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Activity 3.2.6 Beam Design

Introduction
Beam design is based on four important considerations: bending moment, shear, deflection, and cost. Once the design loads have been determined and the beam has been analyzed to determine the resulting internal shear forces and bending moments imposed, a structural engineer can select a cost-effective beam design that will provide sufficient shear and bending strength and adequate stiffness to limit deflection to acceptable limits.  

Beam design methods are dictated by building codes and standards and require the inclusion of a factor of safety. Therefore, the beam design selected must possess more strength than required to resist the imposed loads.

In this activity you will design floor framing (beams and girders) for a hotel.

Procedure
[bookmark: Editing]The Partial Second Floor Framing Plan for a new hotel is given below. The second floor will be used for conference space. Design the following floor framing members for the hotel structure.
· Interior beam
· Exterior beam
· Girder on column line 3
· [image: beamdesign intro]Girder on column line 5
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Criteria 
The following data is to be used for design of the floor framing:
Dead load = 50 psf
Assume the weight of the floor beams and girders are included in the dead load
Floor live load = 100 psf (Hotels—Public space per IBC table 1607.1)
Fy = 50,000 psi
The floor will support a plaster ceiling
Note: E = 29,000,000 psi for structural steel
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Interior Beam

1. Include the loading and beam diagrams.
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Calculate the end reaction and maximum moment








[image: ]5


Calculate the required nominal moment.




Determine the required plastic section modulus and select an efficient wide flange.
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Check the shear strength.
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Calculate deflection limits. 





Calculate actual deflections.





Select a final design.
We would pick the W12x16 beam because the W12x14 beam would not work with safety requirements.
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nomi- Elastic Properties
5 nal N
- Compact Section Crite:
Desig- o P
= P N Fy x1 X210 I r I r i zy
ft 2te tw ksi ksi (1/ksi)? 2 = in2
W12x58 58 78 27.0 - 3070 1470 a75 78.0 5.28 107 214 2.51 86.4 325
53 53 8.7 28.1 - 2820 2100 425 706 5.23 95.8 192 2.48 779 291
W12x50 50 6.3 26.2 - 3170 1410 394 64.7 5.18 56.3 139 1.96 724 214
as a5 7.0 29.0 - 2870 2070 350 58.1 5.15 50.0 124 194 64.7 19.0
a0 a0 78 32.9 59 2580 3110 310 519 5.13 aa1 110 1.93 57.5 16.8
W12x35 35 6.3 36.2 a9 2420 4340 285 a5.6 5.25 245 7.47 154 512 115
30 30 7.4 a18 37 2090 7950 238 38.6 5.21 203 6.24 152 431 9.56
26 26 85 472 29 1820 13900 204 334 5.17 17.3 5.34 151 37.2 817
w12x22
19 19 5.7 26.2 30 1880 15600 130 213 282 3.76 188 | 0822 247 2.98
16 16 75 a0.4 26 1610 32000 108 17.1 267 2.82 141 | 0773 201 2.26
14 14 8.8 543 22 1450 29300 88.6 149 262 2.36 119 | 0758 17.4 1.90
winxai2 | 112 a2 104 - 7080 56.7 716 126 2.66 236 453 2.68 147 69.2
100 | 100 a6 116 - 6400 83.8 623 112 .60 207 20,0 2.65 130 61.0
38 88 5.2 13.0 - 5680 132 534 985 254 179 348 2.63 113 53.1
77 77 5.9 148 - 5010 213 a55 85.9 249 154 30.1 2.60 97.6 a5.9
68 68 6.6 16.7 - 2260 334 394 75.7 244 134 26.4 2.59 85.3 201
60 74 18.7 - 3970 525 341 66.7 439 116 23.0 2.57 74.6 35.0
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Area Depth Flange Distance
i Width Thickness
A 2 T k ks
in2 | in. | in. in. | in. | in. in. | in. | in. [ in.
‘W12x50 14.7 12.19 121/a 0.370 3/e 318 8.080 8!/ 0.640 S/e 91/2 13/s 13/16
45 13.2 12.06 12 0.335 5/16 318 8.045 8 0.575 S/16 91/2 11/a 13/16
40 11.8 11.94 12 0.295 5/16 318 8.005 8 0.515 12 91/2 11/a 3/a
‘W12x35 10.3 12.50 121/2 0.300 5/16 318 6.560 61/2 0.520 12 10Y/2 1 S/16
30 8.79 12.34 123/s 0.260 1a e 6.520 61/2 0.440 7/16 10Y/2 15/16 12
26 7.65 12.22 121/a 0.230 1a e 6.490 61/2 0.380 3/e 10Y/2 7/s 12
W12x22 6.48 12.31 121/a 0.260 1a e 4.030 4 0.425 7/16 10Y/2 7/s 12
19 5.57 12.16 121/s 0.235 1a e 4.005 4 0.350 3/e 10Y/2 13/16 12
16 4.71 11.99 12 0.220 1a e 3.990 4 0.265 1a 10Y/2 3/a 12
14 4.16 11.91 117/s 0.200 318 e 3.970 4 0.225 1a 10Y/2 11/16 12
‘W10x112 32.9 11.36 113/s 0.755 3/a 3/e 10.415 103/s 1.250 11/a 75/8 17/s 15/16
100 29.4 11.10 111/ 0.680 11/16 3/e 10.340 103/s 1.120 11/s 75/8 13/a 7/s
88 25.9 10.84 107/s 0.605 S/e 5/16 10.265 10%/4 0.990 1 75/8 15/s 13/16
77 22.6 10.60 105/s 0.530 12 1a 10.190 10%/4 0.870 7/s 75/8 11/2 13/16
68 20.0 10.40 103/s 0.470 12 1a 10.130 101/ 0.770 3/a 75/8 13/s 3/a
60 17.6 10.22 10%/4 0.420 7/16 1a 10.080 101/ 0.680 11/16 75/8 15/16 3/a
54 15.8 10.09 101/ 0.370 3/e 318 10.030 10 0.615 S/e 75/8 11/a 11/16
49 14.4 9.98 10 0.340 5/16 318 10.000 10 0.560 S/16 75/8 13/16 11/16
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