad. In the transverse direction, omitting the vertical gravity loads, the connection transmits a shear
force, V, together with the corresponding moment, M (see Figure 28).
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Figure 28 — Behaviour models for beam-to-column connections

ilure modes

1l failure modes for longitudinal action are as follows:

stresses on concrete;

of the concrete edge of beam due to tensile stress;
of the concrete edge of column due to tensile stress.
1 failure modes for transverse action are as follows:
failure of the bearing section due to the action of M;
of the tensioned dowel under the action due to M;

hear failure under the action of #.

Iculation formulae

hce to Figure 28 a), for'the action of a given force, R, evaluated by capacity design
he resistance of the-critical sections of the structure using the due overstrength factq

the rotation of theé joint is prevented by the stiffness of the connected elements, the numerical f
to 1,0.

of the eoncrete edges, the formulae taken from the literature are suggested in b) and
stance verification.

a) dowel

Rpy =R

with

Rpq =0,90" 'n'fpz\/fyd 'fcd(l_az)

f_yd:
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c) as
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(119)
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frg =Lk (121)
Ye
a=-"2" (122)
fyk
where

n isthe dowels number;

¢ isthe dowels diameter;

fyi 1s the characteristic yield strength of steel;
fe 1s the characteristic compressive strength of concrete;

o isthe normal tensile stress due to other possible contemporary effects on|the dowel.

b) Ibeam edge

Rpy =R (123)
Wwith
R
Rpy =—Fk (124)
Ye
Rpe =1,4k-0% -hP [ f o cupe -3 (125)
k=L <n (126)
3c

a=0,1 \/E (127)
c

B=0;1 1{/@ (128)
c

h<8¢ (129)
where
¢ is the dowel diameter;
h is the dowel effective length;

fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;

Y.=1,5.
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In case supplementary edge reinforcement (links or loops) of higher resistance is present, the
above verification is applied with:

Rpie = fyk - As (130)
R
Rpy =2k (131)
Vs
where

f . <600 N/mm?2:
JyK 7 7

A, istheis the sectional area of the bars parallel to the force, R, included withip.a dip
tance less than or equal to 0,75 ¢ from the dowel in its effective length, h;

Ys=1,5.

c) columnfedge

I=R 132)

|- 133)

Rpd=1,4k-0% -hP | for cupe - 134)

k= b <n 135)
3c
50,1 \/E 136)
c
40,152 137)
c
h<Bo 138)
where
o) is the dowel diameter;
h is the dowel effective length;

fek cube 1S the characteristic compressive cubic strength of concrete;
c is the edge distance of the dowel axis;

Y.=1,5.
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In presence of supplementary edge reinforcement (links or loops) of higher resistanc
verification is applied with:

Rpie = fy - As
Rpy
Rpa=——
Vs
where

f. < 600N/ mm?2:
JyK 7 T

e, the above

(139)

(140)

With reference to Figure 28 b), for the action of a force, V, and aqnement, M, evaluated
design with respect to the resistance of the critical sections df)the structure using {
jtrength factor, yj, the following shall be verified.

INOTE The values are y, = 1,20 for medium ductility structures and y; = 1,35 for high ductili
flexure

Mps2M
yith

Mpg=As-fyq-2

fyk
fya="2
Yy
where

A iSthe sectional area of the dowel;

S
fym ¢ 1s the characteristic yield strength of steel;

z is the lever arm of the couple of forces in the bearing print;

A, istheis the sectional area of the bars parallel to the force, R, included.within a dis-
tance less than or equal to 0,75 ¢ from the dowel in its effective length, h;
Ys=1,5.

by capacity
he due over

y structures.

(141)

(142)

(143)

z~d may be assumed with d spacing of the two dowels;

Y= 1,15.

pull-out
Ip-u-fpg2Yp As fym
with

fpa =0,45 f,,4  is the ultimate bond strength
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fym =1,08 fyk

where

f) sliding j

where

48

I, isthe anchorage length of the dowels in the beam;

u isthe perimeter of the dowels in the beam;

fetq 1s the design cylinder compressive strength of the mortar

is the mean yielding stress of the steel

is the sectional area of a dowel;

(146)

fyi 1s the characteristic yield strength of steel.

hear

=V

=Vdd +Vfd

=1,34; \/fcd 'fyd

=0,25b-x- f,g

_Ja
Ye

fyk

Vs

is the resistance of the shear resisting (compressed) dowel;
is thesliding resistance of the compressed concrete;

is.the sectional area of dowels not yielded by the contemporary flexure;

147)

148)

149)

150)

(151)

152)

Jer
fyk

is the width of the bearing print;

is the depth of bearing print (compressed part);

is the characteristic compressive strength of beam concrete (or column if lower);

is the characteristic yield strength of steel;

Y.=15;

Y= 1,15.
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8.2.2.5 Other properties

Failure mode b related to a tensile cracking of the concrete edge of the beam corresponds to the weakest
mechanisms indicatively for c/¢ < 6 where c is the edge distance of the dowel axis. For c/¢ > 6, failure
mode a related to the dowel strength is the weakest one.

