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Supplementary reinforcement

1. Introduction and background

Post-installed anchor connections are widely used to transfer loads from steel elements into existing
reinforced concrete structures. Typical applications are shown in Fig. 1.1 and they include steel
columns on foundations, facade brackets, safety barriers, industrial supports, and retrofit solutions
where cast-in anchors are not feasible. Depending on the loading and geometry, such post-installed
anchor connections may be governed by steel failure of the fastener, pullout, splitting, or concrete-
related failure modes such as concrete cone breakout in tension or concrete edge breakout under
shear loading. Among these, concrete breakout and edge failure are of particular concern because
they are generally brittle and can govern the ultimate resistance of the connection, especially for
anchor groups close to edges or subjected to high tensile or shear demands. Furthermore, the
resistance to these failure modes is commonly decisive in design mainly due to the limited concrete
that can be mobilized (see e.g., Fig. 1.1b,c). Design standards therefore apply conservative
assumptions to ensure safety across a wide range of installation and material conditions. One of them
is the neglection of the contribution of reinforcement present in a concrete member in resisting the
loading resisted by an anchor group.

el 5

T LSS
a) Steel column to concrete slab b) Steel beam to concrete beam c) Steel beam to concrete column

Fig. 1.1: Examples of steel member to concrete connections

However, to mitigate brittle concrete failure and improve load-bearing capacity and ductility,
supplementary (anchor) reinforcement can be provided. Supplementary reinforcement consists of
reinforcing bars typically arranged as closed stirrups, loops, or bars placed near the anchorage and
detailed to transfer forces from the anchor group into the surrounding concrete member. When
properly arranged, this reinforcement intercepts the potential concrete breakout surface and helps to
provide an alternative load path after cracking, leading to increased resistance and more ductile
behavior.

For tension loading, supplementary reinforcement is commonly detailed using closed stirrups
enclosing the surface reinforcement. For shear loading near edges, it is typically provided in the form
of stirrups or loops combined with edge reinforcement, forming a strut-and-tie mechanism that
enables the transfer of forces into the concrete member reinforcement placed close to the anchorage
and arranged symmetrically is significantly more effective than reinforcement located farther away, as
only reinforcement intersected by the governing crack surface can be fully activated (Fig. 1.2). After
formation of a concrete breakout or edge crack, forces are transferred from the anchors through
inclined concrete compression struts into the supplementary reinforcement acting as tension
ties. The reinforcement then transfers the loads into the surrounding concrete member and the global
reinforcement system.

Tie e
Strut —m=p

(a) Tension loading (b) Shear loading
Fig. 1.2: Supplementary reinforcement under tension and shear loading

This whitepaper addresses the design of post-installed anchorages with supplementary
reinforcement, with a focus on both tension and shear loading. First, the current design approach
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according to EN 1992-4 is presented, highlighting its key assumptions and limitations. A new Hilti
method for design of supplementary reinforcement is introduced, which is derived from state-of-the-
art research and is intended to provide a more representative model of load transfer, reinforcement
activation, and governing failure mechanisms.

2. Design in accordance with EN 1992-4

EN 1992-4 [1] provides a harmonized design framework for fastenings in concrete, including
post-installed anchors with and without supplementary reinforcement. This standard addresses all
relevant failure modes, such as steel failure, pull-out and splitting, concrete cone breakout under
tension, and concrete edge breakout under shear. The design models are intentionally simplified and
aim to offer generally conservative results across a wide range of practical applications and boundary
conditions.

2.1 Anchorage without supplementary reinforcement

The characteristic concrete cone breakout in tension and concrete edge breakout in shear resistance
is influenced by parameters such as embedment depth, spacing, edge distance, and concrete
strength. For shear loading towards an edge, EN 1992-4 [1] assumes that the governing concrete
edge breakout crack initiates at the front row of anchors closest to the edge. Consequently, only this
anchor row is considered to contribute to the resistance against concrete edge failure, while anchors
located further away from the edge are neglected in the corresponding resistance verification. This
assumption reflects unfavourable but intentionally conservative conditions and is usually appropriate
for anchorages with hole clearance, flexible load introduction, or progressive load redistribution.
However, for anchorages without hole clearance and with rigid baseplates, experimental observations
[2] show that load can be shared by multiple anchor rows prior to cracking. In such cases, the

EN 1992-4 approach may result in conservative resistance predictions. The current Hilti method
(formerly known as the SOFA method) enables a refined assessment of concrete edge breakout in
shear verification beyond first row (closest to the edge) for without hole clearance (refer to [2]
whitepaper for more details).

2.2 Anchorage with supplementary reinforcement

EN 1992-4 [1] allows the use of supplementary reinforcement in design of post-installed anchor
connections. When sufficient supplementary reinforcement is provided in accordance with the
standard the verifications, against specific concrete-related failure verifications such as concrete cone
breakout and splitting in tension, or concrete edge breakout in shear may be omitted. Within the

EN 1992-4 [1] framework, supplementary reinforcement may be designed to resist either tension or
shear loading, but not simultaneously for the same anchorage action. Reinforcement is considered
effective only if it satisfies specific detailing and anchorage requirements defined by the standard. The
design philosophy can be summarized as follows:

The applied action (Ng, or Vg,) is evaluated against the relevant load-resisting mechanisms, including

the concrete-related resistance such as pull-out and combined pull-out and breakout in tension, and
concrete pry-out in shear are verified, while checks for concrete cone breakout and splitting (in
tension) and concrete edge breakout (in shear) may be omitted when supplementary reinforcement is
considered.

the resistances provided by the supplementary reinforcement considering steel failure and anchorage
(bond or hook) failure (see Equation 6.6 of EN1992-4 for shear) are verified.

e  Only reinforcement placed sufficiently close to the anchors is considered effective.

