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Concrete in bearing

e Codes:
— EN 1993-1-8 — CI. 6.2.5
— EN 1992-1-1 —-CI. 6.7
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Concrete in bearing
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Concrete In bearing — EN

A
Loaded area , _ Aa _

J \ ACO

A |- line of action

h> (b, - by) and
d, < 3d,
> (db - dy)

Distribution area

https://resources.ideastatica.com/Content/02_Steel/Verifications/EN/Concrete%20in%20compression/Concrete%20in%20compression.htm
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Interaction diagram

minor axis
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bearing — EN
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Nc,Rd — Aefffjd

Mrq = Aesefja?c + Ford"s

Assumption:

Concrete is fully utilized
Anchors are fully utilized
Axis is in the middle (wrong)
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Checks — ANCHORS

* Concrete Capacity Method
(prof. Eligehausen)

« Same checks all over the world

* Newer code - more advanced

e ETAG > EN 1992-4in 11/2018

Eurocode 2 - Design of concrete structures - Part 4: Design of
fastenings for use in concrete

o O +
77 | 77 | | y | 7 | 777 | e 7T | 77
o ) 4| B |
5 /l % | 5 | T | 5 | $ 5 l %
a1 U U O A |
TN L 11 B |
GO i
a) b) c) d) e) f) ) h)
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Checks — ANCHORS

 EN 1992-4 assumes RIGID base plate
« EN 1993-1-8 assumes PLASTIC b. p.
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Checks ANCHORS

Single anchor
« Steel failure in tension
o Steel failure in shear
 Pull-out failure
 Combined pullout and
concrete failure of bonded anchors

» Concrete splitting failure

« Group of anchors
« Concrete cone failure
 Concrete blow-out failure
« Concrete edge failure
« Concrete pry-out failure

« Combined tension and shear

Brno University of Technology e Faculty of Civil Engineering



Checks
ANCHORS
Tension

c)
d) e)
Key
a) steel failure
b) concrete cone failure
c) pull-outfailure f)

d) combined pull-out and concrete failure of bonded fasteners
e) concrete splitting failure
f)  concrete blow-out failure

Brno University of Technology e Faculty of Civil Engineering



Checks — ANCHORS — Shear

B
a) b)
c) Key d)

a) steel failure without lever arm
b) steel failure with lever arm
c) concrete pry-out failure

d) concrete edge failure

Brno University of Technology e Faculty of Civil Engineering



Checks — ANCHORS

Base plate:
« Single anchor
* Bolts in bearing — shear
* Punching shear (EN only) — tension

Brno University of Technology e Faculty of Civil Engineering



Checks — ANCHORS

N
| 0 Steel
« Concrete fallures failure
are brittle
NRd,c_
>
E
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Checks
ANCHORS
Tension

c)
d) e)
Key
a) steel failure
b) concrete cone failure
c) pull-outfailure f)

d) combined pull-out and concrete failure of bonded fasteners
e) concrete splitting failure
f)  concrete blow-out failure

Brno University of Technology e Faculty of Civil Engineering



Rigid base plate assumption

* Rigid base plate
e assumption Is not correct
* easy to calculate tensile forces in
anchors, compression in concrete
 In all anchorage codes
« Elasto-plastic base plate
* In EN 1993-1-8, in CBFEM
* generally is safer (higher forces In
anchors)
 Hilti Profis Engineering, IDEA StatiCa

Brno University of Technology e Faculty of Civil Engineering 20/69



Click for more details PrOfIS Englneerlng
18

N/mm2 ‘ '¢' | ‘ Plastic strain Deformation
mim

]
Mrmm<
Equivalent rigid baseplate (FEM) Flexible baseplate (FEM)
Anchor tension forces
Anchor 1 218 kM 33.7 kM (55%)
Anchor 2 0 kM 0 kM {-%) ° pryl ng fo rces
Anchor 3 218 kM 337 kM (55%) | I
°
Anchor 4 0 kM 0 kM {-%) esser lever
Baseplate plastic strain None 0.07% arm
(max)
Baseplate deformation 0.2 mm 07 mm
(max)
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Steel failure in tension

EN 1992-4 — Table 7.1 T

NRk,s . .

