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PART1 -BASIC ASSUMPTIONS

1.1 GENERAL

In these calculations, certain assumptions have been made about dimensions and qualities in the precast
concrete elements that may not always be the case. Therefore, the following calculations of anchorage of
the units and the resulting reinforcement must be considered as an example to illustrate the calculation
model.

The capacity of the steel part of the beam unit (i.e. the knife) is independent of the concrete quality in the
beam as long as the anchoring reinforcement bars are located within the prescribed positions for the
different units. Thus, use of weaker or stronger concrete in the beam will only affect aspects related to the
beam itself. (l.e the required cross section of the beam, amount of shear reinforcement in the beam end,
required anchoring lengths etc.)

This is somewhat different for the steel parts of the column unit. The dimensions of the different steel parts
in the column unit are designed with the assumption of concrete quality C35/45 with strengths according to
section 1.3. Thus, use of weaker concrete (less f.q) will imply reduced capacity for vertical and horizontal force
transfer into the column due to possible concrete failure. Use of stronger concrete (higher f.) in the column
will not increase the capacity as this is limited by the steel components.

In beams it must always be checked that the forces from the anchorage reinforcement can be transferred to
the beam’s main reinforcement. The recommended shear reinforcement (stirrups) includes all necessary
stirrups in the beam end; i.e. the normal shear reinforcement in beam ends and an addition due to the
cantilever action of the BSF beam unit.

The information found here and in other memos assumes that the design of the elements and the use of
the units in structural elements are carried out under the supervision of a structural engineer with
knowledge about the structural behaviour of concrete and steel structures.
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1.2 STANDARDS

The calculations are in accordance with:
e Eurocode 2: Design of concrete structures. Part 1-1: General rules and rules for buildings.
e Eurocode 3: Design of steel structures. Part 1-1: General rules and rules for buildings.
e Eurocode 3: Design of steel structures. Part 1-8: Design of joints.
e CEN/TS 1992-4-2:2009 Design of fastenings for use in concrete. Headed Fasteners.

The selected values for the NDP’s in the following calculations are:

Parameter Ye Ys Olec Olet
Value 1,5 1,15 0,85 0,85
Table 1: NDP-s in EC2.

Parameter Ymo Y1 Yz
Value 1,1 1,1 1,25

Table 2: NDP-s in EC3.

1.3 QUALITIES

Concrete C35/45: fo = 35,0 MPa EC2, Table 3.1
fed = OleeXfer/Ye = 0,85x35/1,5 = 19,8 MPa EC2, Clause 3.1.6
fetd = OletxFetk0,05/Ye = 0,85%2,2/1,5 = 1,24 MPa EC2, Clause 3.1.6

fod = 2,25xN1xN2xfeg = 2,25%1,0x1,0x1,24 = 2,79 MPa  EC2, Clause 8.4.2

Reinforcement 500C (EN 1992-1-1, Annex C): f,q = fyx/ys = 500/1,15 =435 MPa  EC2, Clause 3.2.7

Note: Reinforcement steel of different qualities may be chosen provided that the calculations take into account the actual yield
strength (f, < 500 MPa) and that the bendability is sufficient for fitting the vertical suspension reinforcement to the half round steels
in front and back of the unit.

Steel Sxxx (EN 10025-2):

S355: Tension: fya = fy/ ymo = 355/1,1 =322 MPa
Compression: fyq =f,/ ymo =355/1,1 =322 MPa
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Shear: fsa = fy/(ymoxV3) = 355/(1,1xv3) = 186 MPa
foo1 510 1

Weld S355: foq= X—=——x—=262MPa
© yueV3 Bu 125x43° 09
S275: Tension: fya = fy/ ymo = 275/1,1 = 250 MPa
Compression: fyg = f,/ ymo = 275/1,1 = 250 MPa
Shear: fsa = fy/(ymoxV3) = 275/(1,1xV3) = 144 MPa
f
Weld S275: f.,=—" L 430 ! =233MPa

4= X—= X
" yM2J§ B, 125x+/3 085
Threaded bars/nut:
8.8 quality steel: fyq = 0,9xfy/ ym2 = 0,9x800/1,25 = 576 MPa
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1.4 DIMENSIONS AND CROSS-SECTION PARAMETERS

UNIT KNIFE POSITION HALF ROUND STEEL HORIZONTAL
L H t Steel D L Steel ANCHORING ¥
[mm] | [mm] | [mm] | grade [mm] | [mm] | grade
BSF225 | 510 195 20 $355 FRONT @76 100 | S355 | 2xM12, 8.8+ nut, L=650mm
(TOP) & st.pl.50x50%8, S355
BACK @76 100 | S275 | 1xM16, 8.8+nut, L=350mm
(BOTTOM) & st.pl.70x70%x10,5355
BSF300 | 510 235 20 $355 FRONT @76 100 | S355 | 2xM12, 8.8+nut, L=650mm
(TOP) & st.pl.50x50%8, S355
BACK @76 100 | S275 | 1xM16, 8.8+nut, L=350mm
(BOTTOM) & st.pl.70x70%x10,5355
BSF450 | 645 250 30 $355 FRONT @76 140 | S355 | 2xM12, 8.8+nut, L=750mm
(TOP) & st.pl.50x50%8, S355
BACK P76 100 | S275 | 1xM16, 8.8+nut, L=350mm
(BOTTOM) & st.pl.70x70x10,5355
BSF700 | 645 280 40 $355 FRONT @175 | 140 | S355 | 2xM16, 8.8+nut, L=750mm
(TOP) & st.pl.70x70x10, S355
BACK @76 100 | S275 | 1xM20, 8.8+nut, L=350mm
(BOTTOM) & st.pl.90x90x12,5355

Table 3: Dimensions - beam unit. ) See Table 5.

UNIT BOTTOM PLATE VERTICAL HORIZONTAL
Length | Width | Thickness | Steel | REINFORCMENT ANCHORINGY
[mm] [mm] [mm] grade BAR
2xM12, 8.8 +nut
BSF225 110 100 20 S355 | 1x@20 L=600mm & st.pl. 50x50x8, 5355
2xM12, 8.8 +nut
BSF300 110 100 20 S355 | 1x@20 L=600mm & st.pl. 50x50x8, 5355
2xM16, 8.8 +nut
BSF450 125 140 25 S355 | 1x@25 L=600mm & st.pl. 70x70x10, 5355
2xM20,8.8 +nut
BSF700 150 150 40 S355 | 2x@25 L=790mm & st.pl. 90x90x12, 5355

Table 4: Dimensions - column unit. ¥ See Table 5.
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NOMINAL DIAMETER M12 M16 M20
Equivalent diameter: 10,4 14,1 177
Peq [mm]
Stress area:
A [mm] 84 157 245
Tensile capacity (8.8):
Feno= f,6xAs [KN] 48 90 141
Width across flats:
NV [mm] 19 24 30
Required dim. of square steel plate anchoring Feap:?
brqu[Fcap/fcd+TCX¢2nom/4]0'5 [mm] =50,4 69 86
Select bxb Select 50x50 Select 70x70 Select 90x90
Nett area for compression anchorage:

2387 4699 7786
Anet=AsteeI plate'nx¢2nom/4 [mmZ]
Concrete stress:
Gc=Fcap/Anet [MPa] 20,1 19,1 18,1
Required thickness of steel plate, $355: %)
a=(2%°xb-NV)/2 -> ti>ax(cc/f,q)*°[mm] a=25,9 | t1=6,5 | a=37,5 | t:=9,1 | a=48,6 | t;=11,5
c=b/2-NV/2 > 1> 3%xex(oc/fyd)°[mm] ¢=15,5 | t,=6,7 | c=23 | t,=9,7 | c=30 | t,=12,3
t>[t:,t] Select t=8mm | Select t=10mm | Select t=12mm
Standard height of nut: 10,0 13,0 16,0
(H) [mm]
Required thread length in | S275 18mm 24mm 30mm
blind holes: S355 18mm 24mm 30mm
Dimension of corresponding threaded insert [mm)] 50x18x18 60x22x22 70x30x30

Table 5: Dimensions - threaded bars, inserts and anchoring steel plates.
(The listed dimensions are based on the concrete quality and parameters given in above Section 1.2 and
Section 1.3.)

Page 8 of 66 www.invisibleconnections.no



Invisibl
mgnr?ecrfons < M E M O 5 2 1

1.5 LOADS

Vertical ultimate limit state load: Fy= According to Table 6.
Horizontal ultimate limit state load - in axial direction: F4=0kN (see notes below)
Horizontal ultimate limit state load - in transverse direction: Fr=0kN

*Note on loads:
e The BSF unit is a product designed to transfer primarily vertical load.

e Significant horizontal loading on the unit may also occur if imposed deformation (shrinkage,
temperature differences etc.) in the pre-cast element is resisted by stiff columns. When the occurring
horizontal force exceeds the potential friction force the knife will slide and the force will be partly
relieved. The static friction factor steel-steel at support is assumed to be within the range (0,2-0,5).
The maximum friction force due to gradually increasing imposed deformations will however be
associated with vertical service loads. The steel parts of the unit, and anchoring of these parts into
the concrete are designed for the following unfavourable load combination:

Vertical force 1,0F, + Horizontal force 0,3F,

e In some cases transfer of static global horizontal load via the unit may be requested. The magnitude
of this force would be limited by the minimum friction factor at the support and vertical load present
at the same time. This will imply uncertainty in resistance, and it's recommended to transfer the
horizontal forces by proper reinforcement through the joint. In case of dynamic loads, the horizontal
resistance should always be assumed to be zero.

e The BSF knife will normally give an eccentric load on the supporting column. Thus, a small pair of
horizontal forces will occur at top and bottom of the column, balancing the eccentricity. The
amplitude of these horizontal forces will be proportional to the occurring vertical force. For normal
situations, the horizontal force will be less than: Fy,occuring X0,1. Thus, normally this force can be carried
through the BSF connection, since the portion is less than the minimum friction factor. However, this
assumption must be controlled in each case.

e Horizontal anchoring of the steel parts assumes minimum concrete grade C35/45 in column and
beam.
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UNIT VERTICAL DESIGN LOAD HORIZONTAL ANCHORING
ULTIMATE BEAM AND COLUMN UNIT IN BEAM

LIMIT STATE LOAD VERT. HOR. TOP BOTTOM

Fv 1,0F, 0,3F, OF UNIT OF UNIT

[kN] [kN] [kN] H=0,2F, H=0,2F,
BSF225 225 225 67,5 45 45
BSF300 300 300 90 60 60
BSF450 450 450 135 90 90
BSF700 700 700 210 140 140

Table 6: Design loads.

