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in Re 1nforced Concrete Slab Using Tables of Orthogonal Arrays
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Key Words : Tables of Orthogonal Arrays (% 2 8} & &), Design of Experiment(DOE, A & 7] & 1), Analysis of Variance(ANOVA,
RAHEAY), FEA(finite element analysis, - 3H.8 4281 49), Natural Frequency(X 21 %4%), Mode shape(Z = %),

ABSTRACT

Finite element analysis of concrete slab system in apartment building was executed using the
tables of orthogonal arrays, and optimal design process was proposed. At first, experimental results
show that sound peak components to influence the overall level and the rating of floor impact sound
insulation were coincident with natural frequencies of the reinforced concrete slab, Finite element
model of concrete slab' was compared with experimental results, and well corresponded with an
error of less than 10%. The tables of orthogonal arrays were used for finite element analysis with 8
factors. 3 related to material properties and 5 related to slab shape parameters and its results were
analyzed by statistical method, ANOVA, The most effective factor among them was slab thickness,
and main effect factor from slab shape parameters was different from each natural frequency. The
interaction was found in the higher mode over 3™ natural frequency. From main effect plot and
interaction plot, the optimal design factor to increase the natural frequency was determined.
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Table 1 Material properties for FEA

No. Type B Value
1 Thickness {mm] 150
2 Elastic modulus [Nm’] | 2254x10%°
3 . Density [kg/m’] 2400
4 Poisson ratio - 0.167
5 Damping ratio - .0.054

Table 2 Comparison of experimént with FEA

Modes Experiment FEA
Noise - | Vibration | Vibration | Error [%]
1 22 " 23 233 13
2 32 31 342 9 4
- 44 - -
3 56 56 . 57.5 2. 6
4 - 61 61.0 | 00
S 64 65 61.9 5.0
3.0
’ Experiment

2.0 H Analysis

[
(=]

Acceleration [m/s 2]
N - o
o o

N
(=]
T

0
w
o

0.1 0.2 03 0.4 0.5 0.6 07 0.8
Time [sec]
Fig. 4 Transient time response in the central
point of living room by FEA
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ALMY gBAdeE FEF FAAAM AL Z 7 e ZRAFF FdFgS wAn JYLE
ojstd dHse ®MFo AAstE wed AR E‘_Oﬂl—rﬂi F3Y Z¥o] AFPsidE AL 9ulich
Al (coefficient of determination)®} £4F &4 H 9 a8y, 2 A nxFLos §odx g Ao=
g F-A 508 o|Folzrt velgt §, 2 2 /%5 49, 1 A AR
Ae 2F f9¥ FHE Holn, 2 A uF5AES
9 ¥ 10%9A D+E, D+G, D*H 2 G+H 7}

Table 3 Factors and levels : froj3g 2dFExn Qo
Level
Factors 1 3
- 150 150 52 RPN X £F
Thickness [mm) A Fig. 6 ¢ BHE 2988 Jeus Aoz o9
Compression strength [kg/em?] | B | 210 252 £t AFRD t &o] ofd AA o=z mAW
Density [kg/m’] C | 2400 = 2880 Ade, YR HAWelH EES Az, TE
Door position 1 [mm] D | 3230 3530 AL tgez Aysl % ET 817 rq?(‘i;:l}c} s
]Z]' 3 = = ‘El:"”i =
Length 1 E 10 1000 Fa  AAQ T £ / s
2L [mm} F 10 1000 ZD)o] 1 & ZHAFFN 7% € JFg& oA=
Dogor position 2 [mm] _ Ade o o~ Gom  ololAl 239
Length 2 [mm] G | 300 500 FEAT@IYG LEC) 402 WE Ea Tze
Length 3 [mm] H 300 500 o] wWle) A I w5 249 ol WEs}

