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MODAL EXTRACTION DATA 

-MODAL WEIGHTS--
MODE EIGEN NAWRAL GENERALIZED MAXTRANSLATION WGT.•PARTI 
NO (~1112) FREQUENCY PERIOD WEIGHT NODE-OOF VALUE Xl X3 

1 1356.39 
2 
3 
4 1716.94 
' 1178.91 
6 1993.16 
1 2021.66 
8 2046.71' 
9 2130.68 
10 225().29 
11 2410S7 
12 2486.18 
13 2668.74 
14 
IS 
16 2982.64 
17 3041 • .53 
18 3249.97 
19 3407.37 
20 3949.12 
21 4202.4~ 
22 4720.16 
23 
24 
2S 6741.92 
26 7699.94 
27 8873.29 
28 9869.38 
29 10408.3 
30 10921.8 
31 12434.S 
32 13136.S 
33 14319.l 
34 15057.9 
35 15689.l 
36 16459.S 
37 17014.l 
38 11377.8 
39 18158.7 
40 19135.2 
41 21289.3 
4:2 21604.i 
43 23934.7 
44 24953.6 
45 25092.S 
46 27650.3 
47 28221.0 
48 30000.3 
49 30783.9 
so 36117.9 

0.1706 0.649976E+o7 ,._2 l.0000 120S077.837411S930S27.78906 6389.97939 12.0 
0.1691 lU..1 1.0000 20722571.8217' 13SS024.63416 !Ss.5674.5 12.0 
0.1646 2324-2 1.0000 163US.6460S 4789562.36788 10406.69262 12.0 
0.1Sl6 0.226328E+-07 212·3 1.0000 79414.25981 16424.1334.5 7032422.99963 12.0 
o.14SO 0.121366E+o7 1.0000 22721.13170 661.59685 878999U006S 12.0 

·uos 0.1407 0.3483SOE+o7 1.0000 2843.93?S6 60101.10010 216563.89961 12.0 
7.167 0.139S 0.246072E+-07' 20730.20730 110480.73360 269670.10228 12.0 
.7.200 0.373386E+o7 31345.96784 12596.39399 1938472.35307 12.0 
7.346 0.184816E+o7 1'153.63685 27563.58896 3602493.56917 12.0 
·1.sso o.132s o.183S93E+o7 9.3 1.0000 6932.22m 172368.04582 12.0 

o.:249664E+o7 3U8161 nrm.53693 12.0 
O.l632S3E+o7 100839.31416 10778.58090 62634.39913 12.0 
0.16S661E+o7 1.0000 11362.80781 12914.15002 134027.81741 12.0 

0.1192 1.0000 99655.81836 50342.62195 93665.19254 12.0 
8.S66 0.1167 4884.54566 39437.93657 47226.28526 12.0 

O.USO 0.394686E+o7 1710-3 16016.80512 100448.84621 lmS.04736 12.0 
0.1139 393-3 4213.75764 8369.73720 12.0 
0.1102 89024S. 83729.38965 64519.40141 12.0 
0.1076 0.171124E+o7 1.0000 6213.49169 llo.63471 12.0 
0.1000 O.U8136E+o7 1291-3 1.0000 2549.45044 3064.98571 12.0 

10.317 0.0969 0.109148E+o7 393-3 1.0000 3359.69726 3Ul.7248S 2647.42716 12.0 
10.934 0.0915 1710-3 2931.26595 498.53283 12054.40175 12.0 

(t083S 2328-3 35JHS83 1.62556 21639.9894.5 12.0 
0.0772 O.ll4S39E+o7 1710-3 1.0000 1.16552 5.28694 12250.89029 12.0 
0.0765 0.123708£+-07 46,._3 1.0000 78.36092 4S.0963l 2306.71975 · 12.0 
0.0716 1654-3 1.0000 643.191!51 14.33959 0.00349 12.0 

14.992 9.3 1.0000 175.18994 S.86589 6235.74467 12.0 
1S.8U 0.401619E+o7 9-2 1.33621 875.10623 85.58017 12.0 
16.237 0.0616 O.B8873E+-07 1710-3 0.08913 122.82492 540.96867 12.0 
16.633 0.0601 0.20853SE+o7 1368-3 1.0000 80.07451 594.13981 274.40139 12.0 
11.141 o.os63 924167. 1291.3 1.0000 383.os:rn> 9.11160 24J.2ss26 12.0 

0.0534 0.1S65S9E+o7 1654-3 1.0000 93.62834 41.56149 97.15070 12.0 
0.0525 0.232869E+o7 10-1 1.0000 252.5'7956 223.9S2SS 0.62472 12.0 

19.530 0.0512 0.360514E+o7 1710-2 i.0000 200.99163 430.92564 1.60025 12.0 
0.0502 840601. 2312·3 1.0000 83.74361 292.63429 385.57062 12.0 
0.0490 1710-3 1.0000 23.28111 37.59917 1313.87718 12.0 
o.0482 :ms.3 1.0000 19.75451 1.22443 359.75738 12.0 

20.981 0J)477 0.181834E+o7 lOS~M 1.0000 llS.35664 76.10759 20.44744 12.0 
21.447 0.0466 0.260839E+o7 1291-2 1.0000 23.72151 13.88181 0.11119 12.0 
22.358 0.0447 0.1333S6E+o7 22ss.3 l.0000 4S.l6012 0.00665 0.00281 12.0 
23.22:2 0.0431 465-2 1.0000 7UU57 49.88508 0.02057 12.0 
23.393 0.0427 9-3 1.0000 108.11884 18.20596 61.70102 12.0 
24.623 0.112S61E+o7 10-3 1.0000 25.04489 0.00002 106.69575 12.0 
25.141 0.136750E+o7 1$~15·3 1.0000 7.60819 1.88741 363.02980 12.0 
25.211 0.0397 0.2819l4E+o7 393-l 1.0000 9.53782 10.07964 39.91563 12.0 
26.465 0.0378 399958. 465-3 1.0000 0.04378 4.61162 0.03302 12.0 
26.737 0.0374 O.l66434E+o7 l-3 1.0000 0.01458 75.33234 84.78116 12.0 
27.567 0.0363 O.!Oll41E-+07 232i-3 1.0000 0.4m4 BSS61 21.54797 12.0 
27.924 0.0358 640801. 2255·3 1.0000 U8906 1.12664 6.67177 12.0 
30.539 0.0327 0.122132E+o7 2255·3 l.0000 3.35042 12.13599 11.21059 12.0 



................................................................ ~ 

~ MODAL EXTRACTION DATA 
-MODAL WEIGHTS-

MODE EIGEN NATURAL GENERAUZED MAXTRANSLATION (GEN. WOT.* PARTI FAC**l) 
NO (w**l) FREQUENCY PERIOD WEIGHT NODE-OOF VALUE Xl Xl X3 

,1 39347.3 31.,70 0.0317 O.lS,8,lEi-07 1368-3 1.0000 1.16333 8.10219 9.16787 12.0 
,2 42'87.4 .32.844 0.0304 757316. 16.54-3 1.0000 3.48326 19.63169 0.09033 12.0 
'3 44963.1 33.748 0.0296 0.72.5277Ei-07 1710-1 1.0000 1.40774 0.23181 0.0.5137 12.0 
'4 4.5142.9. 33,81' 0.0296 0.101692Ei-07 22'5-3 1.0000 0.09321 6.40792 1.9152' 12.0 

" 45502.1 33.J.50 0.0295 0 . .514047!.+07 1291-2 1.0000 0.00394 14.41296 0.00218 12.0 

" 4'620.0 33,.994 0.0294 561885. 16'4-3 1.oOoo 36.336'5 22.01713 0.06985 12.0 
57 ~::.: 35.882 0.0279 976844. 2312-3 1.0000 4.39576 2.49561 33.34827 12.0 
58 36.315 0.0275 952411. 9-3 1.0000 0.30643 0.01092 7.05939 12.0 

" 56.560.4 37.851. 0.0264 0.394832E.+07 2328-2 1.0000 1.27470 0.11882 0.00001 12.0 
60 57851.3 38+80 0.0261 817i26. 1710-3 1.0000 0.87604 0.73603 0.02316 12.0 
61 ~1457.3 39.4'5 0.02.53 O.UOU2E+01 9-3 1.0000 0.92058 4.12642 0.,1492 12.0 
62 64340.0 40.370 0.0248 0.143940E+o7 539-3 l.oOoo 0.26560 10.43207 0.05809 12.0 
63 70267.3 42.189 0.0237 620796. 1654-3 1.0000 12.43104 0.63211 9.06718 12.0 
64 71161.8 42."'· 0.0234 o.269270E.+07 1710-2 1.0000 6.20527 4.66377 0.00097 12.0 

" 73491.9 43.146 0.0232 794948. 9-3 l.oooO 4.13364 1.86707 0.04112 12.0 
66 75189.5 43.641 0.0229 620139.' 10-3 1.0000 0.00160 0.87244 166.90831 12.0 
67 78963;8 44.723 0.0224 O.loo029E+o7 1296-3 1.0000 0.21863 0.,2150 5.83219 12.0 
61 80Ul.3 45.047 0.0222 612871. 2328-3 · 1.0000 6.36656 S.75944 2.86567 12.0 
69 81381;0 45.403 0.0220 421697. 1291-3 · 1.0000 1.27113 0.01123 7.30604 12.0 
70 86339.9 46.766 0.0214. 0.121267!.+07 2322-3 1.0000 0.09480 0.64003 0.01479 12.0 
71 88331.0 47.302 0.0211 0.171199E.+07 2328-2 J.0000 0.0476' 20.44248 0.00007 12.0 
72 94347.0 48.816 0.()205 822777. 393-3 1.0000 3.146'76 1.71106 24.82'02 12.0 
73 97542.2 49,707 0.0201 O.i26838E+o7 9-l 1.0000 2.83095 14.09334 JO.l.5741 12.0 
74 99833.1 50.287 0.0199 678739. 9-3 1.0000 5.95858 6.3076' 0.05306 12.0 
15 101.523. 50.711 0.0197 791483. 10-3 1.0000 14.90295 0.87477 6.00745 12.0 
76 101595. 50:129 0.0197 0.287.$93E+o7 1654-l 1.0000 3.74333 0.00008 0.67013 12.0 

( 
77 105449. Sl.682 0.0193 996291. 2152-3 1.0000 13.15389 18.70675 0.16496 12.0 
78 109698; 52.713 0.0190 676541. 434-3 1.0000 0.24290 0.83625 0.67689 12.0 

·-· 79 110219. 52.838 0.0189 625832. 465-3 1.0000 6.62727 9.62770 0.31121 12.0 
80 112721. 53.435 0.0187 0.412879E+o7 2312-1 1.0000 3.93469 0.96098 0.00487 12.0 
81 113223. 5US3 0.0187 0.114590E+o7 2328-3 1.0000 6.08128 1.9.5365 0.69744 11.0 
82 119065. 54.918 0.0182 0.108689E.+07 2034-3 1.0000 0.01201 1.09516 1.95429 12.0 
83 119305. 54.913 0.0182 0.234894E.+07 2328-1 1.0000 0.10594 0.99839 0.00016 12.0 
84 120236. '5.187 0.0181 0.121683E+o7 452-3 1.0000 1.97928 0.18523 1.56776 12.0 
85 124712. .56.205 0.0118 389327. 393-3 1.0000 1.41833 1.78141 0.77342 12.0 
86 129234. 57.215 0.0175 0.430976E+o7 1059-2 1.0000 0.00504 0.80642 0.00023 11.0 
87 134176. Sl.4.50 0.0171 623.150. 225.5·3 1.0000 0.01331 4.17492 1.17846 l:Z.0 
88 136.549. .58.812 0.0170 0.128764E+o7 169o-3 1.0000 :Z.17051 2.77783 0.02460 12.0 
89 138149. 59.15.5 0.0169 6841.Jl. 10-3 1.0000 0.064.59 0.78292 0.98890 l:Z.O 
90 i42446. 60.068 0.0166 673712. 2312-3 1.0000 0.18633 0.36648 0.09955 12.0 
91 142802. 60.143 0.0166 0.205386E+o7 .2328-2 1.0000 0.81520. 0.34809 0.00004 12.0 
92 15291.5. 62.237 0.0161 0.101077E.+0'7 9-3 1.0000 1.67097 0.03042 0.48396 12.0 
93 156744. 63.011 0.01.59 845778. 1681-3 1.0000 2.07870 0.09254 0.38299 12.0 
94 159385. 63.540 0.0157 830173. 9.3 1.0000 0.00002 0..58971 0.00301 12.0 

" 1'9985. 63.6.59 0.01'7 799017. 2255·1 1.0000 1.14432 0.40884 0.00003 l:Z.O 
96 166562. 64.954 0.0154 0.286784E+o7 225.5-1 1.0000 0.09018 0.38403 0.00002 12.0 
97 170409. 65.700 O.Ol.52 0.131462E.+07 1710-1 1.0000 0.63322 0.79731 0.00001 11.0 ,. 170960. 65.806 0.0152 0.101341E+o7 2328-3 1.0000 0.8449.5 0.163'5 0.07021 11.0 

" 173611. 66.31.5 0.01.51 872700. 10-3 1.0000 0.19995 0.00132 O.OS.562 11.0 
100 177309. 67.017 0.0149 960809. 1710-1 1.0000 0.00940 0.49338 0.00037 12.0 

( 
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F MODAL EXTRACTION DATA 

-MODAL WEIGHTS-
MODE EIOEN NATIJRAL GENERALIZED MAXTitANSLATION (GEN. WOT ... PA.RTI FAC**'.2) 
NO (w*'"l) FREQUENCY PERIOD WEIGHT NODE-OOF V AWE Xl X2 X3 

101 178031. 67.155 0.0149 708160. 22'5·3 1.0000 o.06m 0.47414 0.09'53 11.0 
102 180324. 61.385 . 0.0143 799434. 1710-3 1.0000 0.24.536 0.00550 0.00244 12.0 
103 190114. 69.39S 0.0144 738724. 41.5·3 l.0000 0.12082 0.01265 0.0324'7 12.0 
104 198948. 70.989 0.0141 tU39%9E+07 2068-3 1.0000 0.32237 0.01766 0.9U24 l::tO 
!03 202201. 71.367 OJH40 0.271339£+07 1710-2 1.0000 0.39083 0.09340 0.00024 12.0 
106 203752. 7U4l 0.0139 <U01216E+07 393.3 1.0000 0.44682 0.17513 0.11393 12.0 
107 208142. 7.UU 0.0138 0.132lll4E+07 1654-2 1.0000 o.021os 0.03005 0.00000 12.0 
108 211321. 73.163 0.0137 479173. 2312-3 1.0000 0.04150 0.00361 0.13Sl7 120 
109 214886. 73.778 0.0136 873738. 10-3 1.0000 0.00204 0.0346.5 0.07949 12.0 
no 217961. '14.303 ().{)13S 0.275906£+07 393-2 1.0000 0.00007 0.08732 ().00028 12.0 
lU 222382. 1S.053 0.0133 6110093. 1059·3 1.0000 0.04027 0.284SO 0.41293 12.0 
U2 224838. 75.475 0.0132 549519. 9-3 1.0000 IUU47 0.12550 1).00494 12.0 
113 234933. 71.142 0.0130 0.126S04E+07 465·2 1.0000 0.05703 0.06341 0.00001 ll.O 
114 2461'1t 78.964 0.tHl7 0.107974E+o7 2328-3 1.0000 0.09264 0.62786 0.37677 12.0 
us 247864. 79.237 0.0126 0.128461E+07 457·3. 1.0000 0.13084 0.09901 0.65452 12.0 
U6 257240. 80.722 0.01:24 239546. 2312·3 1.0000 0.022211 0.04683 0.76152 12.0 
117 260966. 81.304 O.l:ll23 0.26197l!E+07 ll!!S·l 1.0000 0.00362 0.07825 0.00003 il.O 
mi 263304. 81.667 0.0122 0.13SS49E.fo7 1539-3 !.0000 o.06:m 0.02419 0.00141 12.0 
119 271831. 82.919 0.tH21 740133. 1·3 l.0000 0.22317 0.13994 0.98624 12.0 
120 275045. 83.468 0.012() 0.180307E+07 9-1 1.0000 (l.00097 0.09835 o.ooou ll.O 
121 216289. SJ.6!17 0.0120 O.ll4912E+07 10.l 1.0000 o.oo:no 0.35244 00.-00000 12.0 
122 217738~ 83.816 0.0119 

