Journal of the Korea Institute of Building Construction, Vol. 11, No. 3
DOI: 10.5345/JKIC.2011.06.3.310

www jkibc.org

HHE 200 2lst ds=2| s EHI} H
A= HX| 7|0 Zhet A7

Quantitative Evaluation of Vibration of Structure by Aircraft Noise and
Installation Criteria of Building in Air bases
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Abstract
Due to the lack of a noise and vibration survey for military air bases, noise and vibration are not taken into

consideration for new installations, which has resulted in a number of problems, including the separation of tiles.
Furthermore, it is not possible to establish appropriate counter-vibration plans to minimize damage resulting from
vibration on structures, since no standard is in place when location for residence areas, including military quarters, is
determined. In this context, this research includes a noise and vibration survey, on which basis a quantitative
evaluation model for vibration of structure by aircraft noise is generated, as well as through linear regression
analysis, and suggests installation standards by purpose of structure, minimizing the damage due to noise and
vibration, and establishing appropriate counter-vibration plans for future installation and repairs of on—base structures in

the military bases.
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Quantitative Evaluation of Vibration of Structure by Aircraft Noise and Installation Criteria of Building in Air bases
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Figure 1. Study flow
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Figure 2. Building structure of military air base
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Table 1. Subject of noise and vibration measurements

Aircraft  Block Concrete Brick Red brick Panel  Total

F=15 5 1 6 7 3 22

F-16 6 7 3 6 1 23

F-4 12 3 0 4 3 22

F-5 10 5 3 5 - 23
Remark  BL CON BR CBR PN

Figure 32 &5 % s AHzAE 433 524
o gr

WEe UER Ao, Figure 4= F—4 5717F
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Table 2. Weather conditions during measurements

. Ave. temp. Humidity Ave. wind
Aircraft Date o) %) (/)
Dec. 22nd 2010 54 63 1.4
Dec. 23rd 2010 28 58 3.0
F-15 Jan. 26th 2011 -4.1 42 37
Feb. 8th 2011 28 776 0.9
Feb. 9th 2011 2.3 554 28
Feb. 21st 2011 3.3 538 0.7
F-16 Feb. 22nd 2011 35 578 0.7
Feb. 23rd 2011 3.0 60.8 0.7
Fea Mar. 7th 2011 2.1 57 4.3
: Mar. 8th 2011 1.6 52 45
(C) Red brick wall (D) Prefabricated panel Mar. 9th 2011 09 472 37
. . - F-5 Mar. 10th 2011 1.2 61.6 39
Figure 3. Front view of each building structure Mar. 11th 2011 57 593 31
Standard test condition -10~35 20~90 below 5
25 9 s S} 2AE flste] 715 &) ol
4] 38] ool chele] 242k AL - o] HugE W AE
o g 27619l om, 11 Zak= Table 3 ~ Table 63} 2
unway
tHe6,7]
I 10
ofes] Table 3. Analysis results(F-15 Operation Air base)
Point of  Stru- Distance__ Vibration Noise[dB]
measuring  cture  (m)  mm/s® dB(V) outdoor indoor Fe'frf]%é
Office bldg. | BR 410 69.4 768 1078 794 284
Apt. bldg. | BR 1,460 67.0 765 913 730 183
Repair bldg. I BR 610 8620 987 1142 859 283
Recreation bldg.
| BR 900 1045 804 1055 808 247
Office bldg I BR 700 84.1 785 981 700 28.1
Office bldg. Il CBR 340 2910 893 1139 885 254
Apt. bldg. I CBR 650 68.8 768 1025 685 340
Recreation blag I CBR 900 2878 892 1021 776 245
Office bldg IV CBR 450 1403 829 97 716 241
Barrack | CBR 800 89.4 790 1003 754 249
Figure 4. Positions of noise and vibration measurements Repair bidg. I CBR 270 1528 837 1051 878 173
Office bldg V. CBR 390 1950 858 1063 748 315
_ Office bldg VI BL 190 8403 985 1200 962 238
23 28 R XS S H 4 2o Repair bldg. Il BL 140 73420 1173 1232 913 319
Bz ol A 05\14_(_3_ 3N Al7 2O dlo o] 7 Recreation bldg Il BL 470 1175 814 1115 943 172
= ]-oﬂ ‘]L‘ o= H H ]L = ﬂ ]EL/] ] Repair bldg IV BL 400 2228 870 1066 813 253
Eo| 71538 B&K(HIMF)ALS] Type 2250 HE-S ARES) Repair bldg V. BL 300 12300 1018 1169 835 334
— Barrack I BR 220 1742 848 1053 796 257
oJo xLx40 A Typ 2)&E »o] -
—D:] ] B&K ]—‘/] e 2270 = <"]‘ e Repair bldg V PN 300 234400 1274 1115 1021 94
B&K 4507),—3 ALg31o] 43851t Repair bdg VI PN 380 194300 1258 1089 876 21.3
= Office bldg VII PN 300 1416 830 1076 87.1 205
=20 % 190lo)] A L =77
=78 & 1390l 2A a=]3100], Table 2= S87IK Office bidg VIl PN 500 180400 1251 107.9 98 15.1
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Quantitative Evaluation of Vibration of Structure by Aircraft Noise and Installation Criteria of Building in Air bases

