
Glasgow Theses Service 
http://theses.gla.ac.uk/ 

theses@gla.ac.uk 

 
 
 
 
Loland, Olaf (1978) A vibration method for integrity monitoring of fixed 
offshore steel platforms. PhD thesis 
 
http://theses.gla.ac.uk/6191/ 
 
 
 
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given. 

 

http://theses.gla.ac.uk/
http://theses.gla.ac.uk/6191/


A VIBRATION METHOD FOR INTEGRITY MONITORING 

OF FIXED OFFSHORE STEEL PLATFORMS 

VOLUME TWO 

Olaf Loland B.Sc. 

DEPARTMENT OF MECHANICAL ENGINEERING 

UNIVERSITY OF GLASGOW 

THESIS SUBMITTED FOR THE DEGREE 

OF 

DOCTOR OF PHILOSOPHY 

OCTOBER 1978 



CONTENTS 

CHAPi'£R 2: PREUMINARY COMPUTATIONS AND EXPERIMENTS 

ON SIMPLE STRUCTURES 1 

2 Figures 

Tables ................ I..... ........... .............. 39 

CHAPTER 3: SELECTION OF FULL SCALE PLATFORM AND COMPUTED RESULTS .. 54 

Figures 

Tables 

............................................... 
............................................... 

CHAPTER 4: MODEL PLATFORM DESIGN AND COMPUTED RESULTS 

55 

60 

59 

Figures ............ I ••••••••••••••• I ••• , • • • • • • • • • • • • • 90 

Tables ............................................... 103 

CHAPTER 5: EXPERIMENTS ON MODEL PLATFORM ...................... .. 182 

Figures .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. 183 

Tables ........... I •••••••• I •••••••••• I ••••••••••••••• 221 



1 

CHAPTER 2 

PRELIMINARY COMPUTATIONS AND EXPERIMENTS ON SIMPLE STRUCTURES 
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Cantilever beam with shaker assembly attached to free 8nd. 

Figure 2.1 
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Computed mode shapes for cantilever beam 

Figure 2.3 
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computed mode shapes for cantilever beam 

with shaker assembly attached to free end. 
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Inertia force generated by electromagnetic shaker at free end 

of cantilever beam (Fig. 2.1 and Fig. 2.17 joint 5Y). 

Figure 2.11 
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ANALYTICAL 
FREQUENCY (Hz) 

31 .116 

195.003 

546.013 

C.P.U. TIME 

CONCENTRATED MASS CONSISTENT MASS 

TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATWNAL & ---O.O.F. ROTATIONAL O.O.F. O.O.F. ROTATIONAL D.D.F. 

30.252 -2.78% 29.907 -3.89% 30.776 -1.09% 31 .101 -0.05% 

177.812 -8.82% 166.690 -14.52% 197.825 1.45% 194.410 -0.30% 

470.867 -13.76% 420.232 -23.04% 578.971 6.04% 544.667 -0.25% 

5.71 Sees 6.24 Secs 6.51 Secs 6.68 Sees 

Analytical and Computed Natural Frequencies 

for Cantilever Beam 

TABLE 2.1 

I 

w 
(f) 



COORDINATES ANALYTICAL 
(FIGURE 2.3) MODE SHAPE 

Y7 1 .0 
\ , 

Y5 0.658 

Y3 0.340 

Y1 0.097 

fn 31.116 Hz 

" 

CONCENTRATED MASS CONSISTENT ~lASS 

TRANSLATIONAL TRANSLATIONAL 
TRANSLATIONAL & ROTATIONAL TRANS LA TI DNA L & ROTATIONAL 

O.O.F. O.D.F. O.O.F. O.D.F. 

1.0 0% 1.0 0% 1.0 0% 1.0 0% 

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

0.336 -1 .18% 0.335 -1 .47% 0.337 -0.88% 0.339 -0.29% 
I 

~ 

0.096 -1.0% 0.095 -2.0% 0.097 0% 0.097 0.0% 

30.252 Hz 29.907 Hz 30.776 Hz 31.101 Hz 

Comparison of the Fundamental Analytical and 

Fundamental Computed Mode Shapes 

TABLE 2.2 

~ 
I 

P> 
CJ 



CONCENTRATED MASS CONSISTENT MASS 
. 

ANALYTICAL TRANSLATIONAL TRANS LA TIONAL & TRANSLATIONAL TRANSLATIONi\L & 
FREQUENCY (Hz) D.O.F. ROTATIONAL D.O.F. D.O.F. ROTATIONAL D.O.F. 

10.246 10.215 -0.3% 10.201 -0.44% 10.236 -0.10% 10.250 0.04% 

140.398 139.538 -0.61% 135.294 -3.64% 145.992 3.98% 140.233 -0.12% 

446.448 436.306 -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 M 
:J = "fAL 2 

TABLE 2.3 

-' 



ANALYTICAL 
FREQUENCY (Hz) 

6.699 

138.081 

443.966 

CONCENTRATED MASS CONSISTENT MASS / 
i ---~ 

I 

TRANSLATIONAL TRANSLATIONAL & TRANS LA TIoNAL TRANSLATIONAL & I 
D.o.F. ROTATIONAL D.o.F. D.o.F. ROTATIONAL D.O.F. 

6.689 - 0.15% 6.685 -0.21% 6.695 -0.06% 6.699 

137.665 -0.30% 133.651 -3.21% 143.731 4.09% 137.959 

435.048 -2.01 % 397.929 -10.37% 502.250 13.13% 444.183 

Analytical and Computed Natural Frequencies for Cantilever 

Beam with Point Mass at Free End. 

Mass Ratio M X = eAL 

TABLE 2.4 

5 

, 

0% 

-0.09% 

0.05% 

4"'::." 
~,: 



/ 
CONCENTRATED MASS CONSISTENT MASS I ~- I 

TRANSLATIONAL D.O.F. 
I , 
.. 

5 elem.ents 9 elements A% 

7.414 7.424 0.14 

; 120.103 119.803 -0.25 

: 335.755 331.783 -1 .19 

I 

TRANSLATIONAL & ROTATIONAL TRANSLATIONAL D.O.F. TRANSLATIONAL & ROTATIONAL 
j D.O.F. 

5 elements 9 elements A % I 5 elements 9 elements 6.% 5 elements 

7.389 7.403 +0.19 7.422 7.426 0.05 7.408 

101.948 102.942 0.98 123.873 120.661 -2.59 103.199 

255.743 262.235 2.54 356.571' 337.134 -5.45 264.0B7 

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 

D.O.F 

9 elements 

7.408 

103.178 

263.743 

6 % 

0.0 

-0.d'2 

-0.13 
-.-.~~-. 

+~ 
(;.) 



MEASURED FREQUENCY CONCENTRATED MASS CONSISTENT MASS 
AND DYNAMIC MAGNIFICATION 

TRANSLATIONAL TRANSLATIONAL AND TRANSLATIONAL TRANSLA TIONAL AND ; 
(Hz) Q D.O.F. ROTATIONAL D.O.F. D.O.F. /ROTP,TIONAL D.O.F. --
7.3:? 524 7.41 1 .1 % 7.39 0.8% 7.42 1.2% 7.41 1.1% 

104.48 418 120.10 15.0% 101.95 -2.4% 123.87 18.6% 103.20 -1.2% 

255.55 182 335.79 31.4% 255.74 0.07% 356.57 39.5% 264.09 3.3% 

C.P.U. Time 6.52 secs 6.67 secs 7.32 secs I 8.03 secs 
- - -- -- --

Comparison of Measured and Computed Natural Frequencies 

(Table 2.5, 5 beam element model) for Cantilever Beam 

with Shaker Assembly Attached to Free End 

TABLE 2.6 

+0 
+> 



MEASURED 
FREQUENCY (hz) 

7.3,3 

104.48 

255.5S 

C.P.U. Time 

CONCENTRATED MASS I CONSISTENT MASS 

TRANSLATIONAL TRANSLATIONAL & TRANSLATIONAL TRANSLATIONAL & 
D.O.F. ROTATIONAL D.O.F. D.O.F. ROTATIONAL D.O.F. 

7.42 1 .2% 7.40 1.0% 7.43 1 4';.-• • 0 7.41 1 .1 % 

119.80 14.7% 102.94 -1 ,5% 120.66 15.5% 103.18 -1.2% 

331.78 29.8% 262.24 +2.6% 337.13 31.9% 263.74 3.2% 

8.01 Sees 9.15 Sees 9.22 Sees 10.52 Sees 

Comparison of Measured and Computed Natural Frequencies 

CTable 2.5, 9 beam element model) for Cantilever Beam 

with Shaker Assembly Attached to Free End 

TABLE 2.7 

! 
, 

+:> 
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~~ '" Simple Supports Encastre Supports 

Mode 

1 41.21 39.11 -5.1 % 

2 67.60 63.19 -6.5% 

3 73.21 72.40 -1 .1 % 

4 78.08 77 .89 -0.24% - .•. .. 

5 96.12 92.10 -4.2% 

Computed Natural Frequencies for Plane Frame 
, 

with Encastre and Simple Supports 

TABLE 2.8 
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PL~N~ FP4 Mt ~OOf-SHA~~ I~ AlP fllj.:·Q ., 
--,~~~~~~~~~,.~~~ -****~~~~**************** ****************************************************************** 

Encastre supports 
NATtJPLlL H;i-(,!Jr\'CY ( 1) = 41.21 HZ 

"'OP~Ji/~L In- i) '-1(Ji,F-Sl-lo.Pt: 

JOH'T-I:' ,XI)JSf--'. yPTSP. {KOT. 

?A 
(':+ -

?n 
IfJ 
1 1 

7 .., 
?t.., 
21 
17 
12 

>4 

·.Jr, 
c " 

2? 
21 
?1 

7 
Y 

13 
] r) 

H 

20 
1':< 
1,+ 
] :1 
?! 
1'-,1 
1 S Cc 

IJ 

1 .. tH)(J (1. (l?~ -0.003 
0.711 n.()?~ -O.Of<1 
0.21-.:' ().(li-'~ -O.'13g 

-O.04~ o.O?S -0.004 
O.OOb n.t2? n.oop 
0.072 O.ulY -O.OOl 

****** 1".017 -().UOf-
0.121 -p.o::n l).lJfj7 
o • 1 '-i U - () • tJ 3 J n .. 0 (J7 
0.?3~ -0.030 -0.001 
U.1Mh -().O?7 -O.OUf-. 
0.01"-7 _n.(}?4 -(l .. ooq 

* * * ,HH, - f' • (I ;,) 1 - n .. () (l f-
0.;.l1e' n.I)?>-i -f).tJ.jq 

U.?U':o -O.i)QH -0.010 
iJ.l~t' -O.S?O o.nlY 
O.lY() -(1.033 O.(lU7 
0.n-r2 (\.01':1 -0.(l03 
O.()H{-, -r.o;?] -f).oo) 
0.041 -0.014 n.oo? 
O.O>-'.'-j f).03'-f 0.00] 
o.Otn -0.024 -0.00'" 
O.?I~ O.02~ -().03Y 

-0.100 -0.;77 -0.007 
-O.()41 -O.It14 0.014 

0.041 -".0}4 n.oo? 
O.lo..:;u -1).1)33 0.007 
O.?3M -n.113 0.000 
0.1hh -O.Uf-.4 -0.007 
O.O~1 -n."14 n.OO? 

;~ Simple supports .;:- Enca~tr8'supports 

* CHANbt. IN Ff.:'fQUtNCY -5.1029'0 * C H A I\J (, t. I I\J F h-- E n I It- ,.JC Y -:- r::; • 0 H 2 'f, 
* 1'10iJE-SHAPf 'HA T 10 It >,} ~GOE-SHAPF ~ATIO* 
~ CU0k-X COUR-Y COOR-Z ·-ir COOR-x COIl'-\-Y 

,~ 

..;:. 

{~ 

,~-

* 
-t} 

. * 
* 
.:~ 

,;. 

).1-

* 
• ~.r 

* 
-t.-

>.1-

* 
,;. 

.;} 

-I.' 

* 
* 
* 
,} 

>.1-

* 
* 
* 
* 
-1:-

O.Y87 3.149 0.901 * 0.89b 
1.021 3.14~ D.YOI * 0.902 
1.301 3.1S0 0.907 * U.90~ 

-u.717 3.377 I.2?7 * 1.008 
7.10A 3.b~~ 0.660 * 0.921 
1.23h 4.020 1.774 * O.Y50 

******** 4.3M3 1.2r::;n * ******** 
1.14M 2.773 0.650 ,:- 0.576. 
1.3S0 2.773 0.654 * 0.Y10 
1.1dO 2.966 3.593 * 1.040 
1.150 3.205 1.149 * 1.031 
1.173 3.S(j7 1.140 .;;- (I.96h 

******** 3.H2~ 1.2R2 * ******** 
1.jOl 3.1~u o.~n7 * U.90~ 
l.jl~ O.bO~ O.9S1 * 0.90R 
1.332 O.b73 O.74A ~ U.Y09 
1.350 2.773 0.654 * 0.910 
1.236 4.02U 1.774 * O.~5n 
1.197 -O.2~~ 2.nlH * 0.950 
1.167 O.~YO 0.275 * 0.949 
1.170 O.17~ -0.219 * U.957 
1.173 3.507 1.140 * 0.966 
1.3Ul 3.1S0 0.907 * 0.90h 

-U.031 U.641 0.H4h ~:- 1.16f, 
-0.742 U.6~4 0.641 * 1.41~ 

1.167 0.890 O.27s * 0.949 
1.3~n 2.773 0.654 * 0.910 
1.205 1.31/ -2.1?3 * 1.11~ 
1 • 2 1 4 ~---'C 1 • 34 1 1 • I R 5 ~;. 1 • 1 ~ 1 
1.167 O.H'j\) 0.27':' -;, U.944 

* Mode shapes normalised to unit generalised mass. 

/ 
().140 
1l.71~() 

0.76.0 
0.76.0 
0.741 
O.7 1d 
0.742 
O.9H2 
0.':182 
o • 9~'.3 
0.91--<:3 
0.91:<4 
O.9F-5 
0.7'-+0 
1 .21;'> 
1.3'-)0 
O.9H2 
o.7t...1 
1 • III 7 
10141-'· 
1 .0 () 'f 
O.9H4 
0.740 
1.re h 

1.0f-d 
1.14~ 
1).9HZ 
1.427 
1 • ,:->,Q4 

l.It.h 

COOR-Z 

O.RP7 
O .. HA7 
O.q~1 

O.H70 
O.yr.O 
n.YC)4 
O.yc::;O 
1.4q9 
1.4 0 7 

-0. P'5 
1.137 
1.014 
(l.~41 

o .. Q~l 
1.-r n t-, 

1.2A7 
1.447 
(I.ql:\L. 

p.Y17 
1.010 
I.Oo;; 
1.014 
().Yl1 
1.147 
I.OSc:, 
1.010 
1.4q7 
8.0R7 

.~ ~ ., 1 • 3H 7 
1.0](1 

Table 2.9 Comparison of first normal modes for plane frame in air and water. 
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PLA"IE FPl'I"'E ·M(lO'E..;,;S .... APE IKj AIR· 
*****************.******************** ••••••• *.* •••••• ***~.*** •••• **** 

Encastre supports ",< Silllple auPPQrts, 
NATUPl\L FRf-(;Jt~'CY( :.J)= hl.H} HZ i~ ChANl,t. IN Fkt(,)Ut:NCY -6.519Sf-

";m;)I"''c\L 171::::> 1'v°\il,~'-C;H!\Pt-' i;' flllfJUE-ShAPE kAT 10* 
JOr":T-I!~ X[-)lSP. YIlI<.;I-'. 7,..'(lT. oj} (UO~-X CUUR-y COOR-Z 

? .... 
?i.t_ 
2n 
1':' 
11 

7 
c::; 

-?C;; 
?1 
17 
1 ? 

I-i 

().ll-'c. 
0.123 
O.14:.j 
0.]'-1;;> 
O.lL,l.1 
O.Cl:j 

n • !)1 ~ - 0 • I) 01 i!-

fl.()3H -f).OO] -:l-

0.!J3>-i O.U:)7 -'" 
() • fJ 34 0 • (1 () n * 
r).I)ll -0.005 ,;. 
O.fl27 -n.o07 i~ 

****** n • (1?4 

1).J(iU -f).fln? 
0.140 -(l.OO? 
0.0)h -0.fl02 
0.0f-0 -n.on? 
o.nh~ -().OOl 

-0 .ooc:,. * 
- () • 017 -, 
-(i.(ll7 oj, 

- 0 • (1 () 1 i!-

0.001 {l-

-0.!l()4 i:' 

****** -r.n!n -0.fI(~C::;. * 
?~) U.]4j O.03h n.fl07 ,l-

~2 O.14~ 0.~54 0.033 * 
?3 0.142 1.000 -0.031 * 
?1 0.140 -0.002 -0.017 * 

7 0.073 O.()?7 -0.007 * 
~ 0.015 -n.n23 0.00] * 

13 0.071 {l.Gl<'; 0.001 * 
10 0.071 0.03H -0.000 * 
~ 0.0~~ -0.001 -O.uo' * 

20 0.143 o.03H 0.007 * 
l~ 0.44U ".371 0.020 * 
14 ().:~/"'.o 0.32'-; -O.O?A * 
1) o.o"!? O.1l19 n.oo} oj} 

21 0.140 -n.or? -0.017 * 
1(. -0.(1-11 
]':1 -().n~o 
1 ~ -::: .. :c"," 'J • 0 7 7 

n.?fl.~ -o.noo i~ 

(l.lA9 C).01? * 
(J.1)1':l r.oo] i} 

O.J7S 
O.6H4 
1.I~S 

l.?3? 
1.152 
1.()44 

***'1.'**** 
1.0l:>1-1 
1.218 
c.ll 0 
1.]55 
1.048 

****'1.<*** 
1.11:1') 
1.196 
1.207 
1.21M 
1.044 
1.029 
1.014 
1.u30 
1.04~ 

1.1tl~ 

1.191 
1 • H,,9 
1.014 
1.21t! 

-0.424 
-0.640 

1.014 

3.5}8 
3.5.ld 
3.523 
3.771 
4.07H 
4.46b 
4.~70 

-1.42<'; 
-1.430 
-1.S1cl 
-1.626 
-1.7h2 
-1.~?1 
3.5?3 
0.962 
0.672 

-1.430 
4-.466 

-2.7<.;2 
3./:193 
1.56<'; 

-1.762 
3.523 
1.40tl 
1.3bt) 
3.!'j93 

-1.430 
0.6<.;0 

""'~ 0.772 
j.R':I3 

-7.017 
-7.512 

1.5?4-
-O.4AR 

1.406 
1.0HH 
1.100· 
O.bhZ 
O.hAl 
1.602 
(1.413 
1.165 
1.0 YA • 

1.524 
0.7C;6 
0.912 
0.(1(-)} 

1.0R8 
0.4(19 

-0.809 
3~.092 

1.lh5 
1.524 
1 • 1 1 1 
1.195 

-O.H()9 
O.f<Al 
0.571 
0.426 

-C.ROY 

-lI.I\l[j \'tA TEf? 
*******~*********.*.******************* 

-~< ~ -.~ Encastre supports 
* C~A\I(iE. If" r .... t.OI}ti,Cy -?().04S:';; 
-'.:-. "10Ijr>:·SHl"/..IE K~\ TrO* 
",< CUClq-X COUR-Y CO(H:<-7 

-i~. 

~ .. 
.:.~ 

~ ... ~ 

{;. 

~} 

* 
* 
{;-

~~ 

-:~ 

;.;. 

-Il-

'i1o-

.~~ 

{!-

i!­

i:· 
~:. 

.;:-
{} 

•• < 

-;~. 

-II-

... ;~ 
'.!-

1:-
.. ::-
oJ";' 

<:. 

I.A3? 
1 .. 4Al 
I.05? 
O.P·77 
O.9?H 
1.n44 

***-;}-I:-*** 
0.8';3 
1.043 
2.114 
1.47 (+ 

].()99 
****,,*-11-* 

1.052 
1 • (i 4 Cj 

1.04h 
1.(J43 
1.0 4 4 
1.uSA 
1.(lA7 
1 • (I P.? 

1.0Y9 
1 • {)S~ 
l).oS3 
O.A3S 
1.()fJ7 
1.()41 

-n.S7tl 
-().-ifJ4 

1.()h7 

JJ"/e-... f:. 
Il.f.:l.h 
fl.M4';l 

lI.tl L ... ':' 

O.ASll 
O.dSl 
o .~,;;'~ 
3.421 
3.4?} 
3.411 
3 .. 411 
.3.404 
3.40'" 
O.t'-49 
0.712 
0.727 
3.4?1 
u.I-I'Jl 
1.]/-.'-i 
0.6')7 
1.1e,7 
3 .. 404 
().t<4':J 

0.5?'::> 
0.5(1'::> 
o .hO-f 
3.,+21 
O.42~ 

0. 4 10 
0.(;07 

S.722 
6.0 4 2 
(J.?I.1(-' 

0.462 
n • hgt: 

(i.Y71 
1.nA] 
0.705 
O.70? 
O.~I-q 

0.417 
1.?Hl 
1.OSl 
f).2gh 
\).74'-4 

0.710 
n.7fl? 
0.97 1 
0.7?Q 
1 • L,J 1 

-f1.()f.7 
1.2fil 
().~g6 

n.47f. 
o. S4 () 

1 • ~ 1 1 
n.7(l? 
().31h 

.0..'-.=. n .3] H 
1 • t:) 1 ] 

* Mode shapes normalised to unit generalised mass. 

Table 2.10 Comparison of second normal modes for plane frame in air and water. 
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ANn Wl\TF~ ~-P/,..AtlJf FRlI''''1F rv'O'1F-S~-APE-- (N-A IP-

***************************************************************** ********************************************** 
Encastre supports 

NATIIPAL Ff-<HH)t:~:CY ( 1) = -"j.?2 HZ 
"lOP fA (1(_ I 1 E IJ (vi (ll) J:' - S H t\ ~ F 

JOlf';T-IU XDI5f-'. yr)JSf-l. Zi.)OT. 

?r) 

?!+ 

-U.flL;)n O.OOs-< 
-o.ou~ O.OOM 

(I.OIl 
0.011 

2(1 O.Obh o.(joe O.OfH 
l~ 0.143 n.on~ 0.001 
11 O.12b 0.007 -0.004 

7 o.O~2 O.!J07. -O.OOf, 
c.; ****** f).Unh -i1.f)()4 

? ~ () • 0 () 1 - f) • 0 1 3 n • 0 II q 
21 0.007 -(l.oJ) 0.009 
17 1).1..,:; -n.ol? 0.001 
12 0.]33 -1).0]1 -0.0(14 

. ..;, tl.Phj -".U]O -0.0(1(-
,'-, ****J",* -n.lIOY -().U04 

2 /} 0 • () M (, () • n () Ii (l • 0 0 7 
2? a.UHf -0.0Y3 -0.U09 
23 a .(l.:;7 _(i .??':) 0.002 
?1 O.(lHl -0.013 o.ooq 

7 (l.lihc 0.(107 -0.00(-' 
S O.Oh~ 0.022 n.ou3 

11 O.(\hf, -0.002 -0.009 
In O.(lf)4 -0.024 0.003 

;..; O.Oh3 -0.010 -O.O{lA 
20 O.OHh n.00~ 0.007 
I" 0.91-' 1).~Y9 0.(!64 
14 O.~12 n.h97 -O.O~S 
13 O.Oh~ -0.on2 -0.009 
21 O.OHf -0.013 0.009 
19 1.1'UO -0.Y90 0.070 
1:';;.,--O.9Mtl -f).9H2 -0.071 
1~1' o.nAh -o.O,O? -0.009 

. .. 

* Simple supports 
* CHANGt IN I-REOtJENCY -1.111% 
* ~OOE-SrlAPE RATIO~ 
* COO~-~ C00R-Y COOR-Z 

* 
* 
* 
{:-

* {:-

* 
* 
* 
* 
* 
* 
<)~ 

* 
':J. 

* 
* .. :;.. 

'A-

* 
* 
* 
* 
* 
~; 

,~ 

-I.' 

* 
* 
* 

-1.771 
-b.034 
-1.04H 
-1.077 
-1.048 
-1.008 

*****i~** 

IH.~04 

-l.OhS 
-1.102 
-1.0fe:-> 
-1.OIl 

****..:-, .. ** 
-1.04R 
-1.054 
-l.OhO 
-1.On5 
-1.QU!':) 
-U.99~ 

-u.9B~ 

-0.999 
-1.0)1 
-1.048 
-O.bSlH 
-{J.ts88 
-O.9HR 
-1.0b5 
-l.OOa 
-{).oR8 
-U.9118 

-1.254 -1.372 
-1.254 -1.371 
-1.254 -1.165 
-1.340 -0.952 
-1.440 -1.152 
-1.5S9 -1.02H 
-1.700 -1.077 
-3.223 -1.200 
-3.223 -1.109 
-3.417 -0.919 
-3.64ts -1.190 
-3.9/?H -}.015 
-4.2!-'-,4 -1.077 
- 1 • 254 - 1 • 1 65 
-c..Ohe -1.54S 
-1.610 -?2f..O 
-3.223 -1.199 
-l.SS~ -1.02~ 
-O.6~U -O.Hn~ 

-7.570 -0.973 
-1.H33 -O.H39 
-3.9?H -1.015 
-1.254 -I.IAS 
-U.8k3 -0.8(-'2 
-O.HAH -n.RR3 
-7.570 -0.973 
-3.223 -1.199 
-1.020 -0.97S 
-1.00':> <-<-~_' -0.9 0 7 
-7.'::>70 -(l.Y73 

.;(-. 

~: .. 
.~ .. 
-I} 

.::­

-'.I-

-!:. 

~:-

"U· 

.. ~ 

.::. 

-;:.-

. ..::. 
~:--

i:~ 

~-

~:-

'i:. 

* 
~~ 

~:-

-!!-

--::. 

* .. ;: .. 

>,;. 

... ~~ 

-::-
i} 

-!r 

.. ::-
{; .. 

i: .. 

,:-

Encastre supports 
CrA"J(;r~ Jr,! fh'f:()I)tl\~CY -lA.RSO,*, 

j<'I(lOE-Sf-iAPF HI'.ITIO* 
(()Ol-(-X 

1.59(: 
6.4-t,S 
O.Sj47 
0.Y61'.) 
0.Y61 
O.Ylh 

****';"*** 
-1.~47 

O.Rb] 
O.~H4-

U.901 
().c,os 

**,:. il-~" ~;- oil- i;-

(J • fJ,4 "' 
0.85] 
O.8S7 
O.hr.l 
0.'11'1 
0.'::<09 
0.902 
O.9()t.. 
0.':i05 
0.1-147 
0.'"59 
O. ,iSO 
0.90;> 
O.f-i.t:-l 
O.lO() 
0.7~:'-7 

0.90;> 

C()U~<- Y 

/ 
---0.711 

O.7l1 
O.7l4 
O.71H 
0.722 
O.7ed 
O.7?9 
0.71'37 
0.787 
0.7;;'9 
0.7'-)0 
0.7'-12 
O.79~ 

0.714 
0.6;.13 
O.~t'o7 

O.7M7 
U.72(3 
O.S]b 

,0.4':>1 
Il.S77 
U.792 
0.714 
O.RSH 
O.84d 
0.451 
O. n~7 
O. -,>-<j 

0.779 
o • '+ S 1 

~~ 

CO()R-Z 

1.133 
1.134 
l.l=~f-. 
1.]Q5 
1.(J1F. 
o • () f-, 1 
O.AGh 
O.lnq 
0.1.179 
1.0S7 
0.1370 
f)"lfJ4 
().Y(l2 
1. 11M 
0.911'-. 
0.70,,:> 
f). M',q 

0.-';1'..1 
n .!-',A2 

0.771 
O.B;>] 
0.914 
1.] :1A 
O.k 4 2 
O.HSI:) 
0.771 
(\.870 
0.7710 
O.7Ml 
1).171 

* Mode shapes normalised to unit generalised mess. 

Table 2.11 Comparison of third normal modes for plane frame in air and water. 
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PL t'. Nt_ F PlI /'v:F . MOOr=:;,;. Sl-i APF -1 "T A Ih-
•••••••••••••••••••••••••••••••••••••••• ************** ****************** 

Encastre supports * Simple supports 
NATllp,AL F~t-I.~lJt:'~,CY( 4)= 78.01-{ HI i~ ChANGt. IN F~E()lItI\iCY -0.241% 

!'!OPivIiILI7t!) /I,:()l;~--<;H..\Pf: * MODe-SHAPE k'ATIO* 
JOIf'.'T-Ir' .\Ul~l-'. ynTSf.-'. LROT. olio CUOk-X COUR-Y COOR-Z 

?f. 
24 
?I) 
If-, 
1 J 

7 
S 

2~ 

21 
1 7 
J ~ 

H 

h 

?0 
2; 
?:1 
21 ., 

9 
13 
J () 

R 

?n 
J ,Ci 

14 
11 
?l 
11..1 
1 .-, 
J 3 

-O.OOc 
-V.Coc 
-Ll.O(l~ 

-[).PO,+ 
-0.(10,-+ 
-o.nOI 
';:·*{H~*'" 

-().(lO~ 

0.0(11'.. -(J.OOO 
f).r06 -0.00f'> 
n.oo.:.: -0.000 
(1.no~ -(l.oon 
0.005 (I.oon 
0.004 o.noo 
0.004 o.oon 
1).00':> 0.000 

-().POc' (1.00',:) 0.0(\0 
0.001 D.ans o.oon 

-u.noo n~Oo4 -n.oon 
-0.001 °.004 -o.onn 
****** n.nn3 o.vor 
-0.(;02 o.on~ -f).oor 
-0.00~ -O.?~4 -O.O}O 
-0.uP2 -n.?'-<n 0.010 
-u.ru~ a.nos 0.000 
-0.COI 0.004 0.000 
-o.nOl O.OIS 0.001 
-0.001 o.o{:'o -o.oon 
-0.001 0.ol3 -0.001 
-0.001 o.nr4 -0.000 
-O.OOc 

0.1.11H 
0.921 

-o.ofn 
-o.noe 
-().li17 
-O.'-I?tl 
-U.t'Ul 

n • () rt'h 
(\.0'--12 

1 • (i 0 0 
o.O?0 

-0.00(1 
O.07S 

-0.074 
-0.000 

0.005 0.000 
n.qK7 -n.075 
0.C.lCi5 

0.0?(l 
0.074 

-O.Of)P 

~,lo 

-1,< 

.. :." 
,i­

{, 

-1,' 

* 
{:. 

* 
* 
i(-

{; .. 

-1,' 

* 
~,lo 

->;-

* 
~} 

{, 

* 
* 
{.< 

* 
{:-

* 
~~ 

* 
{i-

* .. ;:. 

~.()2n 

4.<140 
4.H24 
4.734 
4.714 
S.531 

****~,lo*** 

~.134 

fJ.047 
-1.tl39 
aO.dOb 

b.S48 
******i;-* 

4.1-'.24 
5.147 
:;.~43 

b.041 
:'.531 
~.703 

~.ht\2 

b.16'-1 
0.:;4(3 

4. t~?4 

u.972 
0.977 
~.MH2 

b.047 
O.9hl 
O.,,6f1 
~.RR2 

4.0c-4 
4.084 
4.0H4 
4.3 -, C. 
4.-lc>6 
5.171 
5.639 
3.7]b 
3.736 
3.999 
4.321 
4.72-' 
5.15~ 
4.0h4 
1.213 
I.23M 
3.7]b 
S.171 
2.6dO 
1.d4b 
1.<194-
4.727 
4.01':14 
0.994 
1.003 
1.tl4>:1 
3.73fJ 
O.S.lO 
o .97'J ,. 
1.840 

-O.3i?M 
O.5R~ 

4.7Al 
4.209 
4.426 
3.457 
7.RR<;I 
4.flS9 
4.6S3 
().A4f.1 
4.3<45 

-13.573 
5.62 q 

4.781 
1.267 
1.233 
4.6S3 
3 • 9~':; 7 
O.b9R 
6.379 
1.1 n 1 

-13.573 
4.!Pl 
O.9P,7 
O.9RO 
6.379 
4.6S3 
O.9f..2 

~ O.4"~ 
6.379 

~"=" 

, A~n· '!;A TE~ - =~ ... 
*~*.*********************.************* 

* Encastr~ supports 
J':. C h 11 f\! Co t. H 1 F ,.;> F CH f t '\ C Y - 1 A • 7 n 3 ~ 
* MnD~-S~~PF ~ATI0* 
{:- con!-?-x - COl}F<:- Y COOR-Z 

-i:" 

* 
" 
{:~ 

oil-

-;~ 

-!:-

* .ro. 

-1,' 

~r 

~: .. 

~~ 

.;:-

.t} 

-r. 
{} 

.;~ 

~~ .. 

-l:-

{:o-

..:: .. 

.. ::-
~: .. 
~ .. 
.. ::-
~. 

-!} 

.:l-

-3.322 
:"3.524 
-3.SSh 
-j.10] 
-2.HO(l 
-3.23(1 

**,;- ,;-{, .;;-" * 
-J.Y}Q 
-S.?~() 

4.5c..::; 
-'::>t).7':;5 
-4.114 

{:.****i;., .. ,," 
-3.SSf) 
-4.(iOb 
-4.C;S'" 
-5.?SO 
-3.?3n 
-J.3~O 

-3.S3c:. 
-3.7f.c:., 
-4.114 
-3.:;;:;~ 

0.827 
U.f<;:>q 

-J.S3S 
-'::>.2S() 
(I.r',7~ 

u.f-:.7!4 
-3.1)3:'; 

_.r.2t-.2 
1.2"2 
1.2f-7 
1.21'..7 
1 .2(..,7 
1 • 2f'~ 
1.2~" 
O.,';"(d 

O.'Hd 
O.i-i;.d 
(1 .. ,'1><5 
O .. ~,91) 
().~Y2 

1 • (,f- 7 
() .. Si, 1 
o .5 -,0 
O.H7M 
l.?t"lh 
0.470 
(1.91,'1 

1 • 3-'''-1 
O.M'jO 
1.?...,7 
Cl.~l'-j 

O.HIJ 
n.4()~ 

O.R7t:l 
O.,P.H'j 

(J .. t-<HJ 
o • '--1(,"-1 

-1f:l.Ol<:i 
-1).70M 
-?8><~ 

-n.~7M; 

-1.3 h 4 
-}.YF-4 
-4.(;7] 
-3.??~ 

- ~.2ny 

-l.Oc:.J 
-2 .. 1 {.;,(: 
If,,~l? 

-2. Tn 
-2.F'~h 

n.51f" 
0.b00 

-J.2 nq 
-1.'-1(-·4 

0.80? 
-f,. f.l 9 

I.Oh? 
1':'.912 
-?P~~ 

O.hf)9 
(J.t-<l>-.o: 

-h.h19 
-1.2ny 

n.i-'7rO 
(!.h79 

-A.hlY 

* Mode shapes normalised to unit generalised mass. 

Table 2.12 Comparison of fourth'normal modes for plane frame in air and water. 

lJ1 
o 



Pl A hJt. F PA ~F 1vIODE -S'-1APf- I!,JA I P 
••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••• **.***.*** ••• *.~. 

Encastre supports * Simple supports 
NATtlRAl FI--.:F\.jUt~,CY( S)= ':Ih.12 h7 * CHANGt.. IN Fh'EOUEi\ICY -4.181% 

f'..:0o~/r~lI/tfJ ~'OUF-~H"'fJE ~~ f·H)UE.-ShAPE f.:ATIO* 
JOrf>,;T-H' "LllSP. yf)JSP. 7ROT. -:1- Cuor<-x COOR-Y COOR-Z 

?A 
2.:.­
?n 
If-
11 

-r 
c., 

2r:.; 
2) 
17 
Ii 

h 

f-, 

20 
?? 
23 
?1 

7 
9 

13 
] () 

q 

?n 
1,'-' 
14 
13 
?1 
1~ 

• - -~, 1 S 

f).?S? 
-O.Cc.-.11 
-0.':)711 
-I) ." 3 7 
-O.F:7S 
-O.42b 
***.;:-*-\:-
-0.371 
-(l.~HtI 

-'J.j.:,Y, 
-0.M(l7 
-\J.4?? 

-0.034 
-().0:34 
-0.0:n 
-0.030 
-0. (I?f:> 
-0.023 
-().O?o 

0.042 
n.()4c 
n.n37 
O.u33 
0.0C'4 

-o.o(->q ~l-

-O.OAA * 
-0.[l3 Q .;,c 

-n.OI3 * 
o.n?,? * 
0.043 * 
O.(12f • ~!-

-(J.G?? * 
-f).O?3 * 
-0.011 * 

f) • PH.. ~-

0.041 * 
>'<****~l- n.{)~A n.tl?l;.-I.' 
-O.S7~ -n.oJ] -fJ.n:1 Q * 
- () • S /-"I ~ 11 • 0 1 4 (1 • () ? ~. ~~ 

-O.~~~ r.SA~ -0.0n) * 
- I) • '::> H h (1 • () <+ 2 - () • (1 ;> 3 * 
- u • 4 (-' H - () • (l 2 3 i1 • () 4 ~ ,i-

-O.43h 0.451 -0.u01 * 
-0.443 o.Oo? -O.O~A * 
-O."-T-I -n.431 -o.()on -:~ 

-O.42~ 0.0?9 0.04J * 
-O.S7H -n.033 -(J.03Y * 

0.100 O.hS6 O.OHS * 
0.4,:)7 1.000 -0.049 * 

-0.443 n.no? -n.03A * 
-0.51"'1""\ 0.(l4;; -(l.!)?3 -:, 
-o.()(/:, -n.s"-':"> 0.0fl-'"' * 

o • ?91) -(1. tif>f\ -0. 0 3~ {} 

1.2?7 
O.lOq 
0.':104 
O.tif'2 
U.M'+6 
0.1-:121 

-Il-***-Il-*** 
0.'-117 
u.S/I') 
U.Hh3 
U.h4':) 
O.h21 

**,}***** 

-

O.~04 

U.~07 

().~11 

u.Yl~ 

O.H21 
0.H15 
0.H09 
0.b}4 
O.M?l 
O.'i04 
4.243 
1.(-,61'") 
O.HOg 
0.'n5 

-3~.2~O 
1.471-'. 

4.701 
4.701 
4.70ti 
5.0'-)4 
5.5:i2 
6.21':1 
b.7HI 
2.235 
2.235 
2.40lj 
2.A27 
2.':110 
3.173 
4.70b 

1l!.3h'::I 
1.326 
2.2.3:' 
6.21':1 
0.603 

-?4.b4e 
O. 7'":11 
2.910 
4.7(Jci 
1.27'S 
1.17b 

-24.64/j 
2.23~ 

1.135 
1.091) 

1.017 
1.017 
0.917 
0.6~3 

O.ljC)2 
O.A?l 
0.8R5 
0.912 
0.910 
0.(-,43 
O.~74 

o .f,23 
O.8R3 
0.917 
1.3?~ 

IO.}41 
o.'no 
(J.82l 

-2.016 
0.R06 

-10.614 
0.H?3 
0.917 
1.240 
1.421 
O.H()f, 
0.<:110 
].110 
}.1-11 

(:J r<J r.i- \,.,1 iJ. TEl:.? - - =-=.,;- .. 
• ••••••••• ** •• ****** •• * •• ***.* ••• *** •• *** 

,;' * Encastre supports 
i:. CHlIi\j(,E I~' Ft-"t (.,'It.''.CY -20. A~(l'f, 
* MnQF-ShAPF ~~TIO* 
~:- C()C\f.l-)I (OiJf"·.'-Y conR-Z 

{;. 

~­

{:-
{!-

.. ;: .. 

{;.. 

-1:-

{~ 

-1;-

~~ 

~~ 

~~ 

* ;:. 

-r.-

-!~ 

~:-

~:" 

-\:-

-Ii-

orr 

-:} 
~;. 

* 
-Il-

~: .. 
ir 
...... 

~t 

1.20F 
-().759 

u.7nn 
0.7/:)5 
O.76B 
0.748 

*-Il-*,'l--!:-**-Il-
O.63M 
O.7()k 
0.746 
0.7,)4 
0.74,:) 

***-Il--I,'*-r..-I,' 
O.7()() 
0.703 
(1.706 
0.-(08 
0.74P. 
O.74S 
0.741 
0.741 
0.745 
1).70n 
2.3 7 (l 

1.120 
0.741 
O.7(1P 

-21 .. jliC) 

1.()i-jC) 

/ 
'W~381 
O.3ij2 
O.jH4 
0.379 
0.372 
0.31"-3 
O.3h4 
0.619 
o. A "i':1 
O.6~B 

() • fl:~6 
U.634 
D.b3:;, 
O.3~4 

fI.181:i 
O. t>(>6 
O.6~~'i 

(l.3A3 
(l.~12 

2.11...lb 
O.7'-1S 
0.634 
(l.3H4 
P.9Q3 
<J.Y?3 
?198 
().f"-.. "1Y 

O.H17 
O.f< 4 0 
O.87f-. 
O.ti7A 
O.H01 
O.7f-.A 
O.73Q 
O.Ij]4 

0.Rl? 
(;.Mc.:;t­

() .no 
O.7S6 
0.740 
(J.H7h 
fl.M~2 

O. -rF4 

O.H12 
f).7Ab 
O.49A 
o.H2S 

-O.':i~7 

O.75A 
O.f<76 
0.Qt12 
O.9 C!} 

0.R2'; 
!).FI:3? 
f).,u,-,O 

0.9?1 
] 1 -v.£~43 o.Op? -()AOJf' ~~ u.~n9 -2,+.648 O.Hn6 ~ u.1 4 ] 

0.91h 
(l.b'lS 

2.1YM {\. He'L, 

• 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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" MEASURED COMPUTED , 
~REQUENCY * MODE (Hz) FREQUENCY (Hz) ~% Q 

1 37.9 39.1 3.2% 81 

- 52.7 - - 93 

2 58.4 54.1 -7.1% 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 
.-

*Q = Measured dynamic magnification 

Comparison of Measured and Computed Natural 

Frequencies for Plane Frame in Water 

TABLE 2.14 
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tlEASURED , 
MODE FREQqENCY (Hz) ENCASTRE SUPPORTS SIMPLE SUPPORTS *0 

- . 