1.6 TOLERANCES
The design nominal gap between column and beam is 20mm, with a tolerance of +10mm.The tolerances are
handled by the cantilevering of the knife from the beam. If the gap is 30mm, the knife is pushed out an extra

10mm and vice versa if the gap is only 10mm. Thus, the load point in the column will always be the same.

The tolerance on location of the reinforcement in front and back is #5mm.

COG REINFORCEMENT w,

Nominal value 1

+5mm Rvo COLUMN | Gap 20+10mm
S ‘ J 5

BEAM

Fi o #:F-;
OF LOAD L f I i
Nominal value Ty
+10mm ' Rw

(0G REINFORCEMENT w
Nominal value
+5mm

Figure 1: Tolerances.
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PART 2 PRINCIPAL DESIGN OF
REINFORCEMENT FOR BSF UNITS

2.1 GENERAL

The design of the reinforcement is carried out assuming the maximum cantilevering of the knife in
combination with the most unfavourable location of the front and back reinforcement.

2.2 BEAM UNIT - EQUILIBRIUM

Rvo
Fu
A4
L Rty i
Fv TR\"U

a L b {

A A

Figure 2: Equilibrium.

When evaluating the required amount of vertical suspension reinforcement in front and back of the unit, the
horizontal reaction force Ryy is assumed 0,1Fy, and Ryo is assumed 0,2Fy. Unfavourable tolerances on location
of reinforcement and loading are included in the parameters a, and b. The equilibrium equations become:

Ry =F, x2tP R W Cop 30 gop
b b b
Rw =R -F

2.3 BEAM UNIT — ANCHORING REINFORCEMENT

1) Vertical suspension reinforcement in front:
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The required amount of reinforcement in the front of the unit becomes:
p = Ro

fyd
2) Vertical suspension reinforcement at back:

The required amount of reinforcement at the back of the unit becomes:

_RVU
As_f

yd

Bending of anchoring reinforcement - EC2, clause 6.5.4/6.5.2 and fib Bulletin 52 “Structural concrete-
Textbook on behaviour, design and performance”, vol.2, section 3.2.3:

Figure 3: Bending of reinforcement.

Allowable concrete stress in node:
f
f o =06x1-——%)xf
cd2 ( 250) cd

Actual concrete stress in node:
_ R
by x D, xsin @ x cos o

O

besi= effective beam width. If the compression strut crosses the unit, the width of the unit
should be extracted.

@m= Mandrel diameter of reinforcement

O=assume concrete strut in 45degrees. = sinBxcos6=0,5

R=Force in reinforcement.
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Solving for @, inserting o.=fc42 and sinOxcos0=0,5:

o - R _ R
Dy X Toq, X SIN G COS O by x0,6x(1— fo )x fy %05
250
Minimum mandrel diameter - bending of front reinforcement:
@, = Rvo
m f
b, x06x(1-—%)xf_ x05
eff ( 250) cd
Minimum mandrel diameter - bending of reinforcement at back:
@, = Ruw
m f
b, x06x(1-—%)xf_ x05
eff ( 250) cd

= Select appropriate mandrel diameter. The minimum mandrel diameter shall comply with the
requirements of EN 1992-1-1, 8.3.

From the strut and tie model in Figure 6 it is seen the force is reduced towards the bend of the front
suspension stirrups for high beams, however the full value of Ryo will be used when evaluating the minimum
mandrel diameter.

3) Anchoring of stirrups in front - EC2, clause 8.4.3 and 8.4.4:

Figure 4: Anchoring of reinforcement.

lbg = alxazxa3xa4xa5x|b,reqd 2 Ib,min

Q Gsd

|b,reqd = —X

fbd

Rio
A

As= Total area of selected reinforcement bars.

Stress in stirrup: oy =
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|b,min = max(0,3x|b,reqd; 10X¢; 100mm)

Table 8.2: Straight bar:

a:=1,0
Table 8.2: Concrete cover:

@ = 1-0,15x%(cq-3x@)/@

Neglecting any positive effect of concrete cover, selecting a,=1,0
Table 8.2: Confinement by reinforcement:

o3 = 1-KxA

Neglecting any positive effect of transverse reinforcement, selecting a3 =1,0
Table 8.2: Confinement by welded transverse reinforcement:

=10

Not relevant.
Table 8.2: Confinement by transverse pressure:

as=1,0

Not relevant.
ox0l3x0s > 0,7
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4) Lap of stirrups - EC2, clause 8.7.3:

MAIN REINFORCEMENT |
IN BEAM .

Figure 5: Lap of reinforcement.

lo= alxazxa3xa5xa6x|b,reqd 2 IO,min

Required lap length:
Ib,reqa = @s calculated in clause 3.
lo,min = Max(0,3x0eXly reqa; 15x@; 200mm)
Table 8.2: a3, a, 0z and as=1,0 as calculated in clause 3.
Table 8.3: as=1.5 (All reinforcement is lapped)

=lo =1,0x1,0x1,0x1,0x1,5xly reqq

5) Anchoring of main reinforcement:

It must be ensured the horizontal part of the front reinforcement is continued until the main reinforcement
is sufficient anchored to carry the load.

2.4 BEAM UNIT - HORIZONTAL ANCHORING

The beam unit is anchored for a total horizontal load of F,=0,3Fy. The knife will be in contact with both the
half round steel in front and back. Due to the geometry of the knife, the reaction force at back of the knife is
approximately half of the vertical load on the unit. Assuming the minimum friction factor 0,2 at back of the
knife, a horizontal force with magnitude 0,1Fy can always be transferred at back of the knife. Thus, the
remaining horizontal force 0,2Fy must be transferred in front of the knife towards the half round steel at top.
It’s chosen to anchor both of the half round steels for a horizontal force Fy=0,2Fy.

The required dimension of threaded bars, steel plate and machined thread lengths in the half round steel is
found from Table 5.
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2.5 EVALUATION OF REINFORCEMENT IN THE END OF THE CONCRETE BEAM

2.5.1 STRUT AND TIE MODEL

The load bearing mechanism in the end of the beam may be described with strut and tie models. Figure 6
illustrates the models for the internal height (z) as various multiples of the internal distance b. As indicated,
a local truss (blue) carrying the bending moment from the cantilevering will have one or several levels
depending on the height of the beam.

Low beams:

For low beams the entire reaction force Ryy will be carried/lifted by the prescribed special reinforcement at
back of the unit, and the required reinforcement in the first length (b) of the beam end will consist of the
special front and back suspension reinforcement for the unit, together with the beam shear stirrups for the
shear force Ryo.

Higher beams:

For higher beams, the illustration indicates that some of the reaction force Ryy will bypass the prescribed
special suspension reinforcement and spread into the underlying concrete with compression diagonals
towards the end of the beam. The model indicates that the vertical part of the compression force will hang
onto the front suspension reinforcement and decrease the tension in the front suspension reinforcement
towards the bottom of the beam. For design purpose it is recommended to not take advantage of these
reductions, neither when selecting minimum mandrel diameter and anchoring length of the front
reinforcement, nor when calculating the required amount of suspension reinforcement at back of the unit.
The horizontal part of the compression diagonals must be anchored with horizontal reinforcement inwards
from the beam end. For design purpose, the horizontal force may be thought of as smeared, giving horizontal
force intensity towards the vertical end the beam:

For the case of z=2b, the horizontal force per unit height of the beam becomes:
1/2(a/b)xF./(z/2). This corresponds to: (a/b)xF.,/z= Rw/z.

For the case of z=3b, the horizontal force per unit height of the beam becomes:
1/3(a/b)xF./(z/3). This corresponds to: (a/b)xF./z= Rw/z.

The above evaluation illustrates that the force intensity towards the end of the beam always becomes: Ryy/z.
Thus, the intensity is depending on the beam height. Horizontal bars are recommended included when the
internal height (z) is above b+ @mandrel/2, see Figure 7.
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As indicated, the vertical part of the compression diagonals towards the end of the beam will hang onto the
front suspension reinforcement. This internal effect will however not reduce the shear force in the beam, as
vertical equilibrium in every cross section within the first length b of the beam will require a shear force equal
to the force Rvo. Thus, integrity for the occurring forces in higher beams is ensured by designing the shear
reinforcement in the beam within the first length (b) for the force Ryo, and including the above described
horizontal anchoring reinforcement from the beam end. It is important these horizontal bars are proper
anchored inwards from the end of the beam unit. No additional stirrups at back of the unit to “catch” the
vertical force bypassing the special reinforcement will be required, as the strut and tie model shows that this
force is spread towards the end of the beam.
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Figure 6: Strut and tie model in beam end. (Should be printed in colour)
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2.5.2 SHEAR STIRRUPS IN BEAM END

The shear force within the central part of the beam unit will equal the force Ryo
A _ VRd|s _ Rvo

S

s zx f, N zxf,

The shear reinforcement according to above requirement should be brought approximately 200mm past the
end of the beam unit in order to absorb any splitting effects from the threaded bars anchoring the horizontal
force.

