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v CHAPTER 2 .

PRELIMINARY COMPUTATIONS AND EXPERIMENTS ON SIMPLE STRUCTURES
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Cantilever beam with shaker assembly attached to free end.

Figure 2.1
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Figure 2.7
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JOINT CO-ORDINATES
NO. X{m) Y(m)

1 -0.1524 0.0

2 1..9812 0.0

3 0.1524 0.0
.4 2.2860 0.0

"5 0.0 0.0

6 4 2.1336 0.0

7 C.0 0.2660
8 2.13386 0.2660
9 0.5334 0.2660
410 1.6002 0.2660
1 0.0 -1 0.5983
‘2 2.1336 0.5983
3 1.0668 0.2660
4 G.7142 0.5893
‘5 1.4224 0.5993
‘B 0.0 0.9327
17 2.1336 0.9327
78 0.3558 0.9327
19 1.7780 0.9327
20 0.0 1.2660
z1 2.1336 1.2680
ZZz 0.7112 1.2660
Z3 1.4224 1.2660
24 0.0 1.50860
z5 2.1336 1.5060
z5 0.0 1.6203

26
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28

19 22 20

21
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9
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4_L_{}_2_é _Eaggsﬁxﬁlsupports
5
3

Simple supports

Beam element model of plane frame

Figure 2.21

MEMBER PROPERTIES
2 4
1 to 4 |38.7E-4 5.2E-8
14
5 to 14{7.55E-4 | 45.€-8
21 15 to 24|5.916-4 | 21.56-8
22 to 27{2.235-4 | 1.83F-8
28 51.5E-4 l 360.E-8
D 17
MEMBER MATERTAL i
ND. CONSTANTS ,
12 |t to 28| E = 2.1€11 (W/n?)
1 to 28| G = 0.52E1% (N/m2)
1to 27 | @ = 7.85E3(kg)
b 8 28 ¢= 0.0
10
N
a 2 4 u N
6 X
2 .! 4 T CONCENTRATED INERTIA
7577777 yﬁ;;::}y JCINT| LINEAR | ANGULAR
NO, (kg) {kgm<)
24 18.21 | 87.5E-3
28 14,11 | 117,28~
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{ Briel & Kjeer

Measured acceleration response of plane frame at joint 23Y (Figure 2.21)
Input force 10 Newtons at joint 286X

Figure 2.31
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Measured

aceceleration response of plane frame at joint
Input force 10 Newtons at joint 26X

Figure 2.32
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Measured acceleration response of plane frame at joint 18 (Figure 2.21]}
Input force 10 Newtons at Jjoint 26X

Figure 2.33
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Measured acceleration response of plane frame in water at joint 23Y (Figure 2.21)
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Computed acceleration response of plane frame at joint 23Y (Figure 2.21 and Table 2.15)
Input force 10 Newtons at joint 26X
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CONCENTRATED MASS CONSISTENT MASS
ANALYTICAL TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATIONAL &
FREQUENCY (Hz) D.O.F. ROTATIONAL D.O.F. D.0.F. ROTATIONAL D.O.F.
31.116 30.252 ~-2.78% 29.807 -3.89% 30.776 -1.08% 31.101 -0.05%
195.003 177.812 -8.82% » 166.680 -14.52% 197.825 1.45% 194.410 -0.30%
546.013 470.867 -13.75% 420.232 -23.04% 578.871 6.04% 544,867 -0.25%
C.P.U. TIME 5.71 Secs 8.24 Secs .51 Secs 6.68 Secs

Analytical and Computed Natural Freguencies

for Cantilever Beam

TABLE 2.1



e

CONCENTRATED MASS

CONSISTENT MASS

: TRANSLATIONAL TRANSLATIONAL
COCRDINATES ANALYTICAL TRANSLATIONAL & ROTATIONAL TRANSLATIGNAL & ROTATIONAL
{(FIGURE 2.3) MODE SHAPE D.0.F. D.O.F. B.0.F. 0.0.F.

A 1.0 1.0 0% 1.0 0% 1.0 0% 7.0 0%

Y5 0.658 0.655 -0.46% 0.653 -0.76% 0.655 -0.46% 0.658 0.0%

Y3 0.340 0.336 -1.18% 0.335 -1.47% 0.337 -0.88% C.339 -0.29%

¥4 0.097 0.086 -1.0% 0.085 -2.0% 0.097 0% 0.087 0.0%

fn 31.118 Hz 30.252 Hz 28.807 Hz 30.776 Hz 31.101 Hz

Comparison of the Fundamental Analytical and

Fundamental Computed Mode Shapes

TABLE 2.2

Oy



CONCENTRATED MASS CONSISTENT MASS
ANALYTICAL TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATIONAL &
FREQUENCY (Hz] D.O.F. ROTATIONAL D.O.F. 0.0.F. ROTATIONAL O.0.F.
10.248 10.215 -0.3% 10.201 -0.44% 10.236 -0.10% 10.250 0.04%
140.3898 139.538 -0.81% 135.294 -3.84% 145,982 3.98% 140.233 |-0.12%
445.448 436.306 ~2.27% 398.821 -10.67% 504.370 12.97% 446.664 0.05%

Analytical and Computed Natural Frequencies for Cantilever
Beam with Point Mass at Free End.

Mass Ratio e{=

L .

e A

TABLE 2.3




CONCENTRATED MASS CONSISTENT MASS J///

- ANALYTICAL TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATIONAL &
FREQUENCY (Hz) BD.0.F. ROTATIONAL D.O.F. D.O.F. ROTATIONAL D.O.F.
8.599 6.689 -0.15% 6.685 -0.21% 6.695 -0.06% 6.639 0%
138.081 137.665 -0.30% 133.651 -3.21% 143,731 4.08% 137.859 -0.03%
443,966 435.048 -2.01% 387.828 -10.37% 502.250 13.13% 444,183 0.05%

Analytical and Computed Netural Frequencies for Cantilever
Beam with Point Mass at Free End.
Mass Ratio 2f= i =

oA

n

TABLE 2.4




CONCENTRATED MASS

CONSISTENT MASS —

TRANSLATIONAL D.O.F.

TRANSLATIONAL & ROTATIONAL

TRANSLATIONAL D.O.F.

TRANSLATIONAL & ROTATIONAL

; D.O.F. D.0.F

?5 elements 9 elements A% 5 elements | 9 elements| A % i5 elements 9 elements A% 5 elements | 9 elements A%
7.414 7.424 0.14 7.388 7 .403 +0.19 7422 7.4286 0.05 7.408 7.408 .0

E 120.103 119.803 -0.25 101.948 102.942 0.98 123.873 120.661 -2.58 103.188S 103.178 -0.02

. 335.7688 331.783 -1.18 255.743 262.235 2.54 355.571 337.134 -5.45 264;087 263.743 ~0.13

Computed Natural Frequencies of 5 and 9 Beam Element Cantilever

with Shaker Assembly Attached to Free End (Figure 2.1 and 2.8)

TABLE 2.5




MEASURED FREQUENCY CONCENTRATED MASS CONSISTENT MASS
AND DYNAMIC MAGNIFICATION
. TRANSLATIONAL TRANSLATIONAL AND TRANSLATIONAL TRANSLATIONAL AND
{Hz) Q D.0.F. ~ ROTATIONAL D.O.F. D.0.F. ///ROTATIONAL D.O.F.
7.33 524 7.41 1 1.1% 7.39 0.8% 7.42 1.2% .41 1.1%
104.48 418 120.10 15.0% 101.95 -2.4% 123.87 18.8% 103.20 -1.2%
255.55 182 335.79 31.4% 255.74 0.07% 356.57 39.5% 264.08 3.3%
C.P.U. Time 6.52 secs 6.67 secs 7.32 secs 8.03 secs

Comparison of Measured and Computed Natural Freguencies
(Table 2.5, 5 beam element model) for Cantilever Beam

with Shaker Assembly Attached to Free End

TABLE 2.8

b



CONCENTRATED MASS

CONSISTENT MASS

MEASURED TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATIONAL &
FREQUENCY (hz) D.0.F. ROTATIONAL D.O.F. D.0.F. ROTATIONAL D.O.F.
7.33 7.42 1.2% 7.40 1.0% 7.43 1.4% -7 .41 1.1%
104.48 119.80 14.7% 102.84 -1.:5% 120.68 15.5% 103.18 ~1.2%
255.55 331.78 29.8% 262.24 +2.6% 337.13 31.9% 263.74 3.2%
C.P.U. Time 8.01 Secs 8.15 Secs 8.22 Secs 10.52 Secs

Comparison of Measured and Computed Natural Frequencies

(Table 2.5, 9 beam element model) for Cantilever Beam

with Shaker Assembly Attached to Free End

TABLE 2.7




~ Frequency (Hz)
: Encastré Supports Simple Supports
1 41.21 39.11 -5.1%
2 67 .60 63.18 -6.5%
3 73.21 72.40 -1.1%
4 78.08 77 .89 -0.24%
5 96.12 82.10 -4.2%

Computed Natural Frequencies for Plane Frame

with Encastré and Simple Supports

TABLE 2.8
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24 U717 N2 =0.063 = l.021 34149 0e901 0,907 S Iy 4% Y 0.6817
20 e212 DNL072R =0,039 3 13061 341590 0507 . De90A Qe740 0e931
15 =0.046 0,025 =D,004 -Ue717 3.377 le2”7 =% 1.00%8 04740 Ne570
11 D008 0,022 D.N0E # 7.10R 3.659 0.660 = 0e921: Ne7al 0 +9A0
7 00073 ﬂoUlL) "”o””3 i 1023':) 40020 1.77“- e 0.950 007‘&1 1« 954
o fesbdedrtide N L1177 =D L0(0F ¢ % 30 3t 4F 3 38 32 30 3% 44343 1250 « 35 3 38 44 45 24 3 3 Qe 762 0.9%0
75 OelZ2]l =0,033 nopQ7 =+ le748 2773 065D s eS706 (e 9RZ 1.499
21 0elSU =0e033 0007 1350 2e773 0e654 0e“910 0.982 1,497
17 Ye?32 =N4030 =0,001 l.120 2966 T 34593 1040 0 e9r - 185
12 el =0,027 «0. 006 % 1.150 3.205 lel49 s l1.031 (a9R3 1.137
= 007 =N,02724 =D,006 * 1.173 3.507 l.140 = 0 e9HA 0eGHa le0is
- L R AN AN Y I A S Y N 3 36 3¢ 3 30 3+ 3k 4 3¢ 3.524 1e2R2 3¢ 3% 28 45 3% 3¢ 26 3% 5¢ 0e9FH 0 eYh]
2n Ne?lce NaiZs =Nay3y # le301 3150 D907 Ue90A Gelal 093]
?; De7lUa =NaerQH -O.(?l() 3¢ 1051") ()obn’.‘ X 00951 “w Ue 90K 1-213 10706
23 GelYn =0.5720 (0.016 * 1.332 0e873 Cel746 Je500 1350 l1.267
21 0150 =Na033 0,007 % 1.350 2e773 0.654 4 . 06910 0.982 1497
7 Qo772 DNa0]19 =DL0O03R 4 l.23% 4020 1ea774 e 0e950 Uelerl NG54
9 O-()H? -N (3723 - ei)(}] * 10197 () e 2" 4 2001"‘ 3% ().950 lol"‘? e 937
13 ) HeDY] =N.014 e 207 * lel67 0850 N.27% 3% (e 949 lola® 1010
19 Qellmy NJP39 0.001) # 1.170 Dael7c ~0.219 & Ue957 le007 1.097
5 0e0B7 =04024 =0,00% 1.173 3.507 lel40 s 0.966 0e9a 1.014
20 0212 De0)23 =-0).030 * 1e301 3.150 0907 = 0.906 0e740 0e931
1R ~Nel G0 =0.277 =0,007 -Ue031 Vebsl 0896 o loe166 leC6 1el67
la “)e4a]l =0alka Qo014 * -De742 Ueb54 0641 s lewlH le0rR3 - 1.055
13 Det¥l =0,014 D007 * lea167 0890 D278 2% 0e9409 lelaur 1010
1 Del%y =Na033 0.007 *= 1.350 2773 0e654 i Ue%10 0e98a2 1497
16 Ne?3m =0,113 D000 * 1.205 1337 2123 3% l1.135 1427 : &4 087
19 =2 Jelbb =N Uf4 =0,007 = 1.214 .. _ 1le341 lel1Re l]elB3 ~—~—— 14584 =~ 1,387
13 0091 -N,N]14 0,007 3% 10167 0089\) Oo??‘: r e 949 I.IL'(H I.O]“

* Mode shapes normalised to'uhif geheralised mass.

Table 2.8 Comparison of first’normal modes for plane frame in air and water.

VA



[T

PLANE FRAME MODE<SHAPE IN AIR -~ °  ° . CAND wATER

*****************t***********************************f***f**********#* _*******'********************************

Encastré supports 3 Simple supports = _ .- Encastré supports ‘
NATURAL FRFGUENCY( 2)= A7.60 HZ %  ChaNoe IN FREQUENCY =6.519% *  CHANGE I FreOibiCY =204045%
NORMAL T7F 1) MUUF =SHARE ' % MODE=SHAPE KATIO® . MOLE=SHAPE KATIO®

JOINT=I  XDISF. YDNJSP, 7R0T. #  CUOOF=A COUR=Y COOR=Z % COOR=X COUR=Y CoOR=~7
Pe N.178 Na03% =0.001 0e375 3.518 -7.017 ¥ 1.632 LR Se722
Pa. Nel?3 6(GaD3R =0,00) = 0eEHG 3.515 -7.512  ® Las61 Defan Ee0ap
20 Delald 003K 0,007 = 1.185 34523 1.524 3 1.057 Nenty la296
16 01572 04034 Q.000 3 1.237 3.771 -0 48R #* 0877 ) eBuY Net6?
11 0159 NJN31 =0.008 1.152 4.078 1.406 % 0092 0.+850 069k
7 0073 0027 =0.007 1,044 bbbt l.088  * l1.044 0e851 (ta971
S dEHEER 0L 0PL =0 005 . # 363030 3 3t S0 4k 3¢ G4oBT0 1.1000 3 edrdt e st 0 .52 1083
EL DeB0U =0.N02 =0.017 % .02k -1.62Y Dotk  * 0.863 o4zl 0o 705
21 NelG =0.002 =~(,017 # 1.218 -1.430 D.8A1 ¥ 1,043 3.421 0702
17 04036 =0.002 =0.00] = 24110 ~l1.518 l.602 % 2.114 3ea17 0581
17 0,060 =0.002 0,003 % 1.355 -1.626 0Detl3 1.674 3a411 0eal7
K 0065 =N,001 =0 004 3 lev6S ~1e702 1.165 % 1069 36404 1.271
- BadEdE -0 0N] =0, N0, 34t 3 46 45 35 43 4 -1 .21 1e00A, 3 31 3530 30 40 5 3¢ 3ebH 1.051
2 UelG3 Qa(03n D 007 # lelnd 34523 1.524 3 1.052 - Dot Ne2096
22 Delde 0e9S4 Na033 # 1.196. 0e562 0.756 * 1.049 e7l2 Ve 74Y
23 0e142 1.000 =0.031 * 1.207 072 0.912 - * 1.046 0e727 0e730
21 Del& =0,002 =0,017 l.7218 -1l.430 NetsH1 i 1.063 3.4721 e707
7 0,073 D.0P7 =0.007 # 1,044 4 666 1.088 % 1.044 UeH5l 0971
4 0.07% =N.023 0,001 % 1.029 —2.792 0.409 % 1.05A 1369 D779
13 0eD77 0.019 0.001 # 1.014 3.593 ~0.B09 % 1e0AT NebnT l1.511
10 0.071 0.035 =0.000 * 1.030 1.569 35.092 # l1.0R? 1.16G7 ~8 067
8 DellbS =N.001 =0.00& # 1.068 -1.762 1.165 & Lo099 - 3,404 lecnl
20 0el&3 N.N3K 0,007 * le185 34523 1524 * 1.057 R 0e296
1% Doty 0,371 0,020 # 1.191 1.408 1.111 # 04653 0525 Ne47e
14 DedB0  0.37% —0.02A % 1.169 1360 - 1.198 0635 0505 0540
13 0077 04019 0,001 = la0016 3593 -0R0Y # 1067 0607 1.511
21 D14l =0.002 =0.017 * 1.218 =1.430 0eRA1 # 1.0473 3.4zl 0,702
1% —0L 071 N.P0% =0,000 ~0.424 0+690 06571 3 =057 Oeard 0336
15 =~04050 0.1A9  0.012 # ~0e649 . 0772 0.426 * “0enbn . 0.4l N.31K
13 77 0,077 0.019 0.00] % 1.016 34893 -0.R09  ® 1.067 D.607 14511

* Mode shapes normalised to unit generalised mass.

Table 2.10 Compariéon of second normal modes for plane ?rame in air and water.

8y



e
o —— R
o

PLANE FRAME MONF=SHAPE 1IN AIR - AND wATER  es -
******t*##*#*******#**************t*****#*********t*#****_#f**f*’** *t*g****t**#*g********************************
Encastré supports & Simple supports . o Encastre supports
NATHIRAL FREQUENCY( )= 73.22 HZ % CHANGE IN FrREQUENCY =1.111% #OCHDONGE IN FREMIERCY =16.850%
NORMAI_IZED MOUF =SHAPE * MODE~SHAPE RATIO® *® MODE=SHARPF roTIQ*

JOINT=TID XDISKk. YDISP. ZR0OT. LA COOKR=X COUR=Y COOR-Z # COOK=X * COux=Y COOR~7
el o) =056 NJ00H 0,011 3 ~1le771 =1.254 -1.372 * 1e5906 /ﬁ<711 1.133
24 =000 0008 02011 % ~be3é ~le254 -1.371 * 64t n Ne711 1.134
48 D8 0,008 0(0.007 =+ -1 048 ~] e 254 ~1le165 * 0e8867 0e714 1136

h 1"'1 001“3 0.008 000(’)] 3 -l 0077 -103‘00 -00952 i+ ) 0'9()&; 0071“ lclqs
11 0126 G007 =0,004 % -1.048 ~1e44i) -1.152 i 0e9r] Q722 1.03A

7 Dellneg 0407 =000 ~1.008 -1 559 -1.024 * Cedln 0.728 Ne0A61]

5 #irpid N ,006 ~0 004 35 38 35 35 45 3% 2k 3¢ -1.700 =1.077 * geibsb bt 0e779 .89

25 D001 =NeN13 0,000 # 18504 ~3.2723 =-1.200 * -l.647 De787 087G
21 00057 -r‘Q()l3 00009 % "100(":) -302?3 “lclqg -3 008@] 00757 00879
17 Del5S =N,012 0Q.001 -le.102 -3.417 -0.939  # 0RB4 0e7RY 1.057
l") 00133 —OQU]I _O.U()A * —10”6';) -30645 "10190 = U.%”)l O.?VO 00R7('

5 ell63 =0401C =006 s -l.011 -3.928 ~1.035 * 0505 Oe79e 1914

& LS N L0009 =N 004 3 & 36 5% 55 35 e 3k 3% -4 o P BG -1.077 3= 363045 35 26 32 30 38 06794 NeG0 2

20 Qa6 N.00R8 04,007 # -1.04R -le254 ~1l.165 3 (0 erRGT7 De7l® lo138
27 DeIBYS =040493 =0.000 ~1.054 =262 =1.54% * 0ex573 e&H3s 0916
23 VD037 =0e?75 04,002 # -1.060 =le610 =2 260 * 0eR57 DeR T . Ne70%

21 QeDH7 =N.0]13 NLQ00 -1.065 ~3.223 ~1.199 i D561 0707 Na&7S

7 ()o(’h? 00(‘“7 "(’0(‘06 * -10003 ~ -10‘35’ -loO?R a* ()o\;l"‘ Uo728 O.QA]

< 00044 Nel)o?Z Na00U3 * -« 998 =}« 650 -0.806 3* (e 9009 De510 Netihy

13 Va6 =0,0072 =0.009 3 -0 .98%8 -7+570 ~0e.973 * 0.902 L0ett51 Na771

1o Da00ha =Na026 0003 # -0 999 ~-].833 -0 «+839 * 0.90u NS77 0873

- 0e0A3 ~0L,010 ~D,00KA # -1.011 ~3.928 ~1.03% * UevS Ue792 0e91u

20 )« 80 N,aN0R noO()? #* -1004‘8 -1e254% "1-165 > UVeH4GT 00714 10]36
lH 0.917 0';%99 (‘o“ba ¥ -00698 -{ 08H3 "0.862 * ’ O."’SQ . O.HSB ()081*2
la 006Gl DerST =0,0H05H - o888 -(J s 86 -0 e«8BR3 i #4150 0e843 0 eH55

13 Qe =0,002 =-0,009 -0 +988 -7e570 -N.973 %* : (e907 0eb51  0.771

21 Q.N87 -0a013 0,000 = ~-le065 =-3.223 -1.199 . = el 0o 7THT 0.879
16 lo0100 =0,990 0,070 =1.000 =-1.020 ~0.97% * Qe.700 e 7R3 Na776

19 s . 0e9HE =N G9HZ2 =N,071 * -{) s 9HAB =1.005 ___ —=0.907 i 0eTHT i 06779 oo 0 7R]

137 - 00R6 =0,002 =0.000 # =0 983 57.570c“ =0.973 3 0av0? Nett5H1 NeT71
' * Mode shapes normalised to unit generalised mass. '

Table 2.1 Comparison of third normal modes for plane frame in air and water.
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PlLANE FRAME MODE=SHAPFE 'IN Ak ~ C CANDTWATER - o -
A R R Y Y Ly A i I Inmm IImMmmTITm™MI
Encastre supports 5 Simple supports i Encastré supports V
NATURAL FREGUFNCY( 4)= TR.08 H7Z %  ChANGE [N FREWQUENCY =0.241% # CHANGE IN FrEGLIENCY =16.703%
MORMAL T7E1) MOUF=SHAPE , T MODE -SHAPE RATIO* #* MODE -SHAPE KATIO*

JOINT=-ID ADISPe YDNTISKk. ZROT. o COOrR=-X COOR=-Y COOR~Z 3 CUONR=Xx T COuR=Y Codr=7
P"‘ ")o()()d ﬂ-n(l’"\. -0.000 * 30026 4.08"’ ‘0032H 3 -J-’gP? //‘l/o?f“’g "1‘)0019

26 =“0sC02 NJ006 =0,000 3 ' 4,940 4,084 0«58 ~3.524 lecke -13.708

20 -0s00¢ D.0NA =0,000 * L Yl Go(IR4G 44781 * ~3e556h le2567 ~2 W BRA

1~ ~Delifly  Na0NS =0,000 3 4o /34 44372 44209 3 ~3.103 lelrT -1 e R7H

1] “0.004 0.005 0,000 GeT71lu 4e706 4ou26 % C=2.800 1257 -3.3k4

7 -0t} 0004 0.000 * 5.531 5.171 3.957 * -3.230 le.2¢5 -1 9F4

5 337 35 4k 343 e 0.000 #* 3t 48 3¢ 3¢ 24 34 3¢ 3¢ SeH3Y 7 889 3 30384048 35 45 30 4 le2hY L atT7]

25 =0.00% 0,005 0,000 Se134 3.7306 4,659 3 ~3.,910 o708 -3.729
21 =000z 0,005 0,000 6047 3.736 4.653 L =-5.760 eX7c =31.,299

17 0.001 0.005 0,000 3 ~-1.539 3999 0e64K 3 4,5%5 D81 -1.053

12 =0.000 0004 ~0,000 % 60.8506 44321 4,395 * -5n.755 (e A5 ~2a1G0

fa ~-0.001 Na(a =ND,000 * be548R 407?7 ‘130573 e ~b,]114 V2094 lﬁ,Vl)

-~ 3¢ 3¢ 45 35 3b3F N.NN3 D000 3 3t 3¢ 47 30 34 3 3 3¢ 5e195 5.620 i 3548 36 3¢ 34 30 3k 4 Ce892 -~ e (3]

20 ~0elillg OL,00DA =D,000 3 4,24 4,084 447K i -3.554A le2e7? - X akala

rd ~0 (02 =0aP54 ~0,010 S5e147 1.213 1.2A7 * =L 006 Yane/ N.S7H

23 —JeU0Z =Ne256 0010 3 Sen43 1235 1.233 e ~4 4G8A 05730 0600

(fl —‘).f'futf 0.0”‘) 0-00(\’ 3 bo(‘!q] 30736 40653 * “‘Do?"?ﬂ 00578 -3020‘3

7 -J.001 0.004 0000 5531 5.171 3.95 i =3.,730 1766 =1.9€4

9 =0.001 04015 040061 Se703 2eb20 ) eBIR % -3.3580 Qaa70 Qo2

13 —’Uo()Ul Oa()?n —’).O(Jn * b.Hl‘*Z lo‘dé’-b 6.37") +* —3.535, X ().9(}9 "F.‘o(“l"‘)

10 =0.001 0,013 =0,001 = belbY 1.994 " lel01 =3.785 14379 1.00A2

A ~0«001 040106 =0a000 OeHLR Y ~13.573 % ~44114 0 er9U 1,912

20 =000 0,000 <0000 * G432 G084 - 4L.T8] S -3 .554 le2AT -2 B8A

1+ QeblE 0,Q42 0,078 Ve972 0999 0«9R7 * CVeH27 0eBlY NeHNY

14 0e921 14600 =0.076 * )e977 1,003 0980 De&20 0.H13 ) et 1NR

13 -0.001 0,020 ~-D.000 SeHRZ letitss 6379 3 -3+535 04,909 —-heb1S

21 ~0ec NL.005 0,000 o047 3.736 44653 * ' -5,250 (J«R78H =3.209

19 ~0s917 DLGHT «nN,N75 # De9h 0.970 0.962 5 (te78 0« BHxS o= TH

’ 15 —0 NP0 0,06 0,074 # 0 ev66 De975 o = e9hk = GelRTl = . DatK3 _ . (14K79
13 -Ua001] Ne0F0 «=0,000 + 5 .882 1845 6379 E -3.53% 0.909 ~hah1Y

* Mode shépes normalised to uniﬁ generalised mass.

Table 2.12 Comparison of fourth normal modes for plane frame in air and water.
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PLANE FRAME MODE~SKAPE IN AR ' AR WAaTER ™ — -
o o o ok ok o o o ok o ok ok ok ok ok o ok ok 3 Sl o e e ok e e dk e ol ke Ak e ke Ak R ok ke ek Rk k kR kR AR kR A Kk Kk kK Rk kK ko k ko ko kR kkF K : o oo o o e e K ok ok o ok ok ok ok ok ok ke ok ok o ok oK 3k o oKk ok o oK ok ok ok kK K ok ok ok
Encastré supports 2 Simple supports 3 Encastré supports
NATHRAEL FREUUENCY( S)= Y612 HZ #* CHANGE IN FREQUENCY =4.181% # CHANGE IM FrEGHENCY =20.620%
NORMALTZED MODF-SHAPE # MODE~SHAPE RATIO* 3 MODF - QRABE #2TIO*®
JOIMNT=I{ AUISPe YDTISP, ZROT. * ‘ CuoOR=~X COOR=~-Y COOR=Z - CUQR=YX COOR=Y CQoORrR=-7
26 Na?252 =N,034 =0.069 * le227 4701 1.017 * le208 -ﬁféﬂl G837
24, 0058 =N.034 =0,06R * 0.109 44701 1.017 ¥ -0.759 0 e3n2 0840
70 “0eb788 =0.033 =-0.,039 = 0e504 4708 Ne917 ¥ 0700 e384 Ned76
](“ "{)0937 -0.030 -00013 #* O.HHZ 5.09‘* 006"‘3 * 4).76‘5 00379 0057’:‘
11 ~0E7S =04026 D022 *® Uentee 5552 0e952 o (e76HK De372 Qe.8N]
7 ~Nettl?b =0a0723 0043 Dets2l bell¥ (821 #* Q748 () e363 0« THRA
S JdRLIEE D GG20 D028 4 % Seddrddririede belH1 (i« 8RS # it et () e 304 Ne73%
25 =0s377 0,042 ~=0.0PP7 VUev17 24235 0912 3 Ue6Hr3k 0639 0834
21 ~D0eBHH D082 =0,023 VeP15 24235 0910 = Ue70% 0eh3Y NeR32
17 - e+ 135 00“37 -00011 3+ 0eH&73 20409 0'5643 ¥ Dellh DebHh i2 X (} e KGH
17 ~0eB07 0.033 0N.0l6 % 0ebas 2627 D574 * D756 0 eh36 . 0L 7FR0
b -Je&27 Ne129 Ne41] * U.HEI 30910 00823 * De745 Jeb34 0-7%6
“ + 3 3% 30 4E 3 Neligk N PG 4 3 3+ 48 30 3 36 3t 4% 3¢ 3.173 Ne8B83 i 36 38 45 3F 38 4 28 3¢ eb3D 0740
20 =578 =N,033 =0,0390 % 0ev006 G708 0.917 3 0700 0e386G 0eRTH
27 —Ueolkb 0,014 0,078 % Ue907 10e3RY 1.329 * 07073 lalBH DB
3 =0ebHY NJKAY =N,00]1 # e9ll 1326 10141 i 0706 0e3526 0e7EA
21 =ehHHE Naliag =N,023 x Ue915 2e.235 0910 * 0708 e H3Y DeH3IZ2
7 ~Ue4PH =0,023 D043 - Uen21 6e21Y o821 * 0e748 0.3A3 0.766
G ~0.4360 N.45] -0.00]1 * UeB15 0603 ~2.016 % 0e745 PeR1l2 0.496
16 =0at33 =N,43]1 =0,000 % Vedla a7r1 -10.614 * : Ve l4u3 NeT795 -N«5R7
H ~0el27 00729 D041 3 0er21 29110 0.R?”3 * 0el45 Neb34 Ne?56
2N ~)e578 =0,033 ~0,039 = 0.900 4,708 0917 i De700 e 3HG D876
1+& 0el00 Deb56 0,085 44263 1275 l1.240 * 2370 1963 0.902
14 0ettS7 1.000 =0.049 * le66H lel76 14271 ¥ leal20 e9P3 .991]
13 ~Nel43 04002 ~0,036 0809 -24.648 NH0A * DeT41l 2.198 = N« R2%
21 ~0eSrmn N 042 =0 ,N23 Uae15 24235 0910 i Ve 7TOH Nl o6 39 NeR3IP
) 1% =0eNiiy =Na5aS5 0 06K ¥ =32.290 1.135 l.110 * =21.395% Ne916 0850
A B> 0295 =Naitlh =003 % 57 ] J4TH 14099 1.171 3 1eaOHG e 0 e8”% 069?71

13 =0.443 0,002 =0.036 # VeB0N9  =24.643 DeBNE W76l Zalun N o825
* Mode shapes normalised to unit generalised mass. '

Table 2.13 Comparison of fifth normal modes for plane frane in air and water.
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N MEASURED COMPUTED .
MODE FREQUENCY (Hz) FREQUENCY (Hz) 5% W
1 37.9 39.1 3.2% 81
_— 52.7 — — 93
2 58.4 54.1 -7.4% 151
3 63.4 60.9 -3.9% 242
4 67.4 65.0 -3.6% 158
- 72.9 —_ —_— 85
5 78.3 76.3 -2.6% 128
*§ = Measured dynamic magnification

Comparison of Measured and Computed Natural

Frequencies for Plane Frame in Water

TABLE 2.14



MEASURED , .
MODE FREQUENCY (Hz) ENCASTRE SUPPORTS | SIMPLE SUPPORTS 8]
1 39.9 41.2 3.3% 38.1 -2.0% 59
2 69.7 67.6 -3.0% 63.2 -9.3% 92
3 75.8 73.2 -3.4% 72.4 -4.5% 250
4 79.1 78.1 -1.3% 77.9 -1.5% 708
5 82.7 96.1 3.7% 92.1 -0.7% 346

*Q = Measured dynamic magnifications

Comparison of Measured and Computed Natural

Frequencies for Plane Frame

TABLE 2,15




o CHAPTER 3

SELECTION OF FULL SCALE PLATFORM AND COMPUTED RESULTS
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Support joint details
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Figure 3.1B & Table 3.2

Beam element model of full scale platform

Figure 3.1 A
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Yl

X , Y, Z Global co-ordinate directions

X', Y', Z' Support joint co-ordinate directions
84, 85, 85 Support joint angles with respect to

global co-ordinate directions

Orientation of support Joint (Table 3.2)

Figure 3.1 B
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LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

1

I —— —— —_——

f=0.400Hz

——-

f=1.385Hz

N

94
(‘ - £1.+25,5m
- - E1.+18.4m
+ ° El.+ 6.1
/ Z
T s — El.- 6.1m
+ s — E1.-19.8m
Z» — E1.-35.0
P — El1.-51.8m
\T— — E1.-70.1m
\ — El.-77.1m
f=3.015Hz

Mean computed swaj mode shapes for fﬁll scale platform(Tables 3.8,3.12 & 3.:5)

Figure 3.2



LEVEL 9 —

LEVEL 8 -—

LEVEL 7 —-

LEVEL B —

LEVEL 5 —

LEVEL 4 —

LEVEL 3 —

LEVEL 2 —

Level 1 —

Mean computed

Y Y by
- ] (-* -i —  E1.+25.5m
4 - o4 - — E1l.+19.4m
<4 --\Q o/“' - El."‘ 8.1
o—— Aa—— et s e
Rotation Rotation Rotation
<+ + ® ] <+ e _El." 6.1
Je 4 » o + —- E1.--19.8m
dq +4 N < — EI1.-35.0m
M T ; + T — E1.-51.8m
-! ~+ _/ — E1.-70.1
71/ T m
[ , — Fl.-77.1m

f=0.575Hz f=1.466Hz f=3.681Hz

torsion mode shapes for full scale plattorm(Tables 310,3.13‘&3.18)

Figure 3.3



Joint No.