EN 1992-4 limits the effective distance between anchor and reinforcement, typically to a
fraction of the embedment depth (i.e., < 0.75h,).

e A minimum anchorage length (I,,;,) Within the assumed concrete failure body is required for
reinforcement to be considered active. Reinforcement not satisfying this anchorage condition
is ignored.

e For shear loading towards an edge, even when supplementary reinforcement is present,

EN 1992-4) [1] assumes that the governing concrete edge failure originates at the front
anchor row. Consequently, reinforcement activated by crack surfaces associated with back
anchor rows is conservatively neglected.
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The following section introduces a design approach based on published research and experimental
evidence ( [3], [4]), which aim to address these limitations while remaining compatible with the
fundamental principles of EN-based anchor design.

3. New Hilti design method for supplementary
reinforcement

This Hilti design method is based state-of-the-art research anchorages with supplementary
reinforcement under tension and shear loading. The method is intended for use together with EN
1992-4, as applicable by providing a more realistic representation of load-transfer mechanisms
observed in reinforced anchorages.

Research [4, 5] has consistently shown that the behavior of anchorages with supplementary
reinforcement differs from the simplified assumptions adopted in EN 1992-4, particularly for anchor
groups with multiple rows perpendicular to the edge and for configurations with closely spaced
reinforcement. Observed behavior includes initiation of concrete breakout or edge cracks from back
anchor rows rather than from the front row assumed in EN 1992-4, activation of multiple stirrup legs
intersected by a larger failure body, continued residual contribution of concrete at peak load, even
after cracking and the existence of an upper resistance limit governed by concrete compression strut
failure (Fig. 3.1).

The Hilti method based on EN 1992-4 [1] and 7ib Bulletin 58 [6] provisions and its updated version [3],
which currently under preparation is supported by following principles with reference to Fig. 3.1:

e After formation of a concrete breakout or edge crack, load is transferred through a
strut-and-tie mechanism, consisting of concrete compression struts and reinforcement
tension ties (see starting point of inclined (a).

e  Supplementary reinforcement and concrete act together to resist the applied load, rather
than acting as mutually exclusive resistance mechanisms (see inclined dashed red line in Fig.
3.1).

e The resistance of the anchorage increases with increasing effective reinforcement, but only
up to a maximum limit governed by concrete strut resistance (see horizontal dashed red line
in Fig. 3.1).

¢ Reinforcement effectiveness depends on its position relative to the anchorage and its
intersection with the governing failure surface.
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Fig. 3.1: Behavior of anchorage with supplementary reinforcement
The method also distinguishes between high effective, less effective, and non-effective reinforcement
based on the relative position of stirrup legs with respect to the anchorage and the assumed breakout

body (see Fig. 3.3). Redistribution of forces between reinforcement elements may be considered when
detailing, material properties, and anchorage conditions satisfy the model requirements.
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Additionally, the supplementary reinforcement design extends the existing Hilti approach for shear
back-row verification. For anchor layouts with up to three rows, shear distribution is determined in
accordance with fib Bulletin 58 [6]. For configurations exceeding 3 rows, a uniform shear distribution
is assumed, and no further increase in resistance against concrete edge breakout is considered (Fig.
3.2). This limitation is based on the current research experience [7]. Table 3.1 highlights the key
differences between two methods.
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Concrete Edge

Fig. 3.2: Shear distribution in Hilti method

Table 3.1: Summary of differences between available supplementary reinforcement models

Hilti method based on EN

Parameter EN 1992-4 1992-4 + draft fib Bulletin 2026

Effective distance of reinforcement

< i < < i <
from the anchor < 0.75h,y (tension) and < 0.75¢, (shear) < 1.5hy (tension) and < 1.5¢; (shear)
. Concrete breakout resistance neglected if 50% contribution of concrete breakout
Concrete breakout resistance ; ’ 5 .
supplementary reinforcement present resistance is taken into account
Tension loading anchor configuration allowed up to 3x3 anchor configuration allowed beyond 3x3
verification up to 3™ back row with filled
Shear loading only front row of anchors considered hol P
oles
Static (with advantage of 50% concrete
Loading types Static and seismic breakout resistance), seismic (anchorage

resistance with reinforcement only)

3.1 Resistance verification under tension loading

The resistance verifications against static tension loading are listed in Table 3.2. The detailed
verification for anchorage failure are explained in the following sections. Other verifications follow the
requirements of EN 1992-4 [1].

Table 3.2: Resistance verification for anchor under tension loading

Loading Failure mode Static
Steel EN 1992-4, section 7.2.1.3
Pullout EN 1992-4, section 7.2.1.5

Combined pullout and concrete breakout

(Bonded anchors only) EN 1992-4, section 7.2.1.6

Tension Splitting EN 1992-4, section 7.2.1.7
Blowout EN 1992-4, section 7.2.1.8
Supplementary reinforcement- shear EN 1992-4 section 7.2.1.9.1 and 7.2.1.9.2
Anchorage failure of the anchor Hilti method based on EN 1992-4 and draft fib
reinforcement in the concrete edge bulletin 2026 [3]. Concrete cone resistance calculated from
breakout body EN 1992-4, section 7.2.1.4

3.1.1 Anchorage resistance

The design tensile resistance of an anchorage with supplementary reinforcement is evaluated by
combining the contribution of the anchor reinforcement with a residual contribution of the concrete
cone resistance, subject to an upper limit governed by concrete strut resistance, as expressed Eq.1 .
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Nraa = Npare + kfc *Ngac = Ngac (Ea.1)

Where,
Nrare = the total design resistance of the anchor reinforcement according to Eq. 2

Ngq . = the concrete cone design resistance of the anchorage without considering
supplementary reinforcement

k¢c = 0.5 for fo < 50 MPa
k¢ = Qfor fo > 50 MPa

For normal strength concrete, the factor k. accounts for the residual contribution of concrete at peak
load as a portion of the concrete cone is observed to remain effective at failure. This factor is
conservatively neglected for high strength concrete which exhibits more brittle post-cracking
behavior.

3.1.1.1 Resistance of anchor reinforcement

The design resistance of the anchor reinforcement is obtained by summing the resistance of all
effective stirrup legs intersected by the theoretical concrete breakout body, given by Eq. 2.

