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Design of a T-section for bending and shear using Design Elements

Overview

Design Code Family(s): DIN

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

Module(s): DECREATOR, AQB

Input file(s): t-beam de.dat

1 Problem Description

This section demonstrates design elements as a solution to the problem of a member modeled out of
beam and quad elements; which is to be designed using a given cross section. An instance of a beam
having a T-section as shown in Fig. 2 is considered. The beam constitutes a loaded floor slab shown in
Fig. 1.

beƒ ƒ

2.4 m
qd + gd

0 = 14.04 m

Figure 1: Sketch of the slab and longitudinal system of single t-beam member

2 Reference Solution

The reference inputs and results of this problem were adopted from an extended solution to a similar
problem in section 7 of [1]. The standard aspects of the design procedures are covered in the following
parts of the Eurocode DIN EN 1992-1-1 [2]:

• Concrete (Section 3.1)

• Reinforcing Steel (Section 3.2)

• Bending with or without axial force (Section 6.1)

• Shear (Section 6.2)

3 Model and Results

The beam member is assumed to be simply supported with out carrying normal force. It’s finite element
model is formed in SOFiSTiK using quad elements for the flange and an eccentrically coupled beam
element for the web. The self-weight parts of the design loads are applied separately to each element.
After analysis, a design element spanning the entire beam length is then defined using the program
DECREATOR. The design element then integrates the stresses of the quad elements at its design
sections, and superimposes these with the corresponding forces of the eccentric beam to result in the
design values of the bending moment MEd and shear force VEd.
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Figure 2: Cross sectional view of the model out of quad and beam elements

The sectional properties and loadings of the member are given in table 1. The analysis gives results of
the individual quad and beam elements. DECREATOR is then used to integrate all forces at the explicit
design sections for use in design. Since, in this model, the centroid of the chosen cross section lies on
the design element, no transformation of forces from design element axis to the centroid takes place
during computation. However, this full cross section will be used for design. The final analysis and
design results are given in Table 2, the reference calculation procedures of which are presented in the
following section.

Table 1: Model Properties

Material Properties Geometric Properties Loading

C 35/45 h = 60.0 cm qd = 8.85 kN/m2

B 500B hƒ = 12.0 cm gd,ƒ nge = 6.41 kN/m2

d = 62.20 cm gd,eb = 5.27 kN/m

beƒ ƒ = 240 cm

b′′

= 20.0 cm

b′

= 6.0 cm

b = 26.0 cm

Summarized in Table 2 are the results of the reference example in [1] (Ref.-2), those obtained based on
design tables (Ref.-1) as presented in the next section, and those from SOFiSTiK computations. For sim-
plification purposes the reference example uses rough approximate procedures in obtaining reinforce-
ment areas, while the hand calculation and the SOFiSTiK results come from iterative approximations
and are as close to the exact requirements as possible.

In this regard, in calculating the reinforcement area in Ref.-2, the full thickness of the flange was assumed
to roughly approximate the compressive zone. The moment arm is thereby reduced and hence it resulted
in a larger reinforcement area. In a similar manner, the shear reinforcements in Ref.-2 are larger since
the example selects a suitable reinforcement diameter and spacing in advance to compute the area,
which is more than the required amount.
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Table 2: Results

SOF. Ref.-1 Ref.-2

MEd [kNm] 1085.84 1086.0 1086.0

As,req / s
[cm2/m]

39.42 41.34 44.60

VEd [kN] for
 = 13.680 m

269.56 272.0 272.0

As,req / s
[cm2/m] for
 = 13.680 m

8.42 9.3 15.71
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4 Design Process

Design with respect to DIN EN 1992-1-1 [2]:1

Design of the T-beam for bending and shear are carried out using the
T-cross section, as shown in figure 3. References on the side margins
can be further reviewed for notations and explanations.

beff,1

b1
d

Figure 3: Full cross-section used for design

Material partial factors and design strengths:

Concrete: γc = 1.50(NDP) 2.4.2.4: (1), Tab. 2.1DE: Partial
factors for materials

Steel: γs = 1.15

ƒck = 35 MPTab. 3.1: Strength for concrete

ƒcd = cc · ƒck/γc = 0.85 · 35/1.5 = 19.83 MP3.1.6: (1)P, Eq. (3.15): cc = 0.85 con-
sidering long term effects

ƒyk = 500 MP3.2.2: (3)P: yield strength ƒyk = 500

MP ƒyd = ƒyk/γs = 500/1.15 = 434.78 MP

Design for bending:

Design section at:  = 0/2.0 = 14.40/2.0 = 7.20 m

Design bending moment: MEd = 1086.0 kNm

Effective width of flange beƒ ƒ :

beƒ ƒ =
∑

beƒ ƒ , + b ≤ b5.3.2.1: (3) Eq. (5.7) and Fig. (5.3) for
notations

beƒ ƒ , = 0.2 · b + 0.1 · 0 ≤ 0.2 · 05.3.2.1: (3) Eq. (5.7a)

b = 0.5 · (beƒ ƒ − b)

b1,2 = 0.5 · (2.4 − 0.26) = 1.07 m

beƒ ƒ1,2 = 0.2 · 1.07 + 0.1 · 14.40 = 1.65 m ≤ 0.2 · 0

But, beƒ ƒ1,2 > b1,2 = 1.07 m

∴ beƒ ƒ = 2 · 1.07 + 0.26 = 2.40 m

1The sections mentioned in the margins refer to DIN EN 1992-1-1 (German National
Annex) [2], unless otherwise specified
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Reinforcement depth d, for three layers of re-bars with ϕ25:

cnom = cmn + Δcde = 25 + 10 = 35 mm 4.4.1.1:(2) Eq. (4.1) Nominal concrete
cover

d = h − cnom − 2.5 · ϕ

d = 720 − 35 − 2.5 · 25 = 620 mm
Assumptions: Stirrups ϕSt ≤ 10 mm
Longitudinal reinforcement: ϕ25 in 3-
layers
Reinforcement and spacing: (3 +
2)/2 = 2.5

Design cross-section:

beƒ ƒ /hƒ /b/h/d = 2.40/0.12/0.26/0.72/0.62 m

Using design table for T-beams: μs - Table for T-beams (Tab. 9.4) [3]

μEds =
MEds

beƒ ƒ · d2 · ƒcd
=

1086.0

2.4 · 0.622 · 19.83
= 0.0594

For μEds = 0.0594 and beƒ ƒ /b = 9.23,

table 9.4 of [3] results in ω1 = 0.0609

Required bottom-reinforcement for bending at the design section:

As1 =
1

ƒyd
(ω1 · beƒ ƒ · d · ƒcd) = 41.34 cm2 Equation from table 9.4 in [3]

Design for Shear:

Design section at:  = 0.5 · 0.2 + 0.62 = 0.72 m Distance from center of elastomer sup-
port with thickness b=200 mm [1]

Design shear force: VRd,s = 272.0 kN

Vertical reinforcement from shear resistance:

VRd,s = (ASW/S) · z · ƒyd · cotθ 6.2.3:(3) Eq. (6.8)

(ASW/S) =
VRd,s

z · ƒyd · cotθ

cotθ = 1.2 6.2.3:(2), simplified for pure bending [1]

z = 0.9d = 0.9 · 0.62 = 0.558 m

Required total shear reinforcement at the design section:

(ASW/S) =
272.0

0.558 · 434.78 · 1.2
= 9.33 cm2/m
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5 Conclusion

It has been demonstrated in this example that, using Design Elements in SOFiSTiK, a structural member
modeled out of different finite element types can be designed with a unifying full cross section. The
critical internal forces were well approximated and reasonable design results were obtained.
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