W

1

0

10
11
12
13
14
15
16
17
18
19

20

X{m)

~20.915
-20.915
20915
20.915
-20.041
-20.041
20.041
20,041
-20.041
0.0
0.0
20.041
-19.388
-19.388
19.388
19.388
=17.755
=17.755
17.755
174755

Joint co-ordinates of full scale platform

Z(m)

-17.867
17.867
-17.867
17.867
-16.993
16.993
~16.997
16,993

OQO

~-16.993

16.993
0.0
-16.340
16.340
-16.340
16.340
~14.707
14.707
=14.707

14.707

Table 3f1

Y({m)

~774100
~77.100
-~77.1C0
~77.100
~70.104
~70.104
~70.104
~70.104
~70.104
~70.104
~70.104
~70.104
-64.846
-64.846
~64.846
-64..846
~51.816
-51.816

-51.816

Condition

Support
Support
Support

Suprort

B0



Joint Ho.

21
22
23
24
25
26
27

28

30
31
32
33
54
35
36
37
38
39
40

. (m)

~17.755
0.0
0.0
17.755
~15.661
~15,661
15.661
15.661
-15.661
0.0
0.0
15.661
-13.753
-13.753
13.753
13.753
-13.753
0.0
0.0

13.7753

Tavle 3.1

Z(m)

0.0
=14.707
14.707
0.0
-12.613
12.613
-12.613
12.613
0.0
-12.613
12.613
0.0
-10.705
10.705
-10.705
10,705
0.0
—10.705
10.705

0.0

contd.

Y{m)

-51.816
-51.816
~51.816
-51.816
=35.052
-35.052
-35.052
~35.052
~35.052
=35.052
-35,052
-35.052
-19.812

-19.812

-19.812
-19.812
-19.812
-19.812

-19.812

Condition



Joint No.

41
42
43
44

46
47
48
49
50
51
52
53
54
55
56
57
58 -

59

-13.753
-10,028
13.753
10.028
-12.040
-12,040
12.040
12,040
~-12.04C
0.0
0.0
12,040
-12.040
-8.138
12,040
8.138
-10.516
-10.516

10.516

Table 3.1

~2.896
-2.896
-2.896
-2.896
-8.992
8.992
-8.992
8.992
0.0
-8.992
8.99é
0.0
~2.896
-2.896
-2.896
~-2.8%6
—7.465
7.468

~-7.468

contd.

Y{m}

-~19,812
-19.812
-19.,612
~19.812
~6.096
~6.096
-6.096
~6.096
—6.096
-6.096
~6.096
-6.096

-6.096
~-6.096
6.096
6.096

6.096

Conc¢ition

o~

4.



Joint

60

62
63
64
65
66
67

68

\
Ho,. X(m>

10.516
~10.516
0.0
0.0
10.516
-10.516
—6.440
10.516
6.440
-9.144
-9.144
9.144
9.144
0.0
0.0
9.144
9.144 -
-9, 144
9.144

. Table 3.1

Zm)

7.468
0.0
~T7.468
7.468
0.0
~2.896
~2.896
-2.896
—2.896

6.096

~6.096

6,036

£

-6.096
6.096

-6.086
6.096
0.0
0.0

contd.

Y lm)

6.096
6.096
6.096
6.096
6.096
6.096
6.096
6.096
6.096
17.069
17.069
17.069
17.069
19.431
19.4%1
19.431
19.431
19.431
19.4%1

19.431

Conditicn

(a0



coint Ho.

80
&1
82
83

84

86

87

' X(m)

~9.144
~3.144
-9.144
9.144
9.144

_90 1 44

9.144
0.0

0.0

2{m)

6.096
~6.096
6.096
-6.096
6.096
0.0

0.0

Table 3.1 contd

y{m)

19.47%1
254527
25.527
25.527

25.527

25.527

Conditiocin



JOINT ROTATIONS " ELASTIC SUPPORT CONSTANTS
!

DEGREES - g NEWTON/METER NEWTON x METER / RADIAN

JOINT NO. 81 8o 83 KFX KFY KFZ KMX KMY Kinz
q 79.98 | 45.0 0.0 2.98EB 1.01E8 1.01E8 0.0 1.25E8 1.25€9

2 79.98 | -45.0 0.0 2.96E8 1.01E8 1.01E8 0.0 1.2580 1.25€Q9

3 - 79.98 | 135.0 6.0 | 2.98E8 1.01E8 1.01EB 0.0 1.25E¢ | 1.25E9

4 79.98 }-135.0 0.0 2.98EB 1.01E8 1.01E8 0.0 1.25E8 4.25E9

Support joint details (Figure 3.1 B)

(@3]
.
8]

Tahle

~0



Member Ho. Start End Length (m)

1 5 10 20,041
2 10 7 20,041
3 7 12 16.993
4 - 12 8 16.993
5 1 8 20.041
6 6 11 20,041
7 5 9 16.993
8 9 6 16.993
9 10 9 26,275
10 : 10 12 26.275
11 9 1 26.275
12 12 1 26.275
13 . 17 22 17.755
14 22 19 17.755
15 19 24 | 14,707
16 24 20 14.707
17 18 23 17.755
18 | 23 20 17.755
19 17 -2 14.707

Member incidences of full scale platform

Table 3.3



Member No.

20
21
22
23
24
25
26
27
28
29
30
31"
32
33
34
35
36
37
38
39

40

Start

21
22
22
21
24
25
30
27
32
26
31
25
29
30
30
28
32
33
38
35

43

Table

End

18
24
21
23
23
30
27
32
28
31
28
29
26
32
29
31
31

38

43

40

{3.3) Contd.

14.

23.

23.

23.

23.

15

15

12.

12.

15,

15.

12,

12.

20.

20.

20.

20.

13.

13.

7.

2'

Length

707

055

055.

055

055

. 661

.661

513

613

861

661

813

613

108

108

108

108

753

753

809

896



Member No. Start End Length (m)

41 | 40 38 10.705
42 34 | 39 13.753
43 39 36 13.753
44 33 41 7.809
45 41 37 2.896
46 37 34 10.705
47 38 42 12.710
48 ' 42 37 4.718
49 38 44 12.710
50 44 40 4.718
51 37 39 17.428
52 ‘ 40 39 17.428
53 45 50 12.040
54 50 47 12.040
55 47 55 6.096
56 55 52 2.896
57 52 48 ' 8.992
58 - 46 50 12.040
59 50 48 12.040
60 . 45 55 - 6.096
61 55 49 2.896
62 _ 43 46 8.992
63 50 54 10.168

Table FB.S] Contd.



Member No.

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
78
80
‘ 81
82
83
84
85

86

Start End

54 49
50 56
56 52
49 51
52 51
57 62
62 59
59 67
67 64
64 60
58 63
63 60
57 65
65 61
61 58
10 17
10 19
11 18
11 20
9 18 -
9 17
12 20
12 19

Table (3.3]) Contd.

Length

4.859

10.168

4.859

15.027

15.027

10.516

10.516

4,572

2.896

7.468

10.516

10.516

4.572

2.886

7.468

25.591

25.591

25.591

25.591

23.579

23.578

23.579

23.578




Member No.

87
88
89
90
91
92
93
94
g5
g6
97
98
99

100

101

102

103

104

105

108

107

108

108

Start ’ End
22 25
22 27
23 26
23 28
21 26
21 25
24 28
24 27
30 33
30 35
31 34
31 36
29 34
29 33
32 36
32 35
38 45
38 47
39 46
39 48
37 46
37 45
40 48

Table (3.3) Contd.

l.Length

23.036

23,036

23.036

23.036

21.083

21.083

21.083

21.083

20.616

20.6186

20.616

20.616

18.721

18.721

18.721

18.721

18.331

18.331

18.331

18.331

16.430

16.480

16.480

70




Member No. Start End Length (m)

110 40 47 16.480

111 50 57 16,172
112 50 59 16.172
113 51 58 16.172
114 51 60 16.172
115 49 58 14,378
116 49 57 14.378
17 52 B0 14,378
118 52 59 14,378
119 1 5 7.104
120 3 7 7.104
121 . . 2 6 7.104
122 4 8 7.104
123 17 25 17.024
124 25 33 15.477
125 | 33 45 13.9268
126 45 57 ' 12;381
127 19 27 17.024
128 27 35 15.477
129 35 47 - 13,928
130 47 59 12.381
131 | 18 26 17.024

132 26 34 15.477

Table (3.3) Contd.



Member No.

133
134
135
136
137
138
139
140
141
142
143
144
145
148
147
148

148
150
151

152

Start End
34 48
46 58
20 28
28 36
36 48
48 60
19 15
17 13
20 16
18 14
62 66
66 61
61 63
62 68
68 64
64 63
57 69
71 59
58 70
72 60

| B8 14

8 16
7 15

Table (3.3) Contd.

Length

13.928

12.381

17.024

15.477

13.928

12.381

13.233

13.233

13.233

13.233

7.898

4.9G9

12.897

7.898

4.889

12.887

11.143

11.143

11.143

11.143

5.338

-5.338

5.338



Member No. Start End Length (m)

156 s 13 5.338
157 35 44 8.652
158 43 a4 3.725
159 42 41 3.725
160 33 42 8.652
161 45 54 7.238
162 54 53 3.801
163 47 56 7.238
164 55 56 3,801
165 57 66 ' 6.125
166 66 65 4.075
167 ‘ 59 68 6.125
168 67 68 . 4.075
169 83 86 6. 096
170 86 84 6.096
171 | 87 83 9.144
172 81 87 © 9.144
173 85 82 5.096
174 81 85 6.086
175 88 84 . 9.144
176 82 88 9.144
177 87 86 10.990
178 87 85 10.990

Table (3.3) Contd.



Member No.

179
180
181
182
183
184
185
186
187
188
188
190
191
192
193
194
195
196
197
198
198
200

201

Start End
86 88
85 88
75 78
78 76
73 75
79 75
77 80
79 77
74 76
80 74
73 78
73 77
78 74
77 74
75 86
78 B6
75 87
79 87
80 85
79 85
76 88
80 88
75 83

Table (3.3] Contd.

74

Length (m)

10.990
10.990
6.086
6.096
9.144
18.288
6.096
6.096
9.144
9.144
10.990
10.890
10.990
10.990
' 8.621
8.621
10.990
10.990
8.621
8.621
10.990
10.950

6.036



Member No. Start End Length (m)

202 76 83 6.096

203 80 82 6.096
204 79 81 6.056
205 75 71 2.362
206 - 76 72 2.362
207 79 69 2.362
208 80 70 2.362

Table 3.3 contd



MEMBER NO.

1

13

21

25

33

37

47

53

63

69

79

87

95

111

119

123

143

149

153

157

169

173

189

197

205

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

12

20

24

32

36

46

52

62
68
78
86
94

110

118

122

142

148

188
196
204

208

Ax (m?)

3.213E-2
1.568E-2
2.381E-2
1.368E-2
2.181E-2
1.368E-2
2.181E-2
1.368E-2
1.974E-2
1.386E—2
1.774E-2
3.213E-2
2.381E-2
2.181E-2
1.974E-2
1.674E-1
1.507E-1
1.368E-2
1.428E-1
1.648E<1
1.368E-2
1.428E-1
2.858E-3
6.645E-3
2.619E-2

1.428E-1

Tx (m3)

3.3405-3
6.094E-4
2.122E-3
4.,024E-4
1.625E-3
4.029E-4
1.625E-3
4,029E-4
1,213E-3
4,029E-4
8.766E-4
3.340E-3
2.122€-3
1.625E-3
1.213E-3
4.318E-2
4.014E-2
4.029E-4
3.738E-2
4.475E-2
4.029E-4
3.738E-2
8.325E-8
4.1626-7
1.261E-3

3.738E-2

Member propefties

Table 3.4

Iy(m%)

1.67€E-3

3.047E-4
1.0861E-3
2.015E-4
8.125E-4
2.015c-4
8.125E-4
2.015E-4
6.064E-4
2.015E-4
4.383E-4
1.8670E-3
1.061E-3
8.125E-4
6.064E-4
2.159E-2
2.007E-2
2.015E-4
1.889E-2
2.18BE-2
2.015E-4
1.869E-2
2.104E-3
1.045E-4
6.306E-4

1.868E-2

s

72 (mh)

1.67E-3

3.047E-4
1.081E-3
2,015E-4
8.125E-4
2.015E-4
8.125E-4
2.015E-4
6.064E-4
2.015E-4
4,383E-1

-3

M

1.870
1.081C-3
8.125E-4
6.064E-4
2.159E-2
2.007E-2
2.015E-4
1.B869E-2
2.18BE-2
2.015€E-4
1.869E-2
1.399E-4

3.663E-5

. 6.305E-4

1.669E-2



JOINT NO. DYNAMIC DEGREES JOINT INERTIAS

OF FREEDOM (kg)
17 X 154 ,3E3
18 ' X  z 154.3E3
19 X z 154,3E3
20 - X 7z 154.3€3
25 ' X z 75.2E3
26 Xz 76.2E3
27 X 76.2E3
28 X  z 76.2E3
33 X z 72.263
34 X zZ 72.2E3
35 X z 72.2E3
36 X  zZ 72.2E3
45 X  zZ 69.4E3
46 X Z 69.4E3
47 X z 69. 4E3
48 X 69.4E3
57 X 35.3E3
58 Xz 35.3E3
59 , X z 35.3E3
60 X z 35.3E3
75 X z  263.963
76 X 7 263.9E3
79 X 2 263.9E3
80 X z ' 263.9E3
81 : X z 239.9E3
82 X  zZ 239.,9E3
83 | Xz | 239.5E3
84 X Z . 239, 9E3

Joint inertias of full scale platform

Table 3.5



~LAMAGED MEMBER NO. | MEMBER NO. | MEMBER NO. MEMBER NO. MEMBER NO.
UNDAEREED‘ 117 . 109 101 g3 85
MODE FREQ(Hz) | FREQ(Hz) EREDUCTION FREQ(Hz) | REDUCTION| FREQ(Hz) |REDUCTTON | FREQ(Hz) ?REDUCTION FREQ(Hz) %REDUCTION
; ; . TrooT e S ’ T ”"‘%“"" o
SWAY Z,1 5.400 0.368 % 8.0% 0.393 1.8% 0.391 2.3% 0.393 i 1.8% 0.389 E 2.8%
SWAY X,1 0.428 0.426 é N.R. 0.426 N.R. 0.428 N.R. 0.426 ? N.R G.4265 % N.R
TORSION 1 | G.579 0.543 é 6.2% 0.573 1.0% 0.570 1.65% 0.571 E 1.4% 0.563 | 2.8%
,« ! ;
SWAY X, 2 1.373 1.372 5 N.R. 1.373 N.R. 1.373 N.R. 1.373  N.R. 1.372 % N.R.
SWAY Z,2 1.385 1.320 § 4.7% 1.383 | N.R, 1.335 3.6% 1.240 . 10.5% 0.944 ! 31.8%
TORSION - 2 | 1.466 " 1,460 ; N.R. 1.462 é N.R. 1.447 | 1.3% 1.442  1.8% 1.457 | 2.0%
: i i
SWAY Z,3 3.015 2.596 % N.R. 2.410 i 20.1% 2.243 } 25.6% 2.420  19.7% 2.784 | 7.7%
i ' ! . | |
SWAY X,3 3.110 3.109 i N.R. 3.110 | N.R. 3.110 | N.R. 3.110 ? N.R. 3.110 | N.R.
TORSION 3 | 3.881 3.675 | N.R. 3.601 E 2.2% 3.601 | 2.23% 3.601 | 2.2% 3.6831 1.4%

N.R. €1% Reduction

Computed naturel frequencies of full scale platform

Table 3.6




MEMBER NO.

AMAGED MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO.
jji;XQREEIr 114 108 98 90 82

| ! !

MODE FREQ(Hz) | FREQ(Hz) | REDUCTION | FREQ(Hz) REDUCTION | FREQ(Hz) [REDUCTION| FREQ(Hz) |REOUCTION| FREQ(Hz) |REDUCTION .
SWAY Z,1 0.400 0.400 N.R. 0.400 N.R. 0.400 N.R. 0.400 N.R. 0.400 N.R.
SWAY X,1 0.426 0.390 8.5% 0.417 2.1% 0.413 3.1% 0.415 2.6% 0.410 3.8%
TORSION 1 | 0.579 0.544 6.0% 0.562 2.5% 0.559 3.5% 0.563 2.8% 0.559 3.5%
SWAY X,2 1.373 1.325 3.5% 1.372 N.R. 1.347 1.9% 1.280 i 5.8% 1.027 25.2%
SWAY Z,2 1.385 1.385 N.R 1.385 N.R. 1.385 N.R. 1.385 § N.R. 1.385 N.R
TORSION 2 | 1.468 1.480 N.R. 1.485 N.R. 1.452 1.0% 1.441 ; 1.7% 1.434 | 2.2%
SWAY Z,3 3.015 3.015 N.R. 3.015 | MR 3.015 N.R 3.015 % N.R. 3.015 % N.R.
SWAY X,3 3.110 3.103 N.R. 2.608 16.1% 2.396 23% 2.524 ;18.82 2.908 E 5.5%
TORSION 3 | 3.881 3.659 N.R. 3.604 2.1% 3.602 | 2.2% 3.602 i 2.2% 3.659 : N.R.

i i B

N.R. €1% Reduction

Computed natural frequencies of full scale platform

Table 3.7

~!
[da]



TABLE 3.8

LEVEL } JOINT ID 83 81 82 84 MEAN DISPL.
DX 0.003 | 0.004 | 0.005 .004
° DZ 1.000 | 0.999 | 0.999 .00C | 1.000
LEVEL JOINI 1D 75 79 80 76
DX 0.004 | 0.003 | 0.003 .005
° Dz 0.980 | 0.979 | 0.979 .980 | 0.980
LEVEL | JOINT ID 59 57 58 60
DX 0.003 | 0.003 | 0.003 .003
’ Dz 0.616 | 0.610 | 0.610 .616 | 0.613
LEVEL | JOINT ID 47 45 46 48
DX 0.003 | 0.003 | 0.004 .004
° Dz 0.503 | 0.501 | 0.501 503 | 0.502
LEVEL | JOINT ID 35 33 34 36
DX 0.004 | 0.004 | 0.004 .004
i Dz 0.406 | 0.405 | 0.405 .406 | 0.406
LEVEL | JOINT ID 27 25 26 28
DX 0.004 | 0.004 |0.005 .005
! Dz 0.301 | 0.299 |0.299 .301 }0.300
- LEVEL | JOINT ID 19 17 18 20
DX 0.005 ] 0.005 |0.c05 .005
’ Dz 0.198 }0.197 | 0.197 .199 | 0.198
NORMALISED MODE SHAPE FOR sQAY Z,% ;3 £ = 0.400 Hz.

[

o



LEVEL | JOINT ID 83 81 82 84 MEAN DISFL.
DX 0.898 0.998 1.000 1.008 1.000
’ DY 0.000 0.001 C.001 0.000
LEVEL JBINT ID © 75 78 80 76
DX 0.978 0.978 0.980 0.880 0.980
’ D7z 0.001 0.000 0.002 0.001
LEVEL JOINT ID 59 57 58 B0
DX 0.561 0.561 0.581 0.561 0.561
’ DZ 0.000 0.001 0.000 0.000
LEVEL | JOINT ID 47 45 48 48
DX 0.463 0.463 0.463 0.463 0.463
° DZ 0.000 0.000 0.000 0.000
LEVEL | JOINT ID 35 33 34 36
DX 0.382 0.382 0.382 0.382 0.382
i Dz 0.000 0.000 0.000 0.000
LEVEL  { JOINT ID 27 25 26 28
DX 0.280 0.290 0.280 0.280 0.290
! [BY4 0.000 0.000 0.0600 0.060
LEVEL | JOINT ID 19 . 17 18 20
DX D.ZQD 0.200 0.200 0.200 0.200
’ Dz 0.000 0.000 0.000 0.000
NORMALISED MODE SHAPE FOR SWAY X,1 ; f = 0.427 Hz

TABLE 3.9

81



oz

MEAN
LEVEL | JOINT 1D 83 81 82 84 ROTATION  ROTATION
b DX -0.668 | -0.668 | 0.667 | 0.867 |1.00
9 1.000
DZ -0.980 | 1.000 | 1.000 | -0.980 |o0C.988
LEVEL | JOINT ID 75 79 80 76
DX -0.639 | -0.639 | 0.638 | 0.838 |0.957
8 0.963
Dz -0.958 | 0.380 | 0.980 | -0.958 | 0.958
LEVEL | JOINT ID 59 57 58 50
DX -0.194 | -0.194 | 0.192 | 0.192 | o0.236
7 0.251
DZ -0.302 | 0.304 | 0.304 | -0.302 | 0.263
LEVEL | JOINT 1D 47 45 46 48
DX -0.161 | -0.161 0.160 | 0.160 | 0.163
B 0.171
DZ -0.231 0.233 | 0.233 | -0.231 |0.178
LEVEL | JOINT ID 35 33 34 36
DX -0.155 | -0.155 | 0.153 | 0.153 | 0.131
5 0.135
DZ -0.209 | 0.211 0.211 | -0.208 | 0.139
LEVEL | JOINT ID 27 25 26 28
DX -0.137 | -0.137 | 0.136 | 0.136 | 0.099
4 0.103
DZ -0.179 | 0.180 | 0.180 | -0.179 | 0.105
LEVEL | JOINT ID 19 RV 18 20
DX -0.123 | -0.123 | 0.122 | 0.122 | 0.076
3 0.078
Dz -0.154 | 0.154 | 0.154 | -0.154 | 0.079
NORMALISED MODE SHAPE FOR TORSION 1 ; £ = 0.579 Hz.

TABLE 3.10




LEVEL | JOINT 1D 83 81 82 84 | MEAN DISPL.
DX -0.260 |-0.261 |-0.260 |-0.260 | -0.260
; D7 -0.008 |-0.007 |{-0.006 {-0.007
LEVEL JOfNI ID 75 79 80 76
DX -0.239 |-0.236 |-0.239 |-0.239 | -0.239
° bz -0.009 |-0.005 |-0.008 |-0.005
LEVEL | JOINT ID 59 57 58 60
DX 0.777 | 0.777 | 0.777 | 0.777 | 0.777
’ DZ 0.018 | 0.018 | 0.019 | 0.019
LEVEL | JOINT ID 47 45 46 48
DX 0.942 | 0.942 | 0.942 | 0.942 | 0.942
° DZ 0.024 | 0.023 | 0.024 | 0.024
LEVEL | JOINT ID 35 33 34 36
DX 1.000 | 1.000 |1.000 | 1.000 | 1.000
’ DZ 0.026 | 0.025 |0.025 | 0.026
LEVEL | JOINT ID 27 25 26 28
DX 0.997 | 0.997 |0.997 | 0.997 | 0.897
! Y4 0.026 | 0.025 }0.025 | 0.028
.LEVEL | JOINT ID 19 17 18 20
DX 0.934 | 0.933 |0.933 | 0.933 | 0.933
> Dz 0.024 | 0.024 |0.023 | 0.024

NORMALISED MODE SHAPE FOR SWAY X,2 ; f = 1.373 Hz.

TABLE 3.11



TABLE 3.12

LEVEL | JOINT ID 83 81 82 84 MEAN DISPL.
DX ~0.005 0.000 |-0.010 }-0.008
; DZ -0.258 |-0.255 [-0.255 |-0.25%2 -0.259
LEVEL JOINT ID 75 79 80 76
DX -0.007 |-0.004 {-0.007 [-0.002
° DZ -0.258 |-0.254 |-0.254 [-0.258 -0.256
LEVEL | JOINT ID 59 57 58 60
DX 0.006 0.008 0.002 0.008
’ Dz 0.730 0.728 0.728 0.730 0.730
LEVEL JOINT ID 47 45 46 48
DX 0.007 0.007 0.008 0.010
° Dz 0.928 0.926 0.926 0.928 0.928
LEVEL | JOINT ID 35 33 34 36
DX 0.008 0.007 0.009 0.010
° DZ 1.000 0.998 0.998 1.000 1.000
LEVEL +{ JOINT ID 27 25 26 28
DX 0.007 0.005 0.008 0.006
! Dz 0.998 0.954 0.894 0.8398 0.997
~LEVEL | JOINT ID 19 17 18 20
DX 0.004 0.005 0.006 0.004
° DZ 0.926 0.924 0.924 0.926 0.926
NORMALISED MODE SHAPE FOR SWAY 7,2 ;3 f = 1.385 Hz.
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, MEAN
LEVEL | JOINT 1D 83 81 82 84 ROTATION  ROTATION
DX 0.124 | 0.124 | -0.123 | -0.123 | -0.283
9 ' -0.261
Dz 0.168 | -0.197 | -0.197 | 0.188 | -0.279
LEVEL | JOINT ID 75 79 80 76
DX 0.095 | 0.095 | -0.095 | -0.095 | -0.218
8 -0.220
DZ 0.144 | -0.148 | -0.148 | 0.144 | -0.222
LEVEL | JOINT ID 59 57 58 )
DX -0.487 | -0.487 | 0.486 | 0.486 | 0.307
7 0.905
Dz -0.676 | 0.685 | 0.885 | -0.678 | 0.903
LEVEL | JOINT ID 47 45 46 48
DX -0.645 | -0.645 | 0.843 | 0.643 | 1.000
6 1.000
DZ -0.858 | 0.869 | 0.869 | -0.858 | 1.000
LEVEL | JOINT ID 35 33 34 36
DX -0.741 | -0.741 | 0.739 | 0.739 | 0.964
5 0.870
DZ -0.958 | 0.967 | o0.367 | -0.958 | 0.975
LEVEL | JOINT ID 27 25 26 28
DX -0.798 | -0.798 | 0.798 | 0.796 | 0.881
4 0.885
D2 -p.996 | 1.000 | 1.000 | -0.896 | o0.889
LEVEL | JOINT 1D 19 17 | 18 20
DX -0.809 | -0.803 | 0.806 | 0.808 | 0.765
3 0.768
DZ -0.980 | o0.986 | o0.986 | -0.980 | 0.771

NORMALISED MODE SHAPE FOR TORSION 2 ; f = 1.4B6 Hz.

TABLE 3.13




TABLE 3.14

LEVEL | JOINT ID 83 81 82 84 | MEAN DISPL.
DX -0.013 |-0.013 |-0.014 |-0.014 | -0.014
i DZ 0.000 | 0.000 | 0.001 | 0.001
LEVEL | JOINT ID 75 79 80 76
DX ~0.112 |-0.113 |-0.114 |-0.113 | -0.113
i DZ 0.002 |-0.003 | 0.002 |-0.002
LEVEL | JOINT ID 59 57 58 60
DX 1.000 | 1.000 | 1.000 | 1.000 [ 1.000
’ DZ 0.002 | 0.001 | 0.002 | 0.00%
LEVEL | JOINT ID 47 45 46 48
DX 0.894 | 0.894 | 0.B94 | 0.8394 | 0.894
i DZ 0.002 | 0.001 | 0.001 | 0.001
LEVEL | JOINT ID 35 33 34 36
DX 0.437 | 0.437 | 0.437 | 0.437 |0.437
’ Dz 0.001 |0.001 | 0.001 | 0.001
LEVEL } JOINT ID 27 25 26 28
_ DX -0.191 |-0.191 |-0.182 [-0.192 | -0.182
* DZ -0.001 | 0.000 | 0.000 | 0.000
LEVEL | JOINT ID 19 17 18 20
DX -0.768 |-0.769 [-0.769 |-0.768 | -0.769
’ Dz 0.00 }-0.001 |0.000 |-0.001
NORMALISED MODE SHAPE FOR SWAY X,3 ; f = 3.110 Hz



MEAN DISPL.

NORMALISED MODE SHAPE FOR SWAY 2,3 ; f

TABLE 3.15

LEVEL [ JOINT ID 83 81 82 84
DX 0.001 0.802 C.001 0.001
; DZ' -0.002 (|-0.004 ([-0.004 |-0.002 -0.083
LEVEL JOINT ID 75 79 80 76
DX‘ 0.005 0.002 0.003 0.001
° DZ -0.151 J-0.153 [-0.153 -0.151 -0.152
LEVEL | JOINT ID 58 57 58 60
DX 0.008 0.003 0.009 0.002
’ Dz 0.998 1.000 1.000 0.898 1.000
LEVEL | JOINT ID 47 45 486 48
DX 0.007 0.005 0.006 0.009
° DZ 0.816 0.918 0.918 0.918 $.918
LEVEL | JOINT ID 35 33 34 36
, DX 0.005 0.004 0.005 0.003
° DZ D.442 D.444 0.444 0.442 0.443
LEVEL ] JOINT ID 27 25 26 28
DX 0.002 0.004 0.003 0.005
! Dz -0.202 |-D0.200 |-0.200 {-0.200C -0.201
LEVEL JOINT IO 19 17 18 20
-DX 0.001 0.002 0.005 0.004
. Dz -0.777 |-0.782 |-0.782 |-0.777 -0.780
3.015 Hz




T

Ul

MEAN
LEVEL | JOINT ID 83 81 82 84 ROTATION  ROTATICN
DX 0.067 0.067 | -0.066 | -0.066 | -0.120
g 0.008
DZ -0.118 0.111 0.111 | -0.118 0.136
LEVEL | JOINT. ID 75 73 80 76
DX 0.125 0.125 | -0.125 | -0.125 | -0.225
8 -0.047
nz -0.108 0.110 0.110 | -0.108 0.131
LEVEL | JOINT ID 59 57 58 80
: DX 0.674 0.874 | -0.678 | -0.678 | -0.994
7 -1.000
DZ 0.960 | -0.955 | -0.955 0.960 | -1.000
LEVEL | JOINT ID 47 45 46 48
DX 0.740 0.740 | -0.740 | -0.740 | -0.204
B -0.910
DZ 1.000 | -0.988 | -0.998 1.000 | -0.911
LEVEL | JOINT ID 35 33 34 36
DX 0.457 0.457 | -0.458 | -0.458 | -0.469
5 -0.472
Dz 0.594 | -0.583 | -0.589 0.594 | -0.472
LEVEL | JOINT ID 27 25 26 28
DX -0.092 | -0.092 0.092 0.092 0.080
4 : ‘ 0.078
Dz -0.112 0.104 0.104 | -0.112 0.078
LEVEL | JOINT ID 19 17 18 20
DX -0.816 | -0.816 0.617 0.617 0.460
3 0.458
Dz -0.739 0.735 0.735 | -0.739 0.456
NORMALISED MODE SHAPE FOR TORSION 3 ; f = 3.681 Hz

TABLE 3.16




S CHAPTER 4

MODEL PLATFORM DESIGN AND COMPUTED RESULTS
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Figure 4.4
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X,Z or Y to a joint number indicate dynamic degrees of freedom
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Lower deck frame
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Dynamic degrees of freedom for model platform decks

Figure 4.5
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LEVEL 8 — ¢ / V1 A — El.+1.108m
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I > [
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£215.07Hz £=62.59Hz £=136.02Hz

Mean computed sway mode shapes for model platform (Tables 4.10,4.13 & 4.18)

Figure 4.6



Ovalising mode shape of level 2 for model platform, f=38.60 Hz {Table 4.193),

Figure 4.7
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Figure 4.8 Computed acceleration receptance < (Figures 4.4 & 4.5) for model platforrp (Tables 4.6 to 4.9)
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2.1

I T | ! T 1 T T
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Figure 4.9 Computed acceleration receptance "522,822(Fig‘-’r9 4.4 & 4,5) for model platform (Tables 4.6 to 4.9)
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Joint

10
1
12
13
14
15
16
17
18

20

0.870

-0.870

-0.870

0.870

0.0

-0.87

0.87

0.780

-0.790

-0.790

© 0.790

~-0.780

0.79

Z {m)

-0.750
0,750
0.750
0.750
-0.717
-0.717
0.717
0.717
-0.717
0.0
0.717
0.0
-0.628
0.628
0.628
0.628

-0.628

Y (m)

-3.400
-3.400
-3.400
-3.400
-3.100
-3.100
-3.100
-3.100

-3.100

-3.100
-3.100
-2.300
-2.300
-2.300
-2.300
-2.300
-2.300

-2.300

Joint co-ordinetes of model platform

Table 4.1

103

Condition

Support
Support
Support

Support



Joint No.

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38
39

40

X (m)

0.715
-0.715
-0.715

0.715

-0.645
0.0
0.645
0.580

-0.580

-0.580

0.580

Z (m)

-0.544
-0.544
0.544
0.544

-0.544

0.544
0.0
-0.467
-0.467
0.467
0.467
-0.467
0.0
0.467

~ 0.0

-0.394

-0.394
-0.394

0.394

Table 4.1 contd

Y (m)

-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-0.850
-0.850
-0.850
-0.850
-0.850
-0.850
-0.850
-0.850
-0.200
-0.200
-0.200

-0.200

Condition

04



Joint No. . X (m) Z (m) Y (m) Conditicn
41 \\ 0.0 -0.394 -0.200
42 -0.580 0.0 -0.200
43 0.0 0.394 -0.200
44 0.580 | 0.0 -0.200
45 0.0 -0.328 0.40
46 -0.520 0.0 0.40
47 0.0 0.328 0.40
48 0.520 0.0 0.40
49 0.520 0.328 ' 0.40
50 0.520 -0.328 0.40
51 -0.520 -0.328 0.40
52 - -0.520 : 0.328 0.40
53 ‘ 0.900 -0.500 1.108
54 0.800 0.500 1.108
55 0.450 0.0 1.108
56 - 0.900 0.0 1.108
57 0.675 0.250 1.108

58 0.675 -0.250 1.108
59 0.900 0.250 1.108
60 0.900 -0.250 1.108
61 0.900 -0.250  1.418

Table 4.1 contd



Joint No.

