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Section 1
INTRODUCTION

The importance of dynamic transverse side forces in the design of
Small Waterplane Area Twin Hull (SWATH) ships has been recognized for
several years. Algorithms for predicting these loads have been developed
at DTNSRDC by combining theoretical analysis with limited model test
data. However, the effect of these predicted side loads on the struc-
ture of representative SWATH configurations has not been investigated.
This study is intended to partially fill that void.

Section 2 of this report details the approach adopted to investigate
the problem including details of the hull forms studied. Section 3
contains the results of the study. Conclusions derived from the study
are discussed in Section 4.

This work was completed as part of the NAVSEC SWATH effort funded
by NAVSEA Work Request WR9G105, NAVSEC JON 329MPO1 was assigned to the
task.
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Section 2
APPROACH

The approach adopted for this study was to calculate the primary
structural weight of representative SWATH configurations as a function
of side force. Primary structure includes shell plating, stiffeners,
bulkheads, decks, platforms, and inner bottom. The maximum side force
consldered was twice the displacement of each configuration. The struc-
tural welight calculations were made with a computer program developed
for the purpose by combining subroutines WTPRI, SSS11, SSS18, and AREO
from NAVSEC's SWATH Synthesis Model.,

Several important assumptions are made in the program. First,
center wells in the box or cross-structure have been excluded from all
configurations. While wells may be desirable for some potential missions,
a general design approach for wells in SWATH structures has not been
developed.

The second assumption is that only the box structure directly above
the struts is effective in resisting transverse bending loads. Improvement
on this assumption will require detailed examination of stress flow in
box and struts of representative SWATH structures.

Third, all strut shell structure has been assumed to be effective
in bending. In particular, end effects associated with box/strut tran-
sition have been ignored. More detailed analysis of these problems will
be required to make an improved assumption.

SWATH configurations selected for this study were chosen to be
representative of current design practice. Three parent hulls were
selected from a recent parametric study (reference (1)).

Characteristics of the parent forms are given in Table 1. Sketches
of the three configurations are shown in Figure 1. It should be noted
that present computer programs cannot model the complex hull shape of
the multistrut shown in Figure 1. Instead, an approximation to the
hull shape was used. This equivalent form consisted of a 180 foot
parabolic tail section and a 180 foot elliptical nose section. The
maximum hull diameter and draft were selected to provide hull and strut
volumes in the equivalent hull equal to those in the parent form.
Characteristics of the equivalent multistrut are shown in Table 1. A
sketch of the equivalent is also shown in Figure 1.

The proportions of these parent forms were Froude scaled to displace-
ments of 2000, 5000, 10,000, and 20,000 tons. Box height and box clearance
were held constant at 14 feet and 20 feet respectively.

All of the configurations generated in this manner have one interior
deck in the box and an inner bottom. Twin deck variants of the 20,000
ton configurations were also examined.




Hull Length (ft)
Maximum Diameter (ft)
Prismatic Coefficient
Draft (ft)

Diameter Ratio

Strut Length (ft)
Thickness (ft)
Waterplane Coefficient
Strut Gap (ft)

Displacement (tons)
Box Clearance (ft)

Box Length (ft)

Box Width (ft)

Box Height (ft)

GMT (ft)

GML (ft)

Waterplane Area (Sq. f

TABLE 1

Parent Form Characteristics

Thin Single

Strut

6306

20

275

99.2

14

10

86

t) 3913

Thick Single

Strut

6125
20
284
90.4
14
10
84
4736

Multi
~ Strut

360
25
0.5

37.8
2.1

110

7
0.88
86

6051
20
233
117
14
10

Equivalent
Multi-Strut

o




THICK SINGLE STRUT

THIN SINGLE STRUT

MULTI STRUT

EQUIVALENT MULTI STRUT

FIGURE 1 .
PARENT FORM SKETCHES




The two single strut parent forms were selected to demonstrate the
eftects of strut thickness and waterplane area. Both forms have roughly
the same longitudinal GCM and transverse GM in keeping with DTNSRDC
reconmendations (reference (1)). However, the thick strut form requires
20 percent more waterplane area than the thin strut form to achieve
these metacentric heights and the thin strut is forty feet longer than
the thick strut. The thick strut form is more in line with DTNSRDC
seakeeping guidelines on waterplane area than the thin strut. This
variation in strut form is particularly interesting since the side load
algorithms presently available are particularly sensitive to strut
length.