In the beam, the ordinary longitudinal reinforcement made of bars of large diameter does not prevent
concrete spalling also if these bars are well anchored by hooks bent at 135°. In fact, the bars come into
effect only after the cracking of concrete, but at this point, the support can be jeopardized. In order
to control the crack opening and prevent the failure by spalling, effective edge reinforcement shall be
added made of small diameter U-shape horizontal links closely distributed along the lower part of the
beans i i T i i im the dowels
after] the cracking of concrete. They shall be distributed over 8¢ from the bottom with-a
greafer than 50 mm and dimensioned for a design resistance equal to the expected action.

spacing not

Firrups shall
ber face. For

event the failure by spalling of the column, a closely spaced distribution of cenfining s
ced at the top end together with steel links to the dowels and a grid of bat's at the up

To pt
be pl

a hei
grea
be pl
arou

Calcylation formulae of cases a, b and c refer to the use of flexible,rubber bearing pads. Rig

have

8.2.3

Inte

tensional deformation of the dowels within the joint gap, evaluated in:

Vi

Oftem, an early brittle spalling'of the beam edge occurred. With a sufficient bearing length,

be el

8.2.4

Cycli
due 1
the d

large

bht equal to the larger side of the cross-section, the stirrups shall be distributed with g
er than 100 mm and a confining volumetric mechanical ratio of at least 0,08. The ste{
aced in the direction of the action, distributed within 8¢ from the top of the column fd
hd the dowels and dimensioned for a design resistance equal tothe expected action.

not been tested in the present research.

Ductility

sting, failure mode a of dowel connection displayed a local shear ductility, i, due to the

},0<u<6,0 forc/p=26

,5<u<3.5 forc/p<6

minated from consideration for the stability of the support.

Dissipation

C tests performed in the longitudinal direction of the beam show a medium dissipat
o the alternate deformations of the dowels within the joint gap. For small thicknessej
issipation’capacity decreases sensibly. Also, crushing of the concrete around the dowe
sheax'displacements reducing the energy dissipation capacity.

spacing not
] links shall
ra2cwidth

d steel pads

flexural and

(153)

(154)

spalling can

jon capacity
of this gap,
Is occurs for

nnnnnn Ao ta thate locatins actructiral cccnpa )y o d +0 thate hagh cHiffnce 1

In an

1A X
Yy caot, OutTtoOTICIT 1TOCOTIUTT I CrIc— St acturar aoSCIIToTy  alrtt Ot g ST TIiTc S it

comparison

to the column flexibility, no contribution of ductility and dissipation are expected from this type of
connections to the global ductility of the structure. They shall be over-proportioned by capacity design
with respect to the critical sections of the column base.

8.2.5 Deformation

In cyclic tests, relative displacements up to #36 mm have been reached at the ultimate amplitudes
before failure.

8.2.6 Cyclic decay

Cyclic tests show that, at any displacement level before failure, strength decay occurs after each of the
three cycles. At the third cycle, this strength decay can reach the 25 % of the value of the first cycle.
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8.2.7 Damage

Damage is associated with spalling of the concrete beam end, splitting of the concrete at both beam and
column and breaking of the dowels. Typically, the first two modes of damage lead to a reduction of the
shear resistance but not to failure.

Where bearing pads are used, failure occurs with the tensile rupture of the dowels after large plastic
deformations. Depending on the diameter of the dowels and the ratio c¢/¢, dowels can break after or
before significant spalling at the concrete edges. The breaking point is usually located at a depth,
approximately equal to 2¢) within the beam or the column. As a result, breaking of the dowels does not
necessarily lead to a total loss of resistance, since a portion of the broken dowels extrudes from the

column or t
horizontal n

8.3 Mech

8.3.1 General

This type of]
between thg
no-shrinkag
least the sar
beam to a c(

The details
are connect
connection.
the column
screwed.