62
63
64
65
66
67
68
69
70
71
" 72
73
74
75
78
77
78
79
80
81

82

X (m)

0.800

0.45

0.45

0.45

0.45

0.45

0.45

0.675

0.0

-0.450

-0.450

0.900

0.500

0.450

0.450

0.450

0.0

0.0

-0.450

-0.450

0.675

Z (m)

0.250
-0.500
0.500
-0.500
0.500
0.250

~-0.250

0.0
-0.250
0.250
-0.500
Q.SDO
-0.250
0.250
0.0
-0.250
0.250

0.500

-0.500°

Table 4.1 comtd

\r

(m)

.418

.108

.108

.418

.418

.108

.108

.108

.108

.108

.108

.418

.418

.418

.418

.418

.418

.418

.108

.108

.278

1Ch

Condition



Joint No. X (m) Z (m) Y (m) Condition
83 Y o ©-0.250 1.108
84 0.0 0.250 1.108
85 -0.450 0.0 1.108
86 -0.450 -0.500 1.418
87 -0.450 0.500 1.418
88 -0.450 -6.250 1.418
89 -0.450 0.250 1.418
90 0.0 0.0 1,279
91 -0.675 -0.250 1.108
92 -0.675 0.250 1.108
93 -0.450 0.0 1.418
94 ~0.900 -0.250 1.418
g5 ' -0.900 0.250 1.418
% -0.900 0.500 1.108
g7 -0.900 -0.500 1.108
‘98 ~ -0.800 0.0 1.108
9s -0.675 0.0 , 1.108
100 -0.900 -0.250 1.108
101 -0.900 0.250 1.108
102 -0.900 -0.500 1.418
103 -0.300 0.500 1.418

Table 4.1 contd



Member No.

10
11
12
13
14
15
AS
17
18
18

20

~

 Start

13
21
29
37

50

14

22
30
38

51

15
23
31

39

End

13

21

28

37

50

68

14

22

30

38

51

71

15

23

31

38

52

Length (m)

0.303
0.808
0.758
0.707
0.657
0.606
0.715
0.303
0.808
0.758
0.707
0.657
0.606
0.715
0.303
0.808
0.758
0.707
0.657

0.606

Member incidences of model platform

Table 4.2



Member No.

21
22
23
24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39

40

\Start

\
4

52

16

24

32

40

49

13

14

14

15

End

72

16
24
32
40
49

67

10
10
11
11
12
12
17
17
18

18

Table 4.2 contd

Length (m)

0.715

0.303

0.808

0.758

0.707

0.657

D.606

0.715

0.870

0.870

0.717

0.717

0.870

0.870

0.717

BD.717

0.7380

0.628

0.628

109



Member No.

41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57

58
59

60

_ Start

A

15

16

16

13

21

22

22

23

23

24

24

21

29

30

31

32

37

38

39

40

End
| 19
19
20
20
25
25
26
26
27
27
28
28
33
33
35
35
41
41
43

43

Table 4.2 contd

0.628

0.628

0.715

0.715

D.544

0.544

0.715

0.715

0.544

0.544

0.645

0.645

0.645

0.645

0.580

0.580

0.580

0.5860

110



Member No.

61
62
63
64
65
66
67
68
69
70
71
72
73

74
75
76
77
78
79

80

Start

30
31
29
32
38
39
37
40
50
51
51
52
52
49
49

50

10

10

Table

End

34

34

36

36

42

42

44

44

45

46

46

47

47

48

48

13

14

14

15

4,2 contd

Length

0.
0.
0.
D.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1.

1

1.

1.

467

487

487

467

394

384

384

384

520

520

328

328

520

520

328

328

127

27

020

020

(m)

11




Member No. Start End Length (m)

81 | 11 15 1.127

82 "mo 16 1.127
83 12 18 1.020
84 12 13 1.020
85 17 21 1.039
86 17 22 1.039
87 18 22 0.929
88 18 23 10.929
89 19 23 1.039
90 19 24 1.0389
91 20 24 0.929
92 ‘ 20 21 0.929
93 25 29 0.954
94 . 25 30 0.954
95- 26 30 0.844
96 2 31 0.844
g7 27 31 0.954
98 27 32 0.954
99 28 32  0.844
100 | 28 29 ’ 0.844

Table 4.2 contd

-
-5
P



Member No. Start End Length (m)

101 44 43 0.686
102 44 50 0.686
103 36 40 0.762
104 36 37 0.762
105 42 52 0.686
106 42 51 0.686
107 34 38 0.762
108 34 39 0.762
109 45 46 0.614
110 46 47 0.614
111 47 48 0.614
112 45 48 0.614
113 ‘ 41 42 0.701
14 a2 43 0.701
115 43 44 0.701
116 Y 44 0.701
117 33 34 ~ 0.796
118 34 35 0.796
119 35 36 0.796
120 33 36 , 0.796

Table 4.2 contd

(€3}



Member No. Start End Length (m)

A

121 9 10 1.127
122 g 12 1.127
123 10 11 1.127
124 11 ‘ 12 1.127
125 17 18 1.009
126 17 20 1.009
127 18 19 1.009
128 19 20 1.009
129 25 26 0.898
130 25 28 0.898
131 26 27 0.898
132 . 27 28 0.898
133 ‘ 33 37 0.874
134 - 33 38 0.874
135 .35 39 0.874
136 35 40 0.874
137 41 50 ~0.796
138 41 51 0.796
139 43 52 0.796
140 43 49 - 0.796

Table 4.2 contd



Member No. Start End Length (m)

141 102 86 0.450

142 88 94 0.450
143 83 85 0.450
144 103 87 0.450
145 53 60 0.250
146 56 60 0.250
147 56 59 0.250
148 54 59 0.250
149 53 63 0.450
150 58 60 0.225
151 68 58 0.225
152 ‘ | 56 69 0.225
153 | 55 69 0.225
154 5 69 0.250
155 57 69 0.250
156 | 57 59 0.225
157 67 '57 ' 0.225
158 54 64 0.450
159 68 63 0.250
160 68 55 ’ 0.250

Table 4.2 contd
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Member No. ~ Start End Length {m)
161 \87 55 0.250
162 67 64 0.250
163 B3 81 0.900
164 68 83 0.450
165 71 83 0.450
166 55 70 0.450
167 7% 70 0.450
168 67 84 0.450
169 72 84 0.450
170 64 80 0.900
171 83 70 0.250
172 . 84 70 0.250
173 71 81 0.250
174 71 85 _ 0.250
175 72 85 0.250
478 | 72 80 0.250
177 97 81 : 0.450
178 721 91 - 0.225
179 91 100 0.225
180 85 98 ‘ 0.225

Table 4.2 contd



Member No.

181
182
183
184
185
186
187
188
189
190
191
182
183
194
195
196
197
198
189

200

Start

98
72
92
96
91
92
g7
98
98
96
73
61
T
73
75
76

74

75

76

Table

4.2

End

99
92
101
80
59
9g
100
100
101
101
61
62
62
65
61
62
66
65
77

66

contd

Length

0.
0.
a.
0.
g.
. 0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.

225

225

225

450

250

250

250

250

250

250

250

500

250

450

450

456

450

250

250

250

{m}



Member No.

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
213

220

Start

B5
75
89
66
68
71
72
67
76
88
78
89
88
88
88
102
94
103
70

69

End

86
78
79
87
75
88
89
76
77
78
79
93
86"
93
87
94
a5
95

90

82

Table 4.2 contd

Length (m)

0.900
0.450
0.450
0.900
0.310
0.310
0.310
0.310
0.250
0.450
0.450
0.250
0.250
0.250
0.250
0.250
0.500
0.250
0.171

0.171



Member No. Start End Length (m)

221 81 86 0.310

222 100 94 0.310
223 104 95 0.310
224 80 87 0.310
225 68 61 0.546
226 67 62 0.546
227 68 65 0.398
228 67 66 0.398
229, 68’ 77 0.398
230 67 77 0.398
231 68 78 0.546
232 ‘ 71 . 78 0.546
233 67 79 - 0.546
234 - - 72 79 0.546
235 71 86 0.398
235 | 71 93 . 0.398
237 72 | 93 © 0.398
238 72 - 87 0.398
239 71 94 0.546
240 72 95 ' 0.546

Table 4.2 contd
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Member Na. §tart End Length (m)

4

241 60 81 0.310
242 59 62 0.310
243 63 65 0.310
244 64 66 0.310

Table 4.2 contd



Member Properties .

Material Constants

Member No. Ax(m?) Ix(mh) Iy (m%) Tz(m?) E(N/2) GN/2) (KC/3)
1 to 28 9.23E-4 84.3E-8 53,3E-6 53.3E-8 2.1E11 0.6E11 7.85E3
29 to 100 2.61E-4 3.50E-8 2.00E-8 2.00E-8 2.1E11 0.8E11 7.85E3
101 to 140 | 1.31E-4 1.00E-8 0.62E-8 0.62E-8 2.1E11 0.8E11 7 .85E3
141 tc 218 | 9.23E-4 84.3E-8 ' 53.3E-8 53.3E-8 2. 1611 0.8E11 0.0"""
219 & 220 52.0E-4 720.E-8 360.E-8 360.E-8 2.1E14 0.8E11 0.0°""

. 221 to 244 | 2.61E-4 3.50E-8 2.00E-8 2.00E-8 2.1E11 0.8E11 o0.07 """

* %

* Mass of deck members

calculatedmanually and included in the computer model as concentrated inertias .

Table 4.3

Member properties and material constants



- JOINT ROTATIONS

ELASTIC SUPPORT CONSTANTS

DEGREES NEWTON/METER NEWTON X METER / RADIAN
* *

JOINT NO. 84 87 83 KFX KFY KFZ KMX KmY KMz
1 0.0 -62.26 0.0 — 117 .BEB — — —_ 805.8E3
2 0.0 -117.74 0.0 —_— 117 .BES —_— _ — 905.6E3
3 G.0 117.74 0.0 — 117 .6EB — — —_ 905.6E3
4 0.0 62.26 0.0 -— 117 .BES — — —_— 905.6E8

*Elastic support constants assumed infinite

Support joint details (Figure 3.1 B)

Table 4.4
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DYNAMIC DEGREES

‘OF FREEDOM JOINT INERTIAS (KG)
JOINT NO. - FORCE X Y 2
1 to 4 \None — — —_
5toc B X Y Z Consistent Consistent Consistent
9 to 12 X VA o " "
13 to 18 X Y Z " " "
17 to 20 X Z " " "
21 to 24 X Y Z " " "
25 to 28 X Z " " "
29 to 32 X Y Z " " "
33 to 36 X VA " " "
37 to 40 X Y Z " " "
41 to 48 X z " " "
43 to 52 X Y Zz " " "
53 to 54‘ XY Z 2.85 5.38 2.85
55 to '58 None — — —
59 to 60 X Y Z 4.87 9.30 4.67
61 to 62 X 74 5.22 — 5.22
63 to 64 X Y Z 6.11 12.65 6.11
65 to 66 X z 6.52 - 6.52
67 to 68 X Y Z 10.69 20.40 10.69

Table 4.4

Joint inertias of model platform
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DYNAMIC DEGREES

OF FREEDOM JOINT INERTIAS (KG)
JOINT NO. FORCE X v 7
69 X Y zZ 24.52 24.52 24.52
70 X Y Z 27.26 27.26 27.26
71 to 72 X Y zZ 10.69 20.40 10.69
73 to 74 X z 2.53 — 2.53
75 to 76 X i 9.70 — 9.70
77 to 79 None —_ — —
80 to 81 X Y zZ 6.11 12.85 6.1
82 X Y zZ 14.02 14.02 14.02
83 to 85 None - - -
86 to 87 X Z 6.52 — 6.52
88 to B9 X i 9.70 — 9.70
80 X Y Z 14.02 14.02 14.02
91 to 93 None —_ — —
94 to 95 X 7 5.22 — 5.22
9% to 97 X Y z 2.85 5.38 2.85
98 None — - -
9g X Y1z 15.89 15.88 15.89
100 to 101 X Y z 4.67 3.90 4.67
102 to 103 X Z 2.53 — 2.53

Joint inertias of model platform

Table 4.5 contd




\\\\Qﬁﬂffff\\ MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO.
UNDAMAGED 102 104 100 92 84
A f
MODE FREQ{Hz.) FREQ(Hz.) CHANGE | FREQ(Hz.) CHANGE |FREQ{Hz.} | CHANGE |FREQ(Hz.] CHANGE FREQ(Hz.) ; CHANGE
Sway Z,1 15.07 13.82 —9.8%- 14.69 -2.5% 14.865 -2.8% 14.74 -2.2% 14.67 ~2.7% E
Sway X,1 16.46 18.47 N.C. 16.47 N.C. 16.47 N.C. 16.47 N.C 16.47 N.C
Torsion .1 18.45 18.68 -3.4% 19,27 N.C. 189.27 N.C 18.29 N.C. 19.20 ’ ~1.3%
Sway 7,2 62.59 60.44 -3.4% 62.40 N.C. 58.88 -5.9% 53.12 P -15.1% 44,09 %—29.5% ?
Sway ¥,2 64.48 64.58 N.C. 64.61 N.C. §54.77 N.C. 64.69 N.C. 64.58 N.C
Torsion a 81.44 81.24 N.C. 79.53 —2.3% 76.31 1 -6.3% 75.18 % - 7.7% 74.38 -8.7%
: i
Sway Z,3. 138.0 *135.0 ' N.C. 103.2 -24.1% 108.0 é—20.6% 131.2 i - 3.5% 133.4 -1.9% :
4 l | !
Sway X,3 143.9 144.2 g N.C. 144.0 ; N.C. 143.9 } N.C. 144.4 ; N.C 144.6 N.C
I i
Torsion = 3 169.1 165.3 g -2.2% 155.4 i -8.1% 158.0 J ~-6.6% 159.2 ; - 5.9% 164.6 -2.7%
N.C.<1% Change
Computed natural frequencies of model platform

Table 4.6
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‘\\\QQQQEEE\N MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO.
UNDAMAGED 182 104 : 100 92 84
i

! MODE FREQ(Hz.) |-FREQ(Hz.) CHANGE FREQ(Hz.}. |[CHANGE FREQ(Hz.) CHANGE FREQ(Hz.) CHANGE FREQ (Hz.) CHANGEr

§ Ovalising 1 39.60 39.60 N.C.. 39.60 N.C. 3S9.60 N.C. 39.685 N.Cﬂ/ 40.08 1.2%
Cvalising 2 46.39 46.36 N.C. 46.40 N.C. 46.45 N.C. 46.88 +{% 46.36 I'N.C.
Ovalising 3 57.88 57.99 N.C. 56.01 N.C. 58.56 N.C. 57.95 N.C. 57.59 | N.C.
Qvalising 4 79.15 79.20 N.C. 79.91 N.C. 79.04 N.C. 78.14 N.C. 79.15 N.C.
GQvalising 5 101.8 102.5 N.C. 101.7 N.C. 101.7 N.C. 101.8 N.C. 101.8 5 N.C. E
Ovalising 6 155.5 155.4 N.C. . 155.5 . N.C. 155.5 N.C. 155.5 ? N.C. 155.5 | N.C. §
Vertical | 84.18 84.20 N.C. 84.20 N.C. 84.23 N.C. 84.24 | N.C. 84.23 PONLC,
Deck Pitéh 20.60 \ 90.60 “N.C. 90.60 i N.C. 90.862 N.C. 90.64 [ N.C. 90.64 | N.C.
Oeck roll 101.3 95.54 -5.7% 101.2 N.C. 101.3 N.C. 100.7 N.C. 388.20 !—3.1%
Deck Twist 127.4 122.8 -3.6% 129.5 +1.6% 128.4 +1,6% 122.9 }—3.5% 127.5 N.C.
Deck Bending 159.7 158.7 N.C. 159.7 N.C. >159.7 N.C. 158.7 N.C. 158.7 N.C.

Computed natural frequencies of model platform

Table 4.7
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AMAGED MEMBER NO. MEMBER NO.
MODE i FREQ. (Hz.) FREQ. (Hz.) CHANGE FREQ. (Hz.) HANG
Sway Z1 15.07 15.05 N.C. 15.07 N.C.
Sway X.1 16.46 15.95 - 3.1% 16.47 N.C.
Torsion 1 18.45 18.75 - 3.6% 19.45 N.C.
Sway Z,2 62.59 62.74 N.C. 62.69 N.C.
Sway X,2 64.48 64.79 N.C. 64.60 N.C.
Torsion 2 81.44 81.03. N.C. 81.54 N.C.
SQay Z,3 136.0 136.2 N.C. 135.9 N.C.
Sway X,3 143.9 113.8 -20.9% 143.9 N.C.
Torsion 3 169.1 162.1 - 4.1% 168.8 N.C.

Computed natural frequencies of model

Table 4.8

N.C.<€1% Change

platform
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‘\\\Qéﬂéfff\\;\ MEMBER NO. MEMBER NO.
UNDAMAGED 135 118

MODE FREQ. (Hz.]) FREQ. (Hz.) CHANGE FREQ. (Hz.) | CHANGE
Ovalising 1 39.60 39.60 N.C. 39.59 N.C.
Ovalising 2 45.39 46.41 N.C. 46.38 N.C.
Ovalising 3 57.99 58.05 N.C. 57.89 N.C.
Ovalising 4 79.15 80.62 +1.9% 80.28 +1.4%
Ovalising 5 101.8 101.9 N.C. 102.0 N.C
Ovalising & 155.5 155.5 N.C. 155.5 N.C.
Vertical 84.18 83.77 N.C. 84.19 N.C
Deqk rPitch 80.60 90.31 N.C 80.60 N.C.
Deck Roll 101.3 101.4 N.C 101.3 N.C.
Deck Twist 127.4 129.3 +1.5% 127.4 N.C.
Deck bending 159.7 159.1 N.C. 158.7 | N.C

N.C. <1% Change
Computed natural frequencies of model platform

Table 4.9
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LEVEL JOINT ID 75 88 89 76 Mean displ.
DX 0.038 0.039 ~-0.039 -0.038
g DZ N 0.927 0.787 0.788 0.927 1.000
LEVEL JOINT ID 68 71 72 67
DX 0.038 0.038 ~-0.038 -0.038
8 DZ 0.905 0.768 (J.768 0.905 0.976
DY 0.011 0.012 -0,012 -0.011
LEVEL JOINT ID 50 51 52 43
DX 0.015 0.015 -0.015 -0.015
7 DZ 0.569 0.515 0.515 0.568 0.632
DY 0.041 0.038 -0.038 -0.041
LEVEL JOINT ID 37 38 39 40
DX 0.011 0.011 -0.011 -0.011
6 DZ 0. 421 0.387 0.387 0.421  0.471
DY. 0.049 0.046 -0.046 -0.049
LEVEL JOINT ID 29 30 31 32
DX 0.008 0.008 -0.008 -0.008
5 DZ 0.303 0.279 0.279 0.303 0.339
© DY 0.053 0.050 -0.050 -0.053
LEVEL JOINT ID 21 22 23 24
DX 0.006 0.006 -0.006 -0.006
4 DZ 0.203 0.185 0.185 0.203 0.22§
DY 0.051 0.049 -0.049 -0.051
LEVEL JOINT ID 13 14 15 16
DX 0.005 0.005 -0.005 -0.005
3 Dz 0.114 0.102 0.102 0.114 0.126
DY 0.046 0.045 -0.045 © -0.046
LEVEL JOINT ID 5 6 7 8
DX 0.001 0.004 -0.004 -0.001
2 nz 0.034 0.028 0.028 0.034 0.035
oY 0.038 . 0.036 -0.036 -0.038

Normalised mode shape for sway 7,1 ; f= 15.07Hz
Maximum displacement at joints 737 & 747

Table 4.10



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

- LEVEL

LEVEL.

LEVEL

JOINT ID 75 88 89 76 Mean displ.
DX 0.999 0.999 0.9983 0.999 1.000
DZ 0.0 0.0 0.0 0.0
JOINT ID 68 71 72 67
DX 0.978 0.978 0.978 0.978 0.9739
DZ 0.0 0.0 0.0 0.0
DY -0.015 0.015 0.015 -0.015
JOINT ID 50 51 52 49
DX 0.562 0.562 0.562 0.562 0.563
DZ 0.0 0.0 0.0 0.0
DY -0.053 0.053 0.053 -0.053
JOINT 1D 37 38 39 40
DX 0.425 0.425 0.425 0.425 0.425
DZ 0.0 0.0 0.0 0.0
DY -0.060 0.060 0.060 -0.060 )
JOINT ID 29 30 31 32
DX 0.313 0.313 0.313 0.313 6.313
. DZ 0.0 0.0 0.0 0.0
DY -0.062 0.062 0.062 -0.062
“JOINT ID 21 22 23 24
DX 0.214 0.214 0.214 0.214 0.214
Dz 0.0 0.0 0.0 0.0
DY -0.059 0.058 0.059 -0.059
JOINT ID 13 14 15 16
DX 0.123 0.123 0.123 0.123 0.123
DZ 0.0 0.0 0.0 0.0
DY -0.053 0.053 0.053 -0.053
JOINT ID 5 6 .7 8
DX 0.037 0.037 0.037 0.037 0.037
DZ -0.002  0.002  -0.002 0.002
DY -0.042 0.042 0.042 -0.042

Normalised mode shape for sway X,1 ; f=16.46Hz
Maximum displaceﬁent at deck joints 73X,74X,102X,103X

Table 4.11



LEVEL

LEVEL

LEVEL.

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT

DX
DZ
Dy

JOINT
DX
DZ
DY

JOINT
DX

Dz

DY
JOINT
DX

Dz

DY

- JOINT
DX

Dz

DY
JOINT
DX

Dz

DY
JOINT
DX

18¥4
5} ¢

Normalised

Max imum

1D 75 88 89 76
-0.247 -0.247 0.247 0.247
-0.322 0.554 0.544 -0.322
D 68 71 72 67
-0.243 -0.243 0.243 0.243
-0.320 0.546 0.546 -0.320
0.003 0. 007 -0.001 -0.003
D 50 51 52 49
-0.098 -0.098 0.098 0.098
-0.100 0.251 0.251 -0.100
-0.004 0.015 -0.015 0.004
D 37 38 39 40
-0.070 -0.070 0.070 0.070
-0.053 0.168 0.168 -0.053
-0.003 0.016 -0.016 0.003
1D 29 30 31 32
-0.051 -0.057 0.051 0.051
-0.037 0.120 0.120 -C.037
-0.001 0.015 -0.015 0.001
D 21 22 23 24
-0.041 -0.041 0.041 0.041
~0.030 0.086 0.086 -0.030
0.0 0.014 -0.014 0.0
D 13 14 15 16
-0.030 -0.030 0.030 0.030
-0.024 0.056 0.056 -0.024
0.001 0.012 -0.012 -90.001
1D 5 ) 7 8
-0.016 -0.016 0.016 0.016
-0.014 °  0.024 0.024 -0.014
0.001 0.010 -0.010 -0.601

mode shape for torsion 1 ; f= 18.45 Hz
displacement at deck joints 1027 & 1032

Table 4.12

131

Rotation

o

.984
.974

.302
. 342

.180
.183

0.108

o

[ms]

o

123

. 076
. 082

.048
. 051

.022
022

Mean
Rotaticn

1.008

0.986

0.117

0.08¢C

0.050

0.022



LEVEL JOINT ID 75 88 89 76 Mean disp!:
DX 0.008 0.008 -0.008 -0.008
S nz -0.169 -0.191 -0.192 -0.169 -0.185
DY - - - -
LEVEL JOINT ID 68 71 72 67
DX 0.007 0.008 -0.008 -0.007
8 Dz -0.213 -0.236 -0.2386 -0.213 -0.231
DY 0.053 - 0.053 -0.052 -0.053
LEVEL JOINT ID 50 51 52 49
DX 0.005 0.005 -0.005 -0.005
7 Dz 0.725 0.708 0.709 0,725 +0.,737
DY -0.036 -0.036 0.036 0.036
LEVEL JOINT ID 37 38 39 40
DX 0.005 0.005 -0.004 -0.004
B DZ 0.969 0.955 - 0.955 0.969 +0.989
DY -0.041 -0.042 0.042 0.041
LEVEL JOINT ID 29 30 31 32
DX 0.004 0.004 -0.004 -0.004
5 DZ 0.979 0.967 0.967 0.979 +1.,000
DY -0.022 -0.022 0.022 0.022
LEVEL JOINT ID 21 22 23 24
DX 0.004 0.004 -0.003 -0.003
4 DZ 0.899 0.889 0.889 0.899 +0,919
DY -0.001 -0.001 0.001 0.001
LEVEL JOINT ID 13 14 15 16
DX 0.003 0.003 ~ -0.002 -0.003
3 DZ 0.717 0.710 0.710 0.717 +0,733
DY 0.017 0.017 -0.016 -0.017
LEVEL JOINT ID 5 6 7 8
DX ~0.017 0.020 -0.020 0.017
2 (BY4 0.403 0.399 0.399 0.403 +0.412
DY 0.022 0.022 -0.022 -0.022

Normalised mode shape for sway Z,2 ;f= 62.58Hz
Maximum displacement at joints 33Z & 357

Table 4.13



LEVEL JOINT ID 75 68 89 76 Mean displ.

DX ~0.181 -0.162 -0.1862 ~0.161 -0.161
g Dz 0.00 0.0 0.0 0.0
DY - - - -
LEVEL JOINT ID 68 71 72 67
‘ DX ~-0.225 -0.224 -0.224 -0.225 -0.224
8 Dz 0.0 0.0 0.0 0.0
DY -0.132 0.111 0.111 -0.132
LEVEL JOINT ID 50 51 52 49
DX 0.853 0.853 0.853 0.853 0.853
7 DZ 0.0 0.0 0.0 0.0
DY -0.026 0.008 0.008 -0.026
LEVEL JOINT ID 37 38 39 40
DX 1.000 1.000 1.000° 1.000 1.000
6 DZ 0.0 0.0 0.0 0.0
DY -0.020 0.003 0.003 ~-0.020
LEVEL JOINT ID 29 30 31 32
DX 0.945 0.845 0.945 0.945 0.945
5 Dz 0.0 0.0 0.0 0.0
130 -0.033 0.018 0.018 0.033
LEVEL JOINT ID 21 22 23 24
DX 0.819 0.819 0.819 0.819 0.819
4 D7 0.0 0.0 0.0 0.0
By -0.046 0.033 0.033 ~-0.046
LEVEL JOINT ID 13 14 15 16
DX 0.606 0.606 0.606 0.606 0.608
3 DZ 0.0 0.6 0.0 6.0
DYy -0.054 0.044 0.044 -0.054
LEVEL JOINT ID 5 g - 7 8
DX 0.286 0.286 0.286 0.286 0.286
2 - Dz -0.012 0.012 -0.012 0.012
DY -0.052 °  (0.045 0.045 -0.052

Normalised mode shape for sway X,2 ; f=64.48 Hz
Maximum displacement at joints 37X & 40X

Table 4.14
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LEVEL JOINT ID 75 88 89 76 Rotation Mean
‘Roteatdon
DX 0.057 0.057 -0.057 -0.057 -0.132
g DZ 0.054  -0.068 -0.089 0.054 -0.079 ~0.108
Dy - - - -
LEVEL JOINT ID 68 71 72 67
DX 0.042 0.042 -0.042 -0.042 -0.098
8 Dz 0.048 -0. 065 -0.065 0.049 -g.074 ~0.0886
DY -0.013 0.012 -0.011 0.012
LEVEL JOINT ID 50 51 52 49
DX -0.517 -0.517 0.517 0.517 0.916
7 D7 -0.798 0.794 0.794 -0.798 0.88g  0.911
DY 0.014 -0.016 0.017 0.017
LEVEL JOINT ID 37 38 39 40
DX -0.668 -0.666 0.666 0.666 0.982
6 DZ -0.997 1.000 1.000 -0.997 1.000 :
DY 0.012 -0.014 0.014 0.014
LEVEL JOINT ID 29 30 31 32
DX -0.687 -0.687 0.687 0.687 0.855 .,
5 DZ -0.976 0.985 0.985 -0.976 0.883 .
DY 0.0 -0.002 0.003 0.0
LEVEL JOINT ID 21 22 23 24
DX . -0.B60 -0.660 0.659 0.659 0.766 . .o
4 Dz -0.903 0.915 0.915 -0.903 0.738 '
DY -0.007 0.005 -0.005 0.007
LEVEL JOINT ID = 13 14 15 16
DX -0.545 -0.545 0.545 0.545 0.504 .
3 DZ -0.731 0.743 0.743 -0.731 0.542 0.528
oY ~0.011 0.010 -0.009 0.071
LEVEL JOINT ID 5 5 7 )
DX -0.283 -0.282 0.282 0.282 0.228 g
2 , Dz -0.410 0.418 0.418 -0.410 0.276 :

DY -0.010 0.009 -0.009 0.010

Normalised mode shape for torsion 2 ; f= 81.44 Hz
Maximum displacement at joints 387 & 397
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LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL -

LEVEL

LEVEL

JOINT

bX
BY4
oYy

JOINT
DX
BV
Dy
JOINT
DX
Dz
Dy
JOINT
DX
Dz
DY
JOINT
DX
DZ
Dy
JOINT
DX
Dz
DY
JOINT
DX
Dz
DY
JOINT
DX

DZ
DY

ID

ID

ID

ID

ID

ID

ID

ID

75

.-0.031

-0.153

68

0.003
0.011
-0.061

50
-0.011
0.780
-0.082
37
-0.005
0.714
-0.027
29
-0.010
0.156
0.058
21
-0.008
-0.286
0.100
13
-0.005
-0.597
0.110
5
0.025

-0.511
0.090

88
~-0.042
-0.321
71
0.015
0.050
-0.214
51
-0.007
0.725
-0.177
38
-0.005
0.677
-0.097
30
-0.010
0.147
0.008
22
-0.008
-0.265
0.062
14
-0.007
-0.559
0.080
6
-0.023

~-0.475
0,067

-0
-0

89

042
.328

72

.014
.050
.210

52

.003
725
.174

39

.003
677
.084

31

.009
.147

012

23

014
. 265
.065

15

.015

. 560
.083

7

.029
L4786
.070

0.031
-0.154

67
-0.003
0.012
B.061
49
0.0
0.780
0.082
40
-0.003
0.714
0.027
32
0.009
0.156
-0.058
24
0.013
-0.286
-0.0889
18
0.013
-0.597
-0.108
8
-0.018

-0.511
-0.0%0

Nbrmalised mode shape for sway Z,3 ; f= 136.02 Hz

Maximum displacement at joint 96Y

Table 4.16

135

Mean
displ.

-0.381

1.000 -

[}

w

N
o

-0.768



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

ID

X

DZ
JOINT
DX
DZ
By
JOINT
DX
DZ
DY
JOINT
DX
Dz
DY
JOINT
DX
DZ
DY

JOINT

DX

DZ
DYy

JOINT
DX
Dz
DY
JOINT
DX

DZ
DY

Normalised mode shape for sway X,3 ; f=143.89 Hz

Maximum displacement at joint 48X

ID

ID

ID

ID

ID

ID

ID

75

-0.157
.~ 0.001

' 68

-0.009
-0.002
-0.012

50

0.958
0.004
0.020

37

0.773
0.004
-0.042

29

0.088
0.002
-0.127

21

-0.434
0.0
-0.162

13

-0.752
-0.002
-0.155

-0.550
0.022
-0.115

Table 4.17

88

-0.150
-0.003

71
-0.013
0.002
-0.028
51
0.955
0.003
-0.057
38
0.774
0.003
0.008
30
.089
.087
22
-0.433
-0.002
0.136
14
-0.752

-0.003
0.135

-0.550
-0.027
0.101

88

-0.148

72
-0.012
-0.002
-0.024

52

[w}

.854
.003
-0.053

o

38

774
.003
.010

c 0o

31

.088
.001
.098

oo

o

23

-0.433
0.0
0.136

15
-0.752
-0.002

0.135
7
-0.550

0.023
0.100

/6

-0.158
-0.002

67
~0.008
0.002
-0.011

49
0.958
0.004
0.021

40
0.772
0.004
-0.042
32
0.089

0.0

-0.128
24
-0.433
-0.003
-0.163
16
-0.752

-0.004
-0.156

-0.550

-0.028
-0.116

Mean

displ.

-0.160

1.000

0.8085

-0.453

-0.786

-0.575



LEVEL

LLEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT
DX
DZ
DY
JOINT
DX
DZ
DY
JOINT
DX
DZ
DY
JOINT
DX
Dz
DY
JOINT
DX
DZ
DY
JOINT
DX
DZ
DY
JOINT

DX
DZ
DY
JOINT

DX
DZ
DY

Normalised

Maximum

ID

ID

ID

ID

ID

ID

ID

ID

mode shape for torgion 3 ; f= 169.10 Hz

75"

0.082

-0.018

68

0.056
-0.083
0.003

50
-0.580
-0.990

0.020

37
-0.474
-0.804
-0.002

29

0.014
-0.079
-0.035

21

0.327

0.391
-0.045

13

0.481

0.650
-0.045

5
0.285

0.478
-0.040

71
0.058
0.086

-0.021

51

-0.590
0.999

-0.030

38

-0.474
0.817

-0.005

30
0.014
0.084
0.031

22
0.327

-0.394
0.043

14

0.481
-0.680

0.044.

B

0.285
~-0.488
0.038

displacement at joint 46Z

Table 4.18

89
-0.088
0.018
72
-0.058
0.086
0.020
52
0.581
0.999
0.028
39
0.474
0.817
0.004
31
-0.014
0.084
-0.032
23
-0.327
-0.394
-0.043
15
-0.481
-0.660
-0.045
7

-0.285
-0.488
-0.040

-0
-0

-0
-0
-0

o
-0
-0

-0

-0
0

-0
-0
0

-0
0
0

76

.082
.018

67

.056
.083
.008

48

581
.980
.020

40

474
.804
.002

32

.014
.078
.035

24

.327
. 391
.045

16

.481
.650
.045

.286

.479
0389

137

Rotation

-0.177
0.023

-0.118
0.098

0.3841
1.000

0.628
0.731

-0.016
0.066

-0.314
-0.287

-0.400
-0.434

-0.208
-0.291

Mean
rotation

-0.078

~0.011

1.000

0.0626

-0.31C

-0.430

-0.257



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ.

