WURTH s GROUP

RETROFITTING SYSTEM FOR IMPROVING THE
PUNCHING SHEAR AND SHEAR CAPACITY OF
REINFORCED CONCRETE ELEMENTS

The RELAST system
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STRENGTHENING WITH THE RELAST SYSTEM?

*  Shear resistance of existing reinforced concrete *  Punching shear resistance of existing reinforced
(RC) elements. concrete (RC) elements.
e Beam * Flatslab
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STRENGTHENING WITH THE RELAST SYSTEM?

* Shear resistance of existing reinforced concrete *  Punching shear resistance of existing reinforced
(RC) elements. concrete (RC) elements.
e Beam * Flatslab
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WURTH s GROUP

STRENGTHENING WITH THE RELAST SYSTEM?

*  Shear resistance of existing reinforced concrete *  Punching shear resistance of existing reinforced
(RC) elements. concrete (RC) elements.
*  Beam without shear reinforcement *  Flat slab without punching shear reinforcement
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WURTH s GROUP

STRENGTHENING WITH THE RELAST SYSTEM?

*  Shear resistance of existing reinforced concrete *  Punching shear resistance of existing reinforced
(RC) elements. concrete (RC) elements.
e Beam with *  Flat slab with
shear reinforcement punching shear

reinforcement
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*  up-to 100% against “without shear reinforcement” +  up-to 40% against “without shear reinforcement”
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THE RELAST SYSTEM? THE COMPONENTS.

Metric Hex Nut
Wedge lock WOSN Fast curing Injectable Mortar

\

/ Metric stud

Pressure washer

N

Concrete screw anchor with
concrete tapping thread
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THE RELAST SYSTEM? LOAD TRANSFER

BONDED CONCRETE SCREW ANCHOR

G |
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DESIGNING EQUIVALENTTO EN1992-1-1

*  Shear resistance of existing reinforced concrete *  Punching shear resistance of existing reinforced
(RC) elements: concrete (RC) elements:
Beam reinforcement. Flat slab reinforcement.

>  DESIGN CODE: EN1992-1-1, SECTION 6.2 Shear >  DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching
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HOW DO YOU DESIGN THE SHEAR RESISTANCE?

* Shear resistance of existing reinforced concrete
(RC) elements:

WURTH s GROUP

Beam reinforcement.
>  DESIGN CODE: EN1992-1-1, SECTION 6.2 Shear
o Strut-Tie model: Verification of compression chord compression strut
. V(cot &- cot
. Compression strut Ved = VRde, max 7 Z e o Sl
. . Yoz N M
. Tension tie Ved < Vg d ‘ - z=09d ’H
i v Yoz 4
| i X !
\ s ! -

YYYYYYYYVYVYVYYYYYYYVY shear teinforcement

A A

tension chord EN1992-1-1; Figure 6.5
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HOW DO YOU DESIGN THE IMPORVEMENT OF SHEAR ~ WUR™" & GROUP
RESISTANCE WITH RELAST?

* Shear resistance of existing reinforced concrete o 0=45°

(RC) elements: * a=90° (Drilling perpendicular to surface)

Beam RELAST improved resistance. *  Resistance of tension tie

>  DESIGN CODE: EN1992-1-1, SECTION 6.2 Shear VRas = Gsw * Z* fywaer

e Strut-Tie model: Verification of *  Modification in regards to

. Compression strut Ved = Vide, max . Material parameter of screw anchor.

i Tension fie Ved = Veds i Minimum and maximum spacing requirements.
>  APPROVAL: *  Embedment position of screw anchor.

> Modification factors allowing an equivalent design.
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HOW DO YOU DESIGN THE IMPORVEMENT OF SHEAR  ‘VUR™H w GROUP
RESISTANCE WITH RELAST?

e 0=45°
a =90° (Drilling perpendicular to surface)
*  Resistance of tension tie

*  Sufficient anchorage

VRd,s =Asy " Z - fywd,ef ﬁ : S | ‘

* Effective yield strengthf__,




HOW DO YOU DESIGN THE IMPORVEMENT OF SHEAR  ‘VUR™H w GROUP
RESISTANCE WITH RELAST?

« 9=45° .