If the concr

1 - L | 4=l e 1 b -1 dr = - o b= g
TC DTAIIT 1IISIUT e UPPUSITE CITHITIIC a1l COIITIITUES (U POST SIGIITICAIIC T ©SIStAlICe dg
hovement.

anical coupler connections

connection refers to over-designed mechanical devices that achievesthe flexural conti
e connected members through high resistance bolts. The gap is‘filled with high resist
e mortar to ensure the continuity with the members’ concrete. The mortar shall hal
ne resistance of the concrete. Figure 29 shows in plan and€leévation the end connectio
lumn in the typical arrangement of a half-joint

Z

%)

Figure 29 —Moment resisting beam-to-column connection

bf the couplingdevices are shown in Figure 30. In case a) of this figure the reinforcing
bd to two platesplaced in each member. Bolts are placed between the plates to achiev]
In case b), 'one plate, to which the reinforcing bars are fixed, is placed on the beam,
s provided with a reinforcement with a threaded end, in which the coupling bolt is dir

ainst

huity
ance
ve at
h of a

bars
e the
while
ectly

pte-section is sensibly weakened by slots for the installation of the bolt(s), the section

shall

be restored and properly confined. This type of connection is normally used in combination with
dowels (see 8.2) and can be activated in a second stage during erection. In the latter case, transitory
construction phases shall be checked.
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8.3.1 Strength

8.3.2.1 Behaviour models

This
case$ they can also act in compression (if a proper counter-nut is _provided). In the
diregtion, the horizontal force due to the bending moment is directly transmitted to the
bars|through the connection. The mortar filling acts in compression-inder flexure.

The
the dolumn. Proper detailing shall be provided for the reinfofcement of the corbel and tH
following concrete design rules.

Sinc¢ this type of connection is normally used in additiénh to dowels, the horizontal shear t
and
hardgened, the union between the beam and the.jpint can be considered as monolithic.

8.3.2.2 Failure modes

The principal failure modes are as follows:

a)
b)

c)

8.3.2.3 Calculation formulae

This|type of cafinection is placed in critical zones. With reference to Figure 30, for thg
forcqg evaluated by capacity design with respect to the greater between the resistance
reinforceménts connected by the coupler using the due over-strength factor, the follow|
verifjed:

a)

Figure 30 — Details of the coupling devices

type of connection provides a clamped support. The bolts are mainly acting in tens

Shear force coming from the beam is assumed to go enfiyely on the corbel standi

the flexural transverse resistance are still carried by the dowels. When the mort

breaking of the coupler (bolt);
excessive deformation of the€ supporting plate(s);

detachment of the geinforcing bars.

on. In some
longitudinal
reinforcing

hg out from
e beam end

ransmission
ar filling is

action of a
of the two
ing shall be

coupler (non ductile)

provided that the threaded length and the washers are correctly designed, the coupler shall be

over-designed as follows:
Frmin 2VR - As 'fym
with

fym=1,08f,,  isthe mean yielding stress of the steel
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Fpin 1s the minimum steel ultimate capacity of the fastener declared by the producer;

A

S

f}k

Yr = 1,20 for medium ductility structures and y; = 1,35 for high ductility structures.

is the characteristic yield strength of steel;

b) plate(s)

plate(s)
reinford

proper
testing.
reinford

8.3.2.4 Of

Since this ty
(in the cur
cross-sectio|
expected to
considering

Special carg
dimensiona

8.3.3 Dud

The ductilit
remain in el

8.3.4 Diss

The energy
Local damag
performanc
bolt acting 4
the opening

In can be less than the one of the reinforcement they.are linking. Thus, flexural crack]

shall be over-proportioned in thickness in order to avoid sensible deformation at failure
ement

connection between the reinforcement and the plate(s) shall be designed by initial
In case of direct welding, special care and controls are suggested to avoid weakening
ement.

her properties

rpe of connection is over-resisting, failure is expected to’oCcur away from the conne
‘ent reinforcement). Since high resistance bolts arextisually adopted as couplers,
S
open also within the connection. The cracked stifffrtess of the member should be calcu
the cross-section in correspondence of the couplers.

is suggested for the mortar filling progess, especially if dealing with complex tl
surfaces and small gaps.

tility
astic range.

fipation

re of the mortaror other effects can create a permanent gap in the joint, affecting the ¢
e of the connection. Double nuts are suggested to be used to reduce this effect (makin
Iso in cempression). High tightening moments can be used to delay the decompressiof
of the joint.

brmation

8.3.5 Def

DT TITOCIUTT

is the maximum sectional area between the two corresponding upper reinforcements;

imit.

type
fthe

ction
their

are

lated

nree-

y of the member is not influeficed by the connection, which is over-resisting and designed to

dissipation of th&)structure does not depend on the contribution of the connection itself.
yclic

the
and

A slightly larger flexural deformation of the member with this type of connection, if compared to a cast-

in-situ solut

ion, is expected, due to the elastic elongation of the coupling bolts.

