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INTRODUCTION

The TSR punching shear reinforcements are used in flat slabs or ground slabs and provide additional reinforcement around
columns and wall ends.

SYSTEM ADVANTAGES

TSR — shear reinforcement ensures:

Higher punching resistance than conventional stirrup reinforcement
Simple and efficient installation

Low formwork costs

Optimum use of space — a large distance between supporting columns
Easy installation from above and below.

e Easier installation of building utilities under slabs, such as pipes or ducts.

TSR consists of double headed studs connected by an assembly profile — a strip of flat steel. The products designed and
manufactured by Terwa ensure a much simpler installation of the product than other traditional reinforcement elements (stirrups).
This applies in both cases — when TSR is used in cast-in situ or in precast elements.

Being a fully integrated system in prefabricated elements, it is therefore, an ideal system for thin monolithic structures or flat
concrete slabs.

PRODUCT PROPERTIES

Reinforced concrete flat slabs are currently one of the most
popular structural systems in residential, administrative,
industrial buildings and many other types of buildings. This
type of construction made from concrete slabs without
beams or enlarged column heads allows an optimal and
flexible use of space. Due to the thinner, lighter and simpler
concrete slabs, the construction cost can be substantially
reduced. Also, the floor height can be reduced by using
TSR shear reinforcement.

Flat slab supported on columns without enlarged heads and
walls.

In the support area, around the column head, the bending
moments are combined with transverse loads — reaction
from supports. These load concentration leads to
increased stresses and then to failure of the slab by

punc_hing. o _ _ s e " g
Previously, slab with increased thickness or columns with N
enlarged heads where used to prevent punching shear @ o o @& B e R SN

failure. Stirrup cages used as punching shear
reinforcements implies a complicated installation with
higher costs. Compared to stirrup cages, the TSR system
is more suitable for higher loads around column heads.

Failure of a slab by punching.
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To prevent shear failure, TSR is also used in ground slabs in a similar manner as in flat slabs. Other applications (TSR used

as shear reinforcement in beams or support wall ends) are possible as well.

Flat slab reinforced with TSR

TSR elements consists of double forged heads studs made of rebar steel welded to an assembly profile. The heads are hot
forged at a diameter equal to 3 x diameter of the rebar. The rebar used has a characteristic yield strength of 500 MPa. The
assembly profile has no load bearing function; it only ensures the correct alignment, spacing and positioning of the studs

during their installation into concrete slabs.

Material used: - assembly profile, 30x4 mm strips made of S235JR EN 10025-2: 2004 and TSR studs made of rebar B500B

EN 10080. The spacers used for bottom installation of TSR elements are made of plastic material.

Assembly profile

TSR studs

Plastic spacers for
bottom installation

Available types of TSR elements

Each TSR stud is clearly marked with rebar dimension and the manufacturer logo.

Manufacturer

Bar diameter

CE Marking
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STRUCTURAL BEHAVIOUR

The weight of a slab supported on a column determines shear stresses in the slab which could result in the column punching
through the slab when additional reinforcement has not been provided.

Bending cracks

Forces in slabs without shear reinforcement before failure Forces in slabs without shear reinforcement before failure

TSR studs are designed to prevent the occurrence and expansion of inclined punching cracks. The TSR studs act as vertical
tensile components.

vV

Forces in slab with TSR reinforcement.

The excellent anchorage properties of TSR studs enable the slab reinforced with TSR studs to develop resistances that are
significantly higher than the resistances of slabs reinforced with conventional reinforcement (stirrups).
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TECHNICAL INFORMATION

PUNCHING

The verification model for punching shear at the ultimate limit state is illustrated below.

f—"7"cont T cont —=
} i i 5 \
\ ’/7 /‘ basic control
2d C section
loaded area B=arctan(1/2)
=26,6°
Aload 1¢
AR T
|

Loaded area_|
Aload

\~basic control
area Acont

+—basic control
perimeter w1

further control
perimeter wout,ef

Punching shear can result from a concentrated load or reaction
acting on the loaded area 4,,,4 Of a slab or a foundation.

The shear resistance should be checked at the face of the
column and the basic control perimeter U4

Further perimeter Uy of is the perimeter where shear
reinforcements are no longer required.

