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Abstract - High-frequency staircases are widely used nowadays to meet aesthetics and functionality needed in modern
architecture. Unfortunately, no design guide is available in domestic practice to predict response or evaluate the vibration
performance of high-frequency staircases. SCI-P354 published by the Steel Construction Institute of UK provides the formula
for effective impulsive force. However, this formula was shown to overestimate the response of high-frequency staircases
excited by fast ascending and descending over 2.2Hz pace frequency because it was developed based on the walking test in a slow
pace frequency. This study proposes a semi-analytical formula to predict the response of stiff staircases based on analytical and
experimental studies of response acceleration for various walking frequencies covering 1.4~4.5Hz.
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Fig. 1. Footfall force of a 870N male at 2.4Hz (Brownjohn,
2006)
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Fig. 2. Idealized footfall force (Brownjohn, 2006)
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Table 1. Coefficients according to walking pace

Walking pace
F (kN 1/t, (1/
(steps/min) » (N [ty (Ufsec)
100 (fast) 1.4 5.0
Floor
walking 75 (moderate) 1.25 2.5
50 (slow) 1.1 1.4
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Fig, 3. Schematic drawings for test specimen

Table 2. Summary of test specimen

Specimen Use Member size| Concrete
R-[1125x75%4.5-F Filled
125x75%4.5 F—————
R-[1125%x75%4.5-NF ) Non-filled
Residence -
R-[1150%x100%4.5-F Filled
150x100x4.5————
R-[1150x100%4.5-NF Non-filled
O-[J150%100%4.5-F 150x100x4.5|  Filled
0-[1200%100%4.5-F Office Filled
200x100x4.5————
0-[1200%100%x4.5-NF Non-filled
Table 3. Details of test devices
Device Commercial code Description
Frequency range :
- +
Accelerometer NP-3131 > 40(.)(.)HZ_0’5dB
Sensitivity
10mV/(m/s*)+ 1dB

FFT analyzer

Ono Sokki CF-3650

Frequency accuracy :
+50ppm or less

Impact hammer

Dytran 5802A

Sensitivity

Range : 5000Ibs
: ImV/Ib
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Table 5. Summary of mean, standard deviation and coefficient
of variation for normalized acceleration

et/ Omogel

Model Standard | Coefficient of
Mean deviation | variation (%)

slow 8.071 7.030 87.102

AISC | moderate 2.227 1.940 87.102

fast 0.497 0.433 87.102

Arup 0.679 0.392 57.806

SCI 0.573 0.331 57.806

This study 0.889 0.464 52.217
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