Load factor ¢, the utilization of the screw

 AAo - ) : : :

* a=90° (Drilling perpendicular to surface) o Cora diamater Scrirel?agﬁ]r;tro(r:;éﬁ:gr to Load factors

*  Resistance of tension tie Wit RELAST dex Imml reinforcement, see Annex 7) OC;(E:T

ur above .
20.5

— . . 22 below 0.2384

VRd,S Asw * Z nyd,ef Wirth RELAST a8 above 0.3925

16 ) below 0.3130

* Effective yield strengthf__,

_ fywk 1
fywdef = €1 L +C; o Vifea,
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HOW DO YOU DESIGN THE IMPORVEMENT OF SHEAR ~ “WUR™ & GROUP
RESISTANCE WITH RELAST?

e 0=45° *  load factor ¢, = 0.046 related to concrete
* a=90° (Drilling perpendicular to surface)

*  Resistance of tension tie . = 500N/mm2; C20/25

fyw
VRas = Qsw * Z fywd,ef

. . 22 above 178N/mm?
* Effective yield strengthf,,
22 below 104N/mm?2
f. =y, Ly
ywd.ef 1y, 2 pow  Vcds 16 above 171TN/mm?
16 below 136N/mm?
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HOW DO YOU DESIGN THE PUNCHING SHEAR RESISTANCE?

Check punching shear resistance at *  Punching shear resistance of existing reinforced
*  Face of column vy Veqd < VRd.cmax concrete (RC) elements:
Flat slab reinforcement.

>  DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching

basic control perimeter: u, control perimeter where

shear reinforcement is no
face of column: longer required: v,
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WURTH s GROUP

HOW DO YOU DESIGN THE PUNCHING SHEAR RESISTANCE?

Check punching shear resistance at *  Punching shear resistance of existing reinforced
*  Face of column vy Veqd < VRd.cmax concrete (RC) elements:
Flat slab reinforcement.
Check if punching shear reinforcement is required at >  DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching
e  Basic control perimeter uy:  Vgg < Vpg .
basic control perimeter: control perimeter where
shear reinforcement is no
face of column: u, longer required: v,
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WURTH s GROUP

HOW DO YOU DESIGN THE PUNCHING SHEAR RESISTANCE?

Check punching shear resistance at o
*  Face of column vy Veq < VRd.cmax

Check if punching shear reinforcement is required at >
e  Basic control perimeter uy:  Vgg < Vpg .

Check the improvement k., with punching shear

reinforcement and calculate it’s required cross section at

de,cs
e  Positions U;: Vgg < {k

max * VRd,c

Punching shear resistance of existing reinforced
concrete (RC) elements:

Flat slab reinforcement.

DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching

basic control perimeter: u, control perimeter where
| shear reinforcement is no
face of column: u, longer required: v,

-~
-~
—
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WURTH s GROUP

HOW DO YOU DESIGN THE PUNCHING SHEAR RESISTANCE?

Check punching shear resistance at *  Punching shear resistance of existing reinforced
*  Face of column vy Veqd < VRd.cmax concrete (RC) elements:
Flat slab reinforcement.
Check if punching shear reinforcement is required at >  DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching
e  Basic control perimeter uy:  Vgg < Vpg .

basic control perimeter: u, control perimeter where
shear reinforcement is no
face of column: U, |onger required;

reinforcement and calculate it’s required cross section at | i

Check the improvement k., with punching shear

o de,cs
e  Positions U;: VEd =k )
max de,c

Calculate the perimeter where shear reinforcement is no

L

longer required

*  Outermost control perimeter u_,,:

Ved

Uout,ef = B
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HOW DO YOU DESIGN THE IMPROVEMENT OF WURTH & GROUP
PUNCHING SHEAR RESISTANCE WITH RELAST?

*  Face of column vy Ved < VRd cmax *  Punching shear resistance of existing reinforced
concrete (RC) elements:
*  Basic control perimeter u;: VEd < VRa,c Flat slab RELAST improved resistance.
Vrd cs >  DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching
*  Positions U Vgg < ’ .
i Ed kmax * VRd.c >  APPROVAL:
> Modification factors allowing an equivalent design.
*  Outermost control perimeter u_,,: basic control perimeter: u C:”""' Pefrime'e””here
_ Ved | shear reinforcement is no
uout,ef - ﬁ VRd cd face of column: u, | longer required: u,,,
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HOW DO YOU DESIGN THE IMPROVEMENT OF WURTH & GROUP
PUNCHING SHEAR RESISTANCE WITH RELAST?

*  Positions U;: Vga < {k

de,cs

max * VRd,c

e Effectiveness factor: k. =1.4

max

*  Calculation of the required reinforcement

d
Vra,es = 0.75 * Vpg e + 1.5 5 Asw * fywaer *

1
uld

*  Modification in regards to

Material parameter of screw anchor.

Minimum and maximum spacing requirements.

