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PART 1 - DTF120 USED IN DT450

11 GENERAL

1.1.1 QUALITIES
Concrete C45/55:

foc = 45,0 MPa EC2, Table 3.1
fea = Qeexfa/ye = 0,85%45/1,5 = 25,5 MPa EC2, Clause 3.15
fera = QleeXfer0,05/Ye = 0,85%2,70/1,5 = 1,53 MPa EC2, Clause 3.16

foa = 2,25xN1xN2xfeg = 2,25%0,7x1,0x1,53 = 2,41 MPa  EC2, Clause 8.4.2

Reinforcement 500C:
fya = fu/ys = 500/1,15 = 435 MPa EC2, Clause 3.2.7

Tendons:
Diameter: $=12,7mm. (Nominal diameter. Real diameter=11,3mm)
Assumed tension after elastic loss: P=120kN.

1.1.2 LOAD
Design load F,=120kN
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1.1.3 GEOMETRY
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1.2 CALCULATIONS

1) Equilibrium:
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_ R, x(75mm+42,5mm)  120kN x (75mm + 42,5mm)
2 234.5mm B 234.5mm
R, = F, +R, =120kN + 61kN =181kN

~ 61kN

2) Reinforcement:

o = (18IKN 416mm?* — 2¢12stirrups = 452mm?
435MPa

R2 = 61kN ~ 14-0mm2
435mm

3) Bending of anchoring reinforcement:

Minimum mandrel diameter, @m,min:

Allowable concrete stress in node, EC2, clause 6.5.2:

fC
fear =0,6x(1- 25B)>< fed

_06x(1- 35255
250
~12,5MPa
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Actual concrete stress in node:

R,

O

B bx@, xsin @ xcosé

b=227mm
@m= Mandrel diameter of front reinforcement
B=assume concrete strut in 45degrees.

Solving for @nm:

— Rl

- bx o, xsin@xcosé
181000N

=B min = : =128mm
’ 227mmx12,5MPa x sin(45) x cos(45)

@

m

= Select mandrel diameter: @»=160mm

4) Anchoring of @12 stirrups in front, EC2 clause 8.4.3 and 8.4.4:

lbg = 01X QX A3X 04X 05X b, reqd = lo,min

Ib,reqd = gxﬁ
Fog
Stress in stirrup: o :M =400MPa
%6
12 400 _ 497mm

|b reqd X
g
4

2,41
Ib,min = Max(0,3%ly reqq; 10x@; 100mm) = 150 mm
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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 = 1,0x1,0x1,0x1,0x1,0x497mm= 497 mm

5) Lap of @12 stirrups, EC2 clause 8.7.3:

lo= 01X QX 0l3X OlsXOleX b reqd = lo,min

Required lap length, @12:
@ o4 12 400
|b,reqd= —X =—X
fy 4 241

lo,min = Max(0,3x0eXly reqq; 15x@; 200mm)=224mm

=497mm

Table 8.2: a;,0,,03,0g 0s=1,0 as calculated in clause 2).
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Table 8.3: as=1.5 (All reinforcement is lapped)

=lo=1,0x1,0x1,0x1,0x1,5%x497mm=746mm ==750mm

6) Transmission length — tendons, EC2 clause 8.10.2.2:

= ll

Bond stress:
fopt=np1xM1%feq(t)
Np1=3,2 (assume 3 or7-wire tendons)
1n1=1,0 (assume “good bond conditions”)
fera(t) =00, 7xFeem(t)/ve
o.=0,85
fetm(t)=(Bec(t)) **fetm
Bec(t)=exp(s(1-28/1)"?)
Assume: Release after t= 1day
Assume: s=0,2
=Be(t)=exp[0,2x{1-(28/1)?}]=0,423
a=1 (t<28days)
feem=3,8MPa
=fum(t)=0,423'%3,8MPa=1,60MPa
foa(t) =0,85x0,7x1,60MPa/1,5=0,635MPa

=fppt=3,2x1,0x0,635MPa=2,03MPa

Transmission length:
Ipt:alx(x«2x¢x0pmo/ fbpt
a1=1,0 (assume gradual release)
02=0,19 (assume 3 or7-wire tendons)
@=12,7mm (Nominal diameter of tendon. Real diameter=11,3mm)
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Gpmoz 1200M Pa

=lw=1,0x0,19x12,7mmx1200MPa/2,03MPa=1426mm

=1pt1=0,8x |p: =0,8x1426mm=1141mm. To be used in evaluation of local cross section stresses.
=lpt2=1,2x lp: =1,2x1426mm=1711mm. To be used in evaluation of anchorage. Stress after all losses
assumed as 0,9Gpmo. (10% loss)

7) Anchoring:
i
N0 @
i -
123 J 750 j(
P

Assuming the horizontal part of the front anchoring bar is 750mm (= equals the minimum calculated lap
length). l.e. the bar ends at x=123+750=873mm.