The control section is perpendicular to the middle plane of the
slab for slabs of constant depth.

For slabs or footings of variable depth other than step footing,
the effective depth may be assumed to be the depth at the
perimeter of the loaded area.

Typical basic control perimeter:
2d

~—<6d
L1>l2

Viid2

Basic control perimeter for loaded areas close to or at edge or
corner:
Edge columns Corner column

v T

|
|
pul
|
|
|
|

+<6d
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For slabs with a column head for which Iy < 2hy
Column with Coliitit Witk punching shear stresses is only required to be
rectangular head dircular head ; ﬁl;(;(éked on the control section outside the column
L F— C )
i Teont . ot ‘ For a circular column:
‘\(: S :\)/ | basic control Teone = 2d + 1y +0.5¢
8 S ‘ e 8 | section Where:
hn B~ . s hx l,; — distance from the column face to the edge of the
+ "\ - /‘ column head.
I ¢ — diameter of a circular column
loaded area | : O=arctan(1/2)
Aload i =26,6° For a rectangular column, the value 7,,,,; may be
— L&k taken as the lesser of:
H <
Ln<2hm c CH<ZhH Toome = 2d + 0.563/I 1, and ropn; = 2d + 0.691,
Column with Column with
enlarged rectangular head enlarged circular head
T cont.ext Tcont.ext FOI’ SlabS W|th a Column head fOI’ Wthh lH < ZhH
lt——Pcont. int Veont.int punching shear stresses is required to be checked
d du dn d on the control section.
j e S | ER ’/,L e \ For a circular column:
[ ~, ~ | - Cal [
h s 1 = h
+“ \ : S b e K y +“ Teontext = 2d + 1y +0.5¢
| \/
loaded area ‘ basic control Teont,int = Z(d + hH) +0.5¢
Aload ‘ section for
8=arctan(1/2) ‘ circular
=26,6° c columns
~In>2hH lH>2hn——

PUNCHING SHEAR CALCULATION

The design stresses along the control section are:
"  Upg,c — design value of the punching shear resistance of a slab without punching shear reinforcement along the
control section considered
"  Upg,cs — design value of the punching shear resistance of a slab without punching shear reinforcement along the
control section considered
*  URrd,max — design value of the maximum punching shear resistance along the control section considered

The following checks should be done:

a) Atthe column perimeter, or the perimeter of the loaded area, the design value of the applied force stress should be:

VEa < de,max

b) Punching shear reinforcement is not necessary if:
VEa =< VRd,c

c) If Vgg > Vpgg, forthe control section considered punching shear reinforcement must be provided according:

de,CS = 0'75de,C + 1.5 (d/sr) Aswfywd,ef (1/(u1d)) sina
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Where the support reaction is eccentric with regard to the control perimeter, the maximum shear stress should be:

Vea

v = —_—

re=Fog
Where:

d,+d
d - effective depth of the slab, which may be d = (dy + Z)/Z’

control section.
u; — is the length of the control perimeter being considered

d,, d, is the effective depth in the y and z- directions of the

B —is given by:
Mgq uy
B=1+k—22 2
Vea W1
Where:

U, - the length of the basis control perimeter
k — coefficient dependent on the ratio between the column dimension ¢; and c,
W, — corresponds to a distribution of shear as is illustrated below, and is a function of the basic control perimeter u,

Uj
Wi :f |€|dl
0

dl — a length increment of the perimeter
e — the distance of dl from the axis around which the moment My, acts.

e, <05 1.0 2.0 >30
k 0.45 0.60 0.70 0.80

Shear distribution due to an \KL
C1

unbalanced moment at an

internal slab column

connection

e For arectangular column:

2
C
W1 = 71 + C1Cy + 4C2d + 16d2 + ancl

Where:
¢ — is the column dimension parallel to the eccentricity of the load
C, — is the column dimension perpendicular to the eccentricity of the load

e  For internal circular columns:

e
=1 -
B +0'6nD+4d

D — is diameter of the circular column

e — is the eccentricity of the applied load e = MEd/VEd
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e For an internal rectangular column where the loading is eccentric to both axes:

e e
=1+ 1.8 |2 + (2%)2
p=1+18 |GH2+ ()

