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WURTH sy GROUP
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EN19924

. 6.1(5):
In general, elastic analysis may be used for establishing the loads on individual fasteners

both at ultimate and serviceability limit states.

c  6.2.1(1):

The design value of tension loads acting on each fastener due to the design values of normal

forces and bending moments acting on a rigid fixture may be calculated assuming a
linear distribution of strains.

. 6.2.1(2):

The assumption in 6.2.1 (1) may be considered to be satisfied if the base plate remains

elastic under design actions (o, < o;, ) and its deformation remains negligible | e

in comparison with the axial displacement of the fasteners. x/3
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FORCES ACTING ON FASTENERS WURTH & GROUP

Tension Load

Base plate is sufficiently rigid such that linear strain distribution will be valid.

> Rigid Base Plate
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FORCES ACTING ON FASTENERS WURTH & GROUP

Tension Load

Base plate is sufficiently rigid such that linear strain distribution will be valid.
> Rigid Base Plate

Rigid Acting Tension on fasteners is calculated from a linear correlation

* anchor forces (linear)
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a) Deterministic safety concept b) Partial safety factors

DESIGN FORMAT AND SAFETY CONCEPT



DESIGN FORMAT WURTH w GROUP
Ultimate Limit State

> Verification by the partial factor method

The limit states that concern
v’ the safety of people, and/or
v' the safety of the structure

shall be classified as ultimate limit states.

Design value of effect of actions E; <R, Design value of resistances (4.7)
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DESIGN FORMAT
Ultimate Limit State

> Verification by the partial factor method

The limit states that concern
v’ the safety of people, and/or
v' the safety of the structure

shall be classified as ultimate limit states.

Design value of effect of actions

Design value of effect of actions

v" Structural and non-structural elements are covered.

AGL
S(s)

WURTH sy GROUP

b) Partial safety factors

Design value of resistances (4.7)

Characteristic value of resistances
Partial safety factor for the (4.3)
resistances

v" The support of the fixture can be either statically determinate or statically indeterminate.

16  Dr. Jochen Buhler
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REQUIRED VERIFICATIONS
TENSION
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VERIFICATION OF ULTIMATE LIMIT STATE
Tension Loads

WURTH sy GROUP

> Overview of the required verifications / Verification by the partial factor method (Table 7.1)

Steel failure of Pull-out failure of

Combined pull-out

Concrete cone

Concrete splitting

FAILURE MODES . . .
fastener fastener and concrete failure failure failure
N Mechanical anchor only N Bonded anchor only N N N
Rk,s _ NRip _ WNRip Rk,c _ NRi,sp
SINGLEANCHOR  Np; < Npgs=—  Ngg<Npgp=—— Ngg<Npagp=—""—" | Ngg <Npge=—" | Ngga < Npgsp = ——
VMs Ymp Ymp YMc Ymsp
G M N
ost loaded h Rk,s h Rk,p
Ngg < Npgs = Ngg < Npap =
- ) - p
R anchor Ms Ymp
0
v G
rou
P P

Verifications for the most loaded anchors

18  Dr. Jochen Buhler
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> 7.2.1.4 Concrete cone failure

_ pnoO ACJV
NRk,c = NRk,c ) AT ) l/)s,N ) l/)re,N ) l/)ec,N ) lpM,N (7.1)
c,N
o _ 1 . 15 Characteristic resistance of a single fastener
Ngic =ki -\ fex - h placed in concrete and not influenced by adjacent fasteners or edges of the concrete member. 7.2)
Ac,N " . . .
10 Geometric effect of axial spacing and edge distance.
c,N
C . —_ . .
sn = 0.7 +0.3 <1.0 Dlst.ur.bqnce of the distribution of stresses in the concrete due to the (7.4)
Cer,N proximity of an edge of the concrete member.
fes Shell spalling f
Yren = 0.5+ 500 <1.0 ell spalling factor. (7.5)
1
Yoen = < 1.0 Group effect (7.6)
’ 142 (eN/S N) when different tension loads are acting on the individual fasteners of a group. '
cr
" Effect of a compression force between fixture and concrete
M,N

in cases of bending moments with or without axial force.
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> 7.2.1.4 Concrete cone failure