(Note: The anchoring reinforcement shall be anchored as deep as possible in the cross-section. If the
deviation between the z-value calculated to the centre of the main reinforcement and the z-value calculated
to the centre of the horizontal part of the anchoring stirrups exceeds 5%, the less of the to values shall be
used in the above evaluation of shear reinforcement in beam end. If the deviation between the two values

is significant, the flow of forces must be evaluated especially.

2.5.3 SHEAR COMPRESSION IN BEAM END
Shear compression is evaluated according to :
EC2, clause 6.2.3
Vrd,max = QewXbwxzxu1xfcq/(cot 6 + tan 6)
bw=bbeam-bunit

254 HORIZONTAL BARS IN BEAM END
According to the strut and tie model:
A, _ Ry
s zx fl
Recommended included when z>b+ @mandrel/2, see Figure 7
where: @mandarer= mandrel diameter of front stirrups
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Figure 7: lllustration.

Assuming: z=0,9d, and d=h-2xconcrete cover gives the following expression on beam height:

h>(b+@mangre/2)/0,9 +2xconcrete cover
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2.6 COLUMN UNIT

COLUMN

Reinforcement bar
welded to steel
plate

Flow of horizontal force from
one of the threaded bars
illustrated. Equal force will
be transferred from the
other one, see below.

1) FLOW OF FORCE/STRUT & TIE MODEL

{

L =sufficient length to anchor T

~ STIRRUPS FOR ANCHORING OF

" THE HORIZONTAL FORCE SHALL
BE LOCATED WITHIN THIS
DISTANCE. d'= SEE BELOW

<U,?xd'
\

VERTICAL FORCE Ti
TO BE ANCHORED

ALWAYS ANCHORED TO THE _
REAR OF THE COLUMN -

<0, Tud'

~_ STIRRUPS FOR ANCHORING OF
* THE HORIZONTAL FORCE SHALL
BE LOCATED WITHIN THIS
DISTANCE.

¢U,hd'

2) REQUIREMENTS TO LOCATION OF THE REINFORCMENT
Figure 8: Principal sketch of force transfer in column.
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1) Transfer of vertical load Fy:

A uniform stress distribution in the contact area between knife and steel plate is assumed, see Figure 8. A
part of the force is transferred directly into the reinforcement bar welded to the steel plate. The remaining
force is carried by uniform concrete stress in the contact area between steel plate and concrete. The
following formulas are applied:

I: Stress from knife.

F

v
Aknife

lI: Force going directly into reinforcement bar (diameter reinforcement=@).

O ynife =

The anchored force will be the minimum of:
Tx@D?
a) Foa = Ag X Oynie = TX O nife
b) Foo =2x7x@[12x f, xL
Ill: Concrete stress:
F -F
o, = v 2 < de
(As - AQ)

bar

2) Transfer of horizontal load F4=0,3Fy:
The horizontal force is transferred from the horizontal steel plate via the threaded inserts to the threaded

bars. The threaded bars are anchored with a steel plate and nut. The anchoring is recommended to the rear
of the column. The horizontal force is further assumed transferred via a strut-and-tie model into the column
stirrups as illustrated in Figure 8, part 1. The column reinforcement shall be consistent with the selected
model. This is in accordance with clause 5.3.1 in CEN/TS 1992-4-2. It’s recommended to place the
reinforcement for horizontal force as close to the unit as possible to reduce the angles in the strut and tie
model. However, clause 6.2.2 gives specific requirements to location of the reinforcement, see also Figure 8,
part 2. Only reinforcement bars with a distance <0,7d’ from the threaded bars should be assumed effective.

Calculating the maximum tension forces in the strut & tie model (reinforcement at maximum distance 0,7d’):

T, =F,/2x0,7

=T, =F,/2x0,7=0,35F,
= The summarized vertical tension force from the two nodes equals 2x0,35F,= 0,7F.
Note: This force has to be sufficient anchored downwards from the position of the threaded
bars. Normally this will be safeguarded by compression forces in the column, or by
sufficient anchoring of the main reinforcement from the unit and upwards to the top of the
column. Special care must be taken if the unit is located at the very top of the column.

T,=F,/2x07
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=T, =F, /2x0,7 =0,35F,

=T, to beincluded in addition to splitting stress when designing the stirrups below the unit.

3) Splitting stress - EC2, clause 6.5.3 (3):

1 b-a

Tensile force: T =—x——xF,
4 b

= Conservative simplification: T=0,25xFv
To be distributed according to EC2.

4) Stirrups in column directly under the column unit:

Required reinforcement due to splitting stress (3) and horizontal force (2). Conservative simplification:
A - T N T, _ 0,25x F, N 0,35x F, _ 0,25x F, N 0,35x0,3x F, N 0,4xF,
fo f f f f f f

A

2
rxd stirru/
4

5) Principal reinforcement in column:

yd yd yd yd yd yd

Required amount of stirrups: n=

Figure 9 illustrates and summarizes the principal reinforcement in the column locally around the unit. The
reinforcement in Zone 1 shall correspond to the reinforcement calculated in above clause 4.

It is further recommended to include extra centre stirrups along the length of the unit. These stirrups shall
be anchored around the reinforcement bar(s) welded to the steel plate, and it is recommended to use the
same spacing and dimension for these stirrups as for the standard stirrups. In case of a single unit, an extra
longitudinal bar has to be introduced in order to anchor the centre stirrups at the rear side of the column.

In case of double units, the threaded bars are screwed into the threaded inserts in both units, making a
horizontal connection right through the column.

Figure 9 illustrates the column with four main reinforcement bars, one in each corner of the stirrups. This is
only an illustration. The knife(s) will give eccentric load(s) on the column and the required amount of main
reinforcement shall be evaluated in each case, based on the actual occurring axial force and bending
moment(s) from the eccentricity (-ies).

It’s an assumption the recess for the knife in the column is always filled with grout. Thus, the capacity of the
column can be evaluated without reduction in cross-section due to the column unit.
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PART 3

- BSF 225

3.1 BEAM UNIT - EQUILIBRIUM

MEMO 521

1 2

-

20
2816 STIRRUPS j[\
(0G REINFORCEMENT | L0

I 816 half round steel M1
Rvo ~ s
— Rro} H s #
B [5] %0 —\
uty 1 i
Fr
R
—— _f="_#‘
— \
| 35| 876 half round ,)_
Fy steel Rw

] _

KNIFE 195x20 T 50 K 02 ) % | w2 |ot
! " . 1xM1B 55| 190 [S5|@16
1 o+

76 HALF ROUND STEEL| 330 ‘ 100 1-1 2-1
2810 STIRRUPS 362.5 ES.

Figure 10: BSF 225 Beam

reinforcement.

2816 STIRRUPS 3
Location: +5mm

Iz = -

z

@76 half round steel

xM12
P

(0G REINFORCEMENT 45
Location: +5mm 1 Trw
AL D 330 .
i

195

Fu

—

[
876 half round <

85
Fv steel

_
KNIFE 195x20 1 510
Cantilever: +10mm b
@76 HALF ROUND STEEL 330 ‘ 100 ‘
1 1
2810 STIRRUPS 3515 l} |

Location: -5mm

1xM16

unit. Situation I-nominal values on cantilever and location of anchoring

Clearance 30

I

85

BEAM

= = =5

920

42

Figure 11: BSF 225 Beam unit. Situation ll-unfavourable tolerances on cantilever and location of anchoring

reinforcement.

Page 25 of 66

www.invisibleconnections.no



Invisibl
mgnr?ecrfons G M E M O 5 2 1

Forces situation I:

Equilibrium:
115mm + 340mm 195mm
R =F, x + Ry X——
340mm 340mm
_ 20BKN x S1OMM +340MM 5 ooskn x 222N 357kN
340mm 340mm
Ry =Ryo —225kN =327kN — 225kN =102kN
Forces situation IlI:
Equilibrium:
R _F 130mm +330mm N y 195mm
VooV 330mm o ™ 330mm
_ 20BKN x 20MM +330MM 5 oskN x 222MM _ 340 2kN
330mm 330mm

Ry, =Ryo — 225kN =340,2kN — 225kN =115,2kN

3.2 BEAM UNIT — ANCHORING REINFORCEMENT

1) Vertical suspension reinforcement in front -Situation Il is assumed:

Reinforcement:
B Rvo _ 340,2kN
*f 435MPa
2(16Stirrups= 201mm?x4=804mm?
Capacity of selected reinforcement: 804mm?x435MPa=349kN

=782mm?
yd

Minimum mandrel diameter:

R
me,min = V? = 3ggzoo =247 mm
by x0,6x(1-—%)x f,x05 270%x0,6x(1-—-)x19,8MPax0,5
250 250

ber= effective beam width. Assume: b=bpeam-bunit=300mm-30mm=270mm
@mi= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: §=250mm
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2) Vertical suspension reinforcement at back -Situation Il is assumed:

Reinforcement:
R B 115,2kN
fyd 435MPa

2@10stirrup= 78mm?x4=312mm?
Capacity of selected reinforcement: 312mm?x435MPa=135kN

= 265mm?