8.3.6 Cyclic decay

Cyclic tests show that at any displacement level before failure no relevant strength decay shows after

the three cy

cles.

8.3.7 Damage

Failure is ex

52

pected to occur out of the connection, while damage (cracking) can occur at the joint.
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8.4 Hybrid connections

8.4.1 General

Figure 31 shows the end connections of beams to the corbels standing out from a supporting column.
The term “hybrid” refers to the connection arrangement made at the upper part with additional bars
and cast-in-situ concrete proper of an emulative joint and at the lower part with mechanical steel
devices proper of a typical joint. The upper cast-in-situ slab is connected to the precast beams by the
protruding stirrups that resist the longitudinal shear transmitted through the interface. The lower
connection can be made with the welded solution described in 7.4 for a rib of a floor element providing
for the proper dimensional adaptations

Lo

Figure 31 — Beam-to-column hybrid connection with corbels

8.4.2 Strength

This type of connection, after the hardening of the cast-in-situ concrete slab, provides a moment resisting
suppprt between the parts, with an asymmmetrical behaviour for positive and negative mpments. The
load§ applied after the hardening of the slab take their action on this moment resisting conpection. The
self-weight of the beam, included the.upper concrete slab, acts on a simple hinged support afrangement.

8.4.2.1 Behaviour models$

In bgth stages of hinged-and fixed support, the shear force coming from the beam is asgumed to go
entirely on the corbel’standing out from the column. The local detailing and design calculation of the
corbel shall be made following the provisions of concrete design.

Figufe 32 shows the resisting mechanisms respectively for negative and positive momentg. In the first
mechanism;-the tensile force, T, acts in the longitudinal bars added in the cast-in-situ topping and the
compressive force, C (=T), comes from the bottom welding with a lever arm, z’. In the second mechanism
the gqompressive force, C, acts in the cast-in-situ topping and the tensile force, T (=C), conjes from the
bottommwetding withateverarmr, z-
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8.4.2.2 Fai

For a negatiy

a) flexural failure of the connection referred to the yielding of the longitudinal upper bars;

b) bond fajl

c) longitudlinal shear failure at the interface between precast element and cast-in-situ slab;
d) failure ¢f the bottom connection between the rib and the supporting corbel.

For a positiye moment, the principal failure modes are as follows.

a) flexural failure of the connection referréd,to the rupture of the bottom connection;

b) longitudinal shear failure of the interface between precast beam and cast-in-situ slab.

8.4.2.3 C3lculation formulae

For a negatiy

Figure 32 — Behaviour models for hybrid beam-to-column connegtions

lure modes

e moment the principal failure modes are as follows.

ure of the anchorage of the upper bars;

e moment [see Eigure 32 a)], the ultimate resisting can be calculated by:

Mpg =45 fya-2' 157)
with
f/l(
fya == 158)
y Vs
where

A,, isthe total sectional area of the longitudinal upper bars;

fyi 1s the characteristic yield strength of steel;

z' is the lever arm;

Ys=1,15.

a) flexure
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Mpy>Mpgy (159)

where Mg, is the design value coming from the structural analysis. For the design of the frame
resisting system under seismic action, the resisting moment My, could enter in the capacity design
calculation together with the competent resisting moments of the other members convergent in
the node.

b) bar anchorage

Ip-u-fpg2Yp As fym (160)
yith

fpd =2,25 f4q  1s the ultimate bond strength (161)

fym =1,08 fyk is the mean yielding stress of the steel (162)
where

I, isthe anchorage length of a bar in the upper slab;

u isthe perimeter of a bar in the upper slab;

is the bars area in the upper slab;

feea 1s the design tensile strength of the cast-in-situ concrete;

Sy is the characteristic yield strength of steel.

c) longitudinal shear
Ags fya 2VR At [y (163)
here
Ag totaldrea of protruding stirrups available in the end segment long h of th¢ beam;
f,d\/18 the design tensile yielding stress of steel;

Yg = 1,2 for medium ductility structures and y, = 1,35 for high ductility structyres.

d) bottom connection

Verifications a, b and c of point 7.4.2.3 shall be applied referring to an acting force R.