Acn

— nO
NRk,c = NRk,c | 40 ) l/)s,N ) l/)re,N ) l/)ec,N ) lpM,N (7.1)
c,N
0o _ = .15 Characteristic resistance of a single fastener
Ni,c = k1 -/ fex hef placed in concrete and not influenced by adjacent fasteners or edges of the concrete member. 7.2)
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> (7.2) Characteristic resistance of a single fustener

Test results after Fuchs/Eligehausen/Breen (1995) NU [kN]
519 test series. 200 T

o 2
fcc,200 =25 N/mm o

Mean failure load

O _ . . 1-5 160
Nyc = 13.5\/fec200 * hef NO = 135625 h'5/1000

c,200

[e]

Q

Q

120 /

g
5%-fractile of the failure load i 4 /
(o]
_ 09/

80
5
Nso% =k- \/fcc,ZOO ) héf

40

BIIIL

The characteristic resistance for the concrete cone failure
does not depend on anchor diameter and anchor type!
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> 7.2.1.4 Concrete cone failure

Acn

_ A0
NRk,c = NRk,c | AT ) l/)s,N ) l/)re,N ) l/)ec,N ) lpM,N (7.1)
c,N
o _ 1 . 15 Characteristic resistance of a single fastener
Ngic = k1 -+ fex hef placed in concrete and not influenced by adjacent fasteners or edges of the concrete member. 7.2)
k = 7.7 ...cracked concrete
ki = TN The factor k., 5 only for anchors with ETA for cracked concrete. Ec €

kycrn = 11.0 ... uncracked concrete

22 Dr. Jochen Buhler © Wirth Group,
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VERIFICATION OF ULTIMATE LIMIT STATE
Tension Load

> 7.2.1.4 Concrete cone failure

Acn
0
AC,N

: lps,N : lpre,N : lpec,N ) l,DM,N (7.1)

— 0
NRk,c = NRk,c |

Characteristic resistance of a single fastener
placed in concrete and not influenced by adjacent fasteners or edges of the concrete member.

(7.2)

Nz(e)k,c =k '\/fck : h;]?

ke n = 7.7 ...cracked concrete

ky = kycrn = 11.0 ... uncracked concrete

CRACKED concrete C20/25

h mm 40 50 60 70 80
fy N/mm?
NO% . kN 8.7 121 160 20.1 246

23 Dr. Jochen Buhler
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

Concrete failure and its partial safety factors

NRk c
Ngg < NRd,c =
Ymc
Yme = Ye* Vinst Permanent and transient design
situations
Y. =1.5
Yinst = 1.0 ﬁ( E
No Essential characteristic Assessment Type of expression of product
method performance

Basic Works Requirement 1. Mechanical resistance and stability

| 5 | Robustness 225 Yinst [-]

24 Dr. Jochen Buhler © Wirth Group,




GOOD TO KNOW WURTH & GROUP
Installation safety / Robusiness

Concrete failure and its partial safety factors

Yinst = 1.0 Ec € (Table 4.1)

o (I:Tum,Flb/Tum,Re' RE:E CI'aCk Slze
PO (| I S il aony N° Purpose of test concrete width 2 het Mitiv rqd. o Section
0,80 \ [mm]
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ¥2=1,2(75%)
‘ Reference for sensitivity to
- 7:=14(65%) RS reduced Cleaning effort C20/25 0 s/mll max 3 - 225
. B6 Robustness in dry concrete | C20/25 0 s/m/l | max? 5 2252
] | g7  Robustness in water C20/25 0 smil | max® | 5 see 2253
. saturated concrete
] gg  Robustnessinwaterfiled | 505 0 sim/l | max2 | 5 | Table 2.4 2.25.4
holes (clean water) EAD
e 67 787 7107 *127771‘47 71!77 7137 7L‘U7 7711777147 72&777287” 73'07 Vjiiriid RObUStneSS to miXing 2)
N B9 technique C20/25 0 m max 5 22055
Table 2.4 Values of rgd. a in the sensitivity to robustness tests for bonded fasteners
factor yinst rqd. o for tests according to Table A.1, respectively
1,0 > 0,95 > 0,90 The robustness factor depends on the
1.2 > 0.80 > 0.75 anchor diameter and anchor type.
1,4 > 0,70 > 0,65

25  Dr. Jochen Buhler © Wirth Group,
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VERIFICATION OF ULTIMATE LIMIT STATE
Tension Load

