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Foreword

Placing fresh concrete against existing, hardened concrete is a routine
task in building construction. In fact, it is a condition which occurs at every
joint in concrete construction work. For some time now, the placement of
concrete overlays has been gaining in importance as a result of the
increasing need for rehabilitation and strengthening of existing
structures. For the design of these composite concrete structures, the
transfer of internal stresses across the bond interface between new and
old concrete is a critical aspect. A design method has been developed
based on shear tests specially carried out for this purpose by Hilti
Corporate Research for a variety of surface treatments.

The Institute for Concrete Structures of the University of Innsbruck,
Austria, provided scientific support during the development of the
connectors and the associated design method. At the same time, test
results given in the literature were incorporated. Among other things it
was found that, contrary to the usual design approach, the full tensile
yield strength of the connectors cannot be equated to the tension
clamping force across the interface.

In contrast to design methods described in the literature, this new design
approach considers all three mechanisms: cohesion, friction, and shear
resistance (dowel action) of the shear reinforcement positioned across
the interface, in determining the effective shear transfer. The
compressive stress required at the interface for shear transfer by friction
is set up by activating tensile forces in the connectors. The design
method is based on a single equation to calculate the resistance of the
bond interface for each different surface treatment from the three above
components.

With increasing surface roughness, shear resistance and shear stiffness
are significantly increased. Furthermore, the distribution of total
resistance shared by the three components changes considerably. At
the extremes, if the surfaces are very rough, the connectors across the
bond interface are primarily stressed in tension, whereas, if the surfaces
are smooth, the shear resistance of the connectors themselves (dowel
action) predominates. For roughened surfaces, the interlocking effect is
sufficient to transfer small shear forces without connectors. It is often
adequate for concrete overlays to be anchored only at their perimeter.

The very user-friendly Hilti design method is based on the Eurocode
safety concept (prEN 1992-4) and is particularly notable for its
transparency. The use of design diagrams makes the method
straightforward for designers to apply.

Manfred Wicke

For comments and questions, contact our engineers

Former Professor Dr. techn. Manfred Wicke,
Institure for Concrete Structures
University of Innsbruck, Austria



Contents

1 HILTI CONNECTORS FOR OVERLAYS ......ccciiiiiiinisisiesissssssssssesessssssssssss sesessasasssssssessasasssssssssssssesessasssssssssssnsens 6
1.1 RANGE OF APPLICATIONS . ..isurseesusessesssssssessssessesssssssesssssssessssssssssssssssssesssssssesssssssessssessesssssssesssssssesssssssesssssssesssssssessnsssses 6
1.2 ADVANTAGES OF THE STRENGTHENING WITH CONCRETE OVERLAY ...cvevtrsessesessessessssessessssessessssessessssessessssessessssessessasssses 6
1.3 EXAMPLE OF APPLICATIONS ...uceteuessessssessessssessessssessessasessesssssssesssssssssssssssessessssessessssessesssssssensssessesssssssensssessenssssssensasenses 6
2 PRODUCTS OVERVIEW......cccitiuisisisisssisesssnssssssssssssssssssssesssssresesssasssasssassssssssssssssssssssssssssssassssssesesssasssasasssassssssssssssasass 8
2.1 HIT-RE 500 V3 INJECTION MORTAR ...ueeusersesessersssessessesessessssessessssessesssssssesssssssesssssssesssssssssssssssesssssssssssssssssassssssssssssenes 9
2.2 HUS3 SCREW ANCHOR ....ctseesisessessssessessssessessassssessessssessessssessesssssssesssssssesssssssesssssssesssssssesssssssesssssssesssssssesssssssesssssasenss 10
2.3 HCC-B SHEAR CONNECTOR ..cerueressersersesessessesessessessssessessssessessssssesssssssesssssssesssssssesssssssesssssssesssssssesssnsssesssssssesssssssenns 11
2.4  HCC-K SHEAR CONNECTOR ..eerueressersersesessessessssessessssessessssessesssssssesssssssesssssssesssssssesssssssesssssssesssssssesssnsssesssssssesssssasenes 12
T & (050 | I 13
T 1= ERROR! BOOKMARK NOT DEFINED.
3 DESIGN OF INTERFAGCE......cccttuisiutsusssusssesssssssssssssssssssssssesssssssssasssssssasssssssssssssssssssssssssssssesssssasasasssssssssassssesssasass 15
3.1 BASIC CONSIDERATIONS ..ceveeersersesessessessssessessessssessessssessesssssssessssssessssssesssssssesssssssesssssssesssssssessssssesssssssesssssssesssssssenes 15
3.2  PRINCIPLE AND SET=UP OF THE ANALYTICAL MODEL....ueeseesssessesessessesessessessssessessassssesssssssesssssssesssssssesssssssesssssssesssssasenss 15
3.3 DESIGN SHEAR RESISTANCE AT THE INTERFACE, VR ...oocirerreietsreisnsss s sesssssssssssssesssssssssssssssssssssssssssssssssssssssssanes 15
3.4 DESIGN SHEAR STRENGTH AT THE INTERFACE, EOTA TROGGE ...........coerurneierrrcirisscnse s esesssssssssssesssssssssssssenes 16
3.5 DESIGN SHEAR STRENGTH AT THE INTERFACE, HILTI METHOD .....ccouvcviiimininesssssssssnsssssssssssssssssssssssssssssssssssssssssanes 17
3.6 DESIGN SHEAR FORCE ACTING LONGITUDINALLY AT INTERFACE, VEd .....coovievirrsiiinssssssnsssins s sssssssssssssssssnssanes 19
3.7 SHEAR FORCE TO BE TRANSFERRED AT OVERLAY PERIMETER ..uvveesesessessessssessessssessessssessesssssssessssessesssssssesssssssessssssenns 20
3.7.1  VERIFICATION ACCORDING TO EOTA TROGG INDICATIONS .....eitieeeeeeresesesesteeeseesseseesressesnsssesssessessens 20
3.7.2 VERIFICATION ACCORDING TO HILTI METHOD INDICATIONS .....ootitteteetesesesestseeseesseseesressesnessesssessessens 20
3.8 CENTRAL REGIONS WITHOUT SHEAR CONNECTORS ...eeuerseessessessssessessssessessssessessssessessassssesssssssesssssssesssssssesssssssessssssenns 21

3.8.1 VERIFICATION OF AN INTERFACE WITHOUT SHEAR CONNECTORS ACCORDING TO EOTA TR066 ..21
3.8.2 VERIFICATION OF AN INTERFACE WITHOUT SHEAR CONNECTORS ACCORDING TO HILTI METHOD...21

3.9 REDUNDANT LOAD TRANSFER ..ccruruimesssesessssessssssesssssssssssssesesssssssssssassssssssssssessssssssensssessssssssessssessesssssssssessssssssssssanes 21
3,10  FATIGUE LOADING ...cuciuiuiuiesssesiinssssisssesssssssssssssasssssssssssssasssssssssssssasssssssssesssasssssssssssssassssssssiasssasssssssianssassessssssnssanes 21
3.10.1  GENERAL OBSERVATIONS ....otitiiteetstteeeesetsseetseteseessstssessssssessssssesssssssesssssssesssstssesssssssessessassssesssssssessssssessens 21
3.10.2  PROOF FOR FATIGUE ....ecutitteeeet st eee st eee st see et st eseetssessesesstssassastssessssssaesssssssessetssessesssseasestassssesssressasssresrensans 21
311 SEISMIC LOADING ...ucuciuiuisiisssesissssssssssesssssssssssssasssssssssssssessssssssssssasssssss st sesssssssssesssasssssssssesssasssssssisnssassasssssssnssases 22
3.12  SERVICEABILITY LIMIT STATE .evueetestssssssssssesssssssssssssssessssssssssasssssssssssssssesssssssesssssssssssssssesssssssssssssssssssssssasssssssssssssssanes 22
3.13  ADDITIONAL RULES AND DESIGN DETAILS ..ceveeussessesssssssesssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssesssssssasssssssases 22
3,131 MIXED SURFACE TREATMENT ..uittctiitiitetististetistsstests s stestsbs st esssbssbestsbsstssassssbestssssbessssssbessasssbestassstesbasssssssassns 22
3.13.2  MINIMUM AMOUNT OF REINFORCEMENT AT THE INTERFACE ......oiieteteeeeet s et et se e e se e e snee s 22
3.13.3  LAYOUT OF CONNECTORS.....ceititiitietietieteitssttstesttste st astestsstssbesassbessssstesasstesbssbesbesbeabesssestesessbesbessssseesesnteses 23
3.13.4 RECOMMENDATION FOR OVERLAY PLACEMENT ....ccoiiiiiitetiiistee st st e esstess st tess s ss s sters s tasssssaesssssnass s 23
3.13.5 RECOMMENDATION FOR SURFACE TREATMENT ..otvetitiieeeetiseeeesteseessresseessssssessssssssssssssessssssssessssssessnes 23
3.14 ANCHORAGE OF THE SHEAR CONNECTORS IN THE EXISTING AND NEW CONCRETE ...ccveusessssmsssssssmssessssnsssssssnssssssssssases 23
3.14.1 GENERAL OBSERVATIONS ....cuviitiitiitiiitetteteteste st s te st sbe st sstssasstssbssbesbssstsstesessbssbesbssbassessessessbesbesbssbsssssseesenas 23
3.14.2  INSTALLATION GEOMETRY ..ouvitiuiitititesiitessitsteseststessssstessstssessssstessststessssstessssasessssstessssssessssessssssassssssssessssesssns 23
3.14.3 DESIGN PROOFS FOR THE CONNECTOR......cccctiuettitieeetestesessesteseesessesesssssssssssssesssssssssssssssssssssssssssssssssssssanes 24