. . 
807203. 2312·3 1.0000 0.01243 0.08882 0.08378 ll.O 

123 279782. 84.184 O.OU!.I 0.240136£+07 22SS-2 1.1.1000 0.03367 0.06249 0.00007 12.0 
124 284226. 84.850 0.0118 485478. 2323-3 1.0000 IUS2l5 0.26492 0.11289 12.0 
125 294995. 86.443 0.0116 0.245232E+07 208i)..l 1.0000 0.04716 0.07809 o.ooou 12.0 

\_ 
126 2978U. 86.854 o.ous 545050. 9.3 1.0000 0.06712 0.02386 0.(11994 12.<I 
127 301436. 87.381 0.0114 0.273496£+07 1654-l 1.0000 0.05028 0.07023 0.00017 12.0 
128 306251. 811.()76 O.OU4 361626. 2312-3 1.0000 0.16491 0.13261 1.46133 12.!J 
129 311897. 8U!84 0.0113 0.197469E+07 1692·1 1.0000 0.09053 0.02950 0.00726 12.0 
130 31:2927; 89.()31. O.OU2 368350. 1059-3 1.0000 0.04415 00.00000 1.00733 ll.O 
131 316259. 89.504 0.0112 0.18S10IE+07 1916-2 1.0000 o.oom 0.04411 0.00003 12.0 
132 3239.51. 90.586 o.ouo 848673. :ms-3 i.oooo O.Ot283 0.00156 0.13928 12.0 
133 328077. 91.161 0.0110 0.2H2SOE+07 1654-l l.0000 0.32293 0.03326 0.00002 12.0 
134 329561. 91.367 IUll 09 0.12 l 967E+01 1-3 l.0000 0.06207 0.00258 0.08228 12.0 
135 335062. 92.126 0.0109 O.l88443E+07 465-1 l.0000 0.00406 0.01790 1.100275 1:2.0 
136 335400. 92.173 0.0108 1:27508. 2328-3 l.0000 0.06290 0.19057 0.63439 12.0 
137 343477. 93.276 0.0107 O.lll!l01E+07 l1H.l·l 1.0000 0.04718 0.00011 0.00001 12.0 
138 348031. 93.891 0.0107 473581. 10:59-3 1.0000 0.06344 0.13241 o.:mnJ 10.9 
139 348190. 93.914 0.0106 O.l65013E+o7 1654-1 l.0000 0.18913 0.00853 O.IH487 U.3 
140 3SSS3S. 94.899 0.0105 796617. 1110-3 l.0000 0.00415 !Ul98S 0.13182 10.6 
141 361120. 95.1153 0.0104 0.145l'!63E+07 lOt)..3 l.0000 o.10982 iUlS06 0.01371 u 
142 363137. 95.90! 0.0104 0.32UlOE+07 1255-1 l.0000 0.17836 0.03488 0.00002 9.6 
143 366432. %.341 0.0104 911845. 465-3 1.0000 0.14667 0.00216 0.03621 83 
144 374098. 97..34:5 0.0103 0.163:545£+-07 1197·1 1.0000 omo82 0.00329 0.01331 u 
145 374713. 97.415 0.0103 139786. 451-3 toooo 0.40551 o.oom; 1.4!!656 3.0 
146 3!!!1395. 98.804 o.oua o.1so94!!E+o7 178-1 i.oooo 0.02576 0.04668 00.00000 u 
147 390362. 99.431 IUllOl 0.2300SlE+07 '.U0-1 1.0000 0.34418 0.09859 0.00000 8.2 

THE FOLLOWING ARE APPROX. EIGENV AWES FOR WHICH MODES WERE NOT REQUESTED. 

148 398013. 100.408 6.0 
149 401403. 100.835 5.1 
150 404529. 101.227 5.0 
151 409224. 10Ul2 S.3 
U2 422361. 103.434 S.8 
153 429909. 104.354 4.0 

( 



LVEA FOUNDATION PSD ANALYSES 
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PRINT OF FREQUENCIES 

MODE CIRCULAR 
NPMBER FREQUENCY FREQUENCY PERIOD TOLERANCE 

(RAD/SEC) (CYCLES/SEC) (SEC) 

1 0.6681E+o2 0.1063E+o2 0.9404E-01 0.2037E-15 

2 0.6934E+o2 0.1104E+o2 0.9061E-01 0.3783E-15 

3 0.7870E+o2 0.1253E+o2 0.7983E-01 0.4405E-15 

4 0.7905E+o2 0.1258E+o2 0.7948E-01 0.1455E-15 

5 0.9247E+o2 0.1472E+o2 0.6795E-01 0.4255E-15 

6 0.9640E+o2 0.1534E+o2 0.6518E-01 0.7829E-15 

7 0.1266E+03 0.2016E+o2 0.4961E-01 0.680SE-15 

8 0.139SE+o3 0.2220E+o2 0.4504E-01 0.5607E-15 

9 0.2072E+o3 0.3297E+o2 0.3033E-01 0.1356E-14 

10 0.2242E+03 0.3569E+o2 0.2802E-01 0.1447E-14 

11 0.2869E+o3 0.4566E+o2 0.2190E-01 0.5305E-15 

12 0.2931E+o3 0.4665E+o2 0.2144E-01 0.6775E-15 

13 0.2961E+o3 0.4712E+o2 0.2122E-01 0.3320E-14 

14 0.3212E+o3 0.5111E+o2 0.1956E-01 0.8465E-15 

15 0.3320E+o3 0.5283E+o2 0.1893E-01 0.9243E-15 

16 0.3613E+o3 0.5750E+o2 0.1739E-01 0.2007E-14 

17 0.3713E+o3 0.5909E+o2 0.1692E-01 0.1056E-14 

"-,- 18 0.4339E+o3 0.6906E+o2 0.1448E-Ol 0.1082E-14 
\ 



1< ' 19 0.4S71E+o3 0.7275E+o2 0.1375E-01 0.1114E-14 

'--
20 0.4902E+o3 0.7802E+o2 0.1282E-Ol 0.1211E-15 

21 0.5306E+03 0.8445E+02 0.1184E-Ol 0.1174E-12 

22 0.5355E+o3 0.8522E+o2 0.1173E-01 0.2436E-14 

0.5440E+o3 0.8658E+o2 0.1155E~Ol 0.2950E-14 

24 O.S571E+o3 0.8867E+o2 0.1128E-Ol 0.8698E-11 

25 0.6369E+o3 0.1014E+o3 0.9865E-02 0.1831E-08 

26 0.7335E+o3 0.1167E+o3 0.8566E-02 0.3933E-05 

27 0.7454E+o3 0.l 186E+03 0.8429E-02 0.1249E..07 

( 



( ·, 

f 
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( 

MID-PBl SAP386 Page52 

28 0.7694E+o3 0.1225E+03 0.8166E-02 0.1632E-04 

29 0.7870E+o3 0.1253E+o3 0.7984E-02 0.1429E-08 

30 0.8069E+o3 0.1284E+o3 0.7787E-02 0.1528E-04 

. · PRINT OF EIGENVECTORS 



MID-STATION FOUNDATION PSD ANALYSES 

( 
DAMPING FOR SOIL MATERIAL EQUAL TO 54.7% OF CRITICAL 

DAMPING FOR CONCRETE MATERIAL EQUAL TO 2.0% OF CRITICAL 

MODAL DAMPING CALCULATED IN PROPORTION TO STRAIN ENERGY 

( 
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PRINT OF FREQUENCIES 

MODE CIRCULAR 
1\11.JMBER FREQUENCY FREQUENCY PERIOD TOLERANCE 

(RAD/SEC) (CYCLES/SEC) (SEC) 

1 0.7106E+o2 0.1131E+-02 0.8843E-01 O.OOOOE+oO 

2 0.7277E+o2 0.1158E+02 0.8634E-01 0.5153E-15 

3 0.8317E+02 0.1324E+02 0.7554E-01 0.3944E-15 

4 0.8494E+02 0.1352E+o2 0.7397E-01 0.2521E-15 

5 0.9710E+02 0.1545E+02 0.6471E-01 0.1157E-14 

6 0.1044E+o3 0.1662E+o2 0.6018E-01 0.3338E-15 

7 0.1610E+o3 0.2562E+o2 0.3903E-01 0.9827E-15 

8 0.1741E+o3 0.2771E+o2 0.3609E-01 0.1200E-15 

9 0.2733E+03 0.4350E+o2 0.2299E-01 0.1948E-14 

10 0.3066E+03 0.4879E+02 0.2049E-01 0.1239E-14 

11 0.3190E+03 0.5078E+02 0.1969E-01 0.2860E-15 

12 0.3447E+o3 0.5485E+02 0.1823E-01 0.6125E-15 

13 0.4054E+03 0.6453E+o2 0.1550E-01 0.1239E-14 

14 0.4176E+o3 0.6646E+o2 0.1505E-01 0.1502E-14 

15 0.4689E+03 0.7462E+o2 0.1340E-01 O.OOOOE+oO 

16 0.5650E+o3 0.8993E+o2 0.1112E-01 0.7292E-15 

17 0.5917E+o3 0.9417E+o2 0.1062E-01 0.2976£-13 

18 0.5999E+03 0.9548E+o2 0.1047E-01 0.1617E-15 



r:.., 19 0.6300E+03 0.1003E+o3 0.9973E-02 0.7332E-15 
...__1 

20 0.6477E+03 0.1031E+o3 0.9701E-02 0.1813E-10 

21 0.7470E+o3 O.l 189E+03 0.841 lE-02 0.1211Ew07 

22 0.8026E+o3 0.1277E+o3 0. 7828E-02 0.1158E-09 

23 0.8164E+o3 0.1299E+o3 0.7696E~02 0.1847E-05 

24 0.8545E+o3 0.1360E+03 0.7353E-02 0.3328E..OS 

25 0.8657E+o3 0.1378E+o3 0.7258E-02 OJ628E-07 

PRINT OF EIGENVECTORS 

( 

( 
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( 
DAMPING FOR SOIL MATERIAL EQUAL TO 52.0% OF CRITICAL 

DAMPING FOR CONCRETE MATERIAL EQUAL TO 2.0% OF CRITICAL 

MODAL DAMPING CALCULATED IN PROPORTION TO STRAIN ENERGY 
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5. Acoustically Induced Vibrations 

The acoustically induced vibration analyses used the LIGO acoustic criteria and an estimate 
made by Dr. Marshall Long of the expected acoustic pressure levels acting on the LVEA 
technical foundation. These acoustic pressure spectra were input directly into finite element 
models of the technical foundations using the ST ARDYNE computer code and the responses of 
the finite element models were calculated and shoVvn as PSD spectra on top of the foundation 
slabs. The same finite element models that were used in the ambient vibration PSD analyses 
were used in determining the acoustic response of the technical foundation. The same soil 
properties were used as were discussed in the ambient PSD analyses including the soil damping 
values based on the strain energy method used to compute the equivalent modal dampL11g. This 
method used the ratio of strain energy of the soil material to the strain energy of the concrete 
material in each mode to detennine the modal damping values. As noted before this results in a 
decreasing modal damping from the large soil damping values of the fundainental modes to the 
lightly, 2%, damped modes of the concrete foundation. 

The results of the acoustic analyses of the L VEA foundation indicated that the acoustically 
induced vibrations of an 18-inch thick foundation would exceed the vibration criteria which was 
a limit of one times the ambient PSD spectra. The 36-inch thick foundation would meet the 
vibration criteria with essentially no margin of safety. The 68-inch thick foundation would 
satisfy the PSD vibration criteria for acoustic inputs by a factor of about 5 to 7. 

For the 68" thick technical foundations the acoustically induced vibrations are shov.n on the 
following two figures. The LVEA responses due to the LIGO Sound Pressure Level criteria are 
1/7th of the LIGO Standard PSD. The LVEA responses for Marshall Long's expected sound 
pressure levels are l/50th of the LIGO Standard PSD. Similarly for the Mid Stations (or End 
Stations) the responses are 1/5th and 1/50th of the LIGO Standard PSD for the LIGO Sound 
Pressure Level criteria and Marshall Long's expected sound pressure levels. 

The last figure in this section shows the uncorrelated responses for the LIGO criteria PSD 
applied to the 68-inch thick L VEA foundation. The uncorreltaed spectrum, shown as a heavy 
solid line with solid dots, is lower than the correlated <L."lalysis result. 

For reference, the STARDYNE (DYNRE3) user guide explanation of how the db values from 
sound pressure levels are input into the computer program are included at the end of this section 

l: \common \crspndnc \letters \951204-0. doc Page 73 of 159 4-Dec-95 



• . I I • - -I ' 

1·· Ij 
I I 
I 

! 

I 
Ai.. 

I 
1 
& 
J . 
& 



u 

~ 
0 
~ 

~ 
< 
~ I 
~ I 

;;;;; 
0 
~ 

< 
~ 
> 
~ 

t 

CO~o "° -
I l 

C ZH/El~El) OSd 

I 

I I I 

D 
0 
N 

D 
0 

r"\ 

N 
I 
\.._.! 

