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A Study on Application of Design of Experiment
Methodology to Efficient UNDEX Ship Shock Simulation

Kweon, Jung-II

Division of Marine Systems Engineering

Graduate School, Korea Maritime University

ABSTRACT

In the secure aspect of naval ship’s survivability with fulfillment of
particular mission, such as combat, contrary to the commercial ship, the
assessment of its vulnerability against the expecting enemy’s non-contacting
UNDerwater EXplosion(UNDEX) attacks is one of the most important
particulars for the consideration of in the its design and construction. Though
the ship shock trial/tests should be ,n principle, conducted for the final
evaluation of the shock resistant safety of naval ship against the UNDEX
shock loadings, unfortunately, they are very time consuming and enormously
expensive with realistic difficulties such as immense extra expense for the
minimization of environmental effects, and can not be almost re-performed due
to the test characteristics. To work out these problems, UNDEX ship shock
modeling & simulation (M&S) technology has been actively and well developed
out in the inside and outside of the country with an equivalent usefulness to
the ship shock test/trials using the latest IT technology and advanced M&S
tools. Since the full scale UNDEX ship shock M&S with three dimensional
analysis method are also time consuming and expensive, however, there are
still many obstacles to figure out the UNDEX ship shock response
characteristics according to the diverse UNDEX scenarios and the change of
ship design.

In this study, the Parametric Study methodology was suggested to figure out
the ship shock response features effectively according to diverse UNDEX
scenarios with the application of a statistical method, Design Of
Experiment(D.O.E.) methodology, to the UNDEX ship shock M&S field for the
first time in the world. For this purpose, the efficient procedures of UNDEX
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ship shock M&S were set up for the collection and analysis of simulation
result data necessary to D.O.E. methodology, and the integration process
method to perform the whole processes of Parametric Study automatically was
also established by wrapping LS-DYNA/USA, commercial F.E. shock response
analysis program the most widely wused for the UNDEX M&S, into
ModelCenter, commercial program for the engineering process integration.

The adequateness of the ship shock hardening criteria based on just one
type of keel shock factor was examined as the application study for the
validation of the wusefulness of Parametric Study methodology using D.O.E.
methodology suggested in this study. For this purpose, according to the
established D.O.E. methodology suitable for the UNDEX ship shock M&S
through this study, a series of UNDEX shock M&S for the real Korean Naval
ships, and the collected simulation results were analyzed statistically. Since the
ship shock response characteristics are very different from the two shock
loadings subjected to UNDEX, that is, shock wave and bubble pulse wave in
the UNDEX shock M&S, these were treated separately. Through the series of

numerical calculations, the important conclusions were driven as follows :

e The keel shock factor, adopted as a shock hardening criteria of
surface ship, has been proved to be suitable for a measure of damage
potential of UNDEX shock wave. That is, from the statistical viewpoint,
the effects of factors, such as charge type, charge weight, angle of
attack and the location of charge along the length of surface ship,
consisting of keel shock factor were confirmed to be not significant on
the ship shock response magnitudes under the UNDEX conditions with
the same keel shock factor.

« However, the keel shock factor was clarified to be not suitable for a
measure of a measure of the damage potential of an gas bubble pulse
wave originated in the ship whipping response, that is, the beam-like
behavior of hull girder, and a 'bubble factor' was proposed as a new
measure from the relationship among the fluid acceleration due to
bubble pulsating movement, charge weight and charge depth. It was

also confirmed that the new bubble factor proposed using D.O.E.
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methodology was more effective than the keel shock factor as a
measure of damage potential of bubble pulse wave in the statistical

side.

It might be told that the above results derived through this study could be
helpful to the establishment of original ship hardening criteria of Korean Navy,
and also be expected that the Parametric Study methodology suggested in this
study using D.O.E. one would be used as an efficient approach to the various
engineering M&S fields of large complex mechanical system, such as ship,
airplane, automobile and railway vehicle, as well as to the UNDEX ship shock
M&S.
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Table 2.1 Shock wave parameters
HBX-1 TNT PENTOLITE NUKE
p A 22,347.6 22,505 24,589 4.38E6
4 1.144 1.180 1.194 1.180
Decay | 4 0.056 0.058 0.052 2.274
Constant A -0.247 -0.185 -0.257 -0.220
% 1.786 1.798 1.674 11,760
Impulse
A, 0.856 0.980 0.903 0.910
A 3,086.5 3,034.9 3,135.2 3.313E8
Energy
A 2.039 2.155 2.094 2.040
AT % =29 FEd Aol FTHAdoRRE dAAYE FHUA
%072 AusoR & (acoustic wave) o] 2o & V&= 4 . w
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Fig. 29 Time history of gas bubble radius and vertical velocity
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Table 4.4 93-1 design with defining relation . 427~