1 39.9 41.2 3.3% 39.1 -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 -t.3% 77 .9 -1.5% 706 

5 92.7 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 
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SELECT TON OF FULL SCALE PLATFORM AND ~OMPUTED RESULTS 
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LEVEL 9 
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lEVEL 4 

LEVEL 3 

LEVEL 2 

Beam element model of full scale platform 

Figure 3.1 A 
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Figure 3.1A contd 
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X , Y , Z Global 

X' , Y' , Z' Support 

8 1 , 8 2 , 8 3 Support 

global 
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/" 

co-ordinate directions 
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joint co-ordinate directions 
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Orientation of support joint (Table 3.2) 

Figure 3.1 8 
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LEVEL 9 • 

I 
• 

• 

( 
• LEVEL 8 

( 
E1. +25. 5m 

E 1. +1 g. 4,7) 

\ 
LEVEL 7 

\ 

• • E1.+ 6.1 

z z z 
LEVEL 6 • • • - E1.- 6.1m 

LEVEL 5 • • E1. -1 g. 8m 

LEVEL 4 • • - E1. -35. 0 

LEVEL 3 r • • - E1. -51. 8m 

I I 
I I I 
I 
I I \ 
I / \ 

LEVEL 2 
I \ - EI.-70.1m 

LEVEL 1 I \ E1. -77 .1m 

f=O.400Hz f=1.385Hz f=3.015Hz 

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

Figure 3.2 
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~y y y 

LEVfL q • 

I 
E1. +25. 5m 

I LEVEL 8 -- • El.+19.4m 

LEVEL 7 - • 
\ 

• El.+ 6.1 

Rotation Rotation Rotation 

LEVEL 6 - - El.- 6.1 

LEVEL 5 - • - E1.--19. 8m 

LEVEL 4 - - El. -35 .Om 

LEVEL 3 - • • - El. -51. 8m 
I I 

I I 

I I 
l I I LEVEL 2 - I - EL-70.1m 

I 
I Level 1 I flo -77 .1m 

f=0.579Hz f=1.466Hz f=3.681Hz 

Mean computed torsion mode shapes for full scale platformCTables 310,3.13 &3.16) 

Figure 3.3 
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Joint lTo. X(m) Z(m) Y(m) Condit::'on 

-20.915 -17 .867 -77.100 Support 

2 -20.915 17.867 -77.100 SUN,ort 

3 20.915 -17 .867 -77.1CO Sup:port 

4 20.915 17 .86'1 -77.100 Support 

5 -20.041 -16.993 -70.104 

6 -20.041 16.993 -70.1 O~ 

7 20.041 -16.993 -70.104 

8 20.041 16.993 -70.104 

9 -20.041 0.0 -70.104 

10 0.0 -16.993 -70.104 

11 0.0 16.993 -70.104 

12 20.041 0.0 -70.104 

13 -19.388 -16.340 -64.846 

14 -19.388 16.340 -64.846 

15 19.388 -16.340 -64.846 

16 19.388 16.340 -64.846 

17 -17.755 -14.707 -51.816 

18 -17.755 14.707 -51.816 

19 17.755 -14.707 -51.816 

20 17.755 14.707 -51.816 

Joint co-ordinates of full scale platform 

Table 3.1 



Joint Ho. X(m) Z(m) Y(m) Conc.ition 

21 -17.755 0.0 -51.816 

22 0.0 -14.707 -51.816 

23 0.0 14.707 -51.816 

24 17.755 0.0 -510816 

25 -15.661 -12.613 -35.052 

26 -15.661 12.613 -35.052 

27 15.661 -12.613 -35.052 

28 15.661 12.613 -35.052 

29 -15.661 0.0 -35.052 

30 0.0 -12.613 -35.052 

31 0.0 12.613 -35.052 

32 15.661 0.0 -35.052 

33 -13.753 -10.705 -19.812 

34 -:-13.753 10.705 -19.812 

35 13.753 -10.705 -19.812 

36 13.753 10.705 -19.812 

37 -13.753 0.0 -19.812 

38 0.0 -10.705 -19.812 

39 0.0 10.705 -19.812 

40 13.753 0.0 -19.812 

Table 3.1 contd. 



Joint 1';0. X(m) Z(m) Y(m) CO!ll'.l t:LOn 

41 -13.753 -2.896 -19.812 

42 -10.028 -2.896 -19.812 

43 13.753 -2.896 -19.£512 

44 10.028 -2.896 -19.812 

45 -12.040 -8.992 -6.096 

46 -12.040 8.992 -6.096 

47 1 ?. 040 -8.99? -6.096 

48 12.040 8.992 -6.096 

49 -12.040 0.0 -6.096 

50 0.0 -8.992 -6.096 

51 0.0 8.992 -6.096 

52 12.040 0.0 -6.096 

53 -12.040 -2.896 -6.096 

54 -8.138 -2.896 -6.096 

55 12.040 -2.896 -6.096 

56 8.138 -2.896 -6.096 

57 -10.516 -7.468 6.096 

58, -10.516 7.468 6.096 

59 10.516 -7.468 6.096 

Table 3.1 contd. 



X(rn) Z(rn) Y (In) Con::i tior:. 

60 10.516 7.468 6.096 

61 -10.516 0.0 6.096 

62 0.0 -7.468 6.096 

6) 0.0 7.468 6.096 

64 10.516 0.0 6.096 

65 -10.516 -2.896 6.096 

66 -6.440 -2.896 6.096 

67 10.516 -2.896 6.096 

68 6.440 -2.896 6.096 

69 -9.144 -6.096 17 .069 

70 -9.144 6.096 17.069 

71 9.144 -6.096 17.069 

72 9.144 6.096 17.069 

73 0.0 -6.096 19.431 

74 0.0 6.096 19.431 

75 9.144 -6.096 19.431 

76 9.144 6.096 19.431 

77 -9!144 0.0 19.431 

78 9.144 0.0 19.431 

79 -9.144 -6.096 19.431 

Table 3.1 contd. 



t-i4 

Joint IJo. \ )Um) Z(m) y(m) 

80 -9.144 6.096 19.431 

81 -9.144 -6.096 25'. ~27 

82 -9.144 6.096 25.527 

83 9.144 -6.096 25.527 

84 9.144 6.096 25.527 

85 -9.144 0.0 25.527 

86 9.14A 0.0 27.r:327 

87 0.0 -6.096 25.527 

88 0.0 6.096 25.527 

Table 3.1 contd 



r-:mT NO. 
j._----------_. 
I 
I 'j 

I 2 

I 

I 3 

i 4 

l 

JOINT ROTATIONS ELASTIC SUPPORT CONSTANTS 

t DEGREES 

-\ 79.98 I -45.0 

7(' '18 I ~~5 0 I ~..., '''' . 

I' 79.98 1-13~_0 __ ~ ____ ~ .. L_ ______ ~ ______ ~ ______ ~ ______ ~ ______ ~ __ 

I 
i 

81 I 82 I 
~ 

I 
79.98 I 45.0 

i! NEWTON/METER NE'.,.JTON X ["JETER / Rf\OIi\fJ ,-
--.:: 

I I! - }/ 
83 11 KFX KFY KFZ KMX Kf'lY Kf1Z I , 

r-= 0.0 .I 2.98E8 11.01E8 1 .01 E8 0.0 ~ .25E9 1.25[9 

II 2. 96E8 0.0 1 ,01 E8 1 .01 E8 0.0 I 1.25::9 1.~~5E9 
j I 

"~ 0.0 II 2. 98ES 1 .01 E6 1.0'1 E8 0.0 11.25E9 1.L _L-

0.0 II 1 .01 EB 1.01 EB 0.0 11.25E9 ~.25E9 '\ 2. 9BE8 

Support joint details (Figure 3.1 B) 

TabJe 3.2 

C 
L' 



Nember No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Start End Lencth (rl) 

5 10 20.041 

10 '7 20.041 

7 .12 16.993 

12 8 16.993 

11 8 20.041 

6 11 20.041 

5 9 16.993 

9 6 16.993 

10 9 26.275 

10 12 26.275 

9 11 26.275 

12 11 26.275 

17 22 17.755 

22 19 1,"{.755 

19 24 14.707 

24 20 14.707 

18 23 17.755 

23 20 17.755 

17 21 14.707 

Member incidences of full scale platform 

Table 3.3 



(,7 

Member No. Start End Length (m) 

20 21 18 14.707 

21 22 24 23.055 

22 22 21 23.055 

23 21 23 23.055 

24 24 23 23.055 

25 25 30 15.661 

26 30 27 15.661 

27 27 32 12.613 

28 32 28 12.613 

29 26 31 15.661 

30 31 28 15.661 

31 . 25 29 12.613 

32 29 26 12.613 

33 30 32 20.108 

34 30 29 20.108 

35 29 31 20.108 

36 32 31 20.108 

37 33 38 13 .. 753 

38 38 35 13.753 

39 35 43 7.809 

40 43 40 2.896 

Table (3.3) Contd. 



Member No. Start End Length (m) 

41 40 36 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 6.09G 

61 55 49 2.89G 

62 49 46 8.992 

63 50 S4 10.168 

Table (3.3) Contd. 



139 

Member No. Start End Length (m) 

64 54 49 4.859 

65 50 56 10.168 

66 56 52 4.859 

67 49 51 15.027 

68 52 51 15.027 

69 57 62 10.516 

70 62 59 10.516 

71 59 67 4.572 

72 67 64 2.896 

73 64 60 7.468 

74 58 63 10.516 

75 63 60 10.516 

76 5i' 65 4.572 

77 65 61 2.896 

78 61 58 7.468 

79 10 17 25.591 

80 10 19 25.591 

81 11 18 25.591 

82 11 20 25.591 

83 9 18 23.579 

84 9 17 23.579 

85 12 20 23.579 

86 12 19 23.579 

Table (3.3) Contd. 



70 

Member No. Start End Length (m) 

87 22 25 23.036 

88 22 27 23.036 

89 23 26 23.036 

90 23 28 23.036 

91 21 26 21.083 

92 21 25 21.083 

93 24 28 21.083 

94 24 27 21.083 

95 30 33 20.616 

96 30 35 20.616 

97 31 34 20.616 

98 31 36 20.616 

99 29 34 18.721 

100 29 33 18.721 

101 32 36 18.721 

102 32 35 18.721 

103 38 45 18.331 

104 38 47 18.331 

105 39 46 18.331 

106 39 48 18.331 

107 37 46 16.490 

108 37 45 16.490 

109 40 48 16.490 

Table (3.3) Contd. 
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Member No. Start End Length (m) 

110 40 47 16.490 

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 

117 52 60 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 13.928 

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. Start End Length (m) 

133 34 46 13.928 

134 46 58 12.381 

135 20 28 17.024 

136 28 36 15.477 

137 36 48 13.928 

138 48 60 12.381 

139 19 15 13.233 

140 17 13 13.233 

141 20 16 13.233 

142 18 14 13.233 

143 62 66 7.898 

144 66 61 4.999 

145 61 63 12.897 

146 62 68 7.898 

147 68 64 4.999 

148 64 63 12.897 

149 57 69 11.143 

150 71 59 11.143 

151 58 70 11 .143 

152 72 60 11.143 

153 6 14 5.338 

154 8 16 . 5.338 

155 7 15 5.338 

Table (3.3) Contd. 



Member No. Start End Length (m) 

156 5 13 5.338 

157 35 44 8.652 

158 43 44 3.725 

159 42 41 3.725 

160 33 42 8.652 

161 45 54 7.238 

162 54 53 3.901 

163 47 56 7.238 

164 55 56 3.901 

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 6.096 

174 81 85 6.096 

175 88 84 9.144 

176 82 88 9.144 

177 87 86 10.990 

178 87 85 10.990 

Table (3.3) Contd. 
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Member No. Start End Length (m) 

179 86 88 10.990 

180 85 88 10.990 

181 75 78 6.096 

182 78 76 6.096 

183 73 75 9.144 

184 79 75 18.288 

185 77 80 6.096 

186 79 77 6.096 

187 74 76 9.144 

188 80 74 9.144 

189 73 78 10.990 

190 73 77 10.990 

191 78 74 10.990 

192 77 74 10.990 

193 75 86 8.621 

194 76 86 8.621 

195 75 87 10.990 

196 79 87 10.990 

197 80 85 8.621 

198 79 85 8.621 

199 76 88 10.990 

200 80 88 10.990 

201 75 83 6.096 

Table (3.3) Contd. 



l~ 

Member No. Start End Length (m) 

202 76 83 6.086 

203 80 82 6.096 

204 79 81 6.096 

205 75 71 2.362 

206 76 72 2.362 

207 79 69 2.362 

208 80 70 2.362 

Table 3.3 contd 
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MEMBER NO. 
'") 

/ix (m"-) Ix (rn 4 ) Iy(m4) Iz(n,'t) 

1 to 8 3.213E-2 3.34m::-3 1.67E-3 1.67[-3 

9 to 12 1.568E-2 6.094E-4 3.047E-4 3.047E-4 

13 to 20 2.381E-2 2.122E-3 1.061E-3 1.061E-3 

21 to 24 1.368E-2 4.024E-4 2.015E-4 2.015E-4 

25 to 32 2.181E-2 1.625E-3 8.125E-4 8.125E-4 

33 to 36 1.368E-2 4.029E-4 2.015E-4 2.015[-4 

37 to 46 2.181E-2 1.625E-3 8.125[-4 8.125E-4 

47 to 52 1.368E-2 4.029E-4 2.015E-4 2.015[-4 

53 to 62 1.974E-2 1 • 213E-3 6.064E-4 6.064E-4 

63 to 68 1.368E-2 4.029E-4 2.015E-4 2.015E-4 

69 to 78 1.774E-2 8.766E-4 4.383E-4 4.383E-4 

79 to 86 3.213E-2 3.340E-3 1.670E-3 1.670[-3 

87 to 94 2.381E-2 2.122E-3 1 .061 E-3 1 .061 [- 3 

95 to 110 2.181E-2 1. 625E-3 8.125E-4 8.125E--4 

111 to 118 1.974E-2 1.213[-3 6.064E·-4 6.0G4E-4 

119 to 122 1.674E-1 4.318E-2 2.159[-2 2.1'i9E-2 

123 to 1'42 1 .507E-1 4.014E-2 2.007E-2 2.007E--2 

143 to 148 1.368E-2 4.029E-4 2.015E-4 2.015E-4 

149 to 152 1.428E-1 3.738E-2 1.869[-2 1.869E-2 

153 to 15f) 1.648E-:-1 4.475E-2 2.188E-2 2.188[-2 

157 to 168 1.368E-2 4.029E-4 2.015E-4 2.015E-4 

169 to 172 1.428E-1 3.738~-2 1.868E-2 1.869E-2 

173 to 188 2.858E-3 8.325E-6 2.104E-3 1.399E-4 

189 to 196 8.645E-3 4.162E-7 1.045E-4 3.663E-5 

197 to 204 2.619E-2 1.761E-3 6.306E-4 6.305E-4 

205 to 208 1.42Cf:-1 3.738E-2 1.869E-2 1.869E-2 

Member properties 

Table 3.4 



n 

JOINT NO. DYNAMIC DEGREES JOINT INERTI/\S 

OF FREEDOM (kg) 

17 X Z 154.3E3 

18 X Z 154.3E3 

19 X Z 154.3E3 

20 X Z 154.3E3 

25 X Z 75.2E3 

26 X Z 76.2E3 

27 X Z 76.2E3 

28 X Z 76.2E3 

33 X Z 72.2E3 

34 X Z 72.2E3 

35 X Z 72.2E3 

36 X Z 72.2E3 

45 X Z 69.4E3 

46 X Z 69.4E3 

47 X Z 69.4E3 

48 X Z 69.4E3 

57 X Z 35.3E3 

58 X Z 35.3E3 

59 X Z 35.3E3 

60 X Z 35.3E3 

75 X Z 263.9E3 

76 X Z 263.9E3 

79 X Z 263.9E3 

80 X Z 263.9E3 

81 X Z 239.9E3 

82 X Z 239.9E3 

83 X Z 239.9E3 

84 X Z 239.9E3 

Joint jnertias of full scale platform 

Table 3.5 
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~.M.l\GEO I 
UNDA~ 

MEMBER NO. 

117 

MEMBER NO. 

109 

MEMBER NO. 

101 

FREQ(Hz) REDUCTION 
------- -- ------

MEMBER NO. f"lE~lBER NO.! 

93 I 85 ~ 
FRE Q (Hz) i REDUCT~ ON I FREQ (Hz ) REDUCT! ON I 

.. I 

SWAY Z,1 I 0.400 I 0.368 5.0% 0.393 1.8% 0.391 2.3% 

i ~ I 

1.8% 0.389 2.8% I 0.393 

SWAY X,1 

TORSION I 
1 I 

0.426 

0.579 

0.426 N.R. 

0.543 6.2% 

S'.iJ/W X,2 1.373 1.372 N.R. 

SWW Z,2 1.385 I 1.320 4.7% 

TORSION 21 1.466 1.460 N.R. 

• 
SvJAY Z, 3 3.015 2.996 N.R. 

;:''J .. JA Y X, 3 3.110 3.109 N.R. 

TORSION 3 I 3.6(31 3.675 N.R. 

0.426 N.R. 

0.573 1.0% 

1.373 N.R. 

1.383 N .• R_ 

1.462 N.R. 

2.410 20.1 % 

3. i 1 0 N.R. 

3.601 2.2% 

0.426 N.R. 0.426 

0.570 1.6% 0.571 

1.373 N.R. 1.373 

1.335 3.6% 1.240 

1.447 1.3% 1.442 

2.243 25.6% I 2.420 

3.110 

3.601 

N;JR. 3.110 

2.2% 3.601 

-------

Computed natural frequencies of full scale platform 

Table 3.6 

I 

N.R. 0.426 N.R. I 
1.4% 0.563 2.8% i 

N.R. 1.372 

10.5% 0.944 

1 .6?,; 1.437 

'19.r~ 2.754 

N.R. 3.110 

2.2% 3.631 

N.R. <1% Reduction 

f\J.R. 

3-1. B% 

2.0% 

7 -, 0 
• / '0 

N.R. 

1.4% 

(:.:; 



~ 
MEMBER NO. 

UNDAMAGE 114 

I 
i 

MODE FREQ(Hz) FREQ(Hz) i REDUCTION ____________ L -----.. _._-----
I 
I 

S\-JAY Z, 1 0.400 0.400 
I N.R. I 

I 
! 

SWAY X, 1 ' 0.426 0.390 8.5% 

I TORSION 1 0.579 I 0.544 6.0% 
i 
1 SWAY X,2 1.373 3.5% j 1.325 

I I SWIl..Y Z, 2 1.385 1.385 N.R. , 

I I TORSION 2 1.466 1.460 N.R. 

I I 
I 

SWAY Z,3 3.015 3.015 1 N.R. 
I I -, 
I S'WP,Y X, 3 3.110 3.103 N.R. 

I , TORSION 3 3.681 3.659 N.R. , , 

--I 
MEMBER NO. MEMBER NO. MEMBER NO. MEMBER NO. 

106 98 90 82 

. FREQ~Z]IREDUCTION FREQ(Hz) iREDUCTION FREQ(Hz) REDUCTION FREQ(Hz) REDUCTIO[' 
i 
-~-~-~-.-

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

I 0.400 N.R. 0.400 N.R. 0.400 N.R. 0.400 N.R. 
I 

0.417 2.1 % 0.413 3.1 % 0.415 2.6% 0.410 :1. B% 

0.562 2.9% 0.559 3.5% 0.563 I 2.8% 0.559 3. 5 ~o 
I 
I 

25.2% 1.372 N.R. 1.347 1.9% 1.250 , 6.8% 1.027 
! 

1.385 N.R. 1 .385 N.R. 1.385 , N.R. 1.385 N.R. , I 

1.465 N.R. 1.452 1.0% 1.441 1.7% i 1.Ll34 2.2% I 

I 
I 

3.015 N.R. 3.015 N.R. 3.015 N.R. 3.015 N.R. 

2.608 16.1 % 2.396 23% 2.524 :1S.S~o 2.909 6.5% 
I i 

: 
; 

2.1 % I 2 ~o I 3.659 N.R. 3.604 
! 

3.602 2. 2~o 3.602 
___ 1 __ ~ ___ , .---

, 

I 
...J 

N.R. <1% Reduction 

Computed natural frequencies of full scale platform 

Table 3.7 

-..! 
CD 



oJ 

LEVEL JOINT ID I 83 81 82 84 MEAN OIS~ 
OX 0.003 0.004 0.005 O.DOtl, 

9 
OZ 1.000 0.999 0.999 1.000 1.000 

" LEVEL JOINT 10 75 79 80 76 

OX 0.004 0.003 0.003 0.005 

I 0.980 
8 

OZ 0.980 0.979 0.979 0.980 

LEVEL JOINT 10 59 57 58 60 

OX 0.003 0.003 0.003 0.003 
7 

OZ 0.616 0.610 0.610 0.616 0.613 
--c-0 

LEVEL JOINT 10 47 45 46 48 
--

OX 0.003 0.003 0.004 0.004 
6 

OZ 0.503 0.501 0.501 0.503 0.502 

LEVEL JOINT 10 35 33 34 36 

OX 0.004 0.004 0.004 0.004 
5 

OZ 0.406 0.405 0.405 0.406 0.406 

LEVEL JOINT 10 27 :25 26 28 

OX 0.004 0.004 0.005 0.005 
4 

OZ 0.301 0.299 0.299 0.301 0.300 

t 

. LEVEL JOINT 10 19 17 18 20 
--

OX 0.005 0.005 0.005 0.005 
3 

OZ 0.199 0.197 0.197 0.199 0.198 
---

NORMALISED MODE SHAPE FOR SWAY Z,1 f = 0.400 Hz. 

TABLE 3.8 



"-
LEVEL JOINT 10 83 81 82 84 ~IEAN OISPL. 

OX 0.999 0.999 1.000 1.000 1 .000 
9 

OZ 0.000 0.001 0.001 0.000 

LEVEL JBlNT 10 ~". 75 79 80 76 
--

OX 0.979 0.979 0.980 0.9S0 0.980 
8 

OZ 0.001 0.000 0.002 0.001 

LEVEL JOINT 10 59 57 58 60 

OX 0.561 0.561 0.561 0.561 0.561 
7 

OZ 0.000 0.001 0.000 0.000 

LEVEL JOINT 10 47 45 46 48 

OX 0.463 0.463 0.463 0.463 0.463 
6 

OZ 0.000 0.000 0.000 0.000 

LEVEL JOINT 10 35 33 34 36 
--

OX 0.382 0.382 0.382 0.382 0.382 
5 

OZ 0.000 0.000 0.000 0.000 
-

LEVEL JOINT 10 27 25 26 28 

OX 0.290 0.290 0.2ElO 0.290 0.290 
4 

DZ 0.000 0.000 0.000 0.000 

LEVEL JOINT 10 19 . 17 18 20 

OX 0.200 0.200 0.200 0.200 0.200 
3 

OZ 0.000 0.000 0.000 0.000 

NORMALISED MODE SHAPE FOR SWAY X.1 f = 0.427 Hz 

TABLE 3.9 



02 

MEFIf~ 

LEVEL JOINT 10 83 81 82 84 ROTATION ROT/\TION 

OX -0.668 -0.668 0.667 0.667 1 .00 
9 1.000 

DZ -0.980 1.000 1 .000 -0.980 0.988 

LEVEL JOINT 10 75 79 80 76 

OX -0.639 -0.639 0.G38 0.638 0.957 
I 

8 0.963 
DZ -0.958 0.960 0.960 -0.958 0.958 

---
LEVEL JOINT 10 59 57 58 60 

--
OX -0.194 -0.194 0.192 0.192 0.236 

7 0.251 
DZ -0.302 0.304 0.304 -0.302 0.263 

--
LEVEL JOINT 10 47 45 46 48 

OX -0.161 -0.161 0.160 0.160 0.163 

-1 
6 0.171 

DZ -0.231 0.233 0.233 -0.231 0.176 

LEVEL JOINT 10 35 33 34 36 l 
OX -0.155 -0.155 0.153 0.153 0.131 I 5 0.136 
DZ -0.209 0.211 0.211 -0.209 0.139 

LEVEL JOINT 10 27 25 26 28 

OX -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 10 19 
\ 

17 18 20 

OX -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 f = 0.579 Hz. 

TABLE 3.10 



LEVEL JOINT 10 83 81 82 84 MEAN DISPL. 

OX -0.260 -0.261 -0.260 -0.260 -0.260 
9 

OZ -0.006 -0.007 -0.006 -0.007 
- " LEVEL 

, 
JOINT 10 75 79 80 76 

OX -0.239 -0.238 -0.239 -0.239 -0.239 
8 

OZ -0.009 -0.005 -0.008 -0.005 

LEVEL JOINT ID 59 57 58 60 

OX 0.777 0.777 0.777 0.777 0.777 
7 

OZ 0.019 0.018 0.019 0.019 

LEVEL JOINT ID 47 45 46 48 

OX 0.942 0.942 0.942 0.942 0.942 
6 

OZ 0.024 0.023 0.024 0.024 

LEVEL JOINT ID 35 33 34 36 
--

OX 1.000 1.000 1.000 1.000 1.000 
5 

OZ 0.026 0.025 0.025 0.026 

LEVEL JOINT ID 27 25 26 28 

OX 0.997 0.997 0.997 0.997 0.997 
4 

OZ 0.026 0.025 0.025 0.026 

. LEVEL JOINT 10 19 17 18 20 

OX 0.934 0.933 0.933 0.933 0.933 
3 

OZ 0.024 0.024 0.023 0.024 

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

TABLE 3.11 



84 

LEVEL JOINT ID 83 81 82 84 MEAN DISPL. I 
OX 1-0.005 0.000 -0.010 -0.008 

9 
DZ -0.259 -0.255 -0.255 -0.259 -0.259 

---- 1------

LEVEL JOINT ID 75 79 80 76 

OX -0.007 -0.004 -0.007 -0.002 
8 

DZ -0.258 -0.254 -0.254 -0.258 -0.256 

LEVEL JOINT ro 59 57 58 60 

OX 0.006 0.008 0.002 0.008 
7 

DZ 0.730 0.728 0.728 0.730 0.730 

LEVEL JOINT ID 47 45 46 48 
I 

OX 0.007 0.007 0.008 0.010 
6 

DZ 0.928 0.926 0.926 0.928 0.928 

LEVEL JOINT ro 35 33 34 36 

OX 0.008 0.007 0.009 0.010 
5 

DZ 1.000 0.998 0.998 1.000 1.000 

LEVEL JOINT ID 27 25 26 28 

OX 0.007 0.005 0.008 0.006 
4 

DZ 0.998 0.994 0.994 0.998 0.997 

LEVEL JOINT ID 19 17 18 20 

OX 0.004 0.005 0.006 0.004 
3 

DZ 0.926 0.924 0.924 0.926 0.926 

NORMALISED MODE SHAPE FOR SWAY Z,2 f = 1.385 Hz. 

TABLE 3.12 

"". 



i3s 

MEAN 
LEVEL JOINT 10 83 81 82 84 ROTATION ROTATION 

OX 0.124 0.124 -0.123 -0.123 -0.283 

-0.281 ~ 9 
OZ 0.168 -0.197 -0.197 0.168 -0.279 

LEVEL JOINT ,10 75 79 80 76 

OX 
\ 

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 10 59 57 58 60 

OX -0.487 -0.487 0.486 0.486 0.907 
7 0.905 

OZ -0.678 0.685 0.685 -0.678 0.903 

LEVEL JOINT 10 47 45 46 48 

OX -0.645 -0.645 0.643 0.643 1.000 
6 1.000 

DZ -0.858 0.869 0.869 -0.858 1.000 

LEVEL JOINT 10 35 33 34 36 

OX -0.741 -0.741 0.739 0.739 0.964 
5 0.970 

DZ -0.958 0.967 0.967 -0.958 0.975 

LEVEL JOINT 10 27 25 26 28 

OX -0.798 -0.798 0.796 0.796 0.881 
4 0.885 

DZ -0.996 1.000 1.000 -0.996 0.889 

LEVEL JOINT 10 19 17 18 20 

OX -0.809 -0.809 0.806 0.806 0.765 
3 0.768 

DZ -0.980 0.986 0.986 -0.980 0.771 

NORMALISED MODE SHAPE FOR TORSION 2 f 1.466 Hz. 

TABLE 3.13 



B6 

LEVEL JOINT ID 83 81 82 I 84 MEAN DISPL. 

OX -0.013 -0.013 -0.014 -0.014 -0.014 
9 

OZ 0.000 0.000 0.001 0.001 

LEVEL JOINT ID 75 79 80 76 

OX -0.112 -0.113 -0.114 -0.113 -0.113 
8 

OZ 0.002 -0.003 0.002 -0.002 

LEVEL JOINT ID 59 57 58 60 

OX 1.000 1.000 1.000 1.000 1.000 
7 

OZ 0.002 0.001 0.002 0.00'1 

LEVEL JOINT ID 47 45 46 48 

OX 0.894 0.894 0.894 0.894 0.894 
6 

OZ 0.002 0.001 0.001 0.001 

LEVEL JOINT ID 35 33 34 36 

OX 0.437 0.437 0.437 0.437 0.437 
5 

OZ 0.001 0.001 0.001 0.001 

LEVEL JOINT ID 27 25 26 28 

OX -0.191 -0.191 -0.192 -[).192 -0.192 
4 

OZ -0.001 0.000 0.000 0.000 

LEVEL JOINT ID 19 17 18 20 

OX -0.768 -0.769 -0.769 -0.768 -0.769 
3 

OZ 0.00 -0.001 0.000 -0.001 

NORMALISED MODE SHAPE FOR SWAY X.3 f = 3.110 Hz 

TABLE 3.14 



87 

I 
LEVEL JOINT 10 83 81 82 84 MEAN DISPL. 

OX 0.001 0.002 0.001 0.001 
9 

DZ -0.002 -0.004 -0.004 -0.002 -0.003 
--

LEVEL JOINT 10 75 79 80 76 

OX 0.005 0.002 0.003 0.001 
8 

DZ -0.151 -0.153 -0.153 -0.151 -0.152 

LEVEL JOINT 10 59 57 58 60 

OX 0.008 0.003 0.009 0.002 
7 

DZ 0.998 1.000 1.000 0.998 1.000 

LEVEL JOINT 10 47 45 46 48 

OX 0.007 0.005 0.006 0.009 
6 

DZ 0.916 0.918 0.918 0.916 0.918 

LEVEL JOINT 10 35 33 34 36 

OX 0.005 0.004 0.005 0.003 
5 

DZ 0.442 0.444 0.444 0.442 0.443 

LEVEL JOINT 10 27 25 26 28 

OX 0.002 0.004 0.003 0.005 
4 

DZ -0.202 -0.200 -0.200 -0.200 -0.201 

LEVEL JOINT 10 19 17 18 20 

OX 0.001 0.002 0.005 0.004 
3 

DZ -0.777 -0.782 -0.782 -0.777 -0.780 

NORMALISED MODE SHAPE FOR SWAY Z,3 f 3.015 Hz 

TABLE' 3.15 



------, 
~lEAN I 

LEVEL JOINT ID 83 81 82 84 ROTATION ROTATIDr'! 

OX 0.067 0.067 -0.066 -0.056 -0.120 
9 0.008 

OZ -0.116 0.111 0.111 -0.116 0.136 
---

LEVEL JOI~rL, 10 75 79 80 76 , 
-

\ 
OX 0.125 0.125 -0.125 -0.125 -0.225 

8 -0.047 
DZ -0.108 0.110 0.110 -0.108 0.131 

LEVEL JOINT 10 59 57 58 60 

OX 0.674 0.674 --0.678 -0.678 -0.994 

I 7 -1.000 
OZ 0.960 -0.955 -0.955 0.960 -1.000 

-1 
LEVEL JOINT ID 47 45 46 48 

-o.~ OX 0.740 0.740 -0.740 -0.740 -0.804 
6 

OZ 1.000 -0.998 -0.998 1.000 -0.911 

LEVEL JOINT ID 35 33 34 36 I 
I 

OX 0.457 0.457 -0.458 -0.458 -0.469 
5 -0.412 

OZ 0.594 -0.589 -0.589 0.594 -0.472 

LEVEL JOINT ID 27 25 26 28 

OX -0.092 -0.092 0.092 0.092 0.080 
4 0.078 

OZ -0.112 0.104 0.104 -0.112 0.076 

LEVEL JOINT ID 19 17 18 20 

OX -0.616 -0.616 0.617 0.617 0.460 
3 0.459 

OZ -0.739 0.735 0.735 -0.739 0.456 

NORMALISED MODE SHAPE FOR TORSION 3 f = 3.681 Hz 

TABLE 3.16 
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Joint No. X (m) z (m) y (m) Condition 

1 0\,900 -0.750 -3.400 Support 

2 -0.900 -0.750 -3.400 Support 

3 -0.800 0.750 -3.400 Support 

4 0.900 0.750 -3.400 Support 

5 0.870 -0.717 -3.100 

6 -0.870 -0.717 -3.100 

7 -0.870 0.717 -3.100 

8 0.870 0.717 -3.100 

9 0.0 -0.717 -3.100 

10 -0.87 0.0 -3.100 

11 0.0 0.717 -3.100 

12 0.87 0.0 -3.100 

13 0.790 -0.628 -2.300 

14 -0.790 0.628 -2.300 

15 -0.790 0.628 -2.300 

16. 0.790 0.628 -2.300 

17 0.0 -0.628 -2.300 

18 -0.790 0.0 -2.300 

20 0.79 0.0 - 2.300 

Joint co-ordinates of model platform 

Table 4.1 
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Joint No. x (m) Z (m) Y (m) Condition 

21 0.715 -0.544 -1.55 

22 -0.715 -0.544 -1.55 

23 -0.715 0.544 -1.55 

24 0.715 0.544 -1 .55 

25 0.0 -0.544 -1.55 

26 -0.715 0.0 -1.55 

27 0.0 0.544 -1 .55 

28 0.715 0.0 -1.55 

29 0.645 -0.467 -0.850 

30 -0.645 -0.467 -0.850 

31 -0.645 0.467 -0.850 

32 0.645 0.467 -0.850 

33 0.0 -0.467 -0.850 

34 -0.645 0.0 -0.850 

35 0.0 0.467 -0.850 

36 0.645 0.0 -0.850 

37 0.580 -0.394 -0.200 

38 -0.580 -0.394 -0.200 

39 -0.580 -0.394 -0.200 

40 0.580 0.394 -0.200 

Table 4.1 contd 
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Joint No. X (m) Z (m) Y (m) Condi ticn 

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 0.900 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 1.10S 

59 0.900 0.250 1. 'i 08 

60 0.900 -0.250 1.1 DB 

61 0.900 -0.250 1.418 

Table 4.1 contd 



Joint No. X (m) Z (m) y (m) Condition 

62 0.900 0.250 1 .418 

63 0.45 -0.500 1.108 

64 0.45 0.500 1.108 

65 0.45 -0.500 1.418 

66 0.45 0.500 1.418 

67 0.45 0.250 1.108 

68 0.45 -0.250 1.108 

69 0.675 0.0 1.108 

70 0.0 0.0 1.108 

71 -0.450 -0.250 1.108 

-72 -0.450 0.250 1.108 

73 0.900 -0.500 1.418 

74 0.900 0.500 1.418 

75 0.450 -0.250 1.418 

76 0.450 0.250 1 .418 

77 0.450 0.0 1.418 

78 0.0 -0.250 1.418 

79 0.0 0.250 1.418 

80 -0.450 0.500 1.108 

81 -0.450 -0. SOD' 1.108 

82 0.675 0.0 1.279 

Table 4.1 comtd 
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Joint No. X (m) Z (m) Y (m) ConcH tion 

83 0.0 -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 -0.250 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 

95 -0.900 0.250 1.418 

96 -0.900 0.500 1.108 

97 -0.900 -0.500 1 .108 

98 -0.900 0.0 1.108 

99 -0.675 0.0 1 .108 

100 -0.900 -0.250 1.108 

101 -0.900 fJ.250 1.108 

102 -0.90.0 -0.500 1.418 

103 -0.900 0.500 1.418 

Table 4.1 contd 



Member No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

" Start End Length 

1 5 0.303 

5 13 0.808 

13 21 0.758 

21 29 0.707 

29 37 0.657 

37 50 0.606 

50 68 0.715 

2 6 0.303 

6 14 0.808 

14 22 0.758 

22 30 0.707 

30 38 0.657 

38 51 0.606 

51 71 0.715 

3 7 0.303 

7 15 0.808 

15 23 0.758 

23 31 0.707 

31 39 0.657 

39 52 0.606 

Member incidences of model platform 

Table 4.2 

(m) 
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Member No. Start End Length (m) 

21 52 72 0.715 

22 4 8 0,303 

23 8 16 0.808 

24 16 24 0.758 

25 24 32 0.707 

26 32 40 0.657 

27 40 49 0.606 

28 49 67 0.715 

29 5 9 0.870 

30 6 9 0.870 

31 6 10 0.717 

32 7 10 0.717 

33 7 11 0.870 

34 8 11 0.870 

35 8 12 0.717 

36 5 . 12 0.717 

37 13 17 0.790 

38 14 17 0.790 

39 14 18 0.628 

40 15 18 0.628 

Table 4.2 contd 
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Member No. , Start End Length (m) 

41 15 19 0.790 

42 16 19 0.790 

43 16 20 0.628 

44 13 20 0.628 

45 21 25 0.715 

46 22 25 0.715 

47 22 26 0.544 

48 23 26 0.544 

49 23 27 0.715 

50 24 27 0.715 

51 24 28 0.544 

52 21 28 0.544 

53 29 33 0.645 

54 30 33 0.645 

55 31 35 0.645 

56 32 35 0.645 

57 37 41 0.580 

58 38 41 0.580 

59 39 43 0.580 

60 40 43 0.580 

Table 4.2 contd 
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Member No. Start End Length (m) 

61 30 34 0.467 

62 31 34 0.467 

63 29 36 0.467 

64 32 36 0.467 

65 38 42 0.394 

66 39 42 0.394 

67 37 44 0.394 

68 40 44 0.394 

69 50 45 0.520 

70 51 45 0.520 

71 51 46 0.328 

72 52 46 0.328 

73 52 47 0.520 

74 49 47 0.520 

75 49 48 0.328 

76 50 48 0.328 

77 9 13 1 .127 

78 - 9 14 1.127 

79 10 14 1.020 

80 10 15 1.020 

Table 4.2 contd 



Member No. Start End Length (rn) 

81 11 15 1 .127 

82 11 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 0.929 

89 19 23 1.039 

90 19 24 1.039 

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 26 31 0.844 

97 27 31 0.954 

98 27 32 0.954 

99 28 32 0.844 

100 28 29 0.844 

Table 4.2 contd 
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Member No. Start End Length (rn) 
"-

1 01 '44 49 0.686 

1 02 44 50 0.686 

1 03 36 40 0.762 

1 04 36 37 0.762 

1 05 42 52 0.686 

1 06 42 51 0.686 

1 07 34 38 0.762 

1 08 34 39 0.762 

1 09 45 46 0.614 

110 46 47 0.614 

111 47 48 0.614 

112 45 48 0.614 

113 41 42 0.701 

114 42 43 0.701 

115 43 44 0.701 

116 41 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 



114 

Member No. Start End Length (m) 
" 

121 9 10 1.127 

122 9 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 0.89B 

133 33 37 0.874 

134 33 38 0.874 

135 35 39 0.B74 

136 35 40 0.B74 

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 09 95 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 58 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 67 55 0.250 

162 67 64 0..250. 

163 63 8~ 0..90.0. 

164 68 83 0.450. 

165 71 83 0..450. 

166 55 70. 0..450. 

167 f.2~ 70 0.450. 

168 67 84 0..450 

169 72 84 0.450 

170 64 80. 0..90.0 

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. 

176 72 80 0.250. 

177 97 81 0..450. 

178 7.1 91 0..225 

179 91 1 DO. 0..225 

180 85 99 0..225 

Table 4.2 contd 
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Member No. Start End Length (m) 

181 98 99 0.225 

182 72 92 0.225 

183 92 101 0.225 

184 96 80 0.450 

185 91 99 0.250 

186 92 99 0.250 

187 97 100 0.250 

188 98 100 0.250 

189 98 101 0.250 

190 96 101 0.250 

191 73 61: 0.250 

192 61 62 0.500 

193 B-t l~ 62 0.250 

194 73 65 0.450 

195 75 61 0.450 

196 76 62 0.1150 

197 74 66 0.450 

198 75 65 0.250 

199 75 77 0.250 

200 76 66 0.250 

Table 4.2 contd 
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Member No. "Start End Length (m) 

201 65 86 0.900 

202 75 78 0.450 

203 89 t9 0.450 

204 66 87 0.900 

205 68 75 0.310 

206 71 88 0.310 

207 72 89 0.310 

208 67 76 0.310 

209 76 77 0.250 

210 88 78 0.450 

211 76 79 0.450 

212 89 93 0.250 

213 88 86' 0.250 

214 88 93 0.250 

215 89 87 0.250 

216 102 94 0.250 

217 94 95 0.500 

218 103 95 0.250 

219 70 90 0.171 

220 69 82 0.171 

Table 4.2 contd 



Member No. Start End Length (rn ) 
" 

221 81 86 0.310 

222 100 94 0.310 

223 10f 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 

236 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 



~lember No. 

241 

242 

243 

244 

Start 
" 

60 

59 

63 

64 

End 

61 

62 

65 

66 

Table 4.2 contd 

1=:U 

Length (m) 

0.310 

0.310 

0.310 

0.310 



Member Properties . Material Constants 

AxCm2 ) 
1 

IxCm4) 1y Cm4 ) Iz(m4 ) E(N/m2) 
T I 

Member No. ! I G(N/m2) I fCKG/m3) 
I , 

I I 
/ I 

1 to 28 9.23E-4 I 84.3E-8 53.3E-8 53.3E-8 2.1 E11 0.8E11- I 7.S5E3 I , 
I 

29 to 100 2.61E-4 3.50E-8 2.00E-8 2.00E-8 2.1 E11 0.BE11 7.S5E3 

I I 
101 to 140 1.31E-4 1.00E-B 0.62E-8 I 0.62E-B 2.1 E11 0.8E11 

I 
7.B5E3 

'. 

