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Teoria dell’ancoraggio post-installato: comportamento di
ancoraggi singoli sotto azioni assiali e taglianti
Meccanismi di rottura per ancoraggi meccanici e chimici,
cenni al comportamento di gruppo
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Quadro normativo storico, CPD 89/106/CEE 9

Qualifica di prodotto Metodo di progetto
European Committee for Product Standards
Standardization ENs XXXXX:YYYY

+ Factory Production
o Control
Curpear CE
European Committee for e.g.
Standardization Eurocodes
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CPD 89/106/CEE

Qualifica di prodotto

European Organisation
for Technical Approval

European
Commission

Metal Anchors for use in
concrete

ETAG 001

3
Metodo di progetto

v

Design Method for
Anchorages

Annex C

European Technical
Approval

ETA

Design for Bonded
Anchors

TR029

Design under
seismic action

TR45

+ Factory Production
Control

CE

European Committee for
Standardization

Giovanni Muciaccia

Design Method for
Anchorages

CEN/TS 1992-4
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ETAG relative agli ancoraggi 4

Qualifica di prodotto Metodo di progetto
Metal Anchors for use in Internal method Design for bonded Design under
concrete anchors seismic action
ETAG 001 Annex C TR029 TR45
Plastic Anchors for Internal method
ETICS
ETAG 014 Section 7.1
Plastic Anchors for Internal method
multiple use for n.s. appl.
ETAG 020 Annex C
Metal Injection Anchors Internal method
for use in Masonry
ETAG 029 Annex C
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Quadro normativo attuale, CPR 305/2011 5

Qualifica di prodotto Metodo di progetto
European Organisation European Assessment
for Technical Document
Assessment EAD
v
European Technical
Assessment
ETA
+ Factory Production
Control
e CE
European Committee for Design Method for
Standardization Anchorages

EN 1992-4
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Connessioni acciaio-calcestruzzo 6

Pre-inserite

Key

1 anchor

2 connection between anchor and channel
3 channel lip

4  channel bolt

POLITECNICO MILANO 1863
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Connessioni acciaio-calcestruzzo 7

Post-inserite
u 1 1l
r',!f.rl T3 e o) Crrr 77T | [F77 1 7Tl | [F7-
1 (11 ]I K | |
o AIH = |1 5|} 'H = ¥ | s
<= [ I - I =| | H = 4 = | =
il JBL" |
G ®s 2
al ] ol d) el fl gl h)
Key
a) torgue controlled fastener, sleeve type e) undercut fastener, type 2
b) torgue controlled fastener, wedge type fi concrete screw
c) deformation controlled fastener qJ) bonded fastener
d) undercut fastener, type 1 h) bonded expansion fastener
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Wedge type Sleeve type Drop-in Undercut Screw
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Modalita di rottura a trazione 9

“oo
60
-
0
&
-—\I‘-w“i—
N\
\:\qz
N
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Estrazione di un cono di calcestruzzo 10
primi modelli: ACI 349-85

2het + dy

xxxxxxxx
xxxxxx

111111
------

hoi

3

==
=1
a) tension Lﬂ_l
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11

Estrazione di un cono di calcestruzzo

jo CCD /1

approccio

A Vox

AN
0N
LAXI
(00N
SO0\
GO0
A0
AU
G
B 2 0
A A
HONCOIOvEoveN

.*..‘.
AR
Ao
AN
AEOCUOO0OCELX KON
AYOAAAARA
AR
R PIARRXRE)

AL
__..:

RS
A
AEIREREEIEINYY
Y
OO0
S
OO
Y
0
)
o
5
)

b)

o
O
00
i
O
Z
<
—
=
O
v
Zz
O
L
-
-
O
o
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N [kN]

500.0

450.0

400.0

350.0

300.0 |+

250.0

200.0

150.0 +

100.0 1

50.0

0

approccio CCD /2

het [Mmm)]

- 100

50.0 160,0 1‘50.0 200.0 250.0 300.0

Estrazione di un cono di calcestruzzo

1200.0

1000.0

800.0 +

N [kN]