29153 Aus A4
a Vi c ate
M( ) + + + + 4
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ABC + + + + 2
P FEARE 2 Eges 280 286 9t 28 424 gen 2.
A= (a+ab)—(+ ) (4.1)
Y wEAE g p a2 AT A s £33 obd Ao AmA o
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Table 4.5 Two one-half fractions of 9! design
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Table 4.6 Analysis of variance table for one-half fractions of o4 design
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Table 5.12 Analysis of variance for maximum vertical velocity (73 &)

Response F_Value( Fo) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05
KL_1 1.775 0.139 3.081 10.616% 34.1 10.1
KL_2 3.596 0.039 0.462 7.071 34.1 10.1
KL_3 0.560 0.037 0.061 7.431 34.1 10.1
KL_4 1.082 0.064 0.538 3.598 34.1 10.1
KL_5 0.975 0.443 0.607 7.981 34.1 10.1
KL_6 0.337 0.298 1.827 8.562 34.1 10.1
MD_1 0.479 0.010 0.652 2.979 34.1 10.1
MD_2 2.068 0.000 0.204 9.607 34.1 10.1
MD_3 1.986 0.213 0.290 7.102 34.1 10.1
MD_4 10.085 0.095 1.626 6.555 34.1 10.1
MD_5 3.794 0.042 4.741 2.292 34.1 10.1
MD_6 0.190 0.115 1.658 8.106 34.1 10.1

Table 5.13 Analysis of variance for maximum vertical

acceleration (759

Response F_Value( Fo) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05
KL_1 2.051 0.003 0.523 10.277* 34.1 10.1
KL_2 0.104 0.040 0.087 6.532 34.1 10.1
KL_3 4.598 0.019 8.568 23.955% 34.1 10.1
KL_4 0.113 1.457 4.602 10.147+* 34.1 10.1
KL_5 0.434 0.131 0.002 5.036 34.1 10.1
KL_6 0.017 0.308 2.952 9.809 34.1 10.1
MD_1 0.190 0.067 0.000 8.554 34.1 10.1
MD_2 0.864 0.706 8.139 3.793 34.1 10.1
MD_3 0.345 0.913 19.676* | 10.156% 34.1 10.1
MD_4 1.006 2.512 23.586%* 3.847 34.1 10.1
MD_5 2.159 0.096 14.286* | 27.548% 34.1 10.1
MD_6 0.102 0.186 3.130 23.285* 34.1 10.1




Table 5.14 Analysis of variance for maximum effective stress (7% &)

Response F_Value( [6) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05
KL_1 0.168 0.355 0.566 13.506%* 34.1 10.1
KL_2 0.001 3.571 2.832 8.367 34.1 10.1
KL_3 7.022 0.145 9.379 0.002 34.1 10.1
KL_4 0.096 0.198 0.165 4.157 34.1 10.1
KL_5 0.497 0.096 0.262 19.421% 34.1 10.1
KL_6 0.022 0.139 0.166 12.311% 34.1 10.1
MD_1 0.029 0.108 0.529 8.664 34.1 10.1
MD_2 2.117 0.005 4.846 2.116 34.1 10.1
MD_3 2.273 5.347 11.646% 1.212 34.1 10.1
MD_4 2.557 2.931 0.000 7.479 34.1 10.1
MD_5 1.536 0.320 7.554 25.270% 34.1 10.1
MD_6 0.026 0.010 0.704 10.621* 34.1 10.1

Table 5.15 Analysis of variance for convergent value of SRS (7 3 &)

. F_Value( z) Significant Level
Equip. Factor - 0 -
Weight | Type Angle [Location| % 0.01 | % 0.05
Displace. | 18.130*| 0.555 0.347 8.569 34.1 10.1
N(z};; 1 Velocity | 1.298 0.060 0.738 5.792 34.1 10.1
Acceler. | 0.050 0.705 9.077 |17.685%| 34.1 10.1
Displace. | 25.982* | 0.097 0.053 1.199 34.1 10.1
N(Z}/#]; 2 Velocity | 0.160 0.628 2.558 0.103 34.1 10.1
Acceler. | 9.960 0.010 |31.663*%| 7.850 34.1 10.1
Displace. | 7.722 0.271 0.131 3.706 34.1 10.1
N(é;/#éj 3 Velocity | 0.857 0.195 3.048 |14.348%| 34.1 10.1
Acceler. | 0.044 0.891 7.719 7.854 34.1 10.1