I 

141 toZ18 9.23E-4 B4.3E-8 53.3E-B 53.3E-B I *** 2.1 E11 0.BE11 0.0 

219 & 220 52.0E-4 720.E-B 360.E-B 360.E-S *** 2.1E11 0.BE11 0.0 
I I 
I 

I 
I 

2.61E-4 3.50E-B 2.00E-8 I *** . 221 to 244 2.00E-8 2.1 E11 
I 

0.BE11 
I 

0.0 

*** 
Mass of deck members calculated manually and included in the computer model as concentrated inertias. 

Member properties and material constants 

Table 4.3 -' 
r-,) 
-, 
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JOINT ROTATIONS ELASTIC SUPPORT CONSTANTS -- -

DEGREES NE1;JTON/METER NEWTON x METER / RADIAN 

* * * * JOINT NO. 81 82 83 KFX KFv KFZ KMX KMY KMZ 

1 0.0 -62.26 0.0 - 117.6E6 - - - 90S.6E3 

2 0.0 1-117.74 0.0 - 117.6E6 - - - 90S.6E3 

3 0.0 0.0 117.6E6 90S.6E3 ! 117.74 - - - -

4 0.0 62.26 0.0 - 117.6E6 - - - 90S.6E8 

*Elastic support co~stants assumed infinite 

Support joint details (Figure 3.1 B) 

Table 4.4 

, 

-" 
N 
N 
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OYNAf1IC DEGREES 

OF FREEDOM JOINT INERTIAS (KG) 

JOINT NO. "\ FORCE X Y Z 

\ 

1 to 4 None - - -

5 to 8 X Y Z Consistent Consistent Consistent . 
9 to 12 X Z " " " 

13 to 16 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 Z " " " 

37 to 40 X Y Z " " " 

41 to 48 X Z " " " 

49 to 52 X Y Z " " " 

53 to 54 X Y Z 2.85 5.38 2.85 

55 to 58 None - - -

59 to 60 X Y Z 4.67 9.90 4.67 

61 to 62 X Z 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.f39 20.40 10.69 
--'-. ._--_._.....,.. 

Joint inertias of model platform 

Table 4.5 
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DYNNlIC DEGREES 
OF FREEDOM JOINT INERTIAS (KG) 

JOINT NO. FORCE X Y Z 

69 X Y Z I 24.52 24.52 24.52 
I 

70 X Y Z 27.26 27.26 27.26 I 
I 

71 to 72 X Y Z 10.69 20.40 10.69 I 

73 to 74 X Z 2.53 .- 2.53 

75 to 76 X Z 9.70 - 9.70 
I 

77 to 79 None - - -

80 to 81 X Y Z 6.11 12.65 6.11 

82 X Y Z 14.02 14.02 14.02 

i 
83 to 85 None - - - i 

- i I 86 to 87 X Z 6.52 - 6.52 

I 88 to 89 X Z 9.70 9.70 - I 

I I 
90 X Y Z 14.02 14.02 14.02 I 

I 
I 

91 to 93 None - - - I 
. 94 to 95 X Z 5.22 .- 5.22 

96 to 97 X Y Z 2.85 5.38 2.85 I 98 None - - -
I 99 X .Y-~ Z 15.89 15.89. 15.89 

100 to 101 X Y Z 4.67 9.90 4.67 I 
I 
I 

102 to 103 X Z 2.53 - 2.53 I 
I I ! 

Joint inertias of model platform 

Table 4.5 .contd 



~ 
MEMBER NO. MEMBER NO. MEMBER NO. 

UNO!',MAGED 102 104 100 
I I 

I 

MODE FREQ(Hz.) FREQ(Hz.) CHANGE FREQ(Hz.) CHANGE FREQ (Hz.) I CHANGE 
~- ------ -~.---~ -----_. -------- ------ -- -- - -- -.--- --- J -

I 

\-2 ,8% 
I 
J I 

Sway Z, 1 15.07 13.62 i -9.6% 14.69 I -2.5% 14.65 
I 
I 

Sltl3Y X,1 16.46 16.47 N.C. 16.47 I N.C. 16.47 N.C. 

I 
Torsion 1 19.45 18.68 -3.4% 19.27 I N.C. 19.27 N.C. 

I 

I 
I 

I -5.9% 
I 

S\:,ay Z, 2 62.59 60.44 -3.4% 62.40 i N.C. 58.88 
I 
I S,';'ay X,2 64.48 64.58 N.C. 64.61 N.C. 64.77 N.C. 
I 
I 

Torsion 2 81.44 81.24 N.C. 79.53 -2.3% 76.31 -6.3% 

S'r!ay Z,3 136.0 '135.0 N.C. 103.2 -24.1 % 108.0 ~-20.6% 
I ! 
J 

I S\"ray X,3 143.9 144.2 I N.C. 144.0 N.C. 143.9 N.C. I I I 

Torsion 3 169.1 1-65.3 ! -2 2~ 155.4 -8.1 % 158.0 I -6.6% i • 0 

Computed natural frequencies of model platform 

Table 4.6 

MEMBER NO. MEMBER NO. 

92 84 

j i 
i 

FREQ (Hz.) j ~~~_NGE FREQ(Hz.) I CHANGE 
I ------- ------- -- t---- _-_0-' _ 

I I 
I I ~ 0 / 14.74 14.67 I ~-o -L.2~ -t:./~ 

i ! 
I 
I 

16.47 i N.C. 16.47 N.C. 

I 
19.29 I N.C. 19.20 -1.3% j 

I 

i 
53.12 I -15.1 % 44.09 -29.5% 

I 
j 

I 
I 

64.69 ! N.C. 64.58 N.C. 
t , 

75.1 9 - 7.7% 74.38 -2.7% 
i 

131.2 : - 3.5% I 133.4 -1 .9% 
I 

1 144 . 6 
J 

144.4 N.C. N.C. 
I 
I 

159.2 ! - 5. 9 % J ___ 1 64 • 6 -2.7% 

N.C.<.1% Change 

l 

, 

~ 
) 
I 

I 
1 
1 
i 
1 
1 

I 
i 

I 

j 
~ 

j 

\ 
1 
! 

I 
l 

t'-..) 
Ul 
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MODE 

Jvalising 1 

Jvalising 2 

Jval ising 3 

Jval ising 4 

Jval ising 5 

Jval ising 6 

Jertical 

JecK Pitch 

Jeck roll 

Jeck Twist 

Jeck Bending 

~ UNDAMAGED 

FREQ(Hz.) 

39.60 

46.39 

57.99 

79.15 

1. 01 .8 

155.5 

84.18 

90.60 

101 .3 

127.4 

159.7 

MEMBER NO. MEMBER NO. MEMBER NO. 

102 104 100 

GHANGE "FREQ(Hz.) FREQ(Hz.). CHANGE FREQ(Hz.) CHANGE 
--

I ! 

I 39.60 N.C. " 39.60 N.C. 39.60 N.C. 

46.36 N.C. 45.40 N.C. 46.45 I I N.C. 
, 

57.99 N.C. 58.01 I N.C. 58.56 N.C. 

79.20 N.C. 79.91 I N.C. 79.04 N.C. 

I 102.5 N.C. 101.7 I N.C. 101 .7 N.C. 

155.4 N.C. 155.5 i N.C. 155.5 N.C. 

84.20 N.C. 84.20 
I 
I N.C. 84.23 N.C. 
I 

90.60 I" N.C. 90.60 i N.C. 90.62 N.C. 
I 

i I 

I -5.7% 95.54 101.2 I N.C. 101.3 N.C. 
I 

122.8 -3.6% 129.5 1+1 . 6% 129.4 +1.6% 

159.7 N.C. 159.7 I N.C. 159.7 N.C. 
I 

Computed natural frequencies of model platform 

Table 4.7 

MEMBER NO. MEMBER NO. I 
92 84 I 

I 
I 

I i 
-, 

1 
FREQ(Hz.) I CHANGE FREQ (Hz.) I CHANGE 

~ -------b--- --- - ---~ -

I i 

\ 39.65 

I 
N.C. 40.08 I 1.2% 

/ I 
I 

~ I 

46.88 +1 % 46.36 I N.C. 

57.95 N.C. 57.S9 ! N.C. 
I 

79.14 N.C. 79.15 i N.C. 
I 
I 

101.8 N.C. 101 .8 : N.C. 
i 

155.5 N.C. 155.5 N.C. 

84.24 N.C. 84.23 N.C. , 
, 
I 

90.64 N.C. 90.64 ! N.C. 
, 
I 

100.7 N.C. 98.20 1 3 /I ~ 
\ - • I 0 

122.9 -3.5% 127.5 1 N.C. 
I 

159.7 N.C. 159.7 .J N.C. 
-- -

N.C.<1% Change 

-~ 

1'.1 
Cj 



MODE 

Sway Z,1 

Sway X,1 

Torsion 1 

Sway Z,2 

Sway X,2 

Torsion 2 

I Sway Z,3 I : 
Sway X,3 

Torsion 3 

~ 
MEMBER NO. MEMBER NO. 

UNDAMAGED 135 118 . 

: FREQ. FREQ. (Hz.) I CHNJGE I I 
(Hz. ) FREQ. (Hz. ) f_~HAN_GE_ 

15.05 1-:~- -/ 

I --
15.07 15.07 I N.C. 

I 

I 16.46 15.95 I - 3.1 % 16.47 N.C. 

19.45 18.75 - 3.6% 19.45 N.C. 

62.59 62.74 N.C. 62.69 N.C. 

64.48 64.79 N.C. 64.60 N.C. 

I 81.44 81.03 N.C. 81.54 N.C. 

136.0 136.2 N.C. 135.9 N.C. 

143.9 113. B -20.9% 143.9 N.C. 

169.1 162.1 - 4.1 % 168.8 N.C. 

N.C.<1% Change 

Computed natural frequencies of model platform 

Table 4.8 

I 
i 

I 
I 

I 

-" 
N 
'-I 
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MODE 

Ovalising 1 

Ovalising 2 

Ovalising 3 

Ovalising 4 

Ovalising 5 

Dvalising 6 

Vertical 

Deck Pitch 

Deck Roll 

Deck Twist 

Deck bending 

~ 
MEMBER NO. MEMBER NO. 

UNDAMAGED 135 118 

1 CHANGE 
i 
i 

FREQ. (Hz .-) FREQ. (Hz. ) FREQ. (Hz. ) i CHANGE 
i -------- ----1----------

39.60 39.60 N.C. 39.59 I N.C. 
I 

46.39 46.41 
I 

N.C. 46.38 N.C. / 
-

57.99 58.05 I N.C. 57.99 N.C. 

79.15 80.62 I +1.9% 80.28 +1.4% I 

101.8 101.9 I N.C. 102.0 N.C. 

155.5 155.5 I 
N.C. 155.5 N.C. 

84.18 83.77 N.C. 84.19 N.C. 

90.60 90.31 I N.C. 90.60 N.C. 
I 

101 .3 101 .4 N.C. 101. 3 N.C. 

127.4 129.3 +1 .5% 127.4 I N.C. I 
159.7 159.1 I N.C. 159.7 i N.C-'- ___ i 

N.C. <1% Change 

Computed natural frequencies of model platform 

Table 4.9 

---' 
r-0 
0:' 
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LEVEL JOINT 10 75 88 8~J 76 Mean displ. 

OX 0.038 0.039 -0.039 -0.039 
9 OZ 0.927 0.7B7 0.78S 0.927 1.000 

LEVEL JOINT 10 68 71 72 67 

OX 0.038 0.038 -0.038 -0.039 
8 OZ 0.905 0.Z68 0.768 0.905 0.976 

OY 0.011 0.012 -0.012 -0.011 

LEVEL JOINT ID 50 51 52 49 

OX 0.015 0.015 -0.015 - 0.015 
7 OZ 0.569 0.515 0.515 0.569 0.632 

OY 0.041 0.038 -0.038 -0.041 

LEVEL JOINT ID 37 38 39 40 

OX 0.011 0.011 - 0.011 - 0.011 
6 OZ 0.421 0.387 0.387 0.421 0.471 

OY 0.049 0.046 -0.046 -0.049 

LEVEL JOINT ID 29 30 31 32 

OX 0.008 0.008 -0.008 -0.008 
5 OZ 0.303 0.279 0.279 0.303 0.339 

OY 0.053 0.050 -0.050 -0.053 

LEVEL JOINT ID 21 22 23 24 

OX 0.006 0.006 -0.006 - 0.006 
4 OZ 0.203 0.185 0.185 0.203 0.226 

OY 0.051 0.049 -0.049 -0.051 

LEVEL JOINT 10 13 14 15 16 

OX 0.005 0.005 -0.005 -0.005 
3 OZ 0.114 0.102 0.102 0.114 0.126 

OY 0.046 0.045 -0.045 -0.046 

LEVEL JOINT ID 5 6 7 8 

OX 0.001 0.004 -0.004 -0.001 
2 oZ 0.034 0.028 0.028 0.034 0.035 

CY 0.038 0.036 -0.036 -0.038 

Normalised mode shape for sway 2.1 ; f= 15.07Hz 

Maximum displacement at joints 73Z & 74Z 

Table 4.10 
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LEVEL JOINT ID 75 88 89 76 Mean disp 1. 

OX 0.999 0.999 0.999 0.999 1 . ODD 
9 OZ 0.0 0.0 0.0 0.0 

LEVEL JOINT ID 68 71 72 67 

OX 0.978 0.978 0.978 0.978 0.979 
8 OZ 0.0 ·0.0 0.0 0.0 

OY -0.015 0.015 0.015 - 0.015 

LEVEL JOINT ID 50 51 52 49 

OX 0.562 0.562 0.562 0.562 Cl.563 
7 OZ 0.0 0.0 0.0 0.0 

OY -0.053 0.053 0.053 -0.053 

LEVEL JOINT ID 37 38 39 40 

OX 0.425 0.425 0.425 0.425 0.425 
6 OZ 0.0 0.0 0.0 0.0 

OY -0.060 0.060 0.060 -0.060 
.~ 

LEVEL JOINT ID 29 30 31 32 

OX 0.313 0.313 0.313 0.313 0.313 
5 OZ 0.0 0.0 0.0 0.0 

OY -0.062 0.062 0.062 -0.062 

LEVEL JOINT ID 21 22 23 24 

OX 0.214 0.214 0.214 0.214 0.214 
4 OZ 0.0 0.0 0.0 0.0 

OY -0.059 0.059 0.059 -0.059 

LEVEL. JOINT ID 13 14 15 16 

OX 0.123 0.123 0.123 0.123 0.123 
3 OZ 0.0 0.0 0.0 0.0 

OY -0.053 0.053 0.053 -0.053 

LEVEL JOINT ID 5 6 7 8 

OX 0.037 0.037 0.037 0.037 0.037 
2 OZ -0.002 0.002 -0.002 0.002 

OY -0.042 0.042 0.042 -0.042 

Normalised mode shape for sway X,i J f=i6.46Hz 

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

Table 4.11 
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LEVEL JOINT 10 75 88 89 76 Rotation ["lean 
Rotaticn 

OX -0.247 -0.247 0.247 0.247 1.000 1. DUD 9 OZ -0.322 0.554 0.544 -0.322 O. 9 135 
OY 

LEVEL JOINT 10 68 71 72 67 

OX -0.243 -0.243 0.243 0.243 0.984 0.9a6 8 OZ -0.320 0.546 0.546 -0.320 0.974 
OY 0.003 0.001 -0.001 - 0.003 

LEVEL JOINT 10 50 51 52 49 
OX -0.098 -0.098 0.098 0.098 0.302 0.32'1 7 OZ -0.100 0.251 0.251 - 0.100 0.342 
OY -0.004 0.015 - 0.015 0.004 

LEVEL JOINT ID 37 38 39 40 

OX -0.070 -0.070 0.070 0.070 0.180 0.188 6 OZ -0.053 0.168 0.168 -0.053 0.193 
OY -0.003 0.016 -0.016 0.003 

LEVEL JOINT ID 29 30 31 32 

OX -0.051 - 0.051 0.051 0.051 0.109 
5 OZ -0.037 0.120 0.120 -C.037 0.123 0.117 

OY -0.001 0.015 -0.015 0.001 

LEVEL JOINT ID 21 22 23 24 

OX -0.041 -0.041 0.041 0.041 0.076 0.080 4 . OZ -0.030 0.086 0.086 -8.030 0.082 
OY 0.0 0.014 -0.014 0.0 

LEVEL JOINT ID 13 14 ·15 16 

OX -0.030 -0.030 0.030 0.030 0.048 0.05U 3 OZ -0.024 0.056 0.056 -0.024 0.051 
OY 0.001 0.012 -0.012 -0.001 

LEVEL JOINT ID 5 6 7 ' 8 

OX -0.016 -0.016 0.016 0.016 0.022 0.022 2 ·OZ -0.014 0.024 0.024 -0.0'14 0.022 
OY 0.001 0.010 -0.01 (J - 0.001 

Normalised mode shape for torsion 1 ; f= 19.45 Hz 

Maximum displacement at deck joints 102Z & 103Z 

Table 4.12 
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LEVEL JOINT ID 75 88 89 76 Mean disp: 

OX 0.008 0.008 -0.008 -0.008 
9 ElZ -0.169 -0.191 -0.192 -0.169 -0.185 

O~ 

LEVEL JOINT 10 68 71 72 67 

OX 0.007 0.008 -0.008 -0.007 
8 OZ -0.213 -0.236 -0.236 -0.213 -0.231 

OY 0.053 0.053 -0.052 -0.053 

LEVEL JOINT ID 50 51 52 49 

OX 0.005 0.005 -0.005 -0.005 
7 DZ 0.725 0.708 0.709 0.725 +0.737 

OY -0.036 -0.036 0.036 0.036 

LEVEL JOINT ID 37 38 39 40 

OX 0.005 0.005 -0.004 -0.004 
6 OZ 0.969 0.955 0.955 0.969 +0.989 

OY -0.041 -0.042 0.042 0.041 

LEVEL JOINT ID 29 30 31 32 

OX 0.004 0.004 -0.004 -0.004 
5 OZ 0.979 0.967 0.967 0.979 +'1.000 

OY -0.022 -0.022 0.022 0.022 

LEVEL JOINT ID 21 22 23 24 

OX 0.004 0.004 -0.003 -0.003 
4 OZ 0.899 0.889 0.889 0.899 +0.919 

OY -0.001 -0.001 0.001 0.001 

LEVEL JOINT ID 13 14 15 16 

OX 0.003 0.003 -0.002 -0.003 
3 OZ 0.717 0.710 0.710 0.717 +0.733 

OY 0.017 0.017 -0.016 -0.017 

LEVEL JOINT ID 5 " 7 8 0 

OX -0.017 0.020 -0.020 0.017 
2 OZ 0.403 0.399 0.399 0.403 +0.412 

OY 0.022 0.022 -0.022 -0.022 

Normalised mode shape for sway Z,2 ;f= 62.59Hz 

Maximum displacement at joints 33Z & 35Z 

Table 4.13 
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LEVEL JOINT 10 75 88 89 76 Mean displ. 

OX " -0.161 -0.162 -0.162 -0.161 -0.161 
9 OZ 0.00 0.0 0.0 0.0 

OY 

LEVEL JOINT ID 68 71 72 67 

OX -0.225 -0.224 -0.224 -0.225 -0.224 
8 OZ 0.0 '0.0 0.0 0.0 

OY -0.132 0.111 0.111 -0.132 

LEVEL JOINT ID 50 51 52 49 

OX 0.853 0.853 0.853 0.853 0.853 
7 OZ 0.0 0.0 0.0 0.0 

OY -0.026 0.008 0.008 -0.026 

LEVEL JOINT ID 37 38 39 40 

OX 1.000 1 .000 1.000 1.000 1.000 
6 OZ 0.0 0.0 0.0 0.0 

OY -0.020 0.003 0.003 -0.020 

LEVEL JOINT ID 29 30 31 32 

OX 0.945 0.945 0.945 0.945 0.945 
5 ,OZ 0.0 0.0 0.0 0.0 

OY - 0.033 0.018 0.018 0.033 

LEVEL JOINT ID 21 22 23 24 

OX 0.819 0.819 0.819 0.819 0.819 
4 O? 0.0 0.0 0.0 0.0 

OY -0.046 0.033 0.033 -0.046 

LEVEL JOINT ID 13 14 15 16 

OX 0.606 0.606 0.606 0.606 0.606 
3 OZ 0.0 O.f) 0.0 0.0 

OY -0.054 0.044 0.044 -0.054 

LEVEL JOINT ID 5 6 7 8 

OX 0.286 0.286 0.286 0.286 0.286 
2 OZ -0.012 0.012 - 0.012 0.012 

OY -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 



LEVEL JOINT 10 75 88 89 76 Rotation l'lEan 
'Rotats.on 

OX 0.057 0.057 -0.057 -0.057 -0.132 
9 OZ O. o5~ -0.068 -0.069 0.054 -0.079 -0.106 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.042 0.042 -0.042 -0.042 -0.098 
8 OZ 0.049 -0.065 -0.oG5 0.049 -0.074 -0.086 

OY -0.013 0.012 - 0.011 0.012 

LEVEL JOINT 10 50 51 52 49 

OX -0.517 -0.517 0.517 n.517 0.916 
7 OZ -0.798 0.794 0.794 -0.798 0.889 0.911 

OY 0.014 -0.016 0.017 0.017 

LEVEL JOINT 10 37 38 39 40 

OX -0.666 -0.666 0.666 0.666 0.982 
6 OZ -0.997 1.000 1.000 -0.997 1.000 1.000 

OY 0.012 -0.014 0.014 0.014 

LEVEL JOINT ro 29 30 31 32 

OX -0.687 -0.687 0.687 0.687 0.855 
0.877 

5 OZ -0.976 0.985 0.985 -0.976 0.883 
OY 0.0 -0.002 0.003 0.0 

LEVEL JOINT ro 21 22 23 24 

OX -0.660 -0.660 0.659 0.659 0.766 
4 OZ -0.903 0.915 0.915 -0.903 0.738 0.759 

OY -0.007 0.005 -0.005 0.007 

LEVEL JOINT ro--:: 13 14 15 16 

OX -0.545 -0.545 0.545 0.545 0.504 . 
3 DZ -0.731 0.743 0.743 -0.731 0.542 0.5~8 

DY -0.011 0.010 -0.009 0.011 

LEVEL JOINT 10 5 5 7 8 

OX -0.283 -0.282 0.282 0.282 0.228 
2 OZ -0.410 0.418 0.418 -0.410 0.276 

0.279 

OY -0.010 0.009 -0.009 0.010 

Normalised mode shape for torsion 2 ; f= 81.44 Hz 

Maximum displaceme~t at joints 3BZ & 39Z 

Table 4.15 
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LEVEL JOINT 10 75 88 89 76 Mean 
disp 1. 

OX -0.031 -0.042 0.lJ42 0.031 
" 

9 OZ -0.153 -0.321 -0.328 -0.154 -0.30'1 
OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.003 0.015 -0.014 -0.003 
8 OZ 0.011 0.050 0.050 0.012 0.041 

OY -0.061 -0.214 0.210 0.061 

LEVEL JOINT 10 50 51 52 49 

OX -0.011 -0.007 -0.003 0.0 
7 OZ 0.780 0.725 0.725 0.7 eo 1.000 ' 

OY -0.082 -0.177 0.174 0.082 

LEVEL JOINT 10 37 38 39 40 

OX -0.005 -0.005 -0.003 ·-0.003 
6 OZ 0.714 0.677 0.677 0.714 0.92'" 

OY -0.027 -0.097 0.094 0.027 

LEVEL JOINT 10 29 30 31 32 

OX -0.010 -0.010 0.009 0.009 
5' OZ 0.156 0.147 0.147 0.156 0.201 

OY 0.058 0.008 -0.012 -0.058 

LEVEL' JOINT ID 21 22 23 24 

OX -0.008 -0.009 0.014 0.013 
4 OZ -0.286 -0.265 -0.265 -0.286 -0.365 

OY 0.100 0.062 -0.065 -0.099 

LEVEL JOINT ID 13 14 15 16 

OX -0.005 -0.007 0.015 0.013 
3 OZ -0.597 -0.559 -0.560 -0.597 -0.768 

OY 0.110 0.080 -0.083 -0.109 

LEVEL JOINT 10 5 6 7 8 

OX 0.025 -0.023 0.029 -0.019 
2 DZ -0.511 -0.475 -0.476 -0.511 -0.65S 

DY 0.090 0.067 -0.070 -0.090 

Normalised mode shape for s\oJay Z,3 f= 136.02 Hz 

Maximum displacement at joint 96Y 

Table 4.16 
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LEVEL JOINT ID 75 88 89 76 Mean 
displ. 

9 
OX -0.157 -0.150 -0.149 -0.156 -0.160 

~ OZ , 0.001 -0.003 0.0 -0.002 

LEVEL JOINT ID " 68 71 72 67 

OX -0.009 -0.013 -0.012 -0.009 -0.011 
8 OZ -0.002 0.002 -0.002 0.002 

OY -0.012 -0.028 -0.024 -0.011 

LEVEL JOINT ID 50 51 52 49 

OX 0.958 0.955 0.954 0.958 1.000 
7 OZ 0.004 0.003 0.003 0.004 

OY 0.020 -0.057 -0.053 0.021 

LEVEL JOINT ID 37 38 39 40 

OX 0.773 0.774 0.774 0.772 0.1308 
6 OZ 0.004 0.003 0.003 0.004 

OY -0.042 0.008 0.010 -0.042 

LEVEL JOINT ID 29 30 31 32 

OX 0.089 0.089 0.089 0.089 0.093 
5 OZ 0.002 0.0 0.001 0.0 

Oy -0.127 0.097 0.098 -0.128 

LEVEL JOINT ID 21 22 23 24 

OX -0.434 -0.433 -0.433 -0.433 -0.453 
4 OZ 0.0 -0.002 0.0 -0.003 

Oy -0.162 0.136 0.136 -0.163 

LEVEL JOINT ID 13 14 15 16 

OX -0.752 -0.752 -0.752 -0.752 -0.786 
3 OZ -0.002 -0.003 -0.002 -0.004 

OY -0.155 0.135 0.135 -0.156 

LEVEL JOINT ID 5 6 7 8 

OX -0.550 -0.550 -0.550 -0.550 -0.575 
2 OZ 0.022 .;.0.027 0.023 -0.028 

Oy -0.115 0.101 0.100 -0.116 

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

Maximum displacement at joint 48X 

Table 4.17 
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LEVEL JOINT IO 75 88 89 76 Rotation Mean 
I'otatior. 

OX 0.082 0.087 -0.088 -0.082 -0.177 
9 OZ -0.019 0.021 0.019 -0.019 0.023 -0.079 

Oy 

lEVEL JOINT IO 68 71 72 67 

OX 0.056 0.058 -0.058 -0.056 -0.119 
8 OZ -0.083 0.086 0.086 -0.083 0.098 --0.011 

Oy 0.009 -0.021 0.020 -0.009 

LEVEL JOINT IO 50 51 52 49 

OX -0.590 -0.590 0.591 0.591 0.941 
1.000 

7 OZ -0.990 0.999 0.999 -0.990 1.000 
Oy 0.020 -0.030 0.029 -0.020 

LEVEL JOINT IO 37 38 39 40 

OX -·0.474 -0.474 0.474 0.474 0.629 
0.701 6 OZ -0.804 0.817 0.817 -0.804 0.731 

OY -0.002 -0.005 0.004 0.002 

LEVEL JOINT IO 29 30 31 32 

OX 0.014 0.014 -0.014 -0.014 -0.016 [J.026 5 OZ -0.079 0.084 0.084 -0.079 0.066 
OY -0.035 0.031 -0.032 0.035 

LEVEL JOINT IO 21 22 23 24 

OX 0.327 0.327 -0.327 -0.327 -0.314 
4 OZ 0.391 -0.394 -0.394 0.391 -0.287 

-0.310 

OY -0.045 0.043 -0.043 0.045 

LEVEL JOINT IO 13 14 15 16 

OX 0.481 0.481 -0.481 -0.481 -0.400 
-0.430 

3 OZ 0.650 -0.660 -0.660 0.650 -0.434 
Oy -0.045 0.044 -0.045 0.045 

LEVEL JOINT ID 5 6 7 8 

OX 0.285 0.285 -0.285 -0.286 -0.208 
-0.257 

2 OZ 0.479 -0.488 -0.488 0.479 -0.291 
OY -0.040 0.039 -0.040 0.039 

Normalised mode shape for tor~ion 3 ; f= 169.10 Hz 

Maximum displacement at joJnt 46Z 

Tab18 4.18 



LEVEL JOINT ID 45 47 46 48 

7 OX 0.0 0.00 0.011 -0.011 
OZ. - 0.018 0.018 0.0 0.00 

LEVEL JOINT ID 41 43 42 44 

6 OX 0.0 0.0 0.029 -0.029 
OZ -0.042 0.042 0.0 0.0 

LEVEL JOINT ID 33 35 34 36 

5 OX 0.0 0.0 0.064 -0.064 
OZ -0.089 0.089 0.0 0.0 

LEVEL JOINT ID 25 27 26 28 

4 OX 0.0 0.0 0.145 -0.145 
OZ -0.191 0.191 0.0 0.0 

LEVEL JOINT ID 17 19 18 20 

3 OX 0.0 0.0 0.321 -0.321 
OZ -0.405 0.405 0.0 0.0 

LEVEL JOINT ID 9 11 10 12 

2 OX 0.0 0.0 0.822 -0.822 
OZ -1.000 1.000 0.0 0.0 

Normalised mode shape for ovalising 1 f=39.60 Hz 

Maximimum displacement at level 2 

T13ble 4.19 
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LEVEL JOINT ID 45 47 46 48 

7 OX 0.0 0.0 0.021 -0.021 
OZ -0.~33 0.033 0.0 0.0 

LEVEL JOINT 10 41 43 42 44 

6 OX 0.0 0.0 0.055 -0.055 
OZ -0.081 0.081 0.0 0.0 

LEVEL JOINT 10 33 35 34 36 

5 OX 0.0 0.0 0.126 - 0 .126 
OZ -0.175 0.175 0.0 0.0 

LEVEL JOINT 10 25 27 26 28 

4 OX 0.0 0.0 0.311 -0.311 
OZ -0.410 0.410 0.0 0.0 

LEVEL JOINT 10 17 19 18 20 

3 OX 0.0 0.0 0.792 -0.792 
OZ -1.000 1.000 0.0 0.0 

LEVEL JOINT 10 ',9 11 10 12 

2 OX 0.0 0.0 -0.351 0.351 
OZ 0.428 -0.428 0.0 0.0 

Normalised mode shape for Dvalising 2 f=46.39 Hz 

Maximum displacement at level 3 

Table 4.20 
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LEVEL JOINT 10 45 47 46 48 

7 OX 0.0 0.0 0.033 -0.033 
OZ -0.052 0.052 0.0 0.0 

LEVEL JOINT 10 41 43 42 44 

6 OX 0.00 0.0 0.091 -0.091 
OZ -0.134 0.134 0.0 0.0 

LEVEL JOINT 10 33 35 34 36 

5 OX 0.0 0.0 0.221 -0.221 
OZ -0.306 0.306 0.0 0.0 

LEVEL JOINT 10 25 27 26 28 

4 OX 0.0 0.0 0.757 -0.757 
OZ -1.000 1 .000 0.0 0.0 

LEVEL JOINT ,10 17 19 18 20 

3 OX 0.0 0.0 - 0.321 0.321 
OZ 0.406 -0.406 0.0 0.0 

LEVEL JOINT 10 9 11 10 12 

2 
OX 0.0 0.0 - 0.016 0.016 
OZ 0.019 - 0.019 0.0 0.0 

Normalised mode shape for ovalising 3 f=57.99 Hz 

Maximum displacement at level 4 

Table 4.21 
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LEVEL JOINT 10 45 47 46 48 

7 OX 0.0 0.0 -0.063 0.063 
OZ 0.100 -0.100 0.0 0.0 

LEVEL JOINT 10 41 43 42 44 

6 OX 0.0 0.0 -0.211 0.211 
OZ 0.313 -0.313 0.0 0.0 

LEVEL JOINT 10 33 35 34 36 

5 OX 0.0 0.0 -0.718 0.718 
OZ 1.000 -1.000 0.0 0.0 

LEVEL JOINT 10 25 27 26 28 

4 OX 0.0 0.0 0.186 -0.186 
OZ -0.247 0.247 0.0 0.0 

LEVEL JOINT 10 17 19 18 20 

3 OX 0.0 0.0 0.024 -0.024 
OZ -0.030 0.030 0.0 0.0 

LEVEL JOINT 10 9 11 10 12 

2 OX 0.0 0.0 0.004 -0.004 
OZ -0.005 0.005 0.0 0.0 

Normalised mode shape for ovalising 4 f=79.15 Hz 

Maximum displacement at level 5 

Table 4.22 
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LEVEL JOINT ID 45 47 46 48 

7 
OX 0.0 0.0 0.118 -0.118 
OZ -0.189 0.189 0.0 0.0 

LEVEL JOINT ID 41 43 42 44 

6 OX 0.0 0.0 0.671 -0.671 
OZ -1.000 1.000 0.0 0.0 

LEVEL JOINT ID 33 35 34 36 

5 OX 0.0 0.0 -0.206 0.206 
OZ 0.288 -0.288 0.0 0.0 

LEVEL JOINT TO 25 27 26 28 

4 OX 0.0 0.0 -0.018 0.018 
OZ 0.024 -0.024 0.0 0.0 

LEVEL JOINT ID 17 19 18 20 

3 
OX 0.0 0.0 -0.004 0.004 
OZ 0.005 -0.005 0.0 0.0 

LEVEL JOINT TO 9 11 10 12 

2 OX 0.0 0.0 -0.001 0.001 
OZ 0.001 -0.001 0.0 0.0 

Normalised mode shape for ovalising 5 f=101.75 Hz 

Maximum displacement at level 6 

Table 4.23 
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LEVEL JOINT m 45 47 46 45 

7 
OX 0.002 0.002 0.620 ,-0.616 
OZ -1 .000 1.000 0.0 0.0 

LEVEL JOINT 10 41 43 42 44 

6 OX 0.002 0.002 -0.077 0.081 
OZ 0.120 -0.120 0.0 0.0 

LEVEL JOINT 10 33 35 34 36 

5 OX 0.001 0.001 -0.014 0.015 
OZ 0.021 -0.021 0.0 0.0 

LEVEL JOINT 10 25 27 26 28 

4 OX - 0.001 -0.001 -0.004 0.003 
OZ 0.005 -0.005 0.0 0.0 

LEVEL JOINT ID 17 19 18 20 

3 OX -0.002 -0.002 -0.003 -0.001 
OZ 0.001 -0.001 0.0 0.0 

LEVEL JOINT ID 9 11 10 12 

2 OX -0.002 -0.002 - 0.002 -0.002 
OZ 0.0 0.0 0.0 0.0 

Normalised mode shape for ovalising 6 f= 155.47 Hz 

Maximum displacement at level 7 

Table 4.24 
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LEVEL JOINT 10 75 88 83 76 l'1ean 
displ. 

OX -0.120 -0.111 -0.111 -0.120 -0.380 
9 OZ 0.001 0.0 0.001 -0.001 

OY 

LEVEL JOINT 10 53 97 96 54 

OX 0.077 0.075 0.075 0.077 
OZ 0.0 0.0 0.0 0.0 
OY 1.000 -0.177 -0.177 1.000 

8 JOINT ID 68 71 72 67 

OX 0.077 0.070 0.070 0.077 0.242 
OZ -0.002 0.0 0.0 0.002 
OY 0.508 0.100 0.100 0.508 1.000 

LEVEL JOINT ID 50 51 52 49 

OX -0.OB1 -0.083 -0.oB3 -0.081 -0.270 
7 OZ 0.0 0.0 0.0 0.0 

OY 0.427 0.121 0.121 0.427 0.901 

LEVEL JOINT ID 37 38 39 40 

OX 0.002 0.001 0.001 0.002 0.005 
6 OZ -0.001 0.0 0.001 0.001 

OY 0.381 0.113 0.113 0.381 0.813 

LEVEL JOINT 10 29 30 31 32 

OX 0.100 0.099 0.099 0.100 0.327 
5 OZ 0.0 0.0 0.0 0.0 

OY 0.333 0.101 0.101 0.333 0.714 

LEVEL JOINT 10 21 22 23 24 

OX 0.173 0.172 0.173 0.174 0.569 
4 OZ -0.001 0.0 0.001 0.001 

OY 0.280 0.086 0.086 0.280 0.602 

LEVEL JOINT ID 13 14 15 16 

OX 0.198 0.197 0.197 0.198 0.650 
3 OZ -0.001 0.0 0.0 0.0 

OY 0.221 0.069 0.069 0.221 0.477 

LEVEL JGlmr. ID 5 6 7 8 

OX 0.138 0.138 0.139 0.139 0.457 
2 OZ -0.006 0.006 -0.006 0.006 

OY 0.157 0.049 0.049 0.157 0.339 

Normalised mode shape for vertical mode f:::84.18 Hz 

Maximum displacement at joints 53Y & 54Y 

TableA.25 
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LEVEL JOINT 10 7S 88 89 76 Mean 
displ. 

OX 0.104 0.112 0.113 0.105 0.358 
9 OZ -0.001 - 0.001 -0.003 0.0 

OY 

LEVEL JOINT 10 53 97 96 54 

OX -0.076 -0.078 -0.078 -0.076 
OZ 0.0 0.001 0.001 0.001 
OY -0.183 0.989 1.000 -0.179 

8 JOINT 10 68 71 72 67 

OX -0.072 -0.078 -0.078 -0.072 -0.247 
OZ 0.001 -0.001 0.003 0.0 
OY 0.102 0.503 0.505 0.103 1.000 

LEVEL JOINT 10 50 51 52 49 

OX 0.125 0.124 0.124 0.125 0.411 
7 OZ 0.0 -0.001 0.0 0.0 

OY 0.126 0.422 0.423 0.127 0.905 

LEVEL JOINT 10 37 38 39 40 

OX 0.045 0.044 0.043 0.044 0.145 
6 OZ -0.001 -0.002 0.0 0.0 

OY 0.117 0.379 0.380 0.118 0.819 

LEVEL JOINT 10 29 30 31 32 

OX -0.064 -0.065 -0.065 -0.064 - 0.211 
5 OZ 0.0 -0.001 0.0 0.0 

OY 0.103 0.334 0.335 0.103 0.721 

LEVEL JOINT 10 21 22 23 24 

OX -0.148 -0.149 -0.150 -0.148 -0.491 
4 OZ 0.0 -0.001 0.001 0.001 

OY 0.086 0.283 0.283 0.087 0.609 

LEVEL JOINT 10 13 14 15 16 

OX -0.184 -0.185 -0.185 -0.184 -0.608 
3 OZ 0.0 0.0 0.001 0.001 

OY 0.069 0.224 0.225 0.069 0.484 

LEVEL JOINT 10 5 6 7 8 

OX -0.134 -0.134 -0.135 -0.134 -0.443 
2 OZ 0.006 0.006 0.006 -0.005 

OY 0.048 0.160 0.160 0.048 0.343 

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

fjiJximufl) diaplacsf[lent at jOint SHY 

Table 4.25 
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LEVEL JOINT 10 75 88 89 76 r1ean displ. 

OX, 0.019 0.005 -0.006 -0.020 
9 OZ -0.245 -0.206 -0.209 -0.245 -0.559 

OY 

LEVEL JOINT 10 53 97 96 54 

OX 0.0 0.001 -0.001 0.0 
OZ 0.219 0.205 0.205 0.219 
OY -0.998 -0.803 0.803 1 .000 

8 JOINT 10 68 71 72 67 

OX -0.004 0.004 -0.004 0.005 
OZ 0.200 0.191 0.191 0.200 0.483 
OY -0.310· -0.294 0.209 0.317 -0.[J04 

LEVEL JOINT ID 50 51 52 49 

OX -0.001 0.003 -0.005 -0.001 
7 OZ -0.406 -0.403 -0.4[)3 -0.406 -1.000 

OY -0.198 -0.183 0.179 0.197 -0.003 

LEVEL JOINT ID 37 38 39 40 

OX 0.001 0.001 -0.002 -0.002 
6 OZ -0.311 -0.310 -0.310 -0.311 -0.768 

OY -0.174 -0.164 0.160 0.173 -0.003 

LEVEL JOINT ID 29 30 31 32 

OX ".002 0.003 -0.003 -0.002 
5 OZ -0.034 -0.035 -0.035 -0.034 -0.085 

OY -0.169 -0.162 0.159 0.168 -0.082 

I!.EV~C. JOINT TEl 21 22 23 24 

OX 0.002 0.003 -0.002 -0.001 
4 OZ 0.206 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 

OX 0.002 0.003 -0.001 0.0 
3 OZ 0.357 0.351 0.351 0.357 0.875 

OY -0.132 -0.129 0.126 0.132 -0.002 

LEVEL JOINT ID 5 6 7 B 

OX -0.014 0.016 -0.015 0.016 
2 OZ 0.316 0.311 0.311 0.316 0.775 

OY -0.102 -0.099 ,0.098 0.102 - 0.001 

Normalised mode shape for deck roll mode . f=1a1.35 Hz , 

Maximum displacement at joint 54Y 

Table 4.27 
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LEVEL JOINT ID 75 88 89 76 Mean displ. 

OX -0.118 -0.097 0.097 0.118 
9 OZ 0.187 -0.181 -0.182 0.187 0.019 

OY 

LEVEL JOINT ID 53 97 96 54 

OX -0.D09 -0.012 0.012 0.010 
OZ -0.074 0.090 0.090 -0.074 
OY 1.000 -0.768 0.770 -1.000 

8 JOINT ID 68 71 72 67 

OX 0.005 0.0 0.00'1 -0.005 
OZ -0.053 0.058 0.059 -0.053 0.019 
Oy 0.156 -0.168 0.166 -0.156 -0.003 

LEVEL JOINT ID 50 51 52 49 

OX -0.016 -0.018 0.016 0.014 
7 DZ -0.106 -0.190 -0.190 -0.106 -1.000 

Oy 0.102 -0.099 0.097 -0.102 -0.003 

LEVEL JOINT ID 17 38 39 40 

OX -0.008 -0.007 0.006 0.006 
6 OZ -0.100 -0.160 -0.1GO -0.100 -0.878 

Oy 0.066 -0.080 0.078 -0.067 -0.005 

LEVEL JOINT ID 29 30 31 32 

OX -0.018 -0.018 0.018 0.018 
5 DZ -0.017 -0.036 -0.036 -0.017 -0.179 

OY 0.031 -0.071 0.OG9 -0.031 -0.003 

LEVEL JOINT ID 21 22 23 24 

OX -0.017 -0.017 0.018 0.018 
4 OZ 0.040 0.072 0.072 0.040 0.378 

Oy 0.012 -0.064 0.062 -0.012 -0.003 

LEVEL JOINT IO 13 14 15 16 

OX -0.014 -0.013 . 0.015 0.015 
3 DZ 0.083 0.143 0.143 0.083 0.7G4 

OY 0.003 -0.054 0.053 -0.003 -0.002 

LEVEL JOINT ID 5 6 7 8 

OX -0.005 0.005· -0.003 0.006 
2 OZ 0.067 0.129 0.129 0.OG7 0.662 

OY 0.002 -0.043 0.042 -0.002 -0.002 

Norfl)(:1lised roQde s,h.ape fqr deCK twi.st mode i f"'127.44 Hz 

'Maximum displacement at joints 53Y & 54Y 

Table 4.28 
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LEVEL JOINT ID 75 88 89 76 ['18im disp 1. 