. M . .
ey, and e, - the eccentricities Ed/V 4 along y and z-axes respectively, e,, — result from a moment about the z axis and e, —
e

from a moment around the y-axis
by, and b, — the dimensions of the control perimeter

e For edge column connections, where the eccentricity perpendicular to the slab edge is toward the interior and there is
no eccentricity parallel to the edge, the punching force may be considered to be uniformly distributed along the

control perimeter 1, as shown below:

u4, - Reduced basic perimeter
—<1.5d
<0.5¢7
I § T ~<1.5d
Y2 €2 — <0.5cz
\. l |
[
Cz lL—UL* c1 // 2d
J | __ 1= {
/] \ul*
I sl.SdL'Zd-
***** r <0.5¢c1
c1 +2d
Edge column | Corner column

For eccentricities in both orthogonal directions:

p="0
=— —e

ul* ]A/1 par
Where:

- U4 is the basic control perimeter
- Uq, is the reduced basic control perimeter
- epqr is the eccentricity parallel to the slab edge resulting from a moment around an axis perpendicular to the slab edge.

-k — may be determined from table above with Cl/cz replaced by C1/2c2'

- W; —is calculated for the basic control perimeter u;

For a rectangular edge column:

c3

W, =
17 g

+ ¢icy + 4cyd + 8d? + mdc,
For a corner column where the eccentricity is toward the interior of the slab, it is assumed that the punching force is uniformly
distributed along the reduced control perimeter 14, In this case, the value for § may be considered as:

Uy

B =

Uqy

Mpa

In both cases, edge column and corner column, if the eccentricity is the exterior fis: f =1+ k Vet W
Ed 1
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For structures where the lateral stability does not depend on frame action between the slab and the columns, and where the
adjacent spans do not differ in length by more than 25%, approximate values for § may be used.

Recommended values are given in figure below:

\
B=15 p=1,4 A - Internal column

B - Edge column

C - Corner column

g

The section and top view of slabs and ground floor reinforced with TSR in accordance with recommendations of EN 1992-1-1,
6.4.2 are shown on figures below. Typically, TSR elements are organised radially around the column. Alternative
arrangements of TSR elements are possible, provided that requirements for the maximum spacing of TSR studs are fulfilled.
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SECTION A-A SECTION A-A
— "Bottom installation" —F— "Top installation" —
Assembly profile below the lower reinforcement layer Assembly profile above the lower reinforcement layer
Bending reinforcement Co
7
o o o Qo o) / o)

Lo

T Cu

<0,75d
<0,75d >0,35d Is
<0,50d
no - Number of studs nc - Number of studs
within each reinforcement within each reinforcement
element in Area D element in Area C
The edge of the
area reinforced
< 3,5d by TSR
<1,7d
External—
control
section
1,0d
T ¥ D
A A
l—1,5d—=
<0,75d 20,35d
<0,75d <0,50d te—1,125d -+
=— Area D =+=—Area C—=t=-Support —=t=—Area C—=t=— Area D
ls-1,125d 1,125d cx and cy 1,125d ls-1,125d

mc - Number of reinforcement elements in Area C
mo - Number of reinforcement elements in Area D

Arrangement of standard elements section and top view

Section and top view of flat slab with circular column
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SECTION A-A SECTION A-A
"Bottom installation" "Top installation" —
Assembly profile below the lower reinforcement layer Assembly profile above the lower reinforcement layer

e

Bending reinforcement Co
l777

-l °
‘j

<0,75d-+— Cu
<0,75d
<0,75d Is
<0,75d 20,35d
<0,50d
no - Number of studs nc - Number of studs
within each reinforcement within each reinforcement
element in Area D element in Area C

The edge of the

area reinforced

5d by TSR

External-
control
section
<17
=—1,0d
T -T
A 154 0,75d A
S r
<0,75d 20,35d =-1,125d—=
<0,75d <0,50d
<0,75d
~—— Area D Area C Support Area C Area D —=
Is-1,125d 1,125d cx and ¢y 1,125d Is-1,125d

mec - Number of reinforcement elements in Area C
mo - Number of reinforcement elements in Area D