Table 5.16 Analysis of variance for maximum vertical velocity (4% &)
Response F_Value( Fo) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05

KL_1 0.003 0.010 0.259 14.901= 34.1 10.1
KL_2 0.014 0.011 0.176 8.161 34.1 10.1
KL_3 0.214 0.028 0.419 2.798 34.1 10.1
KL_4 0.223 0.054 0.496 6.157 34.1 10.1
KL_5 0.007 0.091 0.144 5411 34.1 10.1
KL_6 0.022 0.041 0.016 4,143 34.1 10.1
MD_1 0.009 0.022 0.466 15.102x 34.1 10.1
MD_2 0.101 0.112 0.037 4.531 34.1 10.1
MD_3 0.272 0.075 0.788 1.647 34.1 10.1
MD_4 0.444 0.062 1.101 4.676 34.1 10.1
MD_5 0.052 0.071 0.467 4.668 34.1 10.1
MD_6 0.000 0.039 0.127 6.581 34.1 10.1

Table 5.17 Analysis of variance for maximum vertical

acceleration (4=% )

Response F_Value( Fo) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05
KL_1 0.004 0.057 0223 14.713% 34.1 10.1
KL_2 0.000 0.010 0.194 1.167 34.1 10.1
KL_3 0.555 0.007 0.984 3.477 34.1 10.1
KL_4 0.112 2.415 0.594 5.139 34.1 10.1
KL_5 0.680 0.281 0.000 1.249 34.1 10.1
KL_6 0.004 0.038 0.137 5.388 34.1 10.1
MD_1 0.101 0.054 0.102 8.922 34.1 10.1
MD_2 0.063 0.003 0.003 3.536 34.1 10.1
MD_3 0.360 0.011 3.267 3.929 34.1 10.1
MD_4 0.190 0.654 6.631 11.742% 34.1 10.1
MD_5 0.000 0.460 0.880 9.744 34.1 10.1
MD_6 0.007 0.095 0.378 6.374 34.1 10.1




Table 5.18 Analysis of variance for maximum effective stress (=4 3})

Response F_Value( Fo) Significant Level
Location | Weight Type Angle Location | % 0.01 % 0.05
KL_1 2.716 2.489 0.944 3.525 34.1 10.1
KL_2 2.107 0.361 1.901 17.630% 34.1 10.1
KL_3 6.030 0.234 6.353 16.216% 34.1 10.1
KL_4 4.192 0.122 3.274 7.245 34.1 10.1
KL_5 1.226 0.118 1.607 15.792% 34.1 10.1
KL_6 0.009 1.164 1.396 10.508% 34.1 10.1
MD_1 0.849 0.038 0.051 0.851 34.1 10.1
MD_2 1.816 0.002 0.147 21.735% 34.1 10.1
MD_3 5.215 0.024 0.008 0.185 34.1 10.1
MD_4 3.405 0.131 20.119= 1.809 34.1 10.1
MD_5 5.711 0.106 9.142 0.028 34.1 10.1
MD_6 0.720 0.005 4.996 0.135 34.1 10.1

Table 5.19 Analysis of variance for convergent value of SRS (%)

. F_Value( z) Significant Level
Equip. Factor - 0 -
Weight | Type Angle [Location| % 0.01 | % 0.05
Displace. | 4.462 0.315 0.082 7.384 34.1 10.1
N(z};; 1 Velocity | 4.268 0.888 |24.063*%|12.637+| 34.1 10.1
Acceler. | 5.573 0.097 | 13.774%|26.845%| 34.1 10.1
Displace.| 3.445 0.583 0.232 5.527 34.1 10.1
N(Z}/#];Z Velocity | 1.808 0.057 0.050 6.084 34.1 10.1
Acceler. | 1.645 0.427 0.029 |17.467*| 34.1 10.1
Displace.| 5.791 0.122 0.051 3.503 34.1 10.1
N%/#;:S Velocity | 9.933 0.706 7.414 |20.938+| 34.1 10.1
Acceler. | 4.724 0.041 8.073 8.255 34.1 10.1
Displace.| 3.859 0.791 0.481 4.581 34.1 10.1
N(Z;;::4 Velocity | 1.729 0.086 0.260 1.836 34.1 10.1
Acceler. | 5.900 0.000 9.858 |10.350*| 34.1 10.1
Step 7 : 7Hd9 & AF dd H =X
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Table 5.11 Three kinds of uniform free-free Timoshenko beams