Concrete failure and its partial safety factors

_ pnoO ACJV
NRk,c = NRk,c ) 40 ) l/)s,N ) l/)re,N ) l/)ec,N ) lpM,N (7.1)
c,N

YM,c = Ve " Vinst VMe = Ve * Vinst Accidential design situations

Permanent and transient design Ye=1.2
situations
Ye=15 Seismic design situations
Ve EN1998
Yinst = 1.0 ﬂc € (Table 4.1)
Yinst 1.0 1.2 1.4

YMm,c 1.5 1.8 2.1

26  Dr. Jochen Buhler © Wirth Group,




VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> 7.2.1.4 Concrete cone failure

— NO Aen
NRk,c = NRk,c | 40 ) l/)s,N ) l/)re,N ) l/)ec,N ) l,bM,N (7.1)
c,N
0O _ g . [F .15 Characteristic resistance of a single fastener
NRi,e = k1 - fer hef placed in concrete and not influenced by adjacent fasteners or edges of the concrete member. 7.2)
" ke n = 7.7 ...cracked concrete
1™ |kyern = 11.0 ... uncracked concrete

Cracked concrete C20/25

h, mm 40 50 60 70 80 100 125 170
fo N/mm? 20
N . kN 87 121 160 20.1 246 344 481 763
YM,c 1.5
Ny kN 58 81 106 134 164 229 320 508
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> 7.2.1.4 Concrete cone failure

A
_ 0 c,N
NRk,c = NRk,c T0 l/)s,N ) l/)re,N ) l/)ec,N ) l,DM,N (7.1)
Ay
0o _ 15 Characteristic resistance of a single fastener
NRk,c =ky - \/fck ) hef (7.2)

placed in concrete and not influenced by adjacent fasteners or edges of the concrete member.

ke n = 7.7 ...cracked concrete

kycrn = 11.0 ... uncracked concrete

Cracked concrete C20/25

h, mm 40 50 60 70 80 100 125 170
fo N/mm? 20
N . kN 87 121 160 20.1 246 344 481 763
YM,c 1.5
Ny kN 58 81 106 134 164 229 320 508
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CRACKED AND NON-CRACKED CONCRETE



WURTH sy GROUP

REQUIREMENTS FOR ANCHOR DESIGN

- EN19924

e 4.7 Determination of concrete condition

(1) In the region of the fastening the concrete may be cracked or uncracked. The condition

of the concrete for the service life of the fastening shall be determined by the designer.

NOTE In general, it is conservative to assume that the concrete is cracked over its service

life.

© Wirth Group,
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WURTH sy GROUP

REQUIREMENTS FOR ANCHOR DESIGN

- EN19924

* 4.7 Determination of concrete condition
(2) Uncracked concrete may be assumed, if it is proven that under the characteristic
combination of loading at serviceability limit state, the fastener with its entire embedment
depth is located in uncracked concrete. This will be satisfied if
o+ 0p S Oggnm
is observed (compressive stresses are negative).
where o, ... is the stress in the concrete induced by external loads including fastener loads
Op ... is the stress in the concrete due to restraint of intrinsic imposed deformations (e.g. shrinkage of
concrete) or extrinsic imposed deformations (e.g. due to displacement of support or temperature
variations). If no detailed analysis is conducted, then o, = 3N/mm? should be assumed;

O,gm - is the admissible tensile stress for the definition of uncracked concrete.

NOTE The recommended value is oy, = 0 and is based on the characteristic combination
of loading at the serviceability limit state.

31  Dr.Jochen Buhler / 2020 © Wirth Group,




WURTH sy GROUP

ANCHORS IN CONCRETE
e ... including fastener loads. —e
Any tensile stresses already present due to B L lj 7a

structure loading, restraint of thermal
movement, etc., will be superimposed on the
anchor-induced stress state, thus leading to a

loss of capacity.

Eligehausen et al.: Anchorage in Concrete Construction. Ernst & Sohn Verlag, 2006.
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WURTH sy GROUP

REINFORCED CONCRETE DESIGN

e EN1992-1-1

7.3 Crack control
7.3.1 General considerations
(1) Cracking shall be limited to an extent that will not impair the proper functioning or

durability of the structure or cause its appearance to be unacceptable.

(2) Cracking is normal in reinforced concrete structures subject to bending, shear, torsion

or tension resulting from either direct loading or restraint or imposed deformations.