400.0 -

200.0

600.0

; | |
300.0

h,  [mm]

600.0

- 250

- 150

=+ 100

N [kips]

12
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Rottura del bordo di calcestruzzo 13
approccio CCD /3
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Pull-out — ancoraggi chimici/1 14

”
-
-~
-
-~
Z
-z

ARG Y —

Pull-out failure
a) Concrete

cone Ralliira b) Failure c) Failure threaded dj Mixed Tallure e) Steel failure
mortar / concrete rod / mortar

(Cook, Kunz, Fuchs, Konz (1998))
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Pull-out — ancoraggi chimici /2 15

_____________________________________________________________________

Thread Rod Mortar Concrete

[Eligehausen and Appl 2006]
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Pull-out — ancoraggi chimici /3 16

20
N 15 -
S
£ ~
Z. 10 - S
< S
=2 Q
)
£ 5- S
® 3
g S
m 0 Y T Y Y
0 50 100 150 200 250
§).° Embedment depth [mm]
| 290, | : . . .
1 . - 1. 5t =t . —t . T
L 6:.%"‘;_..... = .f__... T .w:—;r‘. -.----..‘:_..'a.—mv-gu_,_w'a:v__:lm_g
P o | ,
Eaies” e o7 |
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Pull-out — ancoraggi chimici /4 17

Nu,Bond
T
IN] d,/d<15

U u,m

N,Bond :ﬂ’.'d'hef T

d= diameter of the anchor rod [mm]

t = average bond resistance [N/mm?]

u,m

h,~ embedment depth [mm]

d,= diameter of of borehole [mm]

—— ettt t— —
Tttt t— 4— 4+—

[Eligehausen and Appl 2006]
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Pull-out — ancoraggi chimici /5

M12, h_/d=10, 1 ,~8N/mm?
Compression stress field

M12, h_/d=20, t,~8N/mm?
Compression stress field

Giovanni Muciaccia

18
Anchor rod
Mortar
ncrete
— Tie
---- Strut

HlaDaledadd Sa Sl el Dl Sl N S S D

: /
|,7 Concrete

[Eligehausen and Appl 2006]
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Definizioni 19

1| extemnal diameter of 6|6 (10 |12| 14|16 |18 |20| 22| 24| 27| 30 |=30

fastener & of dugr”
2| diameter d, of clearance d+3
hole in the fixture or

7 9 |12 |14 [ 16 (18 | 20 | 22 | 24 | 26 | 30 33d‘m+

Y if bolt bears against the fixture.

" if sleeve bears against the fixture.
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Approccio elastico — trazione/1 20

Ngg) = & E; As

C_Ed = 0,5 bﬁx X Ec E{:

£ -

Y

Y
]
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Approccio elastico — trazione /2 21

:—\":"\ - HmT ""’mT 4 Wi T”Em

‘xl \K a
| % ——t Hﬂ
- S 1

5 59

h
- o - g1 = WEd

53

2 3k o
\ N\ HWT vk THH.

. i P -
4|l l”‘fiL

0,5540,55; M =L
| Hgﬂl Npﬂ

|
|
I
1

bl

-+

Sy

2\“;— el ]
e &\ Mg i
¢l

/ \
5 3
5 a1
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Risposta — estrazione di un cono di calcestruzzo

jio CCD /1

10

Approcc

A Vox

AN
..ﬁ.__. A\
A0

A\
A
LOOLCON
(X) OO\

.‘“o“m %"ou'_./

AR

OOOUOOOCONO00CA
COOUUERODOOOION
CUOCOROCOOROON0CN
OOCROCOCOOOO000
AR RAAAARLRORA
SOOASSTY _ NIRARRAIA
RS PIARRXRE)

AN
)
WAL CUOOECHOO0N
MO

RO
o

A
o

R
N

b)

o
O
00
i
O
Z
<
—
=
O
v
Zz
O
L
-
-
O
o
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Risposta — estrazione di un cono di calcestruzzo
Approccio CCD /2