Arrangement of standard elements section and top view

Section and top view of flat slab with rectangular column
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SECTION A-A
"Bottom installation"
Assembly profile below the lower reinforcement layer ox/2 o2
or cy/2 or Cy/2
Co
1
I
d
h g i
A
) NN SN NN
s
The edge of the
area reinforced
by TSR
Compact foundations Slender foundations
ayd<2,0 ayd=2,0
s2d
T I
A 2 2 A
or cy/2 or Cyf2
+—1Is-0,8d 0,8d Support—=t+=—~0,8d—=t+=1s-0,8d -

mc - Number of reinforcement elements in Area C
mo - Number of reinforcement elements in Area D

Arrangement in ground slabs and footings

Section and top view of a ground slab or footing reinforced by TSR studs
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Punching shear resistance of slabs and column bases without shear reinforcement

1) The punching shear resistance of a slab and column bases without shear reinforcement for the basic control section
is determined according to Eq. (6.47) of EN 1992-1-1, as:

1
VRd.c = CRd,ck(looplfck) /3 + klacp = (Vmin + klacp)
Where:
fer —isin MPa

k=1+ /%SZ.O din mm

P1 = {/Pry-Pi1z < 0.02.

Pry: Piz relate to the bonded tension steel in y and x-direction respectively. The values p,,, and p,, should be
calculated as mean values into account a slab width equal to the column width plus 3d each side.

Ocp = (Ucy +0c,)/2.

Where:
Ocy, O¢z are the normal concrete stresses in the critical section in y and z-directions (MPa, positive if compression)
Nggq N
Oy = —% and o, = —&
Acy Acz

NEd‘y, Ngq , are the longitudinal forces across the full bay for internal columns and the longitudinal force across the
control section for edge column. The force may be from a load or prestressing action
A, is the area of concrete according to the definition of Ng4

The values Crg ) Vmin and kq for use in a country may be found in its National Annex. The recommended value for

1
Case = %18/, Vin = 0.035k°2£,/2 and ky = 0.1

2) The punching resistance of column bases should be verified at control perimeters within 2d from the periphery of the
column.

For concentric loading, the net applied force is Vggreq = VEq — AVEqg

Where:
Vg4 is the applied shear force
AVg, is the net upward force within the control perimeter considered — upward pressure from the soil minus self-
weight of base.
— VEd,red
VEd = ud

1
VRa = CRd,ck(looplfck) /3x Zd/a 2 UminX Zd/a

Where:
a is the distance from the periphery of the column to the considered control perimeter.
The values Crg 1 Vmin and kq for use in a country may be found in its National Annex. The recommended value for

1
Crac = O18/y , Vi = 0.035k/2£, /2 and k = 1+ /% <20

For eccentric loading:

14 M .
Vgqg = % [1+ kE—duW], where k is from below table.

VEd,red
“Ue, <05 1.0 2.0 >3.0
K 0.45 0.60 0.70 0.80
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Punching shear resistance of slabs and column bases without shear reinforcement

1) Where shear reinforcement is required, it should be calculated in accordance with:

Vraces = 0.75Vpqc + 1.5 (d/ST) Aswfywd,ef (1/(u1d)) sina

Where:
Ay, is the area of one perimeter of shear reinforcement around the column [mm?]
s, is the radial spacing of perimeters of shear reinforcement [mm]
fywd,ef is the effective design strength of the punching shear reinforcement, according to
fywaer = 250 + 0.25d < f,,4 [MPa]
d is the mean of the effective depth in the orthogonal directions [mm]
a is the angle between the shear reinforcement and the plane of the slab

If a single line of bent-down bars is provided, then the ratio d/sr may be given the value 0,67.