R=YgAg fym (164)

For a positive moment (see Figure 32b) the resisting value can be calculated by

with
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z=h—§£0,96h (166)
R
x=—2R (167)
fcd ‘b
where

Rp minimum resistance of the bottom connection calculated from all the failure modes
covered by 7.4.2.3;

z isthelever arm;
b isthe collaborating width of the upper slab;

feq 1s the design compressive strength of the cast-in-situ concrete.

e) flexure

Mgl 2V -Mgg 168)

where M, is the design value coming from the structural analysis and for seismic action condition
could b¢ calculated by capacity design with a proper overstrength factor yj.

f) longitudinal shear
Ags| fya 2Vr R [169)
where

Ag{ total area of protruding stigrups available in the end segment long h of the beam;
fya| 1s the design tensile yielding stress of steel;

Yg £ 1,2 for medium ductility structures and y, = 1,35 for high ductility structures.

8.4.2.4 Other propertiés

For positivel moments;a ductile flexural behaviour can be provided by the end segment of the heam
with its lowgr longitudinal reinforcement, the welded connection being overdimensioned.

8.4.3 Dugtility

In testing, a displacement ductility over 3,5 has been always measured. This refers to the testing
arrangement that includes a relevant part of the beam so that the measurements refer mainly to the
flexural contribution of the beam. The connection itself is expected to display a good ductility for
negative moments, coincident with the beam ductility, and display no relevant ductility for positive
moments. If the bottom connection is overdimensioned by capacity design, the latter behaviour does
not endanger the ductility capacities of the beam.

In general, it can be assumed that this type of connection, if properly designed following the rules given
above, saves the full capacities of the beam (between medium and high ductility).

8.4.4 Dissipation

Cyclic tests performed show a medium dissipation capacity that is to be attributed to the beam.
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8.4.5 Deformation

In cyclic tests, drifts of about 2 % have been reached for positive moments (upper slab in compression),
of about 1 % for negative moments (upper slab in tension).

8.4.6 Cyclic decay

Limited strength decay has been measured after the three cycles of any amplitude before failure.

8.4.7 Damage

For (rifts larger than 1 %, relative rotations have been observed between the beam and|the column.
Plastfic flexural deformations occurred in the beam for higher drifts with the yielding of the'Jongitudinal
tensioned bars.

9 C(Column-to-foundation connections
9.1 | Pocket foundations

9.1.1 General

Figure 33 shows two possible solutions for the connection of a€olumn to the supporting foundation. For
both|solutions the column is inserted within the pocket delimited by the four walls of the| foundation.
It is placed on a pad over the bottom footing slab. After, the centring of the column, fixed with proper
provjsional bracing props, the bottom gap to the footing and the peripheral gap to the walls are filled
with|no-shrinkage mortar. The pocket shall be large enough to enable a good compacted {illing below
and around the column. In the left solution, the surfaces of column and foundation within the joint are
smog@th. In the right solution, they are wrought'with indentations or keys so to increase thie adherence

of the mortar.
\ 3

2

Key
1 pocketfourndation 4  column
2 dolumn 5  rough surfaces

mnnt]'\ cuv‘f“ql‘nc

Figure 33 — Pocket foundations

For sway frames, where the stability of the structure relies on the flexural strength of the column, a
minimum insertion depth of the column is recommended with [ = 1.2h, where [ is the insertion depth
and h is the maximum side of the column section.

9.1.2 Strength

For sway frames, the connection shall be verified for the action of the (plastic) ultimate moment
Mp, = Mpy(N) of the adjacent column section with the corresponding contemporary axial force, N, and of
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shear, V. This can be calculated in the two main directions independently. The due overstrength factor,
Yg% shall be added with yg - Mgy, N and yg - V.

In particular pocket foundations with wrought, surfaces are assumed as monolithic and the verification
refers mainly to the proper overlapping of the vertical bars of column and pocket walls. For pocket
foundations with smooth surfaces a behaviour model referred mainly to a system of reaction forces

orthogonal to the adjacent surfaces can be adopted.

NOTE

9.1.3 Oth

er properties

The values are yp = 1,2 for medium ductility structures and yp = 1,35 for high ductility structures.