3.14.4 GEOMETRICAL BOUNDARY CONDITIONS FOR EXISTING CONCRETE AND CONCRETE OVERLAYS..25

4 EXAMPLES ........oooiiiiiiiiiiiiiiiss s 27




=T

4.1 DESCRIPTION OF THE DESIGN CASE, STRUCTURAL ANALYSIS ...cettererersssmssssesessssssssssssssssssssssssssssssssssssssssssssssssssssssssses 27
4.2 DATAFOR DESIGN OF THE CONNECTION AT EXTERNAL SUPPORTS ....ccccemerircmimssssmssssssssssssmssssssssssssssnsssssssssssssssssssssans 28
4.3 DETERMINATION OF LONGITUDINAL SHEAR....ceetrerssssssssesessrssssssssesssssssssssssesssssssssssssssssanssssssssssssasssssssssssssasssssssssssssenes 30
4.4 VERIFICATION OF CONNECTORS: CENTRAL PART, EXISTING SLAB......csesemresserersrsmsmssssssssssssssssssssssssssssssssssssssssssssssssssses 30
g RS = = = Y [0 ] TR 30
4.4.2 COMBINED CONCRETE CONE/PULL-OUT VERIFICATION ....coiiuiiiiiitiisisti et sie s st sn st st 30
4.4.3 CONCRETE CONE BREAKOUT VERIFICATION ...ccvitiitieiitiitesestesteessesteessssbesssssstesasssstesssssstesssssstesssssssessesssns 31
4.4.4 SPLITTING VERIFICATION.....cutitiitiiticte it stiestetestsstsstestssbassasstssasstssbesbssbessssstesesstssbestssbessessessesstestestsstesssssessenns 32
Y1 U 1 1Y 7Y = 3 2T 32
4.5 VERIFICATION OF CONNECTORS: CENTRAL PART, NEW SLAB ....cccieiererssmssssessssssssmssssssssssssssssssssssssssssssssssssssssssssssssssenes 32
4.5.1 PULL-OUT VERIFICATION .. otiutitiitiitieti st ettestetestsstsstssasssessesstssesstsstssssssssssassesesstsstssssstessssssssesssestesssssesssessenns 32
4.5.2 CONCRETE CONE BREAKOUT VERIFICATION ...ccvitiiiististesistestesisssstesessssbesss s sbe s s sbesss s st sssssstsssssssressssssns 32
4.5.3  SPLITTING VERIFICATION. ....uciitiitetiitistetisttsaeesbestesesbesaesssbssaesssbssbesssbssbssessssbestssssbestssssbessssssbestasssbessasssressasens 32
Y S 1§ 1Y 1Y 7Y = 3 TR 33
4.6 VERIFICATION OF CONNECTORS: LATERAL PART, EXISTING SLAB ....covismssssermssssesmsssssssssssssmssssessssssssssssssssssssssssssssssssnns 33
T RS i = = I = |0 = 33
4.6.2 COMBINED CONCRETE CONE/PULL-OUT VERIFICATION ....oiiuiiiiitieststeeessstesess e s sreste s sressssssresnesn s 33
4.6.3 CONCRETE CONE BREAKOUT VERIFICATION ...oviuiutiiiteteestetseseetseeeetssssessseseesssessesssessssssessssssessssssesnsssnens 34
4.6.4  SPLITTING VERIFICATION. ....cciitiitetiitistettstsaese st s stesesbssaesssbssbesssbssbesssbssbesesbssbestsbssbestsbssbestsbssbestasssbessasssbessasesns 34
.8.5  SUMMARY ..o.oiitiitieieie sttt sttt et e s te st e s te a1t st e e st estesaestasbesaeebesseesteseestssbesee et e satesteseesbesbesbeebeebeebee st s abesbesbesreereeneesenas 34
4.7 VERIFICATION OF CONNECTORS: LATERAL PART, NEW SLAB....ceivermressesmssssesssssssssssssesssssssssssssessssssssssssssssssssssssssssssssns 34
A4.7.1 PULL-OUT VERIFICATION ...ititiitiitetiitiseesestesassesbesassesbesaesssssstesssssstesssssstessssssbesssssstesssssstesssssstessessstsssassssessasssns 34
4.7.2 CONCRETE CONE BREAKOUT VERIFICATION ...oviviutititeteeetesseseetseeseetssesesssessesssessesssesassssassssssessssssesssssnens 34
A.7.3  SPLITTING VERIFICATION . ....oueteteuetseseeetsesessesesetsssseessesssesssssassssssestssesessssessssssesessssessssssesassssessssssessssssessssssens 35
O S U | 1Y Y = 2 35
4.8 VERIFICATION OF THE INTERFACE IN THE CENTRAL PART OF THE SLAB....ccceetiissmsssssssssssmsssssssssssssmssssssssssssssssssssssssns 36
4.9 VERIFICATION OF THE CONNECTION CLOSE TO THE EDGES.....ccevsstssesssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 36
4.10 VERIFICATION OF THE CONNECTION FOR A ROUGH INTERFACE ....ccciuiuimssssesinsssmsssssssssssssssssssssssssssmssssssssssssssssssssssnnns 38
4.11 ALTERNATIVE DESIGN SOLUTION USING THE HILTI METHOD ...cevvcmresscmsnssesessssessssssesssssssssssssesssssssssssssessssssssssssessssnns 40
4.12 VERIFICATION OF CONNECTORS: CENTRAL PART, EXISTING SLAB......cccvtsresmrnmssmsssssssssssssmsssssssssssssssssssssssssssnssssssssns 41
Ot R =1 = =N I = =S 41
4.12.2 COMBINED CONCRETE CONE/PULL-OUT VERIFICATION .....cuitiiiteeeetsteeee et steses s s e s ste st s sre s sresnesn s 41
4.12.3 CONCRETE CONE BREAKOUT VERIFICATION. .....ciititiiiietiei sttt res st ts s st bessstsss s stebe s stass s st besssnasssnsnans 42
4.12.4  SPLITTING VERIFICATION ...cutitiietiitiitetistisiesestssassesbestesssbsstesssbssbesssssstsssssssbesssssstessssssbesssssstessessstsssassssessasens 43
O S TS U 1Y Y = 3 2T 43
4.13  VERIFICATION OF CONNECTORS: CENTRAL PART, NEW SLAB ......coerurererersererersssessssssessrsssessssesesssssssssssesssasssssssssenssanes 43
4.13.1 PULL-OUT VERIFICATION .....ccitiitiitiitiiteetiesteteitsstestssbesbessessessesstsstsssesbassssssesesstestssssstessesssssesssestessessessessessenns 43
4.13.2 CONCRETE CONE BREAKOUT VERIFICATION. .....iiiitiieiiieriesteste st stestetesesstestesrestesssssessasssestesrsssesssesesseens 43
4.13.3  SPLITTING VERIFICATION ...oeitiitiitieti st etietetestsstestestsssesstsstesesstsstssssssssssessesesssessesssstsssssssssssssestessessesssssessenns 44
T A WY 1Y VY = 3 2SS 44
4.14 VERIFICATION OF CONNECTORS: LATERAL PART, EXISTING SLAB........ccesesermrererersssssssssesesesesesesesssssssssssssssssssesssssssssnns 44
g I R 1 = = I = [ I = ST 44
4.14.2 COMBINED CONCRETE CONE/PULL-OUT VERIFICATION .....ocuietiietieisiste e seetessists s seere s st ss s st resssnsnssnanans 44
4.14.3 CONCRETE CONE BREAKOUT VERIFICATION. ....eiiitiieiiiestestesteseestesetetesesstestesrestesssssessasssestesressesssssessenns 45
4.14.4  SPLITTING VERIFICATION ...otitiitiitiete st etiestetestsstastessessessesstesesstsstessessssssessesesssessesssstsssssssesssssestessessessssessenns 45
Lt I T S U 1V Y = 2R 45
4.15 VERIFICATION OF CONNECTORS: LATERAL PART, NEW SLAB......cceiuiuismssssesissssssmssssssssssssssssssssssssssssssssssssssssssssssssssans 45
4.15.1 PULL-OUT VERIFICATION....ceittiteiitieeetesttseesisseseesessessesssssssssssssssesssssssesssssssesssssssessessssessessssessessstessessssessesssns 45
4.15.2 CONCRETE CONE BREAKOUT VERIFICATION. .....ctiiitiiieeteeisestessestesstsss s sestessstsss s saesesssasssssaesssssassssnsnans 45
4.15.3  SPLITTING VERIFICATION ...otitiitiiticte it et ettetestsstsstsstesbesbasstssasstssbesbssbsssssstesessbssbssbssbesssssessesssestesbsstesssssessenns 46
T A YUY 1 = T 46
4.16 VERIFICATION OF THE INTERFACE IN THE CENTRAL PART OF THE SLAB.....cctrurssmresseserarsssmssssessssssssssssssesssssssssssesssenes 46
4.17 VERIFICATION OF THE CONNECTION CLOSE TO THE EDGES......ccsveimimsscsmsnssesisnssssmssssessssssssssssssssssssssssssssssssssssssssssssssans 47
5 NOTATIONS |...coiiitieieininisisnisrsnsrsssessssssssssssssasssesese e sasasasasasssasssansssssssssssssasssssassnse oo sesesasasasasssasassnsnsnsssssssssnsssasasssnnnes 49




6 LITERATURE




=T

1 Hilti connectors for overlays

1.1 Range of applications

When a new layer of concrete is applied to existing concrete with the aim of strengthening or repairing a
structure, the result is referred to as a composite concrete structure. The overlay is usually cast directly or
applied as shotcrete. Its function is to augment the flexural compression or flexural tension zones, depending
on the position of placement. Prior to placement of the overlay, the surface of the old concrete member is
prepared by suitable means, and pre-wetted.

Shrinkage of the new concrete overlay can be reduced by careful selection of the concrete mix. However, the
constraint forces caused by differential shrinkage and, in certain cases, by differential temperature gradients,
cannot be avoided. Initially, stresses in the bond interface result from a combination of peripheral loads and
internal constraint forces. It must be borne in mind that stresses due to shrinkage and temperature gradients
in the new concrete typically reach their maximum at the perimeter (peeling forces). The combination of
peripheral and internal stresses often exceeds the capacity of the initial bond, thus requiring the designer to
allow for a de-bonded interface. This is particularly true in the case of bridge overlays, which are subject to
fatigue stresses resulting from traffic loads.

Furthermore, these stresses vary with time, and bond failure can take place years after installing the overlay.
When this happens, the tensile forces set up must be taken up by connectors positioned across the interface.
Typical examples are shown schematically in the following table

New concrete New concrete overlay

Existing concrete

New concrete with additional
tensile reinforcement

Strengthening of bridges by means of concrete Strengthening of buildings, decks and slabs
overlays

Fig. 1: Examples of overlay applications

1.2 Advantages of the strengthening with concrete overlay

Simple and reliable application to a variety of cases

Monolithic structural component behaviour assured

Shear forces are reliably transferred even if the interface is cracked
Wide range of applications

Suitable for use with the most common methods of surface roughening

& & FEEEE

Reduced requirements for anchor embedment

1.3 Example of applications



Rehabilitation of a bridge deck

Removal of damaged concrete layer using
high-pressure water jetting

Anchoring of additional reinforcement using
Hilti injection mortar

Installation of shear connectors using Hilti
injection mortar

Placement of new concrete overlay

AN N NN

Monolithic load-bearing behaviour
Reliable shear transfer

Stiff connection

Reduced connector embedment

Removal of covering and any loose overlay
Roughening of surface by shot-blasting
Installation of connectors using Hilti injection
mortar according to engineer's instructions
Inspections, if necessary, of concrete surface
for roughness and pull-away strength, and of
connectors for pull-out strength.

Placement of reinforcement and overlay
concrete

ANENENEN

Monolithic load-bearing behaviour
Reliable and verifiable shear transfer
Adequate connection stiffness

Small anchorage depth

exposure of foundation

Installation of connectors using Hilti injection
mortar as per design specifications (smooth
surface)

Placement of reinforcement and overlay
concrete

A VAN N NN

Reduced labour

Monolithic load-bearing behaviour
Reduced anchor embedment
Reliable shear transfer

Ductile connection

Repairing and strengthening a pier

Cross-section

Shear connector

Plan view ‘

e

Roughening of concrete surface

Installation of shear connectors using Hilti injection
mortar as per design specifications

Placement of reinforcement and overlay concrete

AN N N N

Monolithic load-bearing behaviour
Reliable shear transfer

Stiff connection

Reduced anchor embedment
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2 Products overview

The following table summarizes the considered products:

Anchor type

Anchor size

Approvals Base
material

Design
method

Setting

Cracked concrete
Non-cracked concrete

European Technical approval
(ETA) for
concrete overlay static

European Technical approval
(ETA) for
concrete overlay fatigue

TR0O66

Hilti method static

Hilti method seismic
High productivity
Flexible length

Symmetric shape

* Based on TR066

HCC-B +
RES500 V3

14

v

S X S X X S

HUS 3
8-10-14
\"2
\"2

X

S XS X X S

HIT-V +
RE500 V3

10-12-16
\'"
\'"

S S X X

HCC-K +
RES500 V3

10 - 16
v
v

< X X X

REBAR +
RES500 V3

v

X <X < < X

20



HIT-RE 500 V3 injection mortar

In the following tables are schematically illustrated the products for shear connection provided by Hilti
company and considered in this work.