OX -0.008 -0.061 - 0.060 -0.007 -0.034 
9 OZ - 0.001 -0.002 0.001 0.001 

DY 

LEVEL JOINT ID 90 
8+ OY 1.000 1.000 

LEVEL JOINT ID 53 97 9G 54 

OX -0.002 O.DoG 0.006 -0.002 
DZ 0.0 O. OD 1 -o.mlG -0.000 
OY -0.293 -0.57B -D.571 -0.296 

8 JOINT 10 68 71 72 67 

OX -0.011 0.015 0.015 - 0.011 0.002 
OZ 0.001 0.002 -0.002 -0.001 
OY -0.014 -0.065 -0.062 -0.014 -0.039 

LEVEL JOINT 10 50 51 52 49 

OX 0.060 0.075 0.074 0.059 0.067 
7 OZ 0.004 0.003 -0.003 -0.090 

DY -0.016 -0.060 -0.05B -0.015 -0.037 

LEVEL JOINT 10 37 3B 39 40 

OX 0.065 0.oG1 0.060 0.064 0.063 
6 OZ 0.001 0.0 0.001 0.003 

OY -0.020 -0.048 -0.047 -0.019 -0.034 

LEVEL JOINT 10 29 30 31 32 

.OX 0.009 0.011 0.011 0.010 0.010 
5 OZ 0.001 0.001 0.0 0.0 

OY -0.027 -0.036 -0.035 -0.027 -0.031 

LEVEL JOINT 10 21 22 23 24 

OX -0.030 -0.030 -0.029 -0.029 -0.030 
4 OZ - 0.001 0.0 0.0 -0.001 

OY -0.028 -0.026 -0.025 -0.029 -0.027 

LEVEL JOINT 10 13 14 15 16 

OX -0.056 -0.056 -0.055 -0.055 -0.056 
3 OZ - 0.001 0.0 0.0 -0.002 

OY -0.025 -0.019 -0.018 -0.026 -0.022 

LEVEL JOINT TO 5 6 7 8 

OX -0.040 -0.040 -0.039 -0.039 -0.040 
2 OZ 0.001 -0.002 0.002 -0.003 

OY -0.018 -0.013 -0.013 -0.019 -0.016 

Normalised mode shape fOF deck oending mode f=159.73 Hz 

Maximum displacement at jo~nt ,90Y 
~ _ ••• _. 4 • __ • __ •• _. ___ ._~. __ " _. ____ •• _. _ •• - --" - - - - . - .-

TAhlp. 4.29 
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LEVEL JOINT 10 75 88 89 76 r'leun 6- c, ., 

displ. 
OX O.O:jg 0.059 -O.O~)S -0.058 

9 DZ O.Sg2 0.687 0.b87 0.892 0.949 - 5°' '0 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.058 0.058 -0.057 -0.057 
8 OZ 0.879 0.673 0.673 0.879 0.932 -4.5%. 

OY 0.005 0.008 -O.DelEl -0.005 

LEVEL JOINT ID 50 51 52 49 

OX 0.036 0.037 -0.036 -0.036 
7 OZ 0.585 0.467 O.4Ei? 0.505 0.632 o ~~ 

OY 0.030 0.03() -0.038 - 0.031 

LEVEL JOINT 10 37 38 39 40 

OX 0.035 0.035 -0.035 -0.035 
6 OZ 0.463 0.361 0.3R1 O. 4G~1 0.49S c. /1 ~ 

OY 0.03b 0.037 -0.037 -0.037 
.J. Ii 

LEVEL JOINT 10 29 30 31 32 
OX 0.036 0.036 -0.036 -0.036 

5 OZ 0.370 0.271 0.271 0.370 0.385 1 Ll ~ • 0 

OY 0.037 0.040 -0.04lJ -0.03/ 

LEVEL JOINT ID 21 22 23 24 

OX 0.036 0.036 -0.036 -0.036 
4 DZ 0.299 0.191 0.191 0.299 0.294 30% 

OY 0.033 0.041 - 0.040 -0.033 

LEVEL JOINT 10 13 14 15 16 

OX 0.029 0.029 -0.029 -0.029 
3 DZ 0.238 0.113 0.113 0.238 0.211 67% 

DY 0.025 0.039 -0.039 -0.025 

LEVEL JOINT 10 5 6 7 8 

OX 0.009 0.013 -0.013 -0.009 
2 DZ 0.047 0.036 0.035 0.047 0.05Cl r~o., 

......,....; ·0 

DY 0.030 0.033 -0.033 -0.030 

Nornlalised mode shape for sway Z.1 ; f= 14.67 Hz 

Maximum displasem~nt at joint 73Z & 74Z 

MEMBER 84 REMOVED 

Table 4.30 
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LEVEL JOINT ID 75 88 89 76 Mean 6 % 
displ. 

OX -0.018 -0.019 0.019 0.018 
9 DZ -0.198 -0.107 -0.107 -0.198 -0.419 126% 

DY 

LEVEL JOINT ID 68 71 72 67 

OX -0.020 --0.020 0.020 0.020 
8 DZ -0.155 -0.089 -0.089 -0.155 -0.336 45% 

DY -0.026 -.0.010 0.010 0.025 

LEVEL JOINT ID 50 51 52 49 

OX 0.103 0.103 -0.104 -0.104 
7 DZ 0.412 0.124 0.124 0.412 0.737 O?o 

DY -0.069 -0.040 El.039 0.068 

LEVEL JOINT ID 37 38 39 40 

OX 0.148 0.148 -0.149 -0.149 
6 DZ 0.638 0.225 0.225 0.638 1.187 20% 

DY -0.081 -0.046 0.046 0.081 

LEVEL JOINT ID 29 30 31 32 

qx 0.184 0.184 -0.185 -0.185 
5 DZ 0.779 0.289 0.289 0.779 1.469 46.9% 

DY -0.087 -0.044 0.044 0.086 

LEVEL JOINT 10 21 22 23 24 

OX 0.197 0.197 -0.198 -0.198 
4 DZ 0.907 0.316 0.315 0.907 1.681 83?~ 

DY -0.096 -0.034 0.034 0.095 

LEVEL JOINT ID 13 14 15 16 
j 

OX 0.162 0.162 -0.164 -0.163 !' 
, 

3, DZ 0.996 0.279 0.279 0.994 1.752 139'%, 
DY -0.112 -0.017 0.017 0.111 

LEVEL JOINT ID 5 6 7 8 

OX 0.054 0.069 -0.071 -0.055 
2 DZ 0.226 0.151 0.151 0.228 0.520 26~: 

DY -0.032 -0.002 0.002 0.032 ; 

,f 

Normalised mode s~ape for sway Z,2 ; f=44.09 Hz 

Maximum displacement at joint 20Z 

MEMBER 84 REMOVED 
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LEVEL JOINT ID 75 88 89 76 Mean 6% 
displ. 

OX -0.031 -0.044 0.043 0.031 
9 OZ -0.179 -0.324 -0.330 -0.179 -0.358 -6~ 

OY 

LEVEL JOINT ID 68 71 72 67 

OX -0.002 0.010 -0.009 0.003 
8 OZ 0.025 0.056 0.057 0.025 0.058 411 

OY -0.084 -0.226 0.222 0.084 

LEVEL JOINT ID 50 51 52 49 

OX 0.071 0.075 -0.082 -0.079 
7 OZ 0.865 0.548 0.548 0.865 1.000 01 

OY -0.095 -0.181 0.178 0.094 

LEVEL JOINT ID 37 38 39 40 

OX 0.078 -0.078 -0.084 -0.084 ; 
6 OZ 0.824 0.520 0.520 0.824 0.951 2.9~ 

OY -0.034 -0.107 0.104 0.033 

LEVEL JOINT ID 29 30 31 32 

OX 0.034 0.034 -0.035 -0.035 
5 OZ 28~ 

, 
0.260 0.105 0.105 0.260 0.258 

OV 0.058 -0.011 0.007 -0.058 

LEVEL JOINT ID 21 22 23 24 

OX 0.008 0.007 -0.004 -0.005 
4 OZ -0.228 -0.220 -0.220 -0.228 -0.317 713~' 

OY 0.113 0.039 -0.042 -0.112 

LEVEL JOINT ID 13 14 15 16 , 

OX 0.0 -0.001 0.007 0.006 
3 Oz -0.620 -0.439 -0.439 -0.623 -0.751 -2.29.' 

DY 0.139 0.053 -0.056 -0.139 

LEVEL JOINT ID 5 6 7 8 

OX 0.030 0.0 0.005 -0.026 i 
2 DZ -0.285 -0.348 -0.348 -0.286 -0.448 -32i 

DY 0.085 0.042 -0.044 -0.085 

Normalised mode shape for sway Z,3 ; f=133,40 Hz 

Maximum dis~lacement at joint 96Y 

MEMBER 84 REMOVED 
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LEVEL JOINT 10 75 88 89 76 Mean 6% 
displ. 

OX 0.054 0.054 -0.053 -0.053 
.9 OZ 0.901 0.715 0.715 0.901 0.957 -4.3% 

oy 

LEVEL JOINT 10 68 71 72 67 

OX 0.053 0.053 -0.052 -0.052 
8 OZ 0.887 0.699 0.699 0.887 0.939 -3.8% 

oy 0.005 0.010 -0.010 -0.005 

LEVEL JOINT 10 50 51 52 49 

OX 0.033 0.033 -0.032 -0.032 
7 OZ 0.586 0.481 0.481 0.586 0.632 0% 

oy 0.031 0.033 -0.033 -0.032 

LEVEL JOINT IO 37 38 39 40 

OX 0.031 0.031 -0.031 -0.031 
6 OZ 0.460 0.369 0.369 0.460 0.491 4 ??< • _ 0 

oy 0.038 0.040 -0.040 -0.038 

LEVEL JOINT IO 29 30 31 32 

OX 0.030 0.031 -0.030 -0.030 
5 OZ 0.367 0.273 0.273 0.367 0.379 12%: 

Oy 0.038 0.044 -0.044 -0.038 

LEVEL JOINT IO 21 22 23 24 

OX 0.024 0.024 -0.024 -0.024 
4 OZ 0.290 0.184 0.184 0.290 0.281 24% 

OY 0.033 0.045 -0.045 -0.033 

LEVEL JOINT 10 13 14 15 16 

OX 0.011 0.011 -0.011 -0.011 
3 OZ 0.102 0.097 0.097 0.102 0.118 -6.3% 

oy 0.041 0.043 -0.043 -0.041 

LEVEL JOINT ID 5 6 7 8 

OX 0.002 0.005 -0.005 -0.002 
-11 % i 2 OZ 0.028 0.026 0.026 0.027 0.032 

oy 0.033 0.036 -0.036 -0.033 

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

Maximum displacement at joint 73Z & 74Z 

MEMBER 92 REMOVED 

Table 4.33 



LEVEL 

9 

LEVEL 

8 

LEVEL 

7 

LEVEL 

6 

LEVEL 

5 

LEVEL 

4 

LEVEL 

3 

LEVEL 

2 

JOINT IO 75 88 89 

OX -0.006 -0.008 0.008 
OZ -0.181 -0.117 -0.118 
OY 

JOINT IO 68 71 72 

OX -0.010 -0.010 -0.010 
OZ -0.147 -0.117 -0.117 
OY -0.016 0.008 -0.008 

JOINT IO 50 51 52 

OX 0.109 0.109 -0.111 
OZ 0.543 0.237 0.237 
OY -0.071 -0.034 0.034 

JOINT IO 37 38 39 

OX 0.149 0.149 -0.152 
OZ 0.785 0.361 0.361 
OY -0.083 -0.038 0.038 

JOINT ID 29 30 31 

OX 0.170 0.170 -0.172 
OZ 0.918 0.400 0.400 
OY -0.087 -0.028 0.028 

JOINT ID 21 22 23 

OX 0.142 0.142 -0.145 
OZ 0.993 0.366 0.366 
OY -0.096 -0.007 0.007 

JOINT IO 13 14 15 

OX 0.066 0.066 -0.068 
OZ 0.291 0.250 0.250 
OY -0.016 0.011 -0.011 

JOINT ID 5 6 7 

OX 0.015 0.028 -0.029 
OZ 0.154 0.128 0.128 
OY -0.008 0.015 -0.016 

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

Maximum displacement at joint 28Z 

MEMBER 92 REMOVED 

.f .Table 4.34 

153 

76 Mean tl% 
displ. 

0.007 
-0.181 -0.282 52% 

67 

0.011 
-0.147 -0.249 7.8% 
0.015 

49 

-0.111 
0.543 0.737 0% 
0.070 

40 

-0.151 
0.785 1.083 9.5%. , 
0.082 

32 

-0.172 
0.918 1.245 25%. 
0.086 

,. 

24 

-0.145 
0.992 1.284 40% .. 
0.095 " 

16 

-0.068 
0.291 0.511 -30% 
0.016 

;; 

8 

-0.016 
0.153 0.266 -35% .. 
0.008 

,I 
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LEVEL JOINT ID 75 88 89 76 Mean l:l% 
displ. 

OX -0.093 -0.083 0.084 0.093 
9 OZ 0.051 -0.276 -0.280 0.051 - 0.501 31 % 

OY 

LEVEL JOINT ID 68 71 72 67 

OX 0.007 0.008 -0.008 -0.006 
8 OZ -0.028 0.066 0.066 -0.028 0.084 105% . 

OY 0.066 -0.219 0.216 -0.066 

LEVEL JOINT ID 50 51 52 49 

OX -0.030 -0.029 0.023 0.023 
7 OZ 0.239 0.214 0.214 0.239 1.000 0% ; 

OY 0.019 - 0 .151 0.149 - 0.019 

LEVEL JOINT ID 37 38 39 40 

OX -0.022 -0.022 0.017 0.017 
6 OZ 0.238 0.234 0.234 0.238 1.042 13%; 

OY 0.013 - 0.101 0.098 -0.013 

LEVEL JOINT ID 29 30 31 32 

OX -0.031 -0.030 0.030 0.030 
5 OZ 0.105 0.093 0.093 0.105 0.437 117%, 

OY " 0.017 -0.044 0.042 -0.018 

LEVEL JOINT ID 21 22 23 24 

OX -0.051 -0.052 0.054 0.054 
4 OZ -0.019 -0.045 -0.045 -0.022 -0.245 -60% " 

OY " 0.013 -0.006 0.003 - 0.013 

LEVEL JOINT ID 13 14 15 16 

OX -0.085 -(L085 0.089 0.089 
3 OZ -0.533 -0.195 -0.195 -0.533 -1 .607 109% ': 

OY " 0.054 0.016 -0.018 -0.054 

LEVEL JOINT ID 5 6 7 8 

OX -0.034 -0.062 0.065 0.037 
2 OZ -0.412 -0.179 -0.179 -0.412 -1.305 99% " 

OY 0.045 " 0.016 -0.018 -0.044 

Normalised mode shape for sway Z.3 ; f=131.23Hz 

Maximum displacem~nt at Joint 96Y 

MEMBER 92 REMOVED 

Figure 4.35 
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LEVEL JOINT ID 75 88 89 76 Mean 06% 
displ. 

OX 0.058 0.058 -0.056 -0.056 
9 OZ 0.896 0.701 0.701 0.896 0.946 -5.4%; 

oy 

LEVEL JOINT ID 68 71 72 67 

OX 0.056 0.056 -0.054 -0.055 
8 OZ 0.885 0.686 0.686 0.885 0.931 -4.6%; 

oy 0.003 0.010 -0.010 -0.003 

LEVEL JOINT ro so 51 52 49 

OX 0.038 0.038 -0.037 -0.037 
7 OZ 0.593 0.474 0.474 0.593 0.632 0%; 

oy 0.028 0.032 -0.032 -0.028 

LEVEL JOINT ro 37 38 39 40 

OX 0.036 0.036 -0.035 -0.035 
6 OZ 0.478 0.365 0.365 0.478 0.499 5.9%; 

oy 0.033 0.040 -0.040 -0.0.33 

LEVEL JOINT ro 29 30 31 32 

OX 0.028 0.028 -0.027 -0.027 
5 OZ 0.385 0.265 0.265 0.385 0.385 14%;' 

qy 0.032 0.045 -0.045 -0.032 

LEVEL JOINT ro 21 22 23 24 

OX 0.014 0.014 -0.014 -0.014 
4 OZ 0.183 0.170 0.170 0.183 0.209 -7.5%;; 

oY 0.043 0.046 -0.046 -0.043 

LEVEL JOINT ro 13 14 15 16 

OX 0.008 0.008 -0.007 -0.007 
3 oZ 0.102 0.091 0.0.91 0.102 0.114 -9.5%;: 

oY 0.039 0.042 -0.042 -0.039 

LEVEL JOINT ID 5 6 7 8 

OX 0..002 0.0.04 -0.0.04 -0.0.02 
2 oZ 0.0.33 0.024 0.024 0.033 0.0.34 -5.6%;i 

oY 0..032 0..034 -0.0.34 -0..032 

Normalised mode shape for sway Z.1 ; f=14.65 Hz 

Maximum displacement at joints 73Z & 74Z 

MEMBER 10.0 REMOVED 

Figure 4.36 
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LEVEL JOINT ro 75 BB B9 76 Mean ~% 
displ. 

OX 0.003 0.002 0.004 0.002 
9 OZ -0.119 -0.086 -0.087 -0.119 -0.225 22% 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.0 0.0 0.006 0.006 
8 OZ -0.101 -0.094 -0.094 -0.101 -·0.213 -7.8% 

OY -0.004 0.012 -0.015 0.006 

LEVEL JOINT ID 50 51 52 49 

OX 0.056 0.056 -0.076 -0.076 
7 Oz 0.429 0.245 0.245 0.429 0.737 0% 

OY -0.049 -0.023 0.023 0.049 

LEVEL JOINT ID 37 38 39 40 

OX 0.072 0.072 -0.096 -0.096 
6 OZ 0.610 0.345 0.345 0.610 1.044 5.6% 

OY -0.058 -0.024 0.024 0.058 

LEVEL JOINT ID 29 30 31 32 

OX 0.061 0.060 -0.OB6 -0.OB4 
5 DZ 0.660 0.346 0.344 0.658 1.098 9.8%. 

DY -0.05B -0.012 0.012 0.058 

LEVEL JOINT ID 21 22 23 24 

OX 0.029 0.026 -0.051 -0.048 
4 Oz 0.328 0.293 0.291 0.327 0.667 -27%; 

OY -0.015 0.001 -0.002 0.015 

LEVEL JOINT ro 13 14 15 16 

OX 0.013 0.015 -0.029 -0.031 
3 OZ 0.260 0.225 0.226 0.261 0.531 -28%: 

OY -0.005 0.008 -0.009 0.006 

LEVEL JaIf'Jr ID 5 6 7 8 

OX -0.002 0.011 -0.018 -0.005 
2 OZ 0.155 0.125 0.125 0.155 0.306 -26%, 

OY -0.002 0.010 -0.011 0.003 

Normalised mode shape for sway Z,2 J f=58.88 Hz 

Maximum displacement at joint 25Z 

MEMBER 100 REMOVED 

Table 4.37 
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LEVEL JOINT ID 75 88 89 76 Mean 6.% 
disp 1. 

OX -0.063 -0.049 0.049 0.063 
9 OZ 0.205 0.028 0.029 0.205 0.292 -23% 

OY 

LEVEL JOINT ID 68 71 72 67 

OX -0.003 -0.009 0.009 0.003 
8 OZ -0.045 0.015 0.015 -0.045 -0.038 -7. 3~~ 

OY 0.169 -0.007 0.007 -0.170 

LEVEL JOINT ID 50 51 52 49 

OX -0.022 -0.024 0.025 0.024 
7 OZ -0.385 -0.415 -0.415 -0.385 -1.000 0% 

OY 0.165 0.022 -0.022 -0.166 

LEVEL JOINT ID 37 38 39 40 

OX -0.802 -0.002 0.004 0.009 
6 OZ -0.516 -0.460 -0.460 -0.516 -1.220 32% 

OY 0.159 -0.003 -0.003 -0.160 

LEVEL JOINT ID 29 30 31 32 

OX 0.088 0.089 -0.088 -0.088 
5 OZ -0.381 -0.230 -0.230 -0.378 -0.762 279% 

OY 0.149 -0.045 0.045 - 0.149 

LEVEL JOIN, ID 21 22 23 24 

OX 0.234 0.234 -0.234 -0.234 
4 OZ 0.955 0.054 0.054 0.955 1.261 244% 

OY 0.006 -0.075 0.075 -0.008 

LEVEL JOINT ID 13 14 15 16 

OX . 0.253 0.253 -0.254 -0.253 
3 OZ 0.990 0.215 0.215 0.991 1.507 96% 

OY 0.0 -0.072 0.072 - 0.001 

LEVEL' JOINT ID 5 6 7 8 

OX 0.130 0.169 -0.170 - 0 .130 
2 OZ 0.614 0.205 0.205 0.614 1.024 56% 

OY 0.005 -0.056 0.056 -0.007 

Normalised mode shape for sway Z.3 J f=107.96Hz 

Maximum displacement at joint 20Z 

MEMBER 100 REMOVED 

Table 4.38 
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LEVEL JOINT ID 75 88 89 76 I"lean 6.% 
displ. 

OX 0.057 0.057 -0.055 -0.055 
9 OZ 0.897 0.706 0.706 0.897 0.938 -6.2% 

OY 

LEVEL JOINT ID 68 71 72 67 

OX 0.056 0.055 -0.054 -0.054 
8 OZ 0.886 0.690 0.690 0.886 0.922 -5.5% 

OY 0.003 0.010 0.010 -0.010 -0.003 

LEVEL JOINT ID 50 "51 52 49 

OX 0.038 0.038 -0.037 -0.037 
7 OZ 0.605 0.476 0.476 0.604 0.632 O~ 

OY 0.027 0.032 -0.032 -0.027 

LEVEL JOINT ID 37 38 39 40 

OX 0.031 0.031 -0.030 -0.030 
6 OZ 0.481 0~361 0.361 0.481 0.492 4.5~ 

OY 0.032 0.041 -0.041 -0.032 

LEVEL JOINT ro 29 30 31 32 

OX 0.014 0.014 -0.013 - 0.013 
5 OZ 0.275 0.253 0.253 0.276 0.309 -8.9~ 

OY 0.045 0.047 -0.046 -0.045 

LEVEL JOIf:-jT ro 21 22 23 24 

OX 0~009 0.009 -0.008 -0.008 
4 OZ 0.183 0.165 0.165 0.182 0.203 -1m 

OY 0.045 0.046 -0.046 -0.045 

LEVEL JOINT ro 13 14 15 16 

OX 0.006 0.006 -0.006 -0.006 
3 OZ 0.104 0.090 0.090 0.104 0.113 -1m 

OY 0.041 0.041 -0.041 -0.041 

LEVEL JOINT ro 5 6 7 B 

OX 0.001 0.004 -0.004 -0.001 
2 OZ 0.032 0.024 0.024 0.032 0.033 - B.3t 

1 

OY 0.033 0.034 -0.034 -0.033 

Normalised mode shape for sway Z,1 J f=14.69Hz 

Maximum displacement at joints 73Z & 74Z 

MEMBER 104 REMOVED 

Table 4.39 
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LEVEL JOINT 10 75 88 89 76 Mean ~% 
displ. 

OX 0.007 0.006 -0.006 -0.007 
9 OZ -0.176 -0.172 -0.174 -0.176 -0.187 1% 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.004 0.005 -0.005 -0.003 
8 OZ -0.192 -0.206 -0.206 -0.192 -0.214 -7.3% 

Oy 0.031 0,042 -0.043 -0.031 

LEVEL JOINT 10 50 51 52 49 

OX 0.039 0.039 -0.041 -0.042 
7 OZ 0.750 0.622 0.622 0.750 0.737 0% 

OY -0.056 -0.037 0.037 0.055 

LEVEL JOINT 10 37 38 39 40 

OX 0.038 0.038 -0.041 -0.041 
6 OZ 1.000 0.835 0.835 1.000 0.986 -0.3% 

Oy -0.065 -0.041 0.041 0.064 

LEVEL JOINT 10 29 30 31 32 

OX 0.014 0.014 -0.017 -0.017 
5 OZ 0.838 0.827 0.827 0.838 0.894 -11 % 

OY -0.028 -0.019 0.019 0.028 

LEVEL JOINT 10 21 22 23 24 

OX 0.008 0.007 -0.010 -0.010 
4 OZ 0.769 0.757 0.757 0.768 0.819 -11 % 

OY -0.008 -0.001 0.001 0.008 

LEVEL JOINT 10 13 14 15 16 

OX 0.005 0.005 -0.007" -0.007 
3 OZ 0.619 0.605 0.605 0.619 0.657 -10% 

OY 0.009 0.014 -0.014 -0.009 

LEVEL JOINT 10 5 6 7 8 

OX -0.814 0.018 -0.019 0.013 
2 OZ 0.350 0.340 0.340 0.350 0.371 -1 O~ 

Oy 0.015 0.019 -0.019 -0.015 

Normalise mode shape for sway Z,2 :f=62.40 Hz· 

Maximum displacement at joints 37Z & 40Z 

MEMBER 104 REMOVED 

. Table 4.40 
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LEVEL JOINT 10 75 88 89 76 Mean ~% 
displ. 

OX 0.042 0.032 -0.034 -0.043 
9 OZ -0.163 -0.006 -0.007 -0.163 -0.'132 -65~o 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.0 0.004 -0.003 -0.0 Node 
8 OZ -0.012 -0.051 -0.051 -0.012 -0.049 shift 

OY -0.095 0.048 -0.048 0.098 

LEVEL JOINT 10 50 51 52 49 

OX 0.132 0.133 -0.133 -0.133 
7 OZ 0.847 0.432 0.433 0.847 1.000 0% 

OY -0.151 -0.005 0.005 0.157 

LEVEL JOINT 10 37 38 39 40 

OX 0.073 0.075 -0.073 -0.075 
6 OZ 0.926 0.415 0.416 0.925 1.048 13% 

OY -0.155 0.015 -0.015 0.156 

LEVEL JOINT 10 29 30 31 32 

OX -0.114 -0.116 0.116 0.118 Node 
5 OZ -0.435 0.095 0.095 -0.435 -0.266 Shift OY -0.003 0.062 -0.061 0.007 

LEVEL JOINT 10 21 22 23 24 

OX -0.167 -0.167 0.171 0.171 
4 OZ -0.617 -0.073 -0.073 -0.619 -0.540 48% 

OY 0.013 0.067 -0.066 -0.010 

LEVEL JOINT 10 13 14 15 16 

OX -0.160 -0.160 0.164 0.164 
3 DZ -0.612 -0.165 -0.165 -0.611 -0.607 -21 % 

DY 0.013 0.058 -0.057 -0.010 

LEVEL JOINT 10 5 6 7 8 

OX -0.079 -0.105 0.108 0.082 
2 DZ -0.395 -0.151 -0.151 -0.395 -0.427 -35% 

DY 0.008 0.044 -0.043 -0.006 

Normalised mode shape for sway Z,3 J f= 103.23Hz 

Maximum di~placement at joint 43Z 

MEMBER 104 REMOVED 

Table 4.41 . 



LEVEL JOINT ID 75 88 89 76 Mean A% 
displ. 

OX 0.098 0.098 -0.097 -0.095 
9 OZ 0.819 0.497 0.497 0.819 0.936 -6.4% 

OY 

LEVEL JOINT ID 68 71 72 67 

OX 0.094 0.094 -0.092 -0.092 
8 OZ 0.830 0.492 0.492 0.830 0.940 -3.7% 

OY -0.015 0.002 -0.002 0.014 

LEVEL JOINT ID 50 51 52 49 

OX 0.051 0.051 -0.050 -0.050 
7 OZ 0.549 0.340 0.340 0.549 0.632 0% 

OY 0.006 0.022 -0.022 -0.007 

LEVEL JOINT ID 37 38 39 40 

OX 0.023 0.023 -0.023 -0.023 
6 OZ 0.289 0.243 0.243 0.289 0.378 -20% 

OY 0.029 0.031 -0.031 -0.029 

LEVEL JOINT ID 29 30 31 32 

OX 0.013 0.013 -0.013 -0.013 
5 OZ 0.200 0.171 0.171 0.1913 0.263 -22% 

OY 0.032 0.034 -0.034 -0.032 

LEVEL JOINT ID 21 22 23 24 

OX 0.010 0.010 -0.009 -0.009 
4 OZ 0.136 0.112 0.112 0.136 0.176 -22% 

OY 0.032 0.033 . -0.033 -0.032 

LEVEL JOINT ID 13 14 15 16 

OX 0.007 . 0.007 -0.007 -0.007 
3 OZ 0.077 0.059 0.059 O. U77 0.097 -23% 

OY 0.029 0.030 -0.030 -0.029 

LEVEL JOINT ID 5 6 7 8 

OX 0.002 0.004 -0.004 -0.002 
2 Oz 0.025 0.015 0.015 0.025 0.028 -22% 

OY 0.024 0.024 -0.024 -0.024 

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

Maximum displacement at joints 53Z & 54Z 

MEMBER 102 REMOVED 

Table 4.42 



LEVEL JOINT 

OX 
·9 OZ 

OY 

LEVEL JOINT 

OX 
8 OZ 

OY 

LEVEL JOINT 

OX 
7 OZ 

OY 

LEVEL JOINT 

OX 
6 OZ 

OY 

LEVEL JOINT 

OX 
5 OZ 

OY 

LEVEL JOINT 

OX 
4 OZ 

OY 

LEVEL JOINT 

OX 
3 OZ 

OY 

LEVEL JOINT 

OX 

2 OZ 
OY 

IO 75 88 89 76 

0.007 0.009 -0.010 -0.008 
-0.065 -0.156 -0.157 -0.065 

IO 68 71 72 67 

0.016 0.016 -0.016 -0.016 
-0.192 -0.227 -0.227 -0.192 

0.11:15 -0.070 0.069 -0.113 

IO 50 51 52 49 

-0.017 -0.017 0.019 0.019 
0.490 0.628 0.628 0.492 
0.047 -0.013 0.013 -0.045 

IO 37 38 39 40 

0.023 0.023 -0.020 -0.020 
1.000 0.866 0.866 1.000 
0.003 -0.024 0.025 -0.002 

IO 29 30 31 32 

0.031 0.031 -0.029 -0.029 
0.981 0.863 0.863 0.982 
0.014 -0.007 0.008 -0.014 

ID 21 22 23 24 

0.030 0.030 -0.028 -0.028 
0.860 0.773 0.773 0.860 
0.029 0.012 -0.012 -0.029 

IO 13 14 15 16 

0.024 0.024 -0.022 -0.023 
0.662 0.601 0.601 0.662 
0.040 0.027 -0.026 -0.04.0 

IO 5 6 7 8 

-0.002 0.030 -0.029 0.003 
0.356 0.328 0.328 0.356 
0.040 0.029 -0.029 -0.039 

Normalised mode shape for sway 2.2 J f=60.44 Hz 

Maximum displacement at joint 37Z & 40Z 

MEMBER 102 REMO~EO 

Table 4.43 
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Mean A% 
displ. 

-0.146 -21% 

-0.276 19% 

0.737 0% 

1.229 24~~ 

1.215 22% 

1.076 17% 

0.832 14% 

0.450 9.2% 



LEVEL JOINT 

OX 
9 OZ 

OY 

LEVEL JOINT 

OX 
8 OZ 

OY 

LEVEL JOINT 

OX 
7 OZ 

OY 

LEVEL JOINT 

OX 
6 OZ 

OY 

LEVEL JOINT 

OX 
5 OZ 

OY 

LEVEL JOINT 

OX 
4 OZ 

OY 

LEVEL JOINT 

OX 
3 OZ 

OY 

LEVEL JOINT 

OX 
2 OZ 

OY 

10 75 88 89 76 

-0.068 -0.069 0.070 0.069 
-0.064 -0.309 -0.316 -0.064 

10 68 71 72 67 

0.002 0.008 -0.008 -0.001 
-0.019 0.043 0.044 -0.019 

0.007 -0.210 0.206 -0.008 

10 50 51 52 49 

0.024 0.025 -0.037 -0.035 
0.794 0.548 0.548 0.795 

-0.053 -0.167 0.165 0.052 

10 37 38 39 40 

0.007 0.007 -0.016 -0.016 
0.552 0.496 0.496 0.552 
0.0 -0.095 0.092 0.001 

10 29 30 31 32 

-0.014 -0.014 0.013 0.013 
0.100 0.103 0.103 0.100 
0.059 -0.009 0.006 -0.057 

10 '21 22 23 24 

-0.015 -0.016 0.022 0.021 
-0.235 -0.192 -0.192 -0.235 

0.085 0.034 -0.038 -0.083 

10 13 14 15 16 

-0.013 -0.014 0.024 0.023 
-0.467 -0.401 -0.401 -0.467 

0.089 0.050 -0.053 -0.087 

10 5 6 7 8 

0.016 -0.021 0.027 -0.009 
-0.396 -0.339 -0.339 -0.396 

0.073 0.042 -0.045 -0.072 

Normalisedmode shape for sway Z,3 ; f= 135.04 Hz 

Maximum displacement at joint 9SY 

MEMBER 102 REMOVED 

Table 4.44 
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Mean t:::. 0. 
displ. 

-0.280 -27% 

0.018 -56% 

1.000 0% 

0.781 ,15% 

0.151 -25% 

-0.318 -14% 

.:: .' -0.647 -16% 

" :J 
-0.368 -44% 
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LEVEL JOINT ID 75 88 89 76 Mean ~% 

displ. 
OX 0.802 0.802 0.933 0.933 0.922 -7.8% 

9 OZ 0.003 0.248 0.248 0.003 
OY 

LEVEL JOINT ID 69 71 72 67 

OX 0.788 0.788 0.920 0.920 0.908 -7.3%' 
8 OZ 0.005 0.240 0.240 0.004 

OY -0.009 0.012 0.002 -0.005 

LEVEL JOINT ID 50 51 52 49 

OX 0.484 0.484 0.575 0.575 0.563 0%; 

7 OZ 0.007 0.152 0.152 0.007 
OY -0.037 0.049 0.024 -0.036 

LEVEL JOINT ID 37 38 39 40 

OX 0.369 0.368 0.471 0.470 0.446 4.9%; 
6 OZ 0.006 0.113 0.113 0.006 

OY -0.044 0.058 0.025 -0.040 

LEVEL JOINT ID 29 30 31 32 

OX 0.255 0.255 0.263 0.263 0.275 -12%' 
5 DZ 0.019 0.067 0.066 0.019 

OY -0.049 0.064 0.037 -0.052 

LEVEL JOINT ID 2:1 22 23 24 

OX 0.171 0.171 0.180 0.180 0.187 -13%' 
4 OZ 0.015 0.042 0.042 0.015 

OY -0.046 0.061 0.036 -0.051 

LEVEL JOINT ID 13 14 15 16 

OX 0.096 0.096 0.106 0.106 0.107 -13%', 
3 OZ 0.008 0.023 0.023 0.008 

OY -0.041 0.054 0.033 -0.046 

LEVEL JOINT ID 5 6 7 8 

OX 0.027 0.027 0.034 0.034 0.032 -14~1 
2 -~OZ 0.001 0.008 0.006 0.004 

OY -0.032 0.043 0.026 -0.037 

Normalised mode shape for sway X.1 ; f=1S.95 Hz 

Maximum displacement at joints 74X & 103X 

MEMBER 135 REMoVED 

Table 4.45 



LEVEL JOINT 

OX 
9 Oz 

OY 

LEVEL JOINT 

OX 
8 OZ 

OY 

LEVEL JOINT 

OX 
7 OZ 

OY 

LEVEL JOINT 

OX 
6 OZ 

OY 

LEVEL JOINT 

OX 
5 OZ 

OY 

LEVEL JOINT 

OX 
4 OZ 

-OY 

LEVEL JOINT 

OX 
3 OZ 

OY 

LEVEL JOINT 

OX 
2 OZ 

OY 

ID 75 88 89 76 

-0.155 -0.155 -0.164 -0.164 
0.0 -0.002 -0.002 0.0 

ID 68 71 72 67 

-0.208 -0.208 -0.213 -0.214 
0.003 -0.006 -0.006 0.003 

-0.117 0.100 0.092 -0.110 

ID 50 51 52 49 

0.809 0.809 0.845 0.845 
-0.021 0.028 0.028 -0.022 
-0.017 0.001 -0.006 -0.009 

ID 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 

ID 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 

ID 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 

ID 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 
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Mean /l,% 
dispL 

-0.165 2.5% 

-0.217 -3.1 % 

0.853 0% 

1'.002 0.2% 

0.892 -5.6% 

0.794 -5.5%, 

0.575 . -5.1%, 

0.273 -4. 5~Ji 
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LEVEL JOINT 10 75 88 89 76 Mean 6.% 
displ. 

OX 0.009 -0.002 - 0 .163 -0.174 -0.111 - 31 % 
9 OZ -0.095 0.134 0.136 -0.096 

OY 

LEVEL JOINT 10 69 71 72 67 

OX -0.022 -0.021 -0.050 -0.048 -0.048 336% 
8 OZ 0.030 -0.051 -0.052 0.031 

OY -0.103 0.122 -0.161 0.101 

LEVE[ JOINT 10 50 51 52 49 

OX 0.543 0.543 0.937 0.938 1.000 0% 
7 DZ -0.258 0.354 0.353 -0.258 

DY -0.021 0.026 -0.181 0.138 

LEVEL JOINT 10 37 38 39 40 

OX 0.418 B.417 0.995 0.992 0.953 18% 
6 OZ -0.192 0.270 0.270 -0.192 

OY -0.047 0.053 -0.178 0.137 

LEVEL JOINT 10 29 30 31 32 

OX -0.040 -0.040 -0.431 -0.432 -0.319 Node 

5 DZ 0.094 -0.079 -0.078 0.094 shift 
DY -0.102 0.113 -0.044 0.004 

LEVEL JOINT 10 2,1 22 23 24 

OX -0.230 -0.230 -0.627 -0.630 -0.580 28%; 
4 OZ 0.181 -0.217 -0.216 0.180 

OY -0.099 0.112 -0.024 -0.014 

LEVEL JOINT IO 13 14 15 16 

OX - 0.291 -0.291 -0.624 -0.624 -0.618 -21 % i' 
3 OZ 0.184 -0.254 -0.254 0.183 

OY -0.078 0.091 -0.020 -0.014 

LEVEL JOINT IO 5 6 7 8 

OX -0.201 -0.204 -0.357 -0.360 -0.379 -34% .Ii 

2 DZ 0.134 -0.197 -0.172 0.109 
DY -0.055 0.066 -0.022 -0.004 

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

Maximum dispiacement at joint 43X 

MEMBER 135 REMOVED' 

Table 4.47 



-

~ 
DECK MASS DECK MASS 

UNCHANGED INCREASED BY 5% INCREASED BY 100% 

M'JDE 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 18.90 -2.8% 15.72 -19.2% 

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. 1 169. 1 N.C. 137.9 -18.5% 

N.C. <1% Change 

Natural frequencies of model platform for changes in deck mass 

Table 4.48 
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~ 
DECK MASS DECK MASS 

UNCHANGED INCREASED BY 5% INCREASED BY 100% 

MODE FREQ. (Hz. ) FREQ. (Hz.) CHANGE FREQ. (Hz.) CHANGE 

-

Ovalising 1 39.60 39.60 N.C. 39.60 N.C. 

Ovalising 2 46.39 46.39 N.C. 46.39 N.C. 

Ovali sing 3 57.99 57.99 N.C. 57.99 N.C. 

Ovali sing 4 79.15 79.15 N.C. 79.15 N.C. 

Ovali sing 5 101.8 101.8 N.C. 101 .8. N.C. 

Ovali sing 6 155.5 155.5 N.C. 155. 5 N.C. 

Vertical 84.18 84.14 N.C. 69.02 j -18% 

I Deck Pitch 90.66 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. 
-- - ----- -------- --

N.C. <1% Change 

Natural frequencies of model platform for changes in deck mass 

Table 4.49 
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LEVEL JOINl 10 75 88 89 76 Mean t:,.% 
displ. 

OX 0.017 0.017 - 0.017 -0.017 
9 DZ 0.965 0.903 0.903 0.965 1.000 0% 

DY 

LEVEL JOINT 10 68 71 72 67 

OX 0.017 0.017 -0.017 - 0.017 
8 DZ 0.943 0.882 0.882 0.943 0.977 0.1 % 

DY 0.012 0.012 -0.012 -0.012 

LEVEL JOINT 10+ 50 51 52 49 

OX 0.007 0.007 -0.007 -0.007 
7 DZ 0.602 0.578 0.578 0.602 0.632 0% 

DY 0.044 0.042 -0.042 -0.044 

LEVEL JOINT 10 37 38 39 40 

OX 0.005 0.005 -0.005 -0.005 
6 DZ 0.447 0.432 0.432 0.447 0.471 0% 

DY 0.053 0.051 -0.051 -0.053 

LEVEL JOINT 10 29 30 31 32 

OX 0.003 0.003 -0.003 -0.003 
5 DZ 0.322 0.311 0.311 0.322 0.339 O~ .0 

DY 0.056 0.055 -0.055 -0.056 

LEVEL JOINT 10 21 22 23 24 

OX 0.003 0.003 -0.003 -0.003 
4 DZ 0.215 0.207 0.207 0.215 0.22B 0% 

DY 0.055 0.054 -0.054 -0.055 

l.,EVEL JOINT 10 13 14 15 16 

OX 0.002 0.002 -0.002 -0.002 
3 DZ 0.120 0.114 '0.114 0.120 0.125 - 0 ~ 8~ 

DY 0.050 0.049 -0.049 -0.050 

LEVEL JOINT 10 5 6 7 B 

OX 0.0 0.003 -0.003 0.0 
2 DZ 0.035 0.033 0.033 0.035 0.036 m' 

DY 0.041 0.040 -0.040 -0.041 

Normalised mode shape for sway Z,1 J f=14.B3 Hz 

Maximum pisplacement at joints 73Z & 74Z 

DECK MASS INCREASED BY 12.B kg (5%) 

Table 4.50 
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LEVEL JOINT 10 75 88 89 76 Mean ~% 
displ. 