Ngg =Npgs = , NRrks = As * fup 1
Ms

EN 1993-1-8 — Table 3.4

where k>, = 0,63 for countersunk bolt,
otherwise k&, =0.,9.

EN 1993-1-8 — ClI. 3.6.1

For bolts with cut threads. such as anchor bolts or tie rods fabricated from round steel bars where the
threads comply with EN 1090, the relevant values from Table 3.4 should be used. For bolts with cut
threads where the threads do not comply with EN 1090 the relevant values from Table 3.4 should be
multiplied by a factor of 0,85.
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Concrete cone failure

EN 1992-4 — Table 7.1

N. <N B N RK,c
Ed — ""Rd,c y
Mc b)
A
_[xs0 c,N
NRk,c - NRk,c i AU 'WS,N +wre,N +wec,N ' E?‘VM.N
c,N

0 - 1.5
NRk,c o kl ' fck 'hef

_____________|Postinstalled

Cracked keen = 7,7 keen = 8,9
Uncracked kuyern = 11,0 kucrn = 12,7

Brno University of Technology e Faculty of Civil Engineering



Geometry of upper surface

A

a0 c,N
NRk,c N NRk,c 0 i E‘r)rs.,N 'wre,N ' l"‘f}fle-.n:,l*l ' WM.N
c,N
reference projected area AS,N actual projected area A. y
z_
U-_:J
L™
‘n
L
[y
w
L]
S
G| 39 G'SSEr,N
—- -l - =il
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Concrete edge proximity

A

a0 c,N
NRk,c N NRk,c ' 0 'WS,N l‘MI'e,N +wec,N ' WM.N 1
c,N

disturbance of the distribution of stresses in the concrete due to the
proximity of an edge of the concrete member

C
oy =07+03 ——<1

¢ cr,N

CerN = 1,5 hef

Brno University of Technology e Faculty of Civil Engineering



Shell spalling factor

a0 c,N
NRk,c N NRk,c ' 0 'WS,N l‘MI'e,N +wec,N ' WM.N 1

The shell spalling factor applies when h,r < 100 mm and accounts for the
effect of dense reinforcement between which the fastener is installed:

h

/4 = 0,51 el <1
/reN 200

The factor vy may be taken as 1,0 in the following cases:

a) reinforcement (any diameter) is present at a spacing = 150 mm, or
b) reinforcement with a diameter of 10 mm or smaller is present at a spacing = 100 mm.

The conditions a) or b) shall be fulfilled for both directions in case of reinforcement in two directions.

Brno University of Technology e Faculty of Civil Engineering



Load eccentricity

A

a0 c,N
NRk,c B NRk,c ' 0 'WS,N +]]£{I'E‘,N lwec,N +wM.N 1
Ac,N '
group effect when different tension loads are b\m.u

acting on the individual fasteners of a group

1
wec,N - =1

1+2'9N/5cr,N _:

Where there is an eccentricity in two directions, ¥, shall be determined separately for each direction

and the product of both factors shall be inserted in Formula (7.1).

Brno University of Technology e Faculty of Civil Engineering



Bending moment loading

A

N. =pN° &N W W

Rke  “"Rke Aﬂ E‘r)rs.,N yre,N l"fle-.n:,N WM.N
c,N

effect of a compression force between fixture and concrete in cases of
bending moments with or without axial force

Z =
VMN= 2 — > 1 "

1,5 h,,

Vun= 1 for ¢ <1,5 hc /—
Ceq / Neg <08 ||
2/h 215 | o=

Brno University of Technology e Faculty of Civil Engineering



Edge of thin member

Longer anchor — decrease in load resistance: Nonsense

C S
I : - T . ’ _ max . Imax
Effective length hy is limited: h); = max - “h; - -h_;
cr,N cr,N