Injection mortar system

I

Benefits

"1 =TT ST ST

Hiiti HIT-RE 500 V3

Hilti HIT-RE 500 v3

Hilti HIT-RE 500 Va ‘

Foil pack: HIT-RE 500 V3
(available in 330, 500 and 1400 ml cartridges) -

Base material

Concrete Concrete
(non- (cracked)
cracked)

Load conditions

SafeSet technology: Simplified
method of borehole preparation
using either Hilti hollow drill bit for
hammer drilling or Roughening tool
for diamond cored applications

Suitable for cracked/non-cracked
concrete C 20/25 to C 50/60

High loading capacity

Suitable for dry and water saturated
concrete

Hilti Technical Data for under water
application

Long working time at elevated
temperatures

Cures down to -5°C

Odourless epoxy

Installation conditions

So— SAFEET
Hammer Diamond Hilti SafeSet
drilled holes drilled technology
holes

Other information

x¥x,
* *
4‘4‘;: ( €
Static/ Seismic, ETA- European CE PROFIS
quasi-static C1, Cc2 Technical conformity Anchor design
Assessment Software
Approvals / certificates
Description Authority / Laboratory No. / date of issue

European Technical Assessment

CSTB

ETA-16/0143 / 2017-07-12

Shockproof fastenings in civil
defence installations

Federal Office for Civil Protection,
Bern

BZS D 16-601/ 2016-08-31

Fire test report®

MFPA Leipzig

GS 3.2/15-361-4 / 2016-08-04




HUS3 Screw anchor

Anchor version

Wq ..-_ﬁ.- - ?T ’TT.,’“. = &T‘Q—Hx‘;

L p—
———

A \

i \ ) b Y n
7’3';\'— NN

HUS3-H

M8, M10, M14

Base material

Concrete
(cracked)

Concrete
(non-cracked)

Installation conditions

A

il

Benefits

flexibility

than with conventional anchors

ETA approval for concrete overlays
Small edge and spacing distance
Three embedment depths for maximum design

- Immediate placement of the reinforcement

Load conditions

Static / quasi-
static

Other information

4;7 - High productivity - less drilling and fewer operations
P

Design Method

e EOTA
x
. TR 066
Small edge European CE
distance and Technical conformity
spacing Assessment
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European Technical Assessment DIBt ETA-XX/XXXX [ 2018-XX-XX
hy |t E
e 3 mm < <
Omm |
e
HUS3-H < I H[E n, o
6x40 50 mm — i 43 mm — i, 0...5mm
6x60 70 mm — tg, 63 mm — ty, 5... 25 mm
B6x80 90 mm — t;, 83 mm — ty, 25... 45 mm
6x100 1M0mm— t,,  103mm-— t,  45... 65 mm
6x120 130 mm— tp  123mm -t 65...85mm

2 sIwi4-A

30 SIw22-A
2 SIw 22TA
ep—

10

425808 Ad4-09.2015
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HCC-B Shear connector

Anchor version Benefits
- ETA approval for shear connection

- Available data according to EOTA TR066
- High shear loads
- Small edge and spacing distance

- User selection of embedment depths for maximum
design flexibility

- Anchor head designed to allow the easy placement
of the overlay reinforcements

- Immediate placement of the reinforcement before
the curing time of the resin

- fatigue loads
- high productivity

Base material Installation conditions

Concrete (non- Concrete Small edge
cracked) (cracked) distance and
spacing
Load conditions Other information Design Method
o EOTA
e TR 066
Static/ fatigue European CE conformity
quasi-static Technical
Assessment

Approvals / certificates

Description Authority / Laboratory No. / date of issue
European Technical Assessment | DIBt ETA-XX/xxxx [ 2018-XX-XX

£T

v/

=1 dy, =0 16 mm
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HCC-K Shear connector

Anchor version Benefits

- Small edge and spacing distance

- User selection of embedment depths for
maximum design flexibility

HCC-K
@10, 12, 14, 16

Base material Installation conditions

Concrete (non- Concrete Small edge Variable

cracked) (cracked) distance and embedment
spacing depth
Load conditions Design Method

Hilti

Design

Method*

Static/
quasi-static

*Design method : EOTA TR066 with parameters based on Hilti’s internal testing
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@! HIT-S2 a HIT-REM o

HCCK 10 ©14mm 65 ... 205 mm
HCC-K 12 © 16 mm 80 ... 245 mm
HCCK 14 © 18 mm 90 ... 285 mm
HCCK 16 @20 mm 100 ... 325 mm

i - S
‘}® 3 HIT-RE 500 V3

HCC-HIT-V

Anchor version

M8,

Base material

Benefits

- Small edge and spacing distance

- User selection of embedment depths for
maximum design flexibility

- User selection of embedment depths for
maximum design flexibility

HCC-HIT-V - flexible length

M10, M12, M16 - stainless steel available for highly
aggressive environments

- head position in new concrete can be
adjusted after anchor installation
Installation conditions

Concrete (non- Concrete
cracked) (cracked)

Load conditions

Static/
quasi-static

_/ 7
Vs
Ll
Small edge Variable embedment depth
distance and
spacing

Design Method

Hilti
Design *Design method : EOTA TR066 with
Method* parameters based on Hilti's internal testina

13
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REBAR

Anchor version Benefits
- High shear loads
- Small edge and spacing distance

- User selection of embedment depths
for maximum design flexibility

- Seismic loads
- flexible length

REBAR
@ 8,10, 12, 14, 16, 20

Base material Installation conditions

Concrete (non- Concrete Small edge Variable

cracked) (cracked) distance and embedment
spacing depth
Load conditions Desigh Method
Hilti
Design
Method
Static/ Seismic
quasi-static

14



=L

3 Design of interface
3.1 Basic considerations

Structures made of reinforced concrete or prestressed concrete which have a concrete overlay at least 40 mm
in thickness (prEN 1992-4), or at least 60 mm on bridge structures, may be designed as monolithic building
components if the shear forces at the interface between the new and the existing concrete are restrained

3.2 Principle and set-up of the analytical model

Forces at the interface between the new and existing concrete are determined from the external forces acting
on the building component. In designing the interface, it must normally be assumed that the interface is de-
bonded. The shear connectors crossing the interface must be placed in such a way that shear forces (“shear
flow”) at the interface are transmitted at design level.

dow el® ” sinterlock®
> »pull-out c 2 -
shear, bending Ff)riction friction, cohesion
g

b) c)

Fig. 8: Load contribution of the different components

Because of separation at the interface, the shear connectors are subject to a tensile force and simultaneously
to a bending moment, both of which depend on the roughness of the interface surfaces. If the surfaces are
roughened, additional interlocking effects and cohesion can take up part of the shear force at the interface.

3.3 Design shear resistance at the interface, vgq

The transmission of shear forces at the interface between the new and existing concrete is determined by
the roughness and surface finish of the joint as well as of the transverse reinforcement perpendicular to the
interface. In general, the following equation applies:

VRa = VEd
Where:
VRa = Design resistance of the allowable shear force per meter ("shear flow") in [KN/m] at
the interface
Vga = Design value of the shear flow acting at the interface in [kN/m]

Two different models are available for the computation of the longitudinal shear resistance of the interface: the
method proposed by the EOTA TR066 and the HILTI method, also indicated as Palieraki method.
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3.4 Design shear strength at the interface, EOTA TR066

According to TRO66 the following equation define the resistance of the interface:

Ys Ye

1
3 fyk 085f 0,85f
Vga = {cr S Ot e Ko QP OpF Ky gt P Lk-—c"}bj < (ﬁ’c Y, T”") b; (TR066,2.31,2.9)

Interlock pull-out dowel concrete strut
Where:

Cr = Coefficient for adhesive bond resistance in a reinforced interface

fo = minimum value of concrete compressive strength of the two concrete layers,
measured on cylinders

fyk = Characteristic yield strength of the shear connector

Me = Friction coefficient

On = Lowest expected compressive stress resulting from an eventual normal force acting
on the interface (compression has a positive sign)

Kie = Interaction coefficient for tensile force activated in the shear connector

K2e = Interaction coefficient for flexural resistance in the shear connector

Okt = Modification factor for material properties of the connector

o2 = Modification factor for geometry of the connector

P = Reinforcement ratio of the steel of the shear connector crossing the interface

CA = Steel stress associated to the relevant failure mode, (see section 3.14)

Ye = Safety factor for concrete; 1,50 as given in EN 1992-4 for strengthening of existing
structures

Vs = Safety factor for steel; 1,15 as given in EN 1992-4 for supplementary reinforcement

bi = Width of the interface of the composed section

Ve = Coefficient for reduction of concrete strength

Be = Coefficient for the strength of the compression strut

Coefficients and parameters for different surface roughness

Surface characteristics of c c < < B Lle

interface 2 " fe 2 c f. =20 f. =35

Very rough,

(including shear keys D) 0,5 0,2 0,5 0,9 0,5 0,8 1,0

Rt = 3,0 mm

Rough, 0,4 01 05 0,9 0,5 0,7

Ri= 1,5 mm ' ' ' ' ' '

Smooth

(concrete surface without
treatment after vibration or 0,2 0 0,5 1,1 0,4 0,6
slightly roughened when
cast against formwork)

Very smooth

(steel, plastic, timber 0,025 0 0 15 0,3 0,5
formwork)
D Shear keys should satisfy the geometrical requirements given in Fig.9
1
Ve= 0,55 - (%) " < 0,55
Ot = given in the European Technical Assessment of the connector
O = given in the European Technical Assessment of the connector

16



Product specific coefficients according to TR0O66

Anchor o o
HCC-B 0.8 1.3
HUS3 0.8 1.0
HCC-K N.A N.A
HCC-HIT-V N.A N.A
REBAR N.A N.A

=30° hz < 10*dk | ;

d« 25 mm

Fig. 9: Geometry of shear keys

3.5 Design shear strength at the interface, HILTI method

According to the Hilti

method the governing equation for interface resistance is:

Vra = {pn (0, + pmin( oy, 1614 05 ) + kan p \[Fya fea }bj < Be Vi fea by

Pull-out

Where:

fyd
Mh =

Ki1h -
K2h -

GA -

Vh -

Be =

dowel concrete strut

minimum value of concrete design compressive strength of the two concrete layers,
measured on cylinders

design yield strength of the shear connector

Friction coefficient

Lowest expected compressive stress resulting from an eventual normal force acting
on the interface (compression has a positive sign)

contribution factor for the friction mechanism

contribution factor for the dowel mechanism

Reinforcement ratio of the steel of the shear connector crossing the interface

Steel stress associated to the relevant failure mode (see section 3.14)

Width of the interface of the composed section

Effectiveness factor for the concrete according to fib MC2010, Eq. (7.3-51)
Coefficient for the strength of the compression strut

Effective steel stress in the connector

The following definitions are valid for the considered method:

=03 3/(#‘;)2

Oc =P 0Os
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_ o
% = 080 )
v, = 0.55 (%) < 0.55

(Fib MC2010 7.3-51)

In the following are reported the tables with the parameters needed for the application of the Hilti method

Parameter k1, for different interface characteristics: monotonic loading

6d < I, <20d

Mechanically roughened (1/4-in. amplitude), normal strength concrete 0.60
Mechanically roughened (1/4-in. amplitude), lightweight or high strength concrete 0.40
Smooth Interface 0.40
Very Smooth Interface, steel formed 0.20
Smooth Interface, lightweight concrete 0.20
Smooth Interface, no cohesion 0.10
Rough Interface, external compressive stress 0.70
Smooth Interface, external compressive stress 0.50
Interface with Shear Keys 0.80

Parameter k1, for different interface characteristics: cyclic loading, maximum resistance

lemp > 20d 10d <l <20d
Mechanically roughened (1/4-in. amplitude), normal strength 0.60 0.02 lemp 0.2
concrete ' + 0.
Mechanically roughened (1/4-in. amplitude), lightweight or high 0.40 0.02 lemp
strength concrete ) d
Smooth Interface 0.20
Very Smooth Interface, steel formed N/A
Smooth Interface, lightweight concrete N/A
Smooth Interface, no cohesion N/A
Rough Interface, external compressive stress 0.70
Smooth Interface, external compressive stress 0.50
Interface with Shear Keys 0.40 | N/A

Parameter k1, for different interface characteristics: cyclic loading, resistance after three cycles

10d < L, < 12d

Cyclic Loading: Resistance of Mechanically roughened interface, without

external compressive stress, after three loading cycles: 0.10

Applied displacement smax=1.00mm

Cyclic Loading: Resistance of Mechanically roughened interface, with external

compressive stress, after three loading cycles: 0.20

Applied displacement 0.20mm<smax<1.00mm

Cyclic Loading: Resistance of Mechanically roughened interface, with external

compressive stress, after three loading cycles: 0.10

Applied displacement smax<0.20mm, or smax>1.00mm

Parameter ko, for different normalized embedment depth

h

% > 8 070

6 < E <8 lemb
=" = 0.1 F 0.1

R g 05

Residual interface resistance 0.5 K,
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3.6 Design shear force acting longitudinally at interface, vgq4

Normally, the design shear force v, is calculated from the bending resistance of the cross-section (shear
failure of the member should not be the governing factor). The design shear force v,; can also be calculated
from the change of the compression and/or tension (shear load v,,;) force in the concrete overlay.

