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EXERCISE BAT2: COMPOSITE BEAM - SOLUTIONS 

Problem 1: Question 1.1 
Lateral torsional buckling (LTB) prevented by the steel sheeting. 
Section classification, SZS C5, class 2 for n = 1.0, so no limit to this class even under M+N à EP 
calculation. Note : satisfies even class 1 requ.  
Construction stage, structural safety (EE): 
For this stage, limitation of the elastic resistance of the steel beam. 
Mel, Rd = 235.713000/1.05 = 159.6 kNm 
Vel, Rd = 135.2390/1.05 = 308.8 kN 
Note: we can also, conservatively, use the strength of materials formula: 𝑉!",$% =

&!"∙(!∙)#
*!

= 282	𝑘𝑁 

Checks: 
MEd =131.4 kNm < Mel, Rd = 159.6 kNm  OK 
VEd = 58.8 kN < Vel, Rd = 136*2390/1.05 = 308.8 kN OK.  
 
No M-V interaction because it is a single span beam under uniform loads. 

Problem 1: Question 1.2 
Final stage, structural safety:  
Strength of the mixed section of the 2nd beam:  
Effective width  (SIA 262 4.1.3.3 and TGC 10 p.209) 
beff,i = 0.2 (2000-160)/2 + 0.1*10000 = 1184 mm < 0.2 l0 = 2000 mm 
beff = 2 beff,i + bw = 2*1184 + 160 = 2528 mm > 2000 mm = a à beff = 2000 mm 

 
 

Plastic equivalence coefficient (TGC 10 p.148) 

 
 

 
Neutral axis position (TGC 10, p.163, table 4.60, or TGC 11, table 10.23) : 
Hypothesis, the reinforcing bars are neglected. 
 
Aa = 6260 mm2 < Ac/npl = 2000.(100-40)/15.8 = 7595 mm2 à plastic neutral axis in the slab 
Additional calculation: zpl,b = h - npl 

.Aa/beff = 430-15.8.6260/2000 = 380.5 mm (> 330 + 40, indeed in the 
slab) 

Plastic bending resistance 

 

W+
pl,b = 6260*430 − 330 2⁄ − 0.5 ∙ 15.8 +,+-

,---
3 = 1504.103 mm3 

Mpl,b,Rd = ,./∙0/-1∙0-
$

0.-/
	= 	336.6	kNm 

 
Checks: 
 
MEd = 269.2 kNm < Mpl, b,Rd = 336.6 kNm OK 
VEd = 104.2 kN < Vpl, Rd = 398 kN OK. No M-V interaction, single span beam 
 

Wpl ,b
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Remarks: 

• If the verification was not satisfied, consideration could be given to the installation of a temporary 
prop at mid-span. 

• The steel sheeting is considered to prevent the beams LTB.  
• In reality, according to SIA code, the erection load applies to a maximum area of 3m x 3m. Here, for 

simplicity of calculation, a more unfavourable load case is considered. 

Problème 2 : Question 1.1 
Section classification and LTB : 

• Slenderness criteria at construction stage  

 

Problem 2: Question 1.2 
Construction stage, determination of internal forces for the load cases defined in the data: 

 
Structural safety, construction stage (EE method) 

The HEA 280 (S 235) profile meets the requirements of section class 3 and the steel sheeting prevent its LTB. 
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– Cross-sectional strength (cross-section characteristics from SZS C5):  

Mel,Rd = 1010.103 .235/106 = 237.3 kNm 

Vel,Rd = 2060.135/103 = 278.1 kN  

– Checks: 

𝑀!"
#  = 129 kNm < 226 kNm= 	𝑀$% 𝛾&⁄ = 237.3 1.05⁄  OK  

VEd = 116 kN < 264.8 kN	= 	𝑉$% 𝛾&⁄ = 278.1 1.05⁄  OK  

No interaction to check as VEd < 50% VRd 

Problem 2: Question 1.3 
Definitive stage (EP), determination of the loads positions, then of the internal forces (we use the SZS C4) 

We could redistribute 40% because Class 1 (do not confuse class and calculation method, here EP): 

 

 
Figure 2.1 : Redistribution of moments on the edge span 

 

Figure 2.2a 



EPFL / ENAC / IIC – Laboratoire des structures résilientes en acier Alain Nussbaumer 
EXERCISE BAT2: COMPOSITE BEAM -  

26.10.2024 / AN 4 / 10 

 
Figure 2.2 : Positioning of loads to obtain maximum forces at the final stage. 
 

 

 
 
 
 
 
 

 

 

 

 

Figure 2.2b 
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Problem 2: Question 1.4 

 

 
Figure 2.3 : Cross-sections of the continuous mixed beam in span and on supports. 
 

 

 

(Figure 2.3a) : 
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(Figure 2.3b) : 
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Problem 2: Question 1.5, SLS 
Assumption: In this exercise, the deflections are determined elastically using a constant inertia along the 
beam (Inertia of the composite section in span "I+") 

 

 

Tableau 2.1: 

 

384 kNm 

380 277 315 277 
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Figure 2.4: Positioning of loads for the calculation of deflections. 
 