NRd,re = Zn ngd,re (Eqa. 2)

Where, n is the total number of effective reinforcing bars. Only those stirrups legs that lie within the
concrete breakout body and provide a minimum anchorage length are considered effective, as shown
in Fig. 3.3, while reinforcement further away contributes progressively less, depending on whether
yielding of the inner stirrup occurs and whether detailing and material requirements of the model are
satisfied. The redistribution of forces between stirrups is permitted only when the detailing, material
properties, and anchorage conditions satisfy the requirements of the detailed model. Where these
conditions are not met, redistribution effects are neglected, and out stirrups are considered less
effective.

e —
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4 2 A :
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7 7 7 7
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4 7 %
7 TR R i
2 Z\ 4 ‘é
4 Z 4 i
4 STONS S i
| PN R 17 Z
7l 7 1 Z|
14 A / v
| | / o
Non effective Low effective Hf'fgh ) Low effective  Non effective
stirrups stirrups effective stirrups stirrups

stirrups
Fig. 3.3: Example of anchor group with supplementary reinforcement under tension load

The design anchorage resistance of one stirrup leg, Ngd_,e, (Eg. 3) represents the maximum tensile
force that can be transferred from concrete to the reinforcement through the combined action of hook
and bond resistance within the concrete breakout body, reduced to account for cracked concrete and
concrete cover effects and is limited by the design yield resistance of the stirrup leg.

NRare = Wer " Weor - (NRanook + NRapona) < Asre " fyare (Eq. 3)
Where,
Asre = cross-sectional area of one bar of one stirrup leg
fyare = design yield strength of stirrups= fyi re/Vusre

Y., = factor to consider influence of cracks = 1.0 for uncracked concrete and 0.7 for cracked concrete
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Y = factor to consider the influence of concrete cover parallel to the plane of stirrup, defined as

o \05
min
= |—— <1.
Yevr (3ds,re> <10

cmin = the least of the clear cover to the plane of the stirrup (c,.) and half the clear spacing between
adjacent stirrups (s,¢)

Ngd_hook = design hook resistance of one stirrup(closed) leg =0 for straight/hooked bars

N4 pona = design bond resistance of one stirrup leg

3.1.2 Hook and bond resistance

The contribution of supplementary reinforcement is evaluated by considering the hook and bond
resistance contribution of each stirrup separately. The hook resistance is applicable to stirrups
located between anchor group and the first layer of stirrups placed outside of the anchor group (Eq.
4). For subsequent stirrups, their contribution depends on whether the previously activated stirrups
have yielded. If yielding occurs, the effectiveness of the following stirrups increases; otherwise, their
contribution remains limited (Eq. 5).

Accordingly, the design hook resistance of one stirrup leg is evaluated as-

0.4
*  For high effective stirrups, N}Qd,hook = ;iAS,e *fykre (hl—l) (Eq. 4)
'Mc ef
0.4
+  For low effective stirrups, Nog noox = fiAs_re yire (hl—l) (Eq. 5)
'Mc ef

Where,

A re = cross-sectional area of one reinforcement bar

fykre = Characteristic yield stress of anchor reinforcement

l; = length of the anchor reinforcement in the assumed failure cone (see Fig. 3.3) and I; = I uin
ds e = diameter of anchor reinforcement (stirrups)

hes = effective embedment depth

For bond resistance, only the portion of the stirrup extending beyond the minimum anchorage length
contributes effectively. In the case of hooked bars, the hook is assumed to provide anchorage, and
bond resistance develops only along the straight length beyond the hook. Therefore, the design bond
resistance provided by one stirrup leg is as per Eq.6.

ngd,bond = T-dsre” (ll - ll,min) * foa (Eq.6)

Where,

I; = length of the anchor reinforcement in the assumed breakout body > I i,

l; min = Minimum length of the anchor reinforcement in the assumed concrete breakout body required
for the stirrup to be considered as active

Ly min = 4ds e for ds o <16 mm and 5.5d; ., for dg,. > 16 mm

ds e = diameter of anchor reinforcement (stirrups)

fra = design bond strength of stirrups as per EN 1992-1-1 [8]

The total anchorage resistance obtained from the sum of effective stirrup legs shall be verified against
the governing upper limit imposed by concrete strut resistance, as described in section 3.1.3.

3.1.3 Upper limitation of concrete strut resistance

The tensile resistance of an anchorage with supplementary reinforcement is limited by the concrete
strut resistance, which represents the maximum compressive resistance of the concrete strut
developing between the anchorage and the surrounding concrete. Even when sufficient anchor
reinforcement is provided, the load-bearing resistance cannot increase indefinitely. Failure may occur
by crushing of the concrete before yielding of the reinforcement. Therefore, the design tensile
resistance shall be limited as given in Eq.7,

NRd,a < NRd,str (EQ-7)

The design concrete strut resistance is evaluated as,
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Nrastr = Ystrut * Nra,c (Eq.8)
Where,
Ngq . = the design concrete cone resistance for the anchorage without anchor reinforcement
Yserue = the strut factor for the anchorage which depends on the anchorage and stirrup configuration

The strut factor modifies the concrete cone resistance to reflect the compressive stress field that
develops between the anchorage and the supplementary reinforcement.

a) Basic strut factor for single anchor

For anchorages, where the stirrups enclose the surface reinforcement, the basic strut factor for a
single anchor is given by Eq.9.

Y0y (¥) = 2.5 — hif > 1.0 (Ea.9)

Where, x = distance between the centre line of anchor and the center line of anchor reinforcement
and h is the effective embedment depth of anchor.

b) Modification for anchor groups in tension

For anchor groups, the strut factor is modified to account for spacing between anchors, overlapping
concrete cones and distribution of reinforcement within the anchorage. The group strut factor is
obtained by summing the basic strut factor using the projected concrete associated with individual
anchors, given by Y¢... Therefore, proper placement of reinforcement, preferably symmetric with
respect to the anchorage , improves strut development.