The multistrut forms have a total strut length of 306 feet and a
box length of 233 feet. The two assumptions discussed previously result
in 147 feet of the box structure (63 percent of box length) being effec-
tive in carrying bending loads. Use of a centerwell in such a concept
would result in more box structure being effective in bending. However,
added weight would be required to beef up structural members around the
well to keep stresses within material limits.




Section 3
RESULTS

The parent hull configurations and their geosyms were used as input
to the computer program. Data calculated include predicted side load as
well as weights and densities for box, strut, and hull primary structure
of each configuration. Figure 2 shows the total primary structure of
the single strut forms plotted against side load/displacement. The upper
boundary on each baud is the thin strut curve and the lower boundary is
the thick strut curve. Figure 3 is a similar plot for the multistrut
forms. The circles on both plots represent the predicted side loads for
thetdifferent configurations.

For single strut forms, predicted side load was calculated as:
side load/displacerent = (-0.5 + LBT) xD

Where

)
L]

0.511 + 0.0038x (strut lungrh)z/(Di9placement)2/3

: 213
0.9582 + 0.00G25 x (etrut CL separecion)z/(nispf-ce;anc) /

f3

=
]

T 0.3245 + 0.1905 x (draft)zl(Dis;placement)2

D

1.43 -~ 0.0995 xLn (Displacement/1000)
The corresponding multistrut equation is:

side load/displacement = LBTD

Where
L = 0.5449 + 0.0215 x (FWD STRUT LENGTH 4 AFT STRUT LENCTH)z/
4 x (Displacement)z/3
= L 2 2/3
B = 0,951 + 0.0006 x (strut CL separation)”/(Displacement)
T = 0.7731 + 0.0656 x (Draft)2/(Displacement)?/3
D = 0,3707 - 0.0282xLN (Displacement/1000)

s

Clearly in all cases, cide loads have negligible effect on the
structures of smzll ships for the range of side load investigated. At
2,000 tons the curves are flat. At 5,000 tons, structural weight
increases for side loads greater than about one times displacement. For
larger displacements, structural weight increases are raquired for
smaller s'de loads. This trend is due to the assumption that the same
minimum scantlings arc used for all sizes.

= T .
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The single strut curves (Figure 2) show that the thick strut form
is generally lighter than the thin strut from. This is particularly
true for the larger sizes where the effects of the thin struts higher
predicted side load are amplified by the lower structural efficiency of
the thin struts.

Figure 2 also shows that the structure of large ships with two
decks will probably be lighter than similar single deck ships. This
trend is due to the greater structural efficiency of the deeper two deck
boxes. The cross-over for 20,000 ton forms occurs for a side load of
about 0.75 times displacement. Predicted side loads for both single
strut forms are greater than this amount.

Comparison of the curves in Figure 2 and Figure 3 shows that the
structural weights of the single strut and multi strut forms studied are
generally similar. The multi strut curves show a side load dependence
at somewhat lower values than the single strut curves. However, the
predicted side loads are somewhat lower for the multi strut forms. As
a result, the multi strut structural weights are roughly comparable to
those of the thick single strut forms and somewhat lighter than the thin
single strut weights. For the 2000 ton forms, no significant structural
weight differences can be observed.

The data used to develop Figures 2 and 3 and the hull, strut, and
box structural weight and density have been tabulated in Appendix A.




Section 4
CONCLUSIONS AND RECOMMENDATIONS

The data generated cannot be used to determine structural weight
for a real design. However, conclusions regarding trends and generalities
which can be reached are:

a. Independent trade-offs of seakeeping performance, resistance,
or structural weight will be inconclusive.

b. Dynamic side loads are more important for large ships than
for small ships.

c. Ships with long thin struts will have heavier structure
than similar ships with short thick struts.

Also, several recommendations can be made based on the experience
gained during this study.

a. Validity of existing side load algorithms should be ascertained
for long slender forms,

b. Structural studies should eventually address:

(1) the amount of effective box material in bending for
realistic box/strut combinations,

(2) the amount of effective strut material in bending
for realistic strut shapes and sizes.

c. Design methods for wells should eventually be developed.

d. Structural design methodology for complex hull shapes
eventually should be developed.

