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A~ ~—~-Sacramento. “Prof. Lester H. Gabriel was in charge and Coast Guard personnel

r

ABSTRACT

-U. 5. COAST GUARD CERTIFICATION PROGRAM

FIBERSTEEL VALEO CLASS

To partially satisfy the Coast duard requirements for "Small Passenger Carrying
‘Vessels. Subchapter T", with regard to the 55' Valeo class boats manufactured by
,Flbersteel Co., West Sacramento, Callfornla, a spec1a1 teutlng program was foilowed,
Englneerlng calculatlonq were made to determlne the stress levels in the critical

areas of the Valeo's construction when subJected to the highest service loads.

- Lt David‘B. Ldrénz, Engineer for the U.S. Coaét Gﬁard,~Dr. Lester H. Gabriel, C. E.,
of California State University, Sacramento, and Louis L. Watéon, Jr., Owner and
Engineer of Fiber;teel Co. collaborated on a program to test thé following:

1. Hull in’bending; tension, impact and bending fatigue.
2. Bulkheads im bending, tensiqn and impact. |

3. Composite deck in bending; deck to hull in bending.

A28

‘ “,v’ggoors in bending. ' S o B
5. Tank tOps'in.bending. , F . ‘ f‘

6. Bulkhead"to hull. joints in bending and tension. : i
7 tBulkhead to bulkhead joints in bendlng and tension.
8.‘ Fibersteel'° mortar mix in compression and tension.
9. Rhoplex E330 bonding agent in shear. - l : ~.; ‘1
10.‘Integral diesél tankage under a 6yclic pressure head. :
Fibersteelqmade the test samples under observation of U. S. Coast Guard personnel.‘

The samples were tested at the labdratories of the California State University,

observed ﬁhe testing.
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Test reports were made for approximately 200 samples. Some samples were not tested

if the resuits‘tended to be redundant or if deemed by the Coast Guard uncritical.,

Test stréss levels were compared with the corresponding calculated stress levels.

In all cases, the Valeo construction was found to meet or exceed design criteria.

Construction then proceeded on a barticular Valeo (V-22). Fifty one mortar samples

- were takfn at different stages of construction of the full scale boat and the test

i

. { results were then compared‘with those of the previous sample tests.

. i
{

0

:Cdmparisdn indicates that V - 22 meets the structural requiremehts for which it is

b 4 . . .
- designed and for the service ‘to be certified by the U, S. Coast Guard.
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f strenéth materials.,

U. S. COAST GUARD CERTIFICATION
FIBZ)RSTEEL VALEO CLA3S
A DISCUSSION OF TEST RESULTS

The mosﬁ significant iest of the certification prograﬁ was 231 ABC, the full scale
cyclié pieésure test on intégral diesel tankage. Thig test effectively duplicated
most al}rof the sther tests an@ éddsd the dimension of fatigue. All panels and
joints of the~tankage were subjected to tension, bending and fatigue loads
appro;imately 2 to 6 times those they would eucounter in service. (Hull bottom
has 3 to 4 foot statlc water head clear of the thickened keel and the cycllc test
head wgs as much. as 2k feet at the bottom of the test tanks.) At the same time,
deflectlons in -the conter of the tank panels were low (.032") 1ndlcat1ng low
stress levels.': |

'Ths hull panei fatigue tests indicated no faiiurs would occur at the siﬁplifiéd

design stress level (863 psi.) Actually thls simplified design stress level -

~wou1d'bé high because the hull has considerable double curvature. No failure

after 72 mllllon CjCleo at a 0 - 1200 psi. stress (s;mple 248 B) certalnlj
indlcates a hull that could take many more cycles in the O - 25Q psi. range
(roughly equlvalent to a 2 foot chop).

K4

Although the deck to hull joint test results met de51gn chterla, Lt. David B.

~ Lorenz, the engincering representative of the Coast Guard, felt that an additional

layer of 3.4 expanded metal lath would be of value and this was done on V —v22.A
The shear bond tests on the Rhoplex E330 bonding agent indicate that a 1845 1b.‘
force would be requlred to scrape (shear) a square inch of gelcoat from the hull
(sample 248 ABC smooth). Test results of (sample 250 ABC rough) show an ‘average

o8
shear strength of 3188 psi. which is the case in the deck to hull lamination.

