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An Analysis on Floor Vibration According to the
Floor System of Steel Module
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Abstract - To analyze the characteristics of floor vibration according to the steel module floor system, floor vibration
performance evaluations were conducted on 3 residential modular units and 3 school modular units. The results of the modal
impact test showed that the vibrations of school modules were predominantly distributed in the low-frequency range compared
to residential modules. In walking vibration, it was found that, with the exception of some modules, most modules did not meet
the standards provided by ISO, indicating the need to devise measures for reducing floor vibrations.
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Table 1. List of modular floor system
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Table 13} Fig. 1°] Z&2] vPF2lE A5B7 i &2
E89 AAE eI diA REHE REY AF
AA o WEoto] ZHH 22 A ZE HE(R-A, S-A), HA]
€ ZER-B, R-C), 281 @A A& S HE(S-B,
S-COy& o= vl 45877 == et

AFE BE2(R)Y A% HE B &9 A7]+= 200
mm, SHE9 FAE 150 mm=E ZSY5}I¥TH R-A &
E9Hgt HER-B D R-C ZEY 2 v FZFS A
8351911, R-B ZET} R-C B EL upgHA] F74|2] 2}o]
7F At AFE BEEY HE up2 A RAPER
2ol 7k AAARE, GEA, AHNE 4, vpzHA] 5-0] A
|59t

PAI WAL St HE5(S)Y HIE B F9] A 7]+= 300
mmZ FAPOY, £E FAE 100 E= 150
mm=E YEGT. S-B HE9] 3¢ & ot BET=
22 ALC 9 & viehE 145t 9 L S-A E S-C 2 &
Hoh g9 37|17t & AoE YEYT S-C BES
A2 g 22 E A7 45 )9 vigdls
5 H 77t =] o] Hie up7bA] o] Fol R 7] ook
o} st RES] v A 5 A XA EE Zpo] 7} A
o, AFE REAE 2/ GdA Qlo] g FEY
= v v 29k vk oflt. 54t e
HE2 A fof o9 A= A A5 g5 A9
A- 2 A= o2 et

Division R-A R-B R-C S-A S-B S-C
Uses Housing Hotel Dormitory School School School
Module size (mm) | 3,190%6,306 3,280%7,450 3,300%7,250 3,000x7,500 3,420%9,000 3,400x%8,800
Floor beam C-200x75%6 | O-200x100x4.5 | 0-200x100x4.5 | C-300x100x9 | O-300%200x9 | O-300x200x9
Slab material Concrete slab Concrete slab Concrete slab Concrete slab ALC panel Concrete slab
Slab THK. (mm) 150 150 150 150 100 100
Floor finishing ¢} o o o) e} X
(ET)s (kN-m?) 34.99 35.98 36.20 32.90 11.11 11.05
Weight (kN) 72.94 89.21 87.33 84.39 27.09 82.12
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Fig. 1. Details of modular floor system
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kg) E= 291(75 kg, 90 kg) K3 Al, S HE
St 7tEE AAE B8 By A A5 SES =74
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5,2 RE 1 4ol -85+ 1.8 Hz2.2 Hz
o HPN 2 HYPAE AA ottt SHH &
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7} 71243} v w51 Th. Fig. 49} Table 20 A= 1SO
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Fig. 4. Building vibration z-axis base curve for acceleration by
ISO 10137:2007

3. 8heA S A5} At
3.1 %53 7M1 ABAE d3t

REYH AXEY vHigI1R 1{FuLE grlshy)
e 34 7H2 ABAE 2 ASFE ZEY ASE
9] 1 g-Fufdl 15.0 Hz-18.7 Hz, YA LA} 8t B E
# 9.5Hz 19.9 Hz8 Z# 5o}, Adtdos A=g
REHO I {FuULE W Fukp Jjo] EEs
UE AoE Yepon, o= ¥H 37| 94 B &
o] A& H|sto] gt BEH 7} 2 7] wfj&Eof Vehd
Zoz gy

10137:2007°1 A1 AAokaL Ql= Q1A Rz 3k
A Ql 4 Hz—8 Hzol| Z3tE= HEE F2E2 YA
uh 3w HEY F S-A ZEQ AP 1GFu4 9.5

Hz2 Q1A ¥ @9 2A ] = Ao = Vet
T3 S-B ZEHE U2 LEY AXEY g vt
T27F ALC =2 A= o0] Qlo] £HEY FA=
7P SFANE 1 7Y A UEi o, ol &
L ALC 129] H]ZL 052 gyl 29 E & HI
H|5}o] H]|Fo] uj-- 37| uj Fof| {7t =A Y

Ehte.