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
DZ

JOINT

DX
DZ

" JOINT

DX
DZ

ID

10

ID

ID

ID

ID

45

0.0
-0.018

41

0.0
-0.042

33

0.0
-0.089

25

0.0
-0.191

17

0.0
-0.405

0.0
-1.000

47

0.00
0.018

43

28

0.145
0.0

18

0.321

10

0.822

138

48

-0.011
0.00

44

-0.029
0.0

36

-0.064
0.0

28

-0.145
0.0

20

-0.321
0.0

12

-0.822
0.0

Normalised mode shape for ovalising 1 ; f=38.860 Hz

Maximimum displacement at level 2

Table 4.19



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

(B)
Dz

JOINT

bX
Dz

JOINT

DX
bz

JOINT

DX
Dz

JOINT

DX
DZ

JOINT

DX
Dz

ID

ID

ID

ID

ID

ID

45

0.0
-0.033

41

6.0
-0.081

33

0.0
-0.175

25

C.0
-0.410

17

™

0.0
-0.428

48

~-0.021
0.0

44

-0.055
D.0C

36

-0.126
0.0

-0.782

Normalised mode shape for ovalising 2 ; f=46.38 Hz

Maximum displacement at level 3

Table 4.20



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
(BYA

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
DZ

JOINT

DX
Dz

JOINT

DX
Dz

ID

D

1D

ID

1D

ID

45

g.0
-0.052

41

C.00
-0.134

33

0.0
-0.306

25

0.0
-1.000

17

19

0.0
-0.406

11

0.0
-0.018

18

-0.321
0.0

10

-0.016
0.0

140

48

-0.033
0.0

44

-0.091
0.0

36

-0.221
0.0

28

-0.757
0.0

Normalised mode shape for ovalising 3 ; f=57.889 Hz

Maximum displacement at level 4.

Table 4.21



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT 1D 45 47 46 48
DX 0.0 0.0 -0.063 0.0863
7 . 0.100 -0.100 0.0 0.0
JOINT ID 41 43 42 44
DX 0.0 0.0 -0.211 0.211
Dz 0.313 -0.313 0.0 0.0
JOINT 1D 33 35 34 36
DX 0.0 0.0 _0.718 0.718
DZ 1.000 -1.000 0.0 0.0
JOINT 1ID 25 27 26 28
DX 0.0 0.0 0.186 -0.186
DZ -0.247 0.247 0.0 0.0
JOINT ID 17 19 18 20
DX 0.0 0.0 0.024 -0.024
DZ -0.030 0.030 0.0 0.0
JOINT ID 9 1 10 12
DX 0.0 0.0 0.004 -0.004
DZ ~0.005 0.005 0.0 0.0

- Normalised mode shape for ovalising 4 ; f=73.15 Hz
Maximum displacement at level 5

Table 4.22



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

ID

ID

iD

ID

D

Ib

45

0.0
-0.188

41

c.0
-1.000

33

35

0.0
-0.268

27

0.0
-0.024

19

0.0
-0.005

11

0.0
-0.001

26

-0.018
0.0

18

-0.004
g0.0

10

-0.001
0.0

142

48

-0.118
0.0

44

-0.671
0.0

36

Normalised mode shape for ovalising 5 ; f=101.75 Hz

Maximum displacement at level &

Table 4.23



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
Dz

JOINT

DX
DZ

JOINT

DX
Dz

Normalised mode shape for ovalising 6

ID

1D

ID

ID

ID

ID

45

0.002
-1.000

41

0.002
0.120

33

0.001
0.021

25

-0.001
0.005

17

-0.002
0.001

-0.002
6.0

47

0.002
1.000

43

0.002
-0.120

35

0.001
-0.021

27

-0.001
-0.005

19

-0.002
-0.001

M

-0.002
0.0

42

-0.077
0.0

34

-0.014
0.0

26

-0.004
0.0

18

-0.003
0.0

10

-0.002
0.0

.
’

Maximum displacement at level 7

Tgble 4,24

143

48

.-0.8616

0.0

44

20

-0.001
0.0

12

-0.002
0.0

f= 155.47 Hz



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

. LEVEL

JOINT

DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
oY

JOINT
DX
DZ
DY

JOINT
DX

Dz
DY

“JOINT

DX
Dz
DYy

JOINT
DX

DZ
DY

JOINT.

DX
DZ
DY

ID

ID

ID

ID

ID

ID

ID

ID

ID

75

-0.120
0.001

68
0.077
-0.002
0.508
50
-0.081
0.0
0.427
37
0.002
-0.001
0.381

28

21

0.173
-0.001
0.280

13
0.198
-0.001
0.221
5
0.138

-0.006
0.157

88
-0.111
0.0
87
0.075
0.0
-0.177

71

51

-0.083
C.0
0.121

38

0.138
0.006
0.043

83

~0.111
0.001

52
~-0.083

0.0
0.121

39
0.001
0.001
0.113

31

23

0.173
0.0t
0.086

15

0.139
-0.006
0.048

Normalised mode shape for vertical mode 3

Maximum displacement at joints 53Y & 54Y

Table .4.25

76

-0.120
-0.001

67

0.077
0.002
0.508

49
-0.081

0.0
0.427

40
0.002
0.001
0.381

32

24

8.174
0.001
0.280

0.139
0.006
0.157

£=84.18 Hz

144

Mean
displ.
-0.380

0.242

1.000

-0.270

0.801

0.005

0.813

0.327

0.714

0.568

0.602

0.650

0.477

0.457

0.339



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

BX
Dz
DY

JOINT
DX
DZ
DYy

JOINT
DX
[BYA
DY

JOINT
DX
BY4
DY

JOINT

DX
Dz
Dy

JOINT
DX
DZ
oY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DA 4

ID

1D

D

ID

ID

ID

ID

ID

ID

0.104
-0.001
53
-0.0786
0.0
-0.183
68
-0.072
0.001
0.102

50

37

0.045
-0.001
0.117

29
-0.064
0.0
0.103
21
-0.148
0.0
0.086

13

-0.134
0.006
0.048

88
0.112
-0.001

87
-0.078
0.001
0.989

7

-0.078
-0.001

8.503 -

51
0.124
-0.001
0.422

38
0.044
-0.002
0.379

30

-0.0865
-0.001

0.334

22
-0.149
-0.801

0.283

14

-0.185

0.0
0.224

6
-0.134

0.006
0.160

89
0.113
-0.003

96
-0.078
0.0601
1.000

72
-0.078
0.003
0.505

52

31

-0.065
0.0
0.335

23
-0.150
0.0t
0.283
15
-0.185
0.001
0.225
7
-0.135

0.006
0.160

54

-0.076
0.001
-0.178

67
-0.072

0.0
0.103

49

-0.064
0.0
0.103

24
-0.148
0.001
0.087
16
-0.184
0.001
0.068
8
-0.134

-0.005
0.048

Normalised mode shape for deck pitch mode ; £=90.60 Hz

Maximum displacepent at joint 96Y

Table 4.26

Mean
displ.
0.358

-0.247

1.000

0.411

0.805

0.145

0.819

-0.21

0.721

-0.491

0.609

-0.608

C.484

-0.443

0.343



145

LEVEL JOINT ID 75 88 89 76 Mean displ.
DX 0.019 0.005 -0.008 -0.020
g DZ -0.245 ~-0.206 ~-0.209 -0.245 -0.559
DY - - - - -
LEVEL JOINT 1D 53 g7 96 54 .
DX 0.0 0.001 ~-0.001 0.0
DZ 0.219 0.205 0.205 0.21¢9
DY -0.998 -0.803 0.803 1.000
8 JOINT ID 68 71 72 67
DX -0.004 0.004 -0.004 0.005
DZ 0.200 0.191 0.191 0.200 0.483
DY -0.318. - -0.294 0.289 0.317 -0.004
LEVEL JOINT 1ID 50 51 52 49
DX -0.001 0.003 -0.005 -0.001
7 DZ -0.406 -0.403 -0.403 -0.406 -1.000
DY -0.198 -0.183 0.179 0.197 -0.003
LEVEL JOINT ID 37 38 39 40
DX 0.001 0.001 -0.002 -0.002
B DZ -0.311 -0.310 -0.310 -0.311 -0.766
DY -0.174 -0.164 0.160 0.173 -0.003
LEVEL JOINT ID 23 30 31 32
DX ", 002 0.003 -0.003 -0.002
5 DZ -0.034 -0.035 -0.035 -0.034 -0.085
DY -0.168 -0.162 0.159 0.168 -0.002
LEVEL JOINT 1B 21 22 23 24
DX - 0.002 0.003 -0.002 -0.001
4 DZ 0.208 0.201 0.201 0.206 0.503
oY -0.155 -0.150 0.147 0.154 -0.002
LEVEL JOINT ID 13 14 15 16
DX 0.002 - 0.003 -0.001 0.0
3 : DZ : 0.357 0.351 0.351 0.357 0.875
DY -0.132 -0.129 0.126 0.132 -0.002
LEVEL JOINT ID 5 6 7 8
DX -0.014 0,018 -0.015 0.016
2 DZ 0.316 0.311 0.311 0.316 0.775

DY -0.102 -0.088 0.098 0.102 -0.001

Normalised mode shape for deck roll mode ; +=101.35 Hz

Maximum displacement at joint 54Y

Table 4.27



147

LEVEL  JOINT 1ID 75 88 89 76 Mean displ.
DX -0.118 -0.097 0.097 0.118
g DZ 0.187 -0.181 -0.182 0.187 0.019
DY - - - - -
LEVEL  JOINT 1ID 53 g7 96 54
DX -0.009 -0.012 0.012 0.010 -
Dz -0.074 0.090 0.090 -0.074 -
DY 1.000 -0.768 0.770 -1.000 -
B JOINT ID 88 - 71 72 67
DX 0.005 0.0 0.001 -0.005
DZ -0.053 0.058 0.059 -0.053 0.019
)% 0.156 -0.168 0.166 -0.156 -0.003
LEVEL  JOINT 1ID 50 51 52 49
DX -0.016 -0.018 0.016 " 0.014
7 DZ -0.106 -0.190 -0.190 -0.106 -1.000
DY 0.102 -0.099 0.097 -0.102 -0.003
LEVEL  JOINT ID 17 38 39 40
DX -0.008 -0.007 0.006 0.006
B DZ -0.100 -0.160 -0.160 -0.100 -0.878
DY 0.066 -0.080 0.078 -0.067 -0.005
LEVEL  JOINT ID 29 30 31 32
DX -0.018 -0.018 0.018 0.018
5 DZ -0.017 -0.0386 -0.036 -0.017 -0.179
DY 0.031 -0.071 0.068 -0.031 -0.003
LEVEL  JOINT ID 21 22 23 24
DX -0.017 -0.017 0.018 0.018
4 DZ 0.040 0.072 0.072 0.040 0.378
DY 0.012 -0.064 0.062 -0.012 -0.003
LEVEL  JOINT ID 13 14 15 16
DX -0.014 ~ -0.013 - 0.015 0.015
3 Dz 0.083 0.143 0.143 0.083 0.764
Dy 0.003 -0.054 0.053 -0.003 -0.002
“ LEVEL  JOINT ID 5 5 7 8
DX ~0.005 0.005 -0,003 0.006
2 DZ 0.067 0.129 0.129 0.067 0.662
DY 0.002 -0.043 0.042 -0.002 -0.002

Normalised mode shape for deck twist mode ; f=127.44 Hz
Maximum displacement at joints 53Y & 54Y

Table 4.28



LEVEL

LEVEL
8+

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

w

LEVEL

JOINT

DX
Dz
DY

JOINT
DY

JOINT
DX
DZ
DY

JOINT

DX
bz
DY

JOINT
DX

Dz
DY

JOINT
DX
DZ
3)%

JOINT

DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

Normalised mode shape for deck bending mode ; f=153.73 Hz

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

75

-0.008
-0.001

53

-0.002
0.0
-0.283

68

-0.011
0.001
-0.014

50
0.060
0.004

-0.016

37
0.065
0.001

-0.020

29

.0.008
0.001
-0.027

21
-0.030
-0.001
-0.028

13
-0.056
-0.001
-0.025

5
-0.040

0.001
-0.018

88

-0.061
-0.002

97

0.006
0.001

-0.578

71

0.015
0.002
-0.065

51
0.075
0.003

-0.060

38
0.061
0.0

-0.048

30
0,011
0.001

-0.036

22

-0.030
0.0
-0.026
14
-0.056
0.0
-0.018
6
-0.040

-0.002
-0.013

89

-0.060
D.001

80

.000

96

0.006
-0.006

~0.571
72
0.015
-0.002
-0.062
52
0.074
-0.003
-0.058
39
0.060
0.001
-0.047
31
0.011
0.0
-0.035
23
-0.029
0.0
-0.025
15
-0.055
0.0
-0.018
7
-0.039

0.002
-0.013

Maximum displacement at joint 90Y

C T taRie 400

148
Mean displ.

-0.034

1.000

0.002

-0.038

0.067

-0.037

0.063

-0.034

0.010

-0.031

-0.030

-0.027

-0.056

-0.022

-0.040

-0.016



149

LEVEL JOINT 1D 75 ‘ 88 89 76 Mean &%

: displ.
DX 0.059 0.059 -0.0%8 -0.058
g BY4 0.692 0.687 0.687 0.892 0.949 - 5%
DY - - - - - -
LEVEL JOINT 1ID 68 71 72 67
DX 0.058 0.058 . ~-0.057 ~0.057
8 DZ 0.879 0.673 0.673 0.879 0.932 -4.5%
DY 0.005 0.008 -0.008 -0.005
LEVEL JOINT ID 50 51 52 49
DX 0.0386 0.037 -0.038 -0.038
7 Dz 0.585 0.467 0.467 0.585 0.632 0%
DY 0.030 0.030 -0.0390 -0.031 i
LEVEL JGINT ID 37 - 38 39 40
DX 0.035 0.035 -0.035 -0.035
6 0z 0.463 0.361 0.381 0.453 0.495 5.1%
DY 0.03h 0.037 -0.037 -0.037 ‘
LEVEL JOINT ID 29 30 31 32
DX 0.035 0.036 -0.036 -0.036
5 Dz 0.370 0.271 0.271 0.370 0.385 14%
DY 0.037 0.040 ~0.040 -0.037 ,
LEVEL JOINT ID 21 22 23 24
DX 0.036 0.036 -C.036 -0.036
4 Dz 0.299 0.19% 0.191 0.299 0.294 30%
DY 0.033 0.041 -0.040 ~0.033 !
LEVEL ™  JOINT 1ID 13 14 15 18 |
bX 0.029 - 0.029 -0.029 -0.029
3 DZ 0.238 0.113 ©0.113 0.238 0.291 67%
DY 0.025 0.038 -0.039 ~-0.025 ;
LEVEL JOINT ID 5 6 7 ‘ 8
DX 0.009 0.013 -0.013 -0.009
2 DZ 0.047 0.036 0.036 0.047 0.050 3gs
DY . 0.030 0.033 -0.033 -0.030

Normalised mode shape for sway 7,1 ; f= 14.87 Hz
Maximum displecement ef joint 737 & 747
MEMBER B84 REMOVED

Table 4.30



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

‘ LEVEL

JOINT

DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
bz
DY

JOINT
DX
0z
DY

JOINT
DX
DZ
DY

JOINT

DX
Dz
oy

Normalised mode shape

ID

ID

ID

ID

I

ID

ID

75
-0.018
-0.198
68
-0.020
-0.155
-0.026
50
0.103
0.412
-0.068
37
0.148
0.638
-0.081
29
0.184
0.779
-0.087
21
0.197
0.907
-0.096
13
0.162
0.996
~0.112

5

0.054
0.226
-0.032

88

-0.0189
-0.107

71

--0.020

-0.089
-0.010

51
0.103
0.124

-0.040

38
0.148
0.225

-0.046

30
0.184
0.289

-0.044

22
0.197
0.316

-0.034

14
0.182
0.279

-0.017

6

0.069
0.151
-0.002

89

0.018
-0.107

72

0.020
-0.088
0.010

52

-0.104
0.124
B.039

38
-0.1489
0.225
0.046
31
-0.185
0.2889
0.044
23
-0.198
0.315
0.034
15
-0.164
0.279
0.017
7

-0.071
0.151
0.002

76
0.018
-0.198
67
0.020
-0.155
0.025
49
-0.104
0.412
0.068
40
-0.148
0.638
0.081
32
-0.185
0.779
0.086
24
-0.198
0.907
0.095
16
-0.163
0.994
0.111
8

-0.055
0.228
0.032

for sway 7,2 ; f=44.09 Hz

Maximum displacement at joint 202

MEMBER 84 REMOVED

Mean
displ.

-0.418

-0.336

D0.737

1.187

1.468

1.681

1.752

126%

45%

0%

46.9%

e



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT
DX
Dz
DY

JOINT
DX
DZ
5} 4

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DYy

JOINT

- DX
Dz
DY

JOINT

DX

DY

JOINT

DX
DZ
DY

ID

ID

ID

ID

ID

ID

ID

ID

75 88 89
-0.031 -0.044 0.043
-0.179 -0.324 -0.330

68 71 72
-0.002 0.010 -0.009

0.025 0.056 0.057
-0.084 -0.226 0.222
50 51 52
0.071 0.075 -0.082
0.865 0.548 0.548
-0.095 -0.181 0.178
37 38 39
0.078 -0.078 -0.084
0.824 0.520 0.520
-0.034 -0.107 0.104
29 30 31
0.034 0.034 -0.035
0.260 0.105 0.105
0.058 -0.011 0.007
21 22 23
0.008 0.007 -0.004
-0.228 -0.220 -0.220
0.113 0.039 -0.042
13 14 15
0.0 -0.001 0.007
~0.620 -0.439 -0.439
0.139 0,053 -0.056
5 6 7
0.030 0.0 0.005
-0.285 -0.348 -0.348
0.085 . 0.042 -0.044

Normalised mode shape for sway Z,3 ;

Max imum disdlacement at joint 9B6Y

MEMBER 84 REMOVED

76
0.031
-0.179
67
0.003
0.025
0.084
49
-0.079
0.865
0.094
- 40
-0.084
0.824
0.033
32
-0.035
0.260
-0.058
24
-0.005
-0.228
-0.112
16
0.006

-0.623
-0.139

-0.026
-0.286
-0.085

£=133,40

Hz

151

Mean
displ.

-0.358

0.058

1.000

0.951

0.258

-0.317

-0.751

-0.448

41%

o
O

N
w
a0

28%

2139

-2.29

-32%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DYy

JOINT

DX
Dz
Dy

JOINT
DX

Dz
DY

JOINT

X
Dz
DYy

JOINT
DX

DZ
DY

ID

ID

ID

ID

ID

ID

ID

ID

Normalised mode shape for sway Z,1 ;. f= 14.74Hz

75

0.054
0.9M

68

0.053
0.887
0.005

50

0.033
0.586
0.031

37

0.031
0.460
0.038

29

0.030
0.367
0.038

21

0.024
0.290
0.033

13

0.011
0.102
0.041

0.002
0.028
0.033

88

D.054°

0.715

71

0.053
0.6883
0.010

51

0.033
0.481
0.033

38

0.031
0.369
0.040

30

0.031
8.273
0.044

22

0.024
D.184
0.045

14

0.011
0.097
0.043

0.005
0.026
0.036

89

-0.053
0.715

72

-0.052
0.6898
-0.010

52

-0.032
0.481
-0.033

39

-0.031
0.368
-0.040

31

-0.030
0.273
-0.044

23

-0.024
0.184
-0.045

15

-0.06M11
0.097
-0.043

-0.005
0.026
-0.036

76

-0.053
0.901

67
-0.052
0.887
-0.005

49
-0.032
0.586
-0.032

40

- -0.031

0.460
-0.038

32

_0-030
0.367
-0.038

24

-0.024
0.290
-0.033

16

-0.011
0.102
—0-041

-0.002
0.027
-0.033

“Maximum displacement at joint 73Z & 74Z

MEMBER 82 REMOVED

Table 4.33

Mean
displ.

0.957

0.939

0.632

0.491

0.378

0.281

0.118

0.032

>
o\

-4.3%

-3.8%

o]
o\®

S
N
o\®

12%

-6.3%

“115%

any



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
Dz
DY

JOINT

DX
DZ
DYy

JOINT

DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
Dy

JOINT
DX

DZ
DY

Normalised mode shape for sway Z,2 ; f%53.12 Hz

ID

ID

ID

ID

ID

ID

ID

ID

75

-0.006
-0.181

68

-0.010
-0.147
~-0.016

50

0.108
0.543
-0.071

37

0.148
0.785
-0.083

29
0.170

0.918
-0.087

21
0.142
0.993

-0.036

13

0.066
0.291
-0.016

5

0.015
0.154
-0.008

88

-0.008
-0.117

71

-0.010
-0.117
0.008

51

0.108
0.237
-0.034

38

0.148
0.361
-0.038

30
0.170

0.400
-0.028

22
0.142
0.366

-0.007

14

0.028
G.128
0.015

89

0.008
-0.118

72

-0.010
-0.117
-0.008

52

-0.111
0.237
0.034

39

-0.152
0.361
0.038

3

-0.172
0.400
0.028

23

-0.145
0.366
0.007

15

-0.088
0.250
-0.011

-0.029
0.128
-0.016

Maximum displacement at joint 28Z

MEMBER 92 REMOVED

£ Table 4.34

76

0.007
-0.181

67
0.0M11
-0.147
0.015

49
-0.111
0.543
0.070

40

~-0.151
0.785
D.082

32
-0.172
0.918
0.086

24
-0.145
0.992
0.085

16
-0.068

0.291
0.016

-0.016

0.153

0.008

153

Mean
displ.

-0.282

-0.249

0.737

1.083

1.245

1.284

0.5M11

0.266

>
o\?

~
..
@
N

w
-

wn
o\°

40%,

-30%,

-35%€



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT

DX
DZ
DY

JOINT
DX
Y4
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

Normalised mode shape for sway Z,3

ID

ID

ID

ID

ID

ID

D

ID

75 88
-0.093 -0.083
0. 051 -0.276
68 71
0.007 0.008
-0.028 0.0686
0.066 -0.219
50 51
-0.030 -0.029
0.239 0.214
0.0189 -0.151
37 38
-0.022 -0.022
0.238 0.234
0.013 -0.101
29 30
-0.031 ~-0.030
0.105 0.093
0.017 -0.044
21 22
-0.051 ~0.052
~-0.0189 -0.045
0.013 ~0.006
13 14
~0.085 -0.085
-0.533 -0.195
0.054 0.016
5 6
-0.034 ~-0.062
-0.412 -0.179
0.045 0.018

89 76
0.084 0.093
-0.280 0.051
72 67
-0.008 -0.006
0.066 -0.028
0.216 -0.066
52 49
0.023 0.023
0.214 0.239
0.149 -0.019
39 40
0.017 0.017
0.234 0.238
0.098 -0.013
31 32
0.030 0.030
0.093 0.105
0.042 -0.018
23 24
0.054 0.054
-0.045 -0.022
0.003 -0.013
15 16
0.089 0.089
~0.1895 -0.533
-0.018 -0.054
7 8
0.065 0.037
-0.179 -0.412
-0.018 ~0.044

; £=131.23Hz

Maximum displacement at joint 9BY

MEMBER 892 REMOVED

Figure 4,35

154

Mean
displ.

-0.501

0.084

1.000

1.042

0.437

-0.245

-1.607

-1.305

(b
o\®

31% .

105%

117%,

-60% .

109%

99% .



155

LEVEL JOINT ID 75 88 89 76 Mean A

) displ.
. DX 0.058 0.058 -0.056 -0.056
g DZ 0.896 0.701 0.701 0.896 0.946 -5.4%
DY : - - - - -
LEVEL JOINT ID 68 7 72 67
DX 0.056 . 0.056 -0.054 -0.055
8 Dz 0.885 0.686 0.686 0.885 0.931 -4.6%
DY 0.003 0.010 -0.010 -0.003
LEVEL JOINT ID 50 59 52 49
DX 0.038  0.038 -0.037 -0.037
7 DZ 0.593 0.474 0.474 0.593 0.632 0%
DYy 0.028 0.032 -0.032 -0.028
LEVEL JOINT ID 37 38 39 40
DX 0.0386 0.036 -0.035 -0.035
] Dz 0.478 0.365 0.365 0.478 0.499 5.3%
DY 0.033 0.040 -0.040 -0,033
LEVEL JOINT ID 29 30 31 32
DX 0.028 0.028 -0.027 -0.027
5 bz 0.385 0.265 0.265 0.385 0.385 14%
oY 0.032 0.045 -0.045 -0.032
LEVEL JOINT ID 21 22 23 24
DX 0.014 0.014 -0.014 -0.014
4 Dz 0.183 0.170 0.170 0.183 0.209 -7 .5%
DY 0.043 0.046 -0.046 -0.043
LEVEL JOINT ID 13 14 15 16
DX ' 0.008 0.008 -0.007 -0.007
3 DZ 0.102 0.091 0.091 0.102 0.114 -9,5%
. DY 0.039 0.042 -0.042 -0.039 :
LEVEL JOINT ID 5 6 7 8
DX 0.002 0.004 -0.004 -0.002
2 Dz 0.033 0.024 0.024 0.033 0.034 -5.B6%k

[3)4 0.032 0.034 -0.034 ~0.032

Normalised mode shape for sway Z,1 ; f=14.85 Hz
Maximum displacement at joints 737 & 74Z

MEMBER 100 REMOVED

Figure 4.3B



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
DYy

JOINT
DX
Dz
DY

JOINT
BX
DZ
DY

JOINT

DX
Dz
DY

JOINT

DX
Dz
DY

JOINT

bX
DZ
DY

JOINT
DX
DZ
DY

JBINT
DX

DZ
DY

D

ID

ID

D

ID

ID

ID

ID

Normalised mode shape for sway Z,2

75

0.003
-0.118

68

0.0
-0.101
-0.004

50

- 0.056
0.428
-0.048

37

0.072
0.610
~0.058

28

0.061
0.660
-0.058

21

0.028
0.328
-0.015

13

0.013
0.260
-0.005

~-0.002
0.155
-0.002

88

0.002
-0.086

71

0.0
-0.094
0.012

51

D.056
0.245
-0.023

38

0.072
0.345
-0.024

30

0.060
0.346
-0.012

22

0.026
0.293
0.001

14

0.015
0.225
0.008

0.011
0.125
0.010

89

0.004
-0.087

72

0.006
-0.094
-0.015

52

-0.076
0.245
0.023

38

_Du 098
0.345
0.024

31

-0.086
0.344
0.012

23

-0.051
0.291
-0.002

15

-0.029
0.226
-0.008

-0.018
0.125
-0.011

Maximum dispiacement at Jjoint 257

MEMBER 100 REMUVEﬁ

Table 4.37

76

. 0.002
-0.119

67

0.006
-0.101
0.006

49

-0.076
0.429
0.048

40

-0.086
0.610
0.058

32

-0.084
0.658
0.058

24

-0.048
8.327
0.015

16

-0.031
0.261
0.006

-0.005
0.155
0.003

; £=58.88 Hz

156

Mean

displ.

-0.225

-0.213

0.737

1.044

1.088

0.667

0.531

0.306

P
o\®

22%

-7.8%

wn
joy]
o\®

w
us]
o\

-27%

-28%

-26%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL"

JOINT

DX
DZ
DY

JOINT
[52
DZ
Dy

JOINT
DX
DZ
DY

JOINT
DX
DZ
DYy

JOINT

DX
Dz
DY

JOINT
DX
BY4
Dy

JOINT
DX~
DZ
DY

JOINT
DX

DZ
DY

Normalised mode shape for sway 7,3 ; f=107.

ID

ID

ID

ID

iD

ID

iD

ID

75

-0.083
0.205

68

-0.003
-0.045
0.169

50
-0.022
-0.385

0.165

37
-0.802
-0.516

0.158

29

0.088
-0.381
0.149
21
0.234
0.955
0.006
13
0.253

0.890
0.0

0.130

0.614
0.005

88

-0.049
0.028

71

-0.009
0.015
-0.007

51

-0.024
-0.415
0.022

38

~0.002
-0.460
-0.003

30

0.089
~-0.230
-0.045

22

0.234
0.054
-0.075

14

0.253
0.215
—Ou 072

0.169
0.205
-0.056

89
0.049
0.029

72
0.009
0.015
0.007

52
0.025

-0.415
-0.022

39

0.004
-0.460
-0,003

31

-0.088
-0.230

0.045

23

-0.234

0.054

0.075

15

-0.254

0.215

0.072

7

-0.170

0.205
0.056

Maximum displacement at joint 202

Table 4.38

MEMBER 100 REMOVED

76

D.063

0.205

67

0.003
-0.045

-0.170

49

0.024
-0.385
-0.166

40
0.009
-0.516
-0.160
32
-0.088
-0.378
-0.148
24
-0.234
0.955
-0.008
16

-0.253
0.991
-0.001

-0.130
0.614
-0.007

896Hz

157

Mean
displ.

0.292

-0.038

-1.000

-1.220

-0.762

1.261

1.507

1.024

o\°

-23%

=7.3%:

279%

244%

56%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
B}

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DYy

JOINT
DX
DZ
DY

JOINT
DX
BYA
DY

JOINT

DX
DZ
Y

ID

ID

ID

ID

ID

ID

ID

ID

75
0.057
0.897

68
0.056
0.886
0.0e3

50
0.038
0.605
0.027

37

0.031

0.481
0.032

28

0.014
0.275
0.045

21

0.008
0.183
0.045

13

0.006
0.104
0.041

0.001
0.032
0.033

88
0.057
0.706

71
0.055
D.690
0.010

‘51
0.038
0.476
0.032

38
0.031
0.361
0.041

30
0.014
0.253
0.047

22
0.009
0.165
0.046

14

0.006

-0.080

0.041

0.004
0.024
0.034

89
-0.055
0.706
72
-0.054
0.690
0.010
52
-0.037
0.476
-0.032
39
-0.030
0.361
-0.041

31

-0.013

0.253
-0.046

23

-0.008
0.165
-0.046

15

-0.006
0.080
-0.041

-0.004
0.024
-0.034

MEMBER 104 REMOVED

Table 4.39

76

-0.055
0.897

67

-0.054
D.886
-0.010

43

-0.037
0.604
-0.027

40

-0.030
0.481
-0.032

32

-0.013
0.276
-0.045

24

-0.008
0.182
-0.045

16

-0.006
0.104
-0.041

-0.001
0.032
-0.033

Normalised mode shape for sway Z,1 ; f=14.68Hz

Maximum displacement at joints 73Z & 74Z

158

Mean
displ.

0.938

0.922

-0.003

0.632

0.482

0.308

0.203

0.113

0.033

>
o\°®

-6.2%

[an]
A0

-8.6%

-10%

-10%

-8.3%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT ID 75 88 89 76
DX ' 0.007 0.006 -0.006 -0.007
DZ -0.176 -0.172 -0.174 -0.176
DY - , - - -

JOINT ID 68 71 72 67
DX . 0.004 0.005 -0.005 -0.003
07 -0.182 -0.2086 -0.206 -0.192
DY 0.031 0.042 -0.043 -0.031

JOINT ID 50 59 52 49
DX 0.039 0.039 -0.041 -0.042
Dz 0.750 0.622 0.622 0.750
DY ~0.056 -0.037 0.037 0.055

JOINT ID 37 38 39 40
DX 0.038 0.038 -0.041 -0.041
Dz 1.000 0.835 0.835 1.000
DY -0.065 -0.041 0.041 0.064

JOINT ID 29 30 31 32
DX 0.014 0.014 -0.017 -0.017
Dz 0.838 0.827 0.827 0.838
Dy -0.028 -0.019 0.019 0.028

JOINT ID 21 22 23 24
BX ' 0.008 0.007 -0.010 ~0.010
Dz 0.769 0.757 0.757 0.768
oy -0.008 -0.001 . 0.001 0.008

JOINT ID 13 14 15 16
DX 0.005 0.005 -0.007 -0.007
DZ 0.619 0.605 0.605 0.619
DY 0.009 0.014 -0.014 -0.009

JOINT ID 5 8 7 8
DX -0.814 0.018  -0.019 0.013
DZ 0.350 0.340 0.340 0.350

oY 0.015 0.019 -0.0189 -0.015

Normalise mode shape for sway 7,2 ;f=62.40 Hz:

Maximum displacement at joints 377 & 407

MEMBER 104 REMOVED

* Table 4.40

159

Mean
displ.

-0.187

-0.214

0.737

0.986

0.894

0.819

0.657

0.371

>
o\°

-
o\°

—‘7-3%

o
o\

-0.3%

1%

-11%

-10%

~10%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
Dz
DYy

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
DYy

JOINT
DX
Dz
BY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

160

ID 75 88 89 76 Mean A%
displ.
0.042 0.032 -0.034 -0.043
-0.163 -0.006 -0.007 -0.163 -0.132 -65%
D - B8 71 72 67
0.0 0.004 -0.003 -0.0
Node
-0.012 -0.051 -0.051 -0.012 -0.049 :
shift
-0.095 0.048 -0.048 0.098
1D 50 51 52 49
0.132 0.133 -0.133 -0.133
0.847 0.432 0.433 0.847 1.000 0%
-0.151 -0.005 0.005 0.157
ID 37 38 39 40
0.073 0.075  -0.073 -0.075
0.926 0.415 0.416 0.825 1.048 13%
-0.155 0.015 -0.015 0.156
ID 29 30 31 32
-0.114 -0.116 0.116 0.118 Node
-0.435 0.085 0.035 -0.435 -0.266  gpirt
~-0.003 0.062 -0.061 0.007
1D 21 22 23 24
-0.1867 -0.167 0.171 0.171 :
-0.617 -0.073 -0.073 -0.619 -0.540 48%
0.013 0.067 -0.066 -0.010
1D 13 14 15 16
-0.160 -0.160 0.164 0.164
-0.612 -0.165 -0.165 -0.611 -0.607 -21%
0.013 0.058 -0.057 -0.010
1D 5 B 7 8
-0.079 -0.105 0.108 0.082
-0.395 -0.151 -0.151 -0.3895 -0.427 -35%
0.008 0.044 -0.043 -0.006

Normalised mode shape for sway Z,3 ; f= 103.23Hz
Maximum displacement at joint 43Z
MEMBER 104 REMOVED

Table 4.41



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DY

JOINT

DX
DZ
DY

ID

ID

D

ID

D

ID

ID

IDb

75 88 89 76
0.098 0.098 -0.097 -0.085
0.819 0.497 0.497 0.819

68 71 72 67
0.094 0.094 -0.092 -0.092
0.830 0.492 0.492 0.830

-0.015 g.002 -0.002 0.014

50 59 52 43
0.051 0.051 -0.050 -0.050
0.549 0.340 0.340 0.548
0.006 0.022 -0.022 -0.007

37 38 39 40
0.023 0.023 -0.023 -0.023
0.289 0.243 0.243 0.289
0.029 0.031 -0.031 -0.029

29 30 31 32
0.013 0.013 -0.013 -0.013
0.200 0.171 0.171 0.198
0s032 0.034 -0.034 -0.032

21 22 23 24
0.010 0.010 -0.009 -0.00¢
0.136 0.112 0.112 0.136
0.032 0.033 .-0.033 -0.032

13 14 15 16
0.007 " 0.007 -0.007 -0.007
0.077 0.059 0.059 0.077
0.029 0.030 -0.030 -0.029

5 B 7 8
0.002 0.004 -0.004 -0.002
0.025 0.015 0.015 0.025
0.024 0.024 -0.024 -0.024

Normalised mode shape for sway Z,1 ; f=13.62Hz

Maximum displacement at joints 537 & 547
MEMBER 102 REMOVED

Table 4.42

0.940

0.378

0.263

0.176

.07

0.028

-3.7%

-20%

-22%

-22%

-23%

-22%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
Dy

JOINT
DX
bz
DY

JOINT
DX
Dz
oy

JOINT
DX
DZ
Dy

JOINT
DX
Dz
DY

JOINT
DX

DZ
DY

ID

ID

1D

b

D

ID

ID

ID

Normalised mode shape for sway 2,2 ; f=60.44 Hz

75

0.007

-0.065 .