~ This is far in excess of what is required (2 psi. per design calculation number

3)-

The factor of 3:1 strong to weak directional strength of expanded metal (as per

previous experlments) has to be used to advantage as in the other directional

4



No dogbone sample failed below 600 psi. tension (samples 241A thro.gh 245¢).

This is the force (per square inch) that holds the laminations together.
Assuming that there is no adhesion to the steel and there is a 50% prOJected area
of steel in the expanded metal there lb still a 300 1b tying force per square

&

inch which would malke through tie wires structurally insignificant. This same

tensile strength is responsiblé for’ the integrity of Fibersteel's laminated joints.

No joint tested failpd in the 301nt. They all failed in the parts (sample 213 ABRC,

214 Axc, 215 ABC 216,ch and 229 AB).

Apparently there are no delamihation problems in the mesh or composite samples
Qhen,s%bjected‘to'bending (samples 209 Avﬁhrough 212 C, 217 A through 218 C,
223 ABC, 232 ATtﬁroUgﬁ ZBM'Q and 247 ABC). Even in the fatiéue tests (sample
223 ABCD) %he samples that did féil‘ﬂroke essentially straight through all at

once. .

. The)impacf tests indicate ‘that should hull damage occur, it would tend to be

. localized with minor leakage. The size of the broken mortar bits is determined

largely by the mesh openings.

Becuase of the laminating process used, it is possible to obtain additional

'stfengthAin any part or joint by 1aminatiné additional layérs of reinforcing

-

.mesh.

ﬁ I
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-~ ‘ S - REPORT

Included hereln is the report of Phase I of the study of FP1BERSTEE

L sections
and structural elements used in ship hulls.

The study and testing was conducted
at the facillties of the Department of Civil Engineering of the California State

University at,SacramentoVunder the direction of L. H. Gabriel, P E., Ph. D.,
Professor of Civil. Engineering. _The contracting agency for the University is the
Foundation of the California State Unmversxty, Sacramento; Hugh Mickelson, Acting
Director. _
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¢ \
- H

All elements studied were supplied to the Unlverslty by Fibersteel, properly coded
Unless otherwise noted, the mix proportions

(by welght) of the samples studled are as follows and identified as Mix A:

for purposes of 1dent1f1cat10n.

1 part Portland”cement - Type v

0.18 parts pozzolan éementa

% 1.18 parts minus 30 sand
r_\ S 0.42 pa;ts'wate;

'In addition} 2 ounces of DAREX‘additive was added to the above mix. Based upor:

the total cement content (Portland plus pozzulan) ‘the follow1ng 1mportant ratlos
represent the Iﬁ.‘LX'

—Sand/total cement: 1.00 - -
Water/total cement: 0.36
Pozzolan/total cement: 0.15-

. The samples wexre sprayed and kept damp .at 50°F ~ 80°F from time of manufacturé
~until no less than one hour before testing.

The following is a report of the findings.

Compression studies on .mortar cubes.

"; " a. For mortar ‘used in items 3 through 9 below.

The, mortar specimens studied in this scries were 2" x 2" x 2" cubes.

- "'

s -

[



“
, The compressive stresses noted below each represent the average of
three samples. ' ,
L] ' /
- & Duration of cure ‘(days) Compressive stress (psi)
201ABC - 7 S 5,700
202ARC 14 - ' , 8,300
© 203ABC ; 28 . " 9,500
204ABC . 28 K 10,300
?‘ © 'Note that the évé;age 28-day compressive strength was 9,900 psi.
.5 b. For mortar used in tank bulkheads. (235ABC)
//f  'Mix proportions (by weight) as follows (call Mix B):

-1 'part Portland cement - Type V

1 part minus 1/4 sand

- ' ~ '0.32 parts water

) Dufatidn of damp curing: 10 days @50°F-80°F
B ' ) -4 days @120°F ) o
%K Compressive strength (average of 3 samples): 7,700 psi

[

c. For mortar in tank fillets - (236ABC)

Mix proportions (by weight) as follows:

- 1 part Portland cement -~ Type V
0.18 parts pozzolan cement
1.18 parts minus 30 sand
. + 0.47 parts waﬁe; ' o €
é . sand/fotal.cemcnt: 1.00
water/total cement: 0.40