10
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STRUCTURAL WEIGHT DATA
THICK SINGLE STRUT :

1.000
10.000

1.500
5.213
a.706
8.055
6.512
3o5. 784
256.136
175.477
429.097

1. 000
16. 000

1.500

S. 567
T.390
T.190

6. 336
T76.27%
49, 426
390,493
1616,193

1.000
10. 000

‘. soo
8.177
6.970
6.773
7.535
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738,945
T37.418
3292.556

1.000
10.000

1.500
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7.316
6.798
10.681
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1673.799
8085.208

1. 000
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$.213
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8.055
6,567
395.764
262,667
175.377
833.627

3.750
SeB4b
T.776
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6.592
0108.036
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390.493
1681.516

1.750
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T37.618
3672.35%
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17.456
Te963
5.798
12039
6164634
3494, 586
3673.799
9113119

10.000

1.750
T.207
Te963
6.730
T.257
6349.3418
1694, 0606
1873.799
T31T7.026

2.030
$.213
3,313
8.05%
6,608
395.784
210,220
AT5.477
. Belling

2.000
6.215
0.16808
7.190
6.893
863.603
«M.956
390,093
1753.255

2.000
11,111
8,003
6.773
3.276
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848,386
T37.618
4053.017

8.008

2.000
20,043
8.573
5.798
13.39
T056.540
16.5.160
1473.799
10161.090

2.000
8434
8.573
6.798
Te928
4%08.176
1643.160
1673.799
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XLENG MIOTH HINNR,CECK(1),UECK(2) DECK(I) 404,000 146,000 &.000 10.000 0.000 0000
30X,STRUT,HULL,TOTAL VCLUME:= 825776+ 348290 518368 1692655,
DISPs 19938, PREULICTED SIOE LOADs 1.309
SIVE LOAC 0.000 o250 «500 «750 1.000 1.250 1.500 1.750 2.000
80x DENSITY Lo 0882 4882 $.517 T.500 10.262 12.976 15.710 18.604 06 21.178
STRUT DENSITY 6311 6,311 6.596 T.0649 8,423 Qebb? 10, 608 11,533 12.580
. WULL OENSITY 6. 060 6000 6.000 G060 6.060 60840 6.0860 6.0049 6.0060
: TOTAL OEN3ITY S. 776 S.776 Geibs T.291 8.025 10.370 11.9180 13. 467 15.017
00X WEIGHT 1799.763 1799.743 2033702 2767.645 3775.536 &783,426 ST791.316 6799.206 7807.097
STRUT WEIGHT 901,266 901,206 1025.552 3156.157 1309.722 1668.872 1630.822 1793.202 1955.371
NULL WEIGHT 1582,937 1582.937 1502.937 1502.937 1582.937 1582.937 1582.937 1562.937 1562.937
TOTAL NEIGHT  0363.966 &363.964 6642.191 S508.740 6660.196 7035,235 9005.076 10175.406 11346.005
XL sOXALM,CF,TD,AG,ALUNS $67.000 20,340 70 *
It:':'”:s;‘_"stc" i T i’ ° 1,750 204000 1,000
XLENG oW ILT Hon NP ,0LCK (L DoVECK 12) ,0ECK(3) “06.00 (1Y .
BOXSTRUT,HULL,TOTAL VCLUMEs 1615616s 3648290, .Stngoc:..::nzzos:... T ., e s =
g:::-to‘oxossc. PREGICTED SIOE LOADs 1,309 g
0.000 250 +500 750 1.000 1.250 1.500 1.750 2.200
80X OENSITY 3 3.896 3.098 “.09 0579 $.559 6.537 7.518 8.493
STAUT OENSITY 60311 6.596 Tebd 0.623 L P Y4 10, 488 11.533 12.580
nULL DENSITY 6,040 6.040 6.040 6,000 G040 6. 000 6.060 6.840
TOTAL OENSITY 4,933 0,933 4976 $.230 5.679 64043 7.209 7.37% S.761
00X MEIGHT 2061.956  2061.956 2461.954 2507.429 2094.051 3I513.136 &131.225 &749.314 S$367.603
STRUT MELIGHT 901,206 901,206 1025.552 11504157 1309.722 1468.872 1633.822 1793.262 1957.97%
WULL WEIGAT 1582,937 1502.937 1502.937 1582,937 1502.937 1582.937 1502.937 1582,937 1582.937