A =

Minimum mandrel diameter:

R
me,min = V? = 1;2200 = 84 mm
by x0,6x(1-—%)xf, x05 270x0,6x(1-_")x19,8MPax05
250 250

best= effective beam width. Assume: b=bpeam-bunit=300mm-30mm=270mm
@mb= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: $=100mm

3) Anchoring of stirrups in front, EC2 clause 8.4.3 and 8.4.4:

| b ,
Figure 12: Anchoring of reinforcement.
lbg = alxazxa3xa4xa5x|b,reqd 2 Ib,min
g o
|b,reqd = —X sd
fiog
340,2kN
Stress in stirrup: oy = ———— =423MPa
804mm
16 423
breqd = — X =606mm
4 2,79

Ib,min = max(0,3x|b,reqd; 10X¢’ 100mm)=182mm
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Table 8.2: Straight bar:
a:=1,0
Table 8.2: Concrete cover:
o = 1-0,15%(cq—3%x@)/D
Neglecting any positive effect of concrete cover, selecting a,=1,0

Table 8.2: Confinement by reinforcement:
o3 = 1-KxA
Neglecting any positive effect of transverse reinforcement, selecting a3 =1,0
Table 8.2: Confinement by welded transverse reinforcement:
=10
Not relevant.
Table 8.2: Confinement by transverse pressure:
as=1,0
Not relevant.
x03x0s=1,0x1,0x1,0=1,0 > 0,7 — OK

lba = 1,0x1,0x1,0x1,0x1,0x606mm=606mm

4) Lap of stirrups, EC2 clause 8.7.3:

MAIN REINFORCEMENT , ly
IN BEAM

Figure 13: Lap of reinforcement.

lo= 01X QX A3X0lsX 06X b, reqd = lo,min
Required lap length:
Ib,reqa = 606mMm, see evaluation in clause 3.
lo,min = Max(0,3%0exlp reqa; 15%@; 200mm)
Table 8.2: a3, 0, azand as=1,0 as calculated in clause 3.
Table 8.3: a=1.5 (All reinforcement is lapped)

=lp=1,0x1,0x1,0x1,0x1,5%606mm=909mm
=Select: 1,=950mm
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5) Anchoring of main reinforcement:
It must be ensured the horizontal part of the front reinforcement is continued until the main reinforcement

is sufficient anchored to carry the load.

fronncroncnonincnnn e TRy,

316

iBS.I]

Assume 6825
Bundled 2+2+2

Y U

Figure 14: Anchoring.

Example, assuming:
e Main reinforcement at bottom: 6@25, bundled 2+2+2.
e Horizontal part of the front anchoring bars is 950mm (= equals the minimum calculated lap length).
l.e. the bars end at x=185+950=1135mm.
e Y=30mm

Section 1 (at x=185mm):
Equivalent diameter of 2325 bundled:

@B =@ x~/2 =25x~/2 =35mm
Anchoring length of a bundle:

B 7x12,5% x 435MPa x 2 B 7x12,5% x 435MPa x 2 B 427kN
zx@,x f, 7 x35%x2,79MPa 0,3067kN / mm

Force anchored in @#25:
Fpas=foax@nx11x(185-Y)x3=2,79%35%1%(185-30)x3=142kN
Force anchored in @16:
Fg16=340,2kN
Total anchored force:
F=Fgos+Fp16=142kN+340,2kN=482,2kN
Tension in reinforcement at x=185mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5xVegx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVgqx (1-0)
= M(x)/z+0,5xVeq

L

n

=1392mm
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Bending moment at x=185:
M (x=185)=225kNx(185+85)mm=60,8kNm
Assume: z=0,9d=0,9x376mm=338mm (approximately)
S (x=185)=60,8kNm/0,338m+340,2kN/2=350kN
= The anchoring at x=185mm is sufficient in this case.

Section2 (at x=1135mm):
Force anchored in (#25:
Fgas=foax@nx11x(1135-Y)x3=2,79x35xm%x(1135-30)x3=1017kN
Force anchored in @#16:
Fg16=0kN
Total anchored force:
F=Fg5+Fg16=1017kN+0kN=1017kN
Tension in reinforcement at x=1135mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5xVegx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVegx (1-0)
= M(x)/z+0,5xVeq
Moment at x=1135:
M (x=1135)=225kNx(1135+85)mm=274,5kNm
Assume: z=0,9d=0,9x376mm=338mm (approximately)
S (x=1135)=274,5kNm/0,338m+225kN/2=925kN
= The anchoring at x=1135mm is sufficient in this case.

Note: No reduction in the bending moment due to distributed load on top of the beam is accounted for in
this example. Normally this will be the case, thus the cross section forces in section 2 will normally be less
than calculated here.
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3.3 BEAM UNIT — HORIZONTAL ANCHORING

Horizontal anchoring of half round steel in top Ruo=0,2xFy=45kN:
Select: 2xM12 threaded bars 8.8 with nut & steel plate = 48kNx2=96kN
Machined thread length in half round steel according to Table 5
Horizontal anchoring of half round steel at bottom Ruy=0,2xF,=45kN:
Select: 1xM16 threaded bar 8.8 with nut & steel plate = 90kN
Machined thread length in half round steel according to Table 5.

3.4 EVALUATION OF REINFORCEMENT IN THE END OF THE CONCRETE BEAM

3.4.1 SHEAR STIRRUPS IN BEAM END

Use a strut-and-tie model with compression diagonal at 45°. The shear force within the central part of the
beam unit is assumed to be Ryo=340,2kN

A Vi s 8
s __TRds o 340.2x10°N =2311mm? /m
S Zx fyd 0,9x0,376mx 435MPa

Assume height of beam h=450mm
Assume d=376mm
Assume z=0,9d
Assume stirrup diameter @10.
= $10c60 (2617mm?/m)
=Select @10 c/c60. This reinforcement should be brought approximately 200mm past the end of the beam

unit in order to absorb any splitting effects from the threaded bars anchoring the horizontal force.

3.4.2 SHEAR COMPRESSION IN BEAM END

Shear compression: EC2, clause 6.2.3
VRd,max = QewXbwxzxuixfeq/(cot 6 + tan 6)
buw=bbeam-bunit
Assume with of beam: byeam=300mm
= by =300mm-30mm=270mm
Assume height of beam h=450mm

Assume d=376mm

Page 31 of 66 www.invisibleconnections.no



Invisibl
mggnr?ecrfons M E M O 5 2 1

Assume z=0,9d
Vrd max = {1,0x270%x0,9%376x0,6x[1-(35/250)]x19,8/(1+1)} x1073
VRd,max = 466 kN (>VRd:> OK)

3.4.3 HORIZONTAL BARS IN BEAM END

According to the strut and tie model:

A, Ry

s zx flg
Included if: h>(b+@mandrel/2)/0,9 +2xconcrete cover=(320mm+250mm/2)/0,9+2x30=554mm
= Simplified: Included if h>550mm

Example: if z=700mm:

A
A 115200N _378mm?2 /m
S 0,7mx 435MPa

Select u-bars: @12 ¢/c200=rx62x2/0,2m=1130mm?/m. Distributed vertically below the unit.
Simplified: Horizontal length of bar: L=b+40@=320mm+40x12mm=800mm

3.4.4 ILLUSTRATION OF REINFORCEMENT IN BEAM END

2-816 stirrups bent over half round stesl Reguired length of the horizonfal part of the front
[ ' reinforcement shirrups is to be evaluated in each
[ - case. With assumption in example: [=550mm.

o

f—EiO stirrups bent ™.,
over half round steel

Leb-B10-P1_- 5-310-P2
13-810 stirrups ¢/c 60 -P1&P2
1 1
Figure 15: Reinforcement in beam end.
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3.5 COLUMN UNIT

COLUMN
M12
~ STIRRUPS
820
® ® | -
Mmoo, =
41 " T T
: O ra s
b ===
o 4|7
befd o
| 210 LB 5

Figure 16: BSF225 column unit. (Centre stirrups are not illustrated.)

3.5.1 TRANSFER OF VERTICAL LOAD Fv

I: Stress from knife:

o = 2200N __oonmpa
ke = 20mm x 50mm

II: Force going directly into @20 reinforcement bar:

The anchored force will be the minimum of:
2

a) Fa2 =7z><%>< 225MPa ~ 71kN

Fz.0 = Circumferencex f , x L,

b
) = 77 x20mmx 2,79MPa x 600mm =~ 105kN
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Ill: Concrete stress:

__ 225kN —71kN
(11000 —314)mm?>

—14,4MPa

3.5.2 TRANSFER OF HORIZONTAL LOAD Fy
Horizontal load H=0,3xFv=0,3x225kN=67,5kN
I: Threaded bars/inserts:

2xM12 8.8 inserts/threaded bars with nut & steel plate: 2x48kN=96kN—=0K
Anchored to the rear of the column.

3.5.3 STIRRUPS IN THE COLUMN DIRECTLY BENEATH THE UNIT

Required reinforcement:

_04xF, _04x225000N

=207mm?
f 435MPa
Required amount of @10 stirrups:
2
n=20TMM" _ 563
78mm

= Three stirrups @10 in Zone 1 are sufficient. See Section 2.6 and Figure 9 for principal and recommended
reinforcement layout.

Example column 400x400:

Considering c¢/c 50mm will fit with both the strut & tie model and the split forces, and thus be adequate
spacing for the stirrups in zone 1.
-> Height of zone 1= 100mm.

Control of location of reinforcement for horizontal force alone: 0,7d’=0,7x270mm=189mm
Sideways: All stirrups will be within this distance -> ok.

Below unit: All stirrups will be within this distance -> ok.

= Select 3¢10stirrups c/c 50. Select to use ¢/c 50 also for center stirrups.
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PART 4

- BSF 300

4.1 BEAM UNIT - EQUILIBRIUM

MEMO 521

1 2
| I
0 2
3816 STIRRUPS
“/ 02 , % , 102,612
(0G REINFORCEMENT |50
87 half round steel 2uM12 s6, 1188 | 56|81
Rva ]
'_ \ !
. \ Rio {
s
s fus| | 330 ,
o ! : \\
F R
1| 876 half round )_ = L e
e, | steel Ru
= _|
KNIFE 235x20 T 5 7 ._ w2 | s6 | w2 |t
- \_1xMi6 55| 190|558
1 a1
@76 HALF ROUND STEEL 330 ‘ 100 ‘ 11 2.2
2012 STRRUPS 3625 Es

reinforcement.