/ . B / e H EREE ~ / -
e Iy = s =
s sy - y s Py
g A 7 S y N7 T / L p=4
=
oy | / // s // | oy g < S | s o~
// 4 s sk S s # v S
e IR o e S By iy
4y | TS - v | g
- “A! 4K ANV P g B
P s - | Fad P M pd L
7 ey e "3 o 7
# Ly s S s
7 P PPN S s

G

200

G

LAl s Jla, Smax
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Concrete cone failure

Checked as a group
Very often governing resistance

b)

A
\
NRk NRk c CT '[V/S,N]'[Wre,]\ﬂ {Wec,N]' YMN
/ AC,N
Basic resistance / Factors

Group effect

Brno University of Technology e Faculty of Civil Engineering



Pullout failure

EN 1992-4 — Table 7.1 T
N
Rk,p L
Ngq = NRd,p -
7/Mp c)
NRk,p =k, Ay S

_ Headed fastener

Cracked k, =175
Uncracked k, =10,5

Other anchors — according to manufacturer
Hooked anchors — not recommended

Brno University of Technology e Faculty of Civil Engineering



Bonded anchors

Combined pull-out and concrete cone

EN 1992-4 — Table 7.1
N

Rk,p
Npg = Npqp = !
A
0 p.N
NRk B NRkp 40 YoNp Y sNp YVreN VecNp
p,N

Bond strength necessary, use software of the manufacturer

Brno University of Technology e Faculty of Civil Engineering



Concrete splitting failure

!

Post-installed mechanical anchors l‘

EN 1992-4 — Table 7.1
N

Rk,sp e)

N., <N

Ed Rdsp —

Edge distance necessary, use software of the manufacturer

Brno University of Technology e Faculty of Civil Engineering



Concrete blow-out failure

|

Anchors near the edge; headed and

EN 1992-4 — Table 7.1  Post-installed
N mechanical
N < N _ Rk,Cb
Ed = “YRd,cb —
Q/Mc
A
_Iar0 c,Nb P
NRk,Cb ~| " Rkcb 0 "¥sNb 'Wg,Nb "V ecNb
AC,Nb

VIR
Ap

Rkcb —
. I Cracked ks =87

Uncracked kg = 12,2
Brno University of Technology e Faculty of Civil Engineering 34/69



Geometry of side surface

A
N _ N\ ¢,Nb
Rkcb — ""Rkch 0
Ac,Nb
.

reference projected area A‘C”Nb

' "ys,Nb ' IJ!jg,Nl:J ' "yec,Nb

actual projected area A. np,

——-—

Brno University of Technology e Faculty of Civil Engineering




Proximity of a corner

A

¢,Nb
Nyiech = MRieb 0 'V’g,Nb'Wec,Nbl
Ac,Nb

disturbance of the distribution of stresses in the concrete due to the
proximity of a corner of the concrete member

C

WS,Nb _07+03 ;<1

Brno University of Technology e Faculty of Civil Engineering



Number of anchors

A
¢,Nb

Nk cb = NRkeh —A“ Vs Nb b| VeeNn |
¢,Nb

group effect of a number of fasteners n in a row parallel to the edge

Brno University of Technology e Faculty of Civil Engineering



Load eccentricity
A

A0 cNb
Rkcb = VRkeb " VsNb Y aNb ml
20

c,Nb

N

different loads are acting on the individual
fasteners of a group

1
1+2-ey /(4c) =

l//ec,Nb -

Brno University of Technology e Faculty of Civil Engineering



Supplementary reinforcement

Reinforcement instead of concrete cone resistance

Steel failure Anchorage failure
N
Rk,re
NEd,re = NRd,re - NEd re < NRd a
Ms,re ’ ?
nre nre
_ 0
NRk,re — Z As,re,i ' fyk,re NRd,a - Z NRd,a,i
i=1 i=1
l, -m-¢-f 1
0 1 bd
NRd,a - . < As,re 'fyk,re '
a, - a, Y Ms,re