68

0.016
~-0.192
0.115

50

~-0.017
0.490
0.047

37

0.023
1.000
0.003

29

0.031
0.881
0.014

0.030
0.860
0.029

13

0.024
0.662
0.040

-0.002
0.356
0.040

88

0.0089
~-0.156

71

0.016
-0.227
-0.070

51

-0.017
0.628
-0.013

38

0.023
0.866
-0.024

30

0.031
0.863
-0.007

22

0.030
0.773
0.012

14

0.024
0.601
0.027

0.030
D0.328
0.028

89
-0.010
-0.157

72
-0.016
-0.227

0.069

52

0.018
0.628
0.013

39

-0.020
0.866
0.025

31

-0.029
0.863
0.008

23

-0.028
0.773
-0.012

15

-0.022
0.601
—Un 028

7

-0.029

0.328
-0.029

MEMBER 102 REMOVED

Table 4.43

76

-0.008
-0.065

67

-0.016
-0.192
_01113

49

0.019
0.492
-0.045

40

-0.020
1.000
-0.002

32

-0.028
0.982
-0.014

24

-0.028
D.860
-0.028

16

-0.023
D.662
-0.040

0.003
0.356
-0.038

Maximum displacement at joint 37Z & 40Z

162

Mean
displ.

-0.146

-0.276

0.737

1.229

1.215

1.076

0.832

0.450

>
o\

-21%

24%

22%

17%

14%

w
-

N
e



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
0z
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT

DX

Dz
DY

D

ID

ID

ID

ID

ID

Normalisedmode shape for sway Z,3

75 88
-0.068 -0.069
-0.064 -0.309

68 71

0.002  0.008
-0.019 0.043

0.007 -0.210

50 51

0.024 0.025

0.794 0.548
-0.053 -0.167

37 38

0.007 0.007

0.552 0.496

0.0 -0.095

29 30
-0.014 -0.014

0.100 0.103

0.059 -0.009

21 22
-0.015 -0.016
-0.235 -0.192

0.085 0.034

13 14
-0.013 -0.014
-0.467 -0.401

0.089 0.050

5 6

0.016 -0.021
-0.398 -0.339

0.073 0.042

89
0.070
-0.316
72
-0.008
0.044
0.206
52
-0.037
0.548
0.165
39
-0.016
0.486
0.092
31
0.013
0.103
0.006
23
0.022
-0.192
-0.038
15
0.024

-0.401
-0.053

0.027
-0.339
-0.045

.
2

76
0.069
-0.064
67
-0.001
-0.019
-0.008
49
-0.035
0.795
0.052
40
-0.016
0.552
0.001
32
0.013
0.100
-0.057
24
0.021
-0.235
-0.083
16
0.023

-0.467
-0.087

-0.008
-0.3896
-0.072

f= 135.04 Hz

Maximum displacement at joint 9BY

MEMBER 102 REMOVED

Table 4.44

163

Mean
displ.

-0.280

0.018

1.000

0.781

0.151

-0.318

-0.647

~0.368

-27%

-56%

[ow}
B

1
-
[82]
o\°

-25%

-14%

-16%

-44%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL .

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
(3Y4
DY

JOINT
DX
Dz
DYy

JOINT
DX
Dz
DYy

JOINT
DX
0z
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX

Bz
DY

ID

ID

ID

ID

ID

ID

ID

ip

Normalised mode shape for sway X,1 ; f=15.95 Hz

75 88
0.802 0.802
0.003 0.248

69 71
0.788 0.788
0.005 0.240

-0.009 0.012

50 51
0.484 0.484
0.007 0.152

-0.037 0.048

37 38
0.369 0.368
0.006 0.113

-0.044 0.058

29 30
0.255 0.255
0.018 0.067

-0.049 0.064

21 22
0.171 0.171
0.015 0.042

-0.046 0.061

13 14
0.096 0.086
0.008 0.023

-0.041 0.054

5 6
0.027 0.027
0.001 0.008

-0.032 0.043

Maximum displacement at joints 74X & 103X

72

0.820
0.240
0.002

52

0.575
0.152
0.024

39

0.471
0.113
0.025

3

0.263
0.066
0.037

23

0.180
0.042
0.036

15

0.106
0.023
0.033

0.034
0.006
0.026

MEMBER 135 REMOVED

Table 4.45

76

0.933
0.003

67

0.920
0.004
-0.005

49

0.575
0.007
-0.036

40

0.470
0.006
~-0.040

32

0.263
0.019
-0.052

24

0.180
0.015
-0.051

16

0.106
0.008
-0.046

0.034
0.004
-0.037

164

Mean
displ.
0.922

0.908

0.563

0.446

0.275

0.187

0.032

>
o\°

-7.6%

-7.3%

D
w
o\o

-12%

-13%

-13%

-14%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DYy

JOINT
DX
Dz
DY

JOINT
DX
bz
BY

JOINT
DX
Y4
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ

oYy

JOINT

. DX
DZ
DY

JOINT

)8

DZ
DY

1D 75 88 89 76
~-0.155 -0.155 -0.164 -0.164
0.0 -0.002 -0.002 0.0
1D 68 71 72 67
-0.208 -0.208 -0.213 -0.214
0.003 -0.008 -0.006 0.003
-0.117 0.100 0.092 -0.110
1D 50 51 52 43
0.809 0.809 0.845 0.845
-0.021 0.028 0.028 -0.022
-0.017 0.001 -0.006 -0.0089
1D 37 38 39 40
0.942 0.942 1,000 1.000
-0.019 0.028 0.028. -0.019
-0.013 -0.002 -0.013 -0.001
1D 29 30 31 32
0.872 0.872 0.858 0.858
0.0 0.009 0.009 0.0
-0.029 0.016 0.010 -0.022
ID 21 22 23 24
0.755 0.755 0.746 0.746
0.005 0.004 0.004 0.005
-0.041 0.030 0.025 -0.035
1D 13 14 15 16
0.559 0.559 0.555 0.555
0.006 0.002 0.002 0.005
-0.049 0.041 0.036 -0.045
1D 5 6 7 8
0.265 0.265 0.264 0.264
-0.007 0.011 -0.011 0.015
-0.047 0.041 0.038 -0.043

Normalised mode shape for sway X,2 ; f=64.49 Hz
Maximum dispiacement at joints 39X & 40X
MEMBER 135 REMOVED

Table 4.46

165

Mean
displ.
-0.165

-0.217

0.853

1.002

0.892

0.794

0.575

0.273

>
N4

-
w
A

-3.1%

-5.6%

-5.5%

. -5.1%

~4.5%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT ID 75 88 89
DX 0.008 -0.002 -0.163
(34 -0.095 0.134 0.136
DY - - -

JOINT ID 69 71 72

. DX -0.022 -0.021 -0.050
Dz 0.030 -0.051 -0.052
DY -0.103 0.122 -0.161

JOINT ID 50 59 52
DX 0.543 0.543 0.937
Dz -0.258 0.354 0.353
Dy -0.021 0.026 ~-0.181

JOINT ID 37 38 39
DX 0.418 8.417 0.935
Dz -0.192 0.270 0.270
DY -0.047 0.053 -0.178

JOINT ID 29 30 31
DX -0.040 -0.040 -0.431
DZ 0.094 -0.079 -0.078
DY -0.102 0.113 -0.044

JOINT ID 21 22 23
OX -0.230 -0.230 -0.627
Y4 0.181 -0.217 -0.216
DY -0.099 0.112 -0.024

JOINT ID 13 14 15
DX -0.291 -0.291 -0.624
Dz 0.184 -0.254 -0.254
DY -0.078 0.091 -0.020

JOINT ID 5 5 7
DX ~0.201 -0.204 -0.357
DZ 0.134 -0.197 -0.172
oYy -0.055 0.066 -0.022

Normalised mode shape for sway X,3 ; f= 113.83 Hz

Maximum dispiacément atjoint 43X
MEMBER 135 REMOVED"

Table 4.47

76

~0.174
-0.086

67

-0.048
0.031
0.101

49
0.938
-0.258
0.138

40

0.982
—01192
0.137

32
-0.432
0.094
0.004
24
-0.630
0.180
—On 014
16
~-0.624
0.183
-0.014
8
-0.360

0.108
-0.004

166

Mean FARE
displ.

-0.111 - 31%
~-0.048 336%
1.000 0%
0.953 18%

-0.319 Node

shift
-0.580 28%
-0.618 -21%
-0.378 -34%



CHANGE DECK MASS DECK MASS

7;;;;;QEET\~\\ INCREASED BY 5% INCREASED BY 100%
MODE FREQ. (Hz.) FREQ. (Hz.) CHANGE | FREQ. (Hz.) CHANGE
Sway Z,1 15.07 14.83 -1.6% 11.32 -24.9%
Sway X,1 16.46 16.14 -1.9% 12.28 -25.4%
Torsior 1 19.45 18.80 -2.8% 15.72 -18.2%
Sway Z,2 62.59 62.46 N.C. 61.43 - 1.9%
Sway X,2 64.48 64.29 N.C. 62.46 - 3.1%

Torsion 2 81.44 81.42 N.C. 81.24 N.C
Sway Z,3 136.0 136. 0 N.C. 131. 4 - 3.4%
Sway X,3 143.9 143.7 N.C. 142.5 - 1.0%
Torsion. 3 169. 1 168. 1 N.C. 137.9 -18.5%
) N.C.<<1% Change

Natural frequencies of model platform for changes in deck mass

Table 4.48

/9b



CHANGE DECK MASS DECK MASS
\;;;;;;EEB‘\\\ INCREASED BY 5% INCREASED BY 100%
MODE FREQ. (Hz.) FREQ. (Hz.) CHANGE FREQ. (Hz.) CHANGE
ovaliging 1 39.60 39.60 N.C. 39.60 N.C.
Ovalising 2 46.39 46.39 N.C. 46.39 N.C.
Ovalising 3 57.99 57.99 N.C. 57.99 N.C.
Ovalising 4 79.15 79.15 N.C. 79.15 N.C.
Ovalising 5 101.8 101.8 N.C. 101.8. N.C.
Ovalj sing 6 155.5 155.5 N.C. 155.5 N.C.
Vertical 84.18 84.14 N.C. 69.02 -18%
Deck Pitch 80.66 86.96 -4.0% 76.92 -15.1%
Deck Roll 101.3 101.1 N.C. 85.15 -15.9%
Deck Twist 127 .4 127 .3 N.C. 108.5 -14.8%
Deck Bending 159.7 158.4 N.C. 158.9 N.C.

Natural frequencies of model platform for changes in deck mass

Table 4.49

N.C.<1% Change

agt



LEVEL

LEVEL

LEVEL

LEVEL

_LEVEL

LEVEL

LEVEL

LEVEL

JOINT

BX
DZ
DY

JOINT
DX
D7
DY

JOINT
DX
Dz
DY

JOINT

- DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX

Dz
DYy

ID

ID

1D+

D

ID

ID

ID

ID

Normalised mode shape for sway Z,1 ; f=14.83 Hz

75

0.017
0.965

58

0.017
0.943
0.012

50

0.007
0.602
0.044

37

0.005
0.447
0.053

29

0.003
0.322
0.056

21

0.003
0.215
0.055

13

0.002
8.120
0.050

g.o0
0.035
0.041

Maximum displacement at joints 737 & 747

88

0.017
0.903

71

0.017
0.882
0.012

51

0.007
0.578
0.042

38

0.005
0.432
0.051

30

0.003
0.311
0.055

22

0.003
0.207
0.054

14

0.002
0.114
0.049

0.003
0.033
0.040

89

-0.017
0.903

72

-0.017
0.882
-0.012

52

-0.007
0.578
0. 042

38

-0.005
0.432
~-0.051

31

-0.003
0.311
-0.055

23

-0.003
0.207
-0.054

15

-0.002
"0.114
-0.049

-0.003
0.033
-0.040

76

-0.017
0.865

67

-0.017
0.943
-0.012

49

-0.007
0.602
-0.044

40

-0.005
0.447
-0.053

32

-0.003
0.322
-0.056

24

-0.003
0.215
-0.055

186

-0.002
0.120
-0.050

Olo
0.035
-0.041

DECK MASS INCREASED BY 12.8 kg (5%)

Table 4.50

168

Mean
displ.

1.000

0.877

0.632

0.471

0.339

0.125

0.036

D
o\®

(wn]

(]
o\@

Q
MO

o
A0

0%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX

DZ
DY

- JOINT

DX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
DZ
DY

JOINT

DX
bZ
DY

JOINT
DX

DZ
oY

JOINT

DX
(YA
DY

ib

ID

ID

ID

1D

ID-

1D

1D

68
0.979
0.0

-0.015

50

0.561

0.0
-0.053

37
0.424
0.0

-0.060

27

0.312

0.0
-0.062

21

0.214
0.0
-0.059

13

0.122
0.0
-0.053

5
0.037

-0.002
-0.042

0.037
0.002
0.042

0.037
-0.002
0.042

Normalised mode shape for sway X,1

786

0.999

67

0.978
0.0
-0.015

49
0.561
0.0

-0.053

40
0.424
0.0

_0-080

32
0.312
0.0

-0.062

24
0.214
0.0

-0.059

16

0.122
0.0
-0.053

8
0.037

0.002
-0.042

; £=16.14 Hz

170

Mean

displ.
1.003

0.982

0.563

0.426

0.313

0.215

0.122

. 0.037

Maximum displacement at joints 73X,74X,102X & 103X

DECK MASS INCREASED BY 12.8 kg (5%)

Table 4.51
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LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
Dy

JOINT
DX
' DZ
DY
JOINT

DX
Dz
DY

JOINT

DX
Dz
DY

JOINT

DX
DZ
DY

JOINT
DX
Dz
Dy

JOINT

DX
[3)4
oy

JOINT

DX
Dz
DY

Normalised mode shape for sway Z,1

ID

ID

ID

ID

ib

ID

ID

ID

75

0.019
0.963

68

0.019
0.940
0.012

50
0.007

0.591
0.044

37

0.005
0.435
0.053

29

0.004
0.312
0.056

21

0.003
0.2086
0.055

13

0.002
0.114
0.049

5

0.0
0.032
0.040

68

0.018
0.892

71

. 0.019

0.871
0.013

51
0.008

0.564
0.043

38

0.005
0.419
0.052

30

0.004
0.300
0.055

22
0.003

0.198
0.054

14
0.002
0.108
0.048

6

8.003
0.029
0.039

89

-0.020
0.893

72

-0.6189
0.871
-0.013

52
-0.008

0.564
-0.043

39

-0.005
0.4189
-0.052

31

-0.004
0.300
-0.055

23
-0.003

0.198
-0.054

15
-0.002
0.108
-0.048

9

-0.003
0.029
-0.038

N
3

76
-0.018
0.963
67
-0.019
0.940
-0.012
49

-0.008
0.591

-0.044

40

-0.005
0.435
-0.053

32

-0.004
0.312
-0.056

24

-0.003
0.206
-0.055

16

-0.002
0.114
-0.048

0.0
0.032
-0.040

f=11.32 HZ

Maximum displacement at Joints 73Z & 742

DECK MASS INCREASED BY 256 kg (100%)

Table 4.572

171

Mean
displ.

1.015

0.991

0.632

0.467

0.335

0.221

0.121

0.033

o\°®

-0.8

-1 I2°

-2.2

—8‘30

o\?

o\®

)
43

%

)
%

%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
3)4
DY

JOINT
BX
[3YA
DY

JOINT
DX
DZ
DYy

JOINT
Dy
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX
(BY4
oy

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

iD

ID

ID

ID

iD

ID

ID

ID

68

0.978
0.0
-0.014

50

0.551
0.0
-0.053

37

0.412
0.0
-0.060

29

0.302
0.0
-0.062

21

0.205
0.0
-0.059

13

0.117
0.0
-0.052

0.034
-0.801
-0.042

0.034
-0.001

0.042 -

Normalised mode shape for sway X,1

-0.014

49

0.551
0.0
-8.053

40

0.412
OIO
-0.060

32

0.302
0.0
-0.062

24

0.205
0.0
-0.058

16

0.117
0.0
-0.052

0.034
0.001
-0.042.

; £=12.28 Hz

DECK MASS INCREASED BY 256 kg (100%)

Table 4.53

172

Mean
displ.
1.022

0.999

0.563

0.421

0.309

0.208

0.120

0.835

o\

-0.8%

-1.3%

-2.4%

-5.4%

Maximum displacement at joints 73Z to 76Z,88Z,897,102Z & 1037



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
Dy

JOINT
DX
DZ
DY

JOINT
DX
Dz
DYy

JOINT
DX
Dz
DY

JOINT
DX
Dz
[5)4

JOINT
DX
Dz
Dy

JOINT
DX
bDZ
Dy

JOINT
DX

DZ
DYy

D

ID

ID

ID

ID

ID

iD

ID

75

+-0.263

-0.412

68
-0.259
-0.407

0.002

50

:~0.103

~0.148
-0.007

37

. -0.073

-0.088
~-0.007

29

-0.053
~-0.062

-0.005

21

~0.042
-0.047

~ -0.004

13

' -0.031
© -0.034
. -0.003

5

-0.017
-0.018
-0.002

88
-0.263
0.526
71
-0.258
0.518
ag.0o
51
-0.103
0.222
0.013
38
-0.073
0.143
0.014
30
-0.053
0.102
0.012
22
-0.042
0.073
0.0M11

14

-0.031

0.0489
0.009

6
-0.017

0.022
0.007

89
0.263
0.527

72
0.259
0.519
0.0

52
0.103
0.222

-0.013

39
0.073
0.143

-0.014

31
0.053
0.102

-0.012
23
0.042
0.073

-0.011
15
0.031
0.049

-0.009

7

' 0.017

0.022
-0.007

76
0.263
-0.412
67
0.259
-0.407
-0.002
49
0.103
-0.148
0.007
40
0.073
-0.088
0.007
32
0.053
-0.062
0.005
24
0.042
-0.047
0.004
16
0.031
-0.034
0.003
8
0.017

-0.018
0.002

Rotation

1.000
0.991

0.985
0.978

0.289
0.338

0.176
0.188

0.108
0.121

0.073
0.080

0.047
0.050

0.023
0.022

Normalised mode shape for torsion 1 3 =15.72 Hz

Maximum displacement at joints 102Z & 103Z

Table 4.54

DECK MASS INCREASED BY 256 kg (100%)

173

Mean
rotatian

1.013

0.898

0.324

0.185

0.116

0.078

0.050

0.023

-1.6%

13%

-2.5%

D
(8]
.o\



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX

Dz
DY

JOINT

DX
bz
DY

JOINT
DX
Dz
Y

JOINT
DX
Dz
Dy

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

ID

ID

ID

ID

ID

ID

ID

ID

Normalised mode shape for sway Z,2 ; f=61.43 Hz

75

0.003
-0.073

68

0.002
-0.135
0.067

50

0.003
0.772
-0.021

37

0.003
0.889
-0.027

28

0.002
0.876
-0.009

- 21

0.002
0.880
0.011

13

0.002
0.691
0.026

-0.017
0.381
0.030

88

0.002
-0.081

71

0.003
~-0.143
0.066

51

0.002
0.764
-0.022

38

0.003
0.983
-0.028

30

0.002
0.871
-0.008

22

0.002
0.876
0.011

14

0.001
0.688
0.026

0.018
0.379
0.029

88

-0.002
-0.082

72

-0.003
-0.143
-0.066

52

-0.001
0.764
0.022

39

-0.001
0.983
0.028

31

-0.001
0.871
0.009

23

-0.001
0.876
-0.010

15

-0.001
0.688
-0.026

-0.018
0.379
-0.029

76

-0.003
-0.073

67

-0.003
-0.135
-0.068

49

-0.002
B0.772
0.021

40

_01001
0.988
0.027

32

-0.001
0.976
0.008

24

-0.001
0.880
-0.01

16

-0.001
0.691
-0.026

0.017
0.381
-0.030

Maximum displacement at joints 337 & 357

DECK MASS INCREASED BY 256 kg (100%)

Table 4.55

174

Mean
displ.

-0.074

-0.133

8.737

0.946

0.934

0.843

0.662

0.365

-42%

-4.3%

-6.6%

-8.3%

-11%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
3Y4
DX

JOINT
DX
bDZ
DY

JOINT
DX
8Y4
DY

JOINT
DX
bz
Dy

JOINT
bX
DZ
DY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

ID

ID

Ib

ID

ID

ID

ID

D

Normalised mode shape for sway X,2 ; £=62.46 Hz

75 88
-0.045 -0.046
0.0 0.0
68 71
-0.155 -0.154
0.0 0.0
-0.217 0.137
50 51
0.894 0.895
0.0 0.0
-0.100 0.029
37 38
1.000 1.000
-0.001 -0.001
-0.086 0.022
29 30
0.912 0.912
-0.001 -0.001
-0.080 0.034
21 22
0.764 0.764
-0.001 -0.001
-0.093 0.046
13 14
0.545 °  0.546
0.0 -0.001
-0.091 0.054
5 6
0.244 0.244
-0.011 0.010
-0.078 - 0.052

Maximum displacement at joints 37X to 40X

89
-0.046

0.0

72
-0.154

0.0
0.137

39

1.000
-0.001
0.022

CX
0.912
-0.001
0.034

23
0.764
-0.001
0.046

15

0.244
-0.011
0.052

76

-0.046

0.0

67

-0.155
0.0
-0.217

32

0.812
-0.001
-0.080

24
0.764
-0.001
-0.083
16
0.545
~-0.001
-3,081
8
0.244

0.010
-0.078

DECK MASS INCREASED BY 256 kg (100%)

Table 4.58

175

Mean

displ.
-0.

044

147

.853

.854

.870

729

.521

.233

0,
A 3%

-73%

-34%

o
o\®

-4.6%

-7.9%

-11%

-14%

-19%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

2

JOINT

DX
DZ
DY

JOINT
DX

DZ .
DY

JOINT

DX
DZ
DYy

JOINT

DX
DZ
DY

JOINT

DX
[3Y4
DY

JOINT
DX
DZ
DY

JOINT
DX

DZ
DY

JOINT

DX
DZ
DY

ID 75

| 0.045
0.036

ID 68

0.028
0.034
- -0.016

ID 50
-0.520

-0.805
0.012

ID 37

-0.666
-1.000
0.010

ID 29
. -0.685
-0.977
-0.001

D 2
. -0.657
. -0.903
-0.008

D 13
i -0.543

- -0.730
{ -0.012

D 5
©-0.281

-0.408
- -0.010

88

0.044
-0.041

71

0.028
-0.037
0.011

51

~0.520
0.800
-0.016

38

-0.666
1.000
~-0.014

30

-0.685
0.982
-0.002

22
-0.657
0.911
0.005

14
-0.543

0.739
0.010

6

-0.281
0.415
0.008

83

-0.044
-0.042

72

-0.028
-0.037
-0.012

52

0.520
0.800
D.015

39

0.666
1.000
0.013

31

0.686
0.882
0.001

23
0.658
0.911
-0.006
15
0.543

0.739
-0.010

7

0.282
0.415
-0.009

76

~0.045
0.036

67
-0.028

0.034
0.016

49
-0.520

-0.805
-0.012

40
0.666

-1.000
-0.010

32
0.686
-0.977
0.001

24
D.658
-0.903
0.008

16

0.543

-0.730

0.012

8

0.282
-0.408
0.0M11

Rotation

-0.163
-0.050

-0.065
-0.046

0.920
0.895

0.980
1.000

0.851
0.881

0.701
0.736

0.501
0.539

0.228
0.274

Normalised mode shape for tomsion 2 ; f=81.24 Hz

Maximum'displacement at joints 377 to 407

DECK MASS INCREASED BY 256 kg (100%)

Table 4.57

176

Mean A
rotation
-0.083 -12%
~-0.067 --22%

0.911 0%

0.994 -0.6%

0.869 -0.9%

-3%

0.721

0.522 -1.1%

0.252 -9.7%

°
%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
Dz
Dy

JOINT
DX
bz
Dy

JOINT
DX
Dz
DY

JOINT
DX
Dz
DY

JOINT
DX
Dz
oY

JOINT
DX
Dz
DY

JOINT
DX
Dz

DY

JOINT

DX

Dz
DY

ID

ID

ID

D

1D

ID

ID

ID

Normalised mode shape for sway Z,3 ; f=131.37Hz

75

-0.003

-0.1389

68

-0.007
0.037
-0.052

50

-0.004
0.858
-0.076

37

-0.002
0.851
-0.008

29

-0.002
0.175
0.0%81

21

-0.001
~-0.359
0.138

13

0.0
_00730
0.145

0.031
-0.627
0.118

88

-0.014
-0.166

71
0.002

0.027
-0.078

51

- -0.002
0.843
-0.094

38

-0.002
0.844
-0.023

30

-0.003
0.176
0.081

22

-0.003
-0.351
0.130

14

-0.002
-0.720
0.139

-0.030
-0.618
0.113

89

0.014
-0.172

72

-0.003
0.028
0.077

52

-0.003
0.943
0.092

39

-0.001
0.844
0.021

31

0.003
0.176
-0.083

23

0.005
-0.351
-0.131

15

0.006
-0.720
-0.140

0.033
-0.618
-0.114

Maximum displacement at joint 477

76

0.004
-0.138

657

0.007
0.037
0.052

49

-0.001
0.958
0.076

40

-0.002
0.851
0.008

32

0.002
0.175
-0.091

24

0.004
-0.359
-0.137

16

§.004
-0.730
—0.144

-0.028
-0.627
-0.118

DECK MASS INCREASED BY 256 kg (100%)

Table 4.58 |

177

Mean
displ.

-0.1862

0.034

1.000

D.8892

0.185

-0.373

_00783

-0.655

-17%

(]
o\°

-3.5%

-8.0%

-1.9%

o
.

~
o\°



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

4

LEVEL

LEVEL

2

JOINT
DX
Dz
DYy

JOINT
DX
374
DYy

JOINT
DX
Dz
DY

JOINT
DX
Dz
DYy

JOINT
DX
bZ
Dy

JOINT
DX
Dz
DYy

JOINT
DX
Dz
DY

JOINT
DX

oY

ID

ID

ID

ID

ID

ID

ID

ID

75 88
~0.124 -0.117
0.001 -0.001
68 71
0.031 0.027
-0.002 0.002
-0.019 -0.002
50 51
D.963 0.960
0.002 0.002
0.012 -0.032
37 38
0.782 0.7863
0.002 0.002
-0.048 0.030
29 30
0.079 0.078
0.001 0.0
-0.131 0.114
21 22
~-0.440 -0.440
0.0 -0.002
-0.164 0.150
13 14
-0.754 -0.754
-0.001 -0.002
-0.156 D.145
5 6
. =0.551 -0.551
0.024 -0.026
. =0.,115 0.108

89

-0.118
0.002

72

0.027
-0.002
0.0

52

0.960
0.002
-0.031

38

0.763
0.002
0.031

31

0.079
0.001
0.115

23

-0.440
0.001
0.150

15

-0.753
-0.001
0.145

-0.551
0.024
0.107

76

-0.124
-0.002

67

0.030
0.002
-0.018

49

0.963
0.002
0.013

40

0.762
0.002
-0.048

32

0.078
0.0
-0.131

24

-0.440
-0.002
-0.164

16

-0.754
-0.003
-0.157

-0.551
-0.027
-0.116

Mean
displ.
-0.126

0.030

1.000

0.793

0.082

-0.458

-0.784

-0.573

Normalised mode shape for sway X,3 : £=142.48 Hz

Table 4,59

Maximum displacement at Joint 48X

DECK MASS INCREASED BY 256 kg (100%)

178

-21%

Node
shift

-2.0%

-12%

-—
-

-—
o\°

-0.3%

-0.3%



LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

JOINT

DX
DZ
DY

JOINT
DX
Dz
DY

JOINT
DX

(BY4
DY

JOINT
DX
Dz
DY

JOINT

DX
- Dz
DY

JOINT
DX
0z
DY

JOINT
DX

DZ
DYy

JOINT
DX

Dz
DY

ID

ID

ID

ID

ID

ID,

ID.

ID

75
0.525
-0.375

68

0.4789
~0.589
0.194

50

-0.015
-0.088
0.059

37

-0.023
0.008
0.634

29

0.016
0.035
0.024

21

0.034
0.040
0.018

13

0.040
0.033
0.014

0.027
0.014
0.011

88

0.517
0.374

71

0.479
0.616
-0.209

51
-0.014

0.123
-0.070

38
-0.023
0.022
-0.041
30
0.016
-0.032
-0.026
22
0.034
-0.054
-0.017
14
0.040
-0.058
-0.012
6
0.026

-0.034
-0.009

Normalised mode shape

89

-0.518
0.374

72

-0.478
0.616
0.209

52

0.011
0.123
0.070

39
0.020
0.022
0.040

31

-0.016

-0.032
0.025

23

-0.033

-0.054
0.016

15

-0.037

-0.058
0.012

7

-0.024

-0.034
0.009

78

-0.524
-0.375

67

-0.480
-0.584
-0.193

49

0.011
-0.088
-0.058

40

0.020
0.006
-0.034

32

-0.016
0.035
-0.024

24

-0.033
0.040
-0.018

16

-0.037
0.033
-0.014

8

-0.025
0.014
-0.011

f= 137.

Maximum displacement at joint

DECK MASS INCREASED BY 256 kg

Table 4.60

Rotation

-1.000
"0.399

-0.919
0.842

0.0189
0.097

D.026
0.007

-0.016
-0.025

-0.030
-0.032

-0.029
-0.028

-0.017
-0.013

78Hz

73X

(100%)

179

(Table 4.1¢

Mean

rotation

-5.181

-2.388

1.000

0.284

-0.353

-0.534

-0.491

-0.259

A%

Large
change

Large
change

(@]
o\

-59.5%

Node
shift

72.4%

14.3%



\\\\\EEQSEEE\\\ RIGID SUPPORTS
UNCHANGED

MODE FREQ. (Hz.) FREQ. (Hz.) CHANGE
Sway Z,1 15.07 17.38 15.3%
Sway X, 1 16.46 18.48 12.3%
Torsion 1 18.45 19.67 1.1%
Sway Z,2 62.59 69.25 10.6%
Sway X,2 ' 64.48 68.24 5.8%
Torsion 2 81.44 82.86 1.7%
Sway 7,3 - 136.0 142.1 4.5%
Sway X,3 143.9 146.6 1.9%
Torsion 3 169.1 170.8 1%

VERT. SUPPORT STIFFNESS
REDUCED BY 10%
FREQ. (Hz.) CHANGE
14.86 -1.4%
16.27 -1.2%
18.44 N.C.
62.41 N.C.
84.22l N.C.
81.43 N.C.
136.0 N.C.
143.8 N.C.
169.1 N.C.

Natural frequencies of model platform with

Table 4.61

N.C. €1% Change

support changes-

o8t



CHANGED
UNCHANGED

RIGID SUPPORTS

VERT. SUPPORT STIFFNESS

REDUCED BY 10%

‘MODE FREQ. (Hz.) .FREQ. (Hz.) CHANGE FREQ. (Hz.) CHANGE
Ovalising 1 39.60 39.60 N.C. 39.860 N.C.
Ovalising 2 45.38 46.38 N.C. 46.38 N.C.
Ovalising 3 57.99 57.99 N.C 57.99 N.C.
DOvalising 4 79.15 79.15 N.C 79.15 N.C.
Ovalising 5 . 101.8 101.8 N.C 101.8 : N.C.
Ovalising 6 155.5 155.5 N.C. 155,5. | N.C.
Vertical 84.18 103.3 22.7% 83.40 N.C.
Deck Pitch. 80.66 88.52 -1.3% 839.80 N.C.
Deck Roll 101.3 106.1 4.7% 101 .1 N.C.
Deck 127 .4 128.4 N.C 127 .4 N.C.
Deck Bending 158.7 159.8 N.C 159.7 N.C.

N.C.<1% Change

Natural frequencies of model platform with support changes

Table 4.62

18t
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CHAPTER 5

EXPERIMENTS ON MODEL PLATFORM




Figure 5.1
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(@14.2Hz Sway Z,1 ;(B)16.Hz Sway X,1 ; ©)19.5 Torsion 1 ;(@)60.3Hz Sway Z,2 ;(2)67.8Hz Torsion 2

(¥)80.3Hz Deck Roll ;(g)118.4 Sway Z,3

Acceleration frequency response at joint 48Z. Input force 2.6 Newtons at joint 82Z.

Figure 5.3
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(@14.2Hz Sway 7,1 ;(B)16.Hz Sway X,1 ; (©)19.5Hz Torsion 1 ;(@)60.3Hz Sway Z,2 ; (8)67.8Hz Torsion 2 ;(f)80.3 Deck Roll

Acceleration frequency fésponse at joint 48Z . Input force 4.3 Newtons at joint 907 .
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Figure 5.4



—

iy

for QP 1102

+ 1Q -
-

130

(@)118.4Hz Sway X,3 ;(b)122.4Hz

Acceleration frequency response at joint 48X (Level 7).