2) Adjacent to the column the punching shear resistance is limited to a maximum of:

_ BV <
Vga = = de,max
uod

Where:
u, for an interior column u, = enclosing minimum periphery [mm]
for an edge column uy =c, + 3d < ¢, + 2¢; [mm]
for a corner column  u, = 3d < ¢; + ¢, [mm]
¢4, C, are the rectangular column dimensions
[ see above formulas
The value of Vg mqx for use in a country may be found in its National Annex. The recommended value is 0.5V f.
Where:

- _Jek :
v=20.6[ 250] (fox In MPa).
3) The control perimeter at which shear reinforcement is not required U, o should be calculated:

BVEa
URd,cd

Uoutef =

The outermost perimeter of shear reinforcement should be placed at a distance not greater than kd within Uyt OF Ugyser, SEE
pictures below. The value of k for use in a country may be found in its National Annex. The recommended value is k = 1.5

Perimeter wout Perimeter wout,ef

Figure 9. Control perimeter at internal columns
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APPLICATION
The minimum depth of a slabs reinforced with TSR is 180 mm.

The reinforcement of flat slabs with TSR may be provided as a combination of 2 or 3 studs elements or by complete elements
where all studs are welded to one assembly profile. In thick slabs, foundation slabs and where high ratios of reinforcement
steel are used, it is recommended to install the TSR complete elements first, using the bottom-up method.

— 500 —
00— 300
—==1-50 50
IUDT IUGTlDUTlGD

TSR-12/155-2/200 (50/100/50)
TSR-12/155-3/500 (50/2 x 100/50)

500
50 50
lDUT 100{ l{]DT 100

TSR-12/155-5/500 (50/4 x 100/50)

Symmetrical TSR elements are preferably installed from TSR complete elements are preferably installed from below
above before placing the main reinforcement
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STANDARD SHEAR REINFORCEMENT DESCRIPTION

~—1,4d to 1,5d—=

0,35d-0.375d— -0,35d-0.375d
|
|
|
| ~—0,7d-0.75d

Column

Formwork

2 Stud element

2,1d to 2,25d
0,35d-0.375d— —0,35d-0.375d

0,7d-0.75d 0,7d-0.75d

Formwork

Column

3 Stud element
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TSR stud anchor dimensions and markings

7

] Manufacturer
th _
Bar diameter
ds
hs
D=3 x ds .
CE Marking
A
Diameter of Diameter of Head Cross section Characteristic value Characteristic resistance of
the stud the head thickness area of the stud of yield strength the stud
ds D ty As fyk Fp=Afy
[mm] [mm] [mm] [mm] [MPa] [KN]
10 30 6 79 39.5
12 36 7 113 56.5
14 42 8 154 77.0
500
16 48 8.5 201 100.5
20 60 10 314 157.0
25 75 14 491 2455
Order description
1) Standard type
Stud Number Element L
Type dimensions of length
ds/hs studs L
TSR |-|12 |/ | 155 - 5 / 500
Le=0.5Ls—= Ls Ls Ls Ls r=—Le=0.5Ls
2) Complete element
Stud End End
Type dimensions Nu;masr of Elemer;_tlength spacing  Stud spacings (Ls1/Ls2/Lsa/.....Lsy)  spacing
ds/hs Le:1 Lez
TSR - 12 [/ 155 - 5 / 500 (40 / 80 / 80 [/ 120 [/ 120 [/ 60)
I
Column
Le1—= Lsi LS2-mf=—LS3 } Ls4—mt Le2
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Standard available types

ds @10 @14 @16 @20 @25
Anchor |, 3 2 3 2 3 2 3 2 3 2 3
qty
Anghor Element Element Element Element Element Element Anchor
height length length length length length length distance
hs [mm] g eng eng eng eng eng Ls [mm]
105 80
115 80
125 100
135 200 300 100
145 200 300 100
155 220 330 110
165 240 360 120
175 240 360 120
180 250 350 125
185 280 420 280 420 140
190 300 450 150
195 280 420 280 420 140
205 280 280 420 280 420 140
215 300 450 300 450 300 450 150
225 320 480 320 480 320 480 160
235 340 510 340 510 340 510 340 510 170
245 360 540 360 540 360 540 360 540 180
255 360 540 360 540 360 540 180
265 380 580 380 580 380 580 200
275 400 600 400 600 400 600 200
285 420 630 420 630 420 630 210
295 440 660 440 660 440 660 220
305
315
325
335
345
350
355
365
375
395
405
425
435
455
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Installation accessory dimensions

For bottom installation, we recommended the plastic spacer.