Figure 17: BSF 300 Beam unit. Situation I-nominal values on cantilever and location of anchoring
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;‘J—l 20
3816 STIRRUPS ‘5\/7

2
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Location: +5mm
C0G REINFORCEMENT | 55
Location: +5mm @16 half round steel M2
Rvo ) 4
— \ Reo / i o
o
25 k0 320 I_r\ "
o ‘ . {
B L L : ) Riw A
g5 | @76 half round < -] T
Fy steel Rw
— | =
KNIFE 235x20 1 510 2
Cantilever: +10mm L 1xM16
@76 HALF ROUND STEEL 330 100
1 1
2812 STIRRUPS 3515 [35
1

Location: -Smm

reinforcement.

COLUMN

Clearance 30

85

BEAM

o

42

Figure 18: BSF 300 Beam unit. Situation ll-unfavourable tolerances on cantilever and location of anchoring
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Forces situation I:

Equilibrium:
R _F x 125mm +330mm N y 235mm
Voo v 330mm "o " 330mm
_ 300kN x 222MM +330MM 5 300kN x 252MM _ 456 4kN
330mm 330mm
Ry, =Ryo —300kN =456,4kN — 300kN =156,4kN
Forces situation IlI:
Equilibrium:
R _F x 140mm +320mm N y 235mm
Voo v 320mm O " 320mm
_ 300kN x 220MM +320MM 5 300kN x 222MM _ 475 3kN
320mm 320mm

Ry, =Ry, — 300kN = 475,3kN — 300kN =175,3kN

4.2 BEAM UNIT — ANCHORING REINFORCEMENT

1) Vertical suspension reinforcement in front -Situation Il is assumed:

Reinforcement:
A = Rvo B 475,3kN
fy0| 435MPa
3@16Stirrups= 201mm?x6=1206mm?
Capacity of selected reinforcement: 1206mm?x435MPa=524kN

=1093mm?

Minimum mandrel diameter:

R
Dot min = V;) = 4;2300 =345mm
by x0,6x(1-—*)xf, x05 270x0,6x(1-—-")x198MPax0,5
250 250

ber= effective beam width. Assume: b=bpeam-bunit=300mm-30mm=270mm
@mi= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

=> Select: $=350mm
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2) Vertical suspension reinforcement at back -Situation Il is assumed:

Reinforcement:
A Rw _ 175,3kN
s f 4 435MPa

y

=403mm?

2@12stirrup= 113mm?x4=452mm?
Capacity of selected reinforcement: 452mm?2x435MPa=196kN

Minimum mandrel diameter:

R
Qmb,min = - = 175300 =127 mm

b, 206 (1— % )x f %05 270%0,6% (1— > ) x19.8MPax0,5
250 250

€

best= effective beam width. Assume: b=bpeam-bunit=300mm-30mm=270mm
@mb= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: §=160mm

3) Anchoring of stirrups in front, EC2 clause 8.4.3 and 8.4.4:

Lo

Figure 19: Anchoring of reinforcement.

lbg = alxazxa3xa4xa5x|b,reqd 2 Ib,min

|b,reqd = 9 X T
Fog
Stress in stirrup: oy, = ATSZN 394MPa
1206mm?
16 394 _565mm

Iy reqd = — X
4

2,79
Ib,min = max(0,3x|b,reqd; 10X¢’ 100mm)=170mm
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Table 8.2: Straight bar:
a:=1,0
Table 8.2: Concrete cover:
o = 1-0,15%(cq—3%x@)/D
Neglecting any positive effect of concrete cover, selecting a,=1,0

Table 8.2: Confinement by reinforcement:
o3 = 1-KxA
Neglecting any positive effect of transverse reinforcement, selecting a3 =1,0
Table 8.2: Confinement by welded transverse reinforcement:
=10
Not relevant.
Table 8.2: Confinement by transverse pressure:
as=1,0
Not relevant.
x03x0s=1,0x1,0x1,0=1,0 > 0,7 — OK

lba = 1,0x1,0x1,0%x1,0x1,0x565mm=565mm

4) Lap of stirrups, EC2 clause 8.7.3:

MAIN REINFORCEMENT , lg
IN BEAM

Figure 20: Lap of reinforcement.

lo= 01X QX A3X0lsX 06X b, reqd = lo,min
Required lap length:
Ib,reqa = 565mm, see evaluation in clause 3.
lo,min = Max(0,3%0exlp reqa; 15%@; 200mm)
Table 8.2: a3, 0, azand as=1,0 as calculated in clause 3.
Table 8.3: a=1.5 (All reinforcement is lapped)

=lo=1,0x1,0x1,0x1,0x1,5x565mm=848mm

=Select: 1,=900mm
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5) Anchoring of main reinforcement:

MEMO 521

It must be ensured the horizontal part of the front reinforcement is continued until the main reinforcement

is sufficient anchored to carry the load.

423

5.0

Assume 6825 / | 235 900

Bundled 2+2+2
Y

Figure 21: Anchoring.

Example, assuming:
e Main reinforcement at bottom: 6@25, bundled 2+2+2.

e Horizontal part of the front anchoring bars is 900mm (= equals the minimum calculated lap length).

l.e. the bars end at x=235+900=1135mm.
e Y=30mm
e Transverse load (included safety factors) g,=50kN/m

Equivalent diameter of 2(25 bundled:
@, =B x~2=25x~/2 =35mm
Anchoring length of a bundle:

L - 7 x12,5% x 435MPax 2 _ 7 x12,5% x 435MPax 2

= A27kN =1392mm

n

7x@, x f, 7 x35%x2,79MPa
Section 1 (at x=235mm):
Force anchored in @#25:
Fpas=foax@nx11x(235-Y)x3=2,79%x35%1%(235-30)x3=188kN
Force anchored in @16:
Fg16=475,3kN
Total anchored force:
F=Fg2s+Fg16=188kN+475,3kN=663,3kN

"~ 0,3067kN /mm
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Tension in reinforcement at x=235mm: (clause 6.2.3(7))
Neglecting reduction due to transverse load in this point.
S(x)=M(x)/z+0,5Veqx (cot(B)-cot(a))
=M(x)/z+0,5%Veqx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVgqx (1-0)
= M(x)/z+0,5%Vgq
Bending moment at x=235:
M (x=235)=300kNx(235+85)mm=96kNm
Assume: z=0,9d=0,9x423mm=381mm (approximately)
S (x=235)=96kNm/0,381m+475,3kN/2=490kN
= The anchoring at x=235mm is sufficient in this case.

Section 2 (at x=1135mm):
Force anchored in @#25:
Fpas=foax@nxmix(1135-Y)x3=2,79x35xmx(1135-30)x3=1017kN
Force anchored in @16:
Fg16=0kN
Total anchored force:
F=Fg25+F316=1017kN+0kN=1017kN
Cross section forces:
V(x=1135)=300kN-50kN/mx1,135m=243kN
M (x=1135)=300kNx(1,135+0,085)m - 50kN/mx1,1352/2=334kNm

Tension in reinforcement at x=1135mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5xVeqgx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVegx (1-0)
= M(x)/z+0,5xVeq
Assume: z=0,9d=0,9x423mm=381mm (approximately)
S (x=1135)=334kNm/0,381m+243kN/2=998kN
= The anchoring at x=1135mm is sufficient in this case.
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4.3 BEAM UNIT — HORIZONTAL ANCHORING

Horizontal anchoring of half round steel in top Ruo=0,2xFy=60kN:
Select: 2xM12 threaded bars 8.8 with nut & steel plate = 48kNx2=96kN
Machined thread length in half round steel according to Table 5.
Horizontal anchoring of half round steel at bottom Ry,y=0,2xF,=60kN:
Select: 1xM16 threaded bar 8.8 with nut & steel plate = 90kN
Machined thread length in half round steel according to Table 5.

4.4 EVALUATION OF REINFORCEMENT IN THE END OF THE CONCRETE BEAM

441 SHEAR STIRRUPS IN BEAM END

Use a strut-and-tie model with compression diagonal at 45°. The shear force within the central part of the
beam unit is assumed to be Ryo=475,3kN

A, Vass  4753x10°N

s zxf, 09x0,423mx435MPa

=2870mm? /m

Assume height of beam h=500mm
Assume d=423mm
Assume z=0,9d
Assume stirrup diameter @312.
= @12c75 (3016mm?/m)
=Select @12 c/c75. This reinforcement should be brought approximately 200mm past the end of the beam

unit in order to absorb any splitting effects from the threaded bars anchoring the horizontal force.

44.2 SHEAR COMPRESSION IN BEAM END

Shear compression: EC2, clause 6.2.3
VRd,max = OlewXbwxzxu1xfeq/(cot © + tan 0)
bw=bbeam-bunit
Assume with of beam: byeam=300mm

= bw =300mm-30mm=270mm
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Assume height of beam h=500mm

Assume d=423mm

Assume z=0,9d
Vramax-{1,0x270x0,9x423x0,6x[1~(35/250)]x19,8/(1+1)} x10°3
VRdmax = 525 kN (>Vrg= OK)

443 HORIZONTAL BARS IN BEAM END

According to the strut and tie model:
i _ Rw
s zxf,
Included if: h>(b+@mangrei/2)/0,9 +2xconcrete cover=(320mm+350mm/2)/0,9+2x30=610mm

= Simplified: Included if h>600mm

Example: if z=700mm:
A 175300N

== =576mm? /m
S 0,7mx435MPa

Select u-bars: @12 ¢/c200=rtx62x2/0,2m=1130mm?/m. Distributed vertically below the unit.
Simplified: Horizontal length of bar: L=b+40@=320mm+40x12mm=800mm

444 1LLUSTRATION OF REINFORCEMENT IN BEAM END

Required length of the horizontal part of the fronf
reinforcement stirrups is to be evaluated in each
case. With assumption in example: (=900mm.