187

Input force 4.3Newtons at joint 90X .

Figure 5.5
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(2)118.4Hz Sway x,3 ;(B)122.4Hz

Acceleration'frequency response at joint 40X (Level 6). Input force 4.3 Newtons at joint 390X .

Figure 5.6
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Figure 5.7

Input force 4.3 Newtons at joint 390X .
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Figure 5.8
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Acceleration frequency response at joint 16X (Level 3). Input force 4.3 Newtons at joint 80X .

Figure 5.9
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O LEVEL § JOINT ID |..73. | 102 103 74 | MEAN DISPL.

L

oz

A DX -0.25 -0.28 | -0.43 -0.46

o, 9 Dz 0.99 0.74 0.71 1.00 1.00

= DY 0.09 0.03 | -0.04 {-0.06

O LEVEL { JOINT ID 73 102 103 74

[1H]

'._

g DX 0.08 0.08 | -0.08 |-0.08

5 9 Dz 1.00 0.72 0.72 1.00 0.97

O DY - —_ _ -

o LEVEL | JOINT ID 53 97 96 54

18]

Q<

7 DX -0.27 | -0.28 | -0.43 |-0.44

I, 8 Dz 0.98 0.69 0.68 0.96 0.96

= oy 0.04 p0.04 | -0.09 [-0.03

a LEVEL | JOINT ID 53 97 96 54

ul

'._

T DX 0.08 0.08 | -0.08 |-0.08

5 8 DZ 0.98 0.70 0.70 0.98 0.95

© DY 0.03 0.03 | -0.03 |-0.03

a LEVEL | JOINT ID 50 51 52 49

[N}

o

@ DX -0.15 | -0.21 | -0.22 |-0.25

ng 7 DZ 0.5 0.52 | 0.51 | 0.54 0.62

= DY - — — -

q LEVEL | JOINT ID 50 © 51 52 49

}._

|

X DX 0.02 0.02 | -0.02 |-0.02

8 7 Dz 0.57 | 0.52) 0.52 | 0.57 0.62
oy 0.04 0.04} -0.04 | -0.04

5 LEVEL | JOINT 1D 13 14 15 16

o

§ DX -0.03°| -0.04| -0.03 | -0.06

m, 3 Dz 0.04 0.03 0.02 0.05 0.04

= DY _— — — —

, LEVEL JOINT ID 13 14 15 16

(]

ul -

5 DX 0.01 0.01 | -0.01 | -0.0%

& 3 bz 0.11 0.10 0.10 | 0.11 0.12

o DY 0.05| o0.05| -0.05 | -0.05

Normalised Measured and Computed Mode Shape for Sway Z,1

f

m

= 14.2 Hz, Fc

TABLE 5.,1A

= 15.07 Hz.
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Joints used in

73 hnpdECthFtﬂbiii

All mean mode shapes
normalised to unity at
maximum displacement, and
mean computed mode shape
normalised to equal
displacement with mean

measured mode shape at

EVEE 78

Mode shape tahble layout

TABLE 5L1B
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f

m

16. Hz,

£o =

‘TABLE 5.2

16.46 Hz.

5 LEVEL J JOINT ID | 73 ) 102 .| 103 74 | MEAN DISPL.
[a e
@ DX 0.96 1.00 0.87 0.86 1.00
h 8 Dz 0.41 0.23 0.27 0.40
= DY -0.06 0.03.} 0.05 | -0.07
a LEVEL | JOINT ID 73 102 103 74
'_
z DX 17.00 | 1.00 | 1.00] 1.00 1.04
5 9 Dz 0.0 0.0 0.0 0.0
o py -— —_ -— -~
o | LEVEL | JoINT ID | 53, .| .97 96 | . 54
wl
o
@ DX 0.97 0.99 0.86 0.88 1.00
ﬁ‘ZJ 8 DZ 0.43 0.24 0.21 0.37
oy -0.04 0.01 0.01 | -0.07
o LEVEL | JOINT ID 53 97 96 54
[
; DX 0.98 0.98 0.98 0.98 1.02
) 8 Dz 0.0 0.0 0.0 0.0
o DY -0.05 0.05 | 0.05 | -0.05
o LEVEL | JOINT ID 50 51 52 49
B -
@ DX 0.54 0.53 0.54 0.52 0.58
5 7 Dz 0.22 0.16 0.16 0.18
= DY -— —_ — —
a ’LEVEL JOINT ID 50 51 52 49
5
% DX 0.56 0.56 0.56 0.56 0.58
Sl 7 Dz 0.0 0.0 0.0 0.0
‘ DY -0.05.| 0.05 0.05 | -0.05
a LEVEL | JOINT 1Ip 13 14 15 16
o
3
@ 3 DX 0.12 0.13 0.13] 0.12 0.14
n Dz 0.01 0.0 0.01f 0.0
DY - - - -
LEVEL | JOINT 1D .
5 13 14 15 16
E DX 0.12 0.12 0.12] 0.12 8.12
= 3 Dz 0.0 0.0 0.0 0.0
O DY -0.05 0.05 0.05| -0.05
Normalised Measured and Computed Mode Shape for Sway X1
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o | LEVEL | JOINT ID 73 102 103 74 ROTATION MEAN ROTATION
o
D B
0 DX ~0.45 | -0.42 0.48 0.48 0.92
bl 9 0.99
W Dz -0.81 1.00 0.95 { -0.81 1.00
oy 0.03 | -0.07 | -0.01 | -0.02
o [LEVEL { JOINT ID 73 102 103 74
I.._. .
|
T DX -0.5 -0.5 0.5 0.5 1.00 0.71
] 9 Dz -0.77 1.00 1.00 | -0.77 0.98 :
DY '
o | LEVEL | JOINT ID 53 97 96 54
&
= DX -0.48 | -0.43 0.47 0.53 0.96 1.0
< 8 DZ -0.78 0.95 0.95 | -0.80 0.97
= DY -0.01 | -0.03 | -0.05 | -0.01
o | LEVEL | JOINT 1D 53 97 86 54
w
'_.
& DX -0.49 | -0.49 0.49 0.49 0.98 0.70
5 8 0z -0.76 0.89 0.98 | -0.76 0.97
o DY 0.01 0.0 -0.0 -0.01
o | LEVEL | JOINT ID 50 51 52 49
[0
o
2 DX -0.13 | -0.13 0.16 0.14 0.22 0.23
W 7 DZ -0.14 0.33 0.33 | -0.14 0.23
DY
o | LEVEL | JOINT 1D 50 51 52 49
w
-
T DX -0.1 | -0.1 0.1 0.1 0.30 0.23
= 7 ) .
S Dz -0.1 0.25 0.25 0.1 0.34
© DY -0.0 0.02 | -0.02 0.0
o LEVEL | JOINT 1p 13 14 15 16
o
] DX -0.05 | -0.05 0.05 0.05 0.04 4
@ 3 5 0.0
h A -0.05 | ‘0.07 0.07 | -0.05 0.04
= DY
8 LEVEL | JOINT 1ID 13 14 15 16
o
T DX -0.03 | -0.03 | 0.03 | 0103 | 0.05 0.04
& 3 DZ -0.02 0.06 0.06 | -0.02 0.05
= BY .0 0.01 { -0.01 | -0.0

Normalised Measured and Computed Mode Shape for Torsion 1;

fn = 19.5Hz, f_ = 19.45 Hz.

TABLE 5.3



o | LEVEL | JOINT 1D 73 102 103 74 MEAN DISP.

joN]

[0l

= DX 0.0 0.0 |-0.03 0.0

< g Dz -0.20 | -0.27 [-D.26 -0.27 -0.24

= DY 0.05 0.02 }-0.01 0.04

o | LEVEL | JOINT 1D 73 102 103 74

i .

*_._

2 DX 0.02 0.02 |-0.02 -0.02

= 9 Dz -0.23 | -0.29 |-0.29 -0.23 -0.22

Q DY I P —_ -

o | LEVEL | JOINT ID 53 - 97 96 54

[0t

pan |

o DX 0.01 0.0 |-0.02 -0.01

uJ 8 Dz -0.20 | -0.24 |-0.24 -0.10 -0.20
DY 0.04 0.01 | 0.02 0.07

o | LEVEL | JoinT 10 53 97 96 54

1l

l,_

T DX 0.02 0.02 |-0.02 -0.02

= 8 DZ -0.28 | -0.35 {-0.35 -0.29 -0.27

& DY 0.14 0.14 |-0.14 | -0.14

o | LEVEL | JoINT 1D 50 51 52 49

L

[0l

7 DX 0.03 0.02 | 0.03 0.06

o 7 DZ 0.80 0.78 | 0.77 0.83 0.82

= DY - -- -- -

o | LEVEL | JOINT 1D 50 51 52 48

5

z DX 0.0 0.0 0.0 0.0

5| 7 0z 1.00 | 0.98 { 0.98 1.00 0.62
DY -0.05 } -0.05 | 0.05 0.05

- LEVEL { JOINT 1p 13 14 15 16

[TH]

% DX 0.10 0.11 | 0.07 0.03

2 3 Dz 0.98 0.95 | 0.95 1.00 1.00

w [83% - - o -

LEVEL | JOINT Ip 13 14 15 15

;@

2 DX 0.0 0.0 0.0 0.0

& 3 0z 0.99 0.98 | 0.98 0.99 0.82

8 DY 0.02 0.02 |-0.02 -0.02

Normalised Measured

f

m

60.3 Hz,

TABLE 5.4

62.59 Hz

and Computed Mode Shape for Sway Z,2
gc
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_ | LEVEL | JOINT 1D 73 102 103 74 | MEAN DISP.
&
> DX -0.25 | -0.26 | -0.25 | -0.25 -0.26
el I Dz 0.0 0.02 | 0.02 | 0.0
= DY -0.20 0.05 0.10 | -0.16
., | LEVEL | JOINT 1D 73 102 103 74
Lit
é DX -0.19 | -0.19 | -0.19 | -0.18 -0.189
= 9 DZ 0.0 0.0 0.0 0.0
o DY -- - -- --
g | LEVEL | JOINT 1D 53 97 96 54
x
@ DX -0.29 | -0.29 | -0.29 | -0.27 -0.29
w 8 Dz 0.04 0.03 0.04 0.03
DY -0.20 0.04 0.11 | -D.18
o | LEVEL | JoInT 1D 53 97 96 54
wl
|_
=) DX -0.27 | -0.27 | -0.27 | -0.27 -0.27
= 8 Dz 0.0 0.0 0.0 0.0
& DY -0.29 0.27 0.27 | -0.29
o | LEVEL | JOINT ID 50 51 52 49
ul
> DX 0.97 | 0.98 | 0.97 | 0.95 0.99
< 7 Dz -0.04 | -0.06 | -0.07 | -0.07
= DY - - - —
o | LEVEL' | JOINT ID 50 51 52 49
@ |
= ’
= DX 1.0 1.0 1.0 1.0 0.99
al 7 DZ 0.0 0.0 0.0 0.0
DY -0.03 0.01 0.01 | -0.03
a | LEVEL | JoInT 10 13 14 15 16
28
:) "
2 DX 0.97 1.00 0.87 0.98 1.00
w i 3 bz -0.05 | -0.06 | -0.06 | -0.03
DY — - - -
a LEVEL | JOINT 1D 13 14 15 18
pe 0
2 X 0.71 0.71 0.71 0.71 0.70
= 3 DZ 0.0 0.0 0.0 0.0
O oY -0.06 0.04 0.04 | -0.06

Normalised Measured and Computed

f

m

= 564 Hz, FC

TABLE 5.5

Mode Shape for Sway X,2

= B4.48 Hz
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_ | LeveL [ ot 10 73 102 103 74 | ROTATION  MEAN ROTATION

1

o

= DX 0.16 | 0.19 | -0.16 | -0.15 | -0.41 042

< 9 Dz 0.27 | -0.30 | -0.28 0.30 | -0.40 :

= DY -6.17 | 0.07 | o0.04 | -0.18

o | LEVEL | JoInT 1D 73 102 103 74

18]

}__

= DX 0.15 | 0.14 | -0.14 | -0.14 | -0.14 013

=l 9 DZ 0.21 | -0.22 | -0.22 | 0.21 | -0.12 1

O DY

o | LEVEL | JOINT 1Ip 53 a7 96 54

o

2

2 DX 0.10 | 0.11 | -0.18 | -0.15 | -0.34

wl| 8 DZ 0.21 | -0.24 | -0.22 | 0.21 | -0.31 -0.33
DY -0.15 | 0.05 | 0.05 | -0.19

8 | LEVEL | JOINT ID 53 g7 96 54

}__

2

& DX 0.11 | 0.11 | -0.11 | -0.11 | -0.11 o1

S| 8 DZ 0.17 | -0.13 | -0.19 | 0.17 | -0.10 .
DY -0.06 | 0.04 | -0.04 | 0.06

o | LEVEL | JOINT ID 50 51 52 49

o

jn]

2 DX -0.49 | -0.45 | 0.61 | 0.55 | 1.00 10

wi 7 DZ -0.84 | 0.87 | 0.75 |-0.79 | -0.95 .
DY

o | LEVEL | JoINT 1D 50 51 52 49

Ty

}—_

T DX -0.65 | -0.65 | 0.65 | 0.65 | 1.00 10 !

5|1 7 Dz -1.0 0.9 | 0.39 | -1.0 0.87 ' |

© DY 0.02 | -0.02 | 0.02 | -0.02 |

5 LEVEL | JOINT 1p 13 14 15 186

o8

P OX -0.78 | -0.78 0.73 0.74 0.76 0.77

il Dz -0.92 | 0.96 | 1.00 [-0.92 [ 0.75 .

= oY .

& LEVEL | JOINT ID 13 14 15 18

}—

7 DX -0.68 | -0.68 0.68 0.68 0.55 0.58

=| 3 Dz -0.82 | 0.93 | 0.93 |-0.92 | 0.59 .

O DY -0.01 | 0.01 | -0.01 | 0.0t

Normalised Measured and Computed Mode Shape for Torsion 2;

foo = 67

.8 Hz, ¥

TABLE 5.8

c

81.44 Hz.



- LEVEL| JOINT ID 73 102 103 74 MEAN DISP.
i _
= DX -0.27 | -0.26 | -0.27 | -0.33 -0.31
5 9 bz 0.01 0.04 | -0.04 | 0.05
= DY 0.80 | -0.88 | -1.0 0.82
o | LEVEL| JOINT 1D 73 102 103 74
a _
'é DX -0.17 | -0.16 | -0.16 | -0.17 -0.17
= g DZ 0.0 0.0 0.0 0.0
O DY -- - -- --
o | LEVEL| JOINT ID 53 97 96 54
[
% DX 0.08] 0.01 0.07 | 0.05 0.06
< 8 DZ -0.01 | -0.05 | -0.07 | -0.02
= DY 0.80| -0.87 | -1.00 0.83
o | LEVEL| JOINT ID 53 97 96 54
L
}—
2 DX -0.01 | -0.01 | -0.01 | -0.04 -0.01
= 8 DZ 0.0 0.0 0.0 0.0
O DY 0.49{ -0.42 | -0.41 0.49
o | LEVEL| JOINT 1D 50 54 52 49
QL
@
= DX 0.88 0.90 0.94 0.82 1.00
< 7 DZ -0.03 0.07 0.09 | -0.07
= DY _— - - -
o | LEVEL| JOINT ID 50 51 52 48
[TH] N
|_
o DX 1.00 1.00 1.00 1.00 1.00
5 7 DZ 0.0 0.0 0.0 0.0
o DY 0.02{ -0.06 | -0.08 0.02
o | LEVEL| JOINT 1n 13 14 15 16
[n e
us |
@ DX -0.50| -0.47 | -0.48 | -0.51 -0.54
w 3 DZ 0.03) -0.03 1 -0.03 0.04
DY _ - - .
B LEVEL JOINT ID 13 14 15 16
o}
> DX -0.78] -0.78} -0.78 | -0.78 -0.78
5 3 DZ 0.0 0.0 | 0.0 0.0 |
Q DY _0018 0-144 0.14 ‘._0.18 ‘

Normalised Measured and Computed Mode Shape for Sway X,3

¢

m

= 118.4 Hz,

TABLE 5.7

£

= 143.89 Hz

228
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g LEVEL | JOINT ID 73 102 103 74 MEAN DISP.
0l
7 DX -0.02 | -0.05 0.02 0.04
N 9 DZ -0.52 | -0.57 | -0.52 | -0.52 -0.80
= DY -0.83 | -0.94 0.91 0.85
o LEVEL | JOINT ID 73 102 103 74
}....
T DX -0.06 | -0.06 0.06 0.06
5 9 DZ -0.26 | -0.31 -0.31 -0.26 -0.38
o DY - -- - -
o | LEVEL | JOINT ID 53 97 96 54
(UN]
8 ey
A DX -0.03 | -0.03 0.03 0.04
< 8 DZ 0.11 0.15 0.16 0.15 0.22
= 5)% -0.91 | -1.00 1.00 0.93
o | LEVEL | JOINT ID 53 97 96 54
Ll
-
T DX 0.01 0.01 -0.01 -0.01
5 8 Dz 0.01 0.05 0.05 0.01 0.04
o DY -0.25 | -0.99 1.00 0.24
o | LEVEL | JOINT ID 50 51 52 43
a .
oz
a DX -0.08 | -0.02 { -0.03 0.04
| 7 DZ 0.81 0.71 0.68 0.85 1.00
= DY _— - - i
o | LEVEL | JOINT ID 50 51 52 49
w
|_ 0
P DX -0.01 | -0.01 0.0 0.0
5 7 DZ 0.78 0.73 0.73 0.78 1.00
o DY -g.08 | -0.18 0.17 0.08
o | LEVEL | JOINT 1ID 13 14 15 16
[T}
x
@ DX 0.07 | -0.02 0.0 -0.02
= 3 DZ -0.45 | -0.45 | -0.43 | -0.46 -0.68
= DY — - - -
o | LEVEL [ JOINT ID 13 14 15 16
w
'_.
2 DX -0.01 | -0.01 | 0.02 0.01

5 3 Dz -0.60 | -0.56 | -0.56 | -0.60 -0.77
o DY 0.11 0.08 | -0.08 | -0.11

Normalised Measured and Computed Mode Shape for Sway Z,3

£

m

119.4 Hz, §,

TABLE 5.8

= 136.02 Hz
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MEAN A%
o | LEVEL | JOINT 1D 73 102 103 74 DISPL. (TABLE 5.4)
<
2 DX -0.03 | -0.04 | -0.04 0.04
W 8 DZ -0.15 0.01 0.02 | -0.14 -0.38 58.3%
DY -0.06 | -0.03 0.03 0.06
o |LEVEL | JoINT 1D 73 102 103 74
'_
-}
L DX -0.04 | -0.04 0.04 0.04
S e DZ -0.24 | -0.07 |-0.07 |-0.24 |-0.47
oY
o | LEVEL | JOINT 1D 53 97 96 54
oz
§ DX -0.04 | -0.04 0.04 0.03
N 8 Dz -0.10 0.03 0.03 | -0.11 |-0.22 10%
DY -0.08 | -0.03 0.03 0.08
o | LEVEL | JOINT 10 53 97 96 54
|_._
§ DX -0.04 | -0.04 | 0.04 | 0.04
5 8 DZ -0.20 {-0.05 |-0.05 {-0.20 |-0.38
o DY -0.07 | -0.02 0.02 0.07
o | LEVEL | JOINT 1D 50 51 52 43
(1
@ DX 0.08 | 0.07 |-0.07 |-0.05
m 7 Dz 0.24 0.04 0.04 0.24 | 0.82 0%
=
DY
o | LEVEL | JoINT 1D 50 59 52 48
o | 4
§ DX 0.10 0.10 | -0.20 | -0.10
5 7 DZ 0.41 0.12 0.12 0.41 0.82
DY -0.07 | -0.04 0.04 0.07
o | LEVEL | JOINT ID 13 14 15 16
o
§ DX 0.20 0.14 | -0.13 | -0.24
m 3 DZ 0.99 0.14 0.14 1.00 3.32 232%
=
DY
. | LEVEL | JOINT ID 13 14 15 18
w
5 DX 0.16 | 0.16 |-0.16 | -0.15
& 3 Dz 1.00 0.28 0.28 1.00 1.94
o DY -0.11 | -0.02 0.02 0.11

Normalised Measured and Computed Mode Shape for Sway Z,2
£, = 39.1Hz, ¥, = 44.09 Hz.

MEMBER 84 REMOVED

TABLE 5.9
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, MEAN D%
o LEVEL | JOINT ID 73 102 103 74 DISPL. (TABLE 5.7)
1
@ DX -0.06 | -0.08 |-0.29 |-0.31 | -0.28 -9.7%
W g DZ 0.02 | -0.05 |-0.13 0.08
DY 0.10 | -0.33 | -0.10 0.73
5 LEVEL | JOINT ID 73 102 103 74
—
§ DX 0.05 0.06 |-0.24 |-0.24 | -0.12
5 g DZ -0.05 0.03 0.03 | -0.05
Q
DY
g | LEVEL JOINT ID 53 97 96 54
1
7 DX 0.09 0.08 | -0.02 |-0.12 0.01 -83%
, 8 Dz 0.12 0.16 | -0.17 0.07
= DY 0.170 | -0.34 | -0.88 0.074
5 LEVEL | JOINT ID 53 g7 96 54
'._
o DX 0.0 0.0 -0.08 | -0.08 | -0.05
5 8 Dz 0.08 |-0.11 |-0.11 0.08
Q DY -0.48 0.45 | -0.72 0.69
5 LEVEL | JOINT ID 50 59 52 49
[t
P DX 0.45 0.54 0.87 0.85 1.00 0%
e, 7 DX -D.53 0.53 0.38 | -0.38
=
DY
5 | LEVEL JOINT ID 50 59 52 49
[_.
o DX 0.58 0.58 1.00 1.00 1.00
5 7 Dz -0.28 0.38 0.38 |-0.28
o DYy -0.02 0.03 { -0.19 0.15
8 LEVEL | JOINT 1ID 13 14 15 16
[0y
2 px - |-0.23 |-0.21 |-0.568 |-0.56 | -0.58 7.4%
h, 3 DZ 0.22 | -0.22 | -0.25 0.23
=
2)%
LEVEL | JOINT ID 13 14 15 186
(]
w
= DX -0.31 | -0.31 |-0.87 | -0.87 | -0.82
- 3 DZ 0.20 | -0.27 | -0.27 0.20
o DY -0.08 0.10 | -0.02 | -0.01

Normalised Measured and Computed Mode Shape X,3

¥ = 96.9 Hz, f

m c

MEMBER 135 REMOVED

TABLE 5.10

= 113.83 Hz.




and Torsion Natural Frequencies

TABLE 5.1

MEASURED COMPUTED
MODE FREQ (Hz) FREQ (Hz) L%
Sway Z,1 14.2 15.07 6.1
Sway X, 1 16.0 18.46 2.9
Torsion 1 19.5 19.45 -0.3
Sway Z,2 60.3 62.59 3.8
Sway X, 2 56.4 64.48 14.3
Torsion 2 67.8 81.44 20.1
Sway Z,3 119.4 136.0 13.8
" Sway X,3 118.4 143.9 21.5
Torsion 3 Not Iden- 169.1 -
tified
Comparison of Measured and Computed Sway



MEASURED COMPUTED
MODE FREQ. (Hz) FREQ. (Hz) VAN S

Ovalising 1 40.5 39.8ﬁ -2.2
Ovalising 2 48.5 46,39 -4.4
Ovalising 3 60.9 57.99 -4.8
Ovalising 4 81. ' 78.15 -2.3
Ovalising 5 102.2 101.8 -0.4
Dvalising 6 154.6 155.5 0.6
Vertical 75.7 84.18 11.2
Beck Pitch 105.4 80.60 -14.
Deck Roll 80.3 101.3 26.2
‘Deck Twist 130.0 127.4 -2.0
Deqk Bending Not Iden- 158.7 -

tified

Comparison of Measured and Computed Natural

Frequencies

TABLE 5,12




MEMBER NO. 84 MEMBER NO. 135

MODE MEASURED COMPUTED MEASURED COMPUTED
Sway Z,1 N.C. -2.7% N.C. N.C
Sway X, 1 N.C. N.C. -1.9% -3.1%
Torsion 1 -2.0% -1.3% -3.1% -3.6%
Sway Z,2 -35.1% -29.6% N.C. N.C
Sway X,2 N.C. N.b. N.C N.C.
Torsion 2 ~-4% -8.7% N.C N.C.
Sway Z,3 N.C. -1.9% N.C N.C
Sway X, 3 N.C. N.C. -18.1% -20.9%
Torsiaon 3 Not Iden- -2.7% Not Iden- -4.,1%

tified tified

N.C. < 1% change

Percent Changes in Measured and

Computed Sway and Torsion

Frequencies with Members 84 and 135 Removed in Turn

TABLE 5.13



MEMBER NO. 84 MEMBER NO. 135
MODE MEASURED COMPUTED MEASURED COMPUTED
Ovalising 1 N.M. +1.2% N.C. N.C.
Ovalising 2 N.M. N.C. N.C N.C
Ovalising 3 N.M. N.C. N.C N.C
Ovalising 4 N.M. N.C 1.4% 1.9%
Ovalising 5 N.M. N.C N.C. N.C
Ovalising 6 N.M. N.C N.C N.C.
Vertical NeM N.C N.M. N.C.
Deck Pitch N.C N.C -12.1% N.C
Deck Roll N.C. -3.1% N.C. N.C.
BDeck Twist N.M. N.C. N.M. +1.5%
Deck Bending Not Iden- N.C Not Iden- N.C.
tified tified

N.C. < 1% change

Not Measured (N.M.)

Percent Changes in Measured and Computed Natural

Frequencies with Members 84 and 135 Removed in Turn

TABLE 5.14

235
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o LEVEL | JOINT ID | 73 | 102 103 74 MEAN DISPL.
[0y
]
@ DX -0.23 | -0.21 | -0.23 | -0.22 | -0.24
i e DZ 0.01 0.01 0.05 0.04
DY 0.77 | -0.86 | -0.72 0.63
o | LEVEL | JOINT ID 73 102 103 74
—
|
o8 DX -0.17 | -0.18 | -0.16 | -0.17 | -0.17
S 9 Dz 0.0 0.0 0.0 0.0
Dy
g | LEVEL | JoINT 1D 53 97 96 54
x
§ DX 0.08 0.08 0.07 0.05 0.07
w 8 Dz -0.07 | -0.05 | -0.06 | -0.05
Dy 0.74 | -0.83 | -0.71 0.59
_ | LEVEL | JOINT ID 53 g7 96 54
L
E DX -0.01 | -0.01 | -0.01 | -0.01 | -0.01
= 8 DZ 0.0 0.0 0.0 0.0
S DY 0.43 | -0.42 | -0.41 0.48
| Leve | JoInT 1D 50 51 52 49
(TR
% DX 0.91 0.97 0.84 1.00 1.00
< 7 DZ 0.20 0.27 0.23 0.23
L
= DY
o LEVEL " | JOINT ID 50 51 52 49
}_—. N
é DX 1.00 1.00 1,00 1.00 1.00
S 7 Dz 0.0 0.0 0.0 0.0
DY 0.02 | -0.06 | -0.06 0.02
g | LEVEL | JOINT ID 13 14 15 16
o )
? DX -0.62 | -0.57 | -0.63 |-0.57 | -0.64
5 3 DZ -0.17 | -0.26 | -0.19 | -0.31
=
Dy
o | LEVEL | JOINT ID 13 14 15 16
[TH]
5 DX -0.78 | -0.78 | -0.78 }-0.78 | -0.78
= 3 DZ 0.0 0.0 0.0 0.0
o DY -0.16 0.14 0.14 | -0.18

Normalised Measured and Computed Mode Shape.,

f

m

= 122.4 Hz, second third sway mode in

X-direction;

Iy

c

=, 143.9 Hz, sway X,3 (Table 5.7)

TABLE 5.15
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o | LEVEL | JOINT ID 73 102 103 74 MEAN DISPL.
x
ﬁ DX -0.04 | -0.05 | 0.06 | 0.06
W 8 DZ -0.49 | -0.50 | -+0.45 | -0.48 |-0.71
DY -0.89 | -0.32 | -0.90 0.71
o | LEVEL | JOINT ID 73 102 103 74
| .
§ DX -0.06 |-0.08 0.06 0.06
S 9 Dz -0.26 |-0.31 |-0.31 |-0.26 |-0.38
S _
Dy :
o | LEVEL | JOINT ID 53 a7 96 54
i e
7 DX -0.01 0.02 0.03 0.04
o 8 Dz 0.0 | 0.18 0.18 0.14 0.21
= DY -0.78 | -1.0 0.97 0.81
o | LEVEL | JOINT 1D 53 97 96 54
|__
T DX 0.01 0.01 |-0.01 | -0.01
5 8 Dz 0.01 0.05 0.05 0.01 0.04
© DY -0.25 | -0.99 1.00 0.24
o | LEVEL | JOINT 1D 50 51 52 43
o
A DX -0.02 | -0.01 0.04 0.02
5 7 DZ 0.68 0.73 0.65 0.70 1.00
=
DY
Qo | LEVEL" | JOINT 1D 50 51 52 49
—
; DX -0.01 | -0.01 0.0 0.0
5 7 Dz 0.78 0.73 0.73 0.78 1.00
DY -0.08 | -0.18 0.17 0.08
o | LEVEL | JOINT 1D 13 14 15 186
[y
‘B DX -0.02 | 0.08 | -0.05 0.04
&5 3 DZ -0.46 1 -0.38 | -0.40 | -0.43 | -0.61
=
DY
, g | LEVEL | JOINT 1D 13 14 15 15 -
I__
z DX -0.01 | -0.01 | -0.02 | O0.01
5 3 Dz -0.80 | -0.56 | -0.58 | -0.60 | -0.77
o DY 0.11 0.08 | -0.08 {-0.11

Normalised Measured and Computed Mode Shape.

Fn] = 126. Hz, second third sway mode in

Z -direction;

f

c

= ,136.02 Hz, sway 7,3 (Table 5.8)

TABLE 5.16



o | LEVEL { JOINT 1D 73 | 102 103 74

o

o}

< DX -0.15 | -0.18 | 0.12 | D.12

g1 9 DZ 0.05 | -0.23 |-0.17 | 0.04
DY 0.43 | -0.95 0.57 | -0.57

o LEVEL | JOINT ID 73 102 103 74

o

T DX -0.16 | -0.18 0.16 0.16

& 9 DZ 0.2 -0.07 | -0.07 0.2

o DY :

o LEVEL | JOINT ID 53 97 96 54

X

7 DX 0.0 0.0 0.03 0.03

5 8 Dz -0.09 | 0.07 0.11 | -0.08

= Dy 0.44 | -1.00 0.55 | -0.81

o | LEVEL | JOINT ID 53 97 96 54

1N}

—

T DX -0.01 | -0.01 0.01 0.01

5 8 DZ -0.07 0.09 0.08 | -0.07

© oy 1.00 | -0.77 0.77 | -1.00

o | LEVEL | JOINT ID 50 51 52 49

wt

o

7 DX 0.01 0.02 | -0.03 {-0.04

Iy 7 DZ 0.07 | -0.04 | -0.05 0.08

= DY '

o | LEVEL. | JOINT ID 50 51 52 49

w

b

T DX -0.02 | -0.02 0.02 0.01

5 7 DZ -0.11 | -0.19 | -0.19 | -0.11

o DY 0.10 | -0.1 0.1 -0.10

o | LEVEL | JOINT 1D 13 14 15 16

[EN]

o

2 DX -0.10 0.04 0.08 | -0.02

< 3 DZ -0.18 | -0.05 0.03 |-0.11

= 504

o | LEVEL | JOINT ID 13 14 15 18

(1]

-

T DX ~-0.01 | -0.01 0.02 0.02

5 3 DZ 0.08 0.14 0.14 0.08

o DY 0.0 -0.05 0.05 0.0

Normalised Measured and Computed Mode Shape

" for Deck Twist,

FI'T'I

TABLE 5.17

= 130.Hz, f, = 127.44 Hz.
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]
239
Freq. Force Acceln F.R.F. X-Spec. Phase Coherencd
(Hz) (N2xEB) (g2xE6) (ExE3/N) (ENxEB) (Deg)
10 91410, 3355 4,39 401.8 176.3  .0u2
10.4 ‘ 104000, 37,44 4,06 : A22.92 17846 e 0435y
10.8 1134600, IR 36 4,05 460.2 167.6 + 047
11.2 145200, 931 .09 b.+18 geg.2  173.2 + 108
11.4 1ERA00. H3.83 b.86 1088, 170.1 116
12, L&2300. 824,34 .87 1603, =~177.9 L1874
12,4 201800, 126.2 12.14 2454, 172.3 .Q3é§
12.¢ 223400, 189.4 135,38 3440, 168.7 o270
13.2 217300, 285, 23,33 5072, 168.5% .307]
13.6 2723500, 1168, - 38.19 10440, 1725 e 3414
14, 281100. 17510, 144.5 41180, 127.9 .344;
14.4 276000, 3976 - 76400 20990, 17,85 401,
14.8 208300, 791.9 30559 PA23. 11+54 (383!
15,2 323100, 385.3 15,48 BO0% ., 12.34 201
1%5.6 397800, 741 .6 14, 6365, 75407 J
16, 443500 . 841.1 2601 11580, 23.01
146.4 4346200, 286.7 13.71 5984, J.97
16.8 481700, 2EH.7 10.3 4961 . 2446
17.2 H33100. 274.8 G583 3110, 364
1746 575800, 389 .7 4.1 2361, R7+97
18. 439300, 705.5 P11 G876 81.98
18.4 679800, 1849, 10.76 7320, 164.5
i8.8 813000, 14910, 6074 49380, 166,
19.2 674500 28030, b2V 17720, 48424
19+.6 7E4400 ., 2701 . R 18990, 8,58
20, BOL200. 1115, 20.96 16900, 8.26
2044 848400, 549 .1 14.04 11910, 2.69
20.8 865500, 385,64 13.19 11420, 4,89
21.2 PO7200. 298.4 12.37 11220, ~1e.14
21.6 . 920300, 248.7 1195 11000, B )
22, 1076000, 221.4 10.86 11700, - 0%
22,4 43100 . 163.3 10.1 PHA7 . ~1.93
22.8 1045000, 158.4 P73 101460, 3.96
23.2 11760006, 182, 9.18 10790, 2,05
2346 1326000, 151.1 8.98 11920, 1.26
24, 1380000, 140.4 : 8.6%5 11940, 1.43
24.4 1315000, 128.2 §.44 11100, 13
24.8 1259000, 110.3 7.91 P64, TS
25,2 1415000, 120, 7,97 11290, - &%
25+ 6 1391000, 110.4 7+79 10840, + 28
24, 1384000, 103.7 7 .58 10510, - 4
26.4 1521000, 117.7 7 .85 11940, -, 09
'26.8 1416000, 100.5 7451 10630, 15
2742 1737000, 1171 7 37 12800, -2
27.6- 1697000, 108. 7415 12150. 1.86
28, 1826000, 118.9 744 13510, 2.73
28.4 1785000, 110.2 7.24 12940, -e12
28.8 1921000, 119.2 7.16 13760. -+37 8261
29.2 1881000, 108.6 7.00 ' 13180, 1.40 .849"

29.6 1200000, 109.5 7.08 13460, 79 .870ﬂ

Excitation (joint 82Z] and Response (joint 49Z) Spectra.

