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Overview
Design Code Family(s): DIN
Design Code(s): DIN EN 1992-1-1, DIN EN 1992-2
Module(s): AQB
Input file(s): hollow_shear_web_flange.dat
1 Problem Description

The problem consists of a Hollow section, as shown in Fig. 1. The cs is designed for shear, the shear
between web and flanges of the Hollow CS is considered and the required reinforcement is determined.
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Figure 1: Problem Description

2 Reference Solution

This example is concerned with the shear design of Hollow-sections, for the ultimate limit state. The
content of this problem is covered by the following parts of DIN EN 1992-2:2010 [1] and DIN EN 1992-
1-1:2004 [2]:

+ Design stress-strain curves for concrete and reinforcement (Section 3.1.7, 3.2.7)
+ Guidelines for shear design (Section 6.2)

The design stress-strain diagram for reinforcing steel considered in this example, consists of an inclined
top branch, as presented in Fig. 2 and as defined in DIN EN 1992-1-1:2004 [2] (Section 3.2.7).
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Figure 2: Idealised and Design Stress-Strain Diagram for Reinforcing Steel

3 Model and Results

The Hollow-section, with properties as defined in Table 1, is to be designed for shear, with respect to
DIN EN 1992-2:2010 (German National Annex) [1]. The structure analysed, consists of a single span
beam with a distributed load in gravity direction. The cross-section geometry, as well as the shear cut
under consideration can be seen in Fig. 3.
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Figure 3: Cross-section Geometry, Properties and Shear Cuts in cm

Table 1: Model Properties

Material Properties Geometric Properties Loading
C 30/37 hr,=35cm,h=75.0cm Pg =155 kN/m
B 5008 hf =20 cm Mt =100 kN/m
di1=5.0cm
bh,=110cm,b=160cm
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The system with its loading as well as the moment and shear force are shown in Fig. 4-7. The reference
calculation steps are presented in the next section and the results are given in Table 2.
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Figure 4: Loaded Structure (Pg)
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Figure 5: Resulting Bending Moment M,
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Figure 6: Resulting Torsional Moment M¢
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Figure 7: Resulting Shear Force V;,

Table 2: Results

At beam 1001 SOF. Ref.
Asi [cm2] atx=1.0m 22.50 22.52
VRd,c [kN] 91.91 91.91
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Table 2: (continued)
At beam 1001 SOF. Ref.
VRd,max [KN] 1098.43 1098.461
coté 1.75 1.75
z[cmlatx=1.0m 63.00 67.00
VEqd = AFy [kN] 346.61 352.35
asf, left (x=0.00) [€M?] 8.58 8.64
Qsf, right (x=0.00) [€M?] 0.53 0.61
asf teft (x=1.00) [cM?] 7.77 7.83
asf,right (x=1.00) [cM?] 1.34 1.43
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4 Design Process'

Design with respect to DIN EN 1992-2:2010 (NA) [1] :?
Material:

Concrete: Y =1.50
Steel: ys =1.15

fek = 30 MPa
fed =Qcc fek/Ye =0.85-30/1.5 =17 MPa

fyk =500 MPa
fyd =fyk/¥s = 500/1.15 = 434.78 MPa

Osqd = 456.52 MPa

Design loads

e Design Load for beam 1001, x=0.0 m:
MEgd,x=0.0 m = 0.0 kNm

e Design Load for beam 1001, x=1.0 m:
MEd,x=1.0 m = 697.5 kNm

Calculating the longitudinal reinforcement:

e For beam 1001, x=0.0 m

MEegs 0.0-1073
HUEds = 5 = 5 =0.00
beff-d®-fcg  1.60-0.702-17.00
e For beam 1001, x=1.0 m
M 697.5-103
UEds = £ds =0.0523

berf- 02 fog  1.60-0.702-17.00
W~ 0.053973, ¢ ~ 0.9658, £ = 0.07833 (interpolated)

1
Asi1=— - (w-b-d-fcqd+ Ngqg)
Osd

A= ——
$17 456.52

z=¢-d=0.9658-0.70 m~ 67.00 cm

Calculating the shear between flange and web

The shear force, is determined by the change of the longitudinal force, at
the junction between one side of a flange and the web, in the separated

flange:

The tools used in the design process are based on steel stress-strain diagrams, as

defined in [2] 3.2.7:(2), Fig. 3.8, which can be seen in Fig. 2.