No specific
been exper
capacities a

9.2 Foun

9.2.1 Gen

Figure 34 sh
longitudinall

the foundat
the sleeves
longitudinall

parameters of seismic behaviour (ductility, dissipation, deformation, decay, damage)
mentally measured for this type of connection, for which no ductility and, dissip
e expected.

lations for columns with protruding bars

eral

ows the connection of a column to the foundation obtained by the-anchorage of the reinfo
bars protruding from the base of the column within the~Coerrugated sleeves insert
on and filled with no-shrinkage mortar. Due to their size" (80 mm to 100 mm diam
ut out of the column profile in the wider dimension éf:the foundation element so tha
bars can enter without deviating from their straight peripheral position in the column.

have
htion

rcing
bd in
bter),
t the

thin
se, a

The column|
to avoid the
proper conf

itself settles on a bed of mortar that fills up the joint. This bed shall be sufficiently
buckling of the bars within the gap when subjected to strong compression. Otherw
ning reinforcement shall be added.

1
Key
1 foundatipmelément
2 sleeves
3 reinforcing bars

Figure 34 — Foundations for columns with protruding bars

The steel reinforcement inside the column does not need any special adaptation for the connection. The
length of the protruding part of the bars shall be over-proportioned by capacity design to avoid brittle
bond failure of the anchorage before the yielding of the bars in the critical region at the base of the
column. The protruding bars shall be protected during transportation to avoid accidental distortion.

An alternative solution keeps the protruding parts of the bars separated. Just before the installation
in site of the column, these cropped parts are screwed in a bush previously fixed at the end of the
internal part of the longitudinal reinforcement. The threading weakens the bars and can jeopardize
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the strength of the connection, leading to early brittle failure. Special technological provisions shall
be adopted to maintain the strength hierarchy of the connection devices that allows exploiting the full
ductility resources of the column.

Proper reinforcement shall be placed in the foundation element to confine the concrete around the
sleeves and anchor them against pull-out. The sleeves shall be filled with fluid mortar just before placing
the column, which verticality shall be adjusted with timber wedges driven at the base and ensured by
lateral provisional props until the mortar has hardened and sufficiently aged.

9.2.2 Strength

9.2.2

The
adjad
the t

9.2.2,

9.2.2

Figul
the ¢
of ac
corrg

.1 General

ronnection shall be verified for the action of the (plastic) ultimate moment, Mg;= M,
ent column section with the corresponding axial force, N, and of shear, V. This\can be ¢
o main directions independently. The due overstrength factor and, y, shalt-be added
3.

.2 Behaviour models

e 35 shows the details of the resisting mechanism of the foot'section of the column
ombined bending moment, My, and axial action, N, and todthe shear, V. Assuming that
tion, the tensile reinforcement is yielded, the anchorage\werification shall refer to a p
sponding to the mean yielding stress, f,,,, of the bar,and to a fully confined mortar.

Lg(N), of the
alculated in
as specified

subjected to
at this level
h11-out force

Figure 35 — Resisting mechanism of Column-to-Foundation connection

9.2.2.3 Failure modes

The principal failure modes are as follows.

a) pull-out of the tensioned bars of the foot section under the combined action of y, - Mp,, and N;

b) sliding shear failure at the foot section in the design situation corresponding to y, - Mg, N and yg - V.
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9.2.2.4 Calculation formulae

With reference to the symbols described in Figure 35 and with y, overstrength factor, the following
shall be verified [see Formulae (170) to (180)].

NOTE The values are y, = 1,2 for medium ductility structures and yg = 1,35 for high ductility structures.
a) pull-out
Iyt foa 2VRAs fym (170)
with
uene' is the area of the upper bar section (171)
Tt(pz
A :T is the area of the upper bar section [172)
fpd =0,45f,,; isthe ultimate bond stress [173)
fym = 1,08fyk is the mean yielding stress of the steel (174)
where
I, isthe anchorage length of a bar;
¢’is the diameter of the protruding bar;
¢ is the diameter of the upper bar;
fma 1s the design cylinder compressive strength of the mortar;
Jfykis the characteristic yield:strength of steel.
b) sliding ghear
Vepd 2V 175)
with
V={V(ygg -Mpy) is the shear corresponding to y, - Mg, 176)
Vrd =Vaa Vg (177)
Vag =1,344 fea f'ya  isthe dowel resistance of the shear resisting bars (178)
Vig = 0,50 b-x-f,; isthesliding resistance of the compressed mortar (or concrete)  (179)
flea=0.5fcq (180)
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