' pozquan/total cement: 0.15

|2 ox Darex addition

3
¥

Duration of damp curing: 7 days - 50°F-RO°F
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T ’ Compressive strength (average of 3 samples): 6200 psi 11 days

»

8200 psi 25 days
£
d. For mortar used in tank tops o A

B ' t ] . ‘ ) ) i - B

puration of No. in Compressive
damp curing (days) . sample strength (psi)
... 4 @ 50°F - BO°F . ' L
aEE , @ , 238ABC 3 9,000
4 @ 120°F : s :
28 ‘ 239AB 2 ' 10,000
;:’w ‘ fﬁ”y ' ‘ ,) 2 ‘
f iﬁi:) Tension studies on mortar "dogbones".
/ R - | e s, Al -
//5 Thg'standard specimen of 1 in? in cross-section at its narrowest point was used
{f for the test results reported below. '
f’\ L. a. For mortar used in the tank bulkheads. 241ARC
N ' ) . :
- Mix proportions ‘(by weight) as follows:
1\; . ' ' .
) 1 part Portland cement - Type V /
*K ‘ -1 part minus 1/4 sand - . a
: 1‘ A 0.32 parts water o E ‘ ' o
E 2 ounces Darex additive
Duration of damp curing: 14 days. : . ?ﬁ
. ' : | ' | i
" TPensile strength (average‘éf 3 samples): 930 psi .
B ) X . . - ~' ) 3 ) .§
- b. For mortar used in tank fillets. 2h3ABC o
| . .
’ Mix proportions (by weight) as follows:
— - 1 part Portland cement - Type V
~ .

i 0.18 parts pozzolan cement

1.18 parts minus 30 sand

- 0.47 parts water ! .
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sand/to£a1 cement: 1.00
water/total cement: 0.40
pozzolaﬁ/tqgal cement: 0.15
. % ' ’ . -

puration of'daﬁp curing: 28 days ' .
Tensile$s£rength‘(average‘of 2 samples): 622 psi

c. For mortar used in tank tops. ' 2blipaBc

puration of damp during:‘ 28 6ays.

Tensile étréngth (average off3 samples): 688 psi
d. For mortar used in items 3 through 9 below: 242ABC  246ABC

puration of aamp curing (days) Tensile strength (psi)
. . v (average of 3 samples)

2U2ABC 14 - 830

24GABC 28 - . 880
e. qu‘moitar used in hull to deck Jjoint. 24sABC

L ]
Durdtion of damp curing: 28 days

Teﬂsiie strength (average of 2 samples): 700 psi.

.

Tgnéion on 3-7/8" x'3/4" plate sections reinforced with 5 layers of 3.4 1b/sq yd

 of black coated'expanded metal. Averagé of 3 samples.’

a. Strong direction of expanded metal placed in direction of pull. Ultimate
‘stress: 1573 psi, with first crack close to ultimate stress. - 265AEC
‘b.  Weak direction of'expanded metal placed in direction of pull. "Ultimate

" stress: 452 psi. .  206ABC



f?i Besding studies on ggig{gfgg?npléte sections.

Samples of nominal cross-section 12" x 3/4" were loaded at 1l/3 points with
loads of equal magnitude on a simply supported sample of 45~1nch span length.
Unless otherw1se noted, the aforementioned Mix A was used in the following

» studies. The effective fleyure stress computed is based on the gross dimensions

of the rectangular com9051te sectlon. ‘ *

.a. Using 5 layefs of expanded metal, black coated, 3.4 1lb/sq yd.

Duration of damp cure No. in Effective flume stress

(days)‘ : sample (psi) @ first crack

i 14@ 50°F - 80°F 3 T 2204 —  209ABC :
‘ 28@ 50°F - 80°F 2 - 1958 — 210AB

tb. Using 3 layers of 1" x 1" x 14 ga. welded wire fabric. 211ABC,212ABC

-

Duratioh of damp cure No. in Effective flexure Additional load

stress (psi) @ first capacity to ultirat

crack (multiple of load
at first crack)

™ : . (days) sample

- 14@ 50°F - 80°F 3 831 5.6
28¢ 50°F - 80°F . 3 - 942 . ‘(not @etermined)