In this case, the definition of the acting longitudinal shear is made starting from the value of shear defined
with the structural analysis. It is possible to account for both for the case of positive and negative bending
moments. The formulas used are the following:

Computation of the longitudinal shear on the interface
Positive bending moment, compressed part of the slab all contained in the overlay depth

X<hw
A A C Vv
| = X Veni =7
he T z=209

_—

Positive bending moment, compressed part of the slab not fully contained in the overlay depth
>
X>hn v h,
+ _E“ t VgD =<
hN¢ | C ! Z X
— <= 094
z=0,
he — | T Mrp

Negative bending moment:

Tn

A — |74 A

hn Vppp =& ————
v T- T Z Agn t Agex

he z'=09d

Where:

VEp i = longitudinal shear
shear acting on the considered section
depth of the compressed part of the composite slab
area of the reinforcements in the new slab
area of the reinforcements on top of the existing slab
internal lever harm of the composite slab
effective depth of the slab, positive bending moment
= effective depth of the slab, negative bending moment

DN R
I
3

n
®
x®

o O N
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3.7 Shear force to be transferred at overlay perimeter

At the perimeter of a new concrete overlay, the maximum tensile force Fcr must be taken into account in the
design. In fact, here the most severe action on the interface can be related to the effect of shrinkage.
Considering the cracking force for the design of the interface it is conservatively defined the maximum possible
action on the connection. Particular attention must be paid to constraining the moment arising from Fer:

Fo

—)

VED lN .

Fig. 10: Equilibrium condition at the edges of the slab

3.71  Verification according to EOTA TRO066 indications

FCT = ng = hN ) b] ) fctd (TRO66 23)

Npy = Yot = oife (TRO66 2.5)
l, =3+ hy forveryroughsurfaces
l,= 6" hy for rough surfaces (TRO66 2.1)
lo.=9 " hy for smooth surfaces

Where:

Width of the lateral strip considered as subjected to the highest shrinkage forces
Thickness of the overlay
Design tension resistance of concrete

ST
QU
m n n

3.7.2  Verification according to HILTI method indications

Fop = Vgq = hN'bj'k*fct,eff

* Ve
Ngg = .
{le =3 hy for rough surfaces
l, =6 hy forsand blasted and smooth surfaces
Where:
l, = Width of the lateral strip considered as subjected to the highest shrinkage forces
hy = Thickness of the overlay
k = Coefficient to allow for non-uniform self-equilibrating stresses = 0.8 for hn=30 cm
fct’eff = Tensile strength of overlay effective at the time when the cracks may first be expected

to occur as per [1], Section 7.3.2 (for general cases: feteff = 3 N/mm?)
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Where the shear stresses are low, shear connectors need not be used in the central region (area) of the
overlay if the load is predominantly static and if connectors are positioned around the perimeter. The
resistance of the interface without shear connectors can be computed with two different methods: the one
proposed by EOTA TRO066 or the Hilti method.

3.8 Central regions without shear connectors

3.8.1 Verification of an interface without shear connectors according to EOTA TR066
TRd,ct = Ca " feta t He " 0n < 0,5V " feg (TRO66 2.9)
The coefficients and the parameters present in the equation are defined in section 3.4

3.8.2 Verification of an interface without shear connectors according to Hilti method
TRd,ct = UnOn < Bc Vh fea

The coefficients and the parameters present in the equation are defined in section 3.5

3.9 Redundant load transfer

The design applies to redundant load transfer; which means that a local load must be transferred by at least
3 shear connectors.

3.10 Fatigue loading

3.10.1 General observations

(1) Bond interfaces subject to substantial changes in stress, i.e. not to predominantly static forces, must
be designed to withstand fatigue.

(2) Bonds subject to fatigue must always be roughened.

(38) The effect of the superposition of fatigue loading and static loading is not addressed in this work

3.10.2 Proof for fatigue
Fatigue loadings are accounted differently according to the method considered:

- According to Hilti method the effect of fatigue loading is taken into account by means of the use of the
relevant parameters (Section 3.5) in the formula for the definition of longitudinal shear resistance

- According to EOTA TRO066 fatigue is taken into account by means of a reduction coefficient nsc

Atpgq < Msc " Tra (TRO66 2.13)

Without the effect of static loadings:

ATgq = Tgamax (TRO66 2.14)

nsc = 0,4 Or otherwise given in the European Technical Assessment of the shear connector for
interfaces with use of shear connectors

Where:

ATEg = Shear stress acting as fatigue relevant loading

Nse = Factor for fatigue loading

TEdmax = Upper shear stress acting as fatigue relevant loading
TRd = Resisting shear stress
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3.11 Seismic loading

Seismic loadings are verified only according to the Hilti method. In this case, the verification of the interface
is made using the parameters related to the case of “cycling loading maximum resistance” (see section 3.5).
The anchor verification is made with reference to the C1 category bond strength as defined in the ETA of the
product. For the failure mechanism considered in the proofs (See section 3.14) the following reduction
coefficients are considered:

Reduction coefficient of the design resistances of the anchors

Steel failure 1,00
Combined concrete cone/pull-out failure 0,85
Pull-out failure 1,00
Concrete cone failure 0,75
Concrete cone failure for cast-in headed anchors 0,85
Splitting failure 0,85

3.12 Serviceability limit state

As an approximation in normal cases, the additional deformation of a strengthened bending element may be
determined using the monolithic cross-section, and then increased as follows:

Weff =y Weac

Wess = additional deformation calculated for the reinforced section considering the
elasticity of the shear connectors

Weaic = additional deformation calculated for the reinforced section assuming a
perfect bond

y = factor reported in the following table

Sy = displacement of connectors under the mean permanently acting load
Fo=~0.5 Fu

The displacements reported in the table can be used for more precise calculations:

Surface treatment Mean roughness R [mm] Y Sd [mm]
High-pressure water jets / scoring > 3.0 1.0 ~ 0,005 @
Sand-blasting / chipping hammer > 0.5 1.1 ~ 0,015 0

@ = diameter of shear connectors

3.13 Additional rules and design details

3.13.1 Mixed surface treatment
The surface treatments used for a building component may differ only if the non-uniform stiffness arising in the
bond is taken into account (also see Error! Reference source not found., displacement sq). Note that a non-
cracked interface, i.e., rigid bond, is assumed for interfaces with low shear stress that do not require connectors
in the central region

3.13.2 Minimum amount of reinforcement at the interface

If shear connectors cannot be omitted, the following minimum reinforcement ratio must be provided in the
interface:

Prmin. = 0.12 ’;ﬂ > 0.0005 (FIB MC2010)
yk
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3.13.3 Layout of connectors

(1) The connectors must be positioned in the load-bearing direction of the building component with respect
to the distribution of the applied shear force in such a way that the shear force at the interface can be
constrained, and de-bonding of the new concrete overlay prevented.

(2) If the new concrete overlay is on the tension side of the load-bearing component, the connectors must be
distributed to accord with the grid spacing of the longitudinal reinforcement without any allowance being
made for anchorage length

(3) The connector spacing in the load-bearing direction may not be larger than 6 times the thickness of the
new concrete overlay, or 800 mm.

3.13.4 Recommendation for overlay placement

Pre-treatment:

A primer consisting of thick cement mortar is recommended.

Before the cement mortar primer is applied, the old concrete should be adequately wetted 24 hours in advance,
and thereafter at suitable intervals. Before applying the primer, the concrete surface should be allowed to dry
to such an extent that it has only a dull moist appearance.

The mortar used as a primer should consist of water and equal parts by weight of Portland cement and sand
of 0/2 mm particle size. This is applied to the prepared concrete surface and brushed in.

Overlay:
The concrete mix for the overlay should normally be such as to ensure low-shrinkage (W/C < 0.40). The overlay
must be placed on the still fresh primer, i.e. wet on wet.

Curing:

Careful follow-up is necessary to ensure an overlay of adequate durability. Immediately after placement, the
concrete overlay must be protected for a sufficiently long period (at least five days) against drying out and
excessive cooling.

3.13.5 Recommendation for surface treatment

The roughness of the interface has a decisive influence on the shear force that can be transferred. For design
purposes, the characteristic dimension is the mean depth of roughness, Rt, measured according to the sand-
patch method [9]. It must be borne in mind that R is a mean value, and thus the difference between the peaks
and valleys is about 2 Rt.

It is recommended that a mean roughness, R, be stipulated when specifying the surface treatment. Prior to
approving the treatment, a sample surface must be made up and this checked using the sand-patch method.

3.14 Anchorage of the shear connectors in the existing and new concrete

3.14.1 General observations

The anchorage of the shear connectors must be verified both in the existing slab and in the overlay according

to the prescriptions of prEN 1992-4. The shear connectors are considered alternatively as post installed

anchors in the existing concrete slab and as cast-in anchors in the overlay. The minimum resistance between

the two is considered for the definition of the ultimate load carrying capacity of the connectors. From the

ultimate load carrying capacity, considering the effective cross section of the connectors, it is defined the stress
o, used for interface verifications

3.14.2 Installation geometry
To guarantee the efficiency of the connection, the shear connectors are to be anchored sufficiently in the

existing concrete and in the overlay. In the following, it is reported the description of the geometrical
parameters involved in the proofs needed for the verification of the anchors.
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Setting details for shear connectors

Lcon Length of shear connector [mm]
hete Embedment depth in the existing slab [mm]
P A hetn Embedment depth in the overlay [mm]
1 iz he Thickness of the existing slab [mm]
do hn Thickness of the overlay [mm]
Leon do Drill bit diameter [mm]
hete d Anchor stud diameter [mm]
l As Effective steel area of the anchor [mm]
he An Area of the anchor head [mm]
N

T dLAs
Cs c Anchor edge distance [mm]
® s Anchors spacing [mm]

Ss
Ss ®

3.14.3 Design proofs for the connector

The design proofs considered for the connectors are the ones defined by the prEN 1992-4.

Due to the characteristic of the design problem, it was chosen to neglect the possibility of concrete blowout
failure. This decision is justified by the geometry of the problem.

The following table summarizes the design proofs that are carried out.