>-u z 
w 

0 :J 
...-- (2) 

w 
er: 
LL 



z 
Q 
~ 

F= 
< 
~ 
z 
~ 
0 
~ 

I 

< 
~ 
> 
~ I 

I I 1 
t 

~~ 
'O 

M-

I 

I 

I 
I I 
11 

!~ I 

J 
,·~ 

' I ~.~r- I I 

I~ l 

(ZH/EJtEEJ) OSd 

-IO 

0 
0 
(\J 

0 
Q 

>u z w 
O:J 
..- (:1 

w 
CL 
LL 



I I 
I 

1 

- I I 

D. 
...... 

CZH/EJ~EJ) OSd 

t-4 

IY 
u 

I 

-;z; 
lo 

I 

I 

I 1 I 

I I 

~ "' io 

0 
0 
(\j 

0 
0 

/\ 

N 
I 
\.J 

>--

w 
:J 

.,.- 0 
w er:: 
LL 



0 
w 

(ZH/8~8) OSd 

I I 

0 
0 
(\j 

D 
0 

>u z 
w 

0 :=; 
....-- Cj 

w 
0:::: 
LL 



~ 
0 
==== 
F= I < I 
~ 

I ' "' ! 
Q 
~ 

;;; 
t» 

&: IQ 

;:) -
M 

,<ft I 
, 1-i j 

I 
J I 

CZH EJ~EJ) OSd 

0 
0 
(\j 

0 
0 



I , 
, 

, 

0 r 
I If I 

I 0 
;1 

0 
@ J 

0 

I 
µ=- u 

el l 

I 

P-J1 0 

['fo s 
tJ I I 

l 
' ~ 

' 

I I 
I 

11 I I 
I I I 

I 
I 

. I I 
11 I 

l Lil J .... 
10 

I 

0 
,/ 

<J ,'a:: I ,. 
,.0 r-; 

7<] lI _," 
~ !,·" 

I 
,, 

1--i <J 
LC ' I u \ 

\ I 
u \ ! 
F-i \ 

I-
\ 

' CJ) <J a '7 

I/ I I u 
a:: <J 

<J 
I \ 

\ 

1--1 <J 
' 

·o.Q 
\ 

' 
\ 

' 
0 ' 

r-. - ' '/ 
. '11 ~ - - i!r, . 

' 

~ 
. 

. I ' 

~ io 
I 

~ 
~~ 

~ 
i I' 

"'il!i 

1
1 I 

, I 

i I I 
I I ~ l J .,.,.. 

C ZH 91-EEJ ) OSd 

a: 
1--i 

rr 
-p:r 
t--1 

15 
Cf) 
-.. 
(_I] 
z 
·~·· 

_J 

IT! 
I 
CJ) 

er a::: 
2: 
/1 
~ 

I 

I 

d 

l1 
"8 

I 

I I 
I 

I 
I 

~ 

I 

,_ 
10 

0 
0 
(\J 

0 
0 

>u z 
w 

O:J 
..--- 0 

w 
er 
LL 



< 

( 

*' •+' Ir 11 ,,r; ,,u 
,.,J ; 

c~+· 
: ~·: 1' 

............. --c+~-++++-
~...j,._.j.1+]:tt-H-1-l--1--1-1~ 

........i--.;.........+.c:t.~'~........_-1--1--++.+ 

w II 
~ H++-H-+-!-+-~+-t-+-1---1---+---!+H-1-l-+--+--+---+++H+ 

=d 

0 0 0 0 

CZH/9~8) OSd 

LJ 
1z 
,~ 

0 
CJ 
(\J 

CJ 
CJ 

>u · 
z w 

-l-+-<l--!--1--.--1 CJ ::J 

0 

-(3 
w 
0:::: 
u_ 



DYNRE3 USER'S GUIDE 

INPUT FORMATS ... CONTINUED 

E- 153 
DEC/92 

FORCING POWER SPECTRAL DATA ... CONTINUED 

(d) OC'l'AVE BAND POWER LEVEL FORCING TABLE ... CONTINUED 

(2) PSD FORMAT 2 (REQUIRED :tJ" "PSD FORMAT" :::::: 2 1 PAGE E-130) - This 
is one of two acoustic formats available to enter.the Center Frequency of 
percent-octave-band and the Sound Pressure Level (SPL) for each band, in 
decibels. See table of Center Frequencies, page E-220. The entries may 
be on cards or tape as specified by Il!R.1 page E-136. The entries are 
DECRDN format as shown in Manual Section J. 

1 2 12 22 32 42 52 62 72 

[= 6 - I CFi pi CFi+l pi+l CFi+2 Pi+2 

(IlO) {2Fl0.0} 

Enter ~ in column 2 of every data card. 

I 

Card 
No. 

a DECRDN card index. Start with l on first card and increment by 6 
on each succeeding card. I mus~ be nega~ive on t:be las~ card. 

Center frequency (BZ) and SPL; entered in pairs. Enter at least 
two pairs. After entry, the pairs will be sorted into ascending 
frequency order. If any 0.0 (or blank) Caneer Frequencies is en-

= countered, that pair will be ignored. IMPORTANT NO~: CF1 must 
be less than or equal to FL and CFN must be greater than or equal 
to FU {see page E-51). Within the FL-+ FU frequency range, A?.L 
Center Frequencies shown on page E-220 must be entered. 

I 

11 2 
. 

lli 6 

Given the following input data representing Acoustic 
Test Levels {Assume FL = 80.0 Hz· and FU = 225.0 HZ) 

1/3 Octave Band Center Sound Pressure Level 
Frequency (HZ} in 1/3 Octave Bands 

(See page E-220) {db ref 2.9 x 10-9 lb/in2 

80 132.5 

100 138.0 

125 138.0 

160 138.0 

200 138.0 

250 143.0 

The input would be as follows: 

12 221 32 42 52 621 72 

l 80.0 132.5 100.0 138.0 125.0 138.0 

J 

l 

2 -· 6 -7 160.0 138.0 200.0 138.01 250.0 143.0 J 
NOTE: Each 1/3 Octave Band Center Frequency within the FL ~ FU range 
must be entered. In addition, PCT, on the Table Control card would 
entered as 0.333 to correspond to 1/3 octave band levels. PO can be left 
blank, since a reference level of 2.9 (10)-9 lb/in2 would be assumed. 



DYNRE3 USER'S GUIDE 

INPUT FORMATS ... CONTINUED 

FORCING POWER SPECTRAL DATA ... CONTINUED 

E- l.65 
DEC/92 

(d) OCTAVE BAND POWER LEVEL FORCING TA:BLE - CONTINUED 

(3) PSD FORMAT 3 (REQUIRED IF "PSD FORMAT" ::: 3 8 PAGE E-l.30) - For 
this alternate acoustic input, DYNREJ has pre-stored the lists of Center 
Frequency of percent-octave-bands shown on page E-220. This format is 
similar to PSD FORMAT • 2, and is used to enter the Sound Pressure Level 
(SPL) for each band in decibels (associated with the pre-stored Center 
Frequencies). The entries may be on cards or tape as specified by IND 
page E-136. The entries are DECimN format as shown in Manual Section J. 

l 2 12 22 32 42 52 62 72 

lmm 6 I CFi pi Pi+l pi+2 ETC. ETC. ,...,._. 

(IX} (Il) (IlO) (FlO.O) (FlD.O) (FlO.D) (FlO.D) (FlO.O) (FlO.D) 

Enter ~ in column 2 of every data card. 

I = DECRDN Card index. Start with l on first card and increment by 6 
on each succeeding card. I muse be negaeive on t:JJe last; card. 

CFi = The first (lowest) of the Center Frequencies used for the power 
level inputs. See example, below. This number must exactly match 
one of the Center Frequencies shown on page E-220. 
IMPORTANT NOTE: CFi must be less than or equal to FL and the 
Center Frequency associated with PN must be grea&er than or equal 
to FU (see page E-51. 

p. =The SPL's associated with the series of pre-stored Center 
J.. 

Frequencies beginning with CFi. Pi is associated with CF1 ; Pi+l 
is associated with CFi+l; etc. The power levels must be entered 
in ascending, consecutive Center Frequency order. Do not skip the 
power level for any intermediate Center Frequency. At least two 
power levels must be entered. 

EXAMPLE; Using the Acoustic Test Level input example of page E-163, 
the entries for PSD FORMAT = 3 would be made as follows: 

Card 
No. 

1 

2 

1 21 12 22 32 42 52 62 72 . 
E 6 1 ao.o 132.5 138.0 138.0 138.0 138.0 

::: 
6 -7 143.0 I ill, 

This would enter power levels for the series of Center Frequencies 
80.0 HZ through 250.0 HZ, as shown on page E-220. 

J 



DYNRE3 USER'S GUIDE 

INPUT. FORMATS ... CONTINUED 

FORCING POWER SPECTRAL DATA ... CONTINUED 

(d) OCTAVE BAND POWER LEVEL FORCING TABLE - CONTINtJED 

(2) PSD FORMAT 2 (REQOIRED :IF "PSD FORMAT" :::::: 2 1 PAGE E-l.30) - This 
is one of two acoustic formats available to enter.the Center Frequency of 
percent-octave-band and the Sound Pressure Level (SPL) for each band, in 
decibels. See table of Center Frequencies, page E-220. The entries may 
be on cards or tape as specified by .!liQ.1 page E-136. The entries are 
DECRDN format as shown in Manual Section J. 

l 2 12 22 32 42 52 62 72 

[!ii 6 I CFi pi CFi+l Pi+l CFi+2 Pi+2 

(IlO) (2F10.0) (2FlCLO) 

Enter 2 in column 2 of every data card. 

I 

Card 
No. 

l 

2 

= DECRDN Card index. Start with l en first card and increment by 6 
on each succeeding card. I .must; be negat=i.ve on t:be la.st: ca.rd. 

Center frequency (HZ) and SPL, entered in pairs. Enter at least 
two pairs. After entry, the pairs will be sorted into ascending 
frequency order. If any 0.0 (or blank) Cen:ter Frequencies is en-

= countered, that pair will be ignored. IMPORT.A.w.I: NO:i:E: CF1 must 
be less than or equal to FL and CFN must be greater than or equal 
to FU (see page E-51). Within the FL-+ FU frequency range, ALL 
Center Frequencies shown on page E-220 muse be entered. 

11 2 

6 ·-
g~ 6 

Given the following input data representing Acoustic 
Test Levels (Assume FL = 80.0 Hz· and FU = 225.0 HZ} 

1/3 Octave Band Center Sound Pressure Level 
Frequency (HZ) in 1/3 Octave Bands 

(See page E-220) (db ref 2.9 x 10-9 lb/in2 

80 132.5 

100 138.0 

125 138.0 

160 138.0 

200 138.0 

250 143.0 

The input would be as follows: 

12 22 32 42 1 52 62 72 

l ao.o 132.5 100.0 138.0 125.0 138.0 

-7 160.0 138.0 200.0 138.0 250.0 143.0 

J 

NOTE; Each 1/3 Octave Band Center Frequency within the FL ~ FU range 
must be entered. In addition, PCT, on the Table Control card would be 
entered as 0.333 to correspond to 1/3 octave band levels. PO can be left 
blank, since a reference level of 2.9 (10)-9 lb/in2 would be assumed. 



DYNRE3 USER'S GUIDE 

INPUT FORMATS ... CONTINUED 

FORCING POWER SPECTRAL DATA - CONTINUED 

E ... 165 
DEC/92 

(d) OCTAVE BAND POWER LEVEL FORCING TABLE ... CON'!I:NUED 

(3) PSD FORMAT 3 (REQUIRED IF "PSD FORMAT" : 3, PAGE E-13 0) - For 
this alternate acoustic input, DYNRE3 has pre-stored the lists of Center 
Frequency of percent-octave-bands shown on page E-220. This format is 
similar to PSD FORMAT = 2, and is used to enter the Sound Pressure Level 
(SPL) for each hand in decibels (associated with the pre-stored Center 
Frequencies). The entries may be on cards or tape as specified by Irm 
page E-136. The entries are DECRDN format as shown in Manual Section J. 

l 2 12 22 32 421 52 62 72 

llliill 6 --· I CFi pi Pi+l 1 pi+2 ETC. ETC. 

(IX) (Il) (IlO} (FlO.O) (FlO.D) (FlO.O) (FlO.O) (FlO.O) (FlO.D) 

Card 
No. 

1 

2 

Enter ~ in column 2 of every data ca.rd. 

I = DECRDN Card index. Start with l on first card and increment by 6 
on each succeeding card. I must; be negat;ive on 'the .!a.st: card. 

CFi = The first (lowest) of the Center Frequencies used for the power 
level inputs. see example, below. This number must exactly match 
one of the Center Frequencies shown on page E-220. 
IMPORTANT NOTE: CFi must be iess than or equal to FL and the 
Center Frequency associated with PN must be grea~er than or equal 
to FU (see page E-51. 

Pi =The SPL' s associated with the series of pre-stored Center 
Frequencies beginning with CFi. Pi is associated with CFi; Pi+l 
is associated with CFi+l; etc. The power levels must be entered 
in ascending, consecutive Center Frequency order. Do not skip the 
power level for any intermediate Center Frequency. At least two 
power levels must be entered. 

l 2! 
6 -
6 -

Using the Acoustic Test Level input exa.~ple of page E-163, 
the entries for PSD FORMAT = 3 would be made as follows: 

12 32 42 I 52 62 
1. ao.o 132.5 138.0 138.0 138.0 

143.0 

This would enter power levels for the series of Center Frequencies 
80.0 HZ through 250.0 HZ, as shown on page E-220. 

J 



DYNRE3 USER'S GUIDE 

APPENDIX ... CONTINUED 

E- 220 
DEC/92 

OCTAVE BAND TABLES - Use for PSD FORMATS 2 and 3, pages E-163 and E-165. 

STANDAR.D OCTAVE :BANDS STAmJAR.D om: ~IRD OCTAVE BANDS 

(PCT = 1.0) (PCT= .333) 

BAND CENTER BAND ~R BAND C~ 
NUMBER 

FREQUENCY (RZ) HUMBER FREQUENCY (HZ) NUMBER FREQUENCY (:HZ) 

l 1.0 l 1.0 23 160 

.2 2.0 2 1.25 24 200 

3 4.0 3 1.60 25 250 

4 8.0 4 2.0 26 315 

5 16.0 5 2.s 21 400 

6 31.S 6 3.18 28 500 

7 63 7 4.0 29 630 

8 125 8 s.o 30 800 

9 250 9 6.35 31 1000 

10 500 10 8.0 32 1250 

11 1000 ll 10.0 33 1600 

12 2000 12 12.7 34 I 2000 

13 4000 13 16.0 35 2500 

14 8000 14 20.0 36 3150 

15 16,000 15 25.0 37 4000 

16 :n.s 38 5000 

17 40 39 6300 

18 50 40 8000 

19 63 41 10,000 

20 80 42 12,500 

21 100 43 16,000 

22 125 

G If there are only minor variations in power levels, use the STANDARD 

OCTAVE BAUD. If there are major variations in power level, the greater 

flexibility of the STANDARD ONE THIRD OCTAVE BAND might be preferable. 



DYNRE3 USE.R'S GUIDE - CONT!NUB> 

APPEND! X - CONTINUED 

TYPICAL DYNRE3 APPLICATIONS AND SUMM.'.!\.RY 

STRUCTURAL SYSTEM 

RANDOM BASE EXCITATION 

The above figure depicts a typical DYNRE3 analysis. 

(The structural system is being excited by one 
or more stationary random loadings). 

E - 280 
APR,/82 



6. Thermally Induced Deformations 

Thermally induced deformations were based on air temperature changes at a rate of 2 op per 
hour. Since the time duration of interest is about ten minutes, this relates to a temperature 
change of 0.33 Of in ten minutes. The film coefficient for the transfer of heat from air to a solid 
surface varies from 1 to 4 for convection processes. For these analyses a value of 2 was selected 
to minimize the transfer of heat from the air into the concrete technical foundation and is 
consistent with the low air velocities expected in the L VEA. The thermal conductivity for 
concrete is 0.54 BTUIHR-FT-F. The specific heat is 0.2 BTU/LB-F. The density of the concrete 
is 144 LB/F'r3 . 