Table 4. Analysis results(F-16 Operation Air base)

Point of Stru- Distance__ Vibration Noise[dB]

measuring  cture (M) mm/s® dB(V) outdoor indoor %ifr‘;%é
Office bldg |  BL 1,170  39.3 719 838 745 93
Office bldg Il BL 1,270 39.1 718 831 624 257

Barrack | CBR 1520 1326 85 879 723 156
Recreation bidg. | CBR 1,400 244 67.7 87 72 15.0
Recreation bidg. Il CBR 1,420 35.9 711 796 664 132
Repair bldg. I BL 700 93.3 798 9.1 793 16.8

Barrack I CON 780 2500 80 101.3 79 223
Office bldg Il BL 570 3842 917 1127 871 256
Repair bldg. Il PN 290 27,9000 1289 1148 928 220
Repair bldg. Il CON 420 4510 931 108 807 273
Office bldg IV BR 650 1777 850 1058 749 309
Apt. bidg. I  CON 1,300 93.6 794 896 751 145
Recreation blog. Il CBR 550 268 871 1036 75 286
Recregtionbldg IV CBR 720 4.7 724 946 791 155
Office bldg V. CON 640 1750 849 102 819 201

Barrack Il BL 980 1912 856 1006 757 249
Office bldg VI BR 800 2387 876 975 828 147
Recreation bldg.V CON 840 439 728 898 782 116
Recreation blag.

y BR 1400 933 794 918 71 20.8
Barrack IV CBR 1660 239 676 903 671 232
Apt. bldg. I CON 1,300 383 717 969 75 219
Apt. bldg. Il CON 1,540 341 707 953 769 184
Barrack V BL 850 18.2 65.2 84 558 282

Table 5. Analysis results(F-4 Operation Air base)

Point of  Stru- Distance  Vibration NoiseldB]

measuring  cture (M) mm/s®  dB(V) outdoor indoor %ifrf]%é
Office bldg | BL 980 54.1 747 877 705 172
Repair bldg. | CBR 500 82.8 784 R4 658 266
Repair bldg. I CON 560 2129 86 950 664 286
Repair bldg. Il PN 560 2,1000 1064 1026 889 137
Repair bldg. IV BL 640 2036 82 979 772 207
Office bldg I CBR 710 40.0 720 849 630 219
Barrack | CBR 870 1659 844 892 654 238
Apt. bldg. | BL 1,340 228 672 804 657 147
Repair bldg. V. BL 400 1889 855 1138 846 292
Office bldg Il BL 500 6.5 56.3 1009 416 59.3
Repair bldg. VI BL 680 2581 832 1020 89.1 129
Repair bldg. VI PN 820 14080 1030 815 687 128
Office bldg IV CBR 770 1846 853 967 74 227
Apt. bldg. I CON 1,140 15.1 636 899 59 30.9
Apt. bldg. Il BL 1640 251 680 80.7 67 13.7
Office bldg V. PN 1,090 4507 931 852 658 194
Repair bldg. Vil PN 580 25620 1082 913 76 15.3
Repair bldg. IX  BL 660 2.8 794  89.1 61 28.1
Office bldg VI CON 500 1219 817 1035 72 315
Office bldg VIl BL 560 1233 818 1008 86 14.8
Recreation bidg. | CBR 570 2362 875 965 797 168
Barrack |l BL 140 3418 907 1211 939 272
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Table 6. Analysis results(F-5 Operation Air base)

