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Abstract - In this study, an innovative steel stair system is presented which enables rapid erection and high quality control in both
residential and office building construction. This system features two lightweight steel stringers of box shape, bolted connections
easy to absorb construction tolerance, and stair steps movable transversely (or sliding steps) such that the work space needed for
concrete stairway wall could be easily provided. In this type of stairway system, other than providing robust connecting details,
ensuring vibration performance is especially important since this system may be vibration-sensitive due to lightweight nature
and/or probable low damping. To tackle these issues, a series of full-scale mock-up tests were conducted by using box-shape
stringer members with or without concrete-fill. The connection system was shown to be sufficiently stiff and strong, or it
remained elastic even under the 160% of service load level. Among the seven stringer alternatives, five exhibited satisfactory
vibration performance according to the related North American and European acceptance criteria.
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Fig. 1. Components of sliding step system
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Table 1. Summary of mock-up

Specimen Use Member size| Concrete
R-[1125x75x4.5-F Filled
125x75  —————
R-[1125x75x4.5-NF . Non-filled
Residence -
R-[1150x100x4.5-F Filled
150x100 —————
R-[J150x100x4.5-NF Non-filled
0O-[1150x100x4.5-F 150x100 Filled
0O-[1200x100x4.5-F Office Filled
200x100 —————
0O-[1200x100x4.5-NF Non-filled
13? 1300 1830 - 1300 11810 800 2789 s~SOO 180
187 7 I
wf

3060

Residence Office

Fig. 3. Schematic drawings for mock-up
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Table 2. Details of test devices
Device Commercial code Description
Frequency range :
- +0.
Accelerometer NP-3131 > 40(.)(.)H,Z_0 SdB
Sensitivity :
10mV/(m/s*)+ 1dB
Tokyo Sokki |Scnning time : Fastest 0.4

Data logger |Kenkyujo Co.Ltd|sec/1000 channels in

TDS-530 combination use
Ono Sokki |Frequency accuracy :
FFT 1
anatyzet CF-3650 +50ppm or less

Impact
hammer

Range : 50001bs

Dytran 5802A Sensitivity : 1mV/lb
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Table 3. Calculation of design loads

Basic .
uniform Design 1.6 x

of steps |.. load design

live load
(KN/m?) (kN) [load (kN)

0.322 7 3.0
0.322 11 3.0

Step | Number
Use area
(m?) (EA)

10.819
17.002

6.762
10.626

Residence
Office
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Fig. 5. Deflection at the center for residential stair (top) and
office stair (bottom)

Table 4. Summary of the load test results

Arecs ALL Aallow A /A
LL allow

(mm) (mm) (mm)

0.049 (1/20)
(OK.)
0.105 (1/10)
(OK.)

Residence| 0.04 0.32 7.64

Office 0.54 1.06 10.86
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Fig. 7. The results of load-strain for stringer connection
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Table 5. Natural frequencies and damping ratios

Natural Dampin

Use Specimen frequency ratio P ( O/g)

(Hz) ’
R-[J125x75x4.5-F 31.50 3.50
) | R-[J125x75x4.5-NF 25.80 4.59

Residential

R-[1150x100x4.5-F 32.00 3.85
R-[1150x100x4.5-NF 30.80 2.30
O-[J150x100x4.5-F 16.00 2.13
Office 0-[12000x100x4.5-F 22.00 3.21
O-[]2000x100x4.5-NF| 24.25 4.05
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Table 6. Information of participants

Participant | 1 2 3 4 5 6 7
Age 58 | 54 | 42 | 31 | 30 | 27 | 26
(years)
Height 100 1 170 | 169 | 180 | 170 | 178 | 174
(cm)
Weight

80 | 68 | 73 | 80 | 80 | 74 | 69
(kgf)
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Axis of Weighting
Room type vibration Category curve
Critical working soaxis Vision/Hand W,
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Residential, z-axis Discomfort w,
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Table 8. Recommended multiplying factors based on single
person excitation

Multiplying factor for
Type exposure to continuous
vibration R
Office 8
Shopping mall 4
Dealing floor 4
Stairs — Light use (e.g. offices) 32
Stairs — Heavy use 24
(e.g. public buildings, stadia)
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