The thermal analysis of the transient heat transfer from the air to the concrete concluded that 
after ten minutes the air temperature would increase by 0.33 °F, the concrete surface temperature 
would increase to 0.28 op, at one inch below the surface the concrete temperature would increase 
by 0.10 op, at two inches below the concrete surface the temperature would increase by 0.02 Of, 
and at three inches below the concrete surface no significant change in the concrete temperature 
would occirr. These temperature changes with respect to the concrete depth were input into a two 
dimensional finite element model of the technical foundation as it is supported on the soil. 

The finite element models were varied to include various fou.'ldation thicknesses and foundation 
lengths. The resulting finite element deformation calculations indicated that the edges of the 
foundations would exceed the fifty nano-radian relative rotation over a two meter foundation 
length. This region of high rotations is defined by a zone that extends inward approximately 30 
feet from the edge of the foundation slab. 

Note that a building heat load analysis conducted after the PDR indicated that the rate of air 
temperature change used in this analysis might be high by a factor two. Thus instead of an air 
temperature change of 0.33 op in ten minutes, the air temperature may only change 0.16 op in 
ten minutes during the solar heatin.g of the building during late morning or cooling of the exterior 
building surface temperatures in the late afternoon. Based on these modifications to the rate of 
heating or cooling of the interior air temperatures it could be expected that only the perimeter of 
the L VEA foundation defined by a 15 foot ·V\lide zone around the perimeter of the foundation 
would exceed the fifty nano-radian relative rotation criteria over a two meter long foundation 
length. Also it should be noted that at other times when the air temperatures are more stable over 
the technical foundation it is not expected that the foundation will be distorting as rapidly as 
predicted in these analyses and therefore most of the foundation surface should not experience 
fifty nano-radian rotations over a ten minute duration. Note the reason for selecting a ten minute 
duration is related to the time required to obtain lock after an upset has occurred. During this ten 
minute time the relative rotations must be less than fifty nano-radians over a two meter 
foundation length in order to regain lock. 

A heat load analysis was also conducted for extreme temperature variations caused by cloud 
cover or the rapid changes associated with weather fronts. The conclusions of this study indicate 
that a one degree temperature change of the air can occur in about 36 minutes. Thus it is evident 
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that the air temperature changes of the magnitude assumed in this study can occur but may be 
limited to specific weather conditions and not necessarily recurring every day. 

l: \common \crspndnc \letters \951204-0 .doc Page 87 of 159 4-Dec-95 



2 F ilEMPERATU~l [HAN~E PER HOUR 
0 • 32 r- I ] [)) WJfillITlE IDJ I~ [E[FJ5~lEff!l1f ~ t\\Il, (C;lliJ&[Af)®rEr-• 

• 30 N'r--- I I 

.28 
0. 
0. 

r-. D LL • 

\_,J 0. 20 1---

a.:: 0.18 
2 0. 1 
a:: ffi 0.1 
~ 0.1 t- i 

0 . I 0 ~ " ---r-..,_._-+-----+----f----+---+-----+------11-----1 

0. 08 I - I I ._.~ ·""· I "'5d I I l 

• 06 I I I '- I "1:: · I ~ I I I I I I I 

0. 04 I I" I 

~: 02 C I I ~ I l' ::1 ~ ... I: I J::: ;; 
O~O 0.5 1.0 1.5 2. 2~5 3.0 3~5 4 .. 0 4.5 5.0 5.5 6.0 

THICKNESS CINCHES) 



1 u MI NUTE THERMAL FOuNDAT I ON OEFORMAT I Oa1S 

r-.... 20 {J) 
ill 
_c 10 0 
c 

1--l 0 I 
0 
L -10 
0 
--

~ 
_l 
\ 
' -20 

\......) 

-30 

-40 

-50 

-BO f--· 

1---l 
-70 0 

_J 
-80 a: !---· 

CJ 
!--I -QO !--
er:: 
~ -100 

-110 
0 

6 f/"1 TH-I I< OllNOA'TION S · 

' ~ 
..... 
~ ~ 

~ -~ ~ ~ 

\ \ 

' I' 
\ 

• \ 

~ 
J I 

20 25 30 35 40 45 50 
DISTANCE CMe ) 



1 lJ MI NUTE TH RMAL FOL.~OAT I ON ROTATIONS 
to 

0 

~ -10 
(J) 

§ -20 
--
-o -
0 

Cf -40 

-50 

\_,) -60 

-
1-1 

-80 

-go 

-100 
1---1 

5: -110 
_J 

~ -120 

-130 

('a'' TH - - - ..JI.. .....3f:.."' .. -- J_" ... ~· " -

L' ~ ~ 

~ ' t.,. . 

' ~ .. ."\· 
' \ \ r--· 

\ ~ 
\ l 
~ l 
~ l 

\ \ l 

- \ ~ 

- ' \ 

' l 
I\ ~ 

5 10 I 20 25 30 35 40 45 50 
ISTANCE CMelers) 



1 G MI NUT. THERMAL FOL..~OAT I ON DEFORMAT I o~"3 

r". 

(I) 
Q) 

80 
70 
60 
50 
40' 
30 

r-1 20d 
I IQ 

0 
0 -10 

-20 
'--' -30 

-40 
-50 
-60 
-70 
·-80 
-90 

-100 
-110 

1-i -120 
- 1 
-140 

u -150 
.-i -160 

-170 
-180 
--1 go 

o®o 0.5 1.0 1v 2.0 2~5 3.0 5 4e0 4.5 5.0 5.5 6.0 
DISTANCE CMeler ) 



1 L. MI NUTE THERMAL FOL.~OAT I ON DEFORMAT I 011'::> 
50 

r'\ 40 
(J) 

~ 200 
~ lgtj 

A-]-~~ .f---1-..--4--~--1 
r--r-·r-t~+-t--+-+-+--+-~--i.--L--~o--o- -8~L'-i--t----~~-,_....+-4--l--1----I 

=-=o==o=-=o-=<D·-O--D.......::O=y=-=9,;:.;0~0:-[r I __ .. j:~?:._::_--......_;(),.,_,,.,..--+---+-r,'~, ~.___j:..._......J"----I 
···t ± t I I __ ~=-o~o-1· ± i . i ·:.o=-~ 1 _ "'-() ~ 