3-816 stirrups bent over half round steel

A2-812 stirrups ben’r"-_
over half round steel

| 4+3-G12-P1 13-812-P2
10-812 stirrups c/c 75 -P1&P2
1 1
Figure 22: Reinforcement.
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4.5 COLUMN UNIT

COLUMN
— . ~
O
M12 w8
fi8 A a,
_ STIRRUPS
820
~
L2
=] ® -
m =
fied = I
- [ -
@7— — a
\’ I ./'. ” &
-
AL} ., =
ek prw
g 5

Figure 23: BSF300 column unit. (Centre stirrups are not illustrated.)
4.45 TRANSFER OF VERTICAL LOAD Fv

I: Stress from knife:

_ _ 300000N _ 300MPa

20mm x 50mm

knife

II: Force going directly into @20 reinforcement bar:

The anchored force will be the minimum of:
2

a) Fa2 =7z’><%><300MPaz94kN

Fz. = Circumferencex f , x L,

b
) = 77 x20mmx 2,79MPa x 600mm =~ 105kN
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Ill: Concrete stress:

__300KN —94kN
(11000 — 314)mm?

=19,3MPa

44.6 TRANSFER OF HORIZONTAL LOAD Fn

Horizontal load H=0,3xFv=0,3x300kN=90kN

I: Threaded bars/inserts:
2xM12 8.8 inserts/threaded bars with nut & steel plate: 2x48kN=96kN—=0K
Anchored to the rear of the column.

4.4.7 STIRRUPS IN THE COLUMN DIRECTLY BENEATH THE UNIT

Required reinforcement:

04xF, _0,4x300000N

A = =276mm°
fyd 435MPa
Required amount of @10 stirrups:
2
n=200MM° g5y
78mm

= Four stirrups in Zone 1 are sufficient. See Section 2.6 and Figure 9 for principal and recommended
reinforcement layout.

Example column 400x400:
Considering c/c 50mm will fit with both the strut & tie model and the split forces, and thus be adequate
spacing for the stirrups in zone 1.

-> Height of zone 1= 150mm.
Control of location of reinforcement for horizontal force alone: 0,7d’=0,7x270mm=189mm
Sideways: All stirrups will be within this distance -> ok.

Below unit: All stirrups will be within this distance -> ok.

=> Select 4¢10stirrups c/c 50. Select to use c/c 50 also for center stirrups.
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PARTS5 -BSFA450

5.1 BEAM UNIT - EQUILIBRIUM

1 2
L) 3

416 STIRRUPS a&ﬂl

T
(0G REINFORCEMENT |70

1 @76 half round steel M1z

Rva /
T / 1 T
oo f Ric ) | #
 fmes | am;s IJ\

250
7&._
| £

Fr

ey B16 half round steel ./

Fy
Rwu \ .
- ‘ - 21 |9 | 1 lew
KNIFE 250x30 645 M5 55 2u0  |s5[@16
876 HALF ROUND STEEL | L5125 \. 100 { =] J’ 160 J’ % |26
] 1 (] H E
2816 STIRRUPS 4925 )
' 20/

Figure 24: BSF 450 Beam unit. Situation I-nominal values on cantilever and location of anchoring
reinforcement.

2 20
Lgts STIRRUPS ‘shg.nt {
Location: +5mm N
C0G REINFORCEMENT |15
Location: +Smm _B76 half round steel M
RVD‘ COLUMN Clearance 30
L. | T/
Ry - [ 5
0 Jeis| | wns T\ 925
5 ! g ) M6
BEAM
v, v
Fv 7 half round steel /  |p,,
1225 | 5225 k
KNIFE 250130 ) 645 \ i
Cantilever: +10mm \
276 HALF ROUND STEEL 4525 \' 100 {
A A
206 STIRRUPS 4815 1]
Location: -5mm 2 .

Figure 25: BSF 450 Beam unit. Situation ll-unfavourable tolerances on cantilever and location of anchoring
reinforcement.
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Forces situation I:

Equilibrium:
152,5mm + 432,5mm 250mm
Ry =F, x + Ry Xx——
432,5mm 432,5mm
_ 450KN x 222MM + 432,5MM 6 5 450kN x —220MM_ 660, 7kN
432,5mm 432,5mm

Ry, =Ryo — 450kN =660,7kN — 450kN = 210,7kN

Forces situation IlI:

Equilibrium:
167,5mm + 422,5mm 250mm
Rvo = I:v X +t Ry X—/—F————
422.5mm 422.5mm
_ 450KN x 287.5MM +422,5MM 5 45okn x-220MM _ 681 7KN
422.5mm 422,5mm

Ry, =Ry, — 450kN =681,7kN — 450kN = 231,7kN

5.2 BEAM UNIT — ANCHORING REINFORCEMENT

1) Vertical suspension reinforcement in front -Situation Il is assumed:

Reinforcement:
Ry  6817kN
A= f, 435MPa
4@16Stirrups= 201mm?x8=1608mm?
Capacity of selected reinforcement: 4@16Stirrups=1608mm?x435MPa=699kN

=1567mm?

Minimum mandrel diameter:

R
D ot min = V]? = 62]5-700 =430 mm
by x0,6x(1— %) x fyx05 310x0,6x(1-——)x19,8MPax0,5
250 250

bet= effective beam width. Assume: b=bpeam-bunit=350mm-40mm=310mm
@mi= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: §=450mm
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2) Vertical suspension reinforcement at back -Situation Il is assumed:

Reinforcement:
A = Rw _ 231,7kN
s f 4 435MPa

y

=533mm?

2@16Stirrups= 201mm?x4=804mm?
Capacity of selected reinforcement: 2@16Strirrups=804mm?x435MPa=350kN

Minimum mandrel diameter:

R
D omin = v = 231700 =146 mm

by x0,6x(1— fo )x f 4 x0,5 310><0,6><(1—£)><19,8MPa><0,5
250 250

berr= effective beam width. Assume: b=bpeam-bunit=350mm-40mm=310mm

@mb= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: $=150mm

3) Anchoring of stirrups in front, EC2 clause 8.4.3 and 8.4.4:

Figure 26: Anchoring of reinforcement.

Ibg = Q1X QX Ol3X 0LaX AlsX b, reqd = |b,min

|b,reqd = 9 X T
foa
Stress in stirrup: o, = 681’—7sz =424MPa
1608mm
Ib,reqd = E>< 424 =608mm
2,79
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lb,min = Max(0,3%lyreqq; 10x@; 100mm)=182mm
Table 8.2: Straight bar:

a:=1,0
Table 8.2: Concrete cover:

a = 1-0,15x%(cq-3x@)/@

Neglecting any positive effect of concrete cover, selecting a,=1,0
Table 8.2: Confinement by reinforcement:

o3 = 1-KxA

Neglecting any positive effect of transverse reinforcement, selecting a;=1,0
Table 8.2: Confinement by welded transverse reinforcement:

=10

Not relevant.
Table 8.2: Confinement by transverse pressure:

as=1,0

Not relevant.
aLx0x0s=1,0x1,0x1,0=1,0 > 0,7 — OK

lba = 1,0x1,0x1,0x1,0x1,0x608mm=608mm

4) Lap of stirrups, EC2 clause 8.7.3:

3

E

)

MAIN REINFORCEMENT |
IN BEAM :

Figure 27: Lap of reinforcement.

lo= Ol 02X 03X OlsX OleX b reqd = lo,min

Required lap length:
Ib,reqd = 608mMm, see evaluation in clause 3
lo,min = Max(0,3%0eXly,reqa; 15x@; 200mm)
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Table 8.2: a3, 0, a3 and as=1,0 as calculated in clause 3.
Table 8.3: a=1.5 (All reinforcement is lapped)

=lp=1,0x1,0x1,0x1,0x1,5x608mm=912mm
=Select lp =950mm

5) Anchoring of main reinforcement:
It must be ensured the horizontal part of the front reinforcement is continued until the main reinforcement

is sufficient anchored to carry the load.

465

925

Assume 6832/ |
Bundled 2+2+2 2 J’ a2l A

Y
- x

Figure 28: Anchoring.

Example, assuming:
e Main reinforcement at bottom: 632, bundled 2+2+2.
e Horizontal part of the front anchoring bars is 950mm (= equals the minimum calculated lap length).

l.e. the bars end at x=345+950=1295mm.

e Y=30mm
e Transverse load (included safety factors) g,=100kN/m

Equivalent diameter of 232 bundled:
B, =D x+2 =32x+/2 = 45mm
Anchoring length of a bundle:
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_7z><162 ><435MPa><2_7r><162 x435MPax2 700kN
 zx@,xf,  xx45x279MPa  0,394kN/mm
Section 1 (at x=345mm):
Force anchored in #32:
Fpso=foax@nx1ix(345-Y)x3=2,79x45x11x(345-30)x3=372kN
Force anchored in @16:
Fg16=681,7kN
Total anchored force:
F=Fg3,+Fg16=372kN+681,7kN=1053,7kN
Tension in reinforcement at x=345mm: (clause 6.2.3(7))

L

n

=1776mm

Neglecting reduction due to transverse load in this point.
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5xVegx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVggx (1-0)
= M(x)/z+0,5%Vgq
Bending moment at x=345:
M (x=345)=450kNx(345+92,5)mm=197kNm
Assume: z=0,9d=0,9x465mm=418mm (approximately)
S (x=345)=197kNm/0,418m+681,7kN/2=812kN
= The anchoring at x=345mm is sufficient in this case.