Section 1:
Force anchored in the tendons (7 tendons) at x=123mm:
Assume 10% loss of pre-stressing force:
Fsp1=7%Px0,9x123mm/1711mm=7x120kNx0,9x123mm/1711mm=54kN
Force anchored in §12:
Fp12=181kN
Total anchored force:
F=Fsp1+Fp12=54kN+181kN=235kN
Tension in reinforcement at x=123mm: (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+0,5xVggx (1-0)
= M(x)/z+0,5%Vgq
Moment at x=123:
M (x=123)=120kNx(123+75)mm=23,8kNm
Assume: z=0,9d=0,9%x364mm=328mm (approximately)
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S (x=123)=23,8kNm/0,328m+181kN/2=163kN
= The anchoring at x=123mm is sufficient.

Section 2:
Force anchored in the tendons (7 tendons) at x=873mm:
Assume 10% loss of pre-stressing force:
Fsp1=7%Px0,9%x873mm/1711mm=7x120kNx0,9x873mm/1711mm=386kN
Force anchored in §12:
Fg12=0kN
Total anchored force:
F=Fsp1+Fp1,=386kN+0kN=386kN
Tension in reinforcement at x=873mm: (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+0,5%Vgq
Moment at x=873:
M (x=873)=120kNx(873+75)mm=113,8kNm
Assume: z=0,9d=0,9%x364mm=328mm
S (x=873)=113,8kNm/0,328m+120kN/2=407kN

= The tendons will not have sufficient anchorage at x=873mm.

Calculating the point where the tendons are sufficient anchored to carry the load:

Tension in reinforcement at x: S(x)=120kNx(x+75mm)/328mm+120kN/2
Force anchored in the tendons at x (if x<1711m): F(x)=7x120kNx0,9%x/1711mm
Hence:

120KkN x (x +75mm) /328mm +120kN /2 = 756kN x x /1711
0,366x +87,4 = 0,442x

0,076x = 87,4

x=87,4/0,076

X =1150mm

=The horizontal part of the @12 anchoring bars has to be extended beyond the calculated required lap
length (evaluated in clause 5), and end at x>=1150.
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8) Reinforcement due to splitting stress:

As=0,22xP1/fs
=A=0,22x7%120000N/300MPa
=616mm?
To be located within: 0,5%(lipt1+h1)=0,5%(1141mm+450mm)=796mm < h;=450mm =450mm
Corresponds to: 616mm?/0,450m=1369mm?2/m

9) Links:

a) Required shear reinforcement x<277:

A, Ve, B R, 181000N

s zxf, xCOtO zxf,,xcotd 0,328mx435MPaxcot(45)

=1269mm? /m

Shear compression:
Qg xb, xzxv x f
" (cot@+tan )

dcw=1,0 (neglecting effect of pre-tensioning)
bw=227mm-50mm=177mm
z=328mm
L1=0,6%(1-f./250) =0,6%(1-45/250)=0,492
O=assume 45degrees

Ve, = 1,0x177mmx328Tmlx 0,492 x 25,5MPa —364,2kN > R, - OK
_+_

b) Required shear reinforcement 277<x<606:

A, Ve, B F, 120000N

- - =841mm’ /m
s zxf,,xcotd zxf ,xcotd 0,328mx435MPaxcot(45)

Shear compression:
_ag, xb, xzxv x
(cot @ + tan 0)
dcw=1,0 (neglecting effect of pre-tensioning)
bw=227mm
z=328mm
L1=0,6%(1-f./250) =0,6%(1-45/250)=0,492
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0= assume 45degrees

V., - 10x227mmx328mmx 0,492 x 25 5MPa _ 467KN > F, - OK

1+1

Summary - reinforcement in end of the DT:

X<=450mm: Links due to splitting stresses (8)

A
~= =1369mm?/m
s

Select @8 stirrups ¢/c70 (lapped with u-shaped @12 bars)

A, 7% (4mm)? x 2

s 0,07m
=2450<X<=606mm: Links due to shear force (9).