Brno University of Technology e Faculty of Civil Engineering




Summary — ANCHORS - Tension

I | Combined pull-out
1 Steel failure ‘ ‘!_P’ \ and concrete failure
of bonded anchors

Concrete cone l_ Concrete splitting
failure failure

L Pull-out /| Concrete blow-out
failure \ | failure

Brno University of Technology e Faculty of Civil Engineering



Checks — ANCHORS — Shear

B
a) b)
c) Key d)

a) steel failure without lever arm
b) steel failure with lever arm
c) concrete pry-out failure

d) concrete edge failure

Brno University of Technology e Faculty of Civil Engineering



Load distribution in shear

Requirement: hole clearance
V/n
Table 6.1 — Hole clearance
Dimensions in millimetres
a) external
1 | diameterof | o g |40 | 40 | 14| 16| 18 |20 |22 | 24 | 27 | 30 > 30
fastener d=
or dmmh
V/ n diameter df
d+3
p | Ofclearance | o | o | 45 | 44 | 16| 18 | 20 | 22 | 24 | 26 | 30 | 33 raor
h) hole in the Toom + 3
fisxture
3 Ifbolt bears against the fixture.
b .
V/,n If sleeve bears against the fixture.

Vy = VEd sin &

Veg
¥ j §+|

Wy = VEd Cos o
+ 4]

Brno University of Technology e Faculty of Civil Engineering



Supplementary reinforcement

Several requirements to allow transfer shear forces by
reinforcement instead by concrete edge resistance

Y7 L l
| .

5075.‘:1
g \*:E
J “\ <p
NN

N \

N
N \
N
N \
NIk

-
)

Brno University of Technology e Faculty of Civil Engineering



Without lever arm

0.
EN 1992-4 — Table 7.2 1
|74
RKk,s
Veq S VRas =—
7' Ms a)

Standard anchor (threaded rod)
0
VRk,s - k6 'As 'fuk

ks =0,6for f, <500N/mm’

2 2
=0,5 for 500 N / mm <fuk£1000N/mm

Brno University of Technology e Faculty of Civil Engineering



Without lever arm

For fasteners witharatio h; /d <5 and a concrete compressive strength class < C20/25 the characteristic
resistance Vlgk,s should be multiplied by a factor of 0,8.

(2) The characteristic resistance of a fastener Vzxs accounting for ductility of the fastener in a group and

including a possible grout layer with a thickness fgmut =d /2 is:

0
Veks = K7 - VRks (7.35)
where
for single fasteners k7 = 1;

for fasteners in a group k7 is given in the relevant European Technical Product Specification.

NOTE For fasteners in a group the factor k7 for ductile steel can be assumed as k7 = 1, for steel with a rupture

elongation 145 < 8% avalue k7 = 0,8 can be used.

(3) If the conditions given in 6.2.2.3 (2) are fulfilled, the characteristic resistance of one fastener Vg in
uncracked concrete is:

V.

Ris =(1-0.01 -

0
grout ) ' k? 'VRkIs (7.36)

Brno University of Technology e Faculty of Civil Engineering




With lever arm

EN 1992-4 — Table 7.2
|74
RKk,s
Veq = Vpas =—
7 Ms b)

Standard anchor (threaded rod) ~ Actually, nota shear check but
Linear interaction of bending

moment and tensile force

7
o\

/

—H =
| (B

I

L

&1
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Concrete pryout failure

No supplementary reinforcement: _W
* VRk,cp — NRd,c ) k8

Concrete cone breakout x 2

 All anchors are assumed In
tension in concrete cone breakout
check

With supplementary reinforcement:

VRk,cp =0,75- kB ' NRk,c

Brno University of Technology e Faculty of Civil Engineering



Concrete edge failure

llf—

Brittle failure — Only anchors near the
edge transfer shear load

Brno University of Technology e Faculty of Civil Engineering



Concrete edge failure

|4 —
g . Rk,C C
VEd S VRd,c o
?/Mc
A

(0
VRk,C ~ VRk,C AO Vv Yhyv Vecv Yav Yrev d)