#
4

c. :Using 2 layers of 1" x 1" x 14 ga. welded wire fabric. The thrée elemants
included in this sample also differ from those of series 4b. in that they
form_a composite with a ceﬁent asbestos layer. During the tests, the
cement asbestos layer was in’compression. The nominai {(and mean) thisk—
ness of the elements was thus increased to 1- 1/8" Duration of cure was
14 days @50°F-80°F. The effective flexure stress (average of 3) was
2220 psi. 217ABC ‘ ’ A L
E | ) v > . : . 8 -

d. Bending of 2" thick composite sandwich of a 1" thick layer of urethane

" foam bonded between two 1/2" thick layers Qf mortar of Mix A. Each of .
hvf A ; tﬁe outer layers is reinforced with qllayexSOf 1" x 1" x 14 ga. welded

N - t_w o 'wire'fab;is. _ Cure was 28 days‘@50°F ~ BO°F. The effective flexure stress

(average of 2) was 1382 psi. 218AB



. f B .
' .

e. With curing of 14 days damp cure followed by 34 months of ‘ambient
weather conditions. 232ABC &fy

A sample of these elements of Mix A and nominal size 6" x 18" x 7/8"
reinforced with 5 layers of 3. 4 1b/sq yd of black coated expanded metal
- - *was tested with thirga point loads. An 1nrrease in load capac;ty over
that capacxty at first crack was noted. Load of first crack itself was

dlfflcult to discern. Flexure stress at first cracl, was 4700 psi;*ﬂ

£. With cufing'of 14 days damp cure followed by 13 months of ambient
weather conditions. A sample of three elements of aforementioned
Mix'B (seeylb.) Reinforcement was 3 layers of 1" x 1" x 14 ga. welded
wire fabric in samples of 6" x 7/8" x 24", Loading was at third points.
~ Failure loading produced a presumptive (assuming linear to point of
. failure) flexure stress of 3440 psi.— 233ABC

g; A sample of 3 elements of'9-7/é"‘x 0" x 1" nominal‘size,including a
'1/4" layer cement asbestos on the tension face. Relnforcement of Mix A
5?3 ' " was with 2 layers of 1" x 1" x 14 ga. welded wire fabric placed near
' the surface of the compre551on face. Cure was 14 days damp cure followesd
by 43-1/2 mon*hs of ambient conditions. Average flexure stress, under widoe
loading at first crack was 2800 psi.  2%ABC

Id

h. This sample of 3 elements differs from that‘ofu4g, in that the cement

-~

asbestos layer &s the compre551on face and. the reinforced Mix A is the

ten51on face. Average first crack flexure stress was 2170 psi. 247ABC

Impact studies on reinfofced plate‘sectionsl Plates of 15" x 15" x 3/4"
ac

nominal size. Clear span of supports was 11 inches. Impact was 500 ft-lbs.
of energy effected by a free fall of a 200 1b welght dropplng 2'-6", Ail

samples were of Mix A.
£

2

a. Supported 2 sides. 5 layers of<cxpandnd metal. 14 days damp cure
50°F-80:F. All three specimers of the sample survived -the impact test

in that the welght dld not pcnetrate the qpecxmen. The d&formed specimens



‘had fipe cracking with the outside layer of steel of the impacted

.surface was exposed. Range of permanent set 1=3/4" to 2". 219ABC
. | ‘ ‘ N .

~b. This series was the same as 5a. except that the cure for the three

gpeqimens was for 28 days at 50°F-80°F apd that the specimens were

supported on. all fQEFMSiégfg All samples had a permanent set of range

1-1/2" to'l-3/4". Fineﬂcracking radial in design resulted with only

outside layer of reinforcement exposed. 220ABC

c. This was a test of a single specimen differing from those in series 50u.

in that the reinforcement for this 2-sided supported plate was 3 layers

of 1" x 1" x'14 ga. welded wire fabric. The sample failed in that it
folded under impact. . 2214 | '

d. This series of two specimens is the same as that of Sc..egcept that
support was on all four sides. These specimens sdrvived'with coarse
cracking and with all three layers of relnforcement exposed Permanent

- set was of 7/8" to 1" range. 2218C

e. This'series of three specimens differs from series 5b, in that ehe re-

1nforcement is composed of 3 layers of 1" x 1" x 14 ga. welded wire

fabrlc. All three specimens survived with coarse cracking and a uriform

permanent set of 3/4". 222ABC e o

e

Tension studies on joints. Bulkhead to bulkhead joints.