Design proofs considered for connectors verification:

Steel failure resistance

Resistance depending on the connector properties, independent from the
embedment in the concrete element.

Notation: Ngg s

Combined concrete cone failure/pull-out resistance

Resistance depending on the connector properties and on concrete element
properties, verified for the anchorage in the existing slab

Notation: Ngg cp
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Splitting failure

Resistance depending on the connector properties and on concrete element
properties, verified independently for both overlay and existing slab

Notation: Ngg s

Concrete cone failure

Resistance depending on the connector properties and on concrete element
properties, verified independently for both overlay and existing slab

Notation: Ngg .

Pull-out failure

Resistance depending on the connector properties and on concrete element
properties, verified for the embedment in the overlay

Notation: Nggq,

3.14.4 Geometrical boundary conditions for existing concrete and concrete overlays

The connectors layout is organized in two different regions, the central part of the slab and the lateral one. In
the central part it is considered that the connectors are installed following a regular square grid. In the lateral
region it is assumed that the connectors are organized in rows. The width of the lateral region is assumed as
equal to [, (see section 3.7).

In the following it is reported a general scheme of the connectors layout.
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Fig. 11: Connector layout

According to the described geometry

_ 2(lg—c)
S2 = 5
r = Number of the lateral rows of anchors
c = Distance of the first row of anchors from the free edge
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4 Examples

4.1 Description of the design case, structural analysis

In the following, it is presented an example about the design of the connection between an existing concrete
slab and an overlay. We consider the case of a continuous beam with two equal spans.

}

V222 V22 P 22 P V2V RV VA R

A3 . C—
B
?RA ?RB ARc
- - - L -

Fig. 12: Static scheme of the beam for the design example

It is assumed that the value of the shear at the central and lateral supports are already available from
structural analysis:

V, = 79,9 kN

Vg = 133,1 kN

The geometry of the composite section made with the concrete overlay is the following:

Geometrical details:

Thickness of new slab (overlay) hy = [mm] 100
Thickness of existing slab he = [mm] 200
Net cover on top of existing slab Cs= [mm] 45
Effective depth of existing slab = [mm] 155
Width of the slab bj = [mm] 5000

It is assumed that the reinforcements in the existing slab are known while the presence of reinforcements in
the overlay is neglected. The reinforcements that are present at the bottom of the existing slab are ®16 with
spacing 250 mm while the top reinforcements are made with ®20 with the same spacing.

The concrete class is C20/25 for the existing slab and C25/30 for the overlay. The reinforcements are made
with steel B450C

From the analysis of the section at ultimate limit state, considering the stress block approximation for the
description of the concrete in compression and the elastic perfectly plastic constitutive model for steel, it is
possible to evaluate the ultimate bending moment resistance and the position of the neutral axis in the
section.

The steel areas on top and bottom of the existing slab are respectively:
Age_ = 7853,98 mm?
Age+ = 5026,55 mm?

Under the hypothesis of planarity of the sections and perfect bond concrete-steel, imposing the translational
equilibrium, it is possible to find the depth of the neutral axis X and the strains in the reinforcements.
Considering the case of positive bending moment resistance, we get:
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Neutral axis position and steel bars strains:

Positive bending moment

Depth of the neutral axis X= [mm] 75.5
Top steel strains €S nse = [%0] 0.32 Steel yielded in tension
Bottom steel strains €S pser = [%0] 0.83 Steel yielded in tension

These values have been obtained under the conservative hypothesis (for the interface shear verification) of
having the same class of concrete both for the overlay and for the existing slab. The class of concrete
considered was the higher one in order to maximize the longitudinal shear.

—— /.//////]//

\ TE_ \q; =20 mm i=250 mm

A, =7854 mm?2

AAAAA

A
hn-100 mm X=75.5 mmI

r

-
Ll 3

he=200 mm
A =b027mm? ®=16 mm
i=250 mm
/ TE+ / «—»
[ ] L ] ® [ ] ®

A ]

Fig. 13: Details of the beam for the design example

4.2 Data for design of the connection at external supports

After the preliminary definition of the quantities of interest, it is now possible to try to get the best solution for
the design problem related to the longitudinal shear connection of new and existing slab. First, it is
necessary to define the situation that we want to analyse. Since we consider that the compressed part of the
composite slab is in the upper portion of the structure, we chose the case of positive bending moment.

Then it is necessary to define the depth of the compressed part of the slab, as defined in the previous
computations X=75.5 mm. It was chosen to neglect the beneficial compression on the interface due to the
external load so gy = 0. As already stated the shearis V = 79,9 kN

The geometrical data describing the problem are:

Geometrical details:

Thickness of new slab (overlay) hy = [mm] 100
Thickness of existing slab he = [mm] 200
Slab width bj = [mm] 5000
Reinforcements diameter on top of the existing slab O = [mm] 20
Reinforcements spacing on top of the existing slab Ssex = [mm] 200
Embedment depth in the new slab Netn = [mm] 55

Furthermore, it is assumed not to have sufficient reinforcements in order to limit the crack width to 0.3 mm,
both in existing and new slab.

It is also necessary to define the state of concrete (cracked or un-cracked), the concrete class for both new
and existing slab and the properties of the interface. In this example:
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Concrete element properties:

Concrete state cracked
Existing slab concrete class C20/25
New slab concrete class C25/30
Surface treatment Very smooth

Than it is needed to define the parameters of our design: first of all the choice of the connector and of the
resin and then the geometrical parameters describing the positioning of the connectors:

type of connector HCC-B 14-180
type of resin HIT-RE 500-V3
Anchor spacing s= [mm] 300
Spacing between anchors close to the edge S1= [mm] 100
Anchors edge distance c= [mm] 100
Number of rows of anchors close to the edge r= [-1 3

Finally it is required the selection of the method to be used for carrying out the verification of the interface.
This method must be available for the chosen type of connectors and for the considered loading conditions.
In this example, it was chosen to use the FIB model.

From the choice of connector and of the resin, it is possible to find all the needed data from the
documentation of the product. These data are reported in the table below:

Data from the relevant documentation:

Hole diameter do = [mm] 16
Anchor diameter = [mm] 14
Anchor head diameter dn = [mm] 42
Anchorage cross section area As = [mm?] 83,00
Safety coefficient for concrete cone Yme = [] 15
Safety coefficient for splitting VMsp = [] 1.8
Safety coefficient for pull-out Ymp = [] 15
Safety coefficient for steel failure yms = [] 1.2
Steel resistance of the anchorage fuc = [MPa] 400,00
Design resistance of the anchor steel fya = [MPa] 333,33
Minimum existing slab thickness for splitting hmine = [mm] 157
Minimum new slab thickness for splitting hminn = [mm] 87
Critical spacing for splitting in new slab Scr,spN = [mm] 70
Critical edge distance for splitting in new slab CerspN = [mm] 70
Critical spacing for splitting in existing slab Scr,spE = [mm] 70
Critical edge distance for splitting in existing slab CerspE = [mm] 70
Bond strength in existing cracked concrete Te = [MPa] 8.50
Bond strength in new cracked concrete W™ = [MPa] 8.67
Bond strength in uncracked concrete C20/25 TRkuer = [MPa] 14.00
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4.3 Determination of longitudinal shear

In this case, since hy > X the compressed part of the slab is totally contained into the new slab. The

longitudinal shear is computed as:

vV  799kN

Vepi = = 02295m = 348,15 kN/m
With:
z=09d= 229,50 mm

4.4  Verification of connectors: central part, existing slab

The load carrying capacity of the connector is defined taking into account separately the geometry of the

(B2.55.1.2)

installation in the central part of the slab and in the external part close to the edge.

First, the central part of the slab is considered, taking into account that the tensile resistance of the

connector is the minimum one between the values obtained considering the anchorage in the existing and in

the new slab.

In the existing slab the connector is a post installed bonded anchor, the computation of the load carrying

capacity requires to consider different failure modes:

441 Steel failure

The steel failure resistance of the connector is taken directly from the values given in the relevant

documentation
Npis = 33,20 kN

From this, the design values is obtained as:

Npgs = Res _ 33200N _ 27,67 kN (EN1992-4 Table 7.1)

YMs 1,2

4.4.2 Combined concrete cone/pull-out verification

Ngkp = T d hepe Tpe = T 14mm * 125mm * 8,5MPa = 46,73 kN
Serp = 7.3 d \[Triuer = 7.3 * 14mm /14 MPa = 382.39 mm
Scrnp < 3 hep = 375 mm
Ser,Np = 375 mm
Corpp = M2 = 30T — 187.5 mm
A%,N = (Sernp) Sernp) = (375 mm)? = 140625 mm?
A,y = (min(s, scr,Np))z = (min(300 mm; 375 mm))? = 90000 mm?
Ysnp =07+ 03 CC:NP <1=  sincec=o 1
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(EN1992-4 5.6)

(EN1992-4 7.3.2)
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sincee, =0 1 (EN1992-4 7.12)

1

1420
Scr,Np

1pe‘c,Np =

Assuming conservatively n=8 for the maximum number of anchors:

1.5
wg,vaﬁ—(vz—l)(ﬂ) >1 =

k8 vV hef fck
_ mr14 mms8.5 MPa \1° _
=V8—(V8—1) (m) >1 = 1.079 (EN1992-4 7.8-7.9)
S 0.5 .
Yynp = d’g Np — Sernp (lpg.Np - 1) =21=
= 1.079 — (z:gﬂ) (1.079-1)>1= 1.008 (EN1992-4 7.7)
Yrenp = 0.5+ 2;{) <1= 1 (EN1992-4 7.11)

It is then possible to define the characteristic and the design resistances:

Ap N
NRkp NRkp Ag ll)sz ll)ng 1pecN;g lpreNp

90000 mm?

= 46,73 kN + My 1 41411 = 30.16 kN (EN1992-4 7.3)
140625 mm
Npqp = —Rkp _ 3016KN _ 20.10 kN (EN1992-4 Table 7.1)
’ YMp 1.5
4.4.3 Concrete cone breakout verification
Ngie = kg [fex haf = 7.7v20 MPa (125 mm)*S = 48,13 kN (EN1992-4 7.14)
Sery =3 hep =3 %125 mm = 375 mm (EN1992-4 7.14)
S 375 mm
Corn = C;N =— = 187,5 mm
Agy = (min(s, s.y))" = (min(300 mm; 375 mm))” = 90000 mm?
Ay = (Sern)(Sern) = B75 mm)? = 140625 mm? (EN1992-4 7.15)
Yy =07+03——<1 = 1 (EN1992-4 7.16)
Ccr,N
Yeenw = oo = 1 (EN1992-4 7.17)
Ser,N
Yren = 0.5+ 2;{) <1-= 1 (EN1992-4 7.11)
0 c¢,N
NRk,c = NRk,c AT lps,N lpec,N ¢re,N =
c,N
2
= 4813 kN * 0 1 41151 = 30.80 kN (EN1992-4 7.13)
140625 mm
Nig o = Rle _ 3090KN _ 20.53 kN (EN1992-4 Table 7.1)

YMc 1,5
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4.4.4 Splitting verification

The concrete is assumed to be cracked, so the splitting failure verification is not needed

445 Summary

The lowest resistance of the anchorage in the existing slab is associated to the steel failure Ng4 s =
27,67 kN

4.5 Verification of connectors: central part, new slab

It is now necessary to evaluate also the anchorage in the new slab. In this case, the connector can be seen
as a cast-in headed stud.