0o o g 1.5
VRk,c _ k9 'dnom °If ' fck °C1

ko =1,7 for cracked concrete
Al = (2 x15¢q) x 15¢;
= 2,4 for uncracked concrete U 245Xy x
0.5 0.2

If | dnom |
a=01-— p=01- lc < h

c c f = Ilef

1 1

Brno University of Technology e Faculty of Civil Engineering




Geometry of side surface

A
V.. —yo | V| . . . .
Rk,c = "Rk,c 0 l//S,V Wh,V Wec,V V/a,V Wre,V
c,V
reference projected area Agv actual projected area A.y

A2y =4,5¢f

Ay = (2 x15¢4) x 15¢

=45x%xcyxcy

Brno University of Technology e Faculty of Civil Engineering




Corner proximity

A V

V.. =—yo &' . . .

Rk,c Rk,c AO Wh,V Wec,V V/a,V Wre,V 1
c,V

disturbance of the distribution of stresses in the concrete due to further edges
of the concrete member on the shear resistance

0.7403.—2 <1
y o =07+0,3- <
sy 1,5 c,

Brno University of Technology e Faculty of Civil Engineering



Concrete pad thickness

A V
v. =y ._S¥ . : : :
Rk,c = "Rk,c 0 l//S,V Wec,V V/a,V Wre,V 1
AC,V
concrete edge resistance does not decrease proportionally to the member
thickness as assumed by the ratio “cv.
A2,
0,5
1,5¢,
| 1 > 1
Yy = . =

Brno University of Technology e Faculty of Civil Engineering



Load eccentricity
A

v B VO c,V
Rke ~ "Rke ~ o Vsv Yhy "V/a,v Virev 1
A

c,V
group effect when different shear loads are acting on the individual fasteners
of a group

1

WE‘C,V = <1

C1+2-ey /(3¢

Loy

Brno University of Technology e Faculty of Civil Engineering



Load eccentricity

A

V. —yo &V . . . :

Rk,c = "Rk,c AO l//S,V Wh,V Wec,V Wre,V
c,V

group effect when different shear loads are acting on the individual fasteners
of a group

_ 1 > 1
Vav = 5 ;= 25
(COSO!V) +(0,5-Sina'v)
2
1.5
a wajV 1
S
0
0O 15 30 45 60 75 90
al]

Brno University of Technology e Faculty of Civil Engineering



Reinforcement
A

v B VO c,V
Rkc ~ YRk ._AO WVsv Vv Vev Vay

c,V

effect of the reinforcement located on the edge

l/)re,V

Yrev = 1,4 cracked concrete with edge reinforcement and stirrups;
’ he 2 2,5 concrete cover of edge reinforcement

1,0 without edge reinforcement or stirrups

Brno University of Technology e Faculty of Civil Engineering



Thin, narrow concrete pad

\ i » Increase in ¢, > decrease
(LS , ,
1€2 in load resistance
o[ A y is increasing slower
c ) than A_,°
% 1 / o] C’

Brno University of Technology e Faculty of Civil Engineering



Supplementary reinforcement

Steel failure -
L7777
NRk,re = k10 Z As,re,i ' fyk,re i d/ﬁ %/ ///’/
=1 S / //
: S ) 7 ///S
Anchorage failure “' 2? ALY,
Z Z i
% 7
N //74/ /// v 7
Z Rd,a
_—.[1—
Lo7¢ 1
Ngd,a - . = = As,re 'fyk,re '
al -052 yl\/ls,re

Brno University of Technology e Faculty of Civil Engineering



Combined tension and shear

Without reinforcement:

2 2 06
] V >
Steel failure = +[ Ed} <1 o °
NRd,S VRd,S -
N 1> V 1 0o 02 04 06 08 1
Concrete failure Ed} +[ Ed} <1 o
NRd,i_ VRd,
With reinforcement:
N K1 v K14
Ed n Ed <1 k11:2/3