(3) Cracks may also arise from other causes such as plastic shrinkage or expansive
chemical reactions within the hardened concrete. Such cracks may be unacceptably large

but their avoidance and control lie outside the scope of this Section.
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WURTH sy GROUP

REINFORCED CONCRETE DESIGN

« EN1992-1-1 /

e 7.3 Crack control

7.3.1 General considerations A | |

.'/ : f
Fmﬁ: |
-— visible crack widt

(4) Cracks may be permitted to form without any attempt to control their width,

|

h

provided they do not impair the functioning of the structure. S S |
component surface “__

(5) A limiting value, W, o, = 0.3mm, for the calculated crack width, w,, taking into
account the proposed function and nature of the structure and the costs of limiting

cracking, should be established.

© Wirth Group,
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ANCHORS IN CONCRETE

WURTH sy GROUP

F | F
l _Welded wire mesh reinforcement ‘ =
- —— *‘,"O
o g . . —8
e There is a relatively high probability |
. 150 | 1000 |. 1500 L 1500 l 1000 [ 150
that cracks will intersect the anchor T ‘ 1 s ‘
a)
location.
Torque controlled
expgnsion anchors _| Undercut:anchors
1 —_
) y L6 Yy L) a ()] ) ﬁ__aﬁ
{ Wi LW A 14 N ) 1 AN AT
« 3 LR T o\ wllo D "1ie
T 97T 7L SV IS NIt I 7 o
/ A\ _17) FAY Sl bRy i 1 / ] o
Sy LA\ P JIRVARN ut 1 LA \ @
1\ (_nl:pl_‘of\ 20\ @' Q YO ) 17 LT,_
{ A\l A / { "? 3 ) S, lf(g\l Rl TS B d ! i
! ( { | 2
—. N
B Anchors loaded
® Anchors expanded, unloaded
O Dirillhole
b)

Eligehausen et al.: Anchorage in Concrete Construction. Ernst & Sohn Verlag, 2006.
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WURTH sy GROUP

PERFORMANCE OF ANCHORS IN CONCRETE - TENSION TESTS

crack .
N° Purpose of test concrete width 5|22)e het Nmin rqd. Section conseq“e'“es 'or 'he un‘hor
[mm] .
Reference tests (confined test setup) '|'eS'|'II|g:
R1 C20/25 0 All 7d M 5 -
R2 Bond strength with confined | C50/60 0 s/mil 7d " 3 3 2991
R3 |testsetup C20/25 03 s/ml | 7d" 5 - o
 Permanent loads are
R4 C50/60 0,3 s/m/l 7d " 5 -
Basic tension tests with unconfined test setup ca USi ng StGﬁC CI’CICkS.
A1 C20/25 0 s/m/l min 5 -
Characteristic resistance for )
A3 'nﬂuéncedﬁbytedge and C20/25 0.3 si/m/ | min 5 - o . .
spacing effects
A4 C50/60 0,3 sim/l | min 5 : ¢ S|0W|Y varying live loads
Resistance to pull-out failure . fh |(
r N r
B10 | Increased crack width C20/25 0,5 s/m/l 7d " 5 0,80 2223 are caus g € crac
B11 | Increased crack width C5M/60 05 s/m/l 7d " 5 0,80 2223 : :
opening and closing.
B12 | Repeated loads C20/25 0 m 7d " 5 1,00 2224
B13 | Crack cycling under load C20/25 0,17-0,3 All 7d M 5 0,90 2.2.25

EAD 330499-01-0601: BONDED FASTENERS FOR USE IN CONCRETE
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WURTH sy GROUP

PERFORMANCE OF ANCHORS IN CONCRETE - TENSION TESTS

e on torque-controlled expansion anchors developed for uncracked concrete.

Load N [kN] Load N
50 i ] I
2
20 f. ~24 N/mm Uncracked concrete
— —— Cracked concrete Uncracked concrete
AW = 0.4 mm
30
e et ‘\-\ Cracked concrete
20 S @A ke NN N
i A},f/’f/’;w’ \\ NN
2o | M \\ /
10 ¥ o~ - ]
7/ 4l L™ b /
= d/ -ﬂ—&""/
0 5 10 15 20 25 Displacement 3§,

Displacement §, [mm]
Eligehausen et al.: Anchorage in Concrete Construction. Ernst & Sohn Verlag, 2006.
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WURTH sy GROUP

PERFORMANCE OF ANCHORS IN CONCRETE - TENSION TESTS

e on torque-controlled expansion anchors developed for cracked concrete.