Table 5.18



Freq.
(Hz)

30,
30,4
30.8
312
1.4
32¢
32

33.2
33.4
34,

34.4
34.8
3G
3\J + é)
36,

3644
36.8
372
3744
38,

38.4
38.8
392
3946
40 .

40.4
40.8
41 .2

41,6

42 .

424
42.8
4342
4306
44,

44 .4
44.8
4'!0,...
4 06
46

" 4b .4
46 .8
47 .2
47+ 6
48,

48,4
48.8
49.2
A49. 6

Force

(N2xEB)

19202000,
1955000,
2022000,
1957000,
2182000,
2120000,
2218000,
2272000,
2AGH0000 .
2251000,
2238000,
2273000,
2274000,
2080000,
2321000,
2421000,
2097000,
2423000 .
QI77000.
2587000,
2489000
2570000,
2E27000.
2675000
2454000,
2759000,
2798000,
2560000,

 RBEH000.

2753000,

2867000 .

2514000,
2659000
2886000,
2E7E000 .
2728000
2653000,
2634000,
2647000,
2884000,
3005000,
2769000,
2808000,
2862000,
2802000,
2717000,
2527000,
2860000,
2665000,
27239000,

Acceln

(§4xEB)

103.2
106.3
112.
107.5
113.3
110.
112.2
112.1
112.2
111.9
111.3
116.2
106.7
101,
106.5
1.!\)08
9970
108.7
110.9
115.2
1215
117.2
I-A \Jo.l
13141
119.7
138.9
130.2
124.9
126.4
130.9
140.5
132.
141.3
142.9
135.7
142.9
142.2
144.46
146.1
154.3
165.2
158.1
159.8
169 .6
172.7
161.2
163.9
188.9
184.5
187.5

Table 5.18 contd

F.R.F.
(gxE3/N)

b 79
(.{) * 8:)
6.85
é + (?:)
b.+.72
b+ 73
bebl
boGb
bHebd
b+64
beH3
b 72
b.48
449
b+36
beSd
be47
b4
6444
b 30
b+65
b4

bbb
673
b6+63
be77
4450
(f) + 64
bH.+64
bedb
b.69
.91
b+e96
6472
b6¢76
.92
699
703
7.07
697
7.08
7¢20
7417
732
7445
7433
7462
774
7.82

7.88

X-Spec.
(gNxEB)

12920,
13390.
13860,
13340,
14670,
14280,
144680,
14930,
14990,
14970.
14840,
15280,
14740,
13500,
147460,
15890,
13570,
135160,
15330,
16430,
16560,
146440,
17250,
18010.
16280,
18680,
18210,
17000,
17060,
18060,
19210,
17370,
183510,
19420,
18100,
18900,
183570,
183530.
18720.
20110.

21290,
19940.
20150,
20950,
20890,
19920,
192460,
22140,
20850,
21610,

Excitation [(joint 822] and Response (joint 49Z) Spectra.

Phase Coherenc@
(beg) ;
~e1l4 849
~ 05 L B62
L% 848
'*040 08/'1 i
07 870
.21  .874,
~+18  86G
~+18 L8733
<49 889,
-+ 74 ,B88
-e40 B84
~+34 L, 883F
~1.99 894
~e 8P JBEY
29 881
~« 2% 821
o.l.\J 0880
-+ 60 L B4Y
"'o:',)l. OBS)J
9E 90
"‘03:) + P06
et 897
00 L2205
~1.686 .924]
08 910
~1+33 .21 ¢
1.18 203
1.65 896!
- +bH3 0904‘
' 24 09‘1.'\.)'
SO L9099
—eH1 0 911
~+03 214
~1.10 L9201
25 W 91E
09 213
-4l + PO 1M
~ 48 906,
~1.94 908
22 1D
o33 + 207
27 904
+13 090]’
J35 905
49 L B9
71 W90R
1.20 .884
-1.01

$ 908"



Freq.
(Hz)

0.

304
G90.8
S1.2
9l b

200
wdal e
[

\J:30

G248

G964
A B

[
e :2

G976
58.

H8.4
G98.8
G592
5‘? L3 t.{)
6G.

6O 4
60,8
1.2
6146
62,

62,4

462.8
63,2
634+ 6
b4 .

64.4
64.8
65 .2
6») ¢ 6)
bbb .

6644
" 6648
672
b7+ 6
68,

68.4
68.8
69 .2
69 6

Force

(NszB]

2732000,
2725000,
2882000,
L702000.,
2B7I9000,
2ABLO00,
SUAT000,
L723000.
2664000,
2PO2000.,
3107000,
2845000.
2560000,
2865000,
2933000,
2581000,
2641000
2480000,

2EIZO00.

2560000,
2646000,
2516000,
212000,
28746000,
2604000,
2631000,
2511000,
2985000,
2649000,

CREB73000.

2687000,
2657000,
2780000,
2017000,
2822000,
2736000,
2520000,
2286000,
2402000.
2574000,
2730000,
2374000
2616000,
24622000,
2604000,
2645000,
2513000,
2353000,
2477000,
2495000,

Acceln

(82xEB)

2146.9
197.6
2193
2062
228. 46
2Lé.

22508
243.7
257 .4
313,22
340.1

3369

KR NG
400,72
465 . 6
AP0 . 4
485, 7
543, 1
b67 .8
V54 5

1001,
1336,
2199,
3643,
8335,

47360,

37330,

5978,
2154,
871.4
493, 5
290.8
204,3
155, 1
140.8
141.8
147.8
160,46
186,
D705
38% ., 7
573,
1269,
3748,
29690,
026
1387,
HO5 . 9
2791
159 .8

Table 5.18 contd

F.R.F.
(gxE3/N)

7.83
8.08
8.29
824
B.61
870
8,83
8.89
Q.36
?.81
?.89
10.27
10.36
11.04
11.83
11.49
L2e34
12.84
14.38

9.2

17.13

19.99

24,38
29.98
46,02
10G.2
88.19
32.48
18.96
10.36
b.81
3,85
1.85
+ 33
1.72
3.03
3065
4,90
G095
737
8.99
11.81
17.55
30.07
73.33
39.33
17,16
P76
6.62
4,21

X-Spec.
(gNxEB)

21570,

22040.
238%0.,

L’J“/()

24110,

21740,
22490,
24210,
28670,
28480,
30730,
29240,
26520
31650,
34720,
30190,
32600,
34430,
37890,
3BY30.
SR HTON
BO320.
L8880 .
8620
1192800,
277000,
221500,
P4HP70.
0240,
26670,
18310,
10230,
G170,
P40,
4889,
8309 .
Y210,
11210,
13330.
18970.
24560,
280850,
45920,
78870,
19092060,
104000,

43130,

22970,
16410,
10500,

Excitation (joint 82Z) and Response (joint 497) Spectra.

N
Y
JEEN

Phase Coherencg

(Deg)

-2,086 779
=19 903!
- 3L 908,
~2.39 880
=1.00 L8823
-1.14 .887
- Q2 0891
~1.88 .891
=97 854
-2.11 .?“”ﬂ
“1eb7 B39
~2.B4 L B28,
-+ 9% 814
""1081.1 08[.(5
A7 784
~2:10 W 775
~4.78 752
"({)080 07()
S B T
~14.9 e 661
"’4“1013& o(‘)."\! |
=155,
~161.,8
”"1({)60
~168.5
~1469.9
=153,
—-9R, 27 L0008
~29.51 059
~16.28 177
~4,30 L2237
=509 342
~H5.98 L3977
-1.92 .814;
-8, 41 578
~6.085 634
-15e2 + 532,
~67+14 471
~1353,4 L5822
~1466.4 + 8033
""16601 044»’3
"‘171.07 0\389
~17747 276




Freq.

(Hz)

70,

7044
70.8
1.2
716

72

724

7248
732
730({)
74,

7444
74.8
7562
7546
76

7({) * 4
76.8
772
7/ ¢ 6)
78,

78.4
78,8
79.2
796
80.

80.4
8O.8
B1l.2
8l.6
82,

82,4

B2.8
B3.2
83.6
84.

84.4
84.8
8G.2
B5.6
B6.

8604
‘BL.8
87.2
87.6
88.

88.4
88.8
B892
. B89.6

Force

(N4xEB)

2489000,
2531000,
2032000,
2618000.
2414000,
2299000,
2471000,

2540000,
21706000,
2462000,
2371000,
2486000,
2340000+
2438000
2AGLH000.
2215000,
2368000,
2369000
2073000
2363000
2H1L3000.
2040000
2174000,
2158000
2221000,
2344000,
2497000
2293000
2357000,
2197000,
2025000
2269000,
2170000
2207000
2266000,
2022000,
20646000,
2058000,
2029000,
2092000,
2002000,
2104000
2219000
21846000,
2105000
2010000
1860000,
2071000
2077000,

Acceln

(E4xEB)

100.9
73.38
0768
4976
42.48
4137
43,19
FH.2
41 .
H51.01
G52.92
G726
(‘):} + 94
76.81
80.14
P24

112.¢

138.9

167.9

183.3

294.7

A%54 .,

63649

1331,
4379,
f485.
2289,

539 .9

309 .3

143.2

261.6

1581,

769 v 2

21%.9

115.3
71.97
475,32
51.08
37 .69
30.47
26.91
20.92
20.03
206
20.99
2046
15.58
16.64
17.41
16.75

F.R.F.

(ExE3/N)

2.48
1.29
1.+09
33
06)7
86
L.69
Loa3
1.93
2.93
2.90
3.40
.42
4o4({)
4,58
Gl
.91
G647
7+39
8.09
9. 86
12.0%
15.68
21.7%
38.73
G2e7
26417
10.99
8.24
4.11
712
20415
15,69
790
Gedé
3.69
2.47
332
2,69
2.06
1.80
+ 82
o 4b
65
+ 28
+ 60
+ 18
01({)
+30

96

X-Spec.
(gNxEB)

6195,
3264,
2775,
86E .,
1424,
1993,
4197,
094,
4904,
6369
71658,
BO74.,
Q01%,
10450,
11180,
12190,
13100,
15330,
17520,
16780,
23300,
30300 .
2000,
47300,
B3&610.
117100,
41370,
27440,
18910,
PEPL,
15640,
40810,
IH3BO.
17160,
12340,
8382,
G005,
6873,
5943,
4190.
3773
1644,

?88.3

1443,
622
1281.
362,
312,
625,

1166,

N
S
N

i
1

|

Phase Coherence:

(Deg)
~169.9

-13%5.4
7 ~86.83
~64.09
~13:86
~19.43

=12.351

~10.76.
"‘10/4 :

e :)8
1.9
179
=244
~3¢5h
~1.58
2 b2
- o G4
~4 63
~3.28
~%. 86
7,84
~13,39
~31 .47
P399
~143,9
=145 . 4
~139.8
-106.5
~h2,23
~P8.27
-161.8
=175.3
-175.1
-179.
~167.4
~150.4
~174.8
~169 .4
174.9
~170.8
~-174.,1

~186.2

7 =78.17

=1350.9

7 =174.,1

1 92.14
"‘3 + 60

Excitation (joint 82Z7) and Response -(joint 48Z) Spectra.

Table 5.18 contd

i
i

clmn
L0588
L08R
005
LORE
L0411
P14 4
elon i
fR30
C364
$393
ATY
519
Y

s HED
«HBL
e 714
7710
$ 740 |
$ 779
(804
JIBT
772
T
&350 6
L701
« 558

V04
277
425

SR

P716
V634
584
430
V273
447
L395
281
252
V064
L023
L045
008
V037
L 004
L003
L010
L039




Freq.
(Hz)

20,
0.4
20.8
P12
Pl
@2
2.4
9”08
?3.
93.6
?4,
?4.4
24.8
9" ﬁ
gdoé
Ré.
6.4
P6.8
Q7.2
R7.+6
28,
?8.4
?0.8
P92
P96
100,
100.4
100.8
101.2
101.6
102,
102.4
102.8
103.2
103.6
104,
104.,4
104.8
105.2
10946
106,
- 1064.4
106.8
107.2
107.6
108,
108.4
108.8
109.2
109.64

Force

(N?xEB)

2044000,
2000000,
1937000,
1899000.
2094000,
2019000,
19258000,
1914000,
1901000,
1861000,
19285000,
1206000,
1749000,
2042000,
1817000,
1676000,
1846600,
L19E4000.
1749000,
1707000,
1887000,
1720000,
1776000,
1285000,
1792000,
1719000,
1855000,
1747000,
1734000,
1686000,
1826000,
1728000,
1807000,
1617000,
1614000,
1826000,
1829000,
1663000,
1714000,
14683000,
1549000,

1709000,

1555000,
1507000,
1549000,
1703000,
1557000
1595000
1492000,
1633000,

Acceln

(E2xEB)

18,3
19.04
24.99
S 142
~“.75
19.44
1738
24.14
29.76
~M0d6
17.49
18.44
19.38
23.13
21.71
2044

P o 7

.....

2?.u4

23.21
68,04
112.4
3627
29.93
28.53
2742
29.64
29,28
27411
30.37
30.55
32.07
32.61
30.07
29.87
28.11
34,65
3175
34,
35452
36468
32.49
35421
64,82
418.7
1422
110.2
68.13
80.22
?4.135
156.2

Table 5.18 contd

F.R.F.
(ExE3/N)

+98
Le27
1076
2,99

e 20

odi

o;b
1.24

W76
1.02
1.22
1.37
1.47
1.38
1.63
1.47
135
1.50

78
1.57
40&6
.11
279
Qté4
2.42
2.66
2e44
251
2,68
2.80
302
2.90
275G
2.83
2477
2.87
2*76
2,92
2.87
3400

+ 65

25

J.&
1.08
10.4

7.93
6436
4.80
G5.53
6006
727

243

X-Spec. Phase
(gNxEB) (Deg)
2019, 3.82
2541, -+ 864
3421, ~4 . 62
G626 =82.49
430.,4. ~-34.,85
1031. 01
1487, 2.13
2384, + 75
1462, ~5e61
1901, 3.81
2430, -84
2620, =593
2582. ~1.03
20821, 10.86
2969, 1.94
24760 ”8026
2498, +86
2942, 4,99
1365, L+36
24696, 108.1
8805, 2571
G363, Be73
49610 W1073
G248, 4,86
4340, ~1.72
AG75 . 4,16
G935 . 3,62
4399 . 3.27
46570 ”4087
A734 ., 1.23
uulé. + 69
G021, 2.39
4986. ~3+H3
4580, 32
4475, 1.84
G243, J.14
G064 . + 50
4869 . ~1.3
4922, 32
G059 . 166
4107. 2.01
3847, 7.+48
1487. 109.6
15680, 92.33
12290, 2.90
10840, ~10.81
7877 . -3.47
8825, ~-1.89
90 50 "¢047
11870, ~9.54

Excitation (joint 82Z) and Response (joint 49Z) Spectra.

Coherence!

108
« 169
e 241
«119
+004
s0Q27
0064
122
037
L0846
+ 169

195
of é
o‘&h
e 223
+178
+148
+193
05
062
+ 3635
+ 440
+462
A8
« 384
«410
e 378
«A08
+A4l1

474
4d|9
e 447
AL
+ 433
441
+ 434
+ 441
419
e 397
+414
334
¢ 245
+ 028
+ 389
s 685
1626
e O26
+ 608

odgq

G52

:
i

g g e e S A K i



Freq.
(Hz)

110,
110.4

110.8 .

111.2
1ii.6
112,

112.4
112.8
113.2
113.6
114,

114.4
11408
115.2
115.6
116,

1164
116.8
117.2
1176
118,

118.4
. 118.8
119.2
119.6
120,

120.4
120.8
121.2

121.6

122,
122.4
122.8
123.2
123.6
124,

124.4
124.8
'n..\len.
12\.)06
126,

126.4
126.8
127.2
12706
128.

128.4
128.8
129.2
129.6

Force

(N2xEB)

1522000,
1408000,
1558000,
1357231000,
L&73000.
1548000,
1446000,
1570000,
14461000,
1395000,
14468000,
1420000,
1436000,
1534000
1504000,
1457000,
1317000,
1467000,
1283000,
1331000,
13346000,
1302000,
14460000,
1357000,
1414000,
1334000,
1388000,
143000G .
1394000,

C1367000,

13720000,
1378000,
1154000,
1275000,
1212000,
1433000 .
1215000,
1191000,
1265000,
1121000,
1149000,
1251000,
1178000,
1147000,
1125000,
1134000,
1185000,
1197000,
1141000,
1155000,

Acceln

(§2xEB)

634.5
148,
G4.13
S1.93
460,94
81l.06
5713
Ghed4
122.8
366 .9
128.46
122.4
225
119.9
141.2
211.8
4583
789.8
19%5,9
2867
F464.3
GGT7 T
L8833,
14840,
13080,
1574,
588.2
311.6
209.1
169.9
1665
208.9
142.8
1446.9
154.9
1846.9
2346.8
3293
643 .4
2267,
42500,
035,
3873,
H206 .
H386G.
7452,
7514,
83930,
7578,
4040,

Table 5.18 contd

F.R.F.

(ExE3/N)

12,03
329
1.93
3.08
376
4,97
7438

+ 18
Jedl

1067
4. 83
b.82
8.73
Geds
628
8.67

12,37
7P
4.17
8.035
7 ¢354

10.8

19.21

G6.18

45.89

14.25
7!5\)
466
20({)({)
1.28
110
el

+ 96

' 23
1.34
L.72
272
4,77
?.69

2()00\5

P0.79

G182

44, 466

353,04

131.2
35,99
42.88

145,
60,63
44,5

X-Spec.
(gNxEB)

18320,
G302,
3017,
4845,
6299,
7703,

104806,

289 .4 -

4691
149200,
10030,

704,
123550,

B34,

P4é61 .
12640,
16300,
14370,

b361 .
10710,
10080,
14070,
28080,
76280,
AH4920.
19020,
10230,

LLET

3716,

1758,

l. .Jj.»«‘

4286,

1112,

303.6

1650,
2474,
3308.
54689,
12270,
31030,
106100,
464590,
H2620.
40880,
147600,
40840,
50830,
173600,
49210,
51440,

Excitation (joint 82Z) and Response (joint 48Z) Spectra.

Phase Coherence

(Deg)

~43.93
-=111l.7

P

e 32
3,16
-1 .48

~62.29

125 ).
35.23
7.84

- 6.81
~19.49
~3 .39
01

e 19
-4 38
“71¢?7

~33.29
~137.9
~162.4
=165 3
~163.8
~147.
=130.6
“47 75
~134.7
172.2
~84.,01
~377
""1005({)
14,35
~2.98
4,40
"'7048
~92.94
~-170.8
~176.7
17"144
120.2
29.85
158644
2432
21.77
3048

7.
&)

fnd
=3

O RS P N
QGBQ&%A

.« 4+ s & »

.4,M‘
+ 138
2000
122
+ 433
933
+ 540
A9
+ 369

PARL
JELT
A3
L1768
c300
208
AN
L293
288 -
0227 .
‘1“&g
.O()( :
QAT
.013

010
083
L0007
L0000
014
L0382
L0882 .
+ 134
e 356
0226
oé({):‘ '
e OO7
0\.14(3,"
« 3035
+197
29

el Te i
0\_‘;\:]1;
'\J‘{)L)‘



Freq.
(Hz)

130.
130.4
130.8
131.2
131.6
132,
132.4
132.8
133.2
133.4
134,
134.4
134.8
135.2
1356
136,
136.4
136.8
137.2
13766
138.
138.4
138.8
139.2
1396
140.

Force

(N2xEB)

10466000,
1098000 .
1104000,
10924000,
LOHA000.
1035000,
1029000,
1078000,
1199000,
GRAG00.
@77H00 .
1003000,
100000,
474600,
1037000,
PAGEHQQ0 .
aE7900.,
PUILH00 .
P70400.
PEOH00 .
910800,
918700,
PIIB00.
Q2IO00 .,
FOREO0 .
Q0L1L200.,

Acceln

(E<XE6)

G179,
3233,
2644 .
3033,
10‘1.‘..00
13440,
70720,
101800,
10140,
3P67 .
27321,
1073,
684,22
(.()4204
380.8
364,05
4505
1109,
10090,
47441
311.7
G775
1593,
30640,
2877,
6190

F.R.F.
(ExE3/N)

554 95
46,54
37,9

21.8%5
74,18
83 .99

17273
L35

43.23
D85

25.86
9+ A48
224
bePb
L.758
e84

11.8

2346

48 .6%
7.04
4,98

14.43

25,16

QRv77

41 .04

15.95

245

X-Spec. Fhase

(gNxEB) (Deg)

G2640. 20.56
G1130. 2.66
41850, -1 88
23900, 12.7
78200, 2002
86940, W
182500, AR AR
165600, ~119.8-
91680 147,85
251060, ~108.1
25280, ~187.5
eS18. ~-179.6
2251, =T H2
66500+ -111.3
1818, -7+ 36
GH2AY. 2.01
10480, ~Fe 7Y
22510, ~h o 24
47210, ~8R2s 71
G768, 1494
4542, ~39.56
13250, ~1Ge 46
23470, -13:66
BEL20. -85 .84
I7290.  ~L6D.9
14380, ~168.8

Coherence:

L249
e 220
161
¢ 240

084

s Q07
+071
SO0
L OEE
e274
CATE
0,\}..’/' }
¢ 1GG :
Q72
C331
V370
e 259
531
+ 370

RMS values between frequency limits 10Hz to 140Hz

Joint 827 Joint 497

24 .4 (Newtons)

Force Acceleration 0.912 (g)
Velocity 29.5 (mm/sec)
! Displacement  0.258 (mm)

Excitation (joint 827) and Response (joint 48Z) Spectra.

Table 5.18 contd



246

Freq. Acceln Acceln F.R.F. - X-Spec. Phase Coherence

(Hz) (52xE6) (82xEB)  (8/8) (52xE6) (Deg.)
Joint 4927 Joint 762 (782/€92)

10, 50,4 116.3 691 35,0 ~2,31 207
10.4 57,7 150.2 L7408 43,9 7e35 220
10.8° 0.9 1675 1.017 &2, -2,4% 374
11.2 78.3 _ 198.2 BT0E 767 3.71 379
11.6 97,0 24464 1,115 108,72 01 490
12, 121.5 2911 - 1,134 1374 W31 534
12,4 187.3 452, 1.181 P21.3 - 97 578
12.8 2697 653, 4 1315 354,99 i1 714
13,2 477+ 4 1197, 1.461 4977 1.07 851
13,6 1209, 2037, 14964 1809, -, 02 891
14, 7744, 19370 14545 11980, 1.37 954
14.4 21860, 56050, 1,584 34700, 71 .982
14.8 1993, al47. 1554 3099, 1.62 936
15,2 72641 1887+ - 1.514 1099, A2 .89
15,6 297.9 1084, 1.324 527 41 ~2,18 643
16, 1964, G480, 1,623 3188, 1e62 944
16.4 464.9 1330, 1519 70644 20 807
16.8 292.8 1000. 1.50%5 440.6 ~1.04 662
17.2 239.7 ?78.8 1587 380.5 4,63 617
17.6 2176 1251, 1.935 421 .2 -1 .92 L651
18, 2346.8 1838, . a2,27¢ 539, 8 2237 669
16,4 318.7 3292, 279 8G9 .4 -4l W T7H3
18.8 724, 4 _Bea3, Zenny DIZ7 1.08 .868
19,2 4051, 51390, 3.498 14170, Bé6 964
19.6 24300, DOEDOO, 3,474 84520, 1,03 995
20, 1767 19130, 3,238 5723, 1.43 968
20,4 66147 6119, 2,908 1924, 2,18 .914
20.8 404 .4 3473, 2,758 1115, -, 28 L 885
21,2 32643 L3278, 2,397 7825 24 B23
2.6 - 263.6 1597, 2,134 BhR .V B1 W 751
a2, 216.8 1167, 1.932 419.1 1,17 693
22,4 201, . 1184, 2.144 431 .4 - 90 781
22,8 173.9 ?48.,9 2,04 354,9 ~l.14 763
23,2 163.5 74045 1.758 287.7 =00 4483
23.6 154.2 674.9 1.68% 59,9 1.03  .649
24, 164.2 694.7 1.682 D763 137 669
24.4 153, 8 682,64 1.791 275, 6 2,08 723
24.8 139.5 685.1 - 1.831 : 255, 5 3.09 683
25,2 13%5 .4 9529 1.748 D34.7 - 52 748
25,6 133, G28. 4 1.674 202,8 32 L705
26, 152.4 529.8 1.5 230.,2 0. f 656
26.8 140.7 448.3 1.387 195,1 22,603
27.6 144.6 43741 1.377 199.3 -5 628
28, 141.8 492.5 1.554 220.7 b3 L 697
28,8 132, 444,22 1,465 193.5 01 L 635
29,2 132.1 441.1 1.597 211, 57 L T763

Response Spectra at Joints 487 & 767
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence
(Hz) (g2xE6) (5*xEB) (8/8) (52xEB) (Deg.)
Joint 482 Joint 762 (762/492)

30, 1557 47241 1.44 224,33 1.23  ,484
30.4 138.5 451 .8 1556 215.6 - 05 742
30.8 140,52 437 .7 151 211.8 - B4 L 731
31.2 1405 408.7 1.408 197.8 1.06 681
31,6 146.9 422, 4 1.366 200.8 ER 649
32, 147.5 439.,9 1,435 211.8 1.10 691
32,4 134, 405, 3 1.496 200.6 ~2.14 740
32 144.,2 418.3 1e467 2117 3,05 .743
33.2 143,1 435, 9 1.498 214.4 =115 736
33,6 138, 468 .7 1.504 2076 ~2.30  Jb666
34, 146, 425 ,9 1e415 20646 R4 L4686
34.4 138.8 437 .9 152 21141 A7 733
34,8 - 121.1 397.3 1,538 186.3 2,29 721
3542 14?02 \59806 10\.‘;({)8 :10402 ""20'.4 0701
35.6 14645 393,15 1.416 207,64 -1 .58 747
3b. 140.1 CA1E .4 1.447 202.1 86 701
3b.4 151.8 414643 1.402 R12.9 1.83 717
3648 138.7 406 .9 1e467 203,64 24D 734
37.2 1328, 375.8 1.364 188.3 2,52 683
37.6 134.7 3594 1.41% 190.5 A7 750
38, 16246 409, 1.447 201, 1,08 782
38,4 14845 382.1 1,38y 2061 ~1.,18 .748
38.8 1653 4758 1.369 226,30 La6B L 651
39.2 144, 409.9 1+376 198,3 ~1.94 865
39.6 153, 3704 1.341 20% .2 2.2 743
40, 1679 389 . 1.3%6 214,33 1.19 747
40.4 . 150,595 378.4 1357 204, 4 “1.56 733
40,8 150.4 348, 1.309 197 - 85 L7441
41,2 1573 3563 1.292 203 .4 27 737
41.6 14637 365, 4 14253 R0Z.,9 23,719
42, C 15045 . 3331 1.265 190.5%  ~1.11  .723
42.8 171.4 371.3 1.248 213.9 - A2 ,718
43,2 173.9 388.9 1.275 221.8 JEHE L 7R7
43,6 171.7 30346 12564 21%.8 ~1.59 767
44, 170, 37444 1.283 218.2 136 748
44,4 202.1 400.2 1.197 242, 1.41 723
44.8 193:5 366.9 1.191 230.6 77 748
45,2 193.8 391.8- 1424%5 : 24%5,3 58 L 792
4% .6 214.6 390.3 1.094 235, 1.38 659
46, 228, 384.,7 1.06 241.8  ~1.72 666
46 .4 205, 1 3637 1.112 RR8,2 2.56 4698
46.8 206.2 394645 1.15% 238,33 2,330,694
47.2 1965 347.5 1.143 224.7 1.52  ,739
47 .4 190.2 345 .7 1.067 203%.1 ~1.34 427
48,4 D2DG 2634 1.038 231, 1.02 659
48.8 2461.8 3716 1.018 266,64 -.81 .730
49 .2 2029.,3 349.2 1.061 243, 4 -.33 739

Response Spectra at Joints 487 & 762
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Freq. Acceln Acceln F.R.F. X-Spec. Phase  Coherence
(Hz) (§2xEB) (52xEB) (8/8) (8*xEB) (Deg. )
Joint 49Z Joint 76Z (762/497) '
G0 255.4 333.1 L9871 252, b7 L T747
50,4, 228.7 324.8 1. 2287 2.64 4704
50.8 274.3 352.7 L8984 244, 4 L19 L 60T
51,2 R&63, 321.9 £ 9098 239, 3 A8 L 676
51,6 PR2 .6 A2t BT 247,9 2.94 677
52, 289, 321 .2 8988 PEZ A =176 709
52,4 2992 ANALD L8931 DET R W09 L 736
5. 8 9.2 379.8 BEGY 310.9 64,708
5, 0 331.7 4004 e ?7EE 257.3 3.98  .498
53,6 BAE, b 3269 8012 248,68 ~1e24 L4658
54 o 317.4 2691 . 7349 2333 2,49 (437
54,4 394.3 327.3 7674 302, 1.41  L709
54,8 355, 8 26045 6901 245,5 2,31 L4650
55,2 423.7 27246 6685 203,3 2.31 694
b 482 .8 280.1 V&30 304,3 2,09 L4684
HR2.2 2U9 .2 5604 292, 7 2,40 63D
4 G511 b e 4 5401 297,64 8,80 626
8 618.4 <49 .9 V4931 304,9 2.1% 4601
5742 7977 25943 c4374 348.9 2,41 588
57,6 8HEB .Y 236, v3764 X34, 6 4.31 533
58, 1149, 22441 3117 358, 3 4,17 498
58,4 1377, 324, $ 2451 337,59 8,38  .25%
56,8 0 2130, 200.3 1569 334,22 7,59  W261
59,2 3887, 139.1 V063 244,99 32,27 110
59,6 8380, 194.2 0662 555.1 139,64 189
60, 36510, 1183, 1663 &071 ., 164, L85
60,4 G1670. 3999, V2714 14020, 168.5 e
60.8 6100, 1127, + 38 RER0, 169 .8 . 782
61.2 2426, 832.7 APB3 1209, 170.7 My geX:s
6146 P62.9 609 .7 V5776 BG. 2 169.8 526
62, 0 G13.7 92643 (6231 I20.1  168.1 V378
6244 334.1 913.4 Rtk 195, 171 .2 c201
62,8 243.9 461, $ 4818 117.5 160.5 122
63,2 16%.1 384.9 c1651 27,2 176.4 W01l
63,6 160.8 418, e 2243 36,0 65,41 ,019
64, 17346 453,59 + 3801 bb . 23,33 L,05%5
64.4 169.2 342.8 v431 72,9 5.40 L091
64.8 219.7 363 5691 125, 14.39 196
86542 266.8 366.8 5688 146.1 6,00 226
6546 347.8 320.6 5182 180.,2 V53 L 291
&b 430.5 305, 4513 194.3 L40  .287
664 757 304.3 $ 3585 271 .4 3.82 319
66.8 1383, 292.1 2453 339.4 11,17 .284
&7.2 3783, 232.9 +1041 393,99 43,42 176
67.6 29880, 681.7 122 3649, 148, 4 653
68, 10630, 953,77 2663 2833, 166.3 «791
&8.4 1903, 548. 4 + 4209 801.3 1469.2 V615
68,8 75104 47649 <5847 A39.3 166, 538
69.2 349.3 4224 6533 P228.2 168.6 « 353
69.6 225,33 410.4 8194 184.7 171, ¢ 368

(IR & 4

o0 (R

* + o

Response Spectra at Joints 487 & 76Z
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence
(Hz) (E%xEB) (E*xEB) (8/8) (5AxEB) (Deg. )
Joint 487 Joint 76Z (762/497)

70, 155, 1 421 .4 6699 103.9  1469.8 165
70.4 121.1 A5, 1 6484 78.5 17141 J111
70.8 100.4 38D .2 L4678 48,9 ~179.9 L0462
71.2 97 Y 37002 (2693 2603 130.,7 019
71.6 100.7 381.8 J1077 10.8 ~17.%6  ,003
72, 74,3 350.3 4414 32.8 11.88  .041
72.4 737 368, ¢ 393 28,9 1.96 030
72.8 8.2 388.3 $ 7GR &4, 8 12.98 125
73,2 68.9 390.64 CGaTE 65,3 B.75 .158
736 91,1 400.5 $ 94608 875 6.0% L2209
74, 97.8 333,33 8499 83,1 298 0,212
74.4 97,2 317.8 9647 93.8 78 .284
74 .8 93,5 369.7 1.219 114, 5436 376
752 99 .2 347.3  1.188 117.9 . 4.34 403
75,6 111.1 333.5 1.069 118.8 6.84 381
76 133.6 334,711,094 146.3 5.21 . 478
7644 124.2 2978 1,047 130.1 4.32 457
76.8 162.3 328, 4 1.024 16642 3,76 518
77.2 . 213.4 331, T 883 188,46 4,75 503
774 261.8 337G B174 214, 3015 LH18
78, 331.2 3687 L7987 RE4LH He52  LH7X
78.4 430.7 36743 735 3léd.b 649 B33
78.8 6619 350,45 L5854 309,9 5,49 651
79.2 1237, 431, 5002 6519, 10.17 718
796 2686 49044 ¢ 3548 958, 6 Q.22 L4697
80, 11670, 693 .2 2R 2580, 18.77 823
80.4 18770, 401 .2 Jl1op 2068, 41,76 568
80.8 2923, 171.3 R Belitel Fbb.1  124.5 267
1.2 1080, 15%5.8 L2061 BRAVF145.4 294
81.6 53643 224,33 4038 2165  195.3 + 389
82, zég.z zgs.z CAHE 123,2 161.5 R4
82,4 - 170, 236.9 521 88.9 136, 195
82.8 370.6 25941 4678 1?§.3 177.(7)7 .%ii
83.2 680.1 200,35 +3141 23,6 149.7 306
83.6 1679 226464 635G 106.8 172.3 V299
B4, 129.6 2269 6833 88.6 176, 266
84.4 93.7 260, 7021 65.8 170, 177
84.8 61,9 23846 6313 ‘ 9.1 165.9 .104
85,2 70.2 249.8 «319 ~~.4 1533 L028
8546 85,1 260.4 42025 35 124.9 L 058
86, 6942 28141 8554 . 5902 162.7 «180
86.4 48.3 245.6 + 6408 31, 1655 + 080
86.8 53,8 25744 $ 2634 14,2 166.3 014
87.6 60.0 251.3 W 155 2.3 91,33 ,00%5
88. 59,7 244 .4 +4083 24.4 45,2 040
88.8 4646 237.4 0643 3. 146.8 000
89,2 38.3 245, 2389 9.1 5,37  ,008
89.64 42,6 277.9 f 3254 13.8  41.71  .016

Response Speétra at Joints 487 & 767
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Freq.
(Hz)

20.
20.4
- 90.8
21.2
?1.6
92,
2.4
92.8
932
93.4
94,
4.4
94.8
T2

95,6

9({)0

Pb64 4
9648
97.2
976
28,

28.4
98,8
P92
29.6
100,

100.4
100.8
101.2
1o1.6
102.