Brno University of Technology e Faculty of Civil Engineering



Concrete checks

 Cracked concrete should be assumed
unless proven otherwise

 EN 1992-4 and other anchorage codes
are for short anchors, not much
reinforced concrete

* |f EN 1992-4 does not pass -
use EN 1992-1-1 (strut and tie method)

Brno University of Technology e Faculty of Civil Engineering



Stand-off anchor§

N7

o
-~
o
= a.
nom
P ] S > . <
44 N a 4 A a4, ’ “a - 2 a
9 4 - a . 9 « A “
£ . a <
v 4 . - D
< 4 S a 4 = o a9
- 9 4 ; @ a . 4 «
< “ - El - 4 N @
4 el 4 < . @ 2
B < s 9
a B - p 4, i g
& PR < 2 a < a g
4 - av . = 2 4 h a
& < A 4
< ) PR - 4a M -
* - = @ - . P a < B . .
s @ < o PR a i
4 . s ¥ - ) 4 = N S - a R
A . 2 . - . 4 <, . a E - -
- : 5 < a @ 4
A e a 2 K a a B

—p] | 1 a1
7 ; LI |
i — v /
I ! T
= i i L / /
— I — .
= 4 ( A NIRRT 2 : -
. B - . . _ - _
4 L . B el " ' 4 . s ) ) B Sl e
N . | . s . L A . s
M = . < i : ° A a0 : + < e . B
4 A N < ) a <
<4, e 1, [ 2 A q °
\
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Stand-off anchors

« Bar elements — beam theory

* Assumed circular cross-section reduced
by threads

* Two plastic hinges may form

V (1 (0 @
LI &) L g
—_
[&]
— . . - - - = : ~ - -
e . : T o S L o A R " .
. 4 . . . : & B . R 1 -
LF - Taowlg R . o R . ) Iy : - N
. : . . . a F .. . . . . R - LA 4]“ R a
. . o . . . A . Lo . o )
“ 4 . ‘53_ P . ; . .
) 5 L s K ) -
4 & 4w
o 4 e . . = A
< a -
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Stand-off anchors

« Steel checks
* Bending
* Shear
« Tension 3
 Compression (incl. buckllng)
* Linear interaction of loading
Concrete checks ‘




Column base — Shear * g #

* Friction
« Anchors M
« Shear lug

« No combination = safest

« Combination of friction and anchors
« EN 1993-1-8
« only under certain circumstances

(FIB 58)
the thickness of the grout layer exceeds one-half the
anchor diameter,

» the anchorage capacity is governed by a near-edge
condition,

« the anchorage is intended to resist earthquake loads.
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Column base — Shear — Friction

Ftrd = NcEdinf * Ced

N\

Minimal design compressive force Friction coefficient

Anchors
Shear force taken by anchors

=] ‘ L ‘\I__I
Z - N
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Column base — Shear
Shear lug

 Tenslle forces in anchors — force
equilibrium
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FRdl
-

Shear lug A

Steel check

 Beam theory: -

« simple, incorrect, safe

* shear lug Is short
Al 3)

pl,Rd
Y Mo
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FRdl
Shear lug / i
Weld check el

 Beam theory:
« simple, incorrect, safe
* shear lug Is short
* Weld loaded by
* shear — 1y
* bending moment - o, 7,

[oL”+ 3 (t° + ’L'||2)] </ Purn) and oL < 09 £/ no
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Shear lug
Concrete check

* Bearing: Vc,Rd — AURd ax

O-Rd max — fcd

* Concrete edge failure:

. . . V C
e missing in EC _ -
T 7y sl
A ¢ : | 15,
A
I/cb SI A [//ec V Wed V wc V wh N4 V YP b, Section
Veco }{
I5c Ave
/ 15 Yy
I/b — 7 .f‘c Cal
|s] Elevation
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