Section2 (at x=1295mm):
Force anchored in @32:
Fp32=frax@nx1tx(1295-Y)x3=2,79x45%mx(1295-30)x3=1497kN
Force anchored in @16:
F¢16=0kN
Total anchored force:
F=Fg32+F316=1497kN+0kN=1497kN
Cross section forces:
V(x=1295)=450kN-100kN/mx1,295m=321kN
M (x=1295)=450kNx(1,295+0,0925)m - 100kN/mx1,295%/2=541kNm

Tension in reinforcement at x=1295mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5xVeqgx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVggx (1-0)
= M(x)/z+0,5%Vgq
Assume: z=0,9d=0,9x465mm=418mm (approximately)
S (x=1295)=541kNm/0,418m+321kN/2=1455kN
= The anchoring at x=1295mm is sufficient in this case.
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5.3 BEAM UNIT — HORIZONTAL ANCHORING

Horizontal anchoring of half round steel in top Ruo=0,2xFy=90kN:
Select: 2xM12 threaded bars 8.8 with nut & steel plate = 48kNx2=96kN
Machined thread length in half round steel according to Table 5.
Horizontal anchoring of half round steel at bottom Ry,u=0,2xF,=90kN:
Select: 1xM16 threaded bar 8.8 with nut & steel plate = 90kN
Machined thread length in half round steel according to Table 5.

5.4 EVALUATION OF REINFORCEMENT IN THE END OF THE CONCRETE BEAM

5.4.1 SHEAR STIRRUPS IN BEAM END

Use a strut-and-tie model with compression diagonal at 45°. The shear force within the central part of the
beam unit is assumed to be Ryo=681,7kN
A, B Vias _ 681,7x10°N

- ~ =3745mm? /m
s zxf, 09x0,465mx435MPa

Assume height of beam h=550mm
Assume d=465mm
Assume z=0,9d
Assume stirrup diameter @12.
= ©12¢60 (3770mm?/m)
=Select @12 ¢/c60. This reinforcement should be brought approximately 200mm past the end of the beam

unit in order to absorb any splitting effects from the threaded bars anchoring the horizontal force.

5.4.2 SHEAR COMPRESSION IN BEAM END

Shear compression: EC2, clause 6.2.3
Vrd,max = QewXbwxzxu1xfcq/(cot 6 + tan 6)
bw=bbeam-bunit
Assume with of beam: byeam=350mm

= bw =350mm-40mm=310mm
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Assume height of beam h=550mm

Assume d=465mm

Assume z=0,9d
VRrd,max = {1,0x310x0,9%465x0,6%[1-(35/250)]x19,8/(1+1)} x1073
Vrd,max = 662 kN (= exceeded by 2%. Approximately ok.)

5.4.3 HORIZONTAL BARS IN BEAM END

According to the strut and tie model:
As — I:QVU
S Zx fyd

Included if: h>(b+@mandrei/2)/0,9 +2xconcrete cover=(422,5mm+450mm/2)/0,9+2x30=780mm
= Simplified: Included if h>750mm

Example: if z=845mm:

A __ 231700N =630mm?* /m
s  0,845mx435MPa

Select u-bars: $12¢200=mx6°%x2/0,2m=1130mm?/m. Distributed vertically below the unit.
Simplified: Horizontal length of bar: L=b+40@=422,5mm+40x12mm=900mm

544 ILLUSTRATION OF REINFORCEMENT IN BEAM END

. Required length of the horizontal part of the front
ﬂ""mﬁ sfirrups bent over half round steel | reinforcement stirrups is to be evaluated in each
case. With assumption in example: [=950mm,

100

250

| 2-816 stirrups bent |
over half round steel | _—
15-812 stirrups c/c 60 -P1&P2

| 6+4-812-P1 ls.pr-p2 |

Figure 29: Reinforcement.
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5.5 COLUMN UNIT

COLUMN .
M16 =
@g A
925
_ STIRRUPS
. 125
1510
) ’ =
ﬁ:a” — r ﬁv “u
\L ./,. N w
.
A T R

Figure 30: BSF450 column unit. (Centre stirrups are not illustrated.)

5.5.1 TRANSFER OF VERTICAL LOAD Fv

I: Stress from knife:

30mm x 60mm

O ynife

II: Force going directly into @25 reinforcement bar:

The anchored force will be the minimum of:
2

a) Faos =7z><%x250MPa=122,7kN
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b) Fgos = Circumferencex i, x L,

= x25mmx2,79MPax 600mm =132kN

lll: Concrete stress:
o 450kN —122,7kN
(17500 — 491)mm?

=19,3MPa

5.5.2 TRANSFER OF HORIZONTAL LOAD Fn

Horizontal load H=0,3xFv=0,3x450kN=135kN

I: Threaded bars/inserts
2xM16 8.8 inserts/threaded bars with nut & steel plate: 2x 90kN=180kN—=0K
Anchored to the rear of the column.

5.5.3 STIRRUPS IN THE COLUMN DIRECTLY BENEATH THE UNIT

Required reinforcement:

_ 04xF, _ 0,4 x 450000N _ 414mm?
fg 435MPa
Required amount of @10 stirrups:
2
n= 24 536
78mm

Six stirrups @10 in Zone 1 are sufficient. See Section 2.6 and Figure 9 for principal and recommended
reinforcement layout.

Example column 400x400:
Considering c/c 50mm will fit with both the strut & tie model and the split forces, and thus be adequate

spacing for the stirrups in zone 1.
-> Height of zone 1= 250mm.

Control of location of reinforcement for horizontal force alone: 0,7d’=0,7x265mm=185mm
Sideways: All stirrups will be within this distance -> ok.
Below unit: Three of the stirrups will be outside this distance.
Capacity of reinforcement within 0,7d’. 3 stirrups=6 cross sections: 6x34kN=204kN>H-> OK.

= Select 6p10stirrups c/c 50. Select to use c/c 50 also for center stirrups.
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, 165 L

111

8175 half round steal Mg

MEMO 521

~. W,
1 | ¢ Iy

=y _

L20

280

-
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} o
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KMNIFE 280x40 TJ 545 1|_ -ZJ '\ M20

@76 HALF ROUND STEEL L40.0 |_ 100 |_ :
o+ o+ t

2816+1212 STIRRUPS 4900 |

Figure 31: BSF 700 Beam unit. Situation I-nominal values on cantilever and location of anchoring

reinforcement.

3225 STIRRUPS

1 2
n | 1

Location: +5mm
(0G REINFORCEMENT

Location: +5mm

180

280

Fu

RENErS
T

#
Rvo 8135 half round steel _IxMte

\
Rro | |

oo s

N 10

KNIFE 280x0

105.0
Fv

] Re \
276 half round stesl / i
Rw

| |
T gs z

Cantilever: +10mm
876 HALF ROUND STEEL

| L40.0
k|

|

1816 +1812 STIRRUPS

T &l

485.0

Location: -5mm

| Ma

COLUMN

M20

(learance 30

BEAM

Figure 32: BSF 700 Beam unit. Situation ll-unfavourable tolerances on cantilever and location of anchoring

reinforcement.
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Forces situation I:

Equilibrium:
R _F x 165mm +420mm N 8 280mm
VooV 420mm "0 420mm
_ 700KN x 182Mm+420mm 5 5 260kN x 220MM _ 1 068kN
420mm 420mm
Ry, =Ry — 700kN =1068kN — 700kN = 368kN
Forces situation IlI:
Equilibrium:
R _F 180mm + 410mm N y 280mm
vo v 410mm HO ™ 410mm
_ 700KN x 220mM +410mm 5 Z00kN x 220M™ _ 11 03kN
410mm 410mm

Ry, =Ry, — 700kN =1103kN — 700kN = 403kN

6.2 BEAM UNIT — ANCHORING REINFORCEMENT

1) Vertical suspension reinforcement in front -Situation Il is assumed:

Reinforcement:
Rvo _ 1103kN
fyd 435MPa

3(25Stirrups= 490mm?x6=2940mm?
Capacity of selected reinforcement: 3@25Stirrups=2940mm?x435MPa=1278kN

A = = 2536mm?

Minimum mandrel diameter:

R
5 o _ 1103000 432

mf ,min
by x06x (- %)x f_x05 500x06x (- )x198MPax05
250 250

€

berr= effective beam width. Assume: b=bpeam-bunit=550mm-50mm=500mm
@mi= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: @=450mm
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2) Vertical suspension reinforcement at back -Situation Il is assumed:

Reinforcement:
A Rw _ 403kN
s fd 435MPa

y

=926mm?

2@16Stirrups+1@12stirrup= 201mm?x4+113mm?x2=1030mm?
Capacity of selected reinforcement: 1030mm?x435MPa=448kN

Minimum mandrel diameter:

R
me,min = 2 = 403000 =158 mm

by x0,6x (1= % )x . x05  500x0,6x(L— > )x19,8MPax05
250 250

best= effective beam width. Assume: b=bpeam-bunit=550mm-50mm=500mm
@mb= Mandrel diameter of reinforcement
Concrete strut assumed in 45degrees, see Part 2.

= Select: $=200mm

3) Anchoring of stirrups in front, EC2 clause 8.4.3 and 8.4.4:

Figure 33: Anchoring of reinforcement.

lbg = QL3X0LX 03X 0aX0lsX b reqd 2 lb,min

@ o
Ib,reqd = —X —sd
foa
1103kN
Stress in stirrup: oy = ————=375MPa
2940mm
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25 375
|b,reqd = —X
4 279
lb,min = Max(0,3%ly reqq; 10x@; 100mm)=252mm
Table 8.2: Straight bar:
o= 1,0
Table 8.2: Concrete cover:
0, = 1-0,15x%(cqs-3x@)/D

Neglecting any positive effect of concrete cover, selecting a,=1,0

=840mm

Table 8.2: Confinement by reinforcement:
o3 = 1-KxA
Neglecting any positive effect of transverse reinforcement, selecting a3 =1,0
Table 8.2: Confinement by welded transverse reinforcement:
=10
Not relevant.
Table 8.2: Confinement by transverse pressure:
os=1,0
Not relevant.
aLx0x0s=1,0x1,0x1,0=1,0 > 0,7 — OK

lba = 1,0x1,0x1,0x1,0x1,0x840mm=840mm

4) Lap of stirrups, EC2 clause 8.7.3:

MAIN REINFORCEMENT | ¥y
IN BEAM A A

Figure 34: Lap of reinforcement.

lo= 01X QX 03X OlsXOleX b reqd = lo,min
Required lap length:
Ib,reqd = 840mm, see evaluation in clause 3.
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lo,min = Max(0,3%0exlp reqa; 15%@; 200mm)
Table 8.2: a3, 0, a3 and as=1,0 as calculated in clause 3.
Table 8.3: ag=1.5 (All reinforcement is lapped)

=lp=1,0x1,0x1,0x1,0x1,5x840mm=1260mm
=Select lp = 1300mm

5) Anchoring of main reinforcement:

It must be ensured the horizontal part of the front reinforcement is continued until the main reinforcement
is sufficient anchored to carry the load.