OX 0.999 0.999 0.999 0.999 1.003 ·0.3% 
9 DZ 0.0 0.0 0.0 0.0 

DY 

LEVEL JOINT 10 68 71 72 67 

OX 0.979 0.979 0.979 0.979 0.982 0.3% 
8 DZ 0.0 0.0 0.0 0.0 

DY -0.015 0.015 0.015 -0.015 

LEVEL JOINT 10 50 51 52 49 

OX 0.561 0.561 0.561 0.561 0.563 0% 
7 DZ 0.0 0.0 0.8 0.0 

OY -0.053 0.053 0.052 -0.053 

LEVEL JOINT 10 37 38 39 40 

OX 0.424 0.424 0.424 0.424 0.426 0.2% 
6 DZ 0.0 0.0 0.0 0.0 

DY -0.060 0.060 0.060 -0.060 

LEVEL JOINT 10 27 30 31 32 

OX 0.312 0.312 0.312 0.312 0.313 0% 
5 DZ 0.0 - 0.0 0.0 0.0 

DY -0.062 0.062 0.062 -0.062 

LEVEL JOINT 10 21 22 23 24 

OX 0.214 0.214 0.214 0.214 0.215 0.5% 
4 OZ 0.0 0.0 0.0 0.0 

DY -0.059 0.059 0.059 -0.059 

LEVEL JOINT 10 13 14 15 16 

OX 0.122 0.122 0.122 0.122 0.122 -0.8% 
3 DZ 0.0 0.0 0.0 0.0 

DY -0.053 0.053 0.053 -0.053 

LEVEL JOINT 10 5 6 7 8 

OX 0.037 0.037 0.037 0.037 0.037 0% 
2 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=16.14 Hz 

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

DECK MASS INCREASED BY 12.8 kg (5%) 

Table 4.51 



171 

LEVEL JOINT 10 75 88 89 76 Mean ~% 
displ. 

OX 0.019 0.019 -0.020 -0.019 
9 OZ 0.963 0.892 0.893 0.963 1.015 1 .5% 

Oy 

LEVEL JOINT 10 68 71 72 67 

OX 0.019 0.019 -0.019 -0.019 
8 OZ 0.940 0.871 0.871 0.940 0.991 1.5% 

OY 0.012 0.013 -0.013 -0.012 

LEVEL JOINT 10 50 51 52 49 

OX 0.007 0.008 -0.008 -0.008 
7 OZ 0.591 0.564 0.564 0.591 0.632 0% 

Oy 0.044 0.043 -0.043 -0.044 

LEVEL JOINT 10 37 38 39 40 

OX 0.005 0.005 -0.005 -0.005 
6 OZ 0.435 0.419 0.419 0.435 0.467 -0.8% 

Oy 0.053 0.052 -0.052 -0.053 

LEVEL JOINT 10 29 30 31 32 

OX 0.004 0.004 -0.004 -0.004 
5 OZ 0.312 0.300 0.300 0.312 0.'335 -1.2% 

OY 0.056 0.055 -0.055 -0.056 

LEVEL JOINT 10 21 22 23 24 

OX 0.003 0.003 -0.003 -0.003 
4 OZ 0.206 0.198 0.198 0.206 0.221 -2.2% 

Oy 0.055 0.054 -0.054 -0.055 

LEVEL JOINT ID 13 14 15 16 

OX 0.002 0.002 -0.002 -0.002 
,3 OZ 0.114 0.108 0.108 0.114 0.121 -4% 

OY 0.049 0.049 -0.049 -0.049 

LEVEL JOINT ID 5 6 9 8 

OX 0.0 0.003 -0.003 0.0 
2 OZ 0.032· 0.029 0.029 0.032 0.033 -8.3% 

Oy 0.040 0.039 -0.039 -0.040 

Normalised mode ,shape for sway Z,1 f=11.32 HZ 

Maximum displacement at joints 73Z & 74Z 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.52 
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LEVEL JOINT ID 75 88 89 76 Mean L:l.% 
displ. 

OX 1.000 1.000 1.000 1.000 1.022 2.2% 
9 OZ 0.0 0.0 0.0 0.0 

oY 

LEVEL JOINT ID 68 71 72 67 

OX 0.978 0.978 0.978 0.978 0.999 2% 
8 OZ 0.0 0.0 0.0 0.0 

oY -0.014 0.014 0.014 -0.014 

LEVEL JOINT ID 50 51 52 49 

OX 0.551 0.551 0.551 0.551 0.563 0% 
7 OZ 0.0 0.0 0.0 0.0 

oY -0.053 0.053 0.053 -8.053 

LEVEL JOINT ID 37 38 39 40 

oY 0.412 0.412 0.412 0.412 0.421 -o.g? 
6 OZ 0.0 0.0 0.0 0.0 

oY -0.060 0.060 0.060 -0.060 

LEVEL JOINT ID 29 30 31 32 

OX 0.302 0.302 0.302 0.302 0.309 -1.3% 
5 OZ 0.0 0.0 0.0 0.0 

OY -0.062 0.062 0.062 -0.062 

LEVEL JOINT ID 21 22 23 24 

OX 0.205 0.205 0.205 0.205 0.209 -2.31 
4 OZ 0.0 0.0 0.0 0.0 

oY -0.059 0.059 0.059 -0.059 

LEVEL JOINT IO 13 14 15 16 

OX 0.117 0.117 0.117 0.117 0.120 -2.4% 
3 OZ 0.0 0.0 0.0 0.0 

oY -0.052 0.052 0.052 -0.052 

LEVEL JOINT ID 5 6 7 8 

OX 0.034 0.034 0.034 0.034 0.835 -5.4~ 

2 oZ -0.801 0.001 -0.001 0.001 
oY -0.042 0.042 0.042 . -0.042. 

Normalised mode shape for sway X.1 J f=12.28 Hz 

Maximum displacement at joints 73Z to 76Z.88Z.89Z.102Z & 103Z 

DECK MASS INCREA~Eo BY 256 kg (100%) 

Table 4.53 
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LEVEL JOINT ID' 75 88 89 76 Rotation Mean ~~ 
rotation 

OX -0. '263 -0.263 0.263 0.263 1.000 
1.013 1.3% 9 DZ -0.412 0.526 0.527 -0.412 0.991 

DY 

LEVEL JOINT ID 68 71 72 67 

OX -0.259 -0.259 0.259 0.259 0.985 0.998 1.2% 8 DZ -0.407 0.519 0.519 -0.407 0.978 
DY 0.002 0.0 0.0 -0.002 

LEVEL JOINT ID 50 51 52 49 

OX , -0.103 -0.103 0.103 0.103 0.299 0.324 0% 7 DZ -0.148 0.222 0.222 -0.148 0.338 
DY -0.007 0.013 -0.013 0.007 

LEVEL JOINT ID 37 38 39 40 

OX -0.073 -0.073 0.073 0.073 0.176 0.185 -1.6% 6 DZ -0.088 0.143 0.14;3 -0.088 0.189 
DY -0.007 0.014 -0.014 0.007 

LEVEL JOINT ID 29 30 31 32 

OX -0.053 -0.053 0.053 0.053 0.108 0.116 13% 5 DZ -0.062 0.102 0.102 -0.062 0.121 
DY -0.005 0.012 -0.012 0.005 

LEVEL JOINT ID 21 22 23 24 

OX -0.042 -0.042 0.042 0.042 0.073 0.078 -2.5% 4 DZ -0.047 0.073 0.073 -0.047 0.080 
DY -0.004 0.011 -0.011 0.004 

LEVEL JOINT ID 13 14 15 16 

OX -0.031 -0.031 0.031 0.031 0.047 
3 DZ ' -0.034 0.049 0.049 -0.034 0.050 0.050 0% : 

DY , -0.003 0.009 -0.009 0.003 
, 

LEVEL JOINT ID 5 6 7 8 

OX -0.017 -0.017 0.017 0.017 0.023 
0.023 4.5% 2 DZ -0.018 0.022 0.022 -0.018 0.022 

DY -0.002 0.007 -0.007 0.002 

Normalised mode shape for torsion 1 J f=15.72 Hz 

Maximum displacement at joints 102Z & 103Z 

DECK MASS INCREASED BY 256 kg (100% ) 

Table 4.54 



LEVEL JOINT 

OX 
9 OZ 

OY 

LEVEL JOINT 

OX 
8 OZ 

OY 

LEVEL JOINT 

OX 
7 OZ 

OY 

LEVEL JOINT 

OX 
6 OZ 

OY 

LEVEL JOINT 

OX 
5 OZ 

OY 

LEVEL JOINT 

OX 
4 OZ 

oY 

LEVEL JOINT 

OX 
3 OZ 

OY 

LEVEL JOINT 

OX 
2 OZ 

oY 

10 75 88 89 76 

0.003 0.002 -0.002 -0.003 
-0.073 -0.081 -0.082 -0.073 

10 68 71 72 67 

0.002 0.003 -0.003 -0.003 
-0.135 -0.143 -0.143 -0.135 

0.067 0.066 -0.066 -0.068 

10 50 51 52 49 

0.003 0.002 -0.001 -0.002 
0.772 0.764 0.764 0.772 

-0.021 -0.022 0.022 0.021 

10 37 38 39 40 

0.003 0.003 -0.001 -0.001 
0.989 0.983 0.983 0.989 

-0.027 -0.028 0.028 0.027 

10 29 30 31 32 

0.002 0.002 -0.001 -0.001 
0.976 0.971 0.971 0.976 

-0.009 -0.009 0.009 0.009 

10 21 22 23 24 

0.002 0.002 -0.001 -0.001 
0.880 0.876 0.876 0.880 
0.011 0.011 -0.010 - 0.011 

10 13 14 15 16 

0.002 0.001 - 0.001 -0.001 
0.691 0.688 0.688 0.691 
0.026 0.026 -0.026 -0.026 

10 5 6 7 8 

-0.017 0.018 -0.018 0.017 
0.381 0.379 0.379 0.381 
0.030 0.029 -0.029 -0.030 

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

Maximum displacement at joints 33Z & 35Z 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.55 

174 

Mean 6.% 
displ. 

-0.074 -60% 

-0.133 -42% 

0.737 0% 

0.946 -4.3% 

0.934 -6.6% 

0.843 -8.3% 

0.662 -9:-7%~ 

0.365 -11 % 
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LEVEL JOINT IO 75 88 89 76 Mean A % 
disp 1. 

OX -0.045 -0.046 -0.046 -0.046 -0.044 -73% 
9 OZ 0.0 0.0 0.0 0.0 

OY 

LEVEL JGlINT IO 68 71 72 67 

OX -0.155 -0.154 -0.154 -0.155 -0.147 -34% 
8 OZ 0.0 0.0 0.0 0.0 

OX -0.217 0.137 0.137 -0.217 

LEVEL JOINT IO 50 51 52 49 

OX 0.894 0.895 0.895 0.894 0.853 0% 
7 oz 0.0 0.0 0.0 0.'0 

OY -0.100 0.029 0.029 -0.100 

LEVEL JOINT IO 37 38 39 40 

OX 1.000 1.000 1.000 1.000 0.954 -4.6% 
6 oz -0.001 -0.001 -0.001 - 0.001 

OY -0.086 0.022 0.022 -0.086 

LEVEL JOINT IO 29 30 31 32 

OX 0.912 0.912 0.912 0.912 0.870 -7.9% 
5 OZ -0.001 -0.001 -0.001 -0.001 

OY -0.090 0.034 0.034 -0.090 

LEVEL JOINT IO 21 22 23 24 

OX 0.764 0.764 0.764 0.764 0.729 -11 % 
4 OZ -0.001 -0.001 -0.001 -0.001 

OY -0.093 0.046 0.046 -0.093 

LEVEL JOINT IO 13 14 15 16 

OX 0.545 0.546 0.546 0.545 0.521 -14% 
3 oz 0.0 -0.001 0.0 -0.001 

oY -0.091 0.054 0.054 -0.091 

LEVEL JOINT IO 5 6 7 8 

OX 0.244 0.244 0.244 0.244 0.233 -19% 
2 OZ -0.011 0.010 -0.011 0.010 

DY -0.078 0.052 0.052 -0.078 

Normalised mode shape for sway X,2 J f=62.46 Hz 

Maximum d~splacement at joints 37X to 40X 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.56 
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LEVEL JOINT ID 75 88 89 76 Rotation Mean D. % 
rotation 

OX 0.045 0.044 -0.044 -0.045 -0.103 
-0.093 -12% 9 DZ 0.036 -0.041 -0.042 0.036 -0.050 

DY 

LEVEL JOINT ID 68 71 72 67 

OX 0.028 0.028 -0.028 -0.028 -0.065 
-0.067 -22% 8 DZ 0.034 -0.037 -0.037 0.034 -0.046 

DY - 0.016 0.011 - 0.012 0.016 

LEVEL JOINT ID 50 51 52 49 

OX -0.520 -0.520 0.520 0.520 0.920 
0.911 0% 7 DZ -0.805 0.800 0.800 -0.805 0.895 

DY 0.012 -0.016 0.015 -0.012 

LEVEL JOINT ID 37 38 39 40 

OX -0.666 -0.666 0.666 0.666 0.980 
0.994 -0.6% 6 DZ -1.000 1.000 1.000 -1.000 1.000 

DY 0.010 -0.014 0.013 -0.010 

LEVEL JOINT ID' 29 30 31 32 

OX . -0.685 -0.685 0.686 0.686 0.851 
-0.9% 5 DZ -0.977 0.982 0.982 -0.977 0.881 0.869 

DY -0.001 -0.002 0.001 0.001 

LEVEL JOINT ID 21 22 23 24 

OX -0.657 -0.657 0.658 0.658 0.701 
0.721 -3% 4 DZ -0.903 0.911 0.911 -0.903 0.736 

DY -0.008 0.005 -0.006 0.008 

LEVEL JOINT ID 13 14 15 16 

OX -0.543 -0.543 0.543 0.543 0.501 
0.522 -1.1 % 3 DZ -0.730 0.739 0.739 -0.730 0.539 

DY -0.012 0.010 -0.010 0.012 

LEVEL JOINT ID 5 6 7 8 

OX -0.281 -0.281 0.282 0.282 0.228 
-9.7% 2 DZ -0.408 0.415 0.415 -0.408 0.274 0.252 

DY -0.010 0.009 -0.009 0.011 

Normalised mode shape for tons ion 2 J f=81.24 Hz 

Maximum 'displacement at jOints 37Z to 40Z 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.57 
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LEVEL JOINT IO 75 88 89 76 Mean ~% 
displ. 

OX -0.003 -0.014 0.014 0.004 
9 OZ -0.139 -0.166 -0.172 -0.139 -0.162 -57% 

OY 

LEVEL JOINT ro 68 71 72 67 

OX -0.007 0.002 -0.003 0.007 
8 DZ 0.037 0.027 0.028 0.037 0.034 -17% 

DY -0.052 -0.079 0.077 0.052 

LEVEL JOINT IO 50 51 52 49 

OX -0.004 -0.002 -0.003 -0.001 
7 DZ 0.958 0.943 0.943 0.958 1.000 0% 

DY -0.076 -0.094 0.092 0.076 

LEVEL JOINT ro 37 38 39 40 

OX -0.002 -0.002 -0.001 -0.002 
6 DZ 0.851 0.844 0.844 0.851 0.892 -3.5% 

DY -0.009 -0.023 0.021 0.009 

LEVEL JOINT ro 29 30 31 32 

OX -0.002 -0.003 0.003 0.002 
5 DZ 0.175 0.176 0.176 0.175 o ~ 185 -8.0% 

DY 0.091 0.081 -0.083 -0.091 

LEVEL JOINT IO 21 22 23 24 

OX -0.001 -0.003 0.005 0.004 
4 DZ -0.359 -0.351 -0.351 -0.359 -0.373 -1.9% 

DY (J .138 0.130 -0.131 -0.137 

LEVEL JOINT IO 13 14 15 16 

OX 0.0 -0.002 0.006 0.004 
3 DZ -0.730 -0.720 -0.720 -0.730 -0.763 0.7% 

DY 0.145 0.139 -0.140 -0.144 

LEVEL JOINT IO 5 6 7 8 

2 
OX 0.031 -0.030 0.033 -0.028 
OZ -0.627 -0.618 -0.618 -0.627 -0.655 0% 
DY 0.118 0.113 -0.114 -0.118 

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

Maximum displacement at joint 47Z 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.58 
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LEVEL JOINT 10 75 88 89 76 Mean ~% 
displ. 

OX -0.124 -0.117 -0.118 -0.124 - 0 .126 -21 % 
9 OZ 0.001 -0.001 0.002 -0.002 

OY 

LEVEL JOINT 10 68 71 72 67 

OX 0.027 0.030 0.030 Node 0.031 0.027 
shift 8 OZ -0.002 0.002 -0.002 0.002 

OY - 0.019 -0.002 0.0 -0.019 

LEVEL JOINT 10 50 51 52 49 

OX 0.963 0.960 0.960 0.963 1.000 0% 
7 OZ 0.002 0.002 0.002 0.002 

OY 0.012 -0.032 -0.031 0.013 

LEVEL JOINT 10 37 38 39 40 

OX 0.762 0.763 0.763 0.762 0.793 -2.0% 
6 OZ 0.002 0.002 0.002 0.002 

OY -0.048 0.030 0.031 -0.048 

LEVEL JOINT 10 29 30 31 32 

OX 0.079 0.079 0.079 0.079 0.082 -12% 
5 OZ 0.001 0.0 0.001 0.0 

oY -0.131 0.114 0.115 -0.131 

LEVEL JOINT 10 21 22 23 24 

OX -0.440 -0.440 -0.440 -0.440 -0.458 1.1 % 
A OZ 0.0 -0.002 0.001 -0.002 

OY -0.164 0.150 0.150 -0.164 

LEVEL JOINT 10 13 14 15 16 

OX -0.754 -0.754 -0.753 -0.754 -0.784 -0.3% 
3 OZ -0.001 -0.002 -0.001 -0.003 

OY -0.156 0.145 0.145 -0.157 

LEVEL JOINT ro 5 6 7 8 

OX -0.551 -0.551 -0.551 -0.551 -0.573 -0.3% 
2 OZ 0.024 -0.026 0.024 -0.027 

OY . -0.115 0.108 0.107 -0.116 

Normalised mode shape for sway X.3 ; f=142.48 Hz 

Maximum displacement at joint 48X 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.59 
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LEVEL JOINT ID 75 88 
(Table 4.1E 

89 76 Rotation Mean A % 
rotation 

OX 0.525 0.517 -0.518 -0.524 -1 .000 
-5.181 

Large 
9 OZ -0.375 0.374 0.374 -0.375 0.399 change 

OY 

LEVEL JOINT ID 68 71 72 67 

OX 0.479 0.479 -0.479 -0.480 -0.919 
-2.388 

Large 
8 OZ -0.589 0.616 0.616 -0.584 0.642 change 

OY 0.194 -0.209 0.209 -0.193 

LEVEL JOINT ID 50 51 52 49 

OX -0.015 -0.014 0.011 0.011 0.019 
0% 7 OZ -0.088 0.123 0.123 -0.088 0.097 1.000 

OY 0.059 -0.070 0.070 -0.059 
, 

LEVEL JOINT ID 37 38 39 40 

OX -0.023 -0.023 0.020 0.020 0.026 
-59.5% 6 OZ 0.006 0.022 0.022 0.006 0.007 0.284 

OY 0.034 -0.041 0.040 -0.034 

LEVEL JOINT ID 29 30 31 32 

OX 0.016 0.016 -0.016 -0.016 -0.016 Node 
5 OZ 0.035 -0.032 -0.032 0.035 -0.025 -0.353 shift 

OY 0.024 -0.026 0.025 -0.024 

LEVEL JOINT ro, 21 22 23 24 

OX 0.034 0.034 -0.033 -0.033 -0.030 
72.4% 4 OZ 0.040 -0.054 -0.054 0.040 -0.032 -0.534 

oY 0.018 -0.017 0.016 -0.018 

LEVEL JOINT ID, 13 14 15 16 

OX 0.040 0.040 -0.037 -0.037 -0.029 
3 OZ 0.033 -0.058 -0.058 0.033 -0.028 -0.491 14.3% 

DY 0.014 -0.012 0.012 -0.014 

LEVEL JOINT ID 5 6 7 8 

OX 0.027 0.026 -0.024 -0.025 -0.017 
2 DZ 0.014 -0.034 -0.034 0.014 -0.013 -0.259 0.8% 

DY 0.011 -0.009 0.009 -0.011 

Norma1ised mode shape ; f= 137.7BHz 

Maximum displa~ement at joint 73X 

DECK MASS INCREASED BY 256 kg (100%) 

Table 4.60 



MODE 

Sway Z.1 

Sway X.1 

Torsion 1 

Sway Z.2 

Sway X.2 

Torsion 2 

Sway Z.3 

Sway X.3 

Torsion 3 

~ 
RIGID SUPPORTS VERT. SUPPORT STIFFNESS 

UNCHANGED REDUCED BY 10% 

FREQ. (Hz.) FREQ. (Hz.) CHANGE FREQ. (Hz.) I CHANGE 
--- ---- ~-.- ---------- - - ---. I 

I 

15.07 17.38 15.3% 14.86 I -1 . 4~o 

16.46 18.48 12.3% 16.27 -1.2% 

19.45 19.67 1.1 % 19.44 N.C. 

62.59 69.25 10.6% 62.41 N.C. 

64.48 68.24 I 5.8% 64.22 N.C. 

81.44 82.86 I 1.7% 81.43 N.C. I 

136.0 142.1 I 4.5% 136.0 N.C. 

143.9 146.6 1.9% 143.8 N.C. 

169.1 170.8 1% 169.1 N.C. 

N.C. < 1% Change 

Natural frequenc~es of model platform with support changes-

Table 4.61 
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~ 
RIGID SUPPORTS VERT. SUPPORT STIFFNESS 

UNCHANGED REDUCED BY 10% 

MODE FREQ. (Hz.) . FREQ. (Hz. ) CHANGE FREQ. (Hz. ) CHANGE 
----- ----- -

Ovalising 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. 

Dvalising 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 I 22.7% 83.40 N.C. 

Deck Pitch. 90.66 89.52 -1.3% 89.80 N.C. 

Deck Roll 101.3 106.1 4.7% 101 .1 I N.C. 

Deck 127.4 128.4 N.C. 127.4 I N.C. 

Deck Bending 159.7 159.9 N.C. 159.7 N.e. 

N.C.<1% Change 

Natural frequencies of model platform with support changes 

Table 4.62 
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CHAPTER 5 

EXPERIMENTS ON MODEL PLATFORM 



Model Platform 

Figure 5 . 1 
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Log-Linear Scales 

Figure 5.43 

100. 

Cross Spectrum Phase Angle 

Fig ure 5.44 

100. 

Coherence 

Figure 5.45 

100. 

Cross Spectra and Coherence Betwee~ Joints 76Z/49Z 

Figures 5.43 to 5.45 
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Auto Response Spectrum(joint 52Z) 

Log-Linear Scales 

Figure 5.46 

100. 

Auto Response Spectrum(joint 49Z ' 

Log-Linear Scales 

Figure 5.47 

100 . 

Frequency Response Function 

Between Joints 52Z/49Z 

Linear Scales 

Figure 5.48 

Auto Response Spectra and Frequency Response Function 

Figures 5.46 to 5.48 
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o db 

Cross Spectrum Magnitude 

Log-Linear Scales 

Figure 5.49 

-50 db 
o Frequency(Hz) 

Cross Spectrum Phase Angle 

Figure 5.50 

o Frequency (Hz) 100 . 

1 . 0 

Coherence 

Figure 5.51 

0.0 
FrequencY(Hz) 100. 

Cross Spectra and Coherence Between Joints 52Z/49Z 

Figures 5 . 49 to 5.51 
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a 4% Deck Mass Increase 

Figure 5.52 
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0 
LEVEL JOINT ID 73 102 103 74 MEAN OISPL. 

w 
0:: 
:::J OX -0.25 -0.28 -0.43 -0.46 (f) 
<:( 9 OZ 0.99 0.74 0.71 1.00 1.00 w 
E Oy .0.09 0.03 -0.04 -0.06 

0 LEVEL JOINT ID 73 102 103 74 
w 
I-
:::J OX 0.08 0.08 -0.08 -0.08 0... 
E 9 OZ 1 .00 0.72 0.72 1.00 0.97 0 
u Oy - - - -
0 LEVEL JOINT IO 53 97 96 54 
w 
0:: 
:::J OX -0.27 -0.26 -0.43 -0.44 (f) 
<:( 8 OZ 0.98 0.69 0.68 0.96 0.96 w 
E OY 0.04 0.04 -0.09 -0.03 

0 LEVEL JOINT ID 53 97 96 54 
w 
I-
:::J OX 0.08 0.08 -0.08 -0.08 0... 
E 8 OZ 0.98 0.70 0.70 0.98 0.95 0 
u OY 0.03 0.03 -0.03 -0.03 

0 LEVEL JOINT ID 50 51 52 49 
w 
0:: 
:::J OX -0.15 -0.21 -0.22 -0.25 (f) 
<:( 7 OZ 0.55 0.52 0.51 0.54 0.62 w 
E Oy - - - -
0 LEVEL 
w JOINT ID 50 . 51 52 49 
I-
::J 

OX 0.02 -0.02 -0.02 0... 0.02 E 7 OZ 0.52 0.52 0.57 0.62 0 0.57 u Oy 0.04 -0.04 -0.04 0.04 

0 LEVEL JOINT 10 
w 13 14 15 16 
0:: 
::J OX -0.03· -0.04 -0.03 -0.06 (f) 
<:( 3 OZ 0.04 0.03 0.02 0.05 0.04 w 
E Oy - -- -

LEVEL JOINT IO 
0 

13 14 15 16 
w 
I- OX 0.01 0.01 -0.01 -0.01 ::J 
0... 3 OZ 0.11 0.10 0.10 0.11 0.12 E 
0 OY 0.05 0.05 -0.05 -0.05 u 

Normalised Measured and Computed Mode Shape for Sway Z,1 

fm = 1.4.2 Hz," f c = 15.07 Hz. 

TABLE 5.1A 



222 

used i 

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 

level 7 . 

8 

Mode shape table layout 

TABLE 5.1B 
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0 . LEVEL . JOINT 10 73 102 .. 103 .74 . MEAN.OISPL • 
w 
0:: 
:J OX 0.96 1.00 0.87 0.86 1.00 (f) 
c( 9 OZ 0.41 0.23 0.27 0.40 w 
:E OY -0.06 0.03 0.05 -0.07 

0 LEVEL JOINT 10 73 102 103 74 
w 
I-
:J OX 1.00 1.00 1.00 1.00 1.04 0... 
:E 9 OZ 0.0 0.0 0.0 0.0 0 
u OY - - - -
0 LEVEL JOINT ID 53. .97 .96 54 
w 
0:: 

1.00 :J OX 0.97 0.99 0.86 0.88 (f) 
c( 8 OZ 0.43 0.24 0.21 0.37 w 
:E OY -0.04 0.01 0.01 -0.07 

0 LEVEL JOINT 10 53 97 96 54 
w 
I-
:J OX . 0.98 0.98 0.98 0.98 1.02 0... 
:E 8 OZ 0.0 0.0 0.0 0.0 0 
u OY -0.05 0.05 0.05 -0.05 

0 LEVEL JOINT 10 50 51 52 49 
w 

.0:: 
:J OX 0.54 0.53 0.54 0.52 0.58 (f) 
c( 7 OZ 0.22 0.16 0.16 0.18 w a: OY - - - -
Cl LEVEL JOINT 10 50 51 52 49 
UJ 
I-
:J 

OX 0.56 0.56 0.56 0.56 0.58 0... 

a 7 OZ 0.0 0.0 0.0 0.0 u 
OY 0.05 0.05 -0.05 -0.05 

0 LEVEL JOINT 10 13 14 15 16 w 
0:: 
:J OX 0.12 0.13 0.13 0.12 0.14 (f) 
c( 3 OZ 0.01 0.0 0.01 0.0 w 
:E OY - - --

LEVEL JOINT 10 13 14 15 16 
0 
.~ OX 0.12 0.12 0.12 0.12 0.12 :J 
0... 3 OZ 0.0 0.0 0.0 0.0 a: 
0 OY -0.05 0.05 0.05 -0.05 u 

Normalised Measured and Computed Mode Shape for Sway X.1 

f m = 16. Hz. f c = 16.46 Hz. 

TABLE 5.2 
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0 w LEVEL JOINT 10 73 102 103 74 ROTATION MEAN ROTATION 
0:: 
=:J 

0.92 (f) OX --0.45 -0.42 0.48 0.48 
0.99 c:( 

9 -0.81 1.00 w OZ -0.81 1.00 0.95 ~ 

OY 0.03 -0.07 -0.01 -0.02 

0 LEVEL JOINT 10 73 102 103 74 w 
f-
=:J 

0.5 1.00 (L OX -0.5 -0.5 0.5 0.71 ~ 
0 9 OZ -0.77 1.00 1.00 -0.77 0.98 u 

OY 

0 
LEVEL JOINT 10 53 97 96 54 

w 
0:: 

0.47 0.53 0.96 =:J OX -0.48 -0.43 1.0 (f) 
c:( 8 02 -0.78 0.95 0.95 --0.80 0.97 w 
~ OY -0.01 -0.03 -0.05 -0.01 

I LEVEL JOINT 10 53 97 96 54 0 w 
f-

0.49 0.98 =:J OX -0.49 -0.49 0.49 0.70 (L 
~ 8 OZ -0.76 0.99 0.99 -0.76 0.97 0 
u OY 0.01 0.0 -0.0 -0.01 

0 LEVEL JOINT 10 50 51 52 49 w 
0:: 
=:J 

0.14 0.22 (f) OX -0.13 -0.13 0.16 0.23 c:( 
UJ 7 OZ -0.14 0.33 0.33 -0.14 0.23 ~ 

OY 

0 LEVEL JOINT 10 50 51 52 49 
w 
f-
=:J OX -0.1 -0.1 0.1 0.1 0.30 0.23 CL 
~ 7 OZ -0.1 0.25 0.25 -0.1 0.34 0 
u OY -0.0 0.02 -0.02 0.0 

0 
LEVEL JOINT IO 

UJ 
13 14 15 16 

0:: 
=:J OX -0.05 -0.05 0.05 0.05 0.04 0.04 (f) 
c:( 3 OZ -0.05 ·0.07 0.07 -0.05 0.04 UJ 
~ OY 

0 
LEVEL JOINT IO 13 14 15 16 

UJ 
f-. 

OX =:J -0.03 -0.03 0.03 0103 0.05 0.04 (L 
~ 3 OZ -0.02 0.06 0.06 -0.02 0.05 0 
u OY 0.0 0.01 -0.01 -0.0 

.-. 

Normalised Measured and Computed Mode Shape for Torsion 1; 

f m = 19 • 5 Hz, + c 19.45 Hz. 

TABLE 5.3 
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0 
LEVEL JOINT 10 73 102 103 74 MEAN OISP. 

w 
cr:: 
::J OX 0.0 0.0 -0.03 0.0 (f) 
<:t: 9 OZ -0.20 -0.27 -0.26 -0.27 -0.24 w 
~ OY 0.05 0.02 -0.01 0.D4 

0 
LEVEL JOINT 10 73 102 103 74 

w 
f-

-0.02 ::J OX 0.02 0.02 -0.02 (L 
~ 9 OZ -0.23 -0.29 -0.29 -0.23 -0.22 0 
u OY -- -- -- --

0 LEVEL JOINT 10 53 97 96 54 w 
cr:: 
::J 

-0.01 (f) OX 0.01 0.0 -0.02 <:t: 
-0.10 -0.20 w 8 OZ -0.20 -0.24 -0.24 ~ 

OY 0.04 0.01 0.02 0.07 

0 
LEVEL JOINT 10 53 97 96 54 

w 
f-
::J OX 0.02 0.02 -0.02 -0.02 (L 
~ 8 OZ -0.29 -0.35 -0.35 -0.29 -0.27 0 
u OY 0.14 0.14 -0.14 -0.14 

0 LEVEL JOINT 10 50 51 52 49 
w 
cr:: 
::J OX 0.03 0.02 0.03 0.06 (f) 
<:t: 7 OZ 0.80 0.78 0.77 0.83 0.82 w 
~ OY -- -- -- --

0 LEVEL JOINT 10 50 51 52 49 
UJ 
f-
::J OX 0.0 0.0 0.0 0.0 (L 
~ 7 OZ 1.00 0.98 0.98 1.00 0.82 0 
u OY -0.05 -0.05 0.05 0.05 

LEVEL JOINT 10 13 14 15 16 
0 
UJ 
cr:: OX 0.10 0.11 0.07 0.03 ::J 
(f) 3 OZ 0.98 0.95 0.95 1.00 1.00 <:t: 
UJ OY -- -- -- --~ 

LEVEL JOINT 10 13 14 15 16 
0 
UJ 
f- OX 0.0 0.0 0.0 0.0 :.=l 
(L 3 OZ 0.99 0.98 0.98 0.99 0.82 ~ 
0 OY 0.02 0.02 -0.02 -0.02 u 

Normalised Measured and Computed Mode Shape for Sway Z,2 

= 60.3 Hz, = 62.59 Hz 

TABLE 5.4 
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LEVEL JOINT 10 73 102 103 74 MEAN DISP. 0, 
w 
0::: OX -0.25 -0.26 -0.25 -0.25 -0.26 ~ 
(fJ 

9 OZ 0.0 0.02 0.02 0.0 c:( 
w 

OY -0.20 0.05 0.10 -0.16 :E: 

LEVEL 
0 

JOINT 10 73 102 103 74 
w 
f- OX -0.19 -0.19 -0.19 -0.19 -0.19 ~ 
0.. 9 OZ 0.0 0.0 0.0 0.0 :E: 
0 Oy -- -- --u --

0 LEVEL JOINT 10 w 53 97 96 54 
0::: 
~ 

OX -0.29 -0.29 -0.29 -0.27 -0.29 (fJ 
c:( 

8 OZ 0.04 0.03 0.04 0.03 w 
:E: 

OY -0.20 0.04 0.11 -0.18 

LEVEL 
0 

JOINT 10 53 97 96 54 
w 
f-

OX -0.27 -0.27 -0.27 -0.27 -0.27 ~ 
0.. 

8 OZ 0.0 0.0 0.0 0.0 :E: 
0 Oy -0.29 0.27 0.27 -0.29 u 

LEVEL JOINT 10 50 51 52 49 
0 w 
0::: 

OX 0.97 0.98 0.97 0.95 0.99 ~ 
(fJ 

7 OZ -0.04 -0.06 -0.07 -0.07 c:( 
w 
:E: Oy -- -- -- --

0 LEVEL' JOINT ID 50 51 52 49 w 
f-
:J 

1.0 0.99 0.. OX 1.0 1.0 1 .0 :E: 
0 7 OZ 0.0 0.0 0.0 0.0 u 

Oy -0.03 0.01 0.01 -0.03 

0 LEVEL JOINT 10 13 14 15 16 w 
0::: 
~ 

OX 0.98 1.00 (/) 0.97 1.00 0.87 c:( 
w 3 OZ -0.05 .,.0.06 -0.06 -0.03 :E: Oy -- -- -- --

LEVEL JOINT 10 13 14 15 16 0 
w .... 

OX 0.71 0.71 0.70 ~ 0.71 0.71 0.. 3 OZ 0.0 :E 0.0 0.0 0.0 0 OY -0.06 0.04 -0.06 u 0.04 

Normalised Measured ,and Computed Mode Shape for Sway X.2 

64.48 Hz 

TABLE 5.5 



227 

0 
LEVEL JOINT 10 73 102 103 74 ROTATION MEAN ROTATIONI 

w 
0:: 
::J OX 0.16 O. '1 9 -0.16 -0.15 -0.41 U) 

-0.42 « 9 OZ 0.27 -0.30 -0.28 0.30 -0.40 w 
E: OY -0.17 0.07 0.04 -0.18 

0 
LEVEL JOINT 10 73 102 103 74 

w 
I-

-0.14 ::J OX 0.15 0.14 -0.14 -0.14 0.. -0.13 E: 9 OZ 0.21 -0.22 -0.22 0.21 -0.12 0 
u OY 

0 LEVEL JOINT 10 53 97 96 54 w 
0:: 
::J 

-0.18 -0.15 -0.34 U) OX 0.10 0.11 « -0.33 w 8 OZ 0.21 -0.24 -0.22 0.21 -0.31 E: 
OY -0.15 0.05 0.05 -0.19 

0 LEVEL JOINT 10 53 97 96 54 w 
I-
::J 

-0.11 0.. OX 0.11 0.11 -0.11 -0.11 E: -0.11 0 8 OZ 0.17 -0.19 -0.19 0.17 -0.10 u 
OY -0.06 0.04 -0.04 0.06 

0 LEVEL JOINT 10 50 51 52 49 w 
0:: 
::J 

1.00 U) OX -0.49 -0.45 0.61 0.55 « 1 • 0 w 7 OZ -0.84 0.87 0.75 -0.79 -0.95 E: 
OY , 

LEVEL JOINT 10 50 51 52 49 I 0 
J w 

I-

! ::J OX -0.65 -0.65 0.65 0.65 1.00 0.. 
1 .0 E: 7 OZ 0.99 -1.0 0.97 0 -1.0 0.99 

u OY 0.02 -0.02 0.02 -0.02 

0 
LEVEL JOINT 10 13 14 15 16 

w 
0:: 
::J OX -0.79 -0.78 0.73 0.74 0.76 U) 

0.77 « 3 OZ -0.92 0.96 1.00 -0.92 0.75 w 
E: OY 

d 
LEVEL . JOINT 10 13 14 15 16 

w 
I-

OX ::J -0.68 -0.68 0.68 0.68 0.55 0.. 
0.58 E: 3 OZ -0.92 0.93 0.93 -0.92 0.59 0 

u OY -0.01 0.01 -0.01 0.01 

Normalised Measured and Computed Mode Shape for Torsion 2; 

+ m = 67.8 Hz. :Fe = 81.44 Hz. 

TABLE 5.6 
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LEVEL JOINT 10 73 102 103 74 MEAN OISP. 
0 
w 
cr: 

OX -0.27 -0.26 -0.27 -0.33 -0.31 ::J 
(f) 

9 OZ -0.04 0.05 c( 0.01 0.04 w Oy -0.86 -1.0 0.82 ~ 0.80 

LEVEL JOINT ID 73 102 103 74 
0 
w 
f-

OX -0.17 -0.16 -0.16 -0.17 -0.17 ::J 
D-

9 OZ 0.0 0.0 0.0 0.0 ~ 
0 Oy --u - - -- --

LEVEL JOINT 10 
0 

53 97 96 54 
w 
a:: 

OX 0.08 0.01 0.07 0.05 0.06 ::J 
(f) 

8 OZ -0.01 -0.05 -0.07 -0.02 c( 
w 

OY 0.80 -0.87 -1.00 0.83 ~ 

LEVEL JOINT ID 53 97 96 54 
0 
w 
f-

OX -0.01 -0.01 -0.01 -0.01 -0.01 ::J 
D-

8 OZ 0.0 0.0 0.0 ~ 0.0 0 Oy 0.49 -0.42 -0.41 0.49 u 

LEVEL JOINT ID 50 51 52 49 0 
w 
a:: 

OX 0.88 0.90 0.94 0.92 1.00 ::J 
(f) 

7 0.07 0.09 -0.07 c( OZ -0.03 w 
~ Oy -- -- -- --

0 
LEVEL JOINT 10 50 51 52 49 

w 
f-

1 .00 1.00 ::J OX 1.00 1.00 1.00 D-
~ 7 OZ 0.0 0.0 0.0 0.0 0 
u Oy 0.02 -0.06 -0.06 0.02 

"-
0 LEVEL JOINT IO 13 14 15 16 w 
a:: 
::J 

OX -0.54 (f) -0.50 -0.47 -0.48 -0.51 c( 
w 3 OZ 0.03 ':'0.03 -0.03 0.04 ~ Oy -- . -- -- --

LEVEL JOINT IO 13 14 15 16 0 w. 
f- OX -0.78 -0.78 -0.78 -0.78 ::J -0.78 D-

3 OZ 0.0 ~ 0.0 0.0 0.0 0 OY -0.16 0.14 -0.16 u 0.14 .-

Normalised Measured and Computed Mode Shape for Sway X.3 

118.4 Hz. + = 143.89 Hz 
.C 

TABLE 5.7 
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-
0 LEVEL JOINT 10 73 102 103 74 MEAN OISP. 
w 
a: 
:::J OX -0.02 -0.05 0.02 0.04 (/) 

« 9 OZ -0.52 -0.57 -0.52 -0.52 -0.80 w 
L OY -0.83 -0.94 0.91 0.85 

0 LEVEL JOINT 10 73 102 103 74 
w 
f-
:::J OX -0.06 -0.06 0.06 0.06 (L 
L 9 OZ -0.26 -0.31 -0.31 -0.26 -0.38 0 
u OY -- - - -- --

0 LEVEL JOINT 10 53 97 96 54 
w 
a: 
:::J OX -0.03 -0.03 0.03 0.04 en 
« 8 OZ 0.11 0.15 0.16 0.15 0.22 w 
L OY -0.91 -1.00 1.00 0.93 

.. 

0 LEVEL JOINT 10 53 97 96 54 
w 
f-
:::J OX 0.01 0.01 -0.01 -0.01 (L 
L 8 OZ 0.01 0.05 0.05 0.01 0.04 0 
u OY -0.25 -0.99 1.00 0.24 

0 LEVEL JOINT 10 50 51 52 49 
w 
a: 
:::J OX -0.08 -0.02 -0.03 0.04 en « 7 OZ 0.61 0.71 0.68 0.65 1.00 w 
L OY -- -- -- --

0 LEVEL JOINT 10 50 51 52 49 
w 
f-
:::J OX -0.01 -0.01 0.0 0.0 (L 
L 7 OZ 0.78 0.73 0.73 0.78 1.00 0 
u OY -0.08 -0.18 0.17 0.08 

0 LEVEL JOINT 10 13 14 15 16 
w 
a: 
:::J OX 0.07 -Q.02 0.0 -0.02 (/) 
« 3 OZ -0.45 -0.45 -0.43 -0.46 -0.68 w 
L OY -- -- -- --

0 LEVEL JOINT 10 13 14 15 16 
w 
f-
:::J OX -0.01 -0.01 0.02 0.01 (L 
L 3 OZ -0.60 -0.56 -0.56 -0.60 -0.77 '0 
u OY 0.11 0.08 -0.08 -0.11 

Normalised Measured and Computed Mode Shape for Sway Z.3 

= 119.4 Hz. f c = 136.02 Hz 

TABLE 5.8 



230 

MEAN A% 
0 LEVEL JOINT ID 73 102 103 74 OISPL. (TABLE 5.4) w 
0:: 
::J 

OX (f) -0.03 -0.04 -0.04 0.04 
c:( 

9 OZ 58.3% w -0.15 0.01 0.02 -0.14 -0.38 
~ 

OY -0.06 -0.03 0.03 0.06 

0 LEVEL JOINT ID 73 102 103 74 w 
f-
::J 
0... OX -0.04 -0.04 0.04 0.04 
~ 9 -0.47 0 OZ -0.24 -0.07 -0.07 -0.24 
u 

OY 

0 LEVEL JOINT ID 53 97 96 54 
w 
0:: 
::J OX -0.04 -0.04 0.04 0.03 (f) 
c:( 

8 OZ -0.10 0.03 0.03 -0.11 -0.22 10% w 
~ 

OY -0.08 -0.03 0.03 0.06 

0 LEVEL JOINT ID 53 97 96 54 
w 
f-
::J OX -0.04 -0.04 0.04 0.04 0... 
~ 8 OZ -0.20 -0.05 -0.05 -0.20 -0.38 0 
u OY -0.07 -0.02 0.02 0.07 

0 LEVEL JOINT ID 50 51 52 49 
w 
0:: 
::J 

OX 0.08 0.07 -0.07 -0.05 (f) 
c:( 

7 OZ 0.24 0.04 0.04 0.24 0.82 0% w 
~ OY 

0 LEVEL JOINT ID 50 51 52 49 
w 
f-
::J OX 0.10 0.10 -0.20 -0.10 CL 
~ 7 OZ 0.41 0.12 0.12 0.41 0.82 0 
u OY -0.07 -0.04 0.04 0.07 

0 LEVEL JOINT ID 13 14 15 16 
w 
0:: 
::J OX 0.20 0.14 -0.13 -0.24 (f) 
c:( 

3 OZ 0.99 0.14 0.14 1.00 3.32 232% w 
E OY 

. 
LEVEL JOINT ID 13 14 15 16 

0 
w 
f- OX 0.16 0.16 -0.16 -0.16 ::J 
0... 