zaze ¢E7Ed AFIA G 6]
WEolth 2 A RHAFFY 4%, MY & 4%

Table 4 Table of orthogonal arrays Le(2%) mAE 262 ASC=B>H=G>D ¢ 20z upeh

Runs . Factor zo] WA o go] =159 qu_'_c}
No [ATeTCTPTelFToTH D 750 900 3720700 ba oo we
1 0 ‘ y . 3 o y N
2 J1]ofofolofolo]o} y 2578 D4AFS 1~4 Aol usl ek 1 3
0t elofolold|tl R 2eYEFd F2ANED G H 2 A4 HO)
5 ofojt1|ojolofjofi1]ys Mg 2 4% ven, 2 A zf{A ]%T—']H:—R
6 Lyop 11010301150 yg A+ G, H, D 8 AAEZEROE Wdd RE9
g LVl ololololY] AAZAG B 2 ge ee ¢ & Uk
- A
"9 ojofo|t1]ojo]o]f1]| &3 Bll?t} 9 73211_7.&6% o] & °I_?1?§I§
R AR B S R
> [e]
12 1|1 lolt1jolojo|1]ya2 F7tAI71 A At ol “1"1}31]’ —T’;‘r‘t’"_ 59 ‘r-3-
3 |ofof{1{1]o g ! (1) y%i QA= D o, 4 i TEANELLE 7} =g
oA I BB B O y ARPe ¢ FUoh
e Y il e lel Y Y] Fig 8 & unf@%tdl we =ziis
000300 10010 y17 vendth 1~2 2 5 AR RSdMe F4ud
Lol Lol ol i (o]0] 1|y sAvdn msdge A st gt um,
20 tlt{olof{1]|o{1] o]y 3 i}_};’e{ﬂ iii}zi}i% 3#—5 g?qﬂﬁ'—A}oi]iﬂ
: . ) . ) : : ’ ’ ’ ﬂix o i '6‘7 6‘3" s T N o Ry
) A O ) 4o AFAFTFE 4EHoR FgddE A
64 Ja )il yes Qe AL dudt, wed Fass nsago
Y dnere, Wy Pz afdFLE
' Z7MN71E HA AL 1~3 2 2R E5 s
5. du ¢ &Y DoEFoGiH; 92 & 5
51 &4 84 Table 5 1% and 2™ natural frequencies by FEA
Table 5 & 4% A"gel 98 AMNAEE o1 Trnlme | o 1o vl o5
ol &ate] 3 84 AL S ATz A a3 1 | 244[360] 23 | 268 | 39.8 | 45 [ 225 3;2
R e R EH ER R A R ke
6~7 & wg Tze g4 7dy 348 4 |305]a89) 26 | 2655 | 422 | 48 | 282 4456
2= AAEY FEH9) wWIFIFE BAFE 5 (25013671 27 | 232 ‘3"2/:1‘) 451(9) éi}g 38(7)
S 3 T t-HF S &t 6 1299437 28 | 263 . . X
AR AT CETE neivd ol Ao 7 {262]384] 20 | 226 { 362 | 51 243|357
dAH whs Tz 1# E“T{]Ffr’] B, 8 |312]458] 30 | 27.0 | 43.1 | 52 [304 | 448
dq%€ 51*’135‘"4 AT BF, 9 F& 5%lA 9o |216]344| 31 | 237 | 379 | 53 |249] 3656
1 # 21z E & A9 A~H 7t 2% feod A 10 (258|410 32 | 283 1 45.1 | 54 | 298] 436
' 11 226360 33 | 23.8 | 348 | 55 |26.1] 383
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12 270|429 34 | 284 | 414] 56 |31.2] 45.6 ; . :
13 1232369 35 | 249 ! 364 | 57 |21.5] 343 ' ] M
14 {263421] 36 | 297 | 433 | 58 | 25.7] 40.8 l .
15 1230|370 37 | 243 | 355 ] 59 | 2261 359 :
16 |29.046.0] 38 | 304 | 445 | 60 {269 427 o
17 | 23.9]353] 39 | 266 | 39.1 | 61 [23.1]367 o
18 | 286|421 | 40 | 304 | 443 | 62 [262] 419 :