I -10 

-~ -30 
-·40 

"--' -50 
-60 
-70 

-QO 
-100 

_J 
o._ ·-11 
(f) -120 
1--i 

0 -130 
·-140 
-· 150 

~ -160 
I- -170 

- 1 
-1QO 

r..-~n U 1 I ~, n D , , , 
~~~ = ~6~6~~~~~8~ ~ ~, D ' -1--'~, +-~~ 

I ~D \ 

o 5g 1r f~Ol NDIRT OfM , .. 'o, i~ '., 

r-t-t-t--+-+-+-+-+-+-+--+--1--1-~-4--i--1-_j_~O Q ~ 
llr-1---t--t·-t-t-+-~-~-+-J---t-~-1--1-~-+--t-~'~\J\ ~ o--~+.--· ---1---1 

o t36 ' JtOl NDBT ON! =-\-{ ·~ 
r-r-r-1~t-+-·+-+-+-+-+--+---1--1--1--1--1-_i_. o~~;-4--~ 

\~o 

ID. ~ 8 "' FiDl ~D =1T . o~ J . ~b-_ -+--I i-b·-
0 
:\ 
', 0 
~ 

' ' 
' \ 
-1.. 

' ' ·-r--r--t--r-+--+--+--+--+--l---~-1---1---1---L-~--
i 

0 1 2 3 4 6 7 8 g 1 0 11 1 2 1 3 1 4 15 1 6 1 7 1 8 1 g 20 21 22 23 2 4 
DISTANCE CMele ) 



1 lJ MI NUT THERMAL FOLJl'JOAT I ON DEFORMAT I 0,,5 
50 
40 r-... 

(f) 30 
ill 

' 

68, 

. 1 nOO~.{jd=~ 
t 10 
rS 09 

ooooooooggooo-;- -- ' ', 
~DDDDDDDDD0000000Qg9~~8~~A~~~2~~666t600~q-4 

. 1: ' 
0 --1 
L ~20 

.0 -30 

~ -50 
I- -60 
z -70 
w -80 

-QO 
-· 100 
-110 

.--1 -120 
·-130 
-140 
-· 150 

1-i -160 
I- -170 

-180 
-1QO 

!--· 

D 68" BOUNDA,-ION °·-· 1: D , 
\ 1 I 

\ I oo: 
\16 

S2 131'36 FIJUNDA+ ION Dt 

b. JS'' F OLJNDA ._I ON 

5 10 15 20 25 30 35 
ISTANCE CMalers) 

40 

~ 
l\ 

' ll'; 

D ·u\ 
-(.D 
l 

n 
I 
I 

' I 
I 

' 
I 

' 
!!:::. 
] 

45 50 



1L MINUTE THERMAL FOL~OATION ROTATIONS 
09 :::_[,o~ 
i-----,~1-:D~~[]~--i~~-1--~---~--~--+-~~·+--~-+--~-1-~-1-~--1 

-100 
r"I 
{j) -150 

-200 
·- -250 

I 
0 -
c 
0 -400 
~ -450 

-500 
-560 

1--f -600 
I--
CL -650 
1--
0 -700 er: 

-750 

1--f 
-800 
-850 
-900 
-950 

-1000 

:t:..,.""- ..::r'l. 
·~r.'> ...,.... ~o - - . 

~---t--6·-~' .....+ D "'·o.::::..:D:.: 0- -o:-=D::::D=..:D::::.:o.,,. -0 - ·D· - D· -o----i 
'~ ·, 
6." " i---i---- 1,::'.!. -D--1------1 

,'2· . ' \ 
' ~ i 

!----+---+--- ."('1 \ 
-,~ \ 

~"o ~ 
·, J~ \ 

' ,, \ 
' 0 \ 

r· --~-+-6.+'0=0=o-o D~--1 
\ -0-0-0-- ): 

r--D-B-8---l'-F_O_Ub!-.D-A_T __ O_N \ - ~o- =o-o-o':( 
',6 Ii 

t----+----+---+----1--

', 6. 1 
o 36 ' FOLNOAT ON ',,6 b-

, 
' ' i-----+-~---+------~-4~~+--~' ~--1~~---~~-~--~-+~--1 

' ' 
' 
6 

6. 1 8"' FOUNDAT ON \, 

' ' 
\ 
' 

1--~+-~-+-~-+-~-+-----+~~1--~-1--~-~---~--~-+-~-+-~---J 

OvO 0. 1.0 1. 2.0 2.5 .0 3.5 4"0 4.5 5w0 5.5 6.0 
ISTANCE CMele ) 



1L MINUTE THERMAL FOL~OATION ROTATIONS 
100 
go 
80 
70 
60 a; 50 

c 40 
0 30 
-- 20 

to 

t. [B.' 11· f l()I 00 BI ~01[ _IJ,·-· 
_, 

' [~ 
., 

/ t. ' 
' . t 

' ' - '\ ' ., ... T· I 

I 00 -10 

.-ci:::Q::;9_::2:_9-=:9 _ -::~~o, \ 
~ ~4~ ~~: ~n~], \ =1 o -~· i~r ~ - - - Ts.~ ,F-o-,1 ."- , 

0-.. :ct.. 0 ', -20 
-30 

~ -40 
50 

-60 
-70 

~ -80 
-QO 

-100 
-110 
-120 

w -130 
> -140 

~ =1~8 
_J -170 w 
CL -180 

-1go 
-200 

o 86' HDl [f;l[ BJ U TJ "o,, ± ~ ': 
D ..... J,\ J. 

D,~ ', 
D, , 

11. 'o ~ 
o BB~ _&f] fN[ IA ( li -'\}''·o, ·., 

0 Q, 

\ 1·_·0 'o 

1 'o~o - 0 
1 
1 

l 

·r 
1 3 4 5 6 7 8 1 0 1 1 1 1 3 1 4 15 1 6 1 7 1 8 1 g 20 21 22 23 2 4 

DISTANCE CMelers) 



1~ MINUTE THERMAL FO~~OATION ROTATIONS 
188 I l ] 
00 - /iT 
70 ·~ ~ 
BO I \ 

~ 50 -? 
c 40 Ii 1 J. .l 

0 30 Ii lE" £lOJ JNnA r TON 0 i' ~ 20 000 , o-v. ~ 
10 nnnnn~~ooO~!i-O 1 
0 Ii lililili3~!i66~~621ilili68~6!i62~~!il6 Q -l 

1 =~8 o l6a" EDllNnA+mN u00o ~o ?.. -::! ' -30 ~ . 
-40 1-· D.-o 

\.J 0 ·, IL 

-50 tr~ \ 
-60 h 1; 

-70 0 .36.,, EOJ ]&JOB ... _IQhl q D I 
~ --80 I bi 

--QO '. b 
-100 Q I 0 
= i 18 ·. ~ b. I J 
--130 ·. -~ 0 
-- 1 40 \,fl 

~ -150 01 
-160 
-170 
-180 
- 1 go 1----+-----1-----4----+----+----l-----+----t----;---. 
-2ool~~.-L..~~L..--~-L-~--L--~---L-~.~L--~~-~~'--~-A-~--J 

5 10 20 25 30 35 45 50 
DISTANCE CMele ) 



PARSONS 

Calculation Sheet 

Job Number 

)to Z-117 
2./ o I 3 

Cost Center Page Number Sheet of 

o/-71z.1 

68' "'?:A 1cK 0"' #i.z '7/a-v - 1.r-2 ';_~~ ;t;."""'"' ~ 
!V 0 / c.... Lre> ,..,._; -i-..{ /J,117hs e 'n. ~ ""7 lf'~7A lff•;, ..._, L1 C7 /z ~a (#!r.)., 

I 

€t±) (/~) (!_ x:1 ,-'J kJ {No,,~ -Jful,~flf) (}lano-RaJ,,'#IJtG 

) ~ 0.000~~555" 
11 tto o,ooo~95~t..f 
t-/ ro 0.0002.<;SLDI 
1 ( l t. 0 o.ooo g9 '14S' 
tt f I 6 0 OtOOO ~o,2.Cf 

1 i..ao o.ooo«;\~~S"' 
6 I '2..- 'f o 0. 0 0 0 q '; 0 18 
11 i,.'ffo O.COOC\~/cj,3 

YI ji-c O.OOJO!..f'-19 
q I 360 o.oc I 1312. 

Io I tto o o.oo t 2., (.otpl.f 

I I I ¥VO 0 , 0 0 ! &-! ~ 0 7 
l'LI lfg-o 0.001 (.o(t,91 
/3/ CJ o.oofq(t)JJ 

1'11 r'o o.oo":a2"'3 
1 s- I 6 ° c? o. oo 2 7 7 Y 7 
IC I 6YO o.oo'331S-4' 
I 7 I 6 f' () 0 • 0 0 '3 'l S'~O 
IYI 1l-O o.oo'i 70f:f 7 
l~I 710 o.oo'S"'SFflJC, 
"o'- ~I)~ 0 ,oo(.;,S"(.()2S"' 
'2.. I I '<'4' 0 O , O o 1 (,.9 c., 9 I 
z.i.t ff"O o.oocg'i'qoo 
2--3 J q '-- 0 o" o Io '2.'l.0 

21.'fl 'Ito o.olJ(&''-1""! 
Z-S'I ;ooo o.o\'3 1'-11 

ENG-GE-30 (050492) 

0100~ 
0.0011 
0. tot~ 
o.l'ito 
o. '327 
0 ·~I I 
J. oi.1 
L. 5g 2. 
2. 30'i5 
~.230 
t..i • ~ sg 
S.1 to 
7. 300 
9, I 30 
\\. 'l.IO 

\'.3,S2'l 

I tp. alaC:J 
.~.7q2,. 

211"'7'-
7.. e; ' G,"l 7 
2../1~81 
~ o 'S4 7 
~!a t '2.S' 
3~-, l;o 

i; 1 . i.; 1.S-

o.oo~ 

C,OYCf 
o,tl..f2 
0 I Z~I 

o~YG-JS' 

0 , lo°! '"" 
o. 4 71 
,.2..<61 
J <A (pl..fg 
,__ .. o5 
2.. y~ 
l,<;1..f Z 

3 f 41 
3 , q I 
"L 3 Cf 7. 

'-f ,s5" 
.5·27 
S"1!Jli
S', sss-
5"1 q ~g 
.s, q 
S'. C.CI 

~,OS3 
y.,17s-



~PARSONS 
Calculation Sheet 

Job Number 

¥6 ].JI 7 
"2.-1 O I'? 

Cost Center Page Number Sheet of 

11/-7/ZJ 

l 
6&-7 ' r4t't:. k J:o,,, .. --:1.t,..,,•.~ - lrl.1 L,7 ,F,,b,..., i;; 

/I"/ o... l.e "'-jr· t-4 f),';/?lt1- 42..~ "'1° £ftf:-r1 .. - ~e,h-n.~-r~r.J 
{):t:) (IA) (_1x10-3~ {N~~o-~J1"~) ~?lo _f'J.1&;~~ 
Z.61 /ol.(o Q.OfA..f~'SO '°l?:i·bf7S"' 2_,'615' 
-z71 /o~o o,O/(i,'2.l3 1;s.S7S ),IS 
'2 r-1 I I '2.. 0 0 I 0 I 1 7 I ! 3 7 I ~ 7 S' - 0 I I 0 .' , .·. ' 
2 '1 ( I.I 6 0 I 0 I '1 I 0 2 3 ~ # " - ) ' 'i i S"' . 
1 f.J I /, 2.. o 0 o . o 2 o 2 '1 g '-. 4 , 'l - 7 ,~ 1 S' 
sf/ 12-t./o o. 02/213 '2.7...'375' -H,12S 
1z,r 1 2- to o, o l.11 '"fO 1 ~. 1 iS' -1v.12s 
331 /Jl-rJ o. 211S"2 c.300 -22,S?S" 
) 'If I 3 ( o o. o 2. I f o (61 - I~. l 5 - 2 ~ . 3 2 S" 
Jr/ /t.ft>O O,t!Jl<f'9"(0 -3((;,(.oS° -3~.~$" 
J 6 I I 4t !/ () 0 . 0 I 1 I '7 Ca - Co I • (p - bf ~I '-Is 
'171 1!/f'O c.01~s19 -'11."'/'2.S° -SL/.'77S 
f ~I I J ~tJ 0 • 0 0 i 4 £"' 9 'l. - I 2. ~ ' '-I Cf ...... 6; '-1 I '8 '7 
1q1 11'"6o o ,00117u3 - '"'1;01 -1s, 'iS" 
Yo/ /l'oo -o. 0~7511 - 21 .~:; -..<6Cp.S'1 
I/ 1 I / If v o - o , o l 7 '3 '7 o - 2~S '3 2 ._ 9 g, '2.S 
'I Z-1 I 6 <? o - o , o ~ o 2. s '1 - 3 2 ""} (') r e:-, kc :=i -109 ..... 2 
'13/ /7z.o -o.0~570~ ..... 3~S-"1 -12o,"2S 
'f'f/ 1710 -o,OG,';77S -'1S'/·7S -12.~,9 
if> I I 8' (} 0 - c . 0 ~ Co 7 '-1 f - 5'7 '1. 0 7 - I cg~ I 4 7 
"s-1 1r~r -o. 1 o 270 

(ri)AJ 

ENG·GE·30 (050492) 



~PARSONS 
Calculation Sheet 

Job Number Cost Center Page Number Sheet of 

Rev Date 

J/od tJ... 

(:tr.) 
. 7-t I 
1- 7 I 

2YI 
?... q I 
3 0 ( 

1; I 
; e. I 

3 3 I 
., '1 ( 

3 .r I 
1 6 I 
:J 7 J 
'3 ~I 

? 'f I 
'I 0 ! 
¥ 11 
v i. I 
¥ 1 I 

"'!( 
o/ SI 
o/ s-7 

ENG-GE-30 (050492) 

¥oz117 
2-I t:J/J 

0/-71'2-J 

3 6 't Th1ct< hP "?la ""Tr 't;jn,. -. /)2 I L7 ;;;,,... <Z 
Le';) rl.. f),i 11/4 c e ~a-·31 f? o r4.,,. /" A t7 /z. ~~ "f"-e..y S 

(~~ (t K10-S;1~ {Alo 11" - R g_j/.,,;) (#,,,, e. - K" j, ·~J 
Io y o ~.oo i 'f/S" 3 l'f.!'1- 12. 0 '{ 

I o 1 CJ o. o o ? 'I If I 3 i..r,tr } ), :2 6 
I I 'Lo o,oo '/37./ 0 '3'{,t./'1 /1.f,~f 
I I if o o, 0 0 6 J" 9 6 3 "" t.f. :? ? I ~Ii 3 

I z....o a 6. 00 ~7 9Z..3 r"/, 1 ~ '2..0• 41 
12-'IO o. o 11 Y' c 7 /"); J 7 "L ~. Cf' 
I 2. <era (;, ()I tf 3 tf q 7 'f, r 0 I C/. q o 
I s 2- o o. O I 7 & 6 °I ec1, 1:s I c, J t 
I 1 6 ~ o, 02/ 0 4 7 r ""I '-fr' t/, 6 s-
I t.f ~ o o. oz'(z, & 'I '?'O • t;" .{"" - 11z.0 
I "f'(O (), 0 z,. ' q r- € 611 2- 3 - I 7, 2 .3 
I '1' f" ~ o. 0 '2.. f?'6 (}) L(I, I ¥ _.. 3 q.3 r 
I rz.. o o, oz.~ r-r:J - I. 3 o -- tf~b>r 
/}6..0 (), ~i.S-9?' - 6 ti. J 8 - / os,3r-
/6 0 0 C), 01 q C/z,<if - I ~ J, lfS- - / .)0, Ir 
11~0 (). o o q Z-6 or - 1,,, 6 Ii' - 20 '2,., I 
16 to - 0' 0 D 7 ",2. 'f 5'°8 - 'f It,,,., tS- - 2 61. 7... 
/7 i 0 -01 O~ 0 f61 - ~ro, s-J - 3 z 3,yr 
(760 - o621d'J~ - 7q q,/ '?. --- 3~6.tf 7 
1Soo ~o. I o If o )' - I 03<:.?, i - l./JCJ, a-7 
I 8'"2- 'I -o.1JI~ o - I '3 f"""fu "t... - 5S7,.0 8 

cs-2/) 



PARSONS 

Calculation Sheet 

l 
I'/ :.{, lt' T- let< 

/l/o/L L.e.'l'r{ 
( .t:r:-) l"'~ 

J 0 

I I ya 
i.. I ~o 

i I J 2-- 0 

41 /60 

$" I "2.-00 

6 I ') '{ 0 

7 I '2- lr 0 

Y-1 i 2-0 

q I ) 6 0 

l o I 4 () d 

ii I L( '{ 0 

I <.. I 'I t"' 0 

I ~ I S-l..D 
I 4 I ..rto 
I~ I " 0 

i ' I c t:/ " 
I 7 I ! 8"" 0 

I i' I 7 z. 0 

; q I 7 t 0 

.Z..o I yO 0 

?..... I I 2''10 

-i. '2.. I ~~o 

'2- :? I q 2- 0 

-i, ..., I t'/60 

<.. ; j()otJ 

ENG-GE-30 (050492) 

Job Number 
'flt:> 2 I' I 7 
2/0/3 

Cost Center Page Number Sheet of 

/s-z 7 L~~ ~e;,..,.., JCe>i.,, A/~ 7,-'o.n - ~ 
/)/);:>la '- .tem9nf' 1?()-r itf/ rid~ ~ B ft~ r; ,......_ v-J 

(_I X I o - 3 /:.:) ( A/e:t r14# ~f a..I/ f'?j c Aft Ho-A'~Jfo.,i 
~. o o I q ttt/3 
o.oo If 'f'f'f o, o I J' 
o.oor'(465"' o. d ~ 0 o,,o 'I 
o, o o I ql.fg-7 e1. o rr O, o t/ 
~, " t:t I e, so' () . 0 ¥'? 0. (} J . 

"· o o I q s-' .3 o. o I y - o. 0 'I 
O,c:> o I °itff3 - e) ' o ~-o - 01 '0 
(),00 I t:t 'I~ ?.. - 0, 1~3 - ()I I i 
o,oo I Cf '? I I - 0 • 103 - 0 • 2. !""' 
(), o o I 1 I 0 f - o. ;-o~ - 0, 3 ( 

a. o o I ~to I - 0.76'!' ..... o. t{ 7 
O. oo I ~i6 7 - J.6&-r ... 0. S-8 
01 o o I l 7 ,., - /, l..fS-3 - o. 6 Cf 
O, o o t o z1 - I • g'{ - o. 7 '? 
o.ar; I 6 117 - 1,.... 305 - o. ~ s-
o. <J o I ':>- o Z 't,,.. - 2 I 71 g" - 0 8""1 
(),oO f '] 77'/ - 3, IZ.O - 0. 8 7-
1. O o I ~ Lf I 1 - 3 I 3, 0 - o, (S' 

01 0 () I I () z 1 - 3,q-,g - 0 I 3 (, 

u, o o oq7118 - 3,z,71 o. I "2-
a. 6 o o S"6 sro - Z1 6 6 o 0' ~'-
(), 60 0 ~() S"S"S' - J, )0 0 J 1 I 7 
o, o o " 8 2 oz_ O o, 3 '5(3 3, o] 
o,oooq¥Lf?-f J I I () '?,,,,. 6 0 
o. o o I !., I q ~ t I 8'13 C1 S' J 

0 1 ~ c I ( 3 'f 7 / o,3f:7 71Z'1 
' 



~PARSONS 
Calculation Sheet 

A/;/e 
1=I= 

I 
I I 
't-- / 

3 I 
rt 
S-1 
6 I 
7 I 
'fr I 
'YI 

Io f 
fl I 

I ?.- I 
I 1 I 
I I'..( I 
I~ I 
I 6 I 
I 7 J 

J 'i" I 
I 'i I 
'- o I 
2- I I 

'2..- 'l. J 

z 3 I 
i,, '1 I 
'2- 5"' I 

ENG-GE-30 (050492) 

2-~ 0 

'--"I 0 

"2.... ~o 

s :J..O 

'1' 0 

if" 0 

¥.'I" 
if' ro 

z. 0 

t""6o 
600 

111 ::; 

If I' 0 

72- 0 

760 

yoo 
?;rt(O 

r?"o 
'1 2- 0 

~ 6 0 

/0()() 

Job Number 
yoz,117 
?,./0/3 

/),·;-p It£ e e""" e ., .,,,, 

(!XI 0- J /~) 
(,LOOl~l.fO I 
0,00/ Si.fO(p 

0.001~'-il'i? 

0 I 00 I g 'l ') 2. 
o.OO/i1i'i'6 
Q,Ool~'iS8 

c.001iY(p~ 

o. 00 t g ~ 7~ 
0.001~1../SG:i 
o,oot~Y9/ 

o.001gs;q9 
o, oo 1 'B 5ot; 
o, co 1 <g,5""17 
O. D~ I~ S 35' 
0 '00 I '65'(r:;~ 

0 . 00 l ~ (J, J ' 
Q, 00 l ~U,<g 2 
c, oo I g 72: I 
o.ooti<toCf 
o.ool90~'2 
0. oo 19 l'l'2 

o. oo I ct3S'S
o. o o t'9 "'{00 

o , o o I q '2 Lt:i<i 
o.oo I S8'1Y 
O, 00 I 7 9 S 

Cost Center 

-o. 013 

o.o!>o 
o.o3S"" 
o.o':>S" 
0. 0 30 
o.o 2 g 
0.0'2. 3> 

0 .. 020 

0.013 

0 .. 01'6 
o .. 01ca 

0·030 

o.ol.fS" 
o.07s;; 
a . I I <i 
o.J'fS'" 
O· 2'-IS 
o.'320 
C:L ~g~ 
0.1../CID 

o.~3~ 

0, I I 3i 
-o-'!:i'2S 
..... I - O ~ 3 
... 2.. I Y S' 

Page Number Sheet of 

Q,03 

0.02 

o.oos 
- o ,OOS' 

-o. 00 7 
- ,007 

- 0; 00~ 
- Q, 0 I 
_. 0,002 

c.ooS-
0.012 

o.o2.1 
o.o~s

o# 073 
o. \ 00 

o, 12.7 
0. I '15 
o ~ I 3S 
o.C80 

- CL 050 

- 0. 2 $7 
- O.lP"'I 
-l.\7G:i 
- 1.<617 



~PARSCNS 
Calculation Sheet 

Job Number 

l./'f>Zll7 

"ZI Ol.3 

Cost Center Page Number Sheet of 

0/-1123 

Rev Date By Ck Title T7Gt y ~a/ () fZ. -:!- o r- .i'h t:t --r, 'o Jt S 

;,,6 I 
27/ 

2y/ 
2q/ 
.jO I 
:; I I 
J z. I 
'3 ? I 
7 ¥'I 
1r1 
16 I 
7 7 I 
s fr'/ 

J q I 
'I e> I 
tf r I 
L/7-/ 
'I J I 

'ti 
'f s-1 
't r-1 

ENG-GE-30 (050492) 

18 n r71cl( /;~nt-r/o~ - / .S-:.? I L~-;, h <ff}~ ~ 
Le;-..j-t< /}lr/1.rfe.e-.e M"f" lf(jT&t-rt'or- !-) c:r;:,.,~'1i>' 
(-'A) Cl X lo -J 1-,) CYd n~ -fi Q /; u~iJ ~ 11()-JrJ,;...,.; 
/(.)'/o o.ool(.,p~'.?>O -- '?:i .. /1.fo -2.077 
10 8-o o. ool'-1'-f c.,1..f - s .~~£ - 3 .. 5'zo 
I I 2 o o.o I I 7 l."2.. - &; .<gSS' -3 ·ilS" 
I I 6 0 0 • 0 0 0 ~ 5" (t, s "'/ ..... 7 I <6 Cf 2 - 2 I 2. 2 7-
/ 2 t:) O o.ooos5«-P'l7 - .4~'1 -o.C,t;3~ 
/<-o/O o.000'!~03.3 -'Ll..!/(o ~.'17'9 
1z. g;o o. ooot.1~usg '2.,CfoCP \o.~95' 

I 3 a. o o . o 0 I I 'i G, 6' i ll , 2 5' 2 o. (J;v ltJ 
//60 01602..~357 37,2'3 ~y,32~ 

141 o c O ~ D o S' 3 o 2 2.. (!; lP • lo 5 a,, ~I 
1 'i 4' o O . o o 9 '-f 4 $0 I O '.1. U::i q f.t:,!J, • I.'/ G:i 
I Lf '?" 0 0 . 0 l 5 I q '7 I ~ ~· ~ 17. I '1 
I S-1- o o. O'l. 23>'?.iO li~.3 i!.f,(u/ 
I r t5 O b. 0 l 9 9 9- { I q I, 3 4 7, So 
I 0 0 0 0 I 0 ~ "''3 2 I SS . G; - I 9 ' 0 

/of-Jc a,0~8209 ~1,15 -1i.i';.15" 
/ 6 fr 0 0 .. 0 30 gg CJ - I ig:; I 0 - 'j 1-f 1. (p 

I 7 2- o t:J • oo 7 CJ 3 '/' 3 ..... S''7 3 · 8 - Co 20, <1 S" 
(7 ~ 0 - 0, 0 ~gr 3 (c,~ - ) I 5 /. ;;- - 9 17 ~I S'D 
/fi"o o -O;f!S'f2. -1'?3i.& - !3 5.o 
/8'-Z-SI -o .. l<g 170 - I c.&l-14,S' 



~PARSONS 
Calculation Sheet 

I 

?-1 

Lt I 
d I 
ti 

I o I 
I '2- I 

' ¥I 
I 6 t 
I ¥1 
"LO I 

2- ,__I 

"-er I 
"-I I 
L 8" J 

(J 

1 0 

2.0 

~o 

If () 
s- 0 

I " 
'7 ~ 

8-0 
<JO 

Job Number 

¥0 Z-11 7 
"2--1 01'3 

Cost Center T Page Number Sheet of 

"I -7 l'Z '.3 I 

Fc;..-PT /, -r/on """ /f ,//" Le;7 h-~ " 
P.;1ffJ;:re"""a""'J"' ~r"f-r11- .Ll e-/z.n..Jr,,_r.J 
(j_ :<I f#- 3 ,.t..., _) 

Cld:>IC.0571 
c.01((JYCS5 

O· O\W,22 
Q,015'792... 
0,C\5 l ~~ 
o.Ofi.../L-iOCD 

".:).Li- ..... 
o,Ol-1!::>-::;, 

0, 0 I '2 3"2.S'"° 
o. \)\ \ 092.. 
o. 0 o 'i S-Y S' 3 
o. oo '7rs1125" 
0.0 CPOC.Pi.fO 

- CJ. DO 1.-f O S'iS-
- 0.001 <3 qa 

- 01000'i 7S'"t)S9 

{JloJtA-R ~u~!J {lk~~ -/, Jiq~1} 

'-~·"'" 
- 2.lD .oo 
-L.f'1.30 
-lD .(Jo 

-7~.0C> 

- 9 ,S". :io 
-\\2.~ 

-17.:;.~ 

-151-1·7 
- l (;5'. :i 
--l~2.Cf 

- '200· 5" 
- 'l I~ ,o 
- 2 ~S'. 

-
- 12:;,3 

-\"i(b./ 

- I 3'i . 3 
-12'1.Co 
-1'3~.'f 

-11..fO·O 
-1yo,2 

lo I 
~ 

Io ~ 
11 o 

l i,. 0 

13 0 

I 'f t:7 

I )f:JI 

16 () 
- c. oc ::,003,i(.., ..... 2.5"2..8 - 1110.0 

'l 'I I 

"J ' I 
~ r I 
t( 0 ( 

"t z,, I 
l/ 'I I 
it$"' J 

'i~l 

ENG-GE-30 (050492) 

/ 1 l!J 

I T(J 

I 9 0 

"2.. 0 () 

7- I () 

'2- t. 0 

z, r 
"Z..-1..~ 

[r/J 

- 0' 005" 700'i 
-O· oogs is-
- ,Q\t5S2 
-o.01i;1u,3 
- o , CJ I .'S \ 2. 3 
- o. o '21 7S'Z 
- 0. 2. u 0 ~{p 

-o.C'292.°ll 
-o.o:i~Y9"1 

- 2.. U?'l '7 
- '2 '8"',. I 
-::io2,1 
- "?;ii~, I 
- ~~~,I 