‘SpeCLmens for these studies were cast out of the aforementloned Mix A and
were damp cured for 14 days at 50°F -~ B0°F. Spec1mens were T-shaped in
cross-section and were nominally 5-7/8" long in the third dimehsion. The
flange of the secction was 24" between points of support and the stem was 12"
in depth. "Fillcts were cast at the 1ntersectlon between stem and flanae.-
During testing the t-section was -inverted with the stem pointing upwards.
The flange was held down at a distance of 12" from centerline of stem on each

~ side aﬁd the load*was pulling upwards‘on'the stem. The moment and distance

to first crack, noted below. are the averages of 3 specimens.



et

e

Distance from Moment

Reinforcement - L reaction to crack (in) (ft~1bs)
ij ‘ , Flange and stem: 3 layers 1" x 1" % 14 ga. ‘
' : welded wire fabric. 6" x 6" expanded : 5.1 . -~ 89.2
“metal (3.4 1b/yd?) at face of each fillet
S , 213ABC

)Flange: 5 layers of expanded metal stem:

+° 3 layers 1" x 1" x 14 ga. welded wire 533 88.9
fabric. 6" x 6" expanded metal at face : : S

of each fillet. (Expanded metal 3.4 lb/ydz)
) 214ABC

.

2 Bending studies on joints.

. a. Deck to.hull joints. Specimens for this‘series were in the shape of an L,
C ‘ the horizontal being a section of deck and the stem a section of hull. The
vbblk‘section)of deck measured 2" in thickness and was a cémposite of 1" of urethane
foam sandwiched between two layers of Mix A mortar. Each layer of mortar was
 ‘veinforced witﬁ‘z layers of 1" x 1" x 14 ga. welded wire fabric. The hull
. of‘l-3/8fn0minal thickness was cast out of Mix A. The loading was in a

direction transverse to the plane of the hull. The averages for 3 specimens

Cg\ : were: distance from load to first crack (in hull) was 10.8"; corresponding mons
W was 518 ft.lbs: . 229AB '
¢

b.” The épeqimens of this series were the same as those of series 6 except that

" the lqéding on the stem was trnasverse to the stem. The following are the

#

5 ’ i

averages of three specimens eachr

Reinforcement - . Distance from reaction Moment
' to first crack {(in.) (ft-1bs)

Flahge and stem: 3klayersf1" x 1" x 14 ga.
welded wire fabric. 6" x 6" expanded metal 3.75 141
(3.4 1b/yd?) at each fillet face 215ABC A

Flange: 5 layers expanded metal
Stem: 3 layers 1" x 1" x 14 ga. welded
wire fabric. 6" x 6" expanded metal
at face of each fillet. (Expanded metal .
3.4.1b/ya%.)  216aRC. « -
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8.

Study of surface preparation and bonding agent. f
Studies were made on 2" x 2“ x 2" cubes of Mix A. A 45° _seam was prepared by
first castlng one-half of the cube as a prism including ﬁhls 45° surface. One
day ;ater the next half was. cast using Rhoplex E-330 bondlng agent at the inter- e
i .
face on the 45° surface. Results noted below are the averages of three specimens
. ‘each. " Curing was 14 days damp cure 50°F - 80°F. ‘
Texture of Coﬁpressivé (1bs)
B ' ,
\bonding surface’ load at ultimate (of seam)
‘\ . smocth 10,490 2L48ARC
.| medium | 12,730 : - 2k9ABC
-\ rough - o . 18,070 - 250ABC
| L : SR ’

“t9, Fatigue studies of specimens of 28 @ay minimum cure were loaded at 1/3 points

to produce stress'levels cycliﬁg between zero and a maximum. Samples were 9"

between simple supports, 3" wide and 7/8" nomlnal thickness. They were of

M1x A and reinforced with 5 layers of expanded metal (3.4 1b/yd?) and arranged
Wlth the strong dlmen51on parallel to the span.