45.1 Pull-out verification

Ap =7 (df —d*) = 7 ((42mm)* — (14 mm)*) = 1231.54 mm?  (EN1992-4 7.2)

Nikp = k1 Ap fo = 7.5 * 1231.54 mm? * 25 MPa = 230,91 kN (EN1992-4 7.1)

Nigp = R 23091k _ 15394kN  (EN1992-4 Table 7.1)
i YMp 1.5

45.2 Concrete cone breakout verification

Ne = kg [fex hsf = 7.7V25 MPa (55 mm)*® = 18,15 kN (EN1992-4 7.14)
Sern =3 hef =3*55mm = 165 mm (EN1992-4 7.14)
s 165 mm
CorNn = C;N = T = 82,5 mm
Acy = (min(s, SCTVN))Z = (min(300 mm; 165 mm))2 = 27225 mm?
A%y = (Serw)(Sery) = (165 mm)? = 27225 mm? (EN1992-4 7.15)
Yoy = 0.7 +03- C <1 = 1 (EN1992-4 7.16)
cr,N
Veen = m;_n = 1 (EN1992-4 7.17)
Scr,N
Yren =05+2L <1 = 1 (EN1992-4 7.11)

_ N0 AcN _
NRk,c - NRk,c ASN lps,N lpec,N lpre,N -
C,

= 18,15 kN #2225 ™M™ L i 1w 11 = 18,15 kN (EN1992-4 7.13)

27225mm

NRikc _ 1815kN
! YMc 1,5

12,10 kN (EN1992-4 Table 7.1)

4.5.3 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.
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454 Summary

The lower resistance of the anchorage in the new slab is related to the concrete cone breakout, this value is
also smaller than the minimum one coming from the verification of the connection with the existing slab. In
conclusion, we can consider that the failure mode of the connector is associated to concrete cone breakout
in the new slab and the tension design resistance is Nz; . = 12,10 kN

4.6  Verification of connectors: lateral part, existing slab

A similar procedure is than followed for the verification of the connectors of the external rows, close to the
edges of the concrete slab. Only the parameters that differs from the ones computed for the central part
need to be recomputed. In this case the verification is carried out considering a strip of anchors
perpendicular to the free edge of the slab. We start considering the existing slab:

4.6.1 Steel failure

Since the connectors are assumed to be the same both for lateral and central part of the plate the steel
failure resistance is obviously the same

4.6.2 Combined concrete cone/pull-out verification

First, it is needed to define the spacing of the anchors. We compute the width of the lateral strip subjected to
higher shrinkage stresses as:

L= {3 hy rough surfaces
e |6hy smooth surfaces

For this example:

l, =6%100mm = 600mm (B2.5,3.3.1)

_ 2(le=c) __ 2(600 mm—-100 mm) __
T o2r-1 2+3-1 -

S, 200 mm

Then it is possible to define the idealized failure area:

. . . N S .
Apy = {mln(c, Cernp) + (r = 1) min(sy, Sernp) + mln( ";V” ,;2)} * min(s;, Serp)

Apy = {min(100;187,5) + (3 — 1) min(200;375) + min (=2, 22)} + min(100; 375)
= 60000 mm?
c 100 mm
Yonp = 0.7+ 0.3 P <1 =07403—"= 0.86 (EN1992-4 7.10)
Yeenp = e = (since e, =0) 1 (EN1992-4 7.12)
Scr,Np

We can now define the characteristic and the design resistances:

_ no  ApN _
NRk,p - NRk,p AgN ws,Np wg,Np ¢ec,Np ¢re,Np -

2
= 46,73 N + SO+ 086 1+ 11 = 17,29 kN (EN1992-4 7.3)
Neap = i = 55 = 11,52 kN (EN1992-4 Table 7.1)

YMp 1.5
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4.6.3 Concrete cone breakout verification

Acy = {mm(c cearn) + (r = 1) min(sy, s¢ry ) + min (S"N ,522)} «min(sy, Sery)

Ay = {mm(100 187,5) + (3 — 1) min(200; 375) + min (375 200)} + min(100; 375)
= 60000 mm?
Yoy = 07+03%< 1 = 0,86 (EN1992-4 7.16)
Yeew = o 1 (EN1992-4 7.17)
1+ Scr,N
A
NRk,c = ngk,c ﬁ I/)S,N lpec,N d)re,N =
60000 mm?
= 48,13 kN + 200 MM, g 86«11+ 1= 17,66 kN (EN1992-4 7.13)
140625 mm
Niq o = “Rle _ 17.00KN _ 11,77 kN (EN1992-4 Table7.1)

YMc 15

4.6.4 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.

46.5 Summary

The lower resistance of the anchorage to the existing slab is associated to the combined pull-out/concrete

cone failure. Ngq,, = 11,52 kN.

4.7  Verification of connectors: lateral part, new slab

It is now necessary to evaluate also the anchorage in the new slab. In this case, the connector can be seen

as a cast in headed stud

47.1 Pull-out verification

The verification for pull-out of a cast in headed stud is referred to the single anchor, so in this case the

resistance is the same as in the central part of the slab.

4.7.2 Concrete cone breakout verification

Acy = {mm(c Cer N) +(r—-1) mln(sz,scr N) + min (S”N ,522)} * mln(sl,scr,v)

Ay = {mm(100 82,5) + (3 — 1) min(200; 165) + min (15 Zzﬂ)} + min(100; 165)

= 49500 mm?
Yon =07 +03 200 < 1 1 (EN1992-4 7.16)
Yeen = oo = 1 (EN1992-4 7.17)

Scr,N

AcN
Nch = Nch A(C) ws,N wec,N l;bre,N =
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=1815kN * ———=x1x1x1x1= 33,00 kN (EN1992-4 7.13)

27225mm

NRkc _ 33,00 kN
! YMc 15

22,00 kN (EN1992-4 Table7.1)

4.7.3 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.

4.7.4 Summary

The resistance of the connectors placed close to the edges is governed by the combined concrete cone/pull-
out failure in the existing slab. The ultimate resistance is Ngq, = 11,52 kN

The following tables summarize the resistance of the connectors:

Design resistance, central part of the slab

Steel failure resistance Npgs = 27,67 kN

Existing slab

Combined concrete cone/pull-out resistance Ngpqp, = 20,10 kN
Concrete cone breakout resistance Nga. = 20,53 kN
New slab

Pull-out resistance Npqp, = 153,94 kN
Concrete cone breakout resistance Npa. = 12,10 kN

Failure mode: Concrete cone breakout in the new slab

Resistance: N,; = 12,10 kN

Design resistance, lateral part of the slab

Steel failure resistance Npas = 27,67 kN

Existing slab

Combined concrete cone/pull-out resistance Npqp, = 11,53 kN
Concrete cone breakout resistance Npa. = 11,77 kN
New slab

Pull-out resistance Npqp = 153,94 kN
Concrete cone breakout resistance Npqac = 22,00 kN

Failure mode: Combined concrete cone/pull-out in the existing slab

Resistance: N,; = 11,53 kN
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4.8 Verification of the interface in the central part of the slab

The method of verification chosen for this example is the one proposed by FIB in model code 2010.
First, it is computed the longitudinal shear resistance of the interface without shear connectors:
URD,ct = (Ca fctd + He Jn) bj < (0-5 Ve fcd)bj

= (0,025 * min(1.20 MPa; 1,03 MPa) + 0.5 * 0) * 5000 mm
< (0.5 % 0,55 * min(13,3 MPa; 16,7 MPa)) * 5000 mm

= 128,94 (MC 2010, 7.3-50)
Since:

kN kN
VEp,i = 348;15 F = VRD,ct = 12894;

The shear connectors are needed in the central part of the slab. The resistance of the interface is
recomputed taking into account the presence of the connectors. The geometry considered for the connectors
installation is the one already defined (see section 4.2).

From the verification of the connectors in the central part of the slab we have Nz, . = 12,10 kN

Ny 1210kN _ 46 1P
CTA_AS_83mm2_ “
_As_ _S3mm? 0,0912 %
P=5z™ (300 mm)? ’ 0

It is now possible to use the formula for the computation of the interface shear resistance according to FIB:

1
Vrp = (Cr fcsk + pe 0y + p umin(oy , klefyd) + ke p Y. fyd fea )bj < (18(.‘ 14 fcd)bj

1 1
= (0 * min(20MPa; 25MPa)3 + 0.5 * 0 + * 0.5 * min(146 MPa; 0 *333,3 MPa) + 1.5

100
0.091
100 \/333,3 MPa * min(13,3MPa; 16,7MPa) ) * 5000 mm

< (0,3 * 0,55 * min(13,3MPa; 16,7MPa)) * 5000 mm

*

- 460.53 = (MC 2010, 7.3-51)

In this case vgp; = 348,15 %N < Vgzp = 460.53 kN/m so the selected design option for the shear connection
can be effectively used.

4.9 Verification of the connection close to the edges

It is necessary to define the actions on the interface close to the edge. In this position the most relevant
source of longitudinal shear load is the effect of shrinkage. It is assumed as maximum shear due to
shrinkage a force equal to the cracking force in the new slab. This assumption is conservative since the
design of the interface for this force is equivalent to impose that the connection cannot experience shear
failure since for higher actions the cracking happens before reaching the shear resistance.
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2

feters = form = 033 = 0.3 255 = 2.6 MPa (MC 2010,7.2.3.1.1)
I, = 6hy = 600 mm (B2.5, 3.3.1)
F =hy bj k feery =100 mm + 5000 mm * 0,8 * 2,6 Mpa = 1026 &N (B2.5, 3.3.1)
Vg = Foy = 1026 &N (B2.5, 3.3.1)
Voy = ¥ =28 1709.98 kN/m (B2.5,3.3.1)

Considering the rotational equilibrium of the end portion of the upper slab close to the edge, it is possible to
approximate conservatively the tension load acting on the connectors as:

Npoq = 20 = 12080 = 171.00 kN (B2.5, 3.3.1)

T 6 6

As in the previous computations, also in this case the longitudinal shear resistance of the interface without
connectors is considered:

Vgp = 1709.98 "X > vpp o = 128,94
So the shear connectors are needed also to sustain the shear at the edges.
In this case Ngq, = 11,52 kN:

_ Npg _ 1152kN _ 46.29 MPa

T Asr  83mm2x3

Oy

AsT 83 mm?+3
= S == 0;42 %
le 51 600 mmx*100 mm

1
Vrp = <Cr f:;( + uoy + PUe min(JA rklefyd) + kZe p Y, fyd fcd )bj < (ﬁc Ve fcd)
1 0.42
= (0 * min(20MPa; 25MPa)3 + 0.5 %0 + 100

0.42
100 \/333,3 MPa * min(13,3MPa;16,7MPa) ) * 5000 mm

< (0,3 # 0,55 * min(13,3MPa; 16,7MPa)) = 5000 mm

* 0.5 * min(37,13 MPa; 0*333,3 MPa) + 1.5

*

= 2072.40 kN/m  (MC 2010, 7.3-51)

In this case vgp, = 1709.98 % < vgp = 2072.40 kN/m so the connection is verified for shear.

At the edges, also the tensile resistance of the connectors must be considered:

Nigp = Neg 2= 11,52 kN » S5 = 576.33 kN

100 mm

Since Npoq = 171.00 kN < Ny zp = 576.33 kN the connection is verified also for tension
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The obtained results are reported in the figure below:
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Fig. 14: Layout of the connectors (measurements in millimetres)

4.10 Verification of the connection for a rough interface

It is now of interest the design of a connection similar to the one already designed in the previous
paragraphs but, in this case, assuming a very rough surface. The verifications are still carried out according
to FIB Model Code 2010. All the data used in the computations remains the same as for the previous design.