.... 3'-u21Cf 
- 1..131.'-f 
- lDYS'.O 
-1'-iOl.(o 

- I L.{cP,l.f 

- '~''"" ..... 13~· 9 
- I 35. 2 

.... \ 35",& 
- l YY. ~ 
- I 'lS'. Cf 
-'39 .. 'l. 
-113/,'1 



~PARSONS 
Calculation Sheet 

j vvu nu11n •. rr.:;;;1 

j/oz--/1' 7 
Z../ ol 3 

Rev Date By Ck Title -r/ ( f) 
1---+----+--"----1 e AQ -~ ve + ov<" P'l «717 o,., f 

~6 .. , r7~c/< ;::(;;>,,,,, bii /~ -r/·d~ - )'fr Lo~r 
/f/o/ 4- Le;'l;z -r( J;},01"' .;, ""/!?,. 1'" fl .sra .,.-, 9,,_ 

{j:J=) (#~ I ,r I CJ- J b.) ( /f/p ~~ -RAL/011'!) 
' 0 o. () '1~178' 

'2/ I o o. 0 ¥5"'713 - Z-'f. -s-o 
lf f '2.-0 (). O'l'-/q f9 - 7~.lfO 

6( Jo o. o'IJ 773 - /2.7-,6 
/ 

~I It 0 o, 0 'I "2.- () .r 2. -17?....} 

I o I $'"0 c;, () 3 ~ <?'3 i _,, '(... "'- , ' 8"" 

/ z, I to o. oJ 7I13 -Z.7Z...( 

I 't I 7 () O· o 3 3 ~zrr . - 32'2,8" 

I 6 I ~o o. () 3 () I '/ J -J7'/,'f 

I ~I q (.? CJ, () 't-~i7' - l/ 2-6. ~ 
'2 (J ( / o o o, ()'7...-/0i/ - 1./7'1,<;;" 
'2.--2-f 11 o ()' o I ~ 7 Yr' - )) 'J,3 

"2, 'i I l '- 0 17 ' 00 CJ <( 67 - r-ft" T. I 
~6 / l 3 0 o. oo~'f3<> - 6CfJ. 7 

"'~J I V o - o. 0 0 ]S-7'/ - 7 ()(,),If 

Jo I {~O - () . o I \ I S- t.f - 1 ~t;.o 

] z-/ I' o -o. o I Cf 3 z 0 - f>I 6. ( 

3 'I I Ir o -o. 0 i..g' 0 8"1 - 8"7 6, J 

J6/ J gr 0 - C'). 0 171.f'1'2.. - q 3 6' J 

3 YI ' q 0 
-(;!. 0 l./-7 'i ~ 0 - q ct s, r 

'to I 2- 0 () - CJ, 0 5 7 9J 'I - Io r 3, '/ 

'ft., I 7..- I 0 - o, 0 ']OJ j - I I (j 'l1 7 
Vt/( 2 0 -O,O%OC/3r"' - l I ~ o. 'I 

I.( f' ( 2.. Z-) -o I f) ¥1 q 'I 0 - 11.f 6{, (;; 

I.I ;--7 '2.- (., g' -o. 0 Cl 'I ¥0 'I - t_f ''-/. G 

(19/J 

ENG-GE-30 (050492) 

hc:#J '-
Ll 8/f~07'$V"f 
C/l~no -?~£'-~ 

--
-
-
-
-
-
-

- ~ 7 t./. LI 

- l(CJ"2, 0 

-- ctroo; I 

- LI'/(), 7 

- fl tf, (; 

- l.f 2-/, ,. 

- '(-z,f°;J 

- '( 3 $", z... 
- 'f 4 2.., 'L 

- ti I.If. ( 

- t./ s-6. (. 
- '-16 2, r-
- '/'6 5: ~ 
- t.f t tf. 0 

- Lf Q (), 0 

- 6 v ~# () 

' 



~PARSONS 
Calculation Sheet 

' z. J 

If I 
b I 

~I 

I d I 
I z. J 
I YI 
It I 
I ¥'/ 
"2 o I 
?.-z,. I 

"" I 
"'I 
-i r I 
s o I 
3 '2- I 

1 l./ I 
"16 I 
j t'' 
'f o I 
'/ 7-/ 
'IV/ 
o/S-/ 
'1~7 

ENG-GE-30 (050492) 

0 

I 0 
z. 0 

~ 0 

lf I) 

r-" 
6 () 

70 
ro 
epo 

Io r; 

II () 

l \.. " 
I:; o 

I 4' o 
1 ro 
16 () 
I 7 o 

I '2"0 
19 0 

2,..,06 

7,.rl 0 

z. 2.- 0 

'2,2j'" 
'2- 2-g" 

(!rjlj 

Job Number 

¥0 z,.;-/ 7 
~/&'>/'? 

0.17 71 7 61{ 
t:J, t>7 I S-1 I 

0, 0 7 0 7 t.f If 
0; 069L/t/S
o, o 67~7f 
o. o 6 .r I a 3 

o, o 6 I CJS-1 
o, o1'""'?"071 
(), 0 ~ 3 3 7q 
o. 0 l{ 7 7 7 2. 

o. o 'i I IS- 7 
o, a 3 31./Z-'/ 
(), 0 2- If lfS-7 
o. o I l( I 3 3 
OH 00 2. J 2S-

- o, o l J oqs-

- o. () ' "'2--S-C/ 
- o.O'f 3 -z_qJ 
-o,e6Zsz-/ 
- 0, () £53 t.f >1 
-D, I fl6<irl 
- d,/32'13 
- 01 ) 6 0 ;i 7 
-o.17f'Yi 
-o.1?(677 

Cost Center Page Number Sheet of 

--
- 2S. 30 
-7[.p,'IO 

-129.9 
- l ~fu. 6;0 

- '21...\11. (/)O 

- 3 1 '-i. t..ro 
-3~tLIC 

- L.f lo'!. <16 
- 5" (;;(). 70 
- r., u I. So 
- r-r '1 3. ~o 
-<69CR.'7o 
- lo32.Yo 

- I l io. 7 
-13-,2,0 

-\S-1~.i; 

-1703-Lf 

- \902.<6 
-2il'"::>.(c.. 
- 2. ~ 35'. 3 
- 25(&,2.o 
-2/~Y.CJ 

- 3o?J';.O 
- 3 7'7~, (t; 

- '"i f.p Cf • Cf 
- 5-:,s-.y 
- 5<6Y .. ~ 
-~'-J'3.Y 

- '1/o./ 
- 7~17.~ 
- 'g"c:;~, 3 
- qs 3. 9 
- /Oi.f",f; 
- 11!..I'2,7 
... \ 2Y!.3 
- I 3 Yo, 3 
- IY3S·G:i 
- I 5'J.'}, <.; 
-lC.,03.3 



~PARSONS 
Calculation Sheet 

Job Number 

7'-6~/lf 

Z-/ o/:J 

Cost Center Page Number Sheet of 

If'/- 71ZJ 

1--Re_v-+-_o_a_te--+_By--+-_C_k --< Title T 4'e rm a/ ./Je:f o ;r r>'f CL "71 0~ f 

/f'' 
~4 

I 

Z./ 

'(/ 

I/ 
'?I 

/o I 
J 'l- I 
I tt I 
Ill 

I tt/ 
z.o I 
"' a. I 
"" "I 
'- ( I 

'-'?I 

3 a I 
1 z_ I 

'y I 
J t I 
~ &- f 
'I o I 
'I z., I 

'I 'I I 
L/ r I 
'-Ir 1 

I I 

-,I,· ;:::;, ~ . _ 76 "L "h >"' J=;o-.. ~ 
/ 1 tt:-1:' tJ> .; ,;, lift ()"""" @<! 111 ~ t'c./)a11 ;j (Vo, c -,! 4 La ;i !') 
L12y1"(~ ·,Jlt;r/?ize<J?1412n1~2J Jlorar/o ~ L1 ~ ~erer.t 

0 (;).6/ 7£??' - -

i 2. 0 

I~ o 

3 2,. 0 

1 6 0 

6 8 () 

--~...,.._~-

o. o / 77?7 ;z,'I~ -
~. ol '?c::>7 '!: 7, 2 'i 7; z. 9' 
o,o/Bs'/O 11.r!"' q&o7 

o.o/C/117 14.93 7,tS-
0 • o I q g- Z.. I I 7. I o {"', r !"" 
o a o i, O S°'Z £ I 7, (' 3 'Z., i 0 

o. D G.. t ' 1 5 / t. z.. 3 - o. t7 
o,oz.1670 /'Z...~~ _ !'"'.?...~ 

o, o Z.. I <iq 8' ). 70 - /ti.~3 
(J. CZ.l 7zf(' - '1, '2-5 - /t,13 
o. o z.., 0111 - / 1. s-s- - z. ~.rr 
o. o I '1 f"B 1 - 1 S'. 6 ~ - J /. o/ 3 
o. o I 7 t-6 6 - ~ B. ~ 3 - 'I~. I g 
o. o I~ ~>I - g ), 3 B - ~ q, 7~ 
o. t:i o q J 2? - 11 8. o ~ - 6 O. ¢5"° 
0,() r:> z ?71- -I S-6.3 '! - 7 /,0/ 

- o. o o r / v '1 - :i o o. r' - g-- z. /..1 tJ 
710 - fJ,O tS-110 - i.,~o.S"J - qt./. Ji 
7!0 - o.(;Jz7t./z..J - -sa6.Z7 -10 75' 
f o o - O • o I.{ '2.- I I Cf -- s ( 7. o/ s - I J 6. t/ y 
r lf o - o. o .r Cl 'I 3 I - f/ 1 z, 2' o ..... J i t, r- s 
8" (' o - o. o 7 q s l.f )' - l/ 'I 7. €- S" - I s o, o 
1 f) o - o, o q o G r-1 - r' r. v r - , ', '&'" 1 
9 / 2. - o, 1 o 2... t / o - q r 'f. 6' - r-7 'f. 'ff"/ 

ENG-GE-30 (050492) 



~PARSONS 
Calculation Sheet 

Job Number 

yozt/7 
Z,/C/_] 

Cost Center Page Number Sheet of 

t/I -71 ZJ 

Rev Date By Ck Title ...,./ ( 
!------+-----+---+--- I' he r .,., "t-

; (I'/ rJl'e-1< F..,,~f.-r,·o....; - 76, Lz ,;: ... -. ~ 
Alo/ Q.. Le ;,_7 -rt /Jt'.r/kee"""e"'r !fo P!7t'o~ lJ & /z ,,. a r..12,.. 