=1436mm? / m

A
S =841mm?/m
s

Select @8 stirrups ¢/c100
A, mx(4mm)* x2
S 0,Im

606<X: Required shear reinforcement to be evaluated according to shear force distribution in the DT.

=1005mm? /m

At x=277mm:

Required reinforcement: 140mm? =1 extra @8 link (100mm?) at this location. The remaining 40mm? can be
carried by the specified distributed links.
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Suggested reinforcement in end of the DT:

5e12-P6 48,70 70 70 70
1711717

' Pé
A
o 1030 ._
/'I-Z' ‘I. NI | MFSFS | SIS | PO ST NS ST S S5 W W 'I
/
2 e Y
A
88-P5 D5 70,70,70, 70, 100 . 100 , 100
211 ,
7| 18-P5
, 615 |
" ' "3 |,

PART 2 - DTF200 USED IN A HIGH DT

2.1 GENERAL

2.1.1 QUALITIES

Concrete C45/55:

fo = 45,0 MPa EC2, Table 3.1
fea = Oleexfer/Yc = 0,85x45/1,5 = 25,5 MPa EC2, Clause 3.15
fetd = QleexFetk0,0s/Ye = 0,85%2,70/1,5 = 1,53 MPa EC2, Clause 3.16

fod = 2,25xN1xN2xfeg = 2,25%0,7x1,0x1,53 = 2,41 MPa  EC2, Clause 8.4.2

Reinforcement B500C:
fya = fy/ys = 500/1,15 = 435 MPa EC2, Clause 3.2.7

Tendons:
Diameter: @=12,7mm. (Nominal diameter. Real diameter=11,3mm)
Assumed tension after elastic loss: P=120kN.
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2.1.2 LOAD

Design load F,=180kN
(NB: The design load in the example is less than the ultimate limit load of the unit.)

2.1.3 GEOMETRY

196
2 '[ i o | {
S— @ °
@ = @
& = &
o = o
@ = *
@ = @
) *, )
120
} I - i
1723 l bR [ |
I — |
Fy=180kN
i1 |
i
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2.2 CALCULATIONS

1) Equilibrium:
457 .
35 75 45 231 5
il f
10 ]Fh
|
|
|
‘ |
— 1 ‘
F':18|}kNN ‘
R: ‘

_ K, x(75mm + 45mm)  180kN x (75mm + 45mm)

2 237mm 237mm
R, =F, + R, =180kN + 91kN = 271kN

~ 91kN

2) Reinforcement:

= 27N _ 623mm?* — 2g@16stirrups = 804mm?
435MPa

R2 = glkN ~ 2:I.Omm2
435mm
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3) Bending of anchoring reinforcement:

Minimum mandrel diameter, @m,min:

A

Allowable concrete stress in node, EC2, clause 6.5.2:

f
f o =06x1——*)xf
cd2 ( 250) cd

_0,6x(1-—)x255
250
~12,5MPa

Actual concrete stress in node:
Rl
bx@, xsin @ xcosé

O-C
b=120mm
@m= Mandrel diameter of front reinforcement
B=assume concrete strut in 45degrees.
Solving for @nm:
@ = Ry
bx o, xsin @xcos

271000N
=B min = _ =361mm
' 120mm x 12,5MPa x sin(45) x cos(45)

m

= Select mandrel diameter: @»=450mm
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4) Anchoring of @16 stirrups in front, EC2 clause 8.4.3 and 8.4.4:

L m | Lbd L |
T A ~
lbg = QL3X0LX 03X 0aX0lsX b reqd 2 lb,min

o
Ib,reqd = g X —sd

fo

271000/4
Stress in stirrup: oy =—————=337MPa
%8
16 337 _ 560mm

Iy reqd = — X
4

2,41
Ib,min = max(0,3x|b,reqd; 10X¢’ 100mm) =168 mm

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 a;=1,0
Table 8.2: Confinement by welded transverse reinforcement:

=10

Not relevant.
Table 8.2: Confinement by transverse pressure:

as=1,0
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Not relevant.
ox0sx0s=1,0x1,0x1,0=1,0 > 0,7 — OK

lba = 1,0x1,0x1,0x1,0x1,0x560mm= 560 mm

5) Lap of @16 stirrups, EC2 clause 8.7.3:

[ 2m0 I lo l, i

A il

lo= alxazxa3xa5xa6x|b,reqd 2 IO,min

Required lap length, @16:
@ o4 16 337

|b,reqd = — — X —— =560mm

X
f, 4 241

lo,min = Max(0,3%0exlp reqa; 15%@; 200mm)=251mm

Table 8.2: a;,0,,03,0g 0s=1,0 as calculated in clause 2).
Table 8.3: as=1.5 (All reinforcement is lapped)

=lo=1,0x1,0x1,0x1,0x1,5x560mm= 840mm
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6) Transmission length — tendons, EC2 clause 8.10.2.2:

Bond stress:
fopt=Mp1xMN1xfcta(t)
Np1=3,2 (assume 3 or7-wire tendons)
1n:=1,0 (assume “good bond conditions”)
feta(t) =0Lct><0,7xfctm(t)/'}’c
a.=0,85
fctm(t)=(Bcc(t))“xfctm
Bec(t)=exp(s(1-28/t)"?)
Assume: Release after t= 1day
Assume: s=0,2
=>Bec(t)=exp[0,2x{1-(28/1)"/?}]=0,423
a=1 (t<28days)
fem=3,8MPa
=>fum(t)=0,423'x3,8MPa=1,60MPa
fea(t) =0,85%0,7x1,60MPa/1,5=0,635MPa

=fppt=3,2x1,0x0,635MPa=2,03MPa

Transmission length:
lpt=01X 02X BXGpmo/ opt
0.1=1,0 (assume gradual release)
02=0,19 (assume 3 or7-wire tendons)
@=12,7mm (Nominal diameter of tendon. Real diameter=11,3mm)
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Gpmoz 1200M Pa
=lw=1,0x0,19x12,7mmx1200MPa/2,03MPa=1426mm

=1511=0,8x% |p: =0,8x1426mm=1141mm. To be used in evaluation of local cross section stresses.

=lpt2=1,2x lp: =1,2x1426mm=1711mm. To be used in evaluation of anchorage. Stress after all losses
assumed as 0,9Gpmo. (10% loss)

7) Anchoring:

270 ) 840 ‘

Assuming the horizontal part of the front anchoring bar is 840mm (= equals the minimum calculated lap
length). l.e. the bar ends at x=270+840=1110mm.

Section 1:
Force anchored in the tendons (5 tendons) at x=270mm:
Assume 10% loss of pre-stressing force:
Fsp1=5xP x0,9%x270mm/1711mm=5x120kNx0,9x270mm/1711mm=85kN
Force anchored in @16:
Fg16=271kN
Total anchored force:
F=Fsp1+Fp16=85kN+271=356kN
Tension in reinforcement at x=270mm: (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)
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= M(x)/z+0,5%Vgq
Moment at x=270:
M (x=270)=180kNx(270+75)mm=62,1kNm
Assume z=0,9d=0,9x733mm=660mm (approximately)
S (x=270)=62,1kNm/0,660m+271kN/2=230kN

= The anchoring at x=270mm is sufficient.

Section 2:
Force anchored in the tendons (5 tendons) at x=1110mm:
Fsp1=5xP x0,9x1205mm/1711mm=5x120kNx0,9x1110mm/1711mm=350kN
Force anchored in @16:
Fg16=0kN
Total anchored force:
F=Fsp1+Fp16=350kN+0kN=350kN
Tension in reinforcement at x=1110mm: (clause 6.2.3(7))
S(x)=M(x)/z+0,5Vegx (cot(6)-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+0,5xVgq
Moment at x=1110:
M (x=1110)=180kNx(1110+75)mm=213,3kNm
Assume z=0,9d=0,9x733mm=660mm (approximately)
S (x=1110)=213,3kNm/0,660m+180kN/2=413kN

= The tendons will not have sufficient anchorage at x=1110mm.

Calculating the point where the tendons are sufficient anchored to carry the load:

Tension in reinforcement at x: ~ S(x)=180kNx(x+75mm)/660mm+180kN/2
Force anchored in the tendons at x:
If x<1711m: F(x)=5%120kNx0,9xx/1711mm
If x>1711m: F(x)=5x120kNx0,9+ACsp(X)xAspx5
AGsp(X)=fopa/ (012x@) x(x-1711) x1073
=F(x)= 5x120kNx0,9+fypa/(02x@) x (x-1711) x103xA,x5
=F(x)= 540kN+2,03MPa/(0,19x12,7) x (x-1711) x103x100mm?x5
=F(x)= 540+0,420x-720=0,420x-180
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Try if x<1711:
180KN x (x + 75mm)/660mm + 180kN /2 =540kN x x /1711
0,273x+110,5=0,316x

0,043x=110,5
x=110,5/0,043
X =2570mm

Calculated x>1711 = the second expression shall be used:
180kN x (x + 75mm)/660mm +180kN /2 =0,420x —180

0,273x +110,5=0,420x —180

0,147x =290,5
x=290,5/0147
X =1976mm

=The horizontal part of the 316 anchoring bars has to be extended beyond the calculated required lap
length (evaluated in clause 5), and end at x>=1976.

