~ DIRECT

IGNED. TO THE POINT.

Rl ot AP

Benchmark Example No. 3

Design of a T-section for Bending

SOFiISTIK | 2024



VERIiFiCATiON
DCE-EN3 Design of a T-section for Bending

VERIFiICATIiON Manual, Service Pack 2024-4 Build 27

Copyright © 2024 by SOFiSTiK AG, Nuremberg, Germany.

SOFiSTiK AG
HQ Nuremberg Office Garching
FlataustraBe 14 Parkring 2
90411 Nurnberg 85748 Garching bei Miinchen
Germany Germany
T +49 (0)911 39901-0 T +49 (0)89 315878-0
F +49(0)911 397904 F +49 (0)89 315878-23
info@sofistik.com

www.sofistik.com

This manual is protected by copyright laws. No part of it may be translated, copied or reproduced, in any form or by
any means, without written permission from SOFiSTiK AG. SOFiSTiK reserves the right to modify or to release
new editions of this manual.

The manual and the program have been thoroughly checked for errors. However, SOFiSTiK does not claim that
either one is completely error free. Errors and omissions are corrected as soon as they are detected.

The user of the program is solely responsible for the applications. We strongly encourage the user to test the
correctness of all calculations at least by random sampling.

Front Cover

6th Street Viaduct, Los Angeles Photo: Tobias Petschke



29
—=226% = =
Design of a T-section for Bending = SOFiSTiK

Overview

Design Code Family(s): DIN

Design Code(s): DIN EN 1992-1-1

Module(s): AQB

Input file(s): t-beam_bending.dat
1 Problem Description

The problem consists of a T-beam section, as shown in Fig. 1. The cross-section is designed for an
ultimate moment Mgy and the required reinforcement is determined.
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Figure 1: Problem Description

2 Reference Solution

This example is concerned with the design of sections for ULS, subject to pure flexure. The content of
this problem is covered by the following parts of DIN EN 1992-1-1:2004 [1]:

+ Design stress-strain curves for concrete and reinforcement (Section 3.1.7, 3.2.7)
+ Basic assumptions for section design (Section 6.1)

+ Reinforcement (Section 9.3.1.1, 9.2.1.1)
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Figure 2: Stress and Strain Distributions in the Design of T-beams

In doubly reinforced rectangular beams, the conditions in the cross-section at the ultimate limit state, are
assumed to be as shown in Fig. 2. The design stress-strain diagram for reinforcing steel considered
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in this example, consists of an inclined top branch, as presented in Fig. 3 and as defined in DIN EN
1992-1-1:2004 [1] (Section 3.2.7).
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Figure 3: Idealised and Design Stress-Strain Diagram for Reinforcing Steel

3 Model and Results

The T-beam, with properties as defined in Table 1, is to be designed, with respect to DIN EN 1992-1-
1:2004 (German National Annex) [1], [2], to carry an ultimate moment of 425 kNm. The calculation
steps with different design methods [3] [4] [5] are presented below and the results are given in Table 2.
Here, it has to be mentioned that these standard methods employed in order to calculate the reinforce-
ment are approximate, and therefore deviations often occur.

Table 1: Model Properties

Material Properties Geometric Properties Loading

C20/25 h=65.0cm Mgqg =425 kNm
B500A d=60.0cm

di=5.0cm

b=30cm

beff =258 cm

hf=18cm

Table 2: Results

SOF. w—Table [3] kq—Table [3]

As1 [cm2/m] 15.90 15.74 15.85
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4 Design Process'

Design with respect to DIN EN 1992-1-1:2004 (NA) [1] [2]:?

Material:

Concrete: Y =1.50 (NDP) 2.4.2.4: (1), Tab. 2.1DE: Partial

Steel: ys=1.15 factors for materials

fck =20 MPa Tab. 3.1: Strength for concrete

fed =0Acc fek/Ye =0.85-20/1.5=11.33 MPa 3.1.6: (1)P, Eq. (3.15): acc = 0.85 con-

sidering long term effects

fyk =500 MPa 3.2.2: (3)P: yield strength f,x = 500
= fyk/Ys =500/1.15=434.78 MPa MPa

ggsiggyfozg' 3.2.7: (2), Fig. 3.8

Negg=0

Mggs = Meg— Ngg - zs1 =425 kNm

Design with respect to w— (or us— )Table for T-beams:

Meggs 425.1073
3 = 5 =0.040 Tab. 9.4 [3]: w—Table for up to C50/60
befr-d*-fcg 2.58-0.604-11.33 - T-beam

MEds =

Referring to the design table for T-beams for:

UEgs = 0.040 and

h 0.18 b 2.58

J o _030: 2" _g6
d 0.60 bw 0.30

— w1 =0.039

1
As1 = f— (w1 - beff - d - fed+ Neg) = 15.74 cm?
yd

Design with respect to kgq— Design Table for T-beams:

Alternatively, the kg—Tables can be applied, demonstrated that the neu-
tral line lies inside the flange.

d 60
kd = = =4.67 Tab. 9.3 [3]: kg—Table for up to
\/MEds/b \/425/2. 58 C50/60 - Rectangular section without

compression reinforcement

Referring to the table for kg = 4.67 and after interpolation
— ks=2.351; £=0.060; ks=0.952
x=&-d=0.060:-60=3.6cm hf =18cm kg—Table is applicable since the neutral

line lies inside the flange

Mggs  NEgg
+

A51=(k5- )-K5=15.85 cm?

Os1d

The tools used in the design process are based on steel stress-strain diagrams, as
defined in [1] 3.2.7:(2), Fig. 3.8, which can be seen in Fig. 3.

2The sections mentioned in the margins refer to DIN EN 1992-1-1:2004 (German Na-
tional Annex) [1], [2], unless otherwise specified.
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5 Conclusion

This example shows the calculation of the required reinforcement for a T-beam under bending. Two
different reference solutions are employed in order to compare the SOFiSTIK results to. It has been
shown that the results are reproduced with excellent accuracy.
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