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Abstract: This technical paper presents a structural analyzing and manual calculations for a composite Parallel Beam
with Steel class (S275) and Concrete class (C30/37) with a Decking (Ribdeck AL) a single unpropped support condition,
1mm gauge, 0.103 kN/m? Self weight, assumed slab depth 150mm from RLSD website with a concrete volume is 0.125
m*m?. The calculations includes bending design, shear stress, shear connection, deflection (Elastic), checking of non-
composite state, bending design and shear stress of spine beam. Furthermore, the forces, shear and bending moment
diagrams for rib beam are also presented (using QSE 7 Staad Pro). As per BS 5950- 1 Advanced UK Beams.
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1.INTRODUCTION
The dimensions of the parallel beamare L1 =5.1m,L2=8.1m
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Figure 1: Top view of the analyzed parallel beam.

1.1 Material used
- Steel (S275) fyx = f,a = 275 N/mm?
- Concrete (C30/37) fu = 30 N/mm?
- Decking (Ribdeck AL) support condition: Single — unpropped
Gauge = 1.0 mm
Self weight = 0.103 kN/m?
Assumed slab depth 150mm from RLSD website the concrete volume is 0.125 m*m?
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1.2 Loading
- Self weight of concrete 24 kN/m® x 0.125 m*m? = 3.000 kN/m?
- Self weight of decking =0.103 kN/m?
- Dead load = 1.200 kN/m®
Total Dead load = 4.303 kN/m?
Live Load = 3.000 kN/m®
Total Load (1.35 x 4.303 kN/m?) + (1.5 x 3.000 kN/m?) = 10.31 kN/m?

2.METHODOLOGY

2.1 Rib beam
- Loading on rib beam =10.31 kN/m?x 1.9 m
=19.59 kN/m
- Loading on spine beam =19.59 KN/m x 8.1m x 0.5
=79.34 kN
- Myiax =wx[?>/8 @)
=19.59 x 8.1*/8
=161 kNm
- My =3xwxI?/32 @
=3 x 19.59 kN/m x (8.1m)?/ 32
=120.5 kNm
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Figure 2: Forces, shear and bending moment diagrams for rib beam (using QSE 7 Staad Pro).

2.2 Bending Design
-ber  =025xL 3)
=025x81m=203m
Assuming steel beam carries 50% so,
-Mgg  =80.5kNm

Note: we are using S275, therefore, the value of f,q will be 275 kN/mm?
- Sx = MEd / fyd (4)
= (80.5 kNm x 10°) / (275 kN/mm? x 10°%) = 293 cm?
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use section 254 x 146 x 37
S, =483 cm?®, A =472 cm?

- From BS 5950- 1 (Advanced UK Beams),

- Td =AXx fyd
= (47.2 cm? x 10% x 275 N/mm?) / (10%)
= 1298 kN
- Ty =Cy
=0.85 X o X (fck/Sc) X betr X Z
Thus,
-Z = (Tax 3¢) / (0.85 x o X fex X berr)
=[ (1298 kN x 1.5) / (0.85 x 0.85 x 30 N/mm? x 2030mm) ] x 10°
=44 mm
203 m
- i
(TN 2 - T 100 mumn
| S0
—— T ol = 25 i
Figure 3: Section view of the beam.
d =256 mm
Thickness =150 mm
Overall depth =406 mm
Bz =22 mm
=384 mm
Dt =203 mm
X =181 mm
- Mpira = Tq X lever arm
=Cyg%X X 8)
= (1298 kN % 0.181 m)
=235 kNm > 161 kNm OK
- Mpl,a,Rd = fyd X Sx (9)
= (275 N/mm? x 483 cm®) / 10°
=132.8 kNm  >80.5kNm OK
2.3 Shear stress
Section 254 x 146 x 37 A =47.2cm’ t=6.3mm
B = 146.4 mm r=7.6mm
T=109 mm

- Ashear

=A-2xTx(B-t-2r)

= 4720 mm’ — 2 x 10.9 mm x (146.4 mm - 6.

= 1997 mm? = 20 cm?

- Voiard = Ashear X (fyd /N3 )

=20 cm® x (27.5 kN/cm? / \/3)
=317.5 kN >79.34 kN

(10)
3mm-—2x7.6mm)

(11)

OK
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3.RESULTS
3.1 Shear connection
The below equations has been used and the lower value of them was considered for the number of shear connection.

1. Prq Steel = (0.8 x f, x w x d?) / (4 x &) (12)
2. Prq Concrete = [0.29 x a x d? x V(fy X Eqm)] / 8y (13)
Assumed f, = 450 N/mm? a=1

Stud diameter d = 20 mm fy = 30 N/mm?

8,=1.25 Eem = 33000 N/mm?

Assumed hgc / d > 4

[(0.8xf,xnxd?)/(4x8,)]/10°
(0.8 x 450 N/mm? x & x 20%) / (4 x 1.25)
90.48 kN

- Pgrq Steel

- Prg Concrete = (0.29 x o x d? x \fy X Ecm) / 8y
=10.29 x 1 x 20% x V(30 N/mm? x 33000 N/mm?)] / 1.25
=73.7kN

Note: Prq Concrete 73.7 KN < Pgq Steel 90.48 kN, therefore, choose Prq Steel since it is lower than Concrete.