2The sections mentioned in the margins refer to DIN EN 1992-1-1:2004 (German Na-

tional Annex) [1], unless otherwise specified.
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-(0.053973:1.6-0.7-17.0)-1002 =22.52 cm?

(NDP) 2.4.2.4: (1), Tab. 2.1DE: Partial
factors for materials

Tab. 3.1: Strength for concrete

3.1.6: (1)P, Eq. (3.15): acc = 0.85 con-
sidering long term effects

3.2.2: (3)P: yield strength fyx = 500
MPa
3.2.7: (2), Fig. 3.8

u=0—-Aa=0

Tab. 9.2 [3]: w—Table for up to C50/60
without compression reinforcement

Negg=0

6.2.4 (3): Eq. 6.20
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In AQB output AFy = T[kN/m]

DIN EN 1992, 6.2.4 (3),Eq. 6.20: hf
is the thickness of flange at the junc-
tions, Ax is the length under consider-
ation, AF4 is the change of the normal
force in the flange over the length Ax

In AQB output Veqy = T—V

DIN EN 1992, 6.2.4 (4),Eq. 6.22

DIN EN 1992, NDP 6.2.3 (3),Eq. 6.22

DIN EN 1992-2, NDP 6.2.3 (2),Eq.
NA.6.bDE: 0cg = Ng4/Ac, c=0.5

x=0.0738-d=0.07833-70=>5.48cm < hf =20 cm

(MEd,x:l.O MEd,x=O.O) h¢-b
z hg - bp
For beam 1001 (x=0.00 m) — Mgy = 0.00 therefore:

AFg =

697.5 1.1

AFy = (—— O) -—— =352.35-2=704.70 kN
0.68047 1.6

The longitudinal shear stress Veqg v at the junction between one side

of a flange and the web is determined by the change of the normal

(longitudinal) force in the part of the flange considered, according to:

AFd

V =
Ed,v hf . AX

In our case Ax = 1.0 because the beam length is = 1.00 m.

Please note that AQB is outputting the results per length.

VEq,v = ﬁ =0.176 kN/m? = 1.76 MPa
’ 20-100

Checking the maximum Vvgrq max value to prevent crushing of the
struts in the flange

To prevent crushing of the compression struts in the flange, the following
condition should be satisfied:

VEd,v < VRd,max =V * fca - Sin 6f - COS 6f
VRd,max =V * fcd - Sin 6y - COs 6y
According to DIN EN 1992-2, NDP 6.2.4:
V=V

v1=0.75-v

fck
500

<1.0

v =11-—

30
v,=11—-——=1.1-0.06=1.04>1.0—-v,=1.0
500
v1=0.75-1.0=0.75—-v=0.75
The 6 value is calculated:

Ocd
de,cc=c-o.48-fC1,§3-(1—1.2-fid)-bw-z
C

bw—hf, z—Ax, ¢c=0.5

Ocd
de,cc=c-o.48-f1,§3-(1—1.2-fi)-hf-Ax

¢ cd

VRd,cc (x=0.0 m) = 0.5-0.48-301/3. (1 -1.2. )-0.20 -1.0

17.00
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VRd,cc (x=0.0 m) = 0.14914 MN = 149.1471 kN

V =0.5.0.48-30Y/3 (1 1.2 1'069)020 1.0
Rd,cc (x=1.0 m) = VY. . . 17.00 . .

1.2+ 1.4-A0cq/fcd
1.0 <cotf < clfed ) 45
1- VRd,cc (x=0.0 m)/VEd

1.0<coto < <1.75 DIN EN 1992-2, NDP 6.2.3 (2),Eq.
1 —VRd,cc (x=1.0 m)/VEd NA.6.107aDE

Because M1 # 0.0 —» 17 # 0.0:

VRd,cc
VRd,cc (x=0.00) = hf TAx
149.1471 5
VRd,cc (x=0.00) = W =0.0745 kN/cm* =0.745 MPa
VRd,cc
VRd,cc (x=1.00) = hr - Ox
137.892 ,
VRd,cc (x=1.00) = m =0.068946 kN/cm< = 0.689 MPa