8) Reinforcement due to splitting stress:
A=0,22%P,1/f
=A=0,22x5x120000N/300MPa
=440mm?
To be located within: 0,5%(lipt1+h1)=0,5%(1141mm+863mm)=1002mm <h;=863mm=_863mm
Corresponds to: 440mm?/0,863m=510mm?/m

9) Links/strut and tie model:

For this particular DT, the height z is approximately equal to 3xb. Hence, the bending moment from the
cantilevering may be assumed transferred to the main reinforcement of the beam through a local truss with
three levels. This is illustrated as a blue truss in the end of the DT, see below Figure. The compression struts

in this truss will be angled in approximately 45 degrees.

The support reaction force/shear force itself may be carried by a truss with a height equal to z. This is
illustrated as a red truss.

The two trusses are both in equilibrium, and the forces may be superimposed.
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Evaluation of local strut and tie model:
e The model implies that only 1/3 of the force R, have to be carried by the vertical link at back of the
unit. Nevertheless, it is chosen to calculate the required extra reinforcement at this point based on
the value of R,. (conservative assumption)

e Considering the two horizontal ties towards the end of the DT as smeared, the horizontal force per
unit height of the DT becomes: (a/z)xF./(z/3). Where z/3=b, hence this corresponds to:
(a/z)xF,/b=(a/b)xF,/z=Ry/z. = Prescribe horizontal bars anchoring this force.
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a) Required shear reinforcement x<45+b:

A, Ve, ~ R, 271000N

5 - = =944mm* / m
s zxf,,xcotd zxf ,xcotd 0,660mx435MPa x cot(45)
Shear compression:
g, xb, xzxv x
"7 (cotd +tan 6)
dcw=1,0 (neglecting effect of pre-tensioning)
bw=120mm
z=660mm
L1=0,6%(1-f./250) =0,6%(1-45/250)=0,492
O=assume 45grader
V,, = 1,0 x120mm x 660mm x 0,492 x 25,5MPa _ 497KN > R, —> OK
1+1
b) Required shear reinforcement 45+b<x<45+z:
i _ Ve, B = 180000N _627mm2 /m

s zxf,yxcotd zxf,,xcotd 0,660mx435MPa x cot(45)
Shear compression:
g, xb, xzxv x
(cot 8 + tan O)
dcw=1,0 (neglecting effect of pre-tensioning)
bw=120mm
z=660mm
L1=0,6%(1-f./250) =0,6%(1-45/250)=0,492
O=assume 45grader
~ 1,0x120mm x 660mm x 0,492 x 25,5MPa
1+1

VRd

=497kN > F, - OK

c) Horizontal stirrups at the end of the DT:

A_ R _ 91000N =317mm?/m
s zxf,, 0,660mx435MPa
Amount of reinforcement below the unit:
A, =317mm?* /mx2/3z=317mm? /mx 2/3x 0,66m =140mm?

=2 x U-shaped @8 bars (A;=200mm?).
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Summary - reinforcement in end of the DT:

The required amount of reinforcement due to splitting stresses is less than the required amount of shear
reinforcement calculated in 9a and 9b.

= X<=282mm: Links due to shear force (9a)

A
23 =944mm? /m
s

Select @8 stirrups c¢/c75 (lapped with u-shaped @12 bars)
A, mx(4mm)® x 2
s 0,075m

= 282<X<=705mm: Links due to shear force (9b)

=1340mm?/m

i:627mm2/m
s

Select @8 stirrups ¢/c150 ( lapped with u-shaped @12 bars)
A, mx(4mm)* x 2
S 0,150m

705<X: Required shear reinforcement to be evaluated according to shear force distribution in the DT.

=670mm?/m

At X=282:
Required reinforcement: 210mm?. = 1 extra @8 (100mm?) at this location. The remaining 110mm? can be
carried by the specified distributed links.

Anchoring (7):

= Horizontal part of @16 anchoring bars in front =1700mm. (Ends at x>1976mm)
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Suggested reinforcement in end of the DT:
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€
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