Case 1: For anchorages with one stirrup leg Case 2: For anchorages with two stirrup legs per
per anchor and stirrup legs only outside the anchor with anchor reinforcement lying within the
anchorage outermost anchor rows
x X1X; 4 Xy Xy
“—p P T v
B S o e
. s 7 \\‘\ s /"/
- N - T N
.5h,
1.5k, 1. Shey 1.5h, 1. Sher

Acnt Az Acns Ayt g % Acna
< | <
_ A A, A + A“-
.10 CHenN1 c¢,N2 ¢,N1 c,N4
Wserue = Wstrue (%) Acn + Ao + Ystrur = ¢£trut(x1) ) ( A > +
) ) c,N
A
0 c¢,N3 0 Acn2tAcN:
Yotrue(x) * 2 Yorue(x2) * (%)
c,N o N
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Case 3: For anchorages with one stirrup leg
lying in between the outermost anchors and

one in between
A

Xy |*| w3 Xy

Ay Agns

Aenz
A

A ,N1
Ystrue = ¢£trut(x1) ' (AC > +
c,N
AC, AC,
¢£trut(x2) : (A NZ) + lpgtrut(x3) ' (A N3) +
¢, N c,N
ACr
¢£trut(x4) : ( N4)

AcN

Supplementary reinforcement

Case 4: For a group of 6 fasteners (3 anchor
rows) placed close to an edge and stirrups placed

symmetrically A

X1, X X3 X3 Xy )

|
[ Bsy ) .~
b e
. £, s -
.y = - 5
1.5h,
1.5k, s
Yo . .
]
bl . [
c<15hy |
A G E A A
Yserut
A
0 i c¢,N1
[ Yotrue (1) <A +
=2-| N |
0 i AC,NZ 0 i AC,N3
Yotrue (x2) 2 + Ystrue (x3) A
c,N c,N

3.2 Resistance verification shear loading

The resistance verification against static shear loading are mentioned in Table 3.3. The detailed
verification for anchorage failure are explained in below sections. Other verifications follow the

requirements of EN 1992-4 [1].

Table 3.3: Resistance verification for anchor under shear loading

Loading Failure mode Static
Steel without lever arm EN 1992-4, section 7.2.2.3.1
Steel with lever arm EN 1992-4, section 7.2.2.3.2
Pry-out EN 1992-4, section 7.2.2.4
Sh Concrete edge breakout EN 1992-4 s_eption 7.2.2.5 with shgar forcg distribution according to EN
ear 1992-4 or Hilti method based on fib Bulletin 58
Supplementary reinforcement- N 1992-4 section 7.2.2.2 and 7.2.2.6

Hilti method based on EN 1992-4 and draft fib

Anchorage failure of the anchor
reinforcement in the concrete
edge breakout body

bulletin 2026 with concrete edge breakout resistance: Where shear load
transfer to the back row is not possible: EN 1992-4, section 7.2.2.5.
Where shear load transfer to the back rows is possible: 7ib Bulletin 58

3.2.1 Anchorage resistance

The overall shear resistance is therefore evaluated by combining the contribution of reinforcement
with a reduced concrete contribution, while ensuring that the total resistance does not exceed the
limit imposed by the concrete strut mechanism, as given by Eq.10

VRd,a = VRd,re + kfc : VRd,c = VRd,c

Where,

Vrare = the total design shear resistance of the anchor reinforcement according to Eq. (. 11)

Vra,c = the design concrete edge resistance calculated with back row of the anchorage without

considering the anchor reinforcement per EN 1992-4

k¢ = 0.5 for fo < 50 MPa
ka = O fOI’ ka > 50 MPa
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3.2.1.1 Resistance of anchor reinforcement

Under shear loading, the applied force is resisted by tension developed in reinforcement crossing the
inclined failure surface. Only those reinforcement legs that intersect the assumed failure surface and
possess sufficient anchorage are considered effective. The corresponding shear resistance is derived
from equilibrium between tensile and shear forces is given by Eq . 11.

Vrare = NRd,re/x (Eq. 11)
Where,
Ngpqre = total design tension resistance of the anchor .
reinforcement (Fig. 3.4). «— v
Ed
x =(1 + %) ==—
The factor x accounts for equilibrium between the A 7777 =8 N,
tensile tie force in the supplementary reinforcement
and the applied shear force acting on the anchorage.
¥
e, = distance between axis of anchor reinforcement
and shear force acting on the fixture
z = internal lever arm of the concrete member = 0.85d R el e b s et e ity -y
. . . RV RN EUEN RV EVEVEVE RV EVEV RV R RV RN NN Y
d = distance between the opposite side of the . A
concrete member and anchor reinforcement Fig. 3.4 Tension force in anchor reinforcement

X developed to take up shear loads

< min(2hgs; 2¢1)
The total resistance of the reinforcement is obtained by summing the contribution of all effective
stirrup legs as given in Eq.12.

NRd,re = Zn ngd,re (Ea.12)

High effective
stirrups

|
n Y

Low effective  Non effective
stirrups stirrups

)

Non effective | ow effective
stirrups stirrups

1.5¢4 1.5¢4

Fig. 3.5 Example of 2x2 anchor group with effective supplementary reinforcement (only back anchor row considered to take up
shear force)

The resistance of a single reinforcement bar, N3, . is governed by the combined action of hook
anchorage and bond along the embedded length, limited by the yielding capacity of the bar (Eq.13).

ngd,re = lpcr ' lchvr ' <N}gd,hook + NI?d,bond) < As,re 'fyd,re (EQ-13)

Where,
A re = cross-sectional area of one bar of anchor reinforcement
fyare = design yield strength of the reinforcement = £, ../ Vs .re
NR4 noox = design hook resistance of one reinforcement bar =0 for straight bars
N24pona = design bond resistance of one reinforcement bar
Y., = factor to consider influence of cracks
Y. = 1.0 for non-cracked concrete
Y. = 0.70 for cracked concrete
0.5
Yepr = (%i) <10

3d$,re

cmin = the least of the clear cover to the plane of the stirrup (c,.) and half the clear spacing between
adjacent stirrups (s,.) (Refer to EN 1992-1-1)
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In cracked concrete, the reduction in bond and hook performance is accounted for through a
reduction factor, reflecting the reduced confinement and potential localization of cracks along
reinforcement paths

3.2.2 Hook and bond resistance

The engagement of reinforcement is not simultaneous but progressive, governed by crack
propagation. Stirrups closest to the anchorage intersect the crack first and are therefore the most
effective. Subsequent stirrups may contribute differently depending on whether the previously
activated stirrups have yielded. This behavior leads to a distinction between highly effective, less
effective, and non-effective reinforcement layers, depending on their position and activation state (see
Fig. 3.5).