Point of  Stru- Distance  Vibration Noise[dB]

measuring  cture (M) mm/s®  dB(V) outdoor indoor %fr‘;ec;
Office bldg | BL 460 2726 837 998 708 29.0
Office bldg Il BL 380 1078 807 1018 666 352
Repair bldg. | BL 440 36.0 711 968 635 333
Barrack | CON 550 23.1 673 821 501 320
Repairbldg Il BL 540 35.0 709 878 605 273
Office bldg Il CBR 320 1545 838 102 689 33.1
Repair bldg. Il BL 24 3650 912 116 922 238
Office bldg IV BR 660 74.7 775 95 64 325
Office bldg V. CON 540 1422 831 9 689 30.1
Barrack I CON 610 63.3 760 942 617 325
Office bldg VI BL 340 56.6 751 936 69.1 245
Office bldg VI BL 460 37.3 714 952 73 222
Barrack Il BL 600 68.7 767 993 794 199
Recreation bidg. | BR 710 75.6 776 982 81 17.2
Apt. bldg. I CON 840 10.2 602 851 636 215
Recreation blog. I CBR 650 39.0 718 89 672 218
Barrack IV BL 1,100 498 739 899 611 288
Office bldg VIII CBR 1,100 10.0 600 779 552 227
Recreation bloglll CBR 1,330 23 725 837 615 272
Barrack V. CBR 570 20.5 662 722 52 202
Apt. bidg. I CON 400 70.0 769 955 822 133
Barrack VI BR 380 1220 817 1071 744 327
Recregtion bldg. IV BL 140 774 778 1059 755 304
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Table 7. Vibration level of APT. in air bases
Unit = dB(V)

Vibration standard

Vibration level

Classification Low of environ- ISO vibration
Average  Max. mental policy Standard

F-15 airbase 76.6 76.8
F-16 airbase 75.8 79.4 Day : 65
F-5 airbase 74.0 76.9 Night : 60
F-4 airbase 66.6 68.0
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Table 8. Vibration level of office and repair Bldg.
Unit = dB(V)

ISO vibration

standard Remark

Classification Result

Office 714 ~ 1251 66 Excess

Factory,
Repair bldg.

Excess

709 ~ (1 pt. satisfied)

128.9 72
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B Results of noise and vibration measurements

— Vibration estimation curve of building
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Figure 5. Vibration estimation curve of building in air bases
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Table 9. Coefficient of regression model

Coefficient of 95 % confidenceinterval
nonstandardization for B

Model —— ™ ¢ prob
> a

Standard Lower Upper

error limit limit

1(const)  7.092 5.601 1.266 0.209 -4.044 18.227

Noise  0.747 0.057 13.07  0.000 0.634 0.861




Quantitative Evaluation of Vibration of Structure by Aircraft Noise and Installation Criteria of Building in Air bases
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Table 10. Quantitative analysis of vibration model by aircraft

Aircraft Regression equation
F-15 vibration level=1.260 + 0.793x noise level
F-16 vibration level= 3.496 + 0.795x noise level
F-4 vibration level= 26.38 + 0.562x noise level
F=5 vibrationlevel= 10.755 + 0.684x noiselevel
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Table 11. Statistical vibration regression significance test

F test T test
Aircraft R? prob. » prob. >
F value t val
a

F-15 0.572 20.049 0.000 4478 0.000

F-16 0.647 43.940 0.000 6.629 0.000

F-4 0.547 20.564 0.000 4.535 0.000

F-5 0.733 60.408 0.000 7.772 0.000
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Figure 7. Comparison of vibration estimation curve by aircraft
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Table 12. Statistical vibration regression significance test

F test T test
Classification R? prob. » prob. >
F value t value
Block 0.760 104.230 0.000 10.209 0.000
Red brick 0.622  34.546 0.000 5.878 0.000
Brick 0.229 2972 0.115 1.172 0.115
Reinforced
concrete 0595  17.596 0.001 4.195 0.001
Prefabricated
panel 0.316 3.235 0.115 1.799 0.115
wleba] Figure 8ollA Yepd ASEE el digh 2

Z Al=E Ay 29l Taple 133 Z2th

Table 13. Quantitative analysis of vibration model by building

Classification Regression equation
block vibration level=13.034 + 0.681x noise level
red brick vibration level= 16.242 + ().659 noise level
rggnr:g{g%d vibration level= 26.38 + 0.562x noise level
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Figure 9. Comparison of vibration estimation curve
by Bldg. structure
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Table 14. Installation criteria of building in air bases
ISO vibration . Min. distance
Classification standard NCEE'S( s]v ol from runway
[dB(V)] (m)
Apt. building 60 70 6,000
Office building 66 79 3,000
Repair building 72 87 2,000
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