Robert Whitaker -8 g 9 D Design Loads
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Vibrations in Joist on Beam System Plan view
Based on AISC Steel design guide 11 ex 4.6 & 6.2
20K9 W16x31 building
Weeir  (PIf) 10.8 Waerr (PIf) 31.0 n (# bays) 2 bays
W total aliow (PIf) 450.0|for spans of 30 feet A (in2) 9.13 h (# bays) 3 bays
W joist design(PIf) 233.1|ok d (in) 15.70
d (in) 20.0 Ix (in"4) 375.0 LOADS
Maow  (ft-K) 49.51 Ws+d 39 psf <== ook up value in deck manual
A pottom (iN2) 1.04 fatow (K) 30 kip DL 4.0 psf <== 4 psf typ office service load
Atp  (in*2) 1.30 Peonc (PCF) 145 pcf LL 11.0 psf <== 11 psf typ office service load
Acg  (in"2) 2.35 Es (ksi) 29000 ksi
lcorg (in*4) 209.0 f'c (ksi) 3 ksi Length
loomp ~ (IN"4) 466.2 Girder (Lg) 15 feet
Ye (in) 8.94 Ec 3024 ksi Joist (Lj) 30 feet
n 7.10 Joist Spacil 2 feet
teonc 3.00 in *update Ws+d value joist girder
taeck 0.50 in L min = 24 | 144 L min=| 72 360
tiot 3.50 in teff = 3.25 in Leff => 24 in Leff => 72 in
Joist cord type:|  angle Transformed Joist properties based on unit width
Yi 0.556 in
lj 445 in™4 6 < Lj/d= 18 <24 Ds 4.833 in™4/ft Transformed moment of inertia per unit
Cr 0.884 therefore use Eq3.16 Dj 173.76 in"4/ft of width in x direction
v 0.132 Joist parallel to an interior edge? flr width Bj calc
= leg 348 in*4 Eq 3.16 Cj 2 [ no ==>Bj= 20 ft or 2450 ft
linod 185 in*4 Eq 3.15 Bj 20.00 ft <2/3 * floor width
W 119 plf Wj 35.6 kips
Aj 0.215 in
f; 7.63 hz




Transformed Girder properties based on unit width
Girder
9 4.29 in Dj 173.76 in"4/ft Transformed moment of inertia per unit
19comp 1472 in™4 Dg 21.64 inM/ft of width in x direction
19rn0n-comp 375 inM Joist connected to girder web? flr length Bg calc
IGred 649 in*4 Cg 1.6 no ==>Bj= 60 ft or 40.40 ft
Wy 1813 plf Bg 40.40 ft <2/3 * floor length
Ag 0.110 in Wg 36.6 kips
fg 10.68 hz Ag' 0.082 in Lg< Bj
Stiffness analysis (fn< 9 Hz, no need to check stiffness analysis) Walking Evaluation (fn= 6.21 Hz)
usinga 0.224 Kip load W bANELtot 36.0 Kips |
A | applied 0.02160 in B 0.030| Res._mid low damp |table 4.1
A § pannel 0.00398 in BgW 1079.2 #
A gpannel 0.00145 in (fn~=  6.21 Hz) Po 65.0 # table 4.1 |compare with table 4.1
A total 0.00471 in fn ok ap/g = 0.00686 = 0.686% g fails > 0.5% fails
Kfioor 47.6 kip/in >5.7kip/in limit ok Fails, need to increase joist size or slab thickness (delta j controls)