R-A ZE2% S-A HEdle & BE8 A5
j= o HE —&g7lo o1 X A AHL 127
Table 2. Satisfactory magnitudes of building vibration with 2E e BE ¥R v ALEE 750
respect to human response by ISO G A9, Table 3049} Zo] AFE3 YA WAL S+l
= Z} LFO 71O Z{[pAE =z0] T}
Continuous vibration and oA b W2 daFrhed Bl vhe
intermittent vibration T2 A 9 oA Sof whet 2ol 7t 9 4 A HE
Place Time - Zt@ 7o) =g7del vlsto] vigilsol fEet AL
RMS RMS Vibration
(m/s?) (cal) level 2 fdEnt Table 33 Fig. 591= 524 714 X&5AH
dB =
@ Azt gestel yehn s
Critical Day 0.005 0.5 54
working .
arca Night similar to residence Table 3. Modal impact test results
1st Natural frequency FRF
Day 0.01-0.02 | 1.0-2.0 | 60-66 Module
Residential - (Hz) (m/s*)/N)
Night 0.007 0.7 57 R-A 15.0 0.3092
Quiet offlce, All time 0.01 L0 60 R-B 16.5 0.0541
Open plan R-C 18.7 0.0660
G‘}‘;eral Alltime | 0.02 2.0 66 S-A 95 0.1187
otfice S-B 19.9 0.7244
Workshops | All time 0.04 4.0 72 S-C 14.9 0.0031
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Fig. 5. Impact test results
15 15
1 One person walking ~_____ ropTTTTITTTITTTT T ) 1 One person walking -'""""""""""'":
" RMS: 00795 w's? i 4 ! T ORMS:00187m/s T TTTTS 1 i
05 |1 ! : : _ i i f :
I l L L ! : ; % i ' ‘ '
H 2
0 b l L é LLWL bt ! L H E ! ' ' !
i =
UL ! [ B ! : | ! : :
' | ! S '
05 |1 i ! ! < i 1 i i
| ! f ! I i i ]
——————————————————— 1 ! S S SR 1 i
-1 ! Twopersonwalking _______________1 -1 ! Twopersonwalking __________ |
RMS : 0.1047 m/s? RMS : 0.0330 m/s?
15 15
21 23 25 27 29 31 33 35 37 39 41 20 30 40 50 60 70 80 90 100 110 120
Time [s] Time [s]
(a) R-A (b)R-B
. —_— 15
1 One person walking 1 One person walking R .
TORMS:00371m/s?  TTTTTTTTTOS TORMS:0.0298ms  TTTTTTR ! !
05 _ 05 | ! et i
% I ' H 1
i H i
0 £ W%%—WW
= i H |
] i i ! .
S 1 ' H 1
05 <05 |1 ! i t
I ' | I
——————————————————————————————————————————————— . i
-1 . Two person walking _| __ 1 -1 « Twopersonwalking __________________ 1
RMS : 0.1061 m's? RMS : 0.0719 m/s?
15 15
30 40 50 60 70 80 90 0 5 10 15 20 25 30 35 40 45 50 55
Time [s] Time [s]
(c)R-C (d) S-A
T B e ————— 15
i 3
I 1
1 One person walking ! i 1 One person walking e L ]
FORMS:0.0436mis "7 | H T ORMS:0.1500mst  TTTTTTS ! !
05 ! : ) H 05 ! a
' ! ! [ % ' I
i i < | i
o bt L i £, . ;
T =
! P l 3 ! |
05 | ! ! ! < 05 ' 1
' | I | ! H
___________________ H | H LSRR FLEPRPRPOY |
1 ! Twopersonwalking .~ ________________1 -1 . Two person walking _____ 1
RMS : 0.0829 m/s? RMS : 0.1800 m/s?
15 15
30 40 50 60 70 80 90 100 110 120 130 10 20 30 40 50 60 70 80
Time [s] Time [s]

() S-B (f) S-C

Fig. 6. Acceleration—time curve by walking vibration
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3283 A5 A+ 37 A

Fig. 60= 191 =291 B3 A5 A| S92+ =
99 7HE LA 1 EE YEW S AL %
& 191 B3 A] RMS Z2 R-A 2E 0.0795 m/s%,
E 0.0187 m/s%, R-C 2E 0.0371 m/s’2 L}E}‘;kﬂ 2
9l B3 Ao 0.1047 m/s?, 0.0330 m/s?, 0.1061 m/s*
2 SAEUT. JA DA St HES] S, 191 B
Alo]& S-A BE 0.0298 m/s’, S-B & 0.0436 m/s?,
S-C 2E 0.1500 m/s’&2 2= 9low, 291 B3 Ao
£0.0719 m/s*, 0.0829 m/s*, 0.1800 m/s*& L+EFSETE.

Table 491 A= 191 291 B3l A] 2AEH /& E-
AZF A ZE FFT £40| ot Ated 15308
AEsto] el ith AFEE 117-534F Table 39
A9 54 712 AEA oA =& {09 H]
WS W, S-A B3 S-C HE3 Aty A&

Table 4. 1st natural frequency by walking vibration

1 person 2 person
Module | Frequency Error Frequency Error
(Hz) (%) (Hz) (%)
R-A 17.5 16.7 18.6 24.0
R-B 14.5 12.1 14.6 11.5
R-C 13.2 29.4 15.6 16.6
S-A 9.8 32 9.5 0
S-B 12.6 36.7 16.4 17.6
S-C 15.1 1.34 14.4 34
Table 5. Walking vibration test results
1 person 2 person
Module
RMS 1SO RMS ISO
(gal) (gal)
< Residential, > Residential,
R-A 0.7 night (0.7) 13 night (0.7)
< Residential, > Residential,
R-B 0.5 night (0.7) 0.9 night (0.7)
> Residential, > Residential,
R-C I night (0.7) 13 night (0.7)
> workshops > workshops
S-A 4.1 (4.0) 9.2 (4.0)
< workshops > workshops
S-B 3.8 4.0) 8.4 (4.0)
> workshops > workshops
S-C 44 (4.0) 9.1 (4.0)
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Fig. 7. Walking vibration serviceability by ISO 10137
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