-N=F/Fgyq where F=Mx/la (14)
F=120.5kNm/0.181 m = 665.7 kN
and Fstwa = Pra Concrete = 73.7 kN (15)

Thus, N =F/ Fsuq
N=665.7kN/73.7kN=9.03 =10
Number of shear connectors over first/last 2.03m, N = 10 shear connectors over 2.03 m @ 200mm spacing > 5d

-N=F/Fgq where F=(Myax - My) /la (16)
F = (161 kNm —120.5 kNm) / 0.181 m = 223.8 kN
and Fswa = Prg Concrete = 73.7 kN
Thus, N=F/Fgu
N=2238kN/73.7kN=3.04~4
Number of shear connectors over middle 2.02m, N = 4 shear connectors over 2.02 m @ 510mm spacing > 5d
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10 shear connectars 8 shear connectors 1D_shearcunn_ecturs
d = 20mm, e = 200mm d=20mm, e =510 mm d=20mrm, & = 200mm

Figure 4: Distribution of shear connectors with dimensions through the beam.

3.2 Deflection (Elastic)

- Loading onribbeam = (4.303 kN/m? + 3.0 kN/m?) x 1.9 m
=13.9 kN/m
“m = Es/ Eqp )

= 205000 N/mm?/ 33000 N/mm? = 6.21

- Section 254 x 146 x 37 ~ Area of section = 47.2 ¢cm?

- Width = b X Eqn / Eg (18)
= (2.03 m x 33000 N/mm?) / 205000 N/mm?
=0.327m
-Ac =bxh (19)

=327 mm x 150 mm = 49050 mm?
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- L, =05xhc+H (20)
=0.5 x 150mm + 256 mm = 331 mm
-Mc  =AcxL, (21)
= 49050 mm’ x 331 mm = 16235550 mm®
- As  =4720 mm?
- L, =05xH
=0.5 %256 mm =128 mm
-Ms  =Asx|, (22)
= 4720 mm? x 128 mm = 604160 mm®
- Neutral Axis = (Mc + Ms) / (Ac + As) (23)
= (16235550 mm?® + 604160 mm®) / (49050 mm? + 4720 mm?)
=313.2 mm
| F2T v I
17 .8
. 777777:7777150l11l11
1852 mwwrmy ' i ' I
F13.2 v Z55 M
Figure 5: Geometry of the beam section.
Table 1: Moment of Inertia of the analyzed parallel beam.
Description A (mm?) r (mm) Ar? (mm*) lyy (mm®)
Concrete 49050 17.8 15021563 91968750
Beam 4720 185.2 161891469 55370000
3 176913032 147338750
The inertia of the section is the sum of Ar® and lyy.
Thus, I =Y Ar¥+3 lyy (24)
= 176913032 + 147338750 = 324251782 mm*
-dvax =L /300 (25)
=8.1m/300 =27 mm
_ 5wt 5x19.59N / mmx (8100mm)* 26)
384El 384 x 205000 N / mm? x 324251782 mm*
=16.5mm <span/300 =27 mm OK
3.3 Checking of non-composite state
Loading:
- Self weight of concrete 24 kN/m® x 0.125 m¥m? = 3.000 kN/m?
- Self weight of decking = 0.103 kN/m?
Total Dead load =3.103 kN/m?
Live Load = 1.500 kN/m®
Total Load (1.35 x 3.103 kN/m?) + (1.5 x 1.500 kN/m?) = 6.439 kN/m’

- Loading on rib beam = 6.439 kN/m? x 2.03 m = 13.07 kN/m
-Mgg  =13.07 kN/m x (8.1 m)*/ 8

=107.20 kNm
- Melard = fyg % Sk

= (275 N/mm? x 433 cm®) / 10°

=119.08 kKNm >107.20 KNm

OK
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3.4 Spine beam
-p =wxl1/2
=19.59 kN/m x 8.1 m/2=79.34 kN

The reaction R1, R2, R3 and R4 has been obtained from QSE 7 Staad Pro and the values were as follows:
R1 =147.56 kN
R2 =209.47 kN
R3 =209.47 kN
R4 =147.56 kN

T
7
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Figure 6: The below illustrates the forces, shear and bending moment diagrams for spine beam (using QSE 7 Staad
Pro).

4.CONCLUSION
4.1 Bending design
Max Mgg = 95.4 kNm
- S = Meqg/ fyq
= (95.4 KNm / 275 N/mm?) x 10°= 347 cm®

- From BS 5950- 1 (Advance UK Beams), use section 305 x 102 x 33
S,=481cm’, A=418cm’
- Mpiard = fyd X Sy
= (275 N/mm? x 481 cm®) / 10°

=132.3 kNm > 95.4 kNm OK
4.2 Shear Stress
- Section 305 x 102 x 28 A = 41.8 cm? t=6.6 mm
B =102.4 mm r=7.6mm
T=10.8 mm
- Ashear =A-2xTx(B-t-2r)

= 4180 mm® —2 x 10.8 mm x (102.4 mm — 6.6 mm — 2 x 7.6 mm)
= 2439 mm? = 24.4 cm®

- Voiard = Ashear X (fyd /N3 )
= 24.4 cm® x (27.5 kN/ecm? / \'3)
=387.4 kN >119.01 kNm OK
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