3 OZ 1.00 0.28 0.28 1.00 1.94 ~ 
0 OY -0.11 -0.02 0.02 0.11 u 

Normalised Measured and Computed Mode Shape for Sway Z.2 

.f m 39.1 Hz. fc = 44.09 Hz. 

MEMBER 84 REMOVED 

TABLE 5.9 
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MEAN ~% 
0 LEVEL JOINT 
w IO 73 102 103 74 OISPL. (TABLE 5.n 
a::: 
::J OX -0.06 -0.09 -0.29 -0.31 -0.28 -9.7% UJ 
<t: 9 OZ 0.02 -0.05 -0.13 0.08 w 
:E: Oy 0.10 -0.33 -0.10 0.73 

0 LEVEL 
w JOINT IO 73 102 103 74 
I-
::J OX 0.05 0.06 -0.24 -0.24 -0.12 a... 
:E: 9 OZ -0.05 0.03 0.03 -0.05 0 
u Oy 

0 LEVEL JOINT IO 53 97 96 54 w 
a::: 
::J OX 0.09 0.08 -0.02 -0.12 0.01 -83% UJ 
<t: 8 OZ 0.12 0.16 -0.17 0.07 w 
:E: Oy 0.10 -0.34 -0.88 0.074 

0 LEVEL JOINT IO 53 97 96 54 
w 
I-
::J OX 0.0 0.0 -0.08 -0.08 -0.05 I a... I 

:E: 8 OZ 0.08 -0.11 -0.11 0.08 I 0 
u OY -0.46 0.45 -0.72 0.69 

0 LEVEL JOINT IO 50 51 52 49 
w 
a:: 
::J OX 0.45 0.54 0.87 0.85 1.00 0% UJ 
<t: 7 OX -0.53 0.53 0.38 -0.38 w 
:E: Oy 

0 LEVEL JOINT ID 50 51 52 49 
w 
I-
::J OX 0.58 0.58 1.00 1.00 1.00 a... 
:E: 7 OZ -0.28 0.38 0.38 -0.28 0 
u OY -0.02 0.03 -0.19 0.15 

0 LEVEL JOINT IO 13 14 15 16 
w 
0:: 
::J OX -0.23 -0.21 -0.56 -0.56 -0.58 7.4% UJ 
<t: 3 OZ 0.22 -0.22 -0.25 0.23 w 
:E: OY 

LEVEL JOINT ID 13 14 15 16 
0 
w 
I- OX -0.31 -0.31 -0.67 -0.67 -0.62 ::J 
a... 3 OZ 0.20 -0.27 -0.27 0.20 :E: 
0 OY -0.08 0.10 -0.02 -0.01 u 

Normalised Measured and Computed Mode Shape X.3 

f m = 96.9 Hz. fc = 113.83 Hz. 

MEMB'ER 135 REMOVED 

TABLE 5.10 
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MEASURED COMPUTED 
MODE FREQ (Hz) FREQ (Hz) 6.% 

Sway Z .1 14.2 15.07 6.1 

Sway X.1 16.0 16.46 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 13.9 

Sway X.3 118.4 143.9 21.5 

Torsion 3 Not Iden- 169.1 --
tified 

Comparison of Measured and Computed Sway 

and Torsion Natural Frequencies 

TABLE 5.11 



233 

MEASURED COMPUTED 
MODE FREQ.(Hz) FREQ. (Hz) .c:. ~.; 

Dvalising 1 40.5 39.60 -2.2 
-

Ovalising 2 48.5 46.39 -4.4 

Ovalising 3 60.9 57.99 -4.8 

Ovalising 4 81. 79.15 -2.3 

Dvalising 5 102.2 101.8 -0.4 

Ovalising 6 154.6 155.5 0.6 

Vertical 75.7 84.18 11.2 

Deck Pitch 105.4 90.60 -14. 

Deck Roll 80.3 101.3 26.2 

Deck Twist 130.0 127.4 -2.0 

Deck Bending Not Iden- 159.7 --
ti fied 

Comparison of Measured and Computed Natural 

Frequencies 

TABLE 5.12 
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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.C. 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% 

Torsion 3 Not Iden- -2.7% Not Iden-- -4.1% 
tified ti fied 

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 
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MEr'1BER NO. 84 ~lEMBER 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 N.M. 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. 

Deck 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 
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(/) 
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0 w 
0:: 
:J 
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0 w 
I-
:J 
0... 
L 
0 
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0 
w 
0:: 
:J 
(/) 
c:( 
w 
L 

0 w 
I-
:J 
0... 
L 
0 
u 

LEVEL JOINT ID 73 102 103 74 

OX -0.23 -0.21 -0.23 -0.22 
9 OZ 0.01 0.01 0.05 0.04 

OY 0.77 -0.66 -0.72 0.63 

LEVEL JOINT ID 73 102 103 74 

OX -0.17 -0.16 -0.16 -0.17 
9 OZ 0.0 0.0 0.0 0.0 

OY 

LEVEL JOINT ID 53 97 96 54 

OX 0.08 0.06 0.07 0.05 
8 OZ -0.07 -0.05 -0.06 -0.05 

OY 0.74 -0.63 -0.71 0.59 

LEVEL JOINT ID 53 97 96 54 

OX -0.01 -0.01 -0.01 -0.01 
8 OZ 0.0 0.0 0.0 0.0 

OY 0.49 -0.42 -0.41 0.49 

LEVEL JOINT ID 50 51 52 49 

OX 0.91 0.97 0.84 1.00 
7 OZ 0.20 0.27 0.23 0.23 

OY 

LEVEL JOINT ID 50 51 52 49 

OX 1.00 1.00 1.00 1 .00 
7 OZ 0.0 0.0 0.0 0.0 

OY 0.02 -0.06 -0.06 0.02 

LEVEL JOINT ID 13 14 15 16 

OX -0.62 -0.57 -0.63 -0.57 
3 OZ -0.17 -0.26 -0.19 -0.31 

OY 

LEVEL JOINT ID 13 14 15 16 

OX -0.78 -0.78 -0.78 -0.78 
3 OZ 0.0 0.0 0.0 0.0 

OY -0.16 0.14 0.14 -0.16 

Normalised Measured and Computed Mode Shape. 

f = 122.4 Hz. second third sway mode in m 

236 

MEAN OISPL. 

-0.24 

-0.17 

0.07 

-0.01 

1.00 

1. 00 

.-
-0.64 

-0.78 

X-direction; tc =,143.9 Hz. sway X.3 (Table 5.7) 

TABLE 5.15 
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0 LEVEL JOINT 10 73 w 102 103 74 MEAN DISPL. 
0:: 
:::J 

OX -0.05 0.06 0.06 U) -0.04 
<:( 

9 -0.50 -'-0.49 -0.46 -0.71 w OZ -0.49 
L 

OY -0.69 -0.92 -0.90 0.71 

0 w LEVEL JOINT 10 73 102 103 74 
I-
:::J 

OX -0.06 -0.06 0.06 0.06 CL 
L 

9 OZ -0.26 -0.31 -0.31 -0.26 -0.38 0 
u 

OY 

0 LEVEL JOINT 10 53 97 96 54 
w 
0:: 
:::J OX -0.01 0.02 0.03 0.04 U) 
<:( 

8 02 0.09 0.16 0.18 0.14 0.21 w 
L OY -0.78 -1 .0 0.97 0.81 

0 LEVEL JOINT 10 53 97 96 54 
w 
I-
:::J OX 0.01 0.01 -0.01 -0.01 CL 
L 8 02 0.01 0.05 0.05 0.01 0.04 0 
u OY -0.25 -0.99 1.00 0.24 

0 LEVEL JOINT 10 50 51 52 49 
w 
0:: 
:::J OX -0.02 -0.01 0.04 0.02 U) 
<:( 

7 02 0.66 0.73 0.65 0.70 1.00 w 
L OY 

0 LEVEL' JOINT 10 50 51 52 49 
w 
I-
:::J OX -0.01 -0.01 0.0 0.0 CL 
L 

7 02 0.78 0.73 0.73 0.78 1.00 0 
u OY -0.08 -0.18 0.17 0.08 

0 LEVEL JOINT 10 13 14 15 16 
w 
0:: 

,:::J OX -0.02 0.08 -0.05 0.04 U) 
<:( 

3 02 -0.46 -0.38 -0.40 -0.43 -0.61 w 
L OY 

'fi] LEVEL JOINT 10 13 14 15 16 
I-
:::J OX -0.01 -0.01 0.02 0.01 CL 
L 

3 02 -0.60 -0.56 -0.56 -0.60 -0.77 0 
u OY 0.11 0.08 -0.08 -0.11 

Normalised Measured and Computed Mode Shape. 

= 126. Hz, second third sway mode in 

Z-direction; f c = ,136.02 Hz, sway 2,3 (Table 5.8) 

TABLE 5.16 
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0 LEVEL JOINT 10 73 102 103 74 w 
0:: 
:::J 
U) OX -0.15 -0.18 0.12 0.12 <:X:: 
w 9 OZ 0.05 -0.23 -0.17 0.04 :E: 

OY 0.43 -0.95 0.57 -0.51 

0 LEVEL JOINT ID 73 102 103 74 
w 
I-
:::J OX -0.16 -0.16 0.16 0.16 0... 
:E: 9 OZ 0.2 -0.07 -0.07 0.2 0 u OY 

0 LEVEL JOINT 10 53 97 96 54 
w 
0:: 
:::J OX 0.0 0.0 0.03 0.03 U) 
<:X:: 8 OZ -0.09 0.07 0.11 -0.06 w 
:E: OY 0.44 -1.00 0.55 -0.61 

0 LEVEL JOINT 10 53 97 96 54 
w 
I-
:::J OX -0.01 -0.01 0.01 0.01 0... 
:E: 8 OZ -0.07 0.09 0.09 -0.07 0 u OY 1.00 -0.77 0.77 -1.00 

0 LEVEL JOINT 10 50 51 52 49 
w 
0:: 
:::J OX 0.01 0.02 -0.03 -0.04 U) 
<:X:: 7 OZ 0.07 -0.04 -0.05 0.08 w 
:E: OY 

0 LEVEL. JOINT 10 50 51 52 49 
w 
I-
:::J OX -0.02 -0.02 0.02 0.01 0... 
:E: 7 OZ -0.11 -0.19 -0.19 -0.11 0 
u OY 0.10 -0.1 0.1 -0.10 

0 LEVEL JOINT 10 13 14 15 16 
w 
0:: 
:::J OX -0.10 0.04 0.06 -0.02 U) 
<:X:: 3 OZ -0.18 -0.05 0.03 -0.11 w 
:E: OY 

0 LEVEL JOINT 10 13 14 15 16 
,W 
I-
:::J OX -0.01 -0.01 0.02 0.02 0... 
:E: 3 OZ 0.08 0.14 0.14 0.08 0 
u OY 0.0 -0.05 0.05 0.0 

Normalised Measured and Computed Mode Shape 

for Deck Twist, f m = 130.Hz, tc 127.44 Hz. 

TABLE ~.17 
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Ii 

239 
I) , 

II 
I) 

Ii 

Freq. 
:1 

Force Acceln F.R.F. X-Spec. Phase cOhoroncll 
(Hz) (f,j2xE6 ) (g2xE6) (gxE3/N) (gNxE6) (Oeg) !! 

; ~ :, 

10. 9:1.4:1.0. :.~ :'5 • ~~j ~5 4. :39 401.B :J. 76. :·5 or:~')11 • ,J.-
10.4 :1.04000. 37.44 4.06 422.9 ···178.6 .04::)11 
:LO. f:l :I. :1.3/)00. 39.36 4. O~:j 460.2 :1.67.6 .047 11 
:I. :I. • ~~ :I. 4~:)2()() • ~51.09 6.Hl 89B.2 173.2 .1081' 
U .• 6 1. ~::jn600 + 63.03 6.86 :tODf:l. :1./0.1. • :1.1.6:1 
12. :1.62300. D4.36 9.87 160:3. ·-1.1"7.9 • :to?! 
12.4 20:1. E!OO • :I. 21.) • 2 :1.2. LS 24~.'i4 • :1.72.3 "')"1 .. ; 

+ ~' .. ... 1 (.) 1 

:t ~.~. 8 22:3600. :1.09.4 :I.~:;. 3D 3440. :1.68.7 '")7(:" • #,..... 'I 

:I.:L2 2:1.7300. 3f.l~) • 23.33 !50"12. :1.68. !::; . .30:1' 
13.6 27~5!::;()() • 116B. :·m.:I. 9 10440. :1.72.5 .34:11 
14. 2B:l.100. :I. nH O. 146.5 4:1. HlO • :1.27.9 

•
3441 14.4 276000. :3976. 76.05 20990. :I. 7 • ~)!7j .401 ' 

14.8 :30B:·500. 79:1 .• 9 ~~() • !:-i!5 9423. 11 • ::';4 ., 6·': + '\. \... \.J :, 

15. :~ 3~~:3l. 00. 3B!:'i. :3 :L~).4B !500~5 • :1.2.34 .20:J. !, 

15.6 397BOO. 74:1 .• 6 :1.6. 6:365. n'i.07 .13?! 
16. 443!:.)OO. 04:1.. :I. 26.:1. U.580. 2~~.O:I. .~~~)(?~ 

16.4 436:WO. ~.~86. 7 :1.3.71 ~)984 • :3.97 .2B6 
16.f:l 48 :1. 700. :2!:5~5 + 7 10.3 496:1.. 2.46 .:1. 9'/ 
17.2 533:1.00. 274.D 5.83 :3:1.1.0. ~5. 64 +066 
17.6 ~:; 7 !:.:j BOO. 3B(i>. "1 4.:1. 2:361 • 27.97 .024 ' 
lB. 639:300. "10~; • !::i .9:1. !::;87.6 B:I .• ()I 8 .000 
18.4 679800. Hl69. :1.0.76 7~~20 • 164.::i .042 
:J.f.l • 8 8:1.3000. :1.49:1.0. 60.74 49~~80 • 166. 

•

201

1 19.2 674~.'jOO • 2~=:;O~50 • 26.27 17720. 48.24 .0113 ' 
19.6 7!:.:i4400 • 270:1 .• :~~ !::j + 1 '7 18990. 8.5B .176' : 
20. 806200. :J. :I. :I.~) • 20.96 16900. 8.26 .31/ • 
20.4 H4H400. 549.:1. :L4.04 U.9:1.0. 2.69 304 :Ii 

• '\. • ;;'1 

20.B B6~.)!,:;OO • :~!:1~:-i • 6 1.3.:1. 9 1.1420. 4.B9 390 .~ 
h.. 1::; 

21. :~ 90720(). 29!:1.4 12.37 11220. -1.14 • 46!:.) r!i 
21..6 920:·50() • :~4f.L "7 11. 9~) :J.:L 0 0 0 • ·-1.6:~ ,":r)81:~ 

.. -..J':'" "~' 

2~~ • :l.O?600(). 22:1..4 10.06 1:L700. - • O~5 • ~.'i?4 ',;: 
2:~. 4 943:I.O(). :I.6~5.:~ :l.O.l 9::'i2"7. -:1..93 '"·f3 cl '; • ""J _ \., .:: 

22.B :I. ()4;::i()()0 • 1.~:58.4 9.?:3 :1.0160. 3. <N) • 6::~:3 j 
2~:S • :~ 1:1. ?6()OO. 1.52. 9. :1.0 10?90. 2. O~3 +6~H ':.1 

23.6 :1.326000. :1.51.1 B.98 :I.:l.92(). 1.26 .708': 
24. 1 ~~f:l()()()O • 140.6 8 .6~'i 11940. 1..43 • 7~~4 .... 
24.4 1.3:1. !:'j ()() 0 • :1.28.2 8.44 11100. .:1.3 • "730.:: 
24.8 1259000. U.O.3 "7.91 99~)4 • .46 7:1.3,: 
'")c:· r) :1.4:1. !:jOO() • 120. 7.97 11290. -.65 : ?49,:1. 
L\J+L 

~:!~:) + 6 :1.39:1.000. 1:1.0.~) 7./9 10f:l40. .9!:1 .763;' 
26. 1:m6000. :1.03."7 "7.58 10510. -. 4~~ .768: 
~~6. 4 152:1.0()O. U.7 • 7 7.85 11940. -2.09 • ?96:' 

'26.8 1416000. 100.5 ?~H 10630. .15 • 794'·.; 
27.2 :to 7:37000. 1:1.7.:1. 7.37 12800. -.29 • 805\~ 
27.6· 1.697000. 108. 7. :1.5 12:1.~)0 • 1.86 .804':: 
28. :1.826000. 118.9 ?4 :1.3510. 2.?3 • 840: 
28.4 178~iOOO • 1:1.0.2 7.24 12940. .- .12 .B5 l 
28.!:1 :I. 92:1. O()O • 119.2 7.16 13760. -.37 .826i 
29.2 188:1.000. :l.OB.6 7.00 13180. 1.40 .849\; 
29.6 19000()O. 109.!5 7.08 13460. .79 .870\ 

I 

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

Table 5.18 



240 
'I 

'I , 
Freq. Force Acceln F.R.F. X-Spec. Phase 'I CoherencS;1 

" 

(Hz) (FFxE6 ) (g2xE6) (gxE3/N) 
'I 

(gNxE6) (Ueg) ,j 
J! 

30. 1902000. 10:~.2 6.'79 12920. .-. :1.4 .8491j 
30.4 1. 9 !:.:j ~'j 0 () () • 106.3 6. 8~5 1:B90. -.05 8 I' ") j~ 

• 0",- ,1 

30.8 20;?2000. 1:1.2. 6.0!5 13060. + ~:5 ~'5 S + .\ 'I 
• i b j'l 

3L2 :I. 9!:5'7000 + 10'7.5 6.92 13!:i40. '-.40 .87:1. :1 
:51 .6 2 :1. B2000. 1:1.3.3 6.72 146'70. .07 .870j! 
~3::~ + :2:1.20000. U.O. 1.).73 142BO. 1.21 .B74 
32.4 22:1. f:lO()() • 11.2.2 6.61 14MiO. ·-.lB • 86~5 
32.8 2274000. :L:l.2.1 f.) • !:j f.) 14930. .-. HI o .. ,·x 

• • / '1-1 '1 
~~:'5 • 2 22!30000. :l 1. ::.~ • ::~ 6.66 14990. .4(j • 8B<?l 
3:5.6 22!:,):l.OOO. U.1.9 6.64 14'?'70. -.74 .80S 
:54. :~23B()OO • 1 :l.:l .3 6.6:5 14840. '-.40 • B84'l 
34.4 2273000. 1:1.6.2 6.'72 1 ~'j2BO. '·'.34 <":38 .. ··1 

• " .. :'> ;:: 

:54. B 22'740()0. 101.).7 6.40 14740. '-1. <?9 .894 !] 
2080000. 10:1.. 6.49 

"j 

3!:) • ~! 13~)O(). -.89 • B6'?," 
3!5. f.) 2:~2:1. 000. :1.06.5 6. :31.) 14760. • ::!9 .8f:l:t 

i 

36. 242:1.000. :1.:1.6.0 6. ~)6 1!~jB90 • -,.23 • B9:1.: 
36.4 20(?'70()() • 99 • '7!~j 6.4'7 1 3 ~'i'7 () • • :t !5 .880 1 
36.B 242BOOO. lOB.7 6.24 :t5:t60. ...• 60 .S69 
:~7. 2 23T7000. :I. :1.0.9 6.44 15330. _ .• ~5:l • BS) 1 
3'7.6 2~.'iB7000 • 1:1. !:5 + 2 6.35 164:30. .98 .90!5 
3B. ::.~48900() • 12:1..5 6. 6~5 16!560. .-. 3:~~ .906 
:m.4 2!:'i700()O. :1.:1.7.2 6.4 16440. .... t !:) !:) .89;'!. 
:3B.B 2l)27000. :l2~'i.:l 6. !56 172::'jO. .00 · 9O~;1 
39.2 267~.:jOOO • 1:51 • 1. 6.'73 1B010. -1.(,)6 .<.124 
39.6 24~'i40()O • 119.'7 6. 6:~ 162BO. -.:B .902 
40. 2'7:~j9()()O • 1:m.9 6.7'7 lB6BO. .OB !lIi .91 0 :~: 
40.4 2'79BOOO. 130.2 6 • ~)O Hl210. -1.3:3 .9:1. '/ 

r:, 

40.13 2~:j6()()()O • :1.24.9 6.64 1'7000. :l.1,B 90':\' . 
+. ....J ~, 

41.2 . 2~566()OO. 126.4 6.64 17060. 1 f 6!:.) • B96:; 
41,.6 2'?5:3000. 130. CY 6.56 18060. -.63 .904 '\ 
42. ~~El6'70()<> • l40. ~) 6.69 1921.0. .24 ., 11::':: 

• '7. ,J 

42.4 2!:'i:l.40()() • 1:~2 • 6.91 17370. • O::j .90<.1 
42.B 2659000. 1.4:1..3 6.96 Hl51(). -.~'il .911 
4:3.2 28860()O. 142.9 6.72 19420. -.03 .914; 
43. /.) 26n:jOO() • 135.'7 6 + 7 f.) 181()0. -1+ :LO .90:l' 
44. 2'72BOOO. 142.9 6.92 1B900. ")1::' 

+ 4-.J .915 
44.4 26~'i3000 • 142.2 6.99 18!570. .09 .913: 
44.8 2634()()O. 144.6 '7 • O~~ 185:30. -.41 .901,": 
45.2 264'7000. :1.46'.1 '7.07 18720. -.48 • 906, 
45.6 2BB4000. 1.54.3 6.97 20U.0. -1.94 .90B: 
46. 3()()~50()() • ·1,65.2 '7.08 2129(). · ~~~~ .9:1. :4 
46.4 2'769000. 158.1 7.20 19940. • :~3 .907, 
46.B 280BOOO. :I.~59.!:,j '7.17 20150. -.41 • 9()6~~ 
47.2 2B620()0. 169.6 7.32 20950. .27 .904:' 
47.6 21302000. 172.7 '7.4::'; 20890. .13 • 90 1.~ 
4B. :t7:1. 7000. 161.2 '7 • 3~~ 19920. • 3:5 • 9()::~ . 
413.4 252'7()()O. 163.9 '7.62 19260. .69 • 89~~j, 
48.8 2860()OO. :1.88.-9 '7.'74 22:L40. -'.71 .90'7) 
49.2 266!'.'jOOO. 184.5 '7.82 20B50. 1.20 .1384, 
49.6 2739000. 18'7.5 '7.B8 21610. -l.. 01 • 90t~' 

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

(Hz) 

50. 
50.4 
::'jO. B 

5:1..6 

~j2. 4 
52.H 

~5~5 • 6 
~)4 • 

54.4 
~54. El 
5!5.2 
5~::j • c, 
56. 
!:j6.4 
~j6. f.) 

~57 • ~! 
5"7~6 

58. 
~,)B • 4 
~~jn. n 

~59. 6 
60. 
60.4 
60.8 
61.2 
6:1. .6 
62. 
62.4 
62.8 
6:3.2 
6:3.6 
64. 
64.4 
64.H 
65.2 
6~). 6 
66. 
66.4 
{)6.8 
6"7.2 
6"7.6 
68. 
68.4 
68.8 
69.2 
69.6 

Force 

(iij2XE6) 

2"7!:):~O()() • 
2"72::.:jOOO. 
:wn::~()o() • 
2'70:~~()O() • 
21'!)?OOO. 
24 (:If.l 0 0 0 • 
:~~~:j4 "/000. 
2"7230()O+ 
2664000. 
2902000. 
:3:1.07000. 
2B4!:50()O + 

;~~'i6()()()0 • 
2[!6~'i()OO • 
29::~3()0() • 
2~5fH 000. 
264:1.000. 
26BO()OO. 
2633000. 
2!7i60()()O. 
264C)()OO. 
2 !:'i:l 6 () 0 0 • 
2B:1.2000. 
28'760()O. 
:?6()4000. 
:M::HOOO. 
;!.!:'i:1. :1. O()() • 
29B~.:jOOO • 
2649000. 
2!:5"73()O() • 
268"7000. 
26!:5'7000 + 

27f.l()()OO. 
2B1'70()O. 
2B29000. 
2"7360()O. 
2~52()O()() • 
::~;!'86000 • 
240;~()()() • 
2~'j74()()() + 

2"7:30()OO. 
;~T7 4000. 
26U)()OO. 
:U,22()OO. 
2604000. 
264!5()OO. 
25:1.3()()O. 
2:~53000 • 
247'7000. 
249!5000. 

Acceln 

2:1.6.9 
19'7.6 
2:1.<Y.3 
20f.).2 
::.~:~8 + 6 
::.~:J. 6. 
'1"')1::' ,::' 
A".. I',:" ... J + ... J 

24:~. 7 
2 !::j '7 • 4 
:'5:1. :'5.2 
~54(). j. 

:'536.9 
32:1..5 
4()O.2 
46!5.6 
420.4 
4B!:.:j. "7 
!::j43. :J. 
66"7.0 
"7~.:j4. 5 

:1.00l. 
:I. :3:36. 
2:1.99. 
:364~~ • 
n~5:3~5 • 

4"7360. 
3"7~~:'3() • 

!:'i9"70. 
2:1.~:)4 • 

8"7:L.4 
49~5. 5 
290.B 
204. :3 
:I. ~'j!:.:j. 1 
140.B 
:1.41..8 
:1.4"7.8 
:J.60.6 
:1.86,+ 
2"70.5 
:~B5 • "7 
~)73 • 

1269. 
:~"7 48. 

29690. 
"7026. 
:I. :3El"7 • 
~j05 •. 9 
2"79.1 
:l.59.B 

F.R.F. 

(gxE3/N) 

"7.8:'5 
8.0B 
B. ;~9 
8. :24 
B. cd. 
El • '7~.'i 
B.B3 
B.B9 
9.26 
9.Bl 
9.B9 

:1.0.2"7 
:1.0.36 
:1.1.04 
U .• 83 
:1.:1 .• 69 
:1.2. :'54 
l2.B4 
1.4.3f:l 
:I. ~::; + 2 
:1."7.:1.3 
1. <y. 99 
24.3D 
29.90 
46.02 

:l.O!5.2 
BEl. :I. <i> 

~52. 4B 
U3.96 
10.36 
6. Ell 
~~.El~) 

1 • ~l~j 
• 3:~ 

1. "72 
3.0:3 
3.65 
4.90 
5. 5~:; 
"7 • :~"7 
B.99 

1.1.f:l:1. 
1"7.5!:,j 
~~O • 0"7 
73.33 
39. ~53 
1"7.1.6 
9.76 
6.62 
4.21. 

X-Spec. 

(gNxE6) 

21 !::j '7 0 • 
22040. 
23tl90. 

24:l:1.0. 
2l760. 
22490. 
242:l.0. 
246'70. 
2D4BO. 
30'7:~O • 
29240. 
26::)20. 
31650. 
34"720. 
30:1.90. 
~32600 • 
34430. 
3"7B90. 
:3B9:30. 
4~;:3:::j() • 
~'j()320 • 
6El!:H]() • 
El62!::jO. 

:L :1. 9BO() • 
2"77000. 
221 :~jOO • 

96<Y"70. 
50240. 
26670. 
l.B3:l0. 
1 ()2~30 • 

51"70. 
940. 

4Bf:l9. 
B309. 
92:l0. 

1:1.210. 
:I.:n:30. 
1B9'70. 
24560. 
2f:lO!:jO. 
45920. 
"7BB"70. 

190900. 
104000. 

43:1.30. 
22970. 
164:1.0. 
1 O~)O() • 

ExcitOltion (jOint 82z') and Respo'nse (Joint 49Z) Spectra. 
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Phase 

(Oeg) 

-,2.06 
.6B 

'-'. :I. 9 
-".63 
-.3:1. 
,-,.79 

OM:?' • 39 
"-1. • 00 
--:l. :lA 

·-1. H1 
._:1,. BU 

-.9'7 
,--:1. .54 
00-2. 11 
'-'1. 6 '7 
.. -2. B4 

.. ... 99 
-1. B~) 

.47 
-2. H) 
--4.78 
"-6. BO 
· .. ·6.~:~f:~ 

-·lA.9 
..-44. !5:3 

..-:1.30.5 
--1.5~:). 

.. .. :1.6:1. + B 
'-166. 
~-16f:l.~; 

·-:l69.9 
·-1~B. 

,-,29. !:51. 
._. :If.) • 2 B 
-4.30 
-!:5 • 09 
-5.9B 
-1.92 
-6.04 
'-8.41 
-6.0!'.'j 

-6"7.14 
'-153.4 
'-1.66.4 
-166.:l 
'-:1. 71. 7 
,-17'7.'7 

.7"79 il 
• 90:1. !l 
• <;'03 :j 
+ B9 :1 
• <;-'OD,l 

Q"':I. i 
.. C/C). ,,:!'. 

.DGO; 
• f:l tl ::.~ 'j 
.BB'71 
• fJ 9:ll 

D(.'3· J 
.. 0 1 ,; 

.89:1.: 

.B54 ,; 

.8,?~5;' 

.B82 
• S:~9 

.814 
• B:l6 
.7B4, 
.7'75 

.1 :3!5 

.04"7 

.00~:.::j 

+ 0!:j9" 
.:l.T/ 
t 2:~'/ '~ 

• :~42! 
.39/: 
.516 
.5'72 
.5?B 
.634 

.47:1.: 

.502 
• 5~~~3 
.44] 
• :38(y 
.276 
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Freq. Force Ac:celn F.R.F. X-Spec. Phase Coherencl_: 

(Hz) (r;j2xE6 ) nfxE6) (f~xE3/N) (gNxE6) (Oeg) 

70. 24W?OOO. tOO.9 2.48 6:t9~). -t6<1.9 f 1 !::; :~~ 
70.4 2!::j3:1.000. 73. :38 t.29 :~:W4 • -17:~ • • O~)B 
70.8 2!:532000 + ~57. 68 :1..09 277~:i • -1.:3!5.4 0'"-'-) • ,J;:.. 

71.2 261DOOO. 49.76 .33 f.lc)5 + 7 --06.83 .OO!:) I 

i'L6 24:l.40()0+ 42.4B • C) 7 1624. --64.09 + ()2~) 

7~~ + 2299000. 4:1.. :37 .B6 19<»3. --1:3.B6 .04:1. 
72.4 ;?47:tOOO. 43.:1.9 1..6<1 4:1.97. _.:1. 9. 'l:3 .1.64 
7::2.13 2:1.!:.:jI'OOO. ~5\-S + 2 :1..43 ~W94 • ... :t ::2 • !:-j :I. 1. ") ... ) 

+ ':'.1': .. 

7~~. 2 2::.:;40000. 41.. :1..93 4904. •• :1. 0 • 76. .230 
73.6 2:1.?O()OO. !:'j1.0l 2.93 6369. --:1..74 .366 
74. 2462000. ~5:~ • 9~~ 2.90 ?1.::.:jO. --.2B .393 
?4.4 237:1.000. ~)? 2c) ~'.). 40 B074. :1..9 .479 , 

74.8 2406000. 62.94 ~1. (,)2 90t!:'=; • -:1..79 • ~5:1. 9 
75.2 2:-~40()0() • 76.8:1. 4.46 :I. 04~W. '-2.44 .607 
75.6 24:3~:l()0() • BO.14 4. ~:jf:l 1:1. HlO. ,-:3. !56 .64 
76. 2:3!::i6()()() • 9~:j. 24 ~:;+1:7 121_90. ·-1.~58 ' L .. ") .. \:>0#:_ 

76.4 221 !5()()(). :1. :1.2.9 !:-j. 9:1. :1.;3:1. 00. ·· .. 2 .. 6~~ .6fl!:·j 
?6.B 2;·5c)BOOO. L~B.9 6.47 1 !:53:~(). .-.• !54 .7:1.4 
77.2 2:369000. 1.6'1.9 '1. :~9 17!:52() • ,-4.6:3 • T? 1 
77.6 20'13()()0. 18~3.3 8.09 l67BO. .-~) • :1.:1. .'140 
7B. 23630()0. 294.7 9.136 2:3:300. -:'50 ::~8 .779 
7B.4 25:t:3000. 4~54 • :1.2. ()!:5 30:'50() • .-~:j. B6 .804 "<\ 

7B.13 2()4()OOO. 636.9 1!:5.6B 32000. ···7.84 .7B7 
79.2 2174000. l:3:3l. 21.. 7::'j 473()O. ····1.3.39 + 7~;J~.~ 

79.6 21.~5f:lOOO. 42"79. 38.73 8~56:1.0. '··31.47 .1'!7j6 
80. 222:1.000. 948~5 • ~52. 7 1.171.()O. ,,·93. r;9 .6!'50 
80.4 234400(). 22B9. 26. :1."7 6:1.:3"70. --:1. 43 • !:5 .70:!. 
80.B 24<77000. ~):~r; • 9 lO.99 27440. ···:l.4!5.4 • ~5!)f:l 
81.2 22930()O. :309.3 8.24 Hlr; 1. 0 • ·,,1:3<7.5 • !:.504 
8:L. 6 2:3!57000. :1.43.2 4.1l 9692. -1.06.5 + ~~;;-7 

82. 2197000. 261.6 7.12 1!::j640. :-6:~ + :~~.~ 4")'=' 
• A.. \J 

82.4 202!:)()OO. 1 ~5~H • 20.l!5 40B:l.O. '-98.27 1::'''1("'1 
+ .. .J4~. '1 

82.8 22690()O. 769.2 1~=j.~:j9 3!53BO. -,16:1..8 +7:1.6 
8:'5.2 2:l70000. 2:1.3.9 7.90 17:1.60. '-l 7~5. 3 .6:34 
83.6 22~:57()O() • 115.3 5.46 12340. ···1n).1 • !5B4 
84. 22660()O. 7l.97 ~~.69 8:m2. -179. .43() 
84.4 2()22000. 45.32 2.47 5005. -167.4 .273 
84.8 :;~()660()O • ~5:I. • 08 3.32 68?:~ • ·-:l.~5().4 .44'1 
8r::' '1 \.oJ + .: .. 20::'j8000. 37. ,69 2.69 5:54:3. -1.74.8 .39!5 
85.6 2029000. 3().67 2.06 4190. '-:1.69.4 .281. 
86. 2()92()()O. 26.91 1.80 37?3. 174.9 '")f::" "') 

+ A-\JA.. 

86.4 20020()O. 20.92 .82 1644. -l.70.8 .064 
'86.8 2:1.040()(). 20.03 .46 988.3 -1.74.1 • 02~5 
87. ~~ 2219000. 20.6 • 65 1443 • -156.2 .045 • 
8'1.6 2 Hlc)()O() • 20.99 .28 622.7 -78.17 .008 
88. 2:1. 0!500(). 20.c) • 6() 1281 • -:l~50.9 • 0~17 
88.4 2010000. 15.58 .18 362.7 -174.1 .004 
88.8 :l860000. 16.64 .1 C) 312.1 92.14 .00:3 
89.2 20?lOOO. 1?4l .30 625.1 26.74 .Ol.O 
89.6 2()T700() • 1.6.75 .56 1l66. -~~. 60 .03<Y 

Excitation (jOint 82Z) 3nd Response (joint 49Z) Spectra. 
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Freq. Force Acceln F.R.F. X-Spec. Phase Coherencd 

(Hz) (j\j2xE6 ) (g2xE6) (gxE3/N) (gNxE6) (Oeg) 

90. 20440()O. :I. 8. ~~ • 98 2019 • 3.82 .:l.OB 
90.4 2000()()(). 1.9.04 1.2"7 2541. -.86 .:1.69 
90.8 :1. 9T7000. 24.99 1.76 :3421. --4.62 .241 
9J.2 :I. B<?9000. :1.42.8 2.99 5696. ·-B2.49 .:1.19 
91.6 2094000. 2:1 .• 7:3 .20 430.4 -:'54.85 .004 
92. 20:l.900(). 19.44 • ~)1 1031. .01 .027 
92.4 195BOOO. :1.7.38 • n) :J.4B7. 2.13 .064 
92.B :1. <J:I. 40()O • 24.:1.4 :1 .• 24 2:3B4. • 7~5 :I. '1") 

• #,: .. ",'" 

9:3.2 1.9010()O. 29.76 .76 1.462. -·!:'i.61 • O~37 
93.6 Hl61()()O. 22. ~)6 :1 .• 02 1901. 3.8:L .OB6 
94. 1985000. :J.7.49 j ") ") . • ~.It,'" 2430. '-6.84 .:1.69 
94.4 1906000. 18.44 :1..37 2620. -~). 93 :I. <;)'"' +. ..,.J 

94.B :1.749000. :L9.38 1.47 :~!582 • ·-:1..0:3 .:l. 9c) 
9~::;. 2 20420()O. 23.1.:~ 1.3B 2821. :to.B6 • :1.6i3 
95.6 18:J. ·7()OO. 21..71 1 • 6~5 2969. 1.94 ,"),.)-., 

+ ~ol.' •• ~ 

96. :L 6760()O. 20.44 :1..47 24'76. -,8.26 .178 , 
96.4 :1.846000. ~:.~2 • -7 :1. .3;) 2498. .86 • 14~3 

:I~ 

.~ 
96.8 19540()(). 2~~ + 64 :L.50 2(?42. 4.99 .19~3 ~ 
97.2 :l749000. ~!~:~t~~l .78 :L:36~5. :L.36 .04 !:.i ~ 
9'7.6 :I. 707()()0 • 68.04 1.. ~j'7 2696. :L 08. 1 .062 " ~ 

:L887000. 112.4 1 
98. 4.66 !:l805. :?'~5.71 .365 I 

98.4 :l.720000. :3c).27 :3. LL ~)36~~ • 8.'73 .460 
98.8 1776()()(). 29.9:3 2.79 496:1. • ·--:L .73 .462 
99.2 :r. 98:';iOOO • 28. !53 2.64 !:)248. 4. (36 .486 
99.6 :1.792000. ~!7 • ~~ ~~ • 4:~~ 4:340. -:1..'72 .:m6 

:1.00. 17:L9()OO. ;;~9.r.)4 2.66 4575. 4.:L6 .4:1.0 
:LOO.4 :L 8!5!5000 • 29.2B 2.44 45:3!5. :~. 62 • ~57B 
:lOO.8 :l747()()O. 2'7. :L :I. :~~.5:1. 4399. :3.2'7 .408 
101.2 :I. 7~~4000 • :~O • :37 2.68 4657. --4.87 • 4 :1.:1. 
lO:/..6 :L'6B6000. :~O • !5~) 2.BO 47:~4 • . :l. 23 .434 
102. :L (326000. ~52. 07 :3.02 !5!516. .69 .~):I. 9 
102.4 :l.72BO()O. 32.6:1. 2. <;)0 !502:L • 2. :39 .441' 
l02.8 :lB07000. ~50.07 2 • 7~:) 4906. -3 • ~5:3 • 4~'i7 
103.2 16:L 7000. 29.El7 2.B3 45(30. .32 .4:3:3 
103.6 :/.614000. 28.11 2.7'7 447!:) • l.84 .44:1. 
104. lB260()0. :34.65 2.07 ~)243 • :3.14 • 4~~4 
1.04.4 :1829()OO. 3:1..75 2.7c) 5064. .50 .44l 
l04.8 1.66:3000. :~4 • 2.92 4869. -:L.5 .41.9 
l05.2 :1.714000. 3r.~ ••. ,.) 