Accordingly, the design hook resistance of one stirrup leg is evaluated as-

0.4
*  For high effective stirupsNg, noor = fiAs_re yre (2—1) (Eq.14)
Mc 1
0.4
+  For low effective stirrups, Nog noox = fiAs_re Syre (2—1) (Eq.15)
Mc 1

Where,

fykre = Characteristic yield stress of anchor reinforcement

l; = length of the anchor reinforcement in the assumed failure cone (see Fig. 3.5) and [; = I; ;i
As re = cross-sectional area of one reinforcement bar

ds e = diameter of anchor reinforcement (stirrups)

As explained previously, for bond resistance, only the portion of the stirrup extending beyond the
minimum anchorage length contributes effectively. The design bond resistance provided by one
reinforcement bar is given as per Eq.16.

Ngd,bond =T dsre” (ll - ll,min) * fra (Eq.16)
Where,

l; = length of the anchor reinforcement in the assumed breakout body > [, ,,,;,, (See Fig. 3.5).

l1 min = Minimum length of the anchor reinforcement in the assumed concrete breakout body required
for the stirrup to be considered as active

li min = 4ds e fOr dg o <16 mm

i min = 5.5dg ¢ fOr dg e > 16 mMm

ds e = diameter of anchor reinforcement (stirrups)

fra = design ultimate bond strength of stirrups as per EN 1992-1-1

3.2.3 Upper limitation of concrete strut resistance

The increase in resistance due to reinforcement is bounded by the compressive capacity of the
concrete strut formed between the anchorage and the surrounding concrete. The concrete strut
resistance of an anchorage with anchor reinforcement loaded in shear towards the edge is given as
per Eq.17.

Veastr = Wstruty * Vrae (Eq.17)

Where,

Yeruey i the factor depending upon the geometry of the anchorage system and the arrangement of
reinforcement. It reflects the ability of the concrete to sustain compressive stress without crushing.

Vra,c is the design concrete edge resistance for the anchorage without anchor reinforcement

The factor, 4.,y for an anchorage is calculated from the basic shear strut factor for a single anchor,
Y ouey By modifying it to account for the group behaviour.

For cases where anchor reinforcement enclose the surface reinforcement, the basic strut factor for a
single anchor with anchor reinforcement, ¥, , is given as
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Yy (X) = 2.5 — :—1 > 1.0 (Eq.18)

Where, x = distance between the center line of anchor and the center line of anchor reinforcement
a) Modification for anchor groups in shear

The group strut factor is obtained by summing the basic strut factor using the projected concrete
associated with individual anchors, given by g yy:-

Case 1: For single anchors or for Case 2: For anchorages with Case 3: For anchorages with

anchorages with a single anchor more than one anchor row more than one anchor row

row perpendicular to the edge  perpendicular to the edge and no perpendicular to the edge and
stirrups lying between the with stirrups lying also between
outermost anchors the outermost anchors
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3.3 Interaction of tension and shear

When post-installed anchorages with supplementary reinforcement are subjected to combined
tension and shear loading, the interaction between these actions is treated differently depending on
the adopted design approach. For failure modes other than steel Eq.19 is followed as per EN 1992-4.
The suggested values for kq; are given in relevant ETA and listed in Table 3.4, in case not given in
ETA.

kll kll
(M) +(ﬂ) <1.0 (Eq.19)

NRa,i VRa,i

Table 3.4: tension-shear interaction exponents when supplementary reinforcement is taken into account ki4

Hilti method based on

Scope EN 1992-4 .
P EN 1992-4 + draft fib 2026
Interaction with supplementary reinforcement for 2
tension or shear only ki = 3 k=1
Interaction with supplementary reinforcement for kg = 1.5 or

i N, 1%
tension and shear < B ) + < Bd ) <12

Nra,i Vra,i
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4. Design example

4.1 Design post-installed connection for tension and shear loading
with Hilti method
Project requirement: A steel profile is connected to a concrete element using post-installed

mechanical anchors. The arrangement of anchors is of 3 X 3 rectangular layout, and the 3D view of
the application is shown in Fig. 4.1and other information on this project is defined in Table 4.1.
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- - __g—]--g-ﬂ»-__s....
S w0
— Ll
'y —— 2 . v
o L3y
=1
5 100 | 100 25
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Fig. 4.1 Baseplate connection using post-installed anchors

Table 4.1 Project information and design inputs

Geometry +f ANCHOR LOADS ~
Concrete thickness 500 mm
Anch N [kN Vx [kN

Baseplate 250 x 250 x 10 mm B B sl
Spacing between 1 10 0.825 0.625
anchors (X and Y) 100 mm
Edge distance (X and Y) 90 mm 2 10 0.625 0.625
Others 3 10 0.825 0.825

Concrete: C30/37, cracked 4 10 0.625 0.625
Materials Reinforcing steel f, = 500 N/mm?

5 10 0.825 0.825

Design life 50 years & 10 0.825 0.825
Installation Rotary-hammer drilling / horizontal, dry 7 10 0.825 0.825
Supplementary .
e Ma— 100 stirrups spaced at 100 mm c/c 8 10 0.625 0.625

Total tension force on anchor group, Nz; = 80 kN and Vg, = 5 kN a will be equally distributed among
all anchors

Details of proposed anchor: The proposed anchor solution (without hole clearance) is defined in

Table 4.2.