15

i :
1050 L AR

T

Assume 8832 3 1300 |
Bundled 2424242

o
DX

Figure 35: Anchoring.

Example, assuming:
e Main reinforcement at bottom: 8@32, bundled 2+2+2+2.
e Horizontal part of the front anchoring bars is 1300mm (= equals the minimum calculated lap
length). l.e. the bars end at x=311+1300=1611mm.
e Y=30mm
Equivalent diameter of 232 bundled:
@, =@ x+2 =32x+/2 = 45mm
Anchoring length of a bundle:
_7r><162 ><435MF’a><2_7r><162 x435MPax2  700kN
© ax®@, xf,  wx45x2,79MPa  0,394kN/mm
Section 1 (at x=311mm):
Force anchored in #32:
Fp32=foax@nx1tx(311-Y)x4=2,79%x45%x11%(311-30)x4=443kN

L =1776mm

n
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Force anchored in @#25:
Fg25=1103kN
Total anchored force:
F=Fgar+Fg25s=443kN+1103kN=1546kN
Tension in reinforcement at x=311mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5%Veqx (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVgqx (1-0)
= M(x)/z+0,5%Vgq
Bending moment at x=311:
M (x=311)=700kNx(311+105)mm=291kNm
Assume: z=0,9d=0,9x715mm=643mm (approximately)
S (x=311)=291kNm/0,643m+1103kN/2=1004kN
= The anchoring at x=311mm is sufficient in this case.
Section2 (at x=1611mm):
Force anchored in #32:
Fpzo=foax@nxmix(1611-Y)x3=2,79x45xmx(1611-30)x4=2494kN
Force anchored in @#25:
Fg25=0kN
Total anchored force:
F=Fg32+Fg25=2494kN+0kN=2494kN
Tension in reinforcement at x=1611mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Veqx (cot(0)-cot(a))
=M(x)/z+0,5%Veax (cot(45)-cot(90)) (assume 45degrees concrete struts and vertical links)
= M(x)/z+0,5xVegx (1-0)
= M(x)/z+0,5%Vgq
Bending moment at x=1611:
M (x=1611)=700kNx(1611+105)mm=1201kNm
Assume: z=0,9d=0,9%x0,715mm=643mm (approximately)
S (x=1611)=1201kNm/0,643m+700kN/2=2218kN
= The anchoring at x=1611mm is sufficient in this case.

Note: No reduction in the bending moment due to distributed load on top of the beam is accounted for in
this example. Normally this will be the case, thus the cross section forces in section 2 will normally be less
than calculated here.
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6.3 BEAM UNIT — HORIZONTAL ANCHORING

Horizontal anchoring of half round steel in top Ruo=0,2xFy=140kN:
Select: 2xM16 threaded bars 8.8 with nut & steel plate = 90kNx2=180kN
Machined thread length in half round steel according to Table 5.
Horizontal anchoring of half round steel at bottom Ryu=0,2xFy=140kN:
Select: 1xM20 threaded bar 8.8 with nut & steel plate = 141kN
Machined thread length in half round steel according to Table 5.

6.4 EVALUATION OF REINFORCEMENT IN THE END OF THE CONCRETE BEAM

6.4.1 SHEAR STIRRUPS IN BEAM END

Use a strut-and-tie model with compression diagonal at 45°. The shear force within the central part of the
beam unit is assumed to be Rvo=1103kN

A, Vegs 3
I TRds o 1103x10"N =3940mm? /m
s zxf, 09x0,715mx435MPa

Assume height of beam h=800mm
Assume d=715mm
Assume z=0,9d
Assume stirrup diameter @12.
= @12c50 (4524mm?/m)
=Select @12 ¢/c50. This reinforcement should be brought approximately 200mm past the end of the beam

unit in order to absorb any splitting effects from the threaded bars anchoring the horizontal force.

6.4.2 SHEAR COMPRESSION IN BEAM END

Shear compression: EC2, clause 6.2.3
VRd,max = QewXbwxzxuixfcq/(cot 6 + tan 6)
buw=bbeam-bunit
Assume with of beam: bpeam=550mm
= by =550mm-50mm=500mm
Assume height of beam h=800mm

Assume d=715mm
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Assume z=0,9d
VRd,max = {1,0x500%0,9x715x0,6x[1-(35/250)]x19,8/(1+1)} x103
VRd,max = 1643 kN (>VRd:> OK)

6.4.3 HORIZONTAL BARS IN BEAM END

According to the strut and tie model:
i _ Rw
s zxf,
Included if: h>(b+@mandrei/2)/0,9 +2xconcrete cover=(410mm+450mm/2)/0,9+2x30=766mm
= Simplified: Included if h>750mm
= Horizontal bars are always recommended for this unit.

Example: if z=0,9x715mm=644mm:
i _ 403000N
s 0,644mx435MPa

Select u-bars: $12¢150=nx6%x2/0,15m=1507mm?/m. Distributed vertically below the unit.
Simplified: Horizontal length of bar: L=b+40@=410mm+40x12mm=900mm

=1439mm?/m

6.4.4 ILLUSTRATION OF REINFORCEMENT IN BEAM END

c il Required length of the horizontal part of the front
f 3-825 stirrups ben’ over half round steel [ reinfarcement stirrups is to be evaluated in each
N | case. With assumpticn in example: [=1300mm.

i
&

1-816 and 1-@12 stirrups bek

over half round steel

"-.\ 2-812 Horizontal bars f _' Job-B1I-PI 6-812-P2
11-212 stirrups c/c 50 -PILP2 Inward from beam end . -
Figure 36: Reinforcement.
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6.5 COLUMN UNIT

105 |
COLUMN - F=R—
150,

M20 s 2
2025
~ STIRRUPS
150 n
sis
,_ I -
. =
260 , Do B
’ 2 3 5

Figure 37: BSF700 column unit. (Centre stirrups are not illustrated.)

6.5.1 TRANSFER OF VERTICAL LOAD Fy ™

*) Two reinforcement bars are introduced below the steel plate. Thus, some of the evaluations in this
chapter differ from the principal procedures outlined in the design section.

I: Stress from knife:

__ 00000N _ 292MPa

40mm x 60mm

O nife
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II: Force going directly into 2@25 reinforcement bars:
Fgos = Circumference x f, x L, . X2

= 77 x25mmx 2,79MPa x 795mm x 2 = 348kN

Ill: Concrete stress:
o= 700kN —348kN _16,4MPa
(22500 — 982)mm?

6.5.2 TRANSFER OF HORIZONTAL LOAD Fy
Horizontal load H=0,3xFv=0,3x700kN=210kN
I: Threaded bars/inserts:

2xM20 8.8 inserts/threaded bars with nut & steel plate: 2x141kN=282kN=0K
Anchored to the rear of the column.

6.5.3 STIRRUPS IN THE COLUMN DIRECTLY BENEATH THE UNIT

Required reinforcement:

04xF, _0,4x700000N

A, = = 644mm°
fg 435MPa
Required amount of @10 stirrups:
2
n=O4MM° g3 9
78mm

= Five double stirrups @10 in Zone 1 are sufficient. See Section 2.6 and Figure 9 for principal and
recommended reinforcement layout.

Example column 400x400:
Considering double stirrups c/c 50mm will fit with both the strut & tie model and the split forces, and thus

be adequate spacing for the stirrups in zone 1.
-> Height of zone 1= 200mm.
Control of location of reinforcement: 0,7d’=0,7x260mm=182mm
Sideways: All stirrups will be within this distance -> ok.
Below unit: Four of the stirrups will be outside this distance.
Capacity of reinforcement within 0,7d’. 6 stirrups=12 cross sections: 12x34kN=408kN>H-> OK.
=> Select 5x2 ¢10stirrups c¢/c 50. Select to use c/c 50 also for center stirrups.

Page 65 of 66 www.invisibleconnections.no



Invisibl
mgnr?ecrfons < M E M O 5 2 1

REVISION HISTORY

Date: Description:

17.04.2013 | First Edition (for ETA)

12.06.2013 | Updated before ETA. Corrected reinforcement quality notation from: B500C to 500C and
included reference to EN10025-2 for steel quality.

Page 5: Included sentence on requirements when using other reinforcement qualities.
Page 10: Included reference to EN 1992-1-1 8.3 on minimum mandrel diameter.
10.10.2013 | Reorganized Table 3. Included note on z-value in chapter 2.5.2

28.11.2013 | Included comments from external review.

30.04.2014 | Revised chapter 2.6. Referring to CEN/TS 1992-4-2 Headed Fasteners. Included example
evaluation on location of stirrups below unit.

26.06.2014 | Changed the half round steel on the BSF700 unit.

19.08.2014 | Changed position of the M16 threaded bars in the half round steel BSF 700 unit.
13.01.2015 | Updated Table 5. Required thread length in blind holes.

27.02.2015 | Included a nut on the front side of the steel plate anchoring the threaded bars. (To ensure
correct position of the plate when casting the concrete).

24.05.2016 | New template
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