AN
r'wl'wEINnﬂ

Ng

factor taking into account the eccentricity of the
resultant tensile force on tensioned fasteners. In the
case where eccentric loading exists about two axes
(Fig. 11), the modification factor y | shall be com-
puted for each axis individually and the product of
the factors used as y  in Eq. (11a)

1

<1
[+2ey7(3h,)

distance between the resultant tensile force of ten-

sioned fasteners of a group and centroid of ten-
sioned fasteners

Giovanni Muciaccia

Y, =

tuning factor to consider disturbance of the radial

symmetric stress distribution caused by an edge,
valid for anchors located away from edges

v, =1 if ¢, 215k,
Cl ) <
v, = o.7+0.3]_5k8f if ¢, <15h,,

23
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Risposta — estrazione di un cono di calcestruzzo 24
Approccio CCD /3

I A ]

@ [

[

N.27©N,2

i ’
W7 vrrrdl 2/ %

c2 St,2
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Risposta — estrazione di un cono di calcestruzzo
Approccio CCD /4

25

| 675
foo = 25 N/mm2 (3,6 ksi) n Symbol
hey 185 mm (7,3 in) 1+ &, -
n  =1-36 headed studs ¢ O O\
oa 16 A e\ 7°
+0 Mean value of o series 36 a ?‘»'
2000 55 450
— - =9
¢ 0o o o —
3 © oo of_ ;
> o 0o o0 olf¥ K \\\°° -
= o0 o W P
1000 225
200 400 600 800 1000 [ mm]
7.9 15,7 23,6 .5 39,4 [in]
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Approccio elastico — taglio /1 26

O
e _H>Vﬁ /3 e Vi

Loaded anchor
— . = d

O unloaded anchar

L] L]
®
a) Group of three anchors under a shear load Edge
|*")\/de4‘\'““| a) Group of two anchors loaded by a shearload perpendiculartothe edge
1
° ° 4 4
s
® (@, 258 @  Loaded anchor
L/’\/Sd.-"fl\,l @] Unloaded anchor
* L ® L “‘—T : - Load not to be considerad

b} Group of four anchors undera shear load ° e <«— Load to be not considered
y \ Vv Wady f4 ey /4 ® -\V 2
" 'd
= / ! } = Edge
® i ‘1— “ed b 4 ‘q- edh £4
1 A wh b} Group of two anchors loaded parallel tothe edge
i
\/
Wdw S4 Ve S8
[ ] L ] L Msdn /4 O Vsah B

c) Group of four anchors underaninclined shearload
® Loaded anchor
O Unloaded anchor

/V”:hor
s

e Load not to be considered

o,
\Vanchor WH = Vs - SiNOL «4— Load to be not considered
Vo) B |:> ° ° o+ —
N S
Wanchar \. Whid
® ® ’p
+—F /

“anchar

Edge

c) Group of four anchors loaded by aninclined shearload

05
Vanchor = |:T|—5d (s1/2+ SZJ’E}i| with: o= radial moment of inertia (here: 1p= 517+ 529
p

d] Group of four anchors under a torsion moment
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Approccio elastico — taglio /2 27
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Approccio elastico — taglio /3 78

b
|Veq + V - -
+ # 4+ ALY W/
i i FH = Fl:d
+ + 3
Viy/2 \VHIL/

al b) c)

a) group with two fasteners close to an edge loaded parallel to the edge;
b) group with four fasteners close to an edge loaded perpendicular to the edge
c) quadruple fastening close to an edge loaded by an inclined shear load

1 Ve 1 Veq
Key
/
// // + +
e | | 1 fastener
o é RN I -i_@. © +-?
77 — | | 2  concrete element
/ / ¥
" A 4:-=..13 _L'“-H._3
/] : : 3 attachment
P || tox ||
2 a3 24 ey
{ l
a) bl
a) stand-off installation b) stand-off installation with nut and washer to prevent local concrete spalling
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Grazie per la vostra
attenzione

T +39.02.2399.4365
F +39.02.2399.4300
E giovanni.muciaccia@polimi.it