Table 4.2: Anchor properties

Type of anchor Mechanical
Specification of anchor HST4 M16
Diameter of anchor d 16 mm TR mmlniw .mlu‘:
Effective embedment depth hes 160 mm

Nominal embedment depth Rnom 172 mm

Design verifications are carried considering rigid baseplate as per [1] and characteristic resistances
are taken from ETA-21/0878 [9]. Steel and pullout verifications in tension are as per EN 1992-4 [1]
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Table 7.1. Steel, pry-out and concrete edge breakout verifications are as per EN 1992-4 [1] Table 7.2
The verifications for supplementary reinforcement in tension are explained below.

Supplementary reinforcement- tension:

Table 4.3: Forces on supplementary reinforcement

Rebar Type Orientation Tension force (kN)
Surface reinforcement Straight Horizontal 4.547
Vertical 1 (0-V1) 8.367
0 Closed stirrup Vertical 2 (0-V2) 8.367
Horizontal (0-H) 8.464
Vertical 1 (1-V1) 11.363
1 Closed stirrup Vertical 2 (1-V2) 11.363
Horizontal (1-H) 8.464
Vertical 1 (2-V1) 11.363
2 Closed stirrup Vertical 2 (2-V2) 11.363
Horizontal (2-H) 8.940
Vertical 1 (3-V1) 8.367
3 Closed stirrup Vertical 2 (3-V2) 8.367
Horizontal (3-H) 8.464

Fig. 4.2: Strut-and-tie model

Steel failure of longitudinal rebar:

The resistance against steel failure of longitudinal rebars are checked considering following equation:

N re
NRd're - Vll::yre
Ymsre = 1.15
Nire = Asre - forer Asre =79 mm? and f; o = 500 MPa, Nggre = 79 - 500 = 39.27 kN
Neare = (222) = 3415 kN > Nggre = 4547 kN verification fulfiled @

Steel failure of supplementary reinforcement, horizontal:

Mo = 2

Yusre = 115

Nire = Asre - forer Asre =79 mm? and f, ye = 500 MPa , Nggre = 79 - 500 = 39.27kN

Nrare = (22) = 3415 kN > Nggre = 8940 kN verification fulfiled @

Steel failure of supplementary reinforcement, vertical:

N re
NRd,re = V:I:’re
Ymsre = 1.15
Npere = Asre * fores Asre = 79 mm? and f; o = 500 MPa, Ny re = 79 - 500 = 39.17 kN
Neare = (22) = 3415 kN > Npqye = 11363 kN verification fulfiled @
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Anchorage failure of the anchor reinforcement in the concrete cone breakout body:

The resistance against concrete cone resistance is checked for the entire anchor group with the
following equation:

Npgo = R EN 1992-4, table 7.1

YMmc

Since fasteners in this application have four edge distances less than c, y from fastener. For more

precise results h, is substituted by h',.

R ef = max {C’"—S’”—} “hep = 60 mm EN 1992-4, eq. (7.9)
Cer,N  Scr,N

Nfxe =k foe - hEF =89 - V30 - 6015 = 22.65 kN ETA-21/0878, Table C1 and EN 1992-4, eq.

(7.2)

Sern =2 Copy =3 hep = (3 - 60) = 180 mm, cory = 90 mm EN 1992-4, sect. 7.2.1.4 (3)

Acy = (90 + 100 + 100 + 90) - (90 + 100 + 100 + 90) = 144,400 mm? EN 1992-4, fig. 7.4

Ay = Scrn * Sery = (180 - 180) = 32400 mm? EN 1992-4, eq. (7.3)

Yoy =07+03 - ——=07+03-(2)=1<10 EN 1992-4, eq. (7.4)

cr,N
Yren =05+ 2% <10 EN 1992-4, eq. (7.5)
160
lpre,N =05+ m =08>1.0
e Y EN 1992-4, eq. (7.6)
1+( Scr,N)

Eccentricity along X axis e; y = 0 mm, hence ..y = 1.0
Eccentricity along Y axis e,y = 0 mm, hence ..y = 1.0

Factor for bending moment, ¥, y = 1.0 EN 1992-4, eq. (7.7)
Acn 144400
Ay 32400

Npge = N3ie CWsn  Yrew * Ween * Ymy = 22.65 - ( )-1.0 -1.0-1.0- 1.0 = 100.9 kN

YMmc = 1.5
Npgc = (%) = 67.2 kN, concrete cone resistance without considering anchor reinforcement

Strut resistance

NRi hook = %Asn fykre (;—;)M (all stirrups are “high effective”, see 3.3)
ngd,bond =T ds,re . (ll - ll,min) " fpa
Rebar NYire NRanook NRabond Yer Yeor Crnin lia fba
0-V1 12.603 12.752 5.252 0.7 1 45.00 95 3.04
0-v2 11.501 12.752 3.678 0.7 1 45.00 95 2.13
1-V1 12.603 12.752 5.252 0.7 1 45.00 95 3.04
1-v2 11.501 12.752 3.678 0.7 1 45.00 95 2.13
2-Vi 12.603 12.752 5.252 0.7 1 45.00 95 3.04
2-v2 11.501 12.752 3.678 0.7 1 45.00 95 2.13
3-Vi 12.603 12.752 5.252 0.7 1 45.00 95 3.04
3-v2 11.501 12.752 3.678 0.7 1 45.00 95 2.13
Niare 96.42

Nrare = 96.42 kN
Nraq = 9642 + 0.5+ 67.2 = 129.9 kN, should be > Nzq . and < Ngg sr
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Concrete strut verification:

Strut x; P (X)) Acnvi Ystruen(xp)
1 50 22 34200 0.52
2 50 22 19000 0.29
3 50 22 19000 0.29
4 50 2.2 19000 0.29
5 50 22 19000 0.29
6 50 2.2 34200 0.52
z 144400 2.2