The internal forces must be in equilibrium, see Fig. 8!!! If the internal
forces are not in equilibrium state, then AQB will print erroneous results.
Therefore the internal forces must be taken from the system (calculated
by using e.g. ASE or STAR2).

z
(o) Txy = Tyx
X Txz = Tzx
y T Tyz = Tzy
Tzy TxZ]

Ox Tyz Ox
<] e =

Figure 8: Stress equilibrium

1.2
ot B(xeo.0) = —2.0807>1.75 — 1.75
(x=0.00 = 17"0.745/1.76
1.2+1.4-1.069/17
COtOm1.0) =~ —ppper = =2112 175~ 1.75

AQB is checking and iterating if the cot 8 is less than (<) the maximum
coto0 defined in the norm. If yes, then this value will be taken by AQB.

1
——=0.5714 - 6 =29.74488°

tano@ = =
cot6 1.75

SOFiSTiK 2022 | Benchmark No. 25 9



<> SOFISTIK

Shear between web and flanges of Hollow CS acc. DIN EN 1992-2

DIN EN 1992, 6.2.4 (4),Eq. 6.21

10

VRd,max = 0.75:17.00-5in29.7448-c0s29.7448 = 5.492 MPa
VRd,max = VRd,max * hf -+ Ax =5.492-0.20-1.0 =1.098 MN
VRd,max = 1098.461 kN

Checking the value Vgq ¢

If Veg is less than or equal to Vrg,c = K - fctg NoO extra reinforcement
above that for flexure is required.

VRd,c =K - fctd

For concrete C 30/37 — fctg = 1.15 MPa

VRd,c =0.4-1.15=0.46 MPa

VRd,c = VRd,c - hf - Ax =0.046-20-100 ~ 91.91 kN

e Calculating the necessary transverse reinforcement (Ty only):

a _ VEq - hy

stV cotOf - fya
1.76-0.20

asfy = ——————+ 1002 = 4.63 cm?
1.75-434.78

e Calculating the necessary torsional reinforcement:

HINT: Please note that in AQB the torsional stress IS NOT calculated

by using the formula:

Mt
TT=——"—
2 - Ak - teff

AQB is calculating the Tt stresses by multiplying M; with the torsional
resistance 1/W¢ (from AQUA - calculated by using FEM).

Tt = M- 1/ Wt

From AQUA the torsional resistance value 1/W; is interpolated and
1/W: = 2.8841 1/m3. To see the values 1/W; input ECHO FULL
EXTR in AQUA and see table "Construction and Selected Result
Points”.

Tt (x=0.00) = 3.06-500-1073 = 1.53 MPa

Te - teff 1.53-0.20
cot6r-fyg 1.75-434.78

Asf, T (x=0.00) = -1002 =4.02 cm?

Tt (x=1.00) = 2.44-500-1073 = 1.22 MPa

Teetesf  1.22:0.20

= -1002=3.20 cm?
Cotés-fyg 1.75-434.78

Asf, T (x=1.00) =

¢ Total reinforcement:
Asf, left (x=0.00) = Asf,v + Asf,7 =4.63+ 4.02 = 8.64 cm?

asf,right (x=0.00) = |asf,v — asf,7| =[4.63—4.02| = 0.61 cm?
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Qsf, left (x=1.00) = Qsf,v + Asf,7 = 4.63 + 3.20 = 7.83 cm?

Asf, right (x=1.00) = |asf,v — asf,7| = 14.63 —3.20| = 1.43 cm?
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5 Conclusion

This example is concerned with the calculation of the shear between web and flanges of a Hollow CS. It
shows partially the work-flow how AQB calculates the shear between web and flanges.

Please note that it is very difficult to show all steps how AQB calculates internally the T and o stresses,
therefore some steps are skipped. The reference example is just an approximation that shows the results
by using hand-calculation. It has been shown that the results calculated by using hand-calculation and
the AQB module are reproduced with very good accuracy.

The T+ and Ty, values between cross-section points are interpolated and calculated by using Finite
Element Method.

Figure 9: The T: stresses (vector) calculated by using Finite Element Method

Figure 10: The Tt stresses (fill) calculated by using Finite Element Method
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