 
Checking deflections: 

- Frequent load case, suitability for operation 

𝑤 = 𝑤% +𝑤&' 	≤ 	
𝑙
350 

𝑤 = 𝑤*𝑔()*, +	𝑤+ 	+ 𝜓'𝑤(𝑞,)-./01  

𝒘*𝒈𝒇𝒊𝒏, = 	
32.2 ∙ 	𝑔()* ∙ 𝑙5

𝐼678
=
32.2 ∙ 12.8	 ∙ 	10& 𝑁𝑚 ∙ (6𝑚)5	

269	 ∙ 	109	𝑚𝑚5 = 2.0	𝑚𝑚 

 

𝒘𝒔 =
𝑀-+𝑙%

20𝐸𝐼6+8
=

95	 ∙ 	109𝑁𝑚𝑚	 ∙ (6000	𝑚𝑚)%	
20 ∙ 210 ∙ 10&𝑁/𝑚𝑚% ∙ 308 ∙ 109𝑚𝑚5 = 2.6	𝑚𝑚 

 
Avec : 
𝑀-+ =	𝑁-+(𝑧- − 𝑧6+) = 947	𝑘𝑁	 ∙ (0.327	𝑚 − 0.227	𝑚) = 95	𝑘𝑁𝑚 

𝑁-+ = 𝜀-+,<𝐸-+𝐴- = 0.50 ∙ 10=& ∙ 17.2
𝑘𝑁
𝑚𝑚% ∙ 1275𝑚𝑚 ∙ 86.4𝑚𝑚 

𝑧- = 370𝑚𝑚−
86.4	𝑚𝑚

2 = 327𝑚𝑚 

𝝍𝟏𝒘(𝒒𝒌)𝒄𝒐𝒖𝒓𝒕 = 0.5	 ∙
47.1𝑞,𝑙5

𝐼6E8
=
47.1 ∙ 24 ∙ 10

&𝑁
𝑚 ∙ (6𝑚)5

377 ∙ 109𝑚𝑚5 = 0.5 ∙ 3.9	𝑚𝑚 = 2.0	𝑚𝑚 

 
𝒘 = 𝟐. 𝟎	𝒎𝒎+ 	𝟐. 𝟔	𝒎𝒎	 + 𝟐. 𝟎	𝒎𝒎 = 𝟔. 𝟔	𝒎𝒎	 ≤ 	 𝒍

𝟑𝟓𝟎
= 𝟏𝟕. 𝟏	𝒎𝒎  

 

 

 
According to SIA 264, the SLS check must be carried out taking into account the various effects set 
out in § 5.1.3.1 . However, it becomes difficult to account for all these effects when calculating by hand 
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Appendix: Table 2.1 Inertia Calculation  
Short load duration: nel, short = 6.1 
Position of the neutral axis: 
 𝐴3(ℎ − 𝑧3 − ℎ4) ≥

5J
6KL,JMNOP

7J
,
⇒ Neutral axis in the steel profile 

𝐴3(ℎ − 𝑧3 − ℎ4) = 9730	𝑚𝑚,(370	𝑚𝑚 − 135	𝑚𝑚 − 86.4	𝑚𝑚) = 1.45 ∙ 10+𝑚𝑚. 
𝐴4

𝑛!",489:)
ℎ4
2
=
86.4	𝑚𝑚 ∙ 1275	𝑚𝑚

6.1
86.4	𝑚𝑚

2
= 0.78 ∙ 10+	𝑚𝑚. 

 
 𝐴; = 𝐴3 +

5J
6KL,JMNOP

= 9730	𝑚𝑚, + 0,</∙=+.1
+.0

= 27>789𝑚𝑚, 

 𝑧; =
0
5Q
∙ C𝐴3𝑧3 +

5J
6KL,JMNOP

*ℎ − 7J
,
3D = 0

,<<=?
∙ E9730 ∙ 135 + 0,</∙=+.1

+.0
*370 − =+.1

,
3F = 259.64	𝑚𝑚 

 𝐼!,#$% = 𝐼& + 𝐴&(ℎ − 𝑧&)' +
(
)

*!
+"#,!%&'(

ℎ#' − 𝐴!(ℎ − 𝑧!)' 

𝐼),*+, = 136.7 ∙ 10- + 9730(370 − 135). +
1
3
1275 ∙ 86.4

6.1 86.4. − 27789(370 − 259.64). = 380 ∙ 10-𝑚𝑚/ 

 
Long load duration: nel,long = 18.3 
Position of the neutral axis: 
 𝐴3(ℎ − 𝑧3 − ℎ4) ≥

5J
6KL,JMNOP

7J
,
⇒ Neutral axis in the steel profile 

𝐴3(ℎ − 𝑧3 − ℎ4) = 9730	𝑚𝑚,(370	𝑚𝑚 − 135	𝑚𝑚 − 86.4	𝑚𝑚) = 1.45 ∙ 10+𝑚𝑚. 
𝐴4

𝑛!","86@
ℎ4
2
=
86.4	𝑚𝑚 ∙ 1275	𝑚𝑚

18.3
86.4	𝑚𝑚

2
= 0.26 ∙ 10+	𝑚𝑚. 