Nrastr = Yseruen " Nrae = 2.2-67.2 = 1478 kN > Npg q

Therefore, Npgq = 129.9 kN > Ng4 = 80 kN verification fulfilled o

Combined tension and shear load:

Steel failure: EN 1992-4, eq. (7.54)
Ratio between action load and resistance in tension, gy = 0.187 < 1.0

Ratio between action load and resistance in shear, 8, = 0.012 < 1.0

B+ B,% =0.1872 + 0.0122 = 0.04 < 1.0 verification fulfilled @
Failure other than steel: EN 1992-4, eq. (7.57) and fib
Ratio between action load and resistance in tension, Sy = (%) =062<10

Ratio between action load and resistance in shear, g, = (ﬁ) =031<1.0

Bu® + B,% =0.62' + 0.31* = 0.93 < 1.0. verification fulfilled @

Table 4.4 Brief comparison of utilization obtained through EN 1992-4 and Hilti method

EN 1992-4 Hilti method based on EN 1992-4 +fib

Tension Shar Tansicn Shear

e e " - P e o .

g (St 19% gy Stesl 2% g Stesl 19% ﬂi~ Stsal 294

&1 N . e Goncrete edgs . &4 N . &=+ Concrete sdgs ot o

i Goncrste braakout 0% i breakout 36% i Concrate breakout 0% i oresout 31%

| L 3309 "? Pryout 4% ' Pullout 339% “g Pryout 4%

L 3 . -

£ spittng 0% Bt soiting 0%

=1 supplement . Combination = o

5 P =y 379 t  Supplementary 240 Cembination

m | remorcement stael V! 7 21 reiforcsmentatesl 07 0

. . Steal o

§4 Supplementary o i 4% &4 Supplemsntary * Steal A%

§ | renforesment  138% . 5 renforosment 62%

anchorags 'E Concrets 1 75%0 anchorage &
=t Surfacereinforcament =4 s . i Goncrata 64 %
2 e 9% e 14%

= reinforcament steel

4.2 Design post-installed connection for shear loading with Hilti
method
Project requirement: A steel profile is connected to a concrete element using post-installed chemical

anchors. The arrangement of anchors is of 2 X 2 rectangular layout, and the 3D view of the
application is shown in Fig. 4.3 and other information on this project is defined in Table 4.5.
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<
w 500 30
Fig. 4.3 Baseplate connection using post-installed anchors
Table 4.5 Project information and design inputs
Geometry
Concrete thickness 350 mm
Baseplate 300 x 300 x 12 mm
Spacing between anchors (X and Y) 180 mm “f ANCHOR LOADS =
Edge distance (X) 250 mm SoEme LRy TEE) Ui
Others 1 0 25 0
Concrete: C20/25, cracked 2 0 25 0
Materials Reinforcing steel f, = 500 N/mm? s . " .
Design life 50 years 4 o 25 0
Installation Rotary-hammer drilling /horizontal, dry
Supplementary reinforcement 100 stirrups spaced at 100 mm c/c

Total shear force on anchor group, Vy; = 100 kN will be equally distributed among all anchors

Details of proposed anchor: The proposed anchor solution (without hole clearance) is defined in Table
4.6

Table 4.6: Anchor properties

Type of anchor Chemical
Specification of anchor HIT-HY 200-A V3 + HAS 8.8 M16
Diameter of anchor d 16 mm _
Effective embedment depth hes 200 mm o

Design verifications are carried considering rigid baseplate as per EN 1992-4 [1] and characteristic
resistances are taken from ETA-19/0601 [10]. Steel and pry-out verifications are as per EN 1992-4
Table 7.2. The verifications for supplementary reinforcement are explained below.

Supplementary reinforcement- tension:

Table 4.7: Forces on supplementary reinforcement

Rebar Type Tension force (kN)

Fi
E (Surface) reinforcement Straight 21.89 &
2 Closed stirrup 13.41 =
3 Closed stirrup 18.48
4 Closed stirrup 21.76 —
5 Closed stirrup 29 .45 3
6 Closed stirrup 20.57 2
] Fig. 4.4: Strut-and-tie model
7 Closed stirrup 16.55
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Steel failure of longitudinal rebar, edge x+:

The resistance against steel failure of longitudinal rebars are checked considering following equation:

N re
NRd,re - Vl::yre
Yusre = 1.15
Nere = Asre * foresAsre = 113 mm? and f, e = 500 MPa, Ngyre = 113 - 500 = 56.55 kN
Neare = (32) = 4917 kN > Nyge = 2189 kN verification fulfiled @

Steel failure of supplementary reinforcement, edge x+:

N re
NRd,re - Vl::yre
Ymsre = 1.15
Niiere = Asre* fores Asre = 79 mm? and f,e = 500 MPa, Nggre = 79 - 500 = 39.27kN
Neare = (22) = 3415 kN > Ngg,re = 22.45 kN verification fulfiled @

Anchorage failure of the anchor reinforcement in the concrete edge breakout body, edge x+ (SOFA
based on EN1992-4 and fib design bulletin 58):

Supplementary reinforcement - shear:

eS
Neare =Vea- (2+1)
eg=ectototE=0+2425+2=36mm
d=h-c-%2=350-25-22=320mm

z=085-d =0.85-320 =272mm

Z4+1=1132

Concrete edge breakout resistance:

Veae = Vy‘;" EN 1992-4, Table 7.2
Yme = 1.5 ETA-21/0878, Table C2
lr =192 mm, ¢; = 430 mm, ko = 1.7 for cracked concrete

a=01" (i—i)o's =01 - (%)0'5 =0.067 EN 1992-4, eq. (7.42)
B=01- (“C—’")O2 =01 - (%)0'2 =0.052 EN 1992-4, eq. (7.43)
Ve =ko * dlom - lf for - = 1.7-16%066 - 1920052 /20 - 43015 = 107 kN EN 1992-4, eq.
(7.41)

AYy =45 c} =45 -430% = 832,050 mm? EN 1992-4, eq. (7.44)