c~J {/~) (1 ~ 10- 3 ~) {I/a 11 0 -/ a/)011J 
I 0 - "· ()0 (::) 0., 0 77 

'1..' "'I 0 (), 0 Cl 0 06 q If ~,t"O 

'I I f'o o,ooo 'f'f!Jll I o. 6) Io, Ir 
6 I I 2-v o. oo I -i.2 rJ I 8. 2!' I If, 7S-

~I J '0 O· O O 2 2.. '?'f"'S'" z,6. I /~1 ~' 
Io I '2,_ 0 Q "· 0 0 J 1078' '3 r. {;"6 I 7, 31 

I 2- I .2, 'I() O. o t> !it"'ZIJ" l/ r. 3 'I I f, ~ 3 

It../ I '2. ?"" O.o 077"/6'/ ~f'.6Z. 
:2, "". I) ' 

16/ 3 2, 0 C>1 o I 0 '3 g"J 6 ),, 7 2.0, S'"3 

181 ' t () o. o I ? 3 CJ t 7 r-. 'Z e;s I q, ~ t 
201 'I() 0 o,0166Cf3 f62,f'J I 6. t t 
Z.-2- / 'i ft/) 0. o Z o I 3 '/ ~6. oJ J (), 7 ~ 

2 'i I 'I <f b 01 () z. 1 76 ~J.sJ' I. 0 "L 

z..' I , 2.-/) o, 0 z., 6 ?7'/ 72.'/S- - I 3 • 6 I 
?.. fr/ f"'{{; o. C) 2 t'(§JS''/ I../ q, s-o - j f../, OJ 
Jo I 6 () () o. o z... r 1 1 r I I • I 3 - 61.3'2-

'3 '- I t'lb o, oz.,.6 'f sf../ - 'I;. 6 3 - Cf 6. J 3 
11.f I 6~D o.oz.I gz..; ..... / Z, 7. 7 7 - 13 ~. q 0 

3 6 / 7 z. () o.oJ 2.?8'3 ...... "2.-36. () 0 - J '6 q,] 7 

J 31 7 I/) - o,oo 2..t"ti2. ...... j 1tj,?7 - (.., f./ t. 6 0 

l.f ~ I ~() () - D ,02.- '-/37 - s lf 'f, r '- ..... 3o&".f"'2-
7 i,/ ~¥() - o.ot"l.fz,or ..... 7'{).CfO - 37/,{"3 

'I if I ?'Ko - o.oq11'-f6 - 9 73. yz., - 4;;,, 8. '" 
!.{>I '() 0 - (). J I {, I Z. - I o j / 1 ~ - 3 &"I. '2. 

¥ S-7 q I 2.. - 0, J 3 'f 6 1 -- I J I 7 - '-fl;',/ 

(767) 
' 

ENG-GE-30 (050492) 

I 

. 



~PARSONS 
Calculation Sheet 

Rev Date 

Job Number 

'fe>Z.t/7 

7v I e:; I~ 

I 3' II T/1ck F o ";., t .,,.,..~,.,,, 
I 

- 76 

/Vo /JI. Le;.;-r-< p ·' sp/u c Q...wi ~" ,,. 

(#J (,,~) {IX If>- 3 .i.,) 

I e,. o. () 0 2. () If 11 
7.- I ro a, a o z. o I r6 
~I g-o o, tJ o I q 1 'Io 
t5 I IL 0 "· o "; 7qoq 
?I , , 0 o. o o IS- g-or-
/o/ 'l " () 01 ool ~oy6 

/Z/ -i r o o. 0 () " q ~ (! z. 
I "I I "2.-f'°" 6.oo ottz.q 
16/ ; 70 o-ooot..ft/15" 

I'? I 3 60 o, "" O '113 0 

z. o I If" " o.oooqgzs-
'2 2- / 'f 1.10 0. () " z..6 Z- ~ 

2 <t I if 8'0 o. 0 c y 6 'It " 
26 / (° '- 0 o" ! 'I rs' 
2. 8- ( >6 0 (;. () I 3 g6 5 

J o I too o,oZ..07'1( 
J 1- / b t.(O o. 0 i. ~ 3 5 
J ¥1 6 yo o. 0 '3 ~ 2. z 0 

3 6 / 7io 0.03 'l'J"gt.f 
3 ~/ 1(0 o.o$3Y.q3 
I.ft!/ 9'11 0 (), 0 I '1 '161 
'ii I rcro - o. () (.,. 6 , 'I g 
if '-I I ~g- 0 - o. () q 6 l:"t> 3 
LIS-/ q () 0 - o. ' '1 '{ '8''1 
'7 'i"7 q I z,. - o. /go 5"''1 

(167) 

ENG-GE-30 (050492) 

Cost Center Page Number Sheet of 

Lo7 ht::UM t;;' 

l?ort1'?/o ""-" i6 s/z ml? re.,..s 

(y&b Ii 0-£4/·.0 ( M:o1d -tf~/·#f1i) 

-
- o.£6 

- 2.. 0 'I - Z.o 
- 3. ,-g - 2. 'J 
- z,C - 3 * 2. 

- 6' Cf 0 - 3~3 

- ~. ot - Z.8 
- 1~ - I • I 
- $. S''I 2,S-

o. 7 9 7.z 
J2,7lf J 8. ~ 
J 2., ,0 I ~ Z, I 
) Cf. t5" '{6. Cf 

11 s-. 18 6 s, 2 

I 3 !i',23 7 (',t 
I 7 z.,O 2 76.~ 
J q},Z,7.. ~6. 0 
j 70.tz. ....... I. r 

JC/.10 - J I 2, I 
- J 7.r?.,Z.7 - i.q Z,; 1 
- 111 ~tr - ;r'f. ! 
- /o/6,60 - ~'{I/, 3 
- J 7 s-o. 00 - j z 7 v - I q 71. 3 

- ?...I lft..f,J 

' 



Parsons-LIGO ~ 

( Interoffice Correspondence ICC# MU-951114-0 

To Tim Melott 

From Atia Y. Atis 

SUBJECT Temperature Profile in the LVEA 

Date 

Phone x-4573 Location 

14-Nov-95 

T-669 

The following table represent the expected temperature profile inside the L VEA room at the corner 
Station measured in ° F. Interpolation between the given times and the months to calculate the room 
temperature for missing times and months is valid. Temperatures computed based on the assumptions 

list~~ e table 
0100 'JO' t\ -11.0 . i I• o i D·t'i 

:r '-" ,., oioo 
I I' " 

, ,,, l\·"1 l Lio 

Month Time :r Area 1 Area2 ~ Area3 Area4 

Jan. 0000 70.0 70.2 70.2 70.0 
Jan. 0300 70.0. 70.0 70.0 70.0 
Jan. 0600 70.0 70.0 70.0 70.0 
Jan. 0900 70.1 70.2 70.2 70.1 
Jan. 1200 70.3 70.4 70.4 70.3 
Jan. 1500 70.3 70.4 70.4 70.3 
Jan. 1800 70.2 70.3 70.3 70.2 
Jan. 2100 70.1 70.3 70.3 70.1 
July 0000 71.0 71.2 71.2 71.0 
Ju!Y_ 0300 70.9 71.0 71.0 70.9 
Ju!Y_ 0600 70.8 71.0 71.0 70.8 
Jul_y 0900 73.0 73.0 73.0 73.0 

F 
Ju!!_ 1200 73.6 73.6 73.6 73.6 
July 1500 74.0 

=t 
74.0 74.0 74.0 

Ju!Y_ 1800 72.0 72.4 72.4 72.0 
Ju_!y 2100 71.5 71.6 71.6 71.S 

::J l.l \ ~ I I {,oo 13.'2. T 1 3.c 1 3.o 13·2 

~~ -A.SsU'm 
11 oo , '1. • , l 1 , .. , 1 i ·1 12.1 

1. Temperature controls shall be proportional type. 
2. Room temperature shall be proportional to the room sensible heat gain or loss. 
3. Room temperature shall be measured @ 2 feet above the floor level. 

Clear outdoor conditions, no rains or clouds. 
S. Steady internal heat gain from equipment & lights. 
6. No sudden weather conditions change. 
1. Room temperature will be controlled within+/- 2 °F 
8. SCR controls on the electric duct heaters. 

., '"' 
-p · 1 

Areas 

70.2 
70.0 
70.0 
70.2 
70.4 
70.4 
70.3 
70.3 
71.2 
71.0 
71.0 
73.0 
73.6 
74.0 
72.4 
71.6 
73-0 
7Z-1 

1 



7. Wind Induced Vibrations 

The wind induced vibrations at the Moses Lake JAL Hanger were measured at light wind 
conditions and at wind speeds above 20 miles per hour. The measured PSD spectra of the 
vibrations on the hanger foundation are included at the end of this section. Based on these 
measurements at the JAL building that is a facility not far from the Hanford site with similar 
deep alluvial sandy soil supporting the foundation, it appears that the ambient PSD 
measurements for this hanger foundation indicate that the ground motions expected at the 
LIGO facilities should be acceptable for wind speeds up to 20 mph. 

Various analytical methods have been applied to attempt to estimate the amount of wind 
induced vibrations the LIGO structures. Several inconsistencies have been discovered 
between the assumptions used to describe the structural properties of the LIGO facilities in the 
hand calculated estimates of the wind induced vibrations. Therefore there does not appear to 
be a reliable calculation available at this time to determine the wind induced buffeting response 
of the UGO structures. Other research is in progress to attempt to estimate the wind induced 
motions the LIGO structures and further analyses may provide estimates of the wind 
induced vibrations. As the final design of the LIGO building structures develop, reliable finite 
element analyses of the structures can be made. It will become possible to accurately 
determine the building displacement for various wind speeds. A reasonable method of 
estimating the building motions might be to estimate the fraction of the static displacement 
calculated from wind drag forces at various wind speeds. If this were combined with more 
realistic estimates of the building modal frequencies an estimate of the wind induced vibrations 
might be made. 

However, based on the measured data at Moses Lake it appears that wind speeds under 20 
mph to 30 mph should not produce unacceptable vibrations on the technical foundations of the 
LIGO facilities. The technical foundations are being separated from the foundations 
supporting the exterior building structure. At the Moses Lake facility the hanger foundation 
was continuous with the exterior building structure without a separation joint. The wind data 
obtained for the Hanford site and the Livingston site indicate that there is a very small 
probability of exceeding 30 mph at either site. At the Hanford site the annual wind speed 
exceedence probability is 35% for 10 mph, 4% for 20 mph, and 0.5% for 30 mph. At the 
Livingston site the annual wind speed exceedence probability is 28 % for 10 mph, 1 % for 20 
mph, and 0 .1 % for 30 mph. These wind speed exceedence data indicate that 95 % of the time 
at either site it can be expected that the wind will be less than 20 mph. Using the Moses Lake 
data as a reference it appears that wind induced vibrations will not produce excessive 
foundation vibrations on the technical. foundations since the LIGO criteria requires that 
external natural phenomenon such as wind should not produce excessive vibrations more than 
5 % of the time. 
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8. HV AC Equipment Vibrations 

The HV AC equipment vibration predictions are based on 5 Hz isolation systems supporting the 
HV AC fan skids. The analyses are based on the fans operating at 1800 rpm (30 Hz). An 
unbalanced force equal to 0.1 g times the rotor weight of the fans is used to provide an upper 
bound to the unbalanced vibrations produced by the fan rofors. It is expected that the acceptance 
level of unbalanced force will be approximately 114 of this extreme force. The reason for using 
this conservative estimate of the forcing function is to allow for normal wear so that excessive 
maintenance on the fans would not be required. It is expected that an annual maintenance 
inspection and cleaning of the fans would be sufficient to keep the fans operating within this 
vibration range. 

For the comer station mechanical room, it was assumed that six fans were operating 
simultaneously and that the unbalanced forces :from each fan were in phase. A finite element 
model of the concrete structure supporting the six fans in the mechanical room was made and a 
steady-state solution was obtained at the two foot thick concrete foundation supported on soil 
stiffuesses for the fan support structure. The results presented at the PDR were based on the 
maximum vertical responses of the concrete foundation that occurred at the comers of the HV AC 
foundation. However, it was discovered that incorrect damping values had been in used in the 
analyses. The analyses were rerun with the correct damping values and the following 
displacements were obtained the fan building foundation. In the transverse horizontal direction 
the displacement of the fan building foundation was 1.63Xlff8 m. In the longitudinal horizontal 
direction, parallel to the axes of the fans, the displacement of the fan building foundation was 
0.59Xlff8 m. In the vertical direction the displacement of the fan building foundation was 
3 .62Xl ff8 m. The estimates of the displacements at the critical vacuum equipment on the L VEA 
technical foundation were made by attenuating the ground surface vibrations emanating from the 
fan support foundation to the location of the vacuum equipment. This attenuation between the 
fan support foundation and the vacuum equipment location was found to be equal to a 
multiplication factor of 0.42. Thus the estimated L VEA foundation vibration was l .5Xl o-8 m 
versus a spike criteria amplitude of 1.4Xl 0-8 m at 30 Hz. This amplitude estimate did not 
consider the effect of averaging the fan foundation motions which could reduce the vibrations by 
a multiplication factor of 114 or 1/5. Also this amplitude estimate did not include the reductions 
associated with moving the relatively rigid and massive L VEA concrete foundation on top of the 
ground which could reduce the vibrations by a multiplication factor of 1/4 or 115. Thus it was 
expected that the actual spike amplitude measured on the LVEA foundation slab near any of the 
critical vacuum components would be less than the spike amplitude defined by the criteria at 30 
Hz. 

Similar analyses were conducted for the Mid Station and End Station where only one fan 
operates at a time. There are two fans located at each of these stations but one fan is expected to 
be on standby. concrete fan support structure is located in the mechanical rooms at these 
stations and is similarly separated from the surrounding structure. The maximum vertical 
displacements at the comer of the fan foundation slab were calculated using a finite element 
model of the concrete fan support structure resting on soil stiffnesses. The maximum 
foundation responses were attenuated based on the separation distance between the critical 
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vacuum equipment location and the foundation slab. The resulting peak amplitude at the fan 
building for the Mid and End Stations was 1.4Xl 0-8 m. At the vacuum equipment location the 
ground motion vibration would be attenuated by a factor of 0.3 so that the vertical ground motion 
would be 0.42X10"8 m. The spike amplitude criteria displacement limit is 1.4Xlo~8 m. As noted 
before, it is expected that the average fan foundation motion is about 1/4 of the peak fan 
foundation motion and an additional attenuation by a multiplication factor of 1/4 could be 
expected for the vibration reduction expected for the effect of the ground motion forcing the 
motion of the technical foundations at theMid Stations and End Stations. Thus it is expected 
that the spike amplitude criteria will be satisfied for the HV AC fan vibration sources when all of 
these effects are considered. Note that the specifications for balancing the HV AC fans and 
isolating the fan vibrations will require the fan fabricators to provide equipment that will have 
vibrations that are reduced by a multiplication factor of 1/4. If further reductions are needed in 
the future it will also be possible to upgrade the fan isolation system so that the unbalanced fan 
forces applied to the fan foundations are reduced. It is not considered to be necessary at this time 
to provide a significantly more sophisticated fan isolation system but the isolation system could 
be upgrade4 in the future if desired. 
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INTEROFFICE CORRESPONDENCE 

To: Tim Melott Date: Aug., 05, 1995 

From: Atia Y. Atia Ext.: 4573 Location: WHQ-T669 

Subject: Rotating Equipment Data 

Chiller yard at the comer station: 

Eq.No. Eq.Name Rotating Part Qty Weight RPM Unit Wt. 