 
 𝐴; = 𝐴3 +

5J
6KL,LMRS

= 9730	𝑚𝑚, + 0,</∙=+.1
0=..

= 15>750	𝑚𝑚, 

 𝑧; =
0
5Q
∙ C𝐴3𝑧3 +

5J
6KL,LMRS

*ℎ − 7J
,
3D = 0

0/</-
∙ E9730 ∙ 135 + 0,</∙=+.1

0=..
*370 − =+.1

,
3F = 208.30	𝑚𝑚 

 𝐼!,,$% = 𝐼& + 𝐴&(ℎ − 𝑧&)' +
(
)

*!
+"#,#%01

ℎ#' − 𝐴!(ℎ − 𝑧!)' 

𝐼),2+, = 136.7 ∙ 10- + 9730(370 − 135). +
1
3
1275 ∙ 86.4

18.3 86.4. − 15750(370 − 208.3). = 277 ∙ 10-𝑚𝑚/ 

 
Shrinkage: nel,cs = 12.2 
Position of the neutral axis: 
 𝐴3(ℎ − 𝑧3 − ℎ4) ≥

5J
6KL,JT

7J
,
⇒ Neutral axis in the steel profile 

𝐴3(ℎ − 𝑧3 − ℎ4) = 9730	𝑚𝑚,(370	𝑚𝑚 − 135	𝑚𝑚 − 86.4	𝑚𝑚) = 1.45 ∙ 10+𝑚𝑚. 
𝐴4
𝑛!",4A

ℎ4
2
=
86.4	𝑚𝑚 ∙ 1275	𝑚𝑚

12.2
86.4	𝑚𝑚

2
= 0.39 ∙ 10+	𝑚𝑚. 

 
 𝐴; = 𝐴3 +

5J
6KL,JT

= 9730	𝑚𝑚, + 0,</∙=+.1
0,.,

= 18′759	𝑚𝑚, 

 𝑧; =
0
5Q
∙ C𝐴3𝑧3 +

5J
6KL,JT

*ℎ − 7J
,
3D = 0

0=</?
∙ E9730 ∙ 135 + 0,</∙=+.1

0,.,
*370 − =+.1

,
3F = 227.33	𝑚𝑚 

 𝐼!,#-% = 𝐼& + 𝐴&(ℎ − 𝑧&)' +
(
)

*!
+"#,!3

ℎ#' − 𝐴!(ℎ − 𝑧!)' 

𝐼),*4, = 136.7 ∙ 10- + 9730(370 − 135). +
1
3
1275 ∙ 86.4

12.2 86.4. − 18759(370 − 227.33). = 315 ∙ 10-𝑚𝑚/ 
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Influence of cracking for computation of deflection 
Using the inertia ratios given in Table 2.1, the ratio between the deflection determined for constant inertia 
can be calculated with the deflection taking into account the influence of cracking on support. 

 
Checking deflections: 
Frequent load case, suitability for operation 

𝑤 = 𝑤% +𝑤&' 	≤ 	
𝑙
350 

𝑤 = 𝑤*𝑔()*, +	𝑤+ 	+ 𝜓'𝑤(𝑞,)-./01  
 
𝑤*𝑔()*, = 2.0	𝑚𝑚  U!

U"
= 0.55 ⟹ V#

V$
= 0.9 𝒘*𝒈𝒇𝒊𝒏,, 𝑓 =

%WW
E.Y

= 2.22	𝑚𝑚 

 
𝒘𝒔 = 2.6	𝑚𝑚                  U

!

U"
= 0.48 ⟹ V#

V$
= 0.88 𝒘𝒔, 𝑓 =

%.9WW
E.ZZ

= 2.95	𝑚𝑚 

𝝍𝟏𝒘(𝒒𝒌)𝒄𝒐 = 2.0	𝑚𝑚 U!

U"
= 0.39 ⟹ V#

V$
= 0.39										𝝍𝟏𝒘(𝒒𝒌)𝒄𝒐, 𝑓 =

%.E
E.Z9

= 2.32	𝑚𝑚 

𝒘, 𝒇 = 𝟐. 𝟐𝟐	𝒎𝒎+ 	𝟐. 𝟗𝟓	𝒎𝒎	 + 𝟐. 𝟑𝟐	𝒎𝒎 = 𝟕. 𝟓	𝒎𝒎	 ≤ 	 𝒍
𝟑𝟓𝟎

= 𝟏𝟕. 𝟏	𝒎𝒎  (+15% deflection) 
 

 

 

0.90 
 
0.88

 
 

0.86 
 

2.32 mm (+15% deflection) 

6.4 + 2.22 + 2.95 + 0.3*5.4/0.9 = 13.4 mm (+6% deflection) 

Acts on steel cross-section only 
(constant inertia) 
 