Concrete
Spacer Article cover
type number dimension ¢,

[mm]
TPS 20 65598 20
TPS 25 65599 25
TPS 30 65600 30
TPS 35 65601 35

Plastic spacers for
bottom installation

CALCULATION EXAMPLE

INTERNAL COLUMN

¢, = 350mm
Column dimensions
‘ as ¢y = 350mm
C|O §Z5X Concrete grade C 30/37
* 3 Height of slab h =300 mm
Concrete cover dimension ¢, = 30mm
h hs dy Concrete cover bottom c, =25mm
By Diameter of bending 0, = 16 mm
dx reinforcement @, = 16 mm
Cu a5, = 120 mm
| Dimension ag, and as,,
* as, = 120 mm
Applied load Vgq = 950 kN

Effective depth and bending reinforcement ratio.

1) Effective depth
d,=h Q)y/ =262
y=h=C— /2= mm

dx=h_C0_®y_®y/2=246mm
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2) Bending reinforcement ratio

- Area of one reinforcement bar in x direction:
2
j— n-@x

Agy = = 201.062 mm?
- Area of one reinforcement bar in y direction:
@3 X
Asy = e 201.062 mm
A
Py = —2—-100 = 0.68%
Agx " Ay
A
py = —2—-100 = 0.64%
Asy ~ Qy

P1=/Px Py = 0.66%

Basic control perimeter (u,) and perimeter of column (ug)

/ N
2d | |

| :'/Lu
Cy |

I |

i |

\ /
2d \Column /
. PO

u=2m-2-d+2-¢c,+2-c, =4591.85mm

Uy =2 (cx + ¢y) = 1400 mm
Load increase factor § = 1.15 for internal column.

Punching shear resistance of slabs without shear reinforcement

1
VRd.c = CRd,ck(looplfck) /3 + klacp = (Vmin + klo-cp)
o = 0 — without prestressing force

CRd,C = 018/—}/C =0.12

200
k=1+ T=189S20

1
Vpin = 0,035k /2, /2

Vrae = Crack(100p,f,) /3 = 0.12-1.89 - (100 — 0.0066 - 30)'/3 = 0.613 MPa
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1
Vpin = 0,035k ”/2f,/2 = 0.035 - 1.897/2 - 30"/2 = 0.498 MPa
Shear stress calculated along the critical perimeter:

Vea 950000
=115—————— = 0.937 MPa

vea = B g = 115050185 254

Maximum resistance of slab with punching reinforcement:

Vgamax = 0.50f,q = 0.5—0.528- 20 = 5.28 MPa

fck
250

v=20.6 [1 — ] = 0.528
Load bearing capacity of the slab:

de,c < VEa < VRd,max
0.613 < 0.937 < 5.28
TSR shear reinforcement can be used.

If Vpqc = Vgg NO TSR reinforcement is needed.

If Vgq > Vpq max Maximum resistance of slab exceeded.

Dimension of TSR studs is:
hg=h—c,—cy= 300— 25— 30 = 245mm

Spacing between TSR elements:

Ly =180mm  s1/, = 0709 < 075

Lo=90mm e/ =0354< 05<035

L
LeOSLs——1leleleLsL-——LeO.SLS

Number of studs and length of reinforcement elements:

_ BVgg _ 115- 950000
Uout,req = de,c,outd ~0.613- 254

=7016.6 mm

Required length of outer perimeter:

_ Uout,req — 2 (e + Cy)
ls,req - -

7016.6 — 2 - (350 + 350)
1.5-d=

— — —1.5-254 =513mm
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Minimum number of TSR reinforcement in one element:

lyrog — L 513 — 90
Mtreq = SMZ 1= 180
S

+1= 335144, =4

Provided length of one element:

lsprov = Le + (Mproy — 1) *Ls = 90 + (4 — 1) - 180 = 630 mm.