TOTAL WEIGHT S0Z6: 176 50264176 50700003 $320.523 STH6.71L 65649085 TIN6.904 0125.513 8906.311

STRUCTURAL WEIGHT DATA ~
THIN SINGLE STRUT




-

v wid o o " o o
y . ot ’

XLoCIALH,CF 4 TDoAG,ALUNS

269,000 15.650 «600 1.620 20.000

KLSoKTNVS, CHF oSTUAP 76.000 4e8060 «000

KLENG WICTHoHINNR,DECK(1),DECK(2) yDECK(3) 161.000 81.000 “.000
BOX 4STRUT, HULL,TOTAL VOLUME= 18257, 38659, S7478. 2785114,
01sP= 2001 PREDICTED SIOE LOAD= 78
SiUt LOAD 0.000 «250 «500 750 1.000 1,250
vOX DENSITY 5.177 S.177 S.177 Se177 5.177 $.276
STRUT DENSITY 10.629 10.629 10.659 10.727 11.039 1144066
HULL OENSITY 8. 084 8,086 8.006 8.086 8,086 8.0864
TOTAL DENSITY 6.530 6.530 6.534 6543 6.507 6.707
80X WEIGHT 621. 966 421,966 421.966 421,966 421,966 ©30.000
STRUT WEISHT 102,497 182,097 183.000 186,183 189.535 196.514
HULL WE IGHY 207.637 207 .437 207. 437 207.637 207.437 2074637
TOTAL WEIGHTY 811.0899 811,899 812,603 813.5686 018,937 033,951

XLoOIALHyCPyTUJAG AL UMS 338.000 21,2460 «600 1.620 20,000
XLSoXTNVS,CHP ,STGAP 103.000 6.570 «080
XLENG W IOTHsHINNRyDECK(1) ¢DECK(2) yDECK (30 219.000 110,000 4,000
80X ySTRUT,HULL,TOTAL VOLUME= 337260, 79009, 143713, 559982,
DIsPs= 5002, PREDICTED SIDE LOAD= Y Y
SgDE LOAD 0. 000 «250 «500 o750 1.000 1.250
BOX OENSITY 4,98 ©.958 “.958 5.276 5.736 6.807
STRUT LENSITY 6o 2065 8,245 8.318 8.735 9.258 9.823
HULL OENSITY T7.363 Te343 Te363 Te343 T34 Te343
TOTAL DENSITY 6,036 64036 6.0bb 6,295 6,640 T.370
BOX MEIGHT T66.520 746.520 T46.520 T9%e 638 063,366 1024.0862
STRUT WEISHT 290.823 290.823 293. 405 308.098 326,540 366,401
HULL WEIGHT 471,005 471,085 471,085 671,085 ©71.085 471.085

TOTAL WEIGHT

15080428 1500.428 1511.011 1573.618 1660.989 1842.408

1.000
10.000

1.500
54462
11.099
8,084
6. 892
045,205
206,29
207,437
056,935

1. 000
10,000

1.500
7.879
10. 410

Te 363
8.099
110864320
367,173
471,085
20260578

1.000
10,000

1.500
12.755
9.679
7.399
10. 702
3025.235
$98.273
948,976
4572.683

1. 000
10.C00

1.500
2heb72
e 767
Te726
15.003
0102.554
1070. 328
1970.762

0,000 0.000
1.750 2.000
5.639 S.807

12.378 12,875
8.084 6.0084
Te076 T.253

©59.573 W73.347
212,530 221,082
207437 207 637
079,540 901.036

0.000 0.000
1.750 2.000
8.952 10.02¢6

11.008 11.610
Te363 7343
8.829 9.560

1367.798 1509.276

388.283 “09.511
471,085 o71.085
2207.166 2389.871

0.000 0.000
1.750 2.000
140663 16531
10,356 11.030
7.329 7.399
11,068 12.99%
36473.097 3920.959
639.976 681.717
948,976 948,976
5062.069 5551.652