Item Type 1 Type 2 Type 3

L.O.A (m) 50.0 150.0 200.0

L.B.P (m) 50.0 150.0 200.0

Breadth (m) 9.1 21.0 31.4

Depth (m) 5.0 12.8 20.0

Draft (m) 2.5 6.3 6.6

D.W.T (ton) 717 14,798 31,654

Effective shear area (m®) 0.064 0.246 0.851

Moment of Inertia (m®) 0.678 41.0 221.3
Young's Modulus (N/m?) 2.07 , o1

Poisson Ratio 0.3
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Table 5.12 Wetted vertical natural frequency of 3 Timoshenko beams
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. Explosion Location

Charge Type |Charge Weight ; : :
Stern Middle MidShip

270 kg Ex-1 Ex-7 Ex-13

HBX-1 540 kg Ex-2 Ex-8 Ex-14
810 kg Ex-3 Ex-9 Ex-15

270 kg Ex-4 Ex-10 Ex-16

TNT 540 kg Ex-5 Ex-11 Ex-17
810 kg Ex-6 Ex-12 Ex-18

Step 5 : AF9 AA
ol A B EAFY =&FS i A4 UNDEXWHIPH ModelCenterS ¢ A 3}

of AW eH ANl BaT dolHe U -2 AHL AR,

Step 6 : A¥AF] gl F 4

Step 59 A HFAE AF A4 AF A fol g5t v HE FAEAS
FsA "ok A7 = A 4% HE Ao A Aw g npe} 2o
e A Hel g FARAS T A24 FAES I HA o
dsto] Fast= 38 S HERY AT Type 29 o3
of tgte] HEASFT 089 wl skl Ho w3 =25l o] &4t
AR GER AT WA Table 5159  HolH 25 H F3HAE T3H Table
5167 Zt}.

Table 5.15 Origina data for maximum bending moment (Type 2, BF = 0.8)

Weight Location End Middle Midship
Type

HBX-1 59.369 57.246 115.553
270 kg

TNT 60.690 52.552 123.092

HBX-1 71.679 63.502 151.002
540 kg

TNT 69.933 62.017 149.974

HBX-1 76.257 68.097 162.815
810 kg

TNT 73.153 62.679 156.624

Table 5.16 Summation of total each level of factor



Weight Location| 4 Middle Midship Total
Type
HBX-1 59.369 57.246 115.553
270 ke 468.502
540 kg 60.690 52.552 123.092
HBX-1 71.679 63.502 151.002
540 kg 568.108
TNT 69.933 62.017 149.974
HBX-1 76.257 68.097 162.815
810 kg 599.625
TNT 73.153 62.679 156.624
Total 411.081 | 366.094 | 859.060 | 1636.235

o HolHzRE a9

Aol thg Aol A

)

o Ml o
2
4

51775199 #eo] 2% E ol&dte] Z+ a9} wsAFo] e WMEes AMNEA
o7 a5 wEAee Hol @248 & (pooling) A SAZ 75T}
47l A5 g npe} o] 7k Qixtel wE A G did WFEE 2 (5.7)¥ o] A
Ahebar, ek AdEE AAE AgEE 4 (5.8)% o] A4keS
Table 5.17 Summation of 7 for weight and type
i HBX=1 TNT 7
270 kg 232.169 236.334 468.502
540 kg 286.184 281.924 568.108
810 kg 307.169 292.456 599.625
7, 825.521 810.714 1636.235
Table 5.18 Summation of T for weight and location
5 End Middle Midship 7
270 kg 120.059 109.798 238.645 468.502
540 kg 141.612 125.520 300.976 568.108
810 kg 149.410 130.776 319.439 599.625
7, 411.081 366.094 859.060 1636.235