Punching shear resistance of existing reinforced
concrete (RC) elements:

Flat slab RELAST improved resistance.
DESIGN CODE: EN1992-1-1, SECTION 6.4 Punching
APPROVAL:

> Modification factors allowing an equivalent design.

baisc control perimeter: u, control perimeter where
shear reinforcement is no

face of column: u, I longer required: u,,
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ASSESSMENT TESTS FOR SHEAR WURTH & GROUP
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ASSESSMENT TESTS FOR

PUNCHING SHEAR

9270 L

12 load cells
| (] I || test specimen

load distributiol
plate

[——12 anchor rods

hydraulic cylind

counter plate

Serie 01
S01-P00 und S01-P04 S01-PO1
unverstarkt T 32 TSM-B22-M20-635 mm
m il
o
e
S01-P02 S01-P03
32 TSM-822M20-335 mm T 48 TSM-B22-M20-635 mm
m il
= B
Serie 02
502-P01 S02-P02
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() 2) (I
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2 Mio, Lastwechsel
(I i
£l
E =
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2 Mio. Lastwechsel 2 Mio. Lastwechsel

(N
@
]
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und 0,5 der Bruchlast von
S02:P01
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S02.P01

Kraft-Weg
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Feix: Innovative Durchstanzertiichtigung von Plattenbriicken
mittels Betonschrauben

Kraft-Weg
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STRENGTHENING OF THE NEW BOILER ROOM
CAMBRIDGE UNIVERSITY HOSPITALS ADDENBROOKE'S, UK

4o

178KN
/ Shear ULS

[o} |
©
o ]
>
7 1 z
305mm deep existing — Inhd\cates z;rea of etnhanc(r-;‘dl .
RC floor with ~50mm 1900 | | /g shear reinforcment, see detai
screed over | | &
B i B SR
L] L =
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WURTH s GROUP

STRENGTHENING OF THE A70 RAILWAY BRIDGE

<:I no disruption to rail traffic on bridge Z>

* Bridge designed for 35 passenger trains and

20 freight trains per day. - -

Il :\'5, T \g, St 5000 ‘ \
*  Existing reinforcement shows stress corrosion. I %, | “M"' A \
1 | M |
Il | Il |

. Il l

* Risk of sudden collapse. I ', .|'|';

& ————————— L e

D .. ?L'; T

installation of steel plates - field 1 " t }-

installation of steel plates - field 1

* Estimated cost of strengthening EUR 130°000.
(4 weeks / CO, 295t0.)

* Estimated cost of new bridges EUR 2.5m ' [ traffic |
(] 5 / CO. 24’961t ) l ﬁ prestressing of steel plates
YTS o.
’ completion field 1 l ﬁ

© Wiirth Group,




REFERENCES

Detall "D" Detall "D"
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Detail "D" .+ i L
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railway bridge over A70

view

3x TSM BC 22-M24x2100
Schrumpfschlauch +
Ausgleichskeil

Blech t=15mm

E

Bending reinforcement -

»1 = bridge construction

side view

Lasche 250530\ TSM BC 16x190 2% M30 - 10.9 HV
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Blech t=15mm Kepfplatis 1=60mm
- 200 T 200 +

longitudinal section

Blach t=15mm -

- 200 W 200 +

section

2x3 TSM BC 22-M24x2100
Schrumpfschlauch +
Ausgleichskeil

Blech t=15mm

Ak 28
+= 30—

3x TSM BC 22-M24x2100, # Lasche 250x30

Schrumpfschlauch +  10+458 #10
Ausaleichskeil H=ar—

WURTH s GROUP
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REFERENCES hid

L% % Shear reinforcement -
Detall "D" Detall "D"

bridge construction
Detail "D" == -
Detall "C"

10.30

anchoring bottom side

(500>
position of screw anchors
§§:ﬁ , |
T BC16= M0 BY /
£
.? W, —
Ty W EEE]
mee)
Duchowboivey o wl

railway bridge over A70
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WURTH & GROUP
REFERENCES hid

Railway Bridge A70 — Retrofitting of Bridge in Service
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SUMMARY

* Easy to install from where ever it is most convenient.

 Suitable for all type of static loads and fatigue with 5x10° load cycles.

e Uses a standardized design concept EN1992. The improvement does not take existing
reinforcement into account. Advantage when RC members were designed with different codes.

e RELAST system is independently assessed and approved.

e Maximum shear resistance improvement of 100% for member thickness =200mm.

e Maximum punching shear resistance improvement of 40%. For member thickness between
200 and 1100mm.

e Can be used in C5 environments (very strong corrosivity) acc. to ISO 9223.

* Improvement is activated immediately after installation.
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