0.000 0.000
1.750 2.000
26,822 28.172
10.511 11.275
T.726 T.726
16,817 10.631
9366.066 10631.136

1156,266 1238.193
1970.762 1970.742

0455.603 9003.,066 11151.625 12699.033 13060.070

1. 000
10.000

1.500
9.030
9. 767
Te726
770
$041, 4602
3070. 320
1970. 762

XLsOIALH,CP o TD9AGy ALUMS 426.000 26.750 «600 1.620 20.000
XLSsXTNVE ,CHP ,STGAP 130,000 8,270 «880
XLENGyWIDTH HINNRyGECK(1),0ECK(2) yDECK(3) 275.000 138,000 4.000
BOXySTRUT,HULL,TOTAL VOLUME= 531300, 138651, 287295, 957045,
DI>P= 10002, PREDICTED SIDE LOAD= oblb
SIUE LOAD 0.090 250 «500 o750 1.000 1.250
80X OENSITY 4¢933 4933 5.453 7.090 8.978 10.866
STRUT DENSITY 6o 748 6.748 T7.085 7.681 8,335 9.006
HULL OENSITY 7399 7.399 7.399 7399 7.399 T7.399
TOTAL DENSITY 5. 936 5.936 6.273 T7.268 8e611 9.556
BOX WEIGHI 1170. 164  1170.166 1293.623 1681.649 2129.51% 2577.373
STRUT WEIGHT 817,111 blr o111 ©37.909 6,773 515,145 556.636
HULL WEIGHTY 968,976 948,976 948.976 948,976 968,976 960,976
TOTAL WEIGHT 25360231 25364231 2680.300 3105.398 3593.632 4082.985
XL oDIALHoCPoTDoAGy ALUMS 536,000 33.700 «600 1.620 20,000
XLS o XTNVS,CWP,STGAP 164,000 10,4620 <880
XLENG oW IDTH HINNRoDECK (1) ,0DECK (2) +DECK (3N 347000 174.000 4.000
BOXsSTRUT, HULL,TOTAL VOLUME=s 865292, 26Saag, S73716¢ 1666499%.
01s5P= 19983, PREOICTED SIDE LOAD= e 39v
SIDE LOAD 0. 000 250 «500 «750 1.000 1.250
BOX OENSITY 4o 8€9 5.253 8.070 11.621 16,771 18.121
STRUT DENSITY 6,033 6,075 6.710 Te659 8.220 8.903
HJULL CENSITY Te726 T.726 T7.726 TeT726 TeT726 T.726
TOTAL DENSITY 6. 035 6.227 T.751 9.562 11.375 13.189
80X WEIGHT 1066.921 1982,660 3045.39¢ #309.606 S5573.976 608308.264
STRUT WEIGHT 662,526 667.095 736,911 019433 902,606 986,460
HULL WEIGHT 1970762 1970.7642 1970.702 A970.742 1978.762 1978.762
TOTAL WEIGHT 0006.109 4620.,305 5761.000 7107.5%9
XLoOIALHyCPoTOyAG, ALUKS 536,000 33,700 «600 1.620 20,000
XLS ¢ XTNVS,CHP oS TGAP 164,000 10,420 N
XLENG oW IOTHoHINNRyOECK (1) 0ECK (2) yOECK (3) 367.000 176,000 %000
BOXSTRUT,HULL,TOTAL VCLUME= 1449072, 2635900, ST3716e 2268774,
OISP= 19983, PREOICTED SIDE LOAD= 399
SIDE LOAD 0.000 «250 «500 o750 1.000 1.250
BOX OENSITY 3.903 3.903 & 217 Sebbkb 6.642 T.836
STRUT DENSITY 6.033 6075 6.710 T.659 8.220 8.9083
HULL DENSITY T.726 7726 T.726 T.726 T.726 T.726
TOTAL OENSITY $.100 $.105 $.378 6.262 7.0087 T.932
80X WEIX GMP 25240672 25244672 2727.905 3526.356 6296.730 5069.106
STRUT WEIGMHT 662,526 667.095 736,911 019133 902,686 906.460
HULL WEIGHT 19700762 1978742 A978.762 1970.762 1970.762 19708.782
TOTAL WEIGHT $5165.940 S5170.509 5443.559 6322.229 7170.150 0034.300

STRUCTURAL WEIGHT DATA
MULTI STRUT

10.000 0.000

1.750
10.226
10.511

2.000
11,610
11,275

T.726 T.726
9523 10,4669
6613,057 T7306.233
1156. 206 1230.193
1978.762 1970.762
746,000 10603.169




DISTRIBUTION:

ppC (3)
DTNSRDC (Codes 117 & 1730)
NAVSEA (SEA 0322)
NAVSEC (SEC 6110)
(SEC 6110A)
(SEC 6114) (20)
(SEC 6128)
(SEC 6136)
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