S 102.4
102.8
103.2
103.6
104,
104.4
164.8
I.O\JOL-
10d06
1'06)0
106.4
106.8
107.2
107.4
108.
108.4
108.8
109.2
109.6

Acceln
(B2XE6)
Joint 49Z

40.9
32.9
43.8
[ 78.3
405
48,2
G646
43.7
4({)02
49 .7
51.3
47.4
44450
42,8
48.1
5741
49,1
36,9
47,2
81.4
166.2
59 .7
G5.0
50.3
41.5
H1.9
G597
G4eb
4\.1"/
4é6 .6
53,3
Hhe2
H50.7
48. 4
58.8
G9l.4
45,7
G595
57.8
40.4
4947
Gl
87.1
473.0
2135
1\Ja~06
119.7
114.5
130.7
183.7

[y

Acceln
(52xEB)
Joint 762

309.

240.4
247.89
248.8
:22., 06
213.4
234.1
253.9
214.2
224,46
240.8
208.3
230.5
192.9

208,33

19536
200.9
210.9
1981
214.1
2709

20244

242.3
199.6
182,1
211.3
188.

194.1
185.8
200.8
163.8
164.9
174.3
153.7
160.

144.5
147.2
129.7
135,

140.

103.2
114,

106.6
415.4
204.7
837.2
H653.3
26946

210,72

Ko ¥ Koo

179.9

F.R.F.
(&/8)
(762/492)

+5548
+ 7647
L9039
+ 65
C223L
* l. ) / ‘3
+ 3047
L3011
5545
+ 2718
+ 4479
+ 4594
+&H1L7H
+ 6399
+ 6514
4544
e H715H
L5942
s 373
e 2712
e 7754
+ 9414
+P125
e 7597
1.008
o8398

.9758
L8589
L2872
2018
7783
+ 7466
885

8297
¢ 735

+8016
e 9753
G283
+ 6229
6122
4217
3197
+ 7837
L3 \.1908
+8324
8715
+ 6885
+4845

145

X~-Spec.
(82xE6)

22,
3.1
44,2
100.7
7.0
7.4
17.3
2.
“W.?
‘. \5 + \J
23,0
21.8
274G
2744
31.3
23.9
33.0
21.9
a..\} + \5
?3.0
28,
56.2
G0.1
38.2
41.8
436
48,2
93.2
39.2
46.0
48.1
43.7
37.8
42.8
48,7
37.8
2b.6
34.2
30.5
376
30.4
21.5
45,2
I71.1
126.1
127,
104.4
78.8
63.4
2646

_L-L

Response Spectra at Joints 487 & 767

Table 5.18 contd

Phase

- (Deg.)

19
3,72
14.3
44,74
131.4
=60.2
20.31
~11.7&
6+ Q0
~7.09
4,23
490
e Oé)
*18 87
2 ()6
1 e 64
82
=760
~1.+39
=3 bé
~1l7.76
~3.61
~2+6h6
2,58
1.%1
~8.87
~4.46
~3.12
‘ ~8.06
e 8
s 03?
=206
8.46
e :30
2,15
-3 32
1.07
""9 + 61
6.+50
12.77
3.31

....") a0

+ AL AL

-6, 88
2,24
139.3
17.96
8,32
2.59
76467

250

Coherance

«Q40
080
159
+ 228
«Q09
+Q05
L0022
+ 043
1066
016
+ 042
+ 048
+O073
090
098
040
+107
061
069
L0027
¢ 368
012({)1
189
e 1435
231
+173
e 222

267
.181
e 226
e 265
+ 206
+ .l.(f)f..’

246
.?US
192
+199
+ 151
+119
167
+ 180
079
+ 220
« 700
+ 364
126
+139
+ 201
+144
021



Freq.
(Hz)

110,

110.4

110.8
111.2
11146
112,
112.4
112.8
113.2
113.6
114,
114.4
114.8
115.2
115.6
116,
116.4
116.8
117.2
11746
118.
118.4
118.8
119.2
119.6
120.
120.4
120.8
121.2
121.6
122,
122.4
122.8
123.2
123,64
124.
124.4
124.8
125.2
125.4
126,
12644
126.8
127.2
127.6
128,
128.4
128.8
129.2

129.6

Acceln
(E*xE6)
Joint 497
7174
2905

7841

({)70
Qb4
109.7
GGG .7
7261
134.7
4({)(6 + /
167.3
178.8
223.7
134.9
172.9
195.1
458, 1
1073,
241.8
313.
GG3 .4
644.8
1511,
9921,
22920
2038,
733.9
414,32
284.4
211.3
212.1

303.2

198.7.

183.1
222.9
2444
315,
439.8
804.6
2607
54570,
7251,
4300,
7787
BE570 .
17180,
7336,
128200,
9554,
4918,

Acceln
(§*EB)
Joint 762
87%5.9
86842
312.4
1993
146.1
14%.1
1473,
348.9
243%.9
178.7
171.7
138.8
163.9
181.6
117.2
12141
PE9
1563
129.9
125.3
1722.8
283,46
5907
40467,
11290,
1280.
U393
343 .4
2246.4
170.4
C137.5
127.2
109.1
133, 4
131.5
103.4
141.1
205.4
35344
1176,
18500,
1327,
375.1
A2b646
6267
2137,

2322,

48510, -
3074,
90743

F.R.F.
(8/8)
(762/492)
+ 2149
1.339
<3598
+ 3358
e 3773
e 2124
1325
cGRT7Y
3984
e 2892
+ 4401
+ 3839
1792
177
$ 2625
+ 1954
+0720
+ 1942
« 1823
1878
+ 3065
04(‘)1
+ 5482
+ 6304
+ 7005
7483
+ 7193
158666
+ 5481
+4405
2826
2277
+1893
179
+ 2084
+ 1923
0211({)
+ 2834
4163
5653
G786
+ 3417
+0306
+ 19022
e 3157
+ 31466
$492
6114
51865
+ 3061

X-Spec.
(8“xEB)

65444
T 3891
2841

Lo X LN
4.)53 )

3bH.+3
23.3
8691
38,0
53.7
133,
73+6
b8 .6
40.1
23.8
45, 4
8.1
33,
208.%5
44.1
8.7
16946
2973
828.8
6204,
16050,

15025

sdansd ¢
G27.9
27641
155.8
3.0
G99.9
69 .0
37.4
32.7
446 . 4
470
66 . \‘.’)
124.6
335,
1474,
31570.
2478,

Phase
{(Deg.)

166.1
1({)703
128.3
J3.12
18.54
~-1.71
170.2
174.6
~152.1
~G2.78
82
~Q .62
62,84
G97.03
» 80
10.54
13.18
161.7
1764
~179.5
1722.7
171.8
1791
178.6
178.6
176.7
177.8
=179,
175, 4
1765
1727.2
155.4

”1750 1

178.7

~164.3

177.3

~175.6

~-174.8
~177.4
”“17({)08

"“17)+)
~178.9

131.9 ~-102.3

1496,
18490.
G441
3610,
78410,
4934,

1520,

Response Sﬁectra at Joints 497 & 762
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~6 .88
"“057
““026
1.30

68

Y

2.42

Coherence

+ 685
+ 600
Q32
+ Q37
2093
+034
+ 781
L Q57
087
e 222
188
+ 189
043
+ 023
+101
L 0()1
L 025
e 259
¢ 0(1)1
. 088
+ 300
+A83
1-7({)9
& (?5)9
«PR46
+891
+ 704
+ 534
+ 377
+ 240
123
+ 123
+ 0465
+ 044
073
087
1

+172
+ 394
+ 708
+ 987
+H37
+010
« A5
+ 931
«806
v 764
« 988
« 828
518



Fréq. Acceln
(Hz) (E2xEB)
Joint 49Z
130, 6954
130 .4 3794,
- 130.8 D563
1312 READ
13146 16970,
132, 14720,
1324 53960,
132.8 135300,

Acceln
(52xEB)
Joint 762

1762
&605.8
1188,
G479
484680,
34660,
10230,
73980,

" F.R.F.

(8/8)
(762/4927)

e 39G2

0707
2377
2277
1.373
0316
+ 3787

9534

X-Spec.
(5xEB)

2748,
26844
63341
8067

23300,
4658

20440,

74880,

252

Phase Coherence
(Deg.)
10.62 616
30.75 031
1613 +126
152.8 +033
G771 w657
1087 + Q004

RMS values hetween frequency limits 10Hz to 182.8Hz

Joint 497 Joint 767
Acceleration 0.947 (g) Acceleration 0.813 (g)
Velocity 30.1 {(mm/sec) | Velocity 61.8 (mm/sec)

Displacement 0.269 (mm)

Displacement 0.560 (mm)

Response Sbectra at Joints 49Z & 767
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Freq.
(Hz)

10.

10.4
10.8
11.2
11.6
12,

12.4
12.9
13.2
13.6
14,

14.4
14.8
15.2
15.6
16,

16.4
16.8
17.2
17.6
1€,

18.4
18.8
19.2
1906
20,

20.4
20.8

21.2

21.6

22.

22.4
22.8
23.2
23.6
24,

24.4
24.8

25,2

29.6
26,

2644
26.8

272

27.6

28.

28.4
28.8
29.2

29.6

Acceln
(2 xEB)
Joint 497

41.1
46 .5
G944
639
87.8
108.8
159,
2451
458.8
1215,
8008,
22110,
2137,
&1%G.8
I22.4
1626,
406.5
227.9
[86 [3
170.9
189 .4
285,11
G97+3
X502,
24770,
1604,
5997
388.8
2846.5
219.2
182.6
176.8
155,
152.1
142.7
137.9
129.1
132.5
116.+4
116.4
115.8
123.7
115.5
101.9
11%.7
118.4
117.6
114.7
107 .9
115.1

Acceln
(52xEB)
Joint 527

41.4
45,1
52,8
62,0
7747
93,1
128.4
1906
316.8

810.9 |

0182,
14770,
1569,
GhH8.7
359.2
1737,
G84.2
G092
G87.3
7361
1103,
1227,

ey

A5,
23850,
142900,
7320,
2157,
1061,
H28 G
382.4
282.7
202.7
166.6
127.7
105.6
87.46
7643
66&8
58.3
Hled
49 .2
44 .2
40,8
38.3
35.1
33.9
29.8
28.9
272
25.0

F.R.F.
(8/8)

(5272/482)

+ 2704
« 3049
3797
4158
w4519
G079
e HO2
L H5B3
+ 7047
7632
7951
8135
814
+ 7893
687
2424
7775
G448
' 2679
« 3094
392
‘ * ({) 4
244
2075
2.414
20635
1,698
L.367
1.123
8785
7824
L3923
s 5466
+ 3809
¢ 3065
e2bb
1752
+ 2003
«1187
1264
0752
04465
0248
0005
+0304
+ 0247
+ 04608
0534
+0263
0575

Table 5.20

X-Spec.
(82xEB)

i1.1
14.1
21,0
265
39.7
B2
QG5.7
161.3
323.3
PI7.8
6367 .
17990.
1739,
4861
221,58
1532,
316.1
124.1
49 .8

2.9

1727.9
4\‘{)? + /
1457,
PO22.
59810,
3314.
1018,
G931 .9
322.1
192.5
142.8
104.7
B84.7
97.9
43.7
3447
2246
265
13.8
14,7
8.7
97

3.1

Response Spectra at Joints 487 & 527

Phase

{(Deg.)

5 9%
807
e 10O
8.75

72
e 5\'{)
1.97
1.07
1.41

=169.7
~17%.3
=176.8
-178.3
~178.3
~178.8
""i780
“17%.
~17642
178.6
~179.7
~17%9.+4
~173.8
179.2
177,
179.2
177.8
176,
-163.1
174.4
""1740:.’
-13% .4
109.6
179.2
“"81 036)
-14.34
""90 lO
63,
6.0
20,09

Coherence
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- Freq. Acceln Acceln F.R.F. X~Spec. Phase  Coherence
(Hz) (E*xE6) (E*XE6) (8/8> (52xEB) (Deg.)
Joint 497 Joint 527 (522/497)
30. 116.8 24,3 0876 ' 10.2 14.26 0356
30,4 121.2 23,5 L1255 15.2 Held 081
3008 10904 2:’98 ol..:?c() 1\50] 70(}39 9017:“1'
312 116.8 224 1314 153 + 32,089

31.6 126.3 22.3 1244 15,7 ~4.85 087
2 111.2 2201 1529 170 -s01 117
32.4 114.7 2241 1598 18.3 ~R.98 L1332
32.8 120.2 20.9 <1584 19.0 “R016 L 143
33,2 114. 21.8 « 1391 15.8 2495 100
33.6 116.8 20.2 c 137 1640 14.06 108
24, 1176 2.7 1637 19.2 17 4145
34.4 123.8 20.8 1543 1941 ~@.13 141
34.8 111 .4 19.0 166 18.5 741 4160
35,2 120.6 2041 L1751 211 B.47 183
35.6 1205 20.1 L1898 22,8 . I VNS
36, 1163 1844 1711 19.9 D,7% L1184
364 114, 18.4 1869 21,7 ~5,86 219
36.8 126.8 19.2 fR203 CB749 .38 L3119
372 12741 2041 1999 25,4 5,82 JR252
3/96 ]240({) 1700 0]91.‘ :’308 "'108,7 02()'.{)
38, 1177 18,7 fRO05 23,64 A1 L2522
38.4 138.6 20,2 2188 30.3 1.49 328
38.8 128.2 19.7 2108 27,0 ~3,60 289
39.2 13747 2.2 D38 32,7 B2 L350
39.6 130. 20,4 $ 2B 3.1 -7.64 <331
40, 137.4 21.4 cRO07 P75 -5 .24 258
40.4 136.2 20,7 2161 29.4 e 39 306
40.8 1277 20.8 2418 30.8  ~4.68 357
41.2 137.7 20,7 2192 30.2 2,45 319
41.6 142.4 PR 2478 35.3 ~1e11 L393
42, 145.3 R2.3 fR3IRY 35.8 ~3,10 352
42,4 154.9 23,4 e REHER 41.3 -o41 LAV
42,8 142,1 20,6 24 34.1 1,01 396
43,2 L6330 21.8 23466 3463 ~2,02 394
43,6 161.2 24.2 eR7E7 44,1 ~3,68 ,498
44, 1621 23.2 $ 2556 41 .4 5e34  LA54
44,4 174.7 25,0 e RE97 4741 ~1.60 508
44.8 170.6 25.2 2674 45.6 1.92  .483
45,2 151.2 24,4 2744 41.5 ~3,10 462
45.6 1670‘? 24'] 026)1. 4308 "“055 §474
44, 152.8 26.2 275 S 41.6 1.43 .432
44, 4 1933 31.4 287 555 - 09 LH07
47,2 174.5 29,46 2901 50.6 ~2.82 495
48, 17646 31.4 + 3009 53.1 @7 508
48, 4 208.8 34,2 « 302 63.0 53 L 554
48.8 204.4 39.0 R fel. 4 6642 95 0548
49,2 178.9 X3.4 « 3041 54 4 4 2,28  .495
49 .6 227.4 38.9 3207 72.9 ~1,02 L4600

Response Spectra at Joints 487 & 527
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Freq.
(Hz)

S0

50.4
H50.8
1.2
5106
G2

S2.4
532.8
9%
3.6
54 .

54.4
54.8
5542
e b
Sébe

G6 .4
56.8
G742
G746
H8.

58.4
58.8
59.2
b9 +6
60 .

4604
60.8
612
61 ¢4
62

6244
62.8
632
6346
64,

6444
64.8
6542
6546
66,

6644
66.8
6742
6744
68,

68.4
68.8
69,2
6946

Acceln
(52xEG)
Joint 487

235.2
208.8
213.7
S31.8
221.8
278.6
236.8
275.4
304.8
308.9
308.1
346.9
364.4
413.3
387 b
490 .
Sh7 .
64101
710.8
B91.6
1134.
1402,
2224,
3370,
7750
40030,
49380,
6212,
2356,
P82.9
G315
299.46
213.3
183. 6
149.3
132.5
167.3
185.8
243.4
270.4
432.2
&6406
1365,
3821 .
33370,
2191,

- 1543,
616,
314.2
195.8

Acceln
(52xEB)
Joint 527

G740
34.4
43.7
437
46 .1
Gl.é
49,3
58.3
68.1

71.5 .

696
80,9
P2.8
106.
113.9
140.4
168.2
209.6
2363
324.7
462.9
64102
1081 .
1833,
4742
27880.
38760,
57660
2346
1208,
754,G
504,3
374.1
289.1
254.,1
234.3
260,3
241.5
302.3
312.4
448,22
681.7
1312,
3895,
35340,
10410,
1910,
826,
A73.7
325.9

F.R.F.
(g/g)
(527/487)
382
3026
¢ 3601
« 3454
03&29
e 346
e 3477
+ 3468
s 38983
4058
3938
+24059
4307
+ 4403
A794
04793
+A92
QA2
3321
G465
+6091
06472
+ 6796
7247
s 7762
8331
88446
+9514
P68
L« 035
L+ 042
+ 278
7529
G628
+1854
+0148
+ 3986
29
e 7396
+ 7703
8635
+ 2283
+ 9464
1,003
1.035
1,066
1.091
1.093
1.099
1.067

el

X-Spec.
(53xEB)

89.8
632
78.0
80.1
805
P64
82.3
101.3
118.8
125.2
121.3
140.8
1546.9
182,
185.8
234.9
279,
337.4
378.2
G046
&LGQ 7
R07.6
1511,
2443,
6016,
33350,
43690 .
%911,
2281,
1018,
993.9
299,
160.6
241
27,7
1.9
bb6.7
?8.3
180.
208.2
373.2
617,
1291,
3834,
3435460,
28035,
1684,
673.4
345.4
209,

Response Spectra at Joints 487 & 527

Table 5.20 contd

N

Phase
(Deg.)

1.96
2.08
“098
”053
=120
+ 49
~3.88
+ 383
oéﬁ
=120
~5.43
“053
~2+405
~1.6%
”1006
=290
~1.09
“1«71
“1047
~2e11
“1091
WOQO
w142
*069
~1+0b
~1.+31
=1+ 44
~2.58
-3, 52
”3051
“2090
“&oO?
C o292
=G.72
“7050
176.3
~173.6
~179 44
”17904
”1790
179.5
179.9
179.6
179.5
179.5
179.5
179.9
179.
178.9
179.5

[Sa]
w

Coherence

;éOl
554
e &0
s 632
+ 633
+ 646
+O80
+ 638
« 680
71
cSHBA
706
727
e 735
782
<801
+816
+8464
L8051
+873
<208
P16
+ 949
P65
+ 284
+PP4
997
975
241
873
785
+ 991
¢ 323
179
020
<000
102
215
+ 440
513
719
+ 840
+ 930
+ 987
1.013
1,004
262
891
+801
684
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- Freq. Acceln Acceln F.R.E. X-Spec. Phase Coherence
(Hz) (E%xE6) (§2xEB) - (g/8) (2xEB) (Deg.)
Joint 497 Joint 527 (527/497)

70, 124.8 22841 9724 ' 121.3 178.4 517
70.4 P2L.3 1776 8669 8O.0 179, + 390
70.8 68.1 149.8 7067 4.1 1791 227
712 58.7 112.6 4553 27.3 ~173.9 J112
716 9% .4 100.5 1747 D7 17EHLE 016
73 47 .3 06,1 +081Y .8 173.5 003
72.4 B0 R 88,3 + 1903 Qe 14,9 020
728 ) 89.9 e 3217 172 P.34 061
73.2 Y4,.9 85.0 e 3857 21.2 12,01 .096
736 5.2 769 A201 24,9 7+46 135
74, H2ed 77.8 + 5542 29.0 2461 L2064
74,4 4694 4 84,6 +H331 43.9 P24 L,328
74.8 68.3 7766 + 6084 41.46 +12 .?’“
752 7741 89,5 7118 54,9 769 G7
786 4.0 88.7 «7311 &68.7 642 .ﬁéé
76 Ph.l 108.5 8116 78.0 10.6 583
764 11841 13141 +BE14 98.0 3.38 6348
76.8 142.8 1466 86467 123.7 1.96 731
772 171.9 163.4 83583 147.% 229 774
776 216.2 : 197, f8G7 185, 3 21 .805
78. A06.2 262.1 {8973 282.6 28 859
7844 409 . 8 342.1 LB6GR 354,64 ~1:.36 896
78.8 5702 452 .2 + 8558 488. 1+.16 4923
7902 3060 ¢ 8 )’ ° \.'; L3 88:’ (?"'S\J ¢ e :.’(? [ (? J(?
7946 2363, 1906, 8906 2104, A5 982
B8O . 10540, 8240, +8816 9301, 11 995
80.4 18020, 14050, 83824 15900, LE32 998
80.8 2843, Do, 8748 2488, + 30 J9RE
81.2 P27 7720 + 34645 8B.3 . =413 9460
8l.6 A4, 9 248,11 83921 381.7 53 92
82, 220.6 184.2 B395 185.2 -«1% 843
82.4 144646 119.6 805 118, +84 794
82.8 36647 287. +8395 307.8 -+17 900
83.2 4637 .4 HR24.4 8843 Bh3.7 09 (950
83,6 1498 125.5 L8156 121.9 1.11 792
84. 72 82.1 7378 71.7 2.40 644
84.4 6741 90.3 s H238 41 .9 ~+A7 519
84.8 4%, 4 36,8 +5601 25, 4 -2.23  ,387
85.2 40.4 32.1 + 5064 20.5 1.10  .322
85.6 43,2 23,4 5125 2241 -4.30 337
86, 44,2 41.2 e 6047 2&.7 1.84 392
B6.4 33.9 30.1 +A938 14,7 -+A43 274
84.8 30.4 27.2 3525 10.7 ~6+85 138
87.2 25.0 27.2 + 3044 7:6 =20.75 085
B87.6 23.4 18.3 + 3151 7.3 -1 .34 L1027
88, Zi.1 21.3 + 3091 Peb -5.79 139
88, 4 23,8 18.4 e 3131 7.4 3,79 126
88.8 21.4 18.1 e 22469 4.8 .03 060
89 .2 DALY 14.5 v 1654 3.7 =16.19 042
89.6 22.9 14.0 1568 S S -

- 8,80 .04Q

Response Spectra at Joints 497 & 527
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Freq. Acceln Acceln F.R.F. . X-Spec. Phase Coherence
(Hz) (g2 4E6) (§*xEB) (8/8) (g2xEB) (Deg.)
Joint 497 Joint 527 (5272/497)
0. 2261 13.9 + 1344 2.9 13.94 029
0.4 2544 13.7 + 14699 4.3 7205 L0353
90.8 27,4 14,9 2164 .9 +28  .085
912 157, a9, 7 « 788G 123.8 185,798
?1.6 2x.3 18.0 «16G1 3.8 3477 035
9, oy 14.6 + 1145 2.9 ~14.71 ,022
92,4 DDLE 14.7 +1373 3.0 2442 028
2.8 23.3 13.6 1043 24 ~?.,36 L018.
P32 361 3640 + 4286 15, ~15.23 179
02,6 19.6 14.2 . «108% 2.1 25,09 L0168
4. 21.8 13.7 0716 1.5 737,008
94,4 20.6 13.9 1382 2.8 6.42 .028
?4.8 21.8 14.1 +1089 2¢3 19.38 .018
VAVEYS 234 13.8 0732 1.7 ~+06 009
. b 24.5 14.3 0756 1.8 .98 009
b 274 13.1 + 1123 3.0 728 L0026
06,8 2544 13.8 1398 3.3 2.6%5% 036
P72 28.9 164 1728 I B 062
9746 636 49,1 G726 3644 -1.58  .424
®8. 147.3 100.4 1 HPP2 : 103, 1.97 716
98 .4 47.2 a8,z s 426 20.1 237 L3332
9283.8 3.9 19.6 3115 113 379 182
9.2 3E.5 20.1 + 2984 10.0 ~-4.18 +148
99,6 el I 17.1 + 2603 77 7e72 4117
100, 35,0 20,46 + 288 10.3 ~+92 4144
100.4 34,9 2044 s 2684 P33 L =745 4123
100.8 34644 18.9 e 2538 ?.2 -2.11 124
101 .2 N S . 2105 e 2959 2.8 -10.27 135
101 +6& 34.4 17.8 e 2068 8.8 G422 127
102, 3X.7 20,0 ' 299 10.0 27 L1850
1024 39.8 20,8 e 2959 11.8 ~e24 167
103.2 327 20,6 + 2892 .4 P12 L1132
103.:6 39,9 22.8 e 3367 13.3 8.21 L1i98
104, 383.3 23.9 + 3467 13.2 11.46 .192
104.4 38.0 21.1 e 3268 12. ~-1.68 .192
105.,2 38.4 31.9 e 3804 14.6 7.09 L1175
105 .6 377 34,0 + 3494 13.1 -4,84 ,135
106. X7 .4 38.4 « 3844 14 .4 ~5+47 144
10({)04 4203 5]*0 ‘2091 808 ’“‘16054 ¢036
106 .8 65.8 83.9 +4708 31.0 ~166.3 174
107.2 474,02 346.2 6993 333, -186.1 + 672
108, 112.2 74,2 + 2997 33.6 144, f 135
108, 4 85,4 73O 3712 31.7 22,468 ,159
108.8 8g. 4 53,3 +4458 3% .4 8.63 .329.
109.2 103.6 461.0 $ G052 92, 1.03 ,433

Response Spectra at Joints 487 & 522
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Freq.
(Hz)

110,

110.4
110.8
114.2
111.6
112,

112. 4
112.8
113.2
113.6
114,

114.4
114.8
1152
115.6
1160

116.4
116.8
117.2
117.4
118,

118.4
118.8
119.2
119.6
120,

120. 4
120.8
121.2
121.6
122,

224
122.8
123%.2
123.6
124,

124.4
124.8

125.2
125.6
126,

126.4
126.8
127.2
127.6
128.

128.4
128.8
129.2
129.6

Acceln

(E2xE6)
Joint 487

66468
247.8
640
uUg.9
6303
P46
6126
WP .4
110.4
4389.7
133.5
133.8
210.2
121.7
12376
187.5
AQG5.7
PE3.7
194.8
264.8
450.1
97941
1455,
8884.
23030,
1/({)4 +
619.1
325.5
221G
167.4
154,

252,

15%.8
165.6
191.1
218.4
284.9
394.8
75747
2307,
56030
HHP2 .
4009+
6534 .
G37320
15760,
G871,
111300,
?210.
4675

Acceln
(52 %E6)
Joint 527

409, 4
144.6
4%, 4
49,7
43,9
107.5
898 .5

G242

15%5.4

300.
SG4.7
Ube 9
63.0
81.39
8B7.3
P75

135.9

GAA .9

337.6

388.3

48143

712.3

1691 .
P49 .
24720,
1806,

H03.3

323.2

22041

190.3

212.8

275.5

206.3

259.1

338.

43%5.8

627 .

P58+ 4

1666,
4617
63880,
39468 .

2059 .

6893,
PO200.
33000

9110,
51640,

L899 .

3725

Response Spectra at Joints

F.R.F.
(8/8)
(522/497)

7396
G477
A28
A745
5801
+ 7494
1.14¢9
¢ 1595
¢ 595
v bbE4
cQ3E7

1
2251

+1848
+ 3308
< A3HS
3539
s OR0Q4
«A649
e 6G2
+ P44
1,087
1007
1.036
1.00
1.032
9694
LBG2G
e 7237
fOR27
e 3745
+ 3147
A5
0497
L0844
+Q702
+1006
2124
+4493 .
7614
1.073
1.043
4726
+ 3423
885
1,292
1.409
« 739
6805
7673
18416

Table 5.20 contd

X-Spec.
(g2xEB)

493, 1
1465.4
3t.7
27,9
3647
70.9
704.1
2.4
657
292.4
4.9
30.1
38.8
40,2
GG.6
6760‘4
8.4
443 .4
127,
250,
489 .4
uB3.4
1509,
?334.
23780,
1710.
G277
236,95
115.7
627
48. 4
113.7
7.7
13,9
13.4
21.9
60435
177 .4
G777
2476,
B840,
3115,
1372,
G782,
69460 .
22200.
4339,
753780,
7066,
3934,

497 & 527

258

Phase

(Deg.)

2430
2440
4.77
3.02
=~ 81
"‘08(?
""05\5
17.88
-163.6
~16be S
~18.17
754
33.75
14.6
733
4,15
284,61
162.8
7449
3,99
1.24
1.38

79
10.27
1776

“"28 + (})l
12.13
-3 4‘\:‘
17.61

2.61
@76
3.43
G.13
4,03

170.5

177.9

178.3

177.9

1761

179.5

177.2

~177.6

Coherence

+890
703
« 344
266
333
A4
+ 200
024

e

9.;'..‘.!1
+ 649
+003
+119
113
163
277
+ 241
025
392
¢ 245
607
« 780
825
P20
9285
993
L9218
e 745
527
274
123
071
186
«001
+004
+002
+0Q05
«020
083
+ 263
375
+ 255
+ 371
+183
+ 742
s P95
+ 748
627
298
P19
. 888



Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence
(Hz) (52xE6) (52%EB) (8/8) (§2xEB) (Deg.)
Joint 48Z Joint 527 (522/497)

130.> 7017, 5402, cBAPT7 G962, 179.4 937
130.4 4047, 2498, ¢ PRGE 2937 =177 .2 L8353
130.8 2738, 1419, 73 15869, ~170.6 + 633
131.2 2645, 1640, 2837 750.6 ~1460.4 « 129
13146 L8330, 1904, e 2449 4093 . 1734 G773
132 12630, 20764, 2984 3770 ~173.9 a2
132.4 473200, 3763, 1862 7328, ~1H58.8 c 302
132.8 129300, 45340, e 1337 17300, =-11%.46 NN

RMS values between frequency limits 10Hz to 132.8Hz
Joint 497 Joint 527
Acceleration 0.318 (g) Acceleration 0.885 (g)
Velocity 29.8 (mm/sec)| Velocity 41.0 (mm/sec)
Displacement 0.268 (mm) Displacement 0.346 (mm)

Response Spectra at Joints 497 & 527
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Force Acceln F.R.F. X-Spec.

(N2xEB) (52xE6) (ExE3/M) (ENxES)

260

Phase
{(Deg)

Coherance

~ o
POy
WAL .

Excitation (joint 827) and Response (joint 49Z) Spectra.

Fundamental mode group before a 4% deck mass increase.

Table 5.21




261 it

Freq. : Force Acceln X-Spec. Fhase Coherenct

(Hz] (N2xEB) (£2xEB) (ngES] (Deg)

48
i

I

4 L3 N

L ] BOR .7
v R 0
F e

-

-

{53 73
Lo Lk

i

>,
< -

1 :3 25. ".-" C' O B (e
120300,
1 AANO0G
2 L O

LR VR 5 ..
8100 18 )
91,83 Sant
69 .78 . 26804,
&9, 19,5 DO,
' G, 18,48 DR4T

1875 200400, FHO L8 B0 N
18,8 AAHRONLE | ABR 7 38,87

18, 1061 . 50321
18,9 2HA200 . 2276, Lo ANkl
18:9% ROERAZQ0 . el 131 . 343
i 340800, !’i""’ﬂ(;() ¢ ABHLS 112900,
15508 11G400. 287.3 ; 31740,

19,1 147 n"?"'}o 1Ee L4 204610,
19415 187000, Bd .94 14250,

£ ey 5
19,0 190&0Ue 60,07 13180,
R AR 2OHA0Q ths AR 11460,
12 1961007 A, 43 DA
e SRR 21700, S8 3b
1% .4 206200, A& .73
19,45 33,79
L %

IR Wil w08
TN 20F200. (T S
Jiciie . 1 &LD0 2741

e '.!.'l"'-‘ e - A% 7 Ryl
1¢.6% 212600, 1669 a4 .43

Excitation [joint 822] and Response (jo:mt 497) Spectra.

node group after a 4% deck mass increase
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