Load N [kN] Load N

40

30 i Uncracked concrete
.\\\\
\.\\} —— Cracked concrete
20 \
l\\\
Y\

Uncracked concrete
- —— Cracked concrete
Aw =0.4 mm
f. ~31 N/mm?
| | x
0 5 10 15 ;
Displacement &, [mm] Displacement o,

Eligehausen et al.: Anchorage in Concrete Construction. Ernst & Sohn Verlag, 2006.
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WURTH sy GROUP

PERFORMANCE OF ANCHORS IN CONCRETE - TENSION TESTS

Tension load-bearing capacity

* Summary

Metal anchor suitable | Metal anchor NOT suitable
for use in cracked concrete | for use in cracked concrete
[ I A
100 % ———————————i— ————————
N, (cracked concrete) /N, ;(uncracked concrete) !
1.0 : !
@ 70% |- s — — o — — + — .
= i
o i
Q !
ol W \‘H\ !
b ° |
g o ° [
% — — = — — G —
o Undercut anchors (n = 362 )

¢ Headed studs n= 43
0.2 ; Wn= £d)

uncracked cracked uncracked cracked concrete

0O 02 04 06 08 10 12 14 16

Crack width Aw [mm]
Eligehausen et al.: Anchorage in Concrete Construction. Ernst & Sohn Verlag, 2006.
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WURTH sy GROUP

ANCHORS SUITABLE FOR CRACKED CONCRETE

1 A TN TIOTOTOTO0N 2 - - P ———
l‘t‘d&nﬁm;:m::mms% 4 ] N ’.:"—;;i-'%“

a =l e i o Biaias  assssses s i o Biaias  assssses s s ufhs o

—
| )

E \ > ~5 .
c = | fe————— c
‘ 2 o
] 58 o o y
L/ . £ » » AN A J
’ o
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Geometric effect of axial spacing and edge distance.

— 0
NRk,c = NRk,c ’ 20 ) l/)s,N ) l/)re,N ) l/)ec,N ) lpM,N
c,N

(7.1)

10 Geometric effect of axial spacing and edge distance.
c,N

41 Dr. Jochen Buhler
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Idealized concrete cone and area A , of concrete cone of an individual fastener
i

Z H
i
y
a— . R =
" - - g™
Wre > |
s
v

N

. <

IS ==
\o
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Idealized concrete cone and area A , of concrete cone of an individual fastener

From cone to pyramid

43  Dr. Jochen Buhler © Wirth Group,



VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Idealized concrete cone and area A , of concrete cone of an individual fastener

Characteristic spacing s, = 3hy From cone to pyramid

Reference projected area A?,N = ScrN * Ser N

3 hef = scr,N
-t

Scr,N

3h,;
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Actual area A, ,, of the idealized concrete cone for a group of fasteners

Characteristic spacing s\ = 3hg Characteristic spacing s\ and characteristic edge distance ¢\ = 0.5s,

Reference projected area AS,N = ScrN * Ser N Actual projected area A¢y = Scrn(Cern + Scrnv + 0.55¢r,n)

=2 ScrN * Scr,N
3hef = Scr,N

|- - - SN SceN 29S¢ N -
! g/ g/

Scr,N

3h,;

1.5h

35°
h,
Y Y
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Actual area A, ,, of the idealized concrete cone for a group of fasteners

Actual projected area A, y = Scr,N(Ccr,N + s+ O-SScr,N) Actual projected area A, y = SCT,N(C + s+ O-SScr,N)
s S Scr,N s S Scr,N
S S 0.5s., > c s CCI’,N < s ().Ss"N_>|
AN
A A
Y Y
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VERIFICATION OF ULTIMATE LIMIT STATE WURTH & GROUP
Tension Load

> Good to know Actual area A, ,, of the idealized concrete cone for a group of four fasteners

Actual projected area A, y = (O-SScr,N + s, + cl)(cz + s, + O.SSC,,,N)

S = Scr,N

S S Scr,N

— g
C S Ccr,N_ O'sscr,l\l

Co < Ccr,N= O'5Scr,N

C3 2 Ccr,N= O'sscr,l\l ;I
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Concrete splitting during installation

is avoided by complying with minimum values for edge distances
C..inv SPAcing s_. , member thickness h,_;, and requirements
for reinforcement as given in the relevant European Technical Product
Specification.

CONCRETE SPLITTING DURING
INSTALLATION
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