..J ..... J,,:.. 2.07 4922. .52 .397 
105.6 1683000. 36. c)8 3.00 5059. .66 .4:1.4 
:L06. 1 !54900() • 32.49 2.65 4107. 2.01 .334 
106.4 1709()OO. 35.2:1. 2.25 3847. 7.48 • ~~45 
106.8 l ~'i5~:)OOO • t)4 • B2 1.08 16B7. 109.6 .02B 
l07.2 :1.507000. 4 :l.El. 7 lO.4 :L ~5680. 52 + :33 .309 
107.6 :l.t"i4900() • j.42.2 7.93 12290. 2.90 • 68~'i 
108. 1703000. :l:l.O.2 6.36 10840. '-10.81 .626 
108.4 1557000. 68. :1.3 4.80 747'7. '-:3.4'7 f 5~~6 
lO8.8 1595000. 80.22 5.53 8825. -1.89 .60B 
:l 09.2 1492000. 94. 1~"j 6.06 9053. --2.47 .5(32 
109.6 1633000. 156.2 7.27 l:1.B70. -9.54 , .... - ... ) 

• ':''J.:JA.-

Excitation (joint 82Z) and Response (jOint 49Z) Spectra. 
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Freq. Force Acceln F.R.F. X-Spec. Phuse CoherenCE 

(Hz) (j\J2xE6) (g2xE6) (gxE3/N) (gNxE6) (Oeg) 

110. :1.522000. 634.~'3 12.03 lEl320. -43.93 .347 
110.4 :I. 6()ElOOO • 14B. 3.29 5302. -J11.7 .1:lU 
:1.:1. (). 8 1 ~)5B()OO • ::)4.:1.3 :1..93 30:1.7. ·-.24 .10/ 
11.:l. 2 :L ~:57:1. 000. ~):I. .53 :3. Of.) 484~5 • ....·TI 

+ '\.:')...:.. + :2~j(/, 

:L:I. L 6 :l.673()O(). 60.94 3.76 6~!'(?<J • :3. :1.6 + :'58E: 
:1.12. :I. ~)4flOOO. Ell.06 4. (?"7 T703. '-1..48 + -4 )I~? 
11:~.4 :I. 44(~)O()(). ~571 .:3 7.::W 1.06BO. "- C):~ • ;.~ 9 .13D 
U.2.8 1. !~i7()()OO • ~)c).24 .:1.8 ~W'? 4 '-':1. '7~~ .2 .()OO 
:1.:1.3.2 :l.4f.d 000. 122 d) 3.21 4691. 123. CJ .. 1 :~;.~ 
:U.3.6 :1. 39~:)OO() • 366.9 :1.0.67 14900. :3!:5 +:~:3 4 -z"X 

• ":>"J 

:1.1.4. :I. 46!3000 • :l.2H.6 6 • El~5 :l.O()30. /.84 • ~5 ~'5 :':} 
U.4.4 :L42()()()O. L?2.4 6.82 9704. 6.El:t .54() 
:1.14.8 :l436()OO. :~~~ :1 .• 8.7:3 1. 2::'i50 • "-:1.9.49 • 4 (1!:j 
:1.15.2 :1. ~5:34000 + :1.:J.9.~:5 ~5 • :~6 B2:36. '-3.39 + 3f./) 
:I.:L5.6 1 ~)04()()0 • 1.41..2 6. :W (?461. • .0:1. .421. 
:1.1.6. :1. 4 ::5"7 () 0 () • 21.:1 .• 8 B.67 1.2640. ··-.1.9 • ~:;:I. "7: 
U.6.4 :I.:~ :1. 7000. 4~)El.:3 12.37 :1.6300. '-4. ::)B .439 
:1. :1.6. B :1. 46"7000. 7El9. B 9.79 :1.4370. -,71.77 .1it) 
1:1.7.2 :l.283()OO. 1. 9!:'=;. 9 4.:1. 7 !5:361 • "-:L:L • 4 !:) .114 : 

:1.1?6 :L:3 :3:1. () 0 0 • :';~~16.? 8 • ()~~j :I.()7:l0. -- ::.~ + !::j I.) .30() : 
; 

:1. tEl. 1.336000. 364. ~5 "7 • ~)4 :1. O()BO • -·:L7.c)2 .2()() 
:l.1B.4 1:3020()O. 6!:57 • "7 :to.E! :1.4070. ·-.7"7 • :~~ :.~~ :1 
11B.B :1. 460()()O • :I. B:3~~ • 19.2:1. 2BO!:50. ·_·10.8? + 2\/:'3 
119.~~ :L :3~)7()()O. 1.4E!40. !56. :1.0 762f30 + '·<53.29 + 2fJEl 
:J.j.9. C) 14:1.4000. 1 :30ElO. 4~). B9 64920. -1~57.9 .2:~/' 

:1.20. :1.3:34000 + :I. !:)74. :l.4.~~~) 1(;>020. -,:1.62.4 .:1.72 
:1.20.4 13BBOOO. ~H38. 2 7. :~6 102:30. ··-1.6!5.3 .12El 
:1.20. B :l.430()()O. 31. 1.. C) 4. c)6 66f.) 7. ·-·163.i3 onn · ') / 

:1.21.2 :1.3940()O. 209.1 2. c)6 37:1. c) • -,·167. .047 
:1.2:1. .6 :1. :36 '70()O • 169.9 :1..28 1n:jB. ,-':1. 30.6 .()l~S 

:L22. :l.370()OO. 166.5 :1 .• :I. 0 :L~512. '-4"7. "7!3 • O:L 0 
:l.2;'~. 4 13780()O. 2013.9 3.11 4286. -':1.34.7 .06 :1 
122 .. B :I. :I.!::i4000. :1.42.0 .96 U.L?. j.72+:~ .007 
:I. 2~5 • 2 :l.2"7!:)OOO. :1.46.9 .23 :503.6 -04.01 .O()O 
123.6 12:l2000. 1!::;6.9 1. :36 :1. 650. -3.7"7 .01.4 
:1.24. 143:3000. :1.86.9 l.72 2474. -:LO.56 t 02~2 
:1.24.4 :l.2:1.!:50()O. 236.0 ~~ • '7~~ 330H. 14.35 .O::W 
:1.24.13 U. 91 000. ~529. :3 4.7'"7 5689. -9. (?B .082 
:1.2~).~~ 12c)!::;OOO. 643.4 9.69 122"70. --4.40 .1(34 
12!5.6 1 :L 9:1. OO() • 2267. 2C).03 :3:1. O~",)O • -7.48 • :1!36 
:1.26. 1.1.6(,000. 42~500 • 90.79 106100. -(;>2.94 • 22c) 
126.4 12::51. O()() + ~50~5~:i • 51.62 64:59() • ·-170.B .66:;) 
126.13 :L 170()()O • ~"')~573 • 44. e)6 52620. -176.7 .657 
:1.27.2 1:1.47000. !5906. 53.04 60BB(). 174.4 .546 '" 

:1.27.6 :1.1. 2~)OOO • 6:·5B60. 131..2 :1.47600. 120.2 .3()3 
128. 11:34000. 74~j2 • 3~). 99 40B40. 29.8:5 .19"7 
:1.28.4 11 B!:5000. 7514. 42.BB 50B:10. 1::)6.4 .29 
1.2iL B :1.197000. B5930. 1 4!3 • 17:3600. 72. :32 + 2'-7:'.~ 

:1.29.2 U. -4:L 000. 757B. 60.6:3 69210. 21.77 • !5~:;3 
129.6 1.:1. ~)5000 • 4040. 44.5 51.440. 30.4B .566 

Exc.itation (joint 82Z) and Response (joint 49Z) Spectra. 
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Freq. Force Ac:celn F.R.F. X-Spec. Phase Coherence· 

(Hz) (N2xE6) (g2xE6 ) (gxE3/N) (gNxE6) Weg) 

:l30. :1. 01.)6000. !:):I. 7ft. ~)~:j + 9~:5 !59640. 20. !~;6 .64.<·) 
:l30.4 :l.09UOOO. 3233. 46. ::-i4 5U.JO. 2.61.l • '7:3 ~'j 
130 ,(3 :1. :1. 0400(). 21.>44. 37.9 41 D!'50. .... :1.. !:.:j(;l + !.59\) 

131.2 1.094000. 3033. 21. • B!5 23900. :1.2.7 .17:;:: 
131.1.) :I. 0::5400(). :l.O:::;:W. 74.1.(3 7D;':~OO • 20.02 T ~:5 !~; 1 
1.32. :1.03;'5000. :1. 3440. 03.99 B6(?40. '-4.72 • ~5;1 :: .. ~ 
132.4 1029000. 70'720. 17'7.3 :1. i:l2!::;OO + •..• ::.~ :~~ + 4:~ ~I::····.1 

+ Y \.J / 

:l32. B :1. 07DOOO • 101.DOO. :1. :::;:3. ::) 1 ,1l !:'jt) 00 • '-11. 9. B + ::'~·4':? 

133.2 :1. 1. 9 !:5 0 0 0 • 10:1.40. 4:3.23 ::;:1.600. "-:I.47.~5 • ~220 
133.6 9B4::)OO. 3967. ::.~ !::j + ~::j 2:~j:l.OO. ·-:I.OB .1. .16 :1 

134. 9771.)00. ~:!·7~.~ 1 + 2::';. f.l6 2::52BO. ._. :1. ::'i 7 • ::'i .2·40 
134.4 1.0()30()O. 1073. 9. 4~:l 9::,}lB. -179.6 .OG") 
134.0 :1. O()3000 • 684.2 2.24 ~~2~):L + -"~56.62 .00l 
13~::;. 2 947600. 642.4 6.9c) 6600. -1.:1.:1.:3 .07:1. 
:1.3:3.6 1037000. ~5B() • 0 :I. • 7!~; :I.B:I.8. '<)7. :36 .oon 
136. (;>4!::;600 + ::~64 • ::'i !::;. D4 !:,) ~~j :~~ 9 • 2.0:L .OUD 
136.4 BB7900. 4~'jO • ~:; :t:I .• f.) 104DO. '-!5 + '7'-; .27/: 
1 ~~6 • 0 9~536()() • 1:1.09. 23.6 ::.~ 2 ::'j 1. 0 • "-6.24 .47H 
137.2 970400. :I.()090. 4f.l.6::'; 4 '72 :1. 0 • ..-02.7:1. r' .. ·)··· .. 

... ~:: .. A.. I 

:1.37.6 960::500. 474. :1. 7.04 67c)f.l. -:1.49.4 .:tOO 
13B. 9:1. 0000. :-5 :1. :I. • /' 4. 9~:l 4!542. .--;-; cy • !} 6 .()7~~ 

1.38.4 9U3700. ~S7'7 • ::; :L4.4:3 132:::;0 • ..-:1.::5.66 • ::) :~) 1 
13B.8 9:32DOO. 1:593. ~.~ 5 • :I.f.) 2:'5470. ·-L3.{)6 • ::r70 
:1.3(;>.2 (;>2~500() • 30640. 92.'77 B::)620. ·-·n:5.86 · :~~ ~:) () 

139.6 9()f:l6()0. 2077. 41..04 ~17290 • ·-:;.c)9.9 .5:3 :1. 
140. 90:1. 200. 619. 15. 9~3 14:380. ·-1.6El.8 .3'70 

--
RMS values between frequency limits 10Hz to 140Hz 

Joint 82Z Joint 49Z 

Force 24.4 (Newtons) Acceleration 0.912 (g) 

Veloci ty 29.5 (mm/sec) 

Displacement 0.258 (mm) 

Excit9tion (joint 82Z) and Response (joint 49Z) Spectra. 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (g2.xE6) (glxE6) (gig) (glxE6) (Oeg. ) 

Joint 49Z Joint 762 (76Z/c-·9Z) 

10. -- 50.6 116.3 • c)91 35.0 '-2. :31 .20"7 
10.4 5"7."7 1 ~)O • 2 .760S 43.9 "7 • 3~3 r} '1") 

• ./t, .... A..~. 

10.S' 60.9 :l.67.~5 l.0:l7 6)2. -2.45 .376 
11.2 78. :~ 19S.2 • <)-,796 76."7 3.7:l • :~79 
11..6 (17.0 246.4 1.ll~j 1.08.2 .01 .490 
:L 2. 121.~:'j 29:1..1 1.. LH 1:'57.4 .31 .~:j~"')4 

12.4 187.3 452. l.181 ::!21 + ~3 -.97 • ~'j78 
12.8 269.7 6~33. 4 1.:31~'i 3~54. 9 • :I.:l .71.4 
1:L2 47"7.4 :1.197. :1..461 697.7 1. 0"7 .i3~3 :I. 
13.6 :1.209. :3037. 1..4(;>6 1809. .- .02 - .891 
14. "7744. 1. ()-,~"')"70 • 1 • ~54~'i U. 960. 1.37 + 9~)4 

14.4 2:L860. !:,j60~"i0 • 1 + !:)~:l6 34700. ."71 • (»82 
14.8 1993. ~'i:l.47 • 1. • !5!54 :3099. 1.62 .936 
15.2 726.1 1.867. 1. !514 1099. .42 .89:1. 
15.6 397.9 :1.084. 1. :324 527.1 -2. H3 .643 
lc) • 19c>4 • ~54B() • 1. 6~!'3 3188. 1.62 .944 
16.4 464.9 1 3:~0 • :I .• 519 "706.6 .20 .80"7 
11.).8 292.8 :1.000. 1 • !:'i () !::; 440.6 "-1. 04 .662 
17.2 239.7 978.8 :I.. !587 380. !:) 4. 6~5 .6:1.7 
17.6 217.6 12!51. 1.935 421.2 '-1. ()-'2 • 6~'i:I. 
18. 236.8 1830. :~. :t79 5:39. B 2.37 .669 
18.4 :U8.7 ~5292 • 2."79 8139.4 ·-.41. • 7~53 
18.8 724.4 8683. 3.22"7 233"7. 1.0S .868 
19.2 405:t .• 51:~90. :3.490 141"70. .86 .964 
19.6 24300. 29!:'i2()0. ~5.476 84520. 1.03 .995 
2(). 1767. :I.91:~0. ~1. 2::>8 572~1. 1 • 4:~ .968 
20.4 661.7 6U.9. 2.9()8 1924. 2.18 .914 
20.8 404.4 347~, • 2. 7~7j8 111!5. ..... 28 .885 
21 t:?' 326.3 2270. 2.39"7 782. !5 .24 .823 
21..6 26~'. 6 :L !:-197 • 2.1.34 562.7 .51 .7!'51 
11 ... ·) 
,:,..,:..+ 216.8 116"7. 1.932 419.1 1. :1."7 • c)93 
22.4 20:t. 1184. 2.1. 41.) 431.4 ·-.90 ."781 
2:2 + 8 1"73.9 940.9 2.04 3!54.9 -:l.16 ."763 
23.2 1C)3.5 74().5 1. n58 28"7."7 .- • 00 .683 
23.6 154.2 6"74.9 1.685 2!59.9 1.()3 .649 
24. 164.2 694."7 1. 68~:.~ :2"76. :3 1 • :3"7 .669 
24.4 153.8 682.6 1.791 2n"i.6 2.08 ."723 
24.8 139.5 685.1 1.831 255.5 3.09 .683 
1")"'" I") 
,:..;.;J • ~ .. 1 :35.4 5~)2. 9 1."748 236.7 - t ~52 .748 
25.6 133. 528.4 1.6"74 222.8 .32 .705 
26. 1!52.4 529.8 1.~H 230.2 O. .656 
26.4 139. ~5 511.8 1.584 220.7 2.49 .683 
26.8 140.7 448.3 1. :307 1n:;.1 .22 .6()3 
27.2 159.8 520. 1.46 =~33. !5 '-3. 1.9 .655 
27.6 144.6 43"7.1 1.3"7"7 199.3 -.65 .628 
28. 141.B 492. ~) 1.~:;56 220.7 .63 .69"7 
28.4 130.8 4~'8. 5 1.50l. 196.4 .31 .6"72 
28.8 :1.32. 446.2 1.465 193.!5 .01 .635 
29.2 132.1. 441.1 :I .• ~:;97 211. .5"7 • 76~, 
29.6 146.3 4"7"7.4 1.534 224.5 -.2"7 .721 

Response Spectra at Joints 49Z & 76Z 

Table 5.19 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (g2.xE6) (glxE6) (gig) (glxE6) (Oeg. ) 

Joint 49Z Joint 76Z (76Z149Z) 

30. 1::);:5.7 472.1 1.44 224. :3 1.23 .684 
~~O. 4 1:·58.~) 4~H .8 1.556 21!:-'i.6 -. O~) .742 
30.8 140.2 4:r7.7 1.51 211.8 -. o\~ .73:l 
31.2 140.~:; 40El.7 1 .40El :1.97.8 1.06 .681 
31.6 146.9 422.4 1 • :~66 200.8 0::' .-) 

• ,.J ~: .. .649 
32. 147.5 4~19. 9 1.4:3!5 2:1.1.8 1.:1.0 .691 
32.4 1. :34. 4O!S.:3 1.496 200.6 -2.14 .740 
32.8 144.2 418.:3 :I .• 467 21:1.. 7 :3 • O!'J .743 
33.2 :1.43.1 43~'j. 9 1.498 214.4 '-1. :1.5 .736 
33.6 :1.38. 468.7 1.504 207.6 -2.30 .666 
34. 146. 42~). 9 :1 .• 415 206.6 .24 .686 
34.4 138.8 4~'7. 9 :I 0::'" 

• • ""JA".. 211.1 .47 .733 
34.8 121.1 ~'97. ~, 1 • !:)~,8 186.:~ 2 • ::.~(f .721 
35.2 149.2 ~'98. 6 1.3c)8 204.2 ""2.:1.4 .701 
35.6 146.!5 393. !5 1.4:1.6 207.6 -1.~:i8 .747 
:~6 • 140.1 _ 4:1.::'i. 6 1.44:;! 202.1 .06 .701 
36.4 151.8 416.:3 1.402 21~~.9 1.B3 .7:1.7 
36.8 1 :3B. 7 40b. <y 1. 4 C) '7 20:3.6 2.42 .'1'34 
37.2 138. :3n5. B 1.364 :1.88.3 '1 I::' 1'") ,: .• + ,J.,;., .bB3 
37.6 134.'7 :3!5(y • 4 1.41~'j 190. !:5 .47 • '7!50 
38. 1~)2. 6 40<1. 1.447 2::~ 1 + 1. Ocl .7B2 
38.4 :l48.5 :382. :1. 1. :387 :W6. :l --1.:1.0 .748 
38.8 :I.6~'j.:3 4n5.B 1 • ~169 ~~26. :3 .68 .651 
39.2 144. 409.? 1.:3'76 19£-).:'5 '-1,94 .66;5 
:~9. 6 :I.!53. :3'7().4 1.341 205. ~~ ':> ':> .... " .. .'74:3 
40. 1!5'7.9 389. 1 • 3~)6) :2:L4.:5 1.19 .'74'7 
4().4 :I.~':;O.5 :~'7B.4 1. • :~!57 2()4.4 -1. !56 .7:33 
40.8 150.4 :34B. 1.309 197. -'. B5 .'741 
41.2 157.3 356. :3 1. 29:':'~ 2()3.4 .27 .737 
41.6 162.7 ~55~'j • 4 1.2!5:3 2()3.9 .2:3 .'719 
42. 150.5 333.:1. 1 • 26~:j 190. ~3 -1.11 .723 
42.4 :1.69.4 ~''7:I.. 4 :l .2'7:1. 2:1.~5.4 .36 • 7~5'7 
42.8 1'71.4 371.~' 1.248 213.9 -.42 .7:1.8 
43.2 17:3.9 ~'88. <;> 1.2'75 221.8 .55 .727 
43.6 :1.71.'7 ~'5~'. 6 :I .• 2~j6 215.8 ·-1.!59 .767 
44. 1'70. 374.4 1.283 2:1.8.2 1.36 .748 
44.4 2()2.1 4O().~! 1.197 ~~42 + 1.41 .723 
44.13 19:3.5 366.9 1.191 23().6 • '1'7 .'748 
45.2 193.8 391.8· 1 • 26~5 24!5.3 .58 .792 
45.6 214.6 ~,(tO • 3 1.094 235. 1.3B .659 
46. 228. 384.7 1.06 241.8 -1. 72 .666 
46.4 205~1 ~,63 • '7 1.112 228.2 2.56 .698 
46.8 206.2 396.5 1.15!5 238.3 2.:B .694 
4'7.2 196.5 347.5 l.14~' 224.7 1 c,"r) 

• ...J~ .739 
47.6 190.2 :34~:'i • 7 1.06'7 2()3.t -1.34 .627 
48. 227.6 427 • ~j 1.14 259.6 .69 .692 
48.4 '1 '1 ") r.~ 

':"A-A"_ + ~ 36:5.4 1.038 231. 1.02 .659 
48.8 26) 1.8 3'71. • c) 1. ()HJ 266.6 -.81 .'730 
49.2 :~~~9 • 3 349.2 1.061 243.4 -.33 .739 
49.6 251..5 335. • 97()2 244. 4.72 .706 

Response Spe.ctra at Joints 49Z & 76Z 
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Freq. Acceln Acceln F.R.F. X--Spec. Phase Coherence 

(Hz) q~2.xE6 ) (glxE6) (gig) (g"xE6) (Oeg. ) 

Joint 49Z Joint 76Z (76Z149Z) 

50. 2!:.:;~5 + 4 333.1 .987l 252.1 .67 .747 
50.4· 228. '7 :324.8 1. 2::.~8 • 7 2.64 .704 
50.8 2'74.3 3~')2. 7 • B(lB4 246.4 .:1.9 .627 
5l.2 ~.~ (.):3 + 32:1.. 9 .909f.l 2:39.3 .48 .676 
5:1..6 282.6 32:1 .• .8775 247.9 2.94 .677 
c:- r) 
,oJ,;... + ~~f:$~.~ + ~52L2 • fJ9ml ::?, ~:5 :'5 • 4 -:l.'?6 .70(l 
52.4 299.2 :3~!4 + 2 .893:1. 267.2 .09 .'736 
5~~ + 8 3!'59.2 3'79.8 .86!:i5 3:t,O.9 .64 .708 
53'.2 ~nl.7 400.4 • 77~:;~'j :~!57 • 3 3.98 .498 
53.6 3~:~~; • 6 :~26. 9 .80:1.2 260.8 '-1.24 • 6~58 
54. :3:1.7.4 269.1 .7:349 233. :3 2.49 .63'7 
54.4 :394. ~5 327.3 .76'?4 302.6 1. 4l .709 
54.8 35!:-;.8 260.t') .690l 245 +~) 2.:3:1. .6!::iO 
55.2 423.7 272.6 .6685 2f:l~~ • :5 2.31 .694 
5!'5 • 6 482.8 28().1 .6302 304.3 2.09 .684 
56. 5::?:~~ + 2 2!:,:j9.2 • t,)6() 4 292.7 2.40 .632 
56.4 ~:;5:1..l 2~)6. 4 .!:'j40l 297.6 8.80 .626 
56.8 61f:l.4 249.9 • 4 <"t:U 304.9 2 + 1 ~:.:j .6():I. 
~)7. 2 797.7 2~)9. :3 .4374 :34B.9 2.41 .588 
~'j7. 6 888.9 2~~6 • .3764 :3:34.6 4.31 .533 
58. 1149. 224.1 .~~:l.17 3!58. :3 4.:1.7 .498 
58.4 :1,3'7'7. 324. .24~'i:I. 3:57. !'5 8.3(:1 • 2~)5 
58.8 21:3(). 200. ~~ .1!:569 ~~34. 2 7. !:59 .261 
59.2 ~~8!37 • 1~~9.:L • ()6~~ 244.9 ~'2. 2'; • 1 :l () 
r:59.6 8380. :1.94.2 .0662 555.1 139 .. oS .189 
60. 3651,0. :l.1f:l:3. • :L662 (,)071 • 164. .852 
60.4 !51670. :~999 • .2714 14020. 168.5 +9!:52 
60.!3 610~,:; • 1127. .38 ~~320 • 169.B .782 
61.2 2426. 8:32.7 .4983 1209. 170.7 .72:3 
61.6 962.9 C)09.7 .5'7'76 556.2 169·.8 .526 
62. !H3.7 526. :~ .6231. 320.1, 168.1 .378 
62.4 ~534 • :I, 51~~.4 • 5837 19~:'j • 171.2 • 2~!1 
6~? 8 24~5. 9 461. .4B:l.8 :1.17.5 160 • ~5 .122 
63.2 16~'j • 1 384.9 • 16~) 1 27 + ~~ 1'76.4 .011 
6:3.6 160.B 418. .224:3 36.0 65.41 .019 
64. 173.6 4t,):5. ~::; .380:1. 66. 23.33 .055 
64.4 169.2 342.8 .431 72.9 5.40 .091 
64.8 219.7 36:3. .~'j691 12!5. 14.:'59 .196 
61:." ") 
<J'~ 

;!~)6. 8 366.fJ .5688 146.1 6.00 .226 
65.6 347.8 320.6 .5H12 180.2 .53 .291 
66. 4:~O.5 305. .4513 194.3 .40 .287 
'66.4 7~'j'7 • 304.3 • 3~'j8!:,j 271.4 3.82 .319 
66.8 1383. 292.1 .2453 339.4 11.17 .284 
67.2 3783. 23~~. 9 .1041 393.9 43.42 .176 
67.6 29880. 681.7 .122 3649. 148.4 .653 
68. 10630. 953. '7 .2663 2833. 166.3 .791 
68.4 1903. 548.4 .4209 801.3 169.2 • 61~j 
68!8 '751.4 476.9 .5847 439.3 166. .538 
69.2 349.3 422.4 .6!533 2~!8 t 2 168.6 .353 
69.6 225.3 410.4 .8196 184.'7 1 '71. .36[3 

Response Spectra at Joints 49Z & 76Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (~e'xE6 ) (g2xE6J (gig) (glxE6) (Deg. ) 

Joint 49Z Joint 762 (76Z1 49Z) 

70. 155.1 42l.4 .6699 10:3.9 l69.8 .165 
70.4 121.1 4~5!:). :l .64tl4 78. !:j l71.1 .ll1 
70.8 100.4 3f.l2.2 .4fr78 48.9 '-179.9 .062 
71.2 97.9 370.2 .2693 26.3 130.7 .019 
71.1.) 100.7 3f.l:l. B .1077 10.£1 --:1. 7 • ~:56 .003 
72. 74. :'5 3~)O. :3 .4414 :'52. e 1:l • Be .041 
72.4 73. '7 3c)B. • 39:~ 28.9 1.96 .O:SO 
72.H £16.2 3D8.3 7""")") • .... J A., II: .. 64.B 12.98 1 ")"" + ",,'_,.J 

73.2 68.9 390.6 .94?~) 6~,'j. :3 B. '1'!'5 • 1 ~58 
73.6 91.1 400. ~5 .9608 B"7. !:'j 6.05 .2()9 
74. 9"7.B 33:1.3 .0499 03.1 2.98 .21~.~ 
74.4 9"7.2 :31"7.B .964"7 (13.8 .78 .204 
74.8 93. f"5 :~69 + "7 1.:H9 114. 5.36 .376 
75.2 99 • ::,~ :347.:'5 :L • lml 1:1."7.9 4.34 • 4()~"') 
75.6 1 U, • :l :3~53 • !:5 :1..069 :I,18tB 6.B4 .3B:l 
76. L~:'5. 6 :334.7 1.0(»4 146.:5 ~5. 21 .478 
76.4 124.2 297.B :1..047 1:30.1 4.32 • 4~)7 
76.8 162.~5 :~2B. 4 :1..024 166.2 :3. "76 • !'.:;18 
77.2 2:1,~~.6 :33:1. • • BB:'52 HlB.6 4."75 • ~)O 3 
77. C) 261.8 337. !5 .B:J."74 2:1.4. 3.15 • !5l.f:l 
78. 3:U .2 31.)0.7 .798"7 264. !5 6 • 5~.~ • ~Y73 
7B.4 4:30. '7 :36"7.:3 • "7:3!:) 316.6 6.9 • 6:3::~ 
78.8 665.9 3!5(). !5 .5B!:)6 :3B9.9 !5.49 .651 
79.2 12:37. 43:1.. • !5 O()~?, 619. 10.1"7 ."71B 
79.6 2686. 490.4 .3!5c)El 95B.6 9.22 .1.)9"7 
80. 116"70. 69:3.2 .22:1.1 25BO. lB.77 .f.l23 
80.4 18770. 40:L .2 • :t:l () ~~ 2068. 41.76 • ~)6B 
80.8 292~~ • 171.3 + 12~S2 366.1 124.5 .267 
81.2 1080. 15!5.8 .201.) 1 2~~2. ~7·· 145+4 .294 
81.6 536. :3 224. :3 .4():38 216.5 1 !5!',). 3 .389 
82. 26B.9 ~~~~~). 2 .4!582 123.2 161.!5 + :~4 
82.4 1"70.6 2:36.9 .5211 B8.9 136.7 .:1.95 
82.8 :~"7() • 6 2~5(1 • 1 • 4c)"7B 17:3.3 77.()7 • :3:1.2 
83.2 680.1 20!5 +~) .:314:1. 213.6 149.7 .326 
83.6 if) "7 .• 9 226. f.) • 6~~~,:;(1 :l.06.B :1.72.3 .299 

·84. :1.29.6 226.9 • 68:~3 88.6 :1.76. .266 
84.4 9~~. "7 260. ."702:1. 65.8 :1.70. .1"77 
84.8 61.9 236.6 .6313 39.1 165.9 .104 
85.2 70. ;~ 249.8 .319 22.4 1,53.3 .028 
8;'5.6 85.1, 260.4 • 42::'~5 35.9 124.9 .058 
86. 69.2 281.1 d35~)6 59.2 162.7 .180 
86.4 48.3 245.6 .6408 31. U)5.5 .080 
86.8 53.8 25"7.6 .2636 14.2 166.3 .014 
87.2 65. :~ 24~~. 3 .239l 15.6 '-1"73.1 .015 
87.6 60.() 251.3 • 1 !5~::; 9.3 91.33 .005 
88. 59."7 244.4 .4083 24.4 45.2 .040 
88.4 34.4 248.6 .4()23 13.8 141.3 .022 
88.8 46.6 237.6 • 064:~ 3. 146.8 .000 
89.2 38. :3 245. .2389 9.1 5.37 .008 
89.6 42.6 27"7.9 .3254 13.8 41."71 .016 

Response Spectra at Joints 49Z & 76Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (~2.xE6 ) (g2xE6 ) (gig) (g2. x ES) (Oeg. ) 

Joint 49Z Joint 76Z (76z/49Z) 

90. 4().9 3()9. • !554EI 22. '7 .19 .040 
9().4 :~2. 9 24().4 ."764"7 :~5 t 1 3.72 .0ElO 
90.8 4B.B 249.B .9039 44.2 14.3 .1 !59 
91.2 170.3 240.8 • 56!:) 100.7 46.74 • ::~2tl 
91..6 40 • ~5 221.. C) + 22~·5:1. 9.0 131.4 .009 
92. 48.2 213.4 • :l ~j"7D "7.6 ,-,60.2 .005 
92.4 !::;6.6 234.1 .306"7 1"7.3 20.31 .022 
92.8 43."7 253.9 .!5011 2:1..9 '-1:1 .• "76 .043 
93.2 46.2 ~:.~:I. 4 • ~~ • ~5~:;c)!5 ::'~!5 + 7 C) • () () .066 
93.6 49."7 224.6 .::?"71B :1.3. !5 ·-"7.0C'} .016 
94. 51.3 240.B .4479 23.0 4.23 .042 
94.4 47.4 20B. :3 • 4~.:j94 21.B 4.90 .048 
94.8 44.5 :~~30.5 .61"7~5 27.5 ·-.06 .OT3 
95.2 42.8 192.9 .6399 ::.~7 • 4 -1B.B7 .090 
95.6 40.1 208.3 .6!:51.4 3:1..3 -2.66 .O(?Ej 
96. !5"7. :I. :1.9!:,j.c) .4546 :~5 t 9 :1..64 .060 
96.4 49. :1. 20!:5. f} .6"71.~) :B .0 p") 

if. :J":'. .:1.07 
96.8 ':36.9 210.9 • !~j942 21..9 '-'7.60 .061 
97.2 47.2 :I. 9!:'j.1 • !:5:3"7 :'5 :~~j • ~~ '-1.39 .069 
97.6 81.4 214.1. .2"712 ~~:~ + 0 '-3.66 .027 
98. 1 C) f.) • 2 2'70.(? .7n54 12B.9 -17.76 .36B 
98.4 ~j9. 7 20;;.~.4 .9414 ~)6 + 2 '-<3.61 .261 
98.8 ~)5. 0 242. :3 .9125 !~jO • :1. "-2.66 .Hl9 
99.2 50.3 199.6 .7!597 38.2 2.50 .:1.45 
99.6 4:1 .• 5 :1.82.1 :I..OOB 41..8 1..~H .231 

:1. 00. ::51.9 211.3 .B398 43.6 -8.B7 .173 
100.4 ~)5. 7 :l.8B. • B6~57 4B.2 '-4.46 + 2:~2 
:1.00. B ~54. 6 :1.94.1 .973B !)~3 • :Z -3.12 .267 
:1.01.2 4~.7 :I.B!7j. B • B5B fl :3(11.2 '-8.06 .181 
:1.0:1..6 46.6 200.B .9872 46.0 · .. ·~~:5~) .226 
102. ~53. 3 :1.6:3.8 .90:1.8 48.1 -2 . ~~~~ .265 
:1.02.4 !:;C) + 2 :1.64.9 .7783 4:3.7 -,2. Of.> .206 
:L 02.8 ~)O. 7 :1.74.:3 • '7461.) 37.B 8.46 .:1.62 
103.2 4B.4 :l.5~~.7 .8B5 42.8 .- + ~!O .246 
:1.03.6 ~58. 8 160. .8297 48.7 ,-:1. .42 • ::'~!7j3 
104. !51 .4 144.5 • 73~5 :37.8 2 + 1~) .192 
104.4 4~5. 7 :1.47.2 .8016 ~3c). 6 -·3.32 .:1.99 
104.8 59.5 :1.29. :7 • ~:;7~.53 34.2 1.07 .:1.51 
:1.05.2 57.8 1. 3~=j • .52B3 ::W.5 -9.61 • :1.:1.9 
105.6 60.4 140. .6229 37.6 6.!~jO .1.67 
106. 49.7 103.2 .6122 30.4 12.'77 .180 , 

51. 1.:L 4. :L06.4 .42:1.7 21.5 3.31. .079 
106.8 8'.7.1 106.6 .5197 45.2 -2 t ~~2 • :;'~20 
107.2 473.5 415.4 .7837 :~71 + 1 -9.oB .7()0 
107.6 :~1~1.~) 204.7 • ~j908 126.1 2 + :~6 .364 
:1.08. 152.6 837.2 .8324 127. 139.3 .126 
1()8.4 119.7 653. :3 .8715 104.4 1'7.95 .1:39 
108.8 114.5 269.6 .6885 78.8 8.32 .201 
109.2 130.7 21:~.2 .485 63.4 2.59 .144 
109.6 1.83.7 1.79.9 .:1.45 26.6 '76. C) 7 .021 

Response Spectra at Joints 49Z & 76Z 
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Freq. Acceln Acceln F.R.F. X-·Spec. Phase Coherence 

(Hz) (g2.xE6) (glxE6) ('gig) (gJ: xE6) Weg. ) 

Joint 49Z Joint 7SZ (76Z/49Z) 

110. 71.7.4 B7~:; • 9 .9149 656.4 1 c)6. 1 .6i35 
110.4 29().~) 86El.2 1 • ~~39 389.1 167.3 .600 
110.8 ·7B. 1 312.4 • ;·5~.'i98 28.1 12f.L ~1 .032 
111.2 67. 199.5 • :33!5i:l r),O) I;:' 

~.":" + \.J :33. :1.2 .03"7 
111.6 96.4 146.1 .3"773 3c). ;·5 ifJ • ~)4 .093 
:ll ::.~ • 109.7 :1.4:::;.1 +:~:I.~~4 23.3 -1. 71 .034 
112.4 6 ::.:; ~:j • 7 :I.47~S • :t. + 3~.~!:5 B69.1 1'70.2 .'7B1 
112.B '72.1 34B.8 + ~j2'75 3B.O :l74.6 • 0~:57 
113.2 134.7 243.9 • 39B,~) !53.7 .- 1 !52 • :I. ; OEl"7 
113.6 466.7 1'75.7 .2B92 135. '-52 + 7:~ ":)':)" 

• " ....... A.. 

114. 16'7.3 171. 7 .4401 73. C) .82 .188 
114.4 1'78.8 138.8 • ~~K~9 68.6 '-9.62 .Hl9 
114.8 22~~. 7 16;:~.9 .1.792 40.:1. 62.B4 .043 
11::';.2 134.9 Hll.6 .177 23.8 57.0:1 .023 
:l15.6 172.9 1:1.7.2 .2625 45.4 .HO .101 
116. :I. 9!:.:; +:1. 121.1 .1.<)!:j4 38.1. 10. !:.:;4 .061 
11.6.4 45B.1. 93.9 .0720 ;3:~ • L3.Hl o '.j ,:. 

+ A'_~J 

:l1.6.8 1073. :I.!::;6.3 .1.942 208. ::) 161.7 • ::.~!:.:;9 
117.2 24LB 129.9 • Hl2::1 44.1. 176.4 .061 
:l17.6 313. 12!5.3 .:tB78 !5B.7 - 1 '7 <7 • !::; .088 
:l18. !5~B. 4 172.8 • :~06!:j 169.1.) 1'72.'7 · ;;)()() 
:lHl.4 c)44. B 2Sl~~. 6 .41.>1. 297.3 :1.71.8 .4B3 
:L ilL 8 1511. 590.7 • !:j4B2 B2B.8 :1.79.1 .71.)9 
119.2 992:1. • 4067. .63()4 62!54. 17i3. 6 .969 
11.9.6 229~~O • 1129(). .70()!:'; 16()!:';O. 178.6 .996 
120. 2038. 12BO. .7483 1 ~.:;2t) • 176.7 .B91 
:l20.4 7~5:~ • 9 ~'j~59 • 3 .719:3 527.9 :1.77. !5 .704 
:L 20. B 414.2 343.4 .1.)666 276.:L ··-:1.7<7. .5:36 
:L2:L.2 284.4 226.4 .!:j4Ell 1!:55.8 17!5.4 .37'7 
121.6 2'1:1 .• 3 170.4 .4405 93.0 176.!5 .240 
122. 212.1 :1.:1'7.5 .2826 ~:)9 • 9 :1.77.2 .123 
122.4 30:~. 2 127.2 .227"7 69.0 15~:).4 .12~1 
:1.22.8 19B.7 109.1 .1B93 37.6 ·-175.1 • 06~=; 
1 ;.~~3 t ~~ 18:3. :J. 1:~2. 4 .:1.79 32.'7 178.7 .044 
:1.23.6 222.9 131.5 .20B4 46.4 ·-:L64.:3 .073 
:L24. 244.4 10:3.4 .1923 47.0 17"7.~5 .087 
:L 24.4 3:1.5. 141.1 .21:1.6 66.6 ·-1.75.6 .1 
124.8 4:~9 • El 20~:). 4 .2B34 124.6 -174.8 .:1.72 
:L25".2 804.6 3!:5:3.4 .416:3 ~~:3!:=; • ·-177.4 .394 
:L25. C) 260"7. 1176. • ~)65;3 1474. -176.8 .70B 
126. 545"70. 1 El~500 • • !::i7El6 31570. -:1.77.7 .98"7 

':1.26.4 "7251. 132"7. • ~~417 24/8. ·-j.78.9 .63/ 
126.8 4300. 375.1 • 0:~06 131. 9 -102.3 .010 
127.2 77El7. 626.6 • :1.922 1496. -6.88 .459 
127.6 585"70. 626? .31!5? 18490. "-.5? .931 
:L28. 1?H10. 2137. .3:1.66 ::)44:1. • -.26 .El06 
12B.4 7336. ~~322 • .492 3610. 1.30 .764 
128.8 :l.2B200. 48~;:l.0 • .61.14 78410. .68 .988 
129.2 9554. 30?4. • 516~) 49:34. .44 .B28 
129.6 49H~. 907.3 .309:1. 1520. 2.4:? .518 

Response Spectra at Joints 49Z & 76Z 
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Freq. 

(Hz) 

:l30. 
130.4 
130.8 
131.2 
131.6 
L52. 
:L32.4 
132.8 

Acceln 

(g2.xE6) 

Joint 492 

6954. 
3'794. 
2663. 
:'~~:54~! • 

:I. 6(»'7(). 
14?20. 
~:i:'~96() • 

1 :~~:j3()() • 

Acceln 

(glxE6) 

Joint 762 

1'762. 
60~5. 8 

:L 1 B8. 
54'79. 

48680. 
366(). 

1023(). 
'73980. 

RMS values between 

Joint 49Z 

Acceleration 0.947 

Velocity 30.1 

Displacement 0.269 

F.R.F. 

(gig) 

(762/49Z) 

+ ~5 (y ~5 ;.:.~ 
.Ol07 
.237? 
t ::~~:'77 

1.3?3 
.03:1.6 
• ::r78'7 
.5534 

frequency 

(g) 

(mm/sec) 

(mm) 

252 

X·-Spec. 

(g~lxE6) 

Phase Coherence 

(Oeg. ) 

2?4El. 10.62 .616 
268.4 30 • l~j .031 
633.1 161.3 .126 
006.'7 152.8 .033 

23300. 6.'71 .• 6~57 
46~:5. 8 108.'7 .004 

20440. -·l?fJ.l • '7~:56 
'74fJ80. ~··1'73.6 .560 

limits 10Hz to 1;;l2.8Hz 

Joint 76Z 

Acceleration 0.913 (g) 

Velocity 61.8 (mm/sec) 

Displacement 0.560 (mm) 

Response Spectra at Joints 49Z & 762 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherencn 

(Hz) ne'xE6) (glxE6 ) (gig) (glxE6 ) (Deg. ) 

Joint 49Z Joint 52Z (52Z/49Z) 

10. 41.1 41.4 .2'704 11.1 ~3 + (y~:) .0"72 
10.4 46.5 4~j. :1. .:3049 14.1 fl • ~j'7 • o ()' !5 
lO.8 5!:.i .. ,.1 52.8 • :3797 21.0 ..... :t 0 • 1 !::j 1 
11.2 6:3.9 62.0 • -4:1. ~)B 2fJ + ~5 B./'5 .1?B 
13..6 8'7.B T7.'7 .4~H9 39.'7 . ., .. ., 

+ I ~ .230 
12. 10S.S (1:3.l • !:)O79 5~5 + 2 "- • !5~-S .301 
12.4 1!:)(/. 128.4 • f.) 02 (?~5. '7 :L.(/7 .+ 448 
12.8 24~j • :L 190.6 .6503 161.:'5 :t.O'7 • 5~5'1 
1:~. 2 458.B 316.0 .'7047 323. :3 :1..4:1. .719 
13.6 :L2:1.~). 810.9 .'7632 92'7.B :L • !:)B .8T3 
14. 8008. 5Hl2. • '7(t~H 636'7. • ~j(? .9T7 
14.4 22:1.10. 14'7'70. .813!:j 1'7990. + ~~~3 .990 
14.8 213'7. 1 ~)69. .iH4 :L "739. '- .14 .<t02 
10=' "> \.Jt,;. 61!:).8 !:j6El. '7 .'7893 486.1 -1.99 .674 
1~:j. 6 322.4 ::~~:';9 • 2 .68'7 :~21 + ~:.) --2. ~3B • 42~~ 
16. 1626. :I. 7:~7. .9424 1!:)32. ,--:1. • :L:l .031 
16.4 4()6.5 ~)84. 2 • T77!'5 ~'.)16.1 2.10 .420 
16.0 22'7.9 ~)O(? • 2 .5448 124.1 '-4.60 .132 
1'7.2 186. ~)0'7.~~ .2679 49.H '-6.92 .022 
17.6 1"70.9 7~~6 .1 • ;3094 52.9 '-169.'7 +022 
Hl. 1f:!9.4 1 :I. () :'5 • .9392 lT7.9 "-:1. '7!:.=; + 3 .1!51 
18.4 2B!:). :t. :1.72'7. :1. • f.) 4 4\~)'7.7 ·-176.EI .444 
HI.S 5(l'7.3 4'::'''"'') \o.,J\..J~ •• 2.44 14!:.'.i'7. -"1'78.3 • nIl 
19.2 3!502. 2:3850. 2 + !:5'7!5 9022. '-1'70+~5 .9'74 
19.6 24'7'70. :I. 42'lOO. 2.414 5(?Bl0. '-1'70.'7 1.01 
20. 1604. 7320. ~~ • 065 33:1.4. -1'70.8 .935 
20.4 ~~j99 • '7 21~r7. :1 •• 690 10:l.fJ • -1'70. .801 
20.8 :588.8 :1.06:1 .• :I .• 36'7 5~H .9 "-1'79. .685 
21. • :~ 286.5 628.5 1.123 322.1 ·-<1.76.2 .576 
21.6 219.2 ~'.)82. 4 • ~1'7n!) 192. !5 l7B.6 .442 
22. HJ2.6 2El2.7 .7824 142.8 '-1'79.7 • :395 
22+4 1'76.B 202.'7 .5923 :L 04.7 '-1'79.4 • :306 
2~.~ + 8 155. 166.6 • 546<.S 84.'7 -"1'7:3.8 • ~.~'7B 
2~·5 f 2 152.:1. 127.'7 • :'5809 5'7.9 1'79.2 .1'72 
23.6 142.7 :1.05.6 .3()65 43.7 lT7. .126 
24. 13'7.9 B'7.6 .:Y)6 36. '7 179.2 .111 
24.4 129.1 76.3 • :1.'752 22.6 1'77.8 .O~H 

24.8 132.~) 66.8 .200:3 26.5 1'76. .079 
25.2 116.4 58.:3 .1187 13.8 -163.1 .028 
25.6 116.4 51.1 .1264 14.7 1'74.4 .036 
26. :I.l~5.8 49.2 .0752 8. '7 --1'74.2 .013 
26.4 123.7 46.2 • 046~:) 5.7 -13<7.4 .005 
26.8 11!:-j.5 40.8 .0268 3.1 109.6 .002 
27.2 101.9 38. :~ .0055 I!!' 