Provided control perimeter:

Uoutprov = 2T (lsprov + 1.5 d) +2-cy +2- ¢, = 2-m- (630 — +1.5-254) + 2-350 + 2- 350 = 7752.3 mm
Outer control perimeter checking:

Uoutreq < Uoutprov = 7016.6 < 7752.3

Lsreq < lsproy = 513 < 630

Resistance of the slab in the outer perimeter.

g Vea  _ o 950000 ..
VEd,out = ﬁuout,provd ~ 7777523254 ¢

Checking:

VRa,c = VEd,out

0.613 = 0.554

Number of reinforcement elements
Strength condition:

Fy B Vea Vs M
Vs 7 ' ne - Fy

B Vg < Mereq " Ne

Where:

F,, — characteristic value of tensile strength of the stud

m, — number of elements (rows) in the area C

n. —number studs of elements (rows) in the area C, n, = 2

ys — partial safety factor for steel (y; = 1.15)

- 1) — factor to take account the effective depth, n = 1.0 for d < 200 mm; n = 1.6 for d = 800 mm; for other values, use
linear interpolation.
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no - Number of studs nc - Number of studs
within each reinforcement within each reinforcement
element in Area D element in Area C

The edge of the
area reinforced
<3.5d by TSR
External+
control
section
1,0d
T8 T
,5d A
50'75(150,75(1 20,35d I=-1,125d-=
<0,75d <0,50d
<0,75d
Area D Area C—=+—Support Area C Area D —
Is-1,125d 1,125d cxand ¢y 1,125d Is-1,125d
me - Number of reinforcement elements in Area C
mo - Number of reinforcement elements in Area D
Diameter of studs 10 12 14 16 20 25
Fy [kN] 39.5 56.5 77.0 100.5 157.0 245.5
M req 20 14 10 8 5 3
M spac 8 8 8 8 8 8
Me prop = MAX{M¢ req; M spac) 20 14 10 8 8 8
VRd's [kN] 1081.8 1083.2 1054.4 1101 1719.9 2689.5
B Vgq [kN] 1092.5 1092.5 1092.5 1092.5 1092.5 1092.5

Total resistance of TSR:

Fy
VRd,si = Mcprov " Ne*
s

=

Checking:

B Vea < Vrasi

TSR - 16/245-2/360 (90/180/90) + TSR-16/245-2/360 (90/180/90)
Or

TSR-16/245-4/720 (90/3*180/90)
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CONTACT

THE NETHERLANDS
/ POLAND

ROMANIA @™~

TERWA is the global supplier for precast and construction solutions with multiple offices around the world. With all our staff,
partners and agents, we are happy to provide all construction and precast companies who work in the building industry with full
service and 100% support.

TERWA CONSTRUCTION GROUP

Terwa Construction Netherlands (HQ) Terwa Construction Central East Europe

Global Sales & Distribution Sales & Distribution

Kamerlingh Onneslaan 1-3 Strada Séanzienei

3401 MZ |Jsselstein 507075 Ghimbav

The Netherlands Romania

T +31-(0)30 699 13 29 T +40 372 611 576

F +31-(0)30 220 10 77 E info@terwa.com

E info@terwa.com

Terwa Construction Poland Terwa Construction India & Middle East Terwa Construction China
Sales & Distribution Sales & Distribution Sales & distribution

Ul. Cicha 5 lok. 4 India BO5, 5F, No. 107, 2nd of the South
00-353 Warszawa T +91 89 687 000 41 Zhongshan Road

Poland E info@terwa.com 200032 Shanghai

E info@terwa.com China

E info@terwa.com

ALL SPECIFICATIONS CAN BE CHANGED WITHOUT PREVIOUS NOTICE.

DISCLAIMER

Terwa B.V. is not liable for deviations due to wear of the products it has delivered. Neither is Terwa B.V. liable for damage due
to inaccurate and/or improper handling and use of the products it has delivered and/or use of same for purposes other than
those intended.

Terwa B.V.’s responsibility is furthermore limited in accordance with article 13 of the “Metaalunie” conditions, which are
applicable for all Terwa B.V. deliveries. The user is responsible for ensuring compliance with all applicable copyright laws.
Without limiting the rights under copyright, no part of this documentation may be reproduced, stored in or introduced into a
retrieval system, or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or otherwise),
or for any purpose, without the express written permission of Terwa B.V.
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