As already done, first it is computed the longitudinal shear resistance of the interface without shear
connectors:

URD,ct = (Ca fctd + Ue Gn) bj < (0-5 Ve fcd)bj

(0,5 * min(1.20 MPa; 1,03 MPa) + 0.8 x 0) * 5000 mm
< (0.5 % 0,55 * min(13,3 MPa; 16,7 MPa)) * 5000 mm

= 2578,8 = (MC 2010, 7.3-50)
Since:
kN kN
Vgp,i = 348,15 m < Vppct = 2578.8 g

It is possible to avoid the installation of the connectors in the central part of the plate. Even if they are not
needed for static reasons, it is recommended to insert at least two connectors for square meter, for
constructive reasons.

Close to the edges of the concrete slab the connectors are always needed since it is hecessary to sustain
the tension normal to the interface, coming from the effect of the restrained shrinkage of the new layer of
concrete
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It was chosen for the design of the connectors close to the edge to make reference to a configuration with
only one row of edge anchors with spacing s; = 300 mm. For the distance from the edge c it was chosen the

maximum one allowed, equal to 150 mm.

Also in this case it is necessary to define the actions on the interface:

Vog = Fop = 1026 kN (B2.5,3.3.1)

l, =3hy = 300 mm (B2.5,3.3.1)
Ve 1026 kN

Vg = Td = oo = 3419.95 kN/m (B2.5, 3.3.1)

It is possible to approximate conservatively the tension load acting on the connectors as:

Npeg =2 =220 = 171.00 kN (B2.5,3.3.1)

As in the previous computations, also in this case the longitudinal shear resistance of the interface without
connectors is considered:

Vgp = 3419.95 1> vpp o = 2578.8 =
So the shear connectors are needed to sustain the shear at the edges.
In this case Nggy = 12.10 kN:

_ Npg _ 1210kN 145.79 MPa

T Agr  83mm2x3

Oy

AsT 83 mm?+1
=5 = 0,09 %
le 51 300 mm*300 mm

1
Vrp = (Cr CSk + teTy + pu min(oy rklefyd) + kae p \/fyd fea )bj < (.Bc Ve fcd)

1 0.09
(0.2 * min(20MPa; 25MPa)3 + 0.8 % 0 + 100

0.09
* 100 \/333,3 MPa * min(13,3MPa; 16,7MPa) ) * 5000 mm

< (0,5 % 0,55 * min(13,3MPa; 16,7MPa)) * 5000 mm
= 3528.55 kN/m (MC 2010, 7.3-51)

* 0.8 * min(37,13 MPa; 0.5 * 333,3 MPa) + 0.9

In this case, vgp = 3419.95 %N < vgp = 3528.55 kN/m so the connection is verified for shear.

At the edges, the tensile resistance of the connectors must be considered:

300 mm

Nrgp = Neg 2= 1210 kN » S350 = 201.68 kN

Since Nroq = 171.00 kN < Ny pp = 201.68 kN the connection is verified also for tension
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The obtained results are reported in the figure below:
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Fig. 15: Layout of the connectors (measurements in millimetres)

4.11 Alternative design solution using the Hilti method

In the following, an alternative solution is proposed based on the use of hooked rebar connectors verified by
means of the Hilti method for interface verification. The design problem considered is the same as the one
solved in the previous part, considering a very smooth interface between the existing concrete and the

concrete overlay.

The data regarding this new design solution are reported below:

type of connector

Rebar ®10

type of resin

HIT-RE 500-V3

Anchor spacing s= [mm] 300
Spacing between anchors close to the edge S1= [mm] 120
Anchors edge distance c= [mm] 100
Number of rows of anchors close to the edge r= [-] 3

Embedment depth in the new slab hetn = [mm] 60
Length of the connector L= [mm] 120

From the choice of connector and of the resin, it is possible to find all the needed data from the
documentation of the product. These data are displayed in the table below:
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Data from the relevant documentation:

Hole diameter do = [mm] 12
Anchor diameter d= [mm] 10
Anchorage cross section area As = [mm?] 78,54
Safety coefficient for concrete cone YMc = [-] 1.5
Safety coefficient for splitting YMsp = [-] 15
Safety coefficient for pull-out Ymp = [-] 15
Safety coefficient for steel failure yms = [-] 1.4
Steel resistance of the anchorage fuk = [MPa] 540,00
Design resistance of the anchor steel fya = [MPa] 357,14
Minimum existing slab thickness for splitting hmine = [mm] 90
Minimum new slab thickness for splitting hminn = [mm] 90
Critical spacing for splitting in new slab Scr,spN = [mm] 192
Critical edge distance for splitting in new slab CerspN = [mm] 96
Bond strength in existing cracked concrete Te = [MPa] 8.50
Bond strength in new cracked concrete W™ = [MPa] 8.67
Bond strength in uncracked concrete C20/25 TRkucr = [MPa] 14.00

4.12 Verification of connectors: central part, existing slab

As already computed, the longitudinal shear is: 348,15 kN/m

The load carrying capacity of the connector is defined taking into account separately the geometry of the
installation in the central part of the slab and in the external part close to the edge.

First, the central part of the slab is considered, taking into account that the tensile resistance of the
connector is the minimum one between the values obtained considering the anchorage in the existing and in
the new slab.

In the existing slab the connector is a post installed bonded anchor, the computation of the load carrying
capacity requires to consider different failure modes:

4.12.1 Steel failure:

The steel failure resistance of the connector is taken directly from the values given in the relevant
documentation

NRk,S = 43,00 kN

From this, the design values is obtained as:

NRps _ 43,00 kN
! YMs 14

30,71 kN (EN1992-4 Table 7.1)

4.12.2 Combined concrete cone/pull-out verification

N,?k'p =md hefe Tk = ™ 10mm * 60mm * 8,5MPa = 16,02 kN (EN1992-4 7.3.1)
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Sernp = 7-3 d \[Trguer = 7.3 % 10mm V14 MPa = 273,14 mm
Servp < 3 hep = 180 mm
ScrNp = 180 mm
Cernp = Scr% = 180# = 90 mm
AS,N = (Sernp) (Sernp) = (180 mm)? = 32400 mm?
A,y = (min(s, srnp))° = (Min(300 mm; 180 mm))? = 32400 mm?
Ysnp =07+ 03 CC:Np <1= sincec= o 1

Yeenp = ﬁ since e, =0 1

Scr,Np

Assuming conservatively n=8 for the maximum number of anchors:

d 1.5
Yoy =\/ﬁ—(\/ﬁ—1)<ksni %) z1l=

m*10 mm+8.5 MPa \ 15
= V8- (\/§ - 1) (7.7 V60 mm*ZOMPa) 21= 1
s \%8
Ygnp = l»bs(i).Np - (S . ) (’pgo.Np - 1) 21=
cr,Np
300mm) 05
=1.00 — (180mm) 1-1)>1= 1
he
Yrenp =05+ <1 = 1

It is then possible to define the characteristic and the design resistances:

Npp, = NO, v Vsny Vono ¥ Drony =
Rk,p Rk,p s,Np g,Np ec,Np re,Np

AS
2
16,02 kN # S220M 4 1 4 1% 1% 1 = 16,02 kN
32400 mm
_ NRkp _ 1602kN _
Neap = e = 20200 = 10,68 kN

4.12.3 Concrete cone breakout verification

Nk = kg /fex h3f = 7.7320 MPa (60 mm)*S = 16,00 kN
Sern =3 hep =3 x60mm = 180 mm
CorN = SC;'N = 180# = 90 mm
Acn = (min(s, scr,N))Z = (min(300 mm; 180 mm))2 = 32400 mm?
A2y = (Sern) (Sery) = (180 mm)? = 32400 mm?
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(EN1992-4 7.5)

(EN1992-4 5.6)

(EN1992-4 7.3.2)

(EN1992-4 7.10)

(EN1992-4 7.12)

(EN1992-4 7.8-7.9)

(EN1992-4 7.7)

(EN1992-4 7.11)

(EN1992-4 7.3)

(EN1992-4 Table 7.1)

(EN1992-4 7.14)

(EN1992-4 7.14)

(EN1992-4 7.15)
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Yoy =07+03-"—<1 = 1 (EN1992-4 7.16)
Cer,N
Veew = oo = 1 (EN1992-4 7.17)
Scr,N
Yren = 0.5 + L <L <1 = 1 (EN1992-4 7.11)
NRkt::Nch Ao wsN ¢ecN I»breN_
c,N
32400 mm?

= 16,00 kN * 2y 41+ 1% 1 = 16,00 kN (EN1992-4 7.13)

Niq o = ~Rle _ 1600kN _ 10,67 kN (EN1992-4 Table 7.1)

YMc 15

4.12.4 Splitting verification

The concrete is assumed to be cracked, so the splitting failure verification is not needed

4.12.5 Summary

The lowest resistance of the anchorage in the existing slab is associated to concrete cone breakout. Nz . =
10,67 kN

4.13 Verification of connectors: central part, new slab
It is now necessary to evaluate also the anchorage in the new slab. In this case, the connector is a cast-in

hooked rebar.

4.13.1 Pull-out verification

ep = min(max(hef‘n —d,3d), 4,5d) = 45 mm (ACI code)

Ngrp = 0,9 fexen d = 10,13 kN (ACI code)

Npap = 2hp = 100300 6,75 kN (EN1992-4 Table 7.1)
YMc 1,5

4.13.2 Concrete cone breakout verification
Nie = kg [fex hsf = 7.7 V25 MPa (60 mm)*S = 20,68 kN (EN1992-4 7.14)
Sery = 3 hep = 3 %60 mm = 180 mm (EN1992-4 7.14)
Sern  180mm

CorN = C; T 90 mm

Agy = (min(s, s.y))" = (min(300 mm; 180 mm))” = 32400 mm?

A%y = (Sern)(Sery) = (180 mm)? = 32400 mm? (EN1992-4 7.15)

Yoy = 0.7+ 0.3 <1 = 1 (EN1992-4 7.16)

Cer,N
Yeew = e = 1 (EN1992-4 7.17)
Scr,N
Yrew =05+-2L <1 = 1 (EN1992-4 7.11)
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_ N0 AcN _
NRk,c - NRk,c A(C)N lps,N lpec,N w‘re,N -
c,

2
= 20,68 kN % 0\ 4 41 %1% 1= 20,68 kN (EN1992-4 7.13)

32400 mm

Npie _ 20,68 kN
! YMc 1,5

13,79 kN (EN1992-4 Table 7.1)

4.13.3 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.