Table 5.19 Summation of 74 for type and location



T End Middle Midship 7
HBX-1 207.305 188.845 429.371 825.521
TNT 203.776 177.249 429.689 810.714
7, 411.081 366.094 859.060 1636.235
2
c7— 74 =032 148736..985 (5.7)
S = 22;@— C7=159.369° +57.246°+ -+ + 62.679° + 156.624°— C7=26987 .159
z 7
S,= ZL— C7= 1 (468.502% +568. 1087+ 599.625%) — C7=1561.545
AT S 2x3 00 : : :
7.t 1
N I S 2 2y — 1
=2 7= 5,5 (825.521° +810.714") ~ €7=12.181
7 2 1
Se=3; /'”j - 6‘7‘=372(411.0812 +366.094° +859.060%) — C7=24762.488

o2

z,
Sup= BT~

S 4= Sap— Sa— Sp=1603.537—1561.545—12.181 = 29.811

2

672%(232.1692 e +292.456%) — C7=1603.537

Sic= zg cr——(lzo 059%+ -+ + 319.439%) — C7=26905.040
S cc= Sac— Su— Se=26905.040 — 1561.545— 24762.488 = 581.007

2
Spe= z; ” - cr—f(207 3057+ -+ 4+ 429.689%) — C7=24786.994

S pc= Spc— Sp— Sc=24786.994 — 12.181 — 24762.488 =12.326
SE: S]‘_(SA+ Sg+ Sc+ SAXE+ SAXC+ 5&5):27801

O = N—1=(3x2x3)—1=11T (5:8)
O, =/-1=3-1=2

Pp=m—1=2-1=1

O o=p—1=3-1=2

O 4= Dm—1D=CB-DR-1=2

® pe=(~D(—1D=B-1DB-1)=4



D L=02-DB-1)=2
D=0, — (P + Pt P AP 4P (D L )=1T—2+1+2+2+4+2)=4

= orEheh e A
TS e wEAESE Ao FYste] SATAEE AAsHW Table
5213 &t ofst & HAAE T pr,rFe] LAMAYA EARAREE o]

Table 5.20 Variance analysis for maximum bending moment
(Type 2, BF = 0.8)

229l S D.O.F. v i
Weight(a) 1561.545 2 780.772 112.338
Type(b) 12.181 1 12.181 1.753
Location(c) | 24,762.488 2 12,381.244 | 1,781.414
ax b 29.811 2 14.906 2.145
ax e 581.007 4 145.252 20.899
b 12.326 2 6.163 0.887

Error 27.801 4 6.950 -
Total 26987.159 17 - -

Table 5.21 Variance analysis for maximum bending moment with pooling
(Type 2, BF = 0.8)

22l S D.O.F v F_O
Weight(a) 1561.545 2 780.772 14.393
Type(b) 12.181 1 12.181 0.225
Location(c) 24762.488 2 12381.244 228.245
Error 650.946 12 54.245 -
Total 27610.304 17 - -




Table 5.22 Variance analysis for response variables with same KSF (Type 2)

F_Value : Keel Shock Factor Significant
Response Factor Level %
Variable 0.20 0.30 0.40 0.05 | 0.01
Max. | Min. | Max. | Min. | Max. | Min. ' ’
Bending Location| 59.6| 28.1| 88.9| 97.0|168.5|304.2| 3.89 | 6.93
Moment Type 25.2| 14.4| 39.7| 35.5| 10.5| 11.6| 4.75 | 9.33
Weight 19.9 7.8 11.5| 14.4| 12.8| 24.0| 3.89 | 6.93
Shear Location| 32.5| 32.4| 64.1| 56.1| 59.3| 43.1| 3.89 | 6.93
Type 1.4 0.9 0.5 0.0 1.1 1.5| 4.75 | 9.33
Foree Myeight | 15.8] 15.8| 20.2| 16.4] 19.9] 23.9] 3.89 | 6.93
Vertical Location| 64.9| 77.6| 42.6| 54.1|151.5|247.5| 3.89 | 6.93
Displace Type 83.0/ 60.6| 19.3| 20.9| 15.7| 12.3| 4.75 | 9.33
| Weight | 71.4| 73.6| 13.8| 15.5 8.2| 15.0| 3.89 | 6.93
Vertical Location| 62.1| 47.7| 32.9| 40.8| 46.1| 79.0| 3.89 | 6.93
Velocity Type 14.8| 17.6| 17.9| 22.1| 10.7| 10.2| 4.75 | 9.33
Weight | 51.1| 51.8| 41.6| 47.3| 27.8| 45.1| 3.89 | 6.93

Table 5.23 Variance analysis for response variables with same KSF (Type 3)