19 [ 250|370 41 | 209 | 335 63 |23.0] 368 o
20 1299|441 42 | 264 [ 417} 64 | 289 458 ,
21 {24436 ] 43 | 231 | 366 W
22 13061453 44 | 262 | 417 ;-|
Table 6 ANOVA for 1* natural frequenc £
source | DF | Seq SS | Adj SS | Adj MS F P 0 50 100 0 % 100 150
A 1 | 342.25| 342.25| 342.25| 1.10E+4| 0.00 (a)1* natural frequency (b)2" natural frequency
B | 1| 2256 2256| 2256 698.11| 0.00
c | 1| 228 2280 2280 70548| 0.00 o - ] o - J
D | 1 | 109.20| 109.20 109.20| 3378.85 0.00 N ] s :
E |1 0.01| 0.01 0.01 0.31| 058 ;
F |1 0.14| o014 0.14 435 0.04 o Leid
G |1 6.76] 6.76 6.76] 209.16| 0.00 ol of
H |1 6.50] 6.50 6.50] 201.19] 0.00 ‘ :
D*E | 1 0.01] 0.01 0.01 0.17| 0.68.
D*F | 1 0.00]  0.00 0.00 0.08{ 0.78 F
D*G | 1 0.00{ 0.00 0.00 0.02] 0.89 e
D*H | 1 0.00{ 0.00 0.00 0.02] 0.89
E*F | 1 0.00] 0.00 0.00 0.00{ 1.00 : : <
E*G | | 0.00 000/ 000 002 089 0 a2 0 oD e R W
E*H ! 0.00 0.00 0.00 0021 089 (c)3™ natural frequency (d)4” natural frequency
G | 1 0.00 0.00 6.00 008 078 Fig. 6 Pareto chart of the standardized effects
F*H | 1 | o000 o000] 00| 008 078 for natural frequencies(a=0.1)
G*H | 1 0.01| 0.01 0.01 0.17| 0.68
Error | 45 145 1.45 0.03 ' G g s v o o e g
Total | 63 | 511.70 "
Table 7 ANOVA for 2™ natural frequency w
source | DF [ Seq SS [ Adj SS | Adj MS F P J \
A | 1775623 775.623] 775.623] 2.70E+4[ 0.00 s o /
B | 1| 52926| 52926 52926} 1839.11] 0.00 /o o / \
c | 1| s329) 5329 5329| 1851.78] 0.00
D | 1| 9456] 9456 9.456 32857| 0.00 ”
E | 1| 08| 0856 0856 29.73| 0.00
F | 1] 2102] 2102] 2102] 7306 0.00 R S A R S S
G 1| 14251] 14251 14.251 4952 0.00 (2) 1¥ natural frequency  (b) 2™ natural frequency
H |t | 14251} 14251 14251 4952 o0.00
D*E | 1 | 0076/ 0076| 0.076 263 011 D D S S R S I
D*F | 1 0.01| 0.01 0.01 0.35| 0.56 b
D*G | 1 | 0076| 0076 0.076 263 on " "
D*H | 1 | 0.141] 0141 0.141 4.89| 003
E*F | | | 0023] 0023 0.023 0.78{ 038 ,,_u\ / \ /
E*G { 1| 0001| 0001{ 0.001 0.02| 0.8 o By ! /
E*H | 1 | 0.001| 0.001] 0.001 0.02| 0.88 - \ / \
F*G | 1 0 0 0 o| 1.00 w
F*H | 1 0 0 0 ol 1.00 a
G*H | 1 | 0.106] 0106 0.106 367 0.06 1 N N T N L
,?:;:lr gg 92‘11;.9/; 1295 0029 (c) 3" natural frequency  (d) 4% natural frequency

Fig. 7 Main effect plot for natural frequencies
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