• .J 179.2 .000 
27.6 115.7 3~) .1 .0304 3.5 --8:1..36 • OO:~ 
28. 118.4 :~3. 9 .0247 2.9 -14.:36 .002 
28.4 117.6 29.8 .0608 7.1 -9. 10 • O:L 4 
28.8 114.7 28.9 .0536 6.1 63. .011 
29.2 107.9 27.2 .0963 10.3 6.05 • 0:~6 
29.6 115.1 25.0 .0575 6.6 20.0(l .015 

Response Spectra at Joints 49Z & 52Z 

Table 5.20 



254 

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

(Hz) (g2 xES) (g2xE6) (gig: (g:(xES) (Oeg. ) 

Joint 49Z Juint 52Z (52ZI.t;9Z) 

30. 116.B 24.3 .OB76 10.2 14.26 .036 
30.4 121.2 ::'~3 45 • 1 ~!~5~:.) 1 r.,. 'i 

.J+~ 5.16 .ODl 
30.8 109.4 2~~. 8 .126 13.7 7.99 0'7'::-+ I ,.J 

31.2 l.Hl.D 2:~!+..:l .:1.314 1.~3.3 '7. '') 
• \:)"."04 .OU9 

31..6 126.3 :~~~ + ~3 .1:;~44 :1.5.7 '-4.85 .OB7 
3") .. : .. t 111 .• 2 ~.~ ~.~ • "1 • 1 ~)29 :L7.0 -.O:l ,11'7 
32.4 114.'7 2~~~ • 1 • 1 ~:)9D :I.B • :3 ···2.9i3 • L32 
:~2. (3 1.20.2 2().9 • :I.~')fJ4 19.0 ·<!..1.6 • 14~3 
33.2 114. 2LB .1.391 15.8 ::~ + (t!5 .100 
33.6 1l.6.B ::!O + 2 • 1. ~~7~:; 16.0 1.4.06 .lOB 
34. 117.6 21.7 • 16~~'7 19.2 .1.7 .1.45 
34.4 1. ;;3.8 20.B .1.54:1 19. :1. ··B.:l:5 .1.41 
34.8 11:1 .• 4 1.9.0 .166 18. !:-i 7.41 .1.60 
35.2 120.6 20.1. .1751 21.1 ~5. 67 .1.83 
35.6 120. ;j 20.:1. .1B9B 22.H "-:3.46 .215 
3Cl. U.Cl.:' Hl.4 • 1. 71.:L 19.9 ::? • 7~:) .104 
36.4 116. Hl.4 .1869 21.7 ·-!5.86 + :~ :l 9 
36.8 :l2c).8 :I. 9. ::? .2203 27.9 .38 • ~31. (l 
37.2 127.1 20.1 .1.999 :~5 + 4 !:).82 .. "):,::' .. , 

+ ,A' .. J 4' .. 

37.6 :1.24.6 17.0 + 1. 91.1. 2::~. 8 '-1. • r.r7 .266 
:3B. 1:1.7.7 :1.8.7 .200!:) 23.6 .41 "")1:;"") 

• ...... ,J., ... 

38.4 L~8.6 20.2 .2:U3B ~50 • :3 :1..49 .328 
38.B 12B.2 :l9.7 • ;!10B 27.0 -:3.60 .289 
39.2 1:~7.7 2=~. :~ .2:38 32.7 .82 • ~5~.) 0 
39.6 1.~~O. 2::!.4 • 23n:; ::H .1 ·-7.64 .331 
40. 1.37.4 21..4 .2007 27.5 "-~5.24 • 25f.l 
40.4 1. :3 Cl • ;.~ 2().7 .21,61, 29.4 .39 .306 
40.El 1.2'7.'7 20.H .24 :l.i3 30.H -·4.6H • 3~j7 
41.2 1.3'7.7 2().7 .21,92 :30.2 2. 4~) .3:1.9 
41.6 142.4 22.2 .247B ~55. 3 .•. 1, • :L 1. .393 
42. 1.4!5.3 22.3 .2329 33.fJ ·'';3. 1. 0 3""'1 t .. JoA!.. 

42.4 154.9 2:3.4 .266tl 41.3 -.41 .471 
4:;~ • 8 1.42.1 20.6 .2·4 34.1 1.01, .:3(jl6 
43.2 :I.5:~. ~) 21.tl • 2~?66 36.3 -:;.~ • o:~ .394 
43.6 lc)1.2 24.2 .• 2737 44. :1. -.~? • 6tl .49tl 
44. 162.1 23 t ~~ • 25~:;6 41.4 5.34 .454 
44.4 1.74.7 2~::j • 0 .2697 47.1 '-1.60 .500 
44.8 170.6 25.2 .2c)74 45.6 1.92 .403 
41:' 'i ~.~ 151.2 24.6 .2744 41.5 '-3.10 .462 
45.6 167.9 24.1. .261 43.0 -.53 .474 
46. 1 !52. 0 26.2 .2725 41.6 1.43 .432 
46.4 1(jl3.~5 31.4 .2tl7 55. ~) -.()9 .507 
46.8 1~57. 2 26.6 .2nH 43.2 .-. tl3 .446 
47.2 1'74.5 29. t) .29()1 50.6 ·-2 + 82 .495 
47.6 175.8 2tl.6 .2·707 47.5 1.84 .44(1 
48. 176.6 31..4 .3009 53. :I. .97 .508 
48.4 2()B.f.l 34.2 .302 63.0 .53 .556 
48.8 204.4 :39.0 • ~~2:39 66.2 .95 .548 
49.2 1'78.9 33.4 .3041 ~::;4. 4 2.28 .495 
49.6 227.4 38. ('J .32()7 72.9 -1.02 .600 

Response Spectra at Joints 49Z & 52Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (g2.xEG) (glxE6) (gig) (g2. xE6 ) (Oe~. ) 

Joint 49Z Joint 52Z (52Z/ 49Z) 

~'iO • 2:3!:5 • :~ ~)7 .0 .382 89.8 1.96 .601 
50.4 200.B :34.4 .3026 63.2 2.08 .554 
50.8 21.3.7 4:3.7 .36~H 78.0 -.98 • 6~) 1 
5:1. + 2 231.8 4~1. 7 + 34~54 80.1 .-. ::53 ~ 6:32 
51.6 22:1..0 46.1 .. ~31.)29 80.5 ·-i.20 .633 
1::"'") 
,,) A_ + 27El.6 51..6 • :346 96.4 .49 .646 
~):~ + 4 236.0 49. :'3 .:3477 02.3 -3.8'13 • ~jBO 
52.El :U::) .4 58.3 .368 101.3 .3B .630 
5:~ + :~ ~304 .8 68.1 .389B :l :tEl. 8 .62 .680 
~53. 6 3()El.5 7l.5 .4058 1 ,,)C:' '1 ......... J .. 4.. '-1.20 .71 
54. 308.1- 69.6 • :39:38 121 .:~ '-5.43 .686 
54.4 ~146. 9 80.9 • 40~)9 140.8 -.63 .706 
54.8 :~64 .. 4 92.8 .4:3()7 156.9 -2 + 4!!5 .727 
55 .. ~.~ 4:1.:'1.3 1.06. .440:'1 182. -·1.6:5 + 7!55 
5~7j • 6 ~5B7. 6 1l.:3.9 .4'794 1 n!5. 8 -1..06 .782 
56. 490. 140.4 .4'793 234.9 -2.90 .BOl 
56.4 ~)C) 7. 168.2 .492 279. -,1 .• 09 .816 
~)6. 8 641.1. 2()9.6 + ~) 2 (.) ::,~ 337.4 '-1.71 .846 
57.2 7:LO.B 23f.) • :3 .532l 378.2 '-:1..47 .851 
57.6 8</1.6 326.'7 • 56~~j9 504.6 '-2.1:1. .873 
!58. 11.34. 462.9 .60<?1 1.)90.7 ~"1. • 91. .908 
58.4 :1.402. 641.2 • ~'>4 72 907.6 '-.90 .91.6 
~)(3 • 8 2:~:~4 • 1.0B:L .. .6796 :1.51.1. .. .. 1. .42 .949 
59.2 3:370. 1. 8~B. .7247 244:'~ • -.69 • 96~'j 
59.6 77~:iO • 4742. • T7f.)2 601.6. · .. ·1 .06 .984 
60. 400~10 • 27ElElO. .8331. 333~30 • -·1.31. .996 
60.4 49380. ~:~B760. .BB46 436<YO. -1.44 .997 
60.8 62:1.2. 5766. .95:1.4 591. 1 .• _'") r:':'I::-

#\- + .. J .... } .9'75 
6:1 .• 2 2~5~'i6 • 2:346 + .96B 22tH. .".~~ • !:52 .941 
61..6 982.9 1.208. :I .• 035 10lS. ~"3. 51 .873 
62. ~):3:1 .• !'5 754. ~.'j 1.042 553.9 '-2.90 .'765 
62.4 299.6 !:;O4.3 .998 299. -·2.09 .591. 
62.8 21.:'1.3 374.1. .'7529 1.60.6 -2.92 .323 
63.2 1.63.6 :;~89 • 1 • !~;628 92.:1. -5.72 .1'79 
63.6 149.3 2::'i4.1 .1854 27. '7 -7.!50 .020 
64. 132. ~'i 234. :3 .014B 1.9 176.3 .000 
64.4 If.)7.3 260. ~, • :39BI.) 66.7 -173.6 .102 
64.8 185.8 241. .~:) • ~)29 98. :3 .... 17(}.4 .215 
6~). 2 243.4 ~502. ~1 .7396 180. '-:1.79.4 .440 
6~:;. 6 270.4 31.2.4 .7703 208.2 '-179. .513 
66. 4:~2. 2 448.2 .8635 373.2 179.5 .719 
66.4 6c)4.6 681.7 .9283 617. 179.9 .840 
66.8 1:365. 1.31.2. .946 1291. 179.6 .930 
67.2 3821. 3895. 1.003 38:34 • 179.:=; .987 
67.6 33370. 3~5340 • 1.035 34560. 179.5 1.013 
68. 9191.. :1.041.0. :1..066 980~:; • 179.5 1.004 
68.4 1.543. :I. 91.0.· 1.091. 1684. 179.9 .962 
6El.8 61.6. 826. :1..093 673.4 179. .89:1. 
69.2 314.2 4'73.7 1.099 345.4 178.9 .801 
69.6 195.8 32~5. 9 1.067 209. 179.!'5 .684 

Response Spectra at Joints 49Z & 52Z 
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Freq. Acceln Acceln F.R.F . X-Spec. Phase Coherence 

(Hz) C1fxES) (glxE6 ) (gig) (g~xE6) (Oeg. ) 

Joint 49Z Joint 52Z (5221 tl9Z) 

70. 1.24.8 220. :I. .9724 121 • ;'5 178.4 • ~H'7 
70.4 (/2. ;:~ :1.7'7. cS .8669 80.0 179. .390 
70.8 68.1 149.8 .706'7 4B.1 1'79.1 .227 
71.2 ~:)B • 7 1:1.2.6 • 46~53 2'7.3 .... :L 73.9 .1:1.2 
71.6 ~:;~5 + 6 :1. 00. ~5 .1747 9.7 175. ;3 .016 
'7::~ + 47.3 96.1 .081 (1 ;3. B 17:~.~:) .003 
72.4 ~:50 • 3 88. :3 • 1. (10:3 (}l • ~5 "·:1.4.9 .020 
72.8 ~:j;3. 6 89.9 • ;3217 :L 7.2 (;>. ;34 .061 
73.2 54.9 8~) • 0 .3857 ~~1 + 2 :1.2.0:1. .096 
73.6 ~)9 + 2 76.9 .420:1. 24.9 '7.46 .1:3~5 

74. 5~~ + :~ 77.8 • 5~:;42 29.0 2.61 .206 
74.4 69.4 84. C) • 6~1:~ 1 43.9 (}l.24 .328 
74.8 68.3 77.6 .6084 4:L H1I • :1. ~~ 3")1:' + '"' ,,:...,.J 

75.2 7'7.1 85.5 .7:1.18 ~54. 7' 7.69 .457 
n:;.6 94.0 88.7 .7:Ul 68.7 6.42 • !:'i66 
76. 96.:1. :I. OS.!5 .Bl:l.6 78.0 10.6 .583 
76.4 :1.1 !:'j. :I. 1. :.3 :1 .• :I. • 8~5:1. 6 98.0 ;3. :38 .6;36 
76.8 142.8 :1.46.6 .8667 1.2:~.7 1.96 .731 
77.2 1.7:1..9 :1.63.4 • B~;83 147. ~7j :~ • :?9 .774 
77.6 21.6.2 1.97. .B57 :1.8::'i. ;3 .9:1. .B05 
7B. :~06 • 2 262.l. .8!7)73 262.6 .28 • 8~)9 
7B.4 409.B 342.1 • B6~)2 ~~54. 6 -1..36 .896 
78.8 570.2 4":· ... ) '1 

~"' ••• #0"- • 8~)58 48B. 1.16 .923 
79.2 :1.060. 8r:59 • ~1 .882 9:~!5 • '-.29 .959 
79.6 2:363. 1906. .B906 2104. .45 .982 
80. 10540. 8240. .8816 930:L • .:1.1 .99!5 
80.4 1 El020 • 140!:jO. • 8824 :I. !:5900 • c:''') + ,J ... .998 
80.8 ~~84~1 • ~~::!O~j + .874B 24[;1(3. • :30 .9B6 
81.2 992.7 77~?.2 • 864!5 B!58., 3 - .1:3 .960 
81.6 4~'j4. 9 348. :I. .8391 ~m:l..7 + !5:3 9") + .:.. 

82. 220.6 184.2 • 839~) lB!:,j.2 - .it} .843 
82.4 146.6 1.1.9.6 .805 118. .B4 .794 
8:2.8 :366.7 2B'7. .8:395 307.8 _ .• :1. '7 .900 
83.2 63'7.4 !524.6 .8843 ::'j63. '7 .O(}l .950 
83.6 :1.49.5 1 '11::' 1::-

"':"'\0) + ,J • f:1156 121.(;> 1.11 .'792 
84. 97.2 82.1, .'73'78 71,.7 2.4() .1.)44 
84.4 67.1 50.3 .62:38 4:1..9 -.47 .519 
84.8 4!:) • 4 36.8 .5601 2~) + 4 -2.23 .38'7 
8"~ ,') .. J. k 40.4 32.1 .5064 20. !:l 1.10 +~'~:;'~2 

8~). 6 43.2 :~3. 6 .~)12~) 22.1 -4. :30 .33'7 
86. 44.2 41.2 .604'7 26.'7 1.84 .392 
86.4 33.9 30.1 .4938 16.'7 -.4:3 .2'74 
86.8 30.4 '::.~·7. 2 + ~35=~5 10.'7 '-6.85 .138 
87.2 25.0 27 .~? • :3044 '7.6 -20.75 .085 
87.6 ~?3. 4 :1.8. ~~ .3151 '7.3 -1.36 .12'7 
88. 31.1 21.3 .3091 9.6 -5.'79 .139 
88.4 23.8 18.4 .~H31 '7.4 3.'79 .126 
88.8 21 .• 4 18.1 .2269 4.8 9.03 .060 
89.2 22.9 14.5 .1654 3.'7 -16.19 .042 
89.6 22.9 14.0 .1568 3.6··· 8.50 .040 

Response Spectra at Joints 49Z & 52Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (g2;;ES) ne'xE6) (gig) (g2.xE6) (Oeg. ) 

Joint 49Z Joint 52Z (52Z/49Zl 

90. ~.~ :;,~ + 1 13. ~j .1346 2.9 13.94 .029 
90.4 2~3. 4 13.7 .1699 4.3 7.2!3 .053 
90.H 27.4 14.9 .21.64 !:,j.9 .913 • 08~5 
91..2 157. :1.22. '7 • 7 f:!tl 5 123.8 • :L !:i • 79~i 
9:1..6 23.3 18.0 .1651 :5.8 3.77 .035 
9:~ + ~~~) + 3 14.6 • :1.:1. 4~5 2.9 '-1. 4.71 .022 
92.4 22 +~, 14.7 .1373 3.0 ~~. 42 .028 
92.8 23.3 13.6 .1043 2.4 -(1. ;'56 .010 
93.2 3~::; .1. 36.0 .4206 15.0 '-15.23 .1/'9 
93.6 19.6 14.2 • 10fJ~J 2.1 2~5.0<J .016 
94. 21.8 13.7 .0716 1. ~) '7.37 .OO!] 
94.4 20.6 13.9 .1:382 ~! t 8 6.42 .028 
94.8 21.8 14.1 .10fJ9 2.3 19.3fJ .018 
9'" r) 2:~. 6 13.8 .0732 1.7 -.06 .009 ,J + ~: .. 

95.6 24.5 14.3 .0756 1.8 ~'i • 5fJ .009 
96. 27.4 13.1 .:1.123 :LO '7 • 2~:) .026 
96.4 ,') 1::- I::' 14.1 .1~)12 3.8 -1. (15 .041 A,,;.:.J ..... J 

96.8 2~:;. c) 1:3.8 .1398 3.5 ~~.6~:i .036 
97.2 28.9 1.6.4 .1720 t::· .86 0'::""> ~J • • \.J..,;.. 

97. c) 6:~. 6 49.1 • ~)726 36.4 '-1. 58 .424 
eY8. 147.~' 100. c) .6992 103. 1 • (;7 .715 
98.4 47.2 2!::i.7 .426 20.1 2.3'7 .332 

98.8 36.9 1.9.6 .311.5 1L~:j 3./9 .Hl2 
99.2 ~:S:3 • !5 20.1 • ~.~986 10.0 ·-4.18 .148 
99.6 29.7 17.1 .2603 7.7 7.72 .117 

100. :3!5.9 20.6 .288 10.3 -.92 .144 
100.4 34.9 20.4 • ~!'6B4 9.3 -'7.4~5 .123 
:LOO.8 3c).4 18.9 .253E1 9.2 ·-2.11 .124 

101 • ~~ 33. ~, 21.5 .2959 9.8 -10.27 • 13~5 
101.6 34.4 17.i3 .256El 8.8 5.42 .127 
102. :~:3. 7 20.0 .299 10.0 .27 .150 
:L02 + 4 39.8 20.8 .2959 11.8 -.24 .167 

:l02.8 34.9 21.2 .3207 11.1 9.64 .1.68 

103.2 32.7 20.6 .2892 9.4 9.12 .132 

103.6 ;39 • ~) 22.8 .3367 13.3 8.21 .19(S 

:L04. :~8. 3 2~~.9 .3467 13.2 11.46 .1.92 

104.4 :~8. 0 21.1 .3268 12.4 -1.68 .19:? 

104+8 37.8 26.8 .4088 1!5.4 -2.40 .235 

105.2 ~:S8. 6 31.9 .3804 14.6 7.09 .1.'75 

105.6 37.7 34.0 .3494 13.1 -4.84 .1:35 

106+ 3/.4 ~'8. 4 • ~,844 14+4 -5+47 .144 

:1.06.4 42+3 51..0 .2091 8.8 -16.54 .036 

106.8 6!5.8 83.9 +4708 31.0 -:1,66.3 .1'74 

:1.07.2 476.2 346.:? .6993 333. -156.1 .6'72 

107.6 170.7 53.2 .294 50.2 -166.~j .2'77 

:L08. 112.2 74+2 .2997 33.6 144. .135 

1.08.4 B~) + 4 7~'" 9 .371.2 31.7 22.68 .159 

108.8 8B.4 53.3 .445B 39.4 8.63 .329 

109+2 103.6 61.0 .5052 52.3 1.03 .4:33 

109+6 166.8 102.1 .4369 72.9 14.53 .311 

Response Spectra at Joints 49Z & 52Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherence 

(Hz) (g2xES) (glxES) (gig) (glxES) (Oeg. ) 

Joint 49Z Joint 52Z (52Z/49Z) 

110. 666.B 4()9.4 • '739c) 493.1 2.30 .890 
110.4 247.0 146.6 .66'7'7 16~). 4 2.40 • '7~)3 
:1.:I.O.i3 64. ~5 45.4 .492B ~H. '7 4.'7'7 • ~344 
111 .• 2 ~'.)8. 9 49.'7 .4'74~j 2'7.9 :3.02 .266 
:1.11.6 6:3 • ~5 63.9 • ~::;80:l. 36.'7 '-'. En • 33~5 
112. 94. I.) 1.0'7.5 .7494 '70.9 -.89 .494 
:1.12.4 612.6 898. ~) 1.149 '704. :1. -. :33 .900 
112.0 ::59.4 62.2 • :I. ~59~5 (;>.4 :1. '7. 8i:l .024 
113.2 110.4 1~:i5.4 • !595 6!71.'7 -·16~1. 6 + 2~)1 

:1. :1.3.6 4~~8 • '7 ::WO. .6664 292.4 .... 166.5 .649 
:L 14. 13:'5 • :~j ~54 • '7 .0:36 '7 4.9 '-:1.0.17 .00:3 
114.4 L~3.8 !:j6.9 + ~~251 :30.1 '7.::54 .1.19 
114.B 210.2 63.() .1848 ~1B. B 33. '7~j .113 
115.2 :1.21.'7 81..5 .3:308 40.2 1.4.6 .163 
11 ~5. 6 12'7.6 8'7.3 .4359 !:5:5.6 '7.3:3 .27'7 
1.16. HI7.~:; 9'7.!:) • 3~:)39 66.4 4. :I.~:i .24:1. 
:L1.6.4 42~:) .7 13::) • (1 .0904 :3El.4 28.61 .():?'~5 

116.fJ 9~5:3 • 7 ~:j24 .9 .4649 443.4 1 ~j2. 8 • :'592 
117.2 194.fJ :'537.6 + 6) !:~:? 12'7. 7.49 • 24~5 
1:1.7.6 264.8 :~fJ8.3 .944 2~)() • 3.99 .6()7 
llB. 4~50 .1 c)!H .3 1.087 409.4 1..24 .7BO 
1Hl.4 ~)79 • l. '7:1.2. :3 :1 .• 007 !:W:3 • 4 1.38 8")1:" .. &. .. J 

U.B.8 1.45~~i. :1.69:1 .• :1 .• ()~56 1.509. 1 • ~53 9")1::' 
• 4 __ .. J 

:1.19.2 8084. 9949. 1.0!5 9:3:34. 1.:1.4 .98:7; 
119.6 230::H) • 24720. 1 • 0~~2 2:~'780 • .80 .99:3 
120. 171.)4. 1. EW6 • .9694 1710. .4'7 • <,il18 
120.4 619.1 60~~. 3 • B~)25 ~7;27 • '7 -l.:L'7 • '74!5 
120.8 325 q~:i ~?23 .2 .'723'7 2~3!5 + ~:; -.1'7 • ~527 
:1.21.2 ~:~~l + rj 220.1 + !:) ::.~ ~! ·7 115.'7 1.64 .2'74 
:1.2:1 .• 6 16'7.4 1.90.3 .3'74~:) 62.7 -.0'7 .123 
122. 154. 2:L2.B .314'7 48.4 .79 .0'71 
122.4 2!5=~ + 27~j +~) • 4~51 1:1.3. '7 10.2'7 .186 
122.8 1~5~). B 206.3 .049'7 '7.7 1'7.'76 .001 
123.2 165.6 :~59. 1 .OB44 1:~. 9 -28.91 .004 
1 ~~3. 6 191 . .1 ~BB. .0'702 1.~'.4 :L2.13 .002 
124. 21B'4 4;3~5 • 8 .1006 21.9 -8.45 .005 
124.4 284.9 627. .2124 60.5 1'7.61 .02() 
124.8 394.8 95B.4 • 449~~ 177.4 2.61 .()B3 
:L2~).=~ n57. '7 1. 1.)66. .'7614 5'77. 9.'76 .263 
125.6 2307. 46l7. 1 .• O'7:~ 24'76. ~,. 43 .5'75 

, 126. 560:50. 6~?8BO • :I. • 04~5 58490. 5.1:3 • 9~)5 
126.4 6592. 3968. .4'726 :3115. 4.03 .3'71 
126.B 40()9. 2~559 + • :3423 1 :3'72. 170.5 .183 
127.2 6~5~54 • 6B93. .B85 5782. :1.'7'7.9 .742 
12'7.6 ~)372() • 90200. 1.292 69460. 1'78.3 .995 
128. 1.5'760. 33000. :1..409 22::!OO t 177.9 .948 
128.4 5871 .• 51.1.0. .'739 4339. 1'76.1 .627 
:1. 28.8 111300. 51.640. .6805 75'7BO. 179.5 .998 
129.2 921.0. ::)899. .'76'73 7066. 17'7.2 .919 
129.6 4675. 3'725. .B416 39:34. -1'7'7.6 .888 

Response Spectra at Joints 49Z & 52Z 
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Freq. Acceln Acceln F.R.F. X-Spec. Phase Coherenc8 

(Hz) (g.2 xE6) (fexE6 ) (gig) (g2.xE6) (Deg. ) 
Joint 49Z Joint 52Z (52Z/49Z) 

:1.30. 70:L7. ~34()2 • .B497 5962. 179.6 .-937 
130.4 404'7. 249B. • 72~:)tl 293'7. --1.7'7.2 • O~53 
:l.30.B 27:3D. :L419. • ~::j73 :1.~56(? + -1'10.6 .6;33 
:1.3:1 .• 2 264~:) • :1.640. .2flT7 n:;0.6 -160.4 .1.29 
1:31.6 15330. :l.9()4. .2669 409~5 • :1. '1:'5.4 • ~573 
:L~3:~. 12630. 2076. .2984 3770. -17:3.9 + ~)4:~ 

:L 32.4 47200. :3763. l,::·r:·r) 
+ . ... J ..... } 4.. '7320. '-:1. ~:.:iD. B· • :1 () ::.~ 

132.D :1.29300. 4~.:j340 + • :L 3~17 1 '1:300. -U.:5.6 .051 

RMS values between frequency limits 10Hz to 132.8Hz 

Joint 49Z Joint 52Z ~ 

Acceleration 0.918 (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 49Z & 52Z 

Table 5.20 contd 



'f ",! 0 
.J •.•• ., ~. ~, .. 

:1, .r} oj ::,~ 

:I. :~. i' ::.? ~,5 
1<t.3 
:1.4.3'.::; 

:l. ~'.~ , {. 
1 ~:.i .: .;'; ~:.:i 

:I. '.::.: •. ? 
:!. ~:5 \' '.? ~:5 

:!. ~:5 oJ> B 
:!. ~:.:.; (. B~:5 

:1.6.1. . 
:1.6,. :I.::.; 

1 D + C~:.:.i 

1 B f (? 
',D c,"·; 
.j, ~.,1 + ... ",J 

:I. (? ,. 
j. ? .;, () :,:.=; 

:1. <) • :!. 
:!. ') • :1. !:) 
:t,9 + ~.~ 
:1. <? 2:::i 
:1. 9. ::: 
:I. '). 3:~i 
:1. <.:".4 
l (.7' t 4 ~,:i 
:f. (? ~ ~5 

J. 9 ~ ~5~:5 

:1.9.(; 
:J. (? (. c; ~.::j 

Force 

:1. <> J .,:::. () 0 .c. 

:I. 0 .::';. ,\'!. 0 () + 

:!. :!. .S ':::: () (> ~, 

:I. () ',? :::.; <).) \. 

:1. :2 ~:~ '.? () /", v 

:t :1. ~,:.; 0 0 <> ,. 

1 :1. ::::~')OO" 

:! ::? .:~:, /: <> 0 \' 
:1. :':~; ~:~ ~.:.:; () () .:. 

:f.:.:.:~·.?OOO v 

l ::;~: ~:.:.j ~) 0 0 y 

::,~ :'!. () :J. 0 () v 

::.:.:: (,) :.:,:.i ':~:I () 0 v 

:2 ::? ::,:,: .;~~ 0 () \. 
;? ~:~ ~? :'.~ () 0 ~ 
::? 1 )' ',:,:.1 <) () ' .. 

:~. '? 0 (? 0 () <' 

:1. '.? ~.~,: .). () () ~ 

Acceln 

J (':: ~':~ /) ~. 

::? .:.:} ~·.:.i () ~, 

.' •• .... • ... 1 .:::' ,~) . .;: .. : .. ;. 
:I. ;:;/;.::.:'::0 (. 

13:!.'I'. 

1 f:~ t (,~? 

:f. ',:.:.' {. ',? 

~::: () <0 -4 .:.? 

:I. ()?O \' 

~.:.~ :.:) () ':' ~? 
1 ~~:,; ~,:5 .;, ~? 

l D y ~.::.;!::.; 

~? :::.~ '( ~:.~ t 
:~'.? (. f;/ 
?::.:.:.i.;. ()6 

q·4.0C 

H 1. • :.":/1 
:I. :1. :7 • .If 

:l. -:::.:1. 0). 

F.R.F. 

(gxE3/N) 

:'." 
, . '. \ ....... ' 

" ~ ..... 
.1. c:' \~:, \. 

::.'::.:':: .1. •. -':;' 

::? (:. ::? \' ~.:,~ 

1 /) ~:~ f ~:.~i 

1 :I. :.:~; ,. ~:~ 

... , '''',0' 

,/ \ .. /1. .. 1 

() U .;, ~.~'.; 6 
t; () v :I. ~::j 

/~, (? .;. {, .:::' 
"X'''J /'~ ";:: 
\ .• '.; (0.,:,'.1 

:::.;., :l.D 
(,) • :3B 
tl ,. :1. ::) 

:1.0,,4:1. 
:I. '1? 3:1. 
lD+/l-:? 

;:.~ f.:.:L , .. j 
1 ., .t. ,. 
.1 .. 1.'.,.'';' •... j 

X-Spec •. 

CgNxE6) 

.' .. ' 
.... \::. '· ..... L \. 

<? ;':<,.:;:- ;.::, 

:i:L ;.::: ':0. 

:f. :::::(':?::5 ~ 

J ::.~(? ":1· .;. 

.:? /i () (0 ~:s 

{. ',? J \~ t::: 
£1, ~? ,~'> (, 6 
(? :!. :':~: \' 

~.:j ..:1 {~:I :'5 y 

J :? ~::i :~:,:: 0 ~ 

:1. () ~:~ '? () y 

!;5BO <} ~ 

~::.i /t ~? () . (. 

",r .") /: '''j ...... \ ..... , \\ .. : .. 

::)~::: .~. \' 4 
'7 6 ~.:5 (. ~,:j 

:I. :!. :1. /) , . 

::,~ ::) ~;) f.) y 

~~(?4,l} • 

4104. 

:1 () l ::? () t 

lD9':.:;O + 

1::~/:·30 if 

~? ~::.; J ~::: \' 

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

Fundamental mode group bef'ore a 4% deck. mass increase. 

Table 5.21 

260 

Phase Coherenc( 

(Oeg) 

., 
. '.: .' .l. 

:::.~o y /) <.:.' 

1 ~':) .. \ ~',:.; <? 

.... ·'· .. ·l 

':::'" ':.".\':. 

1 () t 

:l.E~~()(? 

(? 6 ~. 6 ~~:j 
3:':~ (,1 '/ 
1 :'::. v ~,:;6 

.... :!. '.}:':~: .;, ";) 
:I. ./':? (.4 

.... t/)t~(? 
l?l.'? 
:1. /) ~1 + ~:~ 

:I. :1'4. ·1 
:I. / <1 (.:.3 
:f. '76. ::? 

..... : .. ; ... ~. ",~' 
.1. i .. i' \ .. ' 

:1.60 .. , 

\' :" . 

......... / .. 
.. , \ .. ' .. 

C ./ :". 
.; .... ; ..... :: .. 

"',,'\ .' 
\' c·.·.·.:: 

... '.?e 
.. ·1.··· ... ·· '" ./ "./ ~.:., 

···.1.···,··.· 
.; ..... '/~: 

,''',,1 .... 
.::).;.'.:. 

.' .. " . . ' •.. .' .. 
,: ..... ) .. ; 

\' .. ' .... . 
"' ......... . 

i' .:: ...• : .... .. 

...;'.": ..... 
. ;, ... 

/ , ....... , 
<- Co \:.: " 

.~ :.':~ ~i :.::. 
~:) ".~' .~: ". \ ..... " .. ~./ 

v HB·'·: 
\. U·:?·,·: 

"'1/\ .. 

~. \::. (j \":, 

":;0':', 
t ..... ~ ...... . 

~. '. : 

1:':\ .. \., ., \ . .' .... , ... 



Freq . 

( Hz ) 

:1. J ,. 7 ~.5 

:I. ::~ ,. u . 
:!. 3. n~::j 
·I··J (.) 
0' . ... oj v " 

:!. 3. (? ::.'i 
:I..~ • 

:I. 4. :I. 

:I. <; <. ;:.~ 
:I. 4 ,. ::.:.:: ~:5 
:l.4,.J 
:!.4 ,.3::.:j 
:1.4.4 

:J. ~.:s .;. ~:'j 

:I. '.:.:; • ~:.j ~:.:j 

1 ::.:j • t, 
:1. ~:.=; <- / j ~.:5 
:I. ~.:.j , "/ 

1 ~.:·.i (> ? ~.:.:; 

:J. ~::.j ~ B 
:l ~·~:.i v (j 15 
., .:: .. q ., . .. .).,. .. 
l ~:;.i .;, 9 ~::.i 

:I. ( , , 
:I. 6 + 0'.:.; 

:I. c) • :I. ~5 
:1. /) .) 

:l. Ei./ ~j 

:l.B.G 

:l. D.9 
:I. U;. ()::5 
19 . 

:I. () • :I. 
:!. (? • :I. : .. :j 

:I. <) • ;? ~.:5 
:1. 9 ,· :3 

:I. '? v <1 
:I.(?4~:5 

:I. C) ., ~:5 

1 <) + ~.:.i ~"~I 

Force 

B~:~3·<1 0 ~. 

(? F~ :':) ~? () \" 
:I. :1.(' 40 0 ,. 

'/ .::'j :',:: '7 () " 
(/...'100(1 <­

<? 1. ::?I) () ," 
r) ':? ~~~ :::.~ () (. 
{? ~:.:.i )' (~) C, <> 

H(?~?O() <-

:1. 0 ::5 ~::.i () 0 y 

:!. :,':) :::))' 0 () v 

:l. ::? ~::.; E: 0 () <­

:t. :~"~ ~:.:j 0 () () C> 

:I. .l.i :l. l () 0 • 
:I. :I. ()~:.:;oo, 

:f. :.361 ()() \> 

:1. ;'?()30() ~ 

:J. 4 ·.;~ ~:50() <­

. l :'.~ (? :I. 0 () v 

:I. 40:1. O{j , 

:I. ~:j 2 ::.:j () 0 • 

:.? () () .. ·1· () () " . 
~~? ~2 f:~ :::~ 0 ( J \\ 

~.2;?l~?()() v 

. : ... ~ () :: .. ) :' .. ) 0 0 • 
:3 /~ () E~ () 0 + 

1:1.0·400,. 
:1. 4 ".7 (,)0 0 . 
J E/OOO" 
t <; () ::) () () ~ 
::.~O ~:5/~ 00 (0 

:l. 9h J OO • . 

~\'.:: ::? ~:.:; e 0 0 ~ 

: .. ) J '.:'.;000. 

~:.~ 1 f.:. 6 () () <­

:'? J ::.:.:~ .::) (~() ¥ 

Acce ln 

:I. e~:.j ·.:·· O.,· 

:/. //0. 
:I. 0(, J ; 

~.:.:.iO:·:> \. 
4 :':~;6 (0 D 

:t ~.:.:j .~ :'::; 

:I. ! .... i ,. ::'.~ 

~.: ~ J ~ :':) :~:) 
4 '7 \~ ~:.:,i (, 

::~~ (~j l{. y ~:) 

1 /~. ,:~~, \~ ~:~ 

l:!. C v ·.7 

b<;> i' ')' fJ 
<~> l } 0} :~~ ~.:.:.: 

~:5 9 y ~':s ~::.; 

3DO .,n 

~:5)1 () () t 

~\:.~ If 0:1. ~. 

:1. 4 ~:.~ ::.~ ~ 

<)(:,0.'/ 
6 6:::.~ {.)' 
'1~5B ,\ 2 

:'~:::~ )I " 
~:.~ '? !''='; ~ :::,:: 

:: ... ~ :':~ :'1 {. :;. 
.. ') 1\ .'~ ' ... ) 

...... \) (;) .... ,'" 
:L .:, ~.:.:j \' <) 

F. R.F. 

(gxE3/ N) 

"') • .(.(;.\ -J 
••••• ' .. ,' .' \' .1. 

:I. :::.> t. v /} 

()El., (;>? 

6'/ ,. '? 
~:5 9 (. ~'.~ ~5 

!.::.; ,. J :t 
~:.~ ~ :3~? 
1::. ~ •• 
, .) y . , c) 

10.4·/ 
" 'j . ~) \:) £, 
,': . . l "I..) ',.J 

40 ,.0:1. 
:.::::1. ,.33 
2(, . (,n 

J (? ,. ~.:.'.i 

1D,./:,U 

:33:1.. :3 
:.!.1:)/ " :3 
J3 '? ,.l) 
H ~~) <. 9/': 
f.: <? (. ::'.~ '? 

"X '") '-;'0 
\ .1 .· •. . ... I .. 

:::'1 ~, <) (. 

X- Spec. 

(gNx E6 ) 

~? <) ~'S :::~ .) ~ 

1 ~:,:,; ',? .:; 0 \' 
l:J.~,:'='; '~Ot 

~: ~ n ~':::I. \' 
".I'6?(? • 
·/:'O() J • 

l/~?D,. 

:·:;3:.:·; 1 . 

:I. l?:::;() 0-

~',=j}~:~ 3 \' 
.. 1, () ':1,'/ .;. 

~.~ ..:1 (~!:.:i 9 

~:.~ B () ·4 + 

::.~ (.;" ~':~ ~::.i (I 

~~~ B l~. () ~ 

\:) ~:.~ ( I 2 t 

nt:~'?(? t 

1 J-420. 
1 n~:;60 • 
J 4 :.:r. :~:j () • 

1 1 ~?9()O 9 

::.~()6:!' 0 ~ 

16)~:5() + 

13:1.UO. 
:1.:1.660 " 

i/O,S . 

1:: .. , (),( 
,..1.1 .' \J ~ 

Excit at ion (joint 82Z) a nd Res ponse ( jOint 49Z) Spectra . 

~M ~~QotaJ ~ode group after a 4% deck mas s increase 
GLASGOW 
UNIVERSITY Table 5 . 2:2 
LIBRARy 

261 

I-' ilase Coile r encf 

(O eg ) 

l·/·~, \' 
:I. (;()., .'} 
1 { '/'" .)' 

. ....... , .. ,' 1\ 
.. ') ., ->./ } 

:1."/ ,. iSH 
'1 I: ': Cl'-~ .1. \ •• ' ' ...... .... . 

u "X"~' 
.. \. \ .. ' l 

<:) (;, ., 
, + ~.) .1. 

\~:I t::. '0' ~.:.,; :::~ 

1 ~:,~'/ ¥ :? 

:I. ~:~ ? E~ 1. 
:f. :f. « ~:~ ::.: 

? • :I. { . 
:7, :1.0 

:'5 ~ (?() 

~:'j \' :':~ './' 
:.~; \. ()6 

:L ·.? ~1 ->-4 
. ... ,' ('\ 1'-
.1 . .1 7 (o,'..1 

J / ·4 t 6 
:I. ./ ? () 

::.:iO. :I.':.:; 
:I. 1 • :.3 

:3 • ./0 
~:j. 07 
"/.1:') 

") "~C' 
A .. + ,,.I ,.J 

:'3 ,. ~~; ~.~'.; 
jI ··.r '") 
.,' ,,1\',, 

") ":' D 
10 .. Y .' ! 

3,,1:3 
:1../0 

c·.·., 
V \ .. ' ~ .. 

('I r. 
t- \: :, .: •• \:. 

.::) ..... \.' '" .... , ... . 
c"':, ' ; v, .. ' .... ' ,I, 

'::: !':: .­,. ~ .. \. : 

C.' ·I "') .. \ .. ' . -, . ~ .. 

............... 
~ .. ' .. :. ' . 

.;. n:2:'::: 
(;)'.) ..... ' 

.. I".}.\ .• •• 

.... ) ''') ~:~ , . . \ .. . ~ .. \,,' 

v()/~\:·· 

v f~(){) 

<i- ~:j ~~: I :.:~ 

\' ~ :~ ·~.I ::; 

y ... , , \ .• ' • 
.::) {:~ .t. I 

.:. ".; ., 
\. \,} ' .1. 

(t f:· Sf.~ 

.t. ".,1 () 
Y \ ... ,' .' 

'/:!.(? 
" :? .;):? 

'''' 1'- ,,-, 

or ./ : .. :·.:i 

··:'0·1 
~ / ...... 