Ay = (1.5-430+ 180 + 1.5 - 430) - (350) = 514,500 mm?
lps,V =1, ¢ec,V =1.0, lpa,V =10

Ynp = (%)05 - (12%)05 =135> 1.0

0 Acy 514500
VRk,c = VRk,c : E '¢a,V : ¢h,v ' lps,V ' lpec,V ' ¢re,V =107 - m 1.0-1.0-1.35-1.0-1.0
Vrk,c = 89.82 kN

Veae = (522) = 599 kN

Anchorage failure of the anchor reinforcement in the concrete cone breakout body:

Case: Two stirrup legs per anchor

0 — 0 0
NRd,re =Yer* Yevr* (NRd,hook + NRd,bond) < As.re 'fyd,re

0.4
N2 ook = % Asrefyire (2—11) (for high effective stirrups number- 3,4,5 and 6)
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0.4
N,?d_hook = EASJrefyk,e (ll) (for less effective stirrups number- 2 and 7)

€1

YMc
Nl(e)d,bond =T dsre* (ll - ll,min) * fra

Rebar NRare  NRanook Nidpond Yer Yeor Cmin li1 fra

2 14.41 2.24 18.35 0.7 1 45.00 2917 232

3 26.46 14.60 23.20 0.7 1 45.00 358.3 232

4 28.12 15.03 25.15 0.7 1 45.00 385.0 232

5 27.30 14.82 24.18 0.7 1 45.00 3717 232

6 27.30 14.82 24.18 0.7 1 45.00 3717 232

7 15.12 2.28 19.31 0.7 1 45.00 305.0 232

Neare 137.8

Concrete strut verification:

_ 1387 _

Vedre = To5, = 12249 kN
Vrae = 59.9 kN, concrete edge breakout resistance without considering anchor reinforcement
Vraa = 122.79 + 0.5+ 59.9 = 152.74 kN, should be > V4. and < Veg ser

Strut Xi wgtrut (xi) Ac.Ni 1I)slrrut,N (xi)

1 70 2.34 225750 1.03

2 30 2.43 31500 0.15

3 50 2.38 31500 0.15

4 50 2.38 225750 1.05

b3 514500 2.37
Vraser = 2.37-59.915 = 141.8 kN < Vg4

Therefore, Vpy o = 141.8 kN = Vgy = 100 kN verification fulfilled o

Table 4.8 Brief comparison of utilization obtained through EN 1992-4 and Hilti method

EN 1992-4 Hilti method based on EN1992-4 +fib
Shear Shear
KA Steel 509% * «
s b % Steel 50%
==+ Concrete edge . &
i breakout 0% E* Ei:irgetuteedge 0%
W Pt 69% ¥, Prow 92%

+  Supplementary

| 4 775 @+ Supplementary .
H inf t steel 7o i o
reinforcement steel 2 reinforcement steel 66%
Supplementary
- Supplementary
£ icinforcement %@ : :
: reinforcement 132 % F*  reinforcement 71%
anchorage B
anchorage
#+ Surface o _ g
urface .
L reinforcement steel 53% E‘ 45%

reinforcement steel

5. PROFIS Engineering

PROFIS Engineering is a cloud-based structural design platform that supports design engineers in the
efficient and more transparent verification of steel-to-concrete connections. For post-installed
anchorages with supplementary reinforcement, the software provides an implementation intended to
be practical and transparent of both EN 1992-4 and the Hilti method, allowing engineers to select the
design approach best suited to the application.
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Within a consistent workflow, users can define anchorage geometry, loading, anchor type, and
reinforcement arrangements. Supplementary reinforcement can be selected for tension or shear,
depending on the project requirements. The selected design model either EN 1992-4 or the Hilti
method governs the subsequent resistance verifications. This flexibility allows conventional
code-based checks as well as more advanced assessments where the contribution of supplementary
reinforcement with concrete is utilised. Additionally, the software generates a detailed and transparent
design report documenting inputs, selected design method, governing assumptions, verified failure
modes, and utilization ratios.

fy | COMGRETE REINFORCEMENT & A 2
Tension
* Wide ' None > SUPPLEMENTARY % SUPPLEMENTARY S—
REINFORCEMENT REINFORGEMENT
L3 . Renforcement to control cracking
. | present ;
L] wout @
&  SUPPLEMENTARY 0 Tension Supplementary reinforce... Sheor Supplementary reinforcem...
REINFORCEMENT
.
K Stirrups - Stirups -
o Stirnups Stimups
- No supplementary reinforcement - C-shape C-shape
No supplementary reinforcement ' Straight
e Hooked
t Tension Supplementary reinforcement 500 Njmm? &
Shear Supplementary reinforcemant
LI o1 o1 .

60 mm 60 men

6. Conclusion

The EN 1992-4 design approach offers a well-established, standardized procedure appropriate for
routine anchorage design, but its simplified assumptions can become conservative for multi-row
groups or cases where supplementary reinforcement is intended to engage. The Hilti method based
on EN 1992-4 and draft fib Bulleting 2026 is intended to provide an advanced alternative that
incorporates additional load-transfer mechanisms for anchorages with supplementary reinforcement,
enabling performance-optimized design for demanding applications.

PROFIS Engineering supports the design of anchorages with supplementary reinforcement by
enabling the modelling of typical and standardized reinforcement layouts in accordance with EN 1992-
4 and the Hilti design method. Together with our differentiated hardware systems, productive and safe
installation methods, and our technical content and support in our Engineering Center, this design
method is a part of our SPEC2SITE solutions. Our Field Force supports you in the office and in the
field and we help connect with the contractor so the installation is done as per your specifications.
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Disclaimer: This document is for technical guidance purposes only. All design methods and
calculations must be performed by qualified engineers and verified for the specific application and
project conditions. The information is based on design provisions such as EN 1992-4 and related
references, as applicable. Product performance depends on correct installation, material properties,
and boundary conditions. Always refer to the relevant approvals, technical data, and applicable local
regulations and standards.
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