CH-1 Chiller Compressor 2 58 3600 6700 /!ct 
Condenser Fan 10 12 850 24 flot-

CH-2 .Chiller Compressor 2 58 3600 6700 ~t 
Condenser Fan 10 12 850 24 l?.tJ t-

CH-3 Chiller( Standby) Compressor 2 58 3600 6700 J!!I f 
Condenser Fan 10 12 850 24 (r!O f-

P-1 Pump Impeller/Motor 1 210 3600 420 ~+ 

P-2 Pump Impeller/Motor 1 210 3600 420 ~t 

P-3 Pump( Standby) Impeller/Motor 1 210 3600 420 ~+-

EF-1 Exh.Fan Impeller/Motor 1 29 1750 85 f. c. +-
30\0 ~o 

AC-1 Air Comp. Compressor 1 90 +1-50- ~ ~tt· ----
~(),. f-.•o~ O ,_ !flf~ 

Comer Station (Main Mechanical Room): 

AHU-1 Air Handler Fan 2 750 1750 1150 1-o+ 

AHU-2 Air Handler Fan 2 750 1750 1150 ~c1+ 

AHU-3 Air Handler Fan 2 550 1750 850 (24t 

Comer Station (Small Mechanical Room): 

1 



AHU-4 Air Handler Fan 1 220 1750 950 

Chiller yard at Mid or End Stations: 

Eq.No. Eq.Name Rotating Part Qty Weight RPM 

CH~l Chiller Compressor 2 120 3450 595 J?ec.... 

Condenser Fan 2 8 1100 16 ~+ 

CH-2 Chiller( Standby) Compressor 2 120 3450 595 i ec. .. 

Condenser Fan 2 8 1100 16 ~-4--

P-1 Pump Impeller!M:otor 1 42 1750 95 le-fr 

P-2 Pump{ Standby) Impeller!M:otor 1 42 1750 95 '4f-

AHU-X Air Handler Fan l 550 1750 850 ~+. 
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INTEROFFICE CORRESPONDENCE 

To: Tim Melott Date: Aug., 05, 1995 

From: Atia Y. Atia Ext.: 4573 Location: WHQ-T669 

Subject: Rotating Equipment Data 

Chiller yard at the comer station: 

Eq.No. Eq. Name Rotating Part Qty Weight RPM Unit Wt. 

CH-1 Chiller Compressor 2 58 3600 6700 l!ot 
Condenser Fan 10 12 850 24 Ito,.. 

CH-2 ·chiller Compressor 2 58 3600 6700 JUf 
Condenser Fan 10 12 850 24 t!or 

CH-3 Chiller(Standby) Compressor 2 58 3600 6700 f!4 f 
Condenser Fan 10 12 850 24 fZ4 f-

P-1 Pump Impeller/Motor 1 210 3600 420 fZ.af 

P-2 . Pump Impeller/Motor 1 210 3600 420 ~t 

P-3 Pump( Standby) Impeller/Motor 1 210 3600 420 kl-

EF-1 Exh.Fan Impeller/Motor 1 29 1750 85 ft Cr .,.. 

30\0 ~o 
AC-1 Air Comp. Compressor 1 90 *5e- ~ ~tt· -

. ~o,._J-,of- -;. p..Jfv 
Comer Station (Main Mechanical Room): 

AHU-1 Air Handler Fan 2 750 1750 1150 f.o+ 

AHU-2 Air Handler Fan 2 750 1750 1150 ~d+ 

AHU-3 Air Handler Fan 2 550 1750 850 ~t 

Comer Station (Small Mechanical Room): 

1 



AHU-4 Air Handler Fan 1 220 1750 950 

Chiller yard at Mid or End Stations: 

Eq.No. Eq. Name Rotating Part Qty Weight RPM 

CH-1 Chiller Compressor 2 120 3450 595 ~ec.. 

Condenser Fan 2 8 1100 16 ~~+ 

CH-2 Chiller( Standby) Compressor 2 120 3450 595 i ec: ~ 

Condenser Fan 2 8 1100 16 ~ 

P-1 Pump Impeller/Motor 1 42 1750 95 tef° 

P-2 Pump( Standby) Impeller/Motor 1 42 1750 95 ~+· 

AHU-X Air Handler Fan 1 550 1750 850 ~-

2 



9. Chiller Equipment Vibrations 

The Chiller equipment vibration predictions are based on either mounting the Chiller equipment 
directly on the concrete foundation or using a 5 Hz isolatfon system to support the Chiller 
equipment skids. The analyses are based on the rotating equipment (two screw type 
compressors) operating at 3600 rpm (60 Hz). An unbalanced force equal to O.lg times the rotor 
weight is used to provide an upper bound to the unbalanced vibrations. It is expected that the 
acceptance level of unbalanced force will be approximately 114 of this extreme force. The reason 
for using this conservative estimate of the forcing function is to allow for normal wear so that 
excessive maintenance on the rotating equipment would not be required. It is expected that an 
annual inspection in conjunction with appropriate maintenance would be sufficient to keep the 
rotating equipment operating within this vibration range. The Chiller yards are located 
approximately 300 feet from the technical foundations at the corner station, mid station, and end 
station. A hand calculation was made to estimate the Chiller equipment foundation vibration 
amplitude based on the unbalanced forces and the 5 Hz isolation system. The foundation 
motions were reduced by estimating the attenuation of the ground surface vibrations ema.-riating 
from the Chiller yard and traveling the 300 feet to the_Jechnical foundation. The resultant ground 
motion at the technical foundation location is 2.9X10 mat 60 Hz based on a hard mounted 
Chiller -~stem having no isolation. The spike amplitude criteria limits the peak amplitude to 
3.0Xl 0 mat 60 Hz. If a 5 Hz isolation system is used the ground motions expected at the 
LVEA might be reduced to 2.3X10·11 m. at 60 Hz. Note thatat isolation frequency ratios above 
ten, for example for the operating frequency at 60 Hz divided by the isolation frequency of 5 Hz, 
there is a possibility of surge vibrations in the isolators that will significantly reduce the 
effectiveness of the isolation system. The effect of isolator sur~es could result in ground motions 
at the L VEA ten times greater than predicted, or about 3. OX 1 ff 0 m. These amplitude estimates 
did not include the reductions associated with moving the relatively rigid and massive concrete 
technical foundations on top of the ground which could reduce the vibrations by a multiplication 
factor of 114 or 1/5. It is evident that the new Chiller systems implemented after the conceptual 
design was completed have significantly reduced the vibrations produced by the 60 Hz 
compressors. 
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INTEROFFICE CORRESPONDENCE 

To: Tim Melott Date: Aug., OS, 1995 

From: Atia Y. Atia Ext.: 4573 Location: WHQ-T669 

Subject: Rotating Equipment Data 

Chiller yard at t.lie comer station: 

Eq.No. Eq. Name Rotating Part Qty Weight RPM Unit Wt. 

CH-1 Chiller Compressor 2 58 3600 6700 l!e:f: 
Condenser Fan 10 12 850 24 /tor 

CH-2 Chiller Compressor 2 58 3600 6700 ~t 
Condenser Fan 10 12 850 24 2.o t-

CH-3 Chiller{ Standby) Compressor 2 58 3600 6700 (!A f 
Condenser Fan 10 12 850 24 ~Cf f-

pq Pump Impeller!M:otor 1 210 3600 420 JZ.c; 1 

P-2 Pump Impeller!M:otor l 210 3600 420 f!-.d t 

P-3 Pump( Standby) Impeller/1vfotor 1 210 3600 420 ~1-

EF-1 Exh.Fan Impeller!M:otor 1 29 1750 85 ~t- + 
'30\ 0 ~o 

AC-1 Air Comp. Compressor 1 90 +1-5G- ~ ~tt· 

(. 
n-lf~ \jl().tf,. f';r;tof- II J-

Corner Station (Main Mechanical Room): 

AHU-1 Air Handler Fan 2 1750 1150 ~+ 

AHU-2 Air Handler Fan 2 1750 1150 f.of 

AHU-3 Air Handler Fan 2 550 1750 850 ~t 

Comer Station (Small Mechanical Room): 

l 



AHU-4 Air Handler Fan 1 220 1750 950 

Chiller yard at :Mid or End Stations: 

Eq.No. Eq. Name Rotating Part Qty Weight RPM 

CH-1 Chiller Compressor 2 120 3450 595 J?.ec... 
Condenser Fan 2 8 1100 16 ~+ 

CH-2 Chiller( Standby) Compressor 2 120 3450 595 1~-

Condenser Fan 2 8 1100 16 fl.o.f-

( P-l Pump Impeller/Motor 1 42 1750 95 l4f' 

P-2 Pump(Standby) Impeller/Motor 1 42 1750 95 ~+-

AHU-X Air Handler Fan 1 550 1750 850 ~-

2 



10. Foundation Thickness Trade Study 

A foundation thickness trade study was made for the technical foundations that considered 68-
inch thick foundations, 36-inch thick foundations, and 18-inch thick foundations. The results of 
the various analyses indicated that the acoustical response of the technical foundations appeared 
to be critical. The ambient PSD analyses indicated that the fundamental modes of the 
foundations woW.d be heavily damped and not exceed two times the ambient PSD spectra with 
the criteria limit being four times the ambient PSD spectra. Note this result applied to all of the 
technical foundation thicknesses studied and for the L VEA and VEA foundation types. The 
spike amplitude responses at the technical foundations for wind induced vibrations, HV AC fan 
induced vibrations, and Chiller equipment induced vibrations were not evaluated in detail as to 
the effects of foundation thicknesses. However, it is not expected that there is an effect due to 
foundation thickness that is much more than the relative mass of the foundations. Thus the 36-
inch thick foundation would have approximately twice the spike amplitude of the 68-inch thick 
foundation and the 18-inch thick foundation would have four times the spike amplitude of the 
68-inch thick foundation. The deformation of the technical foundations based on changes in air 
temperature indicated that t.11ere were some small benefits to a thicker foundation. However, 
based on the 50 nano-radian curvature over a two meter long foundation length for a ten minute 
time interval, the region of unacceptable curvature was not significantly different for the various 
foundation thicknesses. Therefore the most significant analysis results were for the acoustically 
induced vibrations that showed the 18-inch thick technical foundations were not acceptable, t."IJ.e 
36-inch thick foundations satisfied the criteria and the 68~inch thick foundation provided a 
significant margin of safety.· The 68-inch thick foundation thickness used as a baseline in these 
analyses remains as the preferred thickness based on tech.Pical considerations since it provides a 
significant margin of safety. The 36-inch thick foundation appears to meet the criteria but does 
not provide any margin of safety and given the inexact nature of the vibration calculations there 
could be significant differences between the predicted vibrations and the actual vibrations 
measured at the completed facility. Note that the 36-inch thick foundation thickness is being 
considered for cost reduction reasons for the L VEA, the 68-inch technical foundation thickness 
for the VEA foundations at the Mid Station and End Station should not be reduced since it is 
evident that there would not be significant cost savings for t.'lese small foundations. The Mid 
Stations and End Stations have higher spike amplitude vibrations than the L VEA foundation and 
would benefit from a thicker foundation. Also the End Station technical foundation must 
withstand the thrust forces produced by the vacuum pressures and a thicker foundation would be 
beneficial. 
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11. Conclusions 

The result of the vibration analyses completed to date indicate that the foundation responses to 
ambient ground motion PSD inputs do not exceed the broadband spectra requirements. 

The technical foundation responses to acoustical noise cause the 18-inch thick technical 
foundations to exceed the broadband spectra requirements. 

The thermally induced distortions may exceed the fifty nano-radian deformation limit over a 
two meter foundation length in a ten minute time period. The extreme deformations occur 
around the perimeter of the foundation. Also these thermally induced deformations are 
produced when the external building heat loads are rapidly changing. At other times of day 
the air temperature cha..11ges will be considerably less. 

The wind induced vibration predictions remain to be accurately estimated. At this time, the 
best information available are the Moses Lake measurements that indicate the broadband 
foundation vibration levels are not significantly increased above the ambient vibrations 
wind speeds up to 20 mph. Further literature research and study should be directed at 
verifying this conclusion. 

The isolated HV AC far..s and concrete fan room support building reduce the spike amplitudes 
of the 1800 rpm (30 Hz) fans transmitted to the technical foundations to levels that are below 
the spike amplitude criteria limits. 

The Chiller equipment located 300 feet from the technical foundation also produces spike 
amplitudes at the technical foundations that are below the spike amplitude criteria. 
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Appendix A 

Computer Results For Ambient PSD Induced Vibrations 

Book 1 

• LVEAModel T = 68 Inches 

ti LVEAModel T= 36 Inches 

Book2 

• LVEAModel T= 18 Inches 

0 L VEA PSD Plots 

Correlated -- COR 

Uncorrelated -- UNC 

Book3 

e MID-PBI Model T= 68 Inches 

"' MID-PBl Model T= 36 Inches 

• I\1ID-PB 1 Model T = 18 Inches 

<II Mid Station PSD Plots 

Correlated -- COR 

Uncorrelated -- UNC 

ID END-PB l Model T= 68 Inches 

"' END-PBl Model T = 36 Inches 

@I END -PB 1 Model T= 18 Inches 

$ End Station PSD Plots 

Correlated -- COR 

Uncorrelated ~- UNC 



AppendixB 

Computer Results For Acoustically Induced Vibrations 

Section 1 

• 68 Inch L VEA -- LIGO Acoustic Criteria 

• 68 Inch LVEA -- Marshall Long's SPL 

• 36 Inch L VEA -- UGO Acoustic Criteria 

• 36 Inch LVEA -- Marshall Long's SPL 

e 18 Inch LVEA -- LIGO Acoustic Criteria 

• 18 Inch L 'lEA -- Marshall Long's SPL 

Section 2 

• 68 Inch Mid Station -- LIGO Acoustic Criteria 

• 68 Inch Mid Station-- Marshall Long's SPL 

• 36 Inch Mid Station -- LIGO Acoustic Criteria 

e 36 Inch Mid Station-- Marshall Long's SPL 

• 18 Inch Mid Station -- LIGO Acoustic Criteria 

• 18 Inch Mid Station -- Marshall Long's SPL 

Section 3 

• 68 Inch LVEA -- LIGO Acoustic Criteria Uncorrelated 



Appendix C 

Computer Results For Thermally Induced Deformations 

Book 1 

• LIGO Heat Transfer Program 

• 10 Minute Thermal Gradient -- 68 Inch Slab 

Book2 

• 10 Minute Thermal Gradient -- 36 Inch Slab 

Book3 

~ 10 Minute Thermal Gradient -- 18 Inch Slab 



AppendixD 

Computer Results For HV AC Equipment Vibrations 

• HV AC Vibration Model -- L VEA 

e HV AC Vibration Model -- VEA 