Table 4.1
Recommended Values of Parameters in
Equation (4.1) and a,/ g Limits

Midspan Flexibility Constant Force | Damping Ratio | Acceleralion Limit
fn 6.21 hz Py B a,/gx100%
de 3.25 in Offices, Residences, Churches 0.29 kN (65 Ib} 0.02-0.05* 0.5%
Ne (# joists) 5.42 >1.0 ok eq4.7 use Shopping Malls 0.29 kN (85 Ib) 0.02 15%
0.018 < d_e/SJ_: 0.135 = 0.208 |ok, use eq 4.7] 0.135417 Footbridges— Indoor 0.41 kN (92 Ib) 0.01 1.5%
4.5E+6 < LjM/lj = 48.3E+6 < 257.0E+6|ok, use eq 4.7 | 48.3E+6
2 < LjiSj= 15 < 30 ok, use eq 4.7 15 Footbridges—Outdoor 0.41 kN (92 1b} 0.01 5.0%

*0.02 for floors with few non-structural components (ceilings, ducts, partitions, etc.) as can occur in open
work areas and churches,

A Oj 96.4E-6 in/lb mid span erxibiIity 0.03 for floors with non-structural components and furnishings, but with only small demountable partitions,
- - — typical of many modular office areas,

Agp 3.2E-6 in/lb mid span flexibility 0.05 for full height partiions between floors.

Ap 19.4E-6 in/lb mid span flexibility

MODERATE WALK |< ------ SLOW WALK

W person 185 # W person 185 #

step/min 75 step/min step/min 50 step/min

Fm/W 1.5 (table 6.2)| Uv=| 5500 # Hz"2 | Fm/W 1.3 (table 6.2)] Uv=| 1500 # Hz"2|
Fm 2775 # Fm 240.5 #




fo 2.5 hz (figure 6.5)
fo/fs 2.483 >>0.5 use eq 6.4b
To=1/fo 0.4 sec

f T, 2483 >0.5

Am 0.081

X max 436 in x 10"-6

V [ 17,185 x 10"-6in /sec

|compare with table 6.1 values

Table 6.1
Vibration Criteria for Sensitive Equipment
Facility Vibrational Velocity™
Equipment

or Use {u inJsec) (umfsec)
Comguter syslems; Operating Riooms**; Surgery, Banch 2,000 =00
micrescopes at up o 100x magnification;
Laboratory robots 4,000 100
Bench microscopes at up to 400x magnification; Optical =000 &0
and other precizion balances; Coordinate measuring
machines; Metrology laboratones, Optical comparatars;
Microslectronices manufacturing eguipment—Class A%
Micro sungery, eye surgsery, newre surgery, Bench 1,000 25
micrzscoges at magnification greater than 400x; Ootical
squipment on ieclaton talkles, Microelectronics
manufacturing eguipment—Class B™
Electron microzcopes at up to 30, 000= magnification; =00 12
Microtomes; Magnetic resonance imagsers;
Microezlectronics manufacturng eguipment—Llass C7
Electran microscopes at greater than 20,000x 250 5]
magnfication; Mass spectrometers; Cell mplant
egquipment; Microslecironids manufaciuring equipmenti—
Clags O™
Microelectronics Manufacturing equpment—Class E™ 130 3

Unizclated laser and oplical ressarch systems

" Vale of W for Figure 6.1,

** Criterion given by solid curve of Figure 8.1 comesponds to a standard mean whole-body threshold of

perception (Guide 1874)

Y Class A Inspecion, probe test, and other manufactuning support equpment.

Class B Aligners, steppers, and other ertical equipment for photoldhograghy with line widths of

3 microns oF more

Class G Algrers, steppers, and other criical equipment for photolithograchy with Ine widths of 1 mcnon.
Class D Aligrers, sieppers, and other eritical equipmen: for photolfhograghy with ine wickhs of 2 micron:

inzludes elkctron-beam sysems

Class E: Aligners, steppers, and other ertical equiprment for photoithography wah line widths of 24 micron;

includes eleciron-oeam system5.|

fo 14 hz (figure 6.5)

f/fo 4.43 >>0.5 use eq 6.4b

To=1/, 0.7143 sec

f.* T, 443 >0.5

Am 0.025

X max 119 in x 10*-6

Vv 4,687 x 10"-6 in /sec |compare with table 6.1 values
alg==>V= 71544.96