4.13.4 Summary

The lower resistance of the anchorage in the new slab is related to the pull-out, this value is also smaller
than the minimum one coming from the verification of the connection with the existing slab. In conclusion, we
can consider that the failure mode of the connector is associated to pull-out in the new slab and the tension
design resistance is Npq . = 6,75 kN

4.14 Verification of connectors: lateral part, existing slab

A similar procedure is than followed for the verification of the connectors of the external rows, close to the
edges of the concrete slab. Only the parameters that differs from the ones computed for the central part
need to be recomputed. In this case the verification is carried out considering a strip of anchors
perpendicular to the free edge of the slab. We start considering the existing slab:

4.14.1 Steel failure

Since the connectors are assumed to be the same both for lateral and central part of the plate the steel
failure resistance is obviously the same

4.14.2 Combined concrete cone/pull-out verification

First, it is needed to define the spacing of the anchors. We compute the width of the lateral strip subjected to
higher shrinkage stresses as:

L= {3 hy rough surfaces
e |6hy smooth surfaces

For this example:

l, =6%100mm = 600mm (B2.5,3.3.1)
52 — 2(lg—c) — 2(600 mm—100 mm) — 200 mm
2r—1 2#3-1

Then it is possible to define the idealized failure area:

. . . N S .
Ap,N = {m]n(c’ Ccr,Np) + (T‘ — 1) mln(sz,scr,Np) + min (%Np ,;2)} * mll’l(sp Scr,Np)

Ay = {min(100; 90) + (3 — 1) min(200; 180) + min (% %)} + min(120; 180)
= 64800 mm?
_ c _ 100 mm _
Yoy = 07 +03 - <1=07+03000 <1 = 1 (EN1992-4 7.10)
Yecnp = e = (since e, = 0) 1 (EN1992-4 7.12)
Scr,Np
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We can now define the characteristic and the design resistances:

Ap N

— nNO —
NRk,p - NRk,p AON 1ps,Np 1pg,Np 1pec,Np 1pre,Np -
D,

2
= 16,02 kN * 220, 4 414 1%1= 32,04 kN (EN1992-4 7.3)

32400 mm

NRkp _ 32,04kN _
YMp 1.5

Ngap =

21,36 kN (EN1992-4 Table 7.1)

4.14.3 Concrete cone breakout verification

Aoy = {min(c, ) + (r — 1) min(sy, s¢ry ) + min (SC;'N ; 5;2)} «min(sy, Ser )

180 , 200

Ay = {min(loo; 90) + (3 — 1) min(200; 180) + min (T'T)} + min(120; 180)

= 64800 mm?
oy =07+03°<1= 1 (EN1992-4 7.16)
Yeen = oo = 1 (EN1992-4 7.17)
Scr,N
A
NRk,C = NI(?)k,(: A()_N 1ps,N 1pec,N l»bre,N =
c,N
= 16,00 kN + 2200 L 4 i1 w11 = 32,00 kN (EN1992-4 7.13)
32400 mm
Niq o = “Rhe _ 3200KN _ 21,34 kN (EN1992-4 Table7.1)

YMc 1,5

4.14.4 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.
4.14.5 Summary
The lower resistance of the anchorage to the existing slab is associated to the concrete cone breakout

failure. It is now necessary to evaluate also the anchorage in the new slab. In this case the connector can be
seen as a cast in hooked rebar.

4.15 Verification of connectors: lateral part, new slab
4.15.1 Pull-out verification

The verification for pull-out of a cast in headed stud is referred to the single anchor, so in this case the
resistance is the same as in the central part of the slab.

4.15.2 Concrete cone breakout verification

. . . N S .
Acy = {mln(c, CCT_N) +(r—-1) mln(sz,scr,,v) + min (%N ,;2)} * mm(sl,scr_,\,)
180 200
2 2

Ay = {min(100; 90) + (3 — 1) min(200; 180) + min( )} + min(120; 180)

= 64800 mm?
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100 mm

Ysn =07+0377""<1 1 (EN1992-4 7.16)
Yeew = e = 1 (EN1992-4 7.17)
Scr,N
Ac,
Ngg,e = NI(?)k,c ﬁ Ysn Yeen Yren =
2
= 20,68 kN * 220, 1 4 1x1%1 = 41,36 kN (EN1992-4 7.13)
32400 mm
Niq o = ~Rle _ 2L30KN _ 27,58 kN (EN1992-4 Table7.1)

YMc 15

4.15.3 Splitting verification

Since the concrete is assumed to be cracked, the splitting failure verification is not needed.

4.15.4 Summary

The resistance of the connectors placed close to the edges is governed by the pull-out failure in the new
slab. The ultimate resistance is Npq, = 20,25 kN

4.16 Verification of the interface in the central part of the slab

The method of verification chosen for this example is the Hilti method (also known as Palieraki method).

First, it is computed the longitudinal shear resistance of the interface without shear connectors: in this case,
since the external stress acting normal to the interface can be assumed equal to zero, the shear resistance
without connectors, according to Hilti method is null.

kN

VRa,ct = Hn On bj < Be Vi fea by = 0 P

The shear connectors are needed in the central part of the slab. The resistance of the interface is
recomputed taking into account the presence of the connectors. The geometry considered for the connectors
installation is the one already defined (see section 4.11).

From the verification of the connectors in the central part of the slab we have Ng,,, = 6,75 kN

N.g  6,75kN
Ag 78,54 mm?

o4 = = 85,94 MPa

_Ag 7854 mm? 3 009 %
P=5z™ (300 mm)? I

It is now possible to use the formula for the computation of the interface shear resistance according to Hilti
method:

VRa = {#h (Un + p min( Oa,K1n Us) + Kan P \/fyd fcd }bj < Bc Vh fcd bj

Where we assume, considering the selected surface condition (Very smooth) and the type of loading (static
monotonic):

ki, = 0,2

kyy, = 0,5
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3 2 3 2
fed 13,3 MPa
=03 ( - ) =03 (—) = 8,16
\) i +on o0 0s +O

0,09 85,94 MPa
VRa = {8,16 * <0 + mmln (85,94 MPG.; 0,2 * T)) + 0.5

0,09
* 100 \/357,14 MPa * min(13,3MPa; 16,7MPa)} * 5000 mm

< (0,3 * 0,55 * min(13,3MPa; 16,7MPa)) * 5000 mm

= 91539 X
m

In this case vgp; = 348,15 %N < Vgzp = 915,39 kN/m so the selected design option for the shear connection
can be effectively used.

4.17 Verification of the connection close to the edges

It is necessary to define the actions on the interface close to the edge. As for the previous example:

= Ved _ 1709.98 kN/m (B2.5,3.3.1)

Vea = L

Nreq = = 171.00 kN (B2.5, 3.3.1)

As in the previous computations, also in this case the longitudinal shear resistance of the interface without
connectors is null.

So the shear connectors are needed also to sustain the shear at the edges. In this case Ngq, = 20,25 kN:

N 20,25 kN
o=t = 85,94 MPa
rAg 3%78,54 mm

AsT 78,54 mm?+3
=50 = = 0,33 %
le 51 600 mm#*120 mm

p

VRa = {#h (Un + p min( Oa,K1n 0-3) + Kan P \/fyd fcd }bj < Bc Vh fcd bj
kl = 0,2
kz = 0,5

3 2 3 2
= Sea | _ _133MPa_ ) _
=03 | (i) =03 () 3

= {3 38 (0 —0’33 i (85 94 M 0,2 —85'9 M )) 0.5
= * . *
VRd , + 100 min ,94 MPa; 0, 08 +0.

0,33
* 100 \/357,14- MPa * min(13,3MPa; 16,7MPa)} * 5000 mm

< (0,3 # 0,55 * min(13,3MPa; 16,7MPa)) * 5000 mm

= 1752,42 XX
m

In this case vy, = 1709.98 %N <vgp = 1752,42%\' so the connection is verified for shear.
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At the edges, also the tensile resistance of the connectors must be considered:

Nrgp = Neg 2= 20,25 kN « S50 = 843,75 kN

Since Nroq = 171.00 kN < Nrpp = 843,75 kN the connection is verified also for tension

The obtained results are reported in the figure below:

e o o 150
100 200|200 * ¢ * *
e o o 300
) 600 || & = - N
5000 ¢ & o Ala
e & o ¢ ® ® ®
150|, 300 |
e o o T
1120 [ °® ® ®
® ®
+

.—.—A—.i'—..—..—&

200 600
I —0—0—0—0@ —0—@
200, 120
@ ‘l.—. ® o — 0 @

Fig. 16: Layout of the connectors (measurements in millimetres)
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5 Notations

Design and characteristic resistances:

fck

fyk
fcd

fyd
fctd
fct,eff

fuk

Safety coefficients:

YMc
YMsp
Ymp

Yms

Ye
Vs

Stresses:

GOn

OA

Os
Atgg
TEd,max

TRd
Te

Tn

TRk, ucr

Forces:

Fer

NRd,s
NRd,cp
NRd,sp
NRd,c
NRd,p

minimum value of concrete compressive strength of the two concrete layers,
measured on cylinders

characteristic yield strength of the shear connector

minimum value of concrete design compressive strength of the two concrete layers,
measured on cylinders

design yield strength of the shear connector

design tension resistance of concrete

tensile strength of overlay effective at the time when the cracks may first be expected
to occur as per [1], Section 7.3.2 (for general cases: fctefft = 3 N/mm?)

ultimate characteristic steel resistance of the anchorage

safety coefficient for concrete cone
safety coefficient for splitting

safety coefficient for pull-out
safety coefficient for steel failure
safety factor for concrete; 1,50 as given in EN 1992-4 for strengthening of existing

structures
safety factor for steel; 1,15 as given in EN 1992-4 for supplementary reinforcement

lowest expected compressive stress resulting from an eventual normal force acting on
the interface (compression has a positive sign)

steel stress associated to the relevant failure mode, (see section 3.14)

effective steel stress in the connector

shear stress acting as fatigue relevant loading

upper shear stress acting as fatigue relevant loading

resisting shear stress

bond strength in existing concrete

bond strength in new concrete

bond strength in non-cracked concrete C20/25

cracking force for the overlay

steel failure resistance of the connector

combined concrete cone failure/pull-out resistance of the connector
splitting failure resistance of the connector

concrete cone failure resistance of the connector

pull-out failure resistance of the connector

shear acting on the considered section

acting longitudinal shear

resisting longitudinal shear
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Deformations, displacements and strains:

Weyy
Wcalc
Sd

€S pse-
€s Ase+

hmin E
hmin N
Scr,spN
Ccr,spN
Scr,spE
Cer,spE
SS.EX

¢SX
Cs

additional deformation calculated for the reinforced section considering the
elasticity of the shear connectors

additional deformation calculated for the reinforced section assuming a
perfect bond

displacement of connectors under the mean permanently acting load

Fp = 05 Fuk

top steel strains [%]

bottom steel strains  [%)]

area of the reinforcements in the new slab

area of the reinforcements on top of the existing slab
effective steel area of the anchor

area of the anchor head

width of the interface of the composed section

depth of the compressed part of the composite slab
internal lever harm of the composite slab

effective depth of the slab, positive bending moment
effective depth of the slab, negative bending moment
width of the lateral strip considered as subjected to the highest shrinkage forces
thickness of the overlay

thickness of the existing slab

embedment depth in the existing slab

embedment depth in the overlay

length of shear connector

drill bit diameter

anchor stud diameter

anchor head diameter

anchor edge distance

central anchors spacing

anchor rows spacing at the edges

anchor in-row spacing at the edges

minimum existing slab thickness for splitting

minimum new slab thickness for splitting

critical spacing for splitting in new slab

critical edge distance for splitting in new slab

critical spacing for splitting in existing slab

critical edge distance for splitting in existing slab
reinforcements spacing on top of the existing slab
depth of the neutral axis

reinforcements diameter on top of the existing slab
Net cover
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Coefficients and ratios:

Cr
Me
K1e
K2e
Olk1
Olk2

Be
Mn
Kih
K2h
Vh

MNsc

Pmin

coefficient for adhesive bond resistance in a reinforced interface

friction coefficient according to Eota Method

interaction coefficient for tensile force activated in the shear connector
interaction coefficient for flexural resistance in the shear connector
modification factor for material properties of the connector

modification factor for geometry of the connector

reinforcement ratio of the steel of the shear connector crossing the interface
coefficient for reduction of concrete strength

coefficient for the strength of the compression strut

friction coefficient according to Hilti method

contribution factor for the friction mechanism

contribution factor for the dowel mechanism

effectiveness factor for the concrete according to fib MC2010, Eq. (7.3-51)
coefficient to allow for non-uniform self-equilibrating stresses = 0.8 for hn=30 cm
factor for fatigue loading

factor for displacements

number of the lateral rows of anchors

minimum reinforcement ratio for the interface
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