F.Value i Keel Shock Factor Significant
Response Factor Level %
Variable 0.20 0.30 0.40 005! 0.01
Max. | Min. | Max. | Min. | Max. | Min. ’ ’
Bending Location| 86.4| 38.0|137.8|170.8|242.1|379.8| 3.89 | 6.93
Morment Ty.pe 25.8| 13.9| 58.4| 59.2| 11.1| 12.7| 4.75 | 9.33
Weight 26.0| 18.0| 17.1| 14.1| 16.9| 19.2| 3.89 | 6.93
Shear Location| 64.8| 63.6| 85.4| 84.6| 53.0| 46.2| 3.89 | 6.93
Type 2.2 1.6 0.1 0.0 5.3x| 7.7 4.75 | 9.33
Foree "yeignt | 11.6] 10.7] 18.3] 17.2] 17.2] 19.0] 3.89 | 6.93
Vertical Location| 465.7| 23.3|953.8| 38.4| 1507.| 80.7| 3.89 | 6.93
Displace Type 6.3*| 21.2| 5.9%| 14.8| 11.8| 18.3| 4.75 | 9.33
| Weight | 31.1| 36.6| 11.1| 30.5| 10.7| 15.2] 3.89 | 6.93
Vertical Location| 77.8| 10.4| 61.2| 10.7| 36.0| 36.2| 3.89 | 6.93
Velocity Type 6.7«| 20.4| 10.7 4.5 3.4 2.3 4.75 | 9.33
Weight 29.9| 33.2| 22.2| 32.8| 12.9| 35.0| 3.89 | 6.93




Table 5.24 Variance analysis for response variables with same BF

(Type 2)

F_Value : Bubble Factor

Significant

Response Factor Level %
Variable 0.60 0.80 1.00 0.05 | 0.01
Max. | Min. | Max. | Min. | Max. | Min. ' ’
Bending Location| 233.3| 169.0| 315.6| 824.1| 823.2| 1024.| 3.89 | 6.93
Moment Ty.pe 0.0 0.0 0.1 0.3| 8.2%x| 13.9| 4.75 | 9.33
Weight 1.2 24| 10.3| 12.5 0.3 1.1] 3.89 | 6.93
Shear Location| 196.1] 165.1| 101.5| 88.6| 53.9| 30.3| 3.89 | 6.93
Porce Type 0.9 1.0 1.3 1.3 4.2 3.0] 4.75 | 9.33
Weight 5.7¢| 6.3% 8.8 7.6| 14.8| 11.3| 3.89 | 6.93
Vertical Location| 87.0|249.4| 49.8| 68.9]208.9|193.2| 3.89 | 6.93
Displace Type 0.4 1.2 0.7 0.4| 8.4% 4.6| 4.75 | 9.33
| Weight 0.0 3.4 0.2 0.0 0.0 0.4] 3.89 | 6.93
Vertical Location | 327.6|129.4| 74.5| 45.6| 35.0| 59.6| 3.89 | 6.93
Velocity Type 12.4 45| 5.6% 1.0| 5.8%| 7.5%| 4.75 | 9.33
Weight | 26.7| 10.8| 11.2| 4.0%| 10.3| 14.7| 3.89 | 6.93

Table 5.25 Variance analysis for response variables with same BF

(Type 3)

F_Value : Bubble Factor

Significant

Response Factor Level %
Variable 0.60 0.80 1.00 005 | 0.01

Max. | Min. | Max. | Min. | Max. | Min. ’ ’
Bending Location| 157.9| 82.8|228.2|204.1|400.9| 300.1| 3.89 | 6.93
Moment Type 0.8 0.0 0.2 0.0] 20.3| 8.5%| 4.75 | 9.33
Weight 6.8% 20| 14.4| 104 0.2 0.2] 3.89 | 6.93
Shear Location | 270.4 | 241.7| 130.7| 122.2| 51.5| 41.1| 3.89 | 6.93
Force Type 1.6 2.0 3.4 3.2| 6.4*%| 6.2%| 4.75 | 9.33
Weight 9.0 8.4| 5.b%| 5.4x| 13.1| 12.5| 3.89 | 6.93
Vertical Location | 472.1| 52.8|446.7| 28.6|435.9| 55.9| 3.89 | 6.93
Displace Type 97.6 0.4| 65.2 2.0| 46.7 0.7| 4.75 | 9.33
‘| Weight | 23.5| 6.2%| 14.1 3.5 b.4x 0.6] 3.89 | 6.93
Vertical Location| 114.0| 17.4| 58.0| 10.7| 31.4| 18.2| 3.89 | 6.93
Velocity Type 11.0 4.6| 5.b* 9.5| 8.6%| 8.5%| 4.75 | 9.33
Weight 0.4 0.3 0.3| 6.3% 3.0 8.9 3.89 | 6.93
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