- ®

Stress range

Cycles to .
(psi} Failure (in millions)
. - 0= 600° “test terminated @25.661 w/o failure
~ ' 0-1000 5.861 |
- 0-1200 test tclmlnated @72, 622 w/o0 failure

0-1400 1 0.232

e



calculntions !

1. Hull panel bending stress when waler is 2 feet above deck (10 ft. head)

ST AT Memmsii e e e S8 e 1 e me——— 1 4 es . e o

Ve

- ‘ ' TR | IRty s _".t i,.,._.'.-.'_____‘,. '."1'7-—-. £Yv01*
» eted joints BT |
z . v Yo / ./_ \ --\“_ * -:-*/"‘ hull 5 layers 3.‘.’ lpa

"o y==- bulkhends
. £ x ”ﬂﬂf/f;f—b“'_l-—é-rlié-‘uﬁk;n I e s 1‘ S expanded metal in

I 9 ine.

Hull is continuously supported 24 inches o.c. on sﬁpports 6 inches wide.
1= lensth of clear sran = 1,5 ft,

b = width of nassumed flat section = 1 ft.

W = distributed load = 62.4 x 10 = 624 1bs. per lin ft.

’

h thickness of hull = 0,9 incheé

"

o
max. moment st end supports = gll
1c
design stress in hull surface fiker - G,
: > Lh¢

ﬂf f=6€_062h i/ln ft, (1.5)5 =|8%8 psi. ; :
/' g% igp ¥ 0¥ e ﬁ OK

-~ =
" i

/. ‘ ‘ . ;

] strece to fivet erack: Test sample 209 8,0 = |J102Z s’
s _ i

_,_\. % " 1] 210 ".'B.C = _97_9 Igs‘l

i w WA o [ 23SC psi

2. Deck tensile stress when boat is grounded at widpoint.,

- 15 tons 30 tons 1% tons /

ia Lirr o ; : i e 4
Keel =t A iz £ deep Ly 42 inches'wide of heavily reinforced concrete in compressikn,
. . " )

Resisting elements in tension and their moment arms to point A, i
: - : w

A. U layers 1x1xQh pauge NWF, 3 ft wide zach side deck. 1h sauge = J0RO, in. dia.
Steel ares = 2(8% ) er(JOW)C = L9065 &) in, lioment arm = 9 ft,

be Using upper & ft, of hull (4 layers only), Average thicknees - 00029 in / layer
Steel area - 2x1(.00929) x U8 = 7,567 3q in. Moment arm = 7 ft,

e
c. Two 3/8 rebar (at deck shears) = .22 in ores. Moment arm = 9 ft.

. £1 =0 15T x J2°' = f (,956)9 + £ (3.557)7 + ¢ (.1%9)9 -f = 360,000 ft 1b = 10,300 psi
sempate to test sanples 205 A,B,C 26&=Arirs 207 A,B,C 208 AL ' !
' | OK 4 NoeT 1“ (:)I<(
: TEsT =z -




caleulation:

2 Shear at deck to hull juint when deck horizontal forces in calculation (2:)
are transferred to the hull ( one i’ of the boat ).
\ - A o) 2
Shear force = fs( area of WWF + area ot 2od ) = 10,3000( .433 in® , 2110 in )
= 6'1.()0 le.
Assume this force is transferred throu;h 12" feet of Joint.

WU St s (-;-%%-?-t—‘:‘-’" = 500 1bs / line:] feet of joint

Actval shear from te-t sample LjO A,B,C
"a NoT TESTED OK BY INSPECTION

* b, Deck (sandwich construction) bending stress supporting 2 focot head of water (125%)
. 59 ft,
Maximum unsupported deck area = 10 TL % &;,) ft with fixed edges,
: top /1?.
1 layer 3.1 exp metsxy=<<arc A _._-.v.-:_.x___..._...:.:i..-..._._~___,-.._u-‘m-— T
2 " IxdxIh wWdE TS R T e s e T
192" xev® 2 1k Uteth\ne block"::;L] : 50, l:. S, e 2 E | ety
with 2" mortar joints between ™ “7‘ s 55 5 ‘ s

1] 4 '
1 2 layers 1xlallt WAF g T~ R e R S g
: ' bottom
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- 09 1t

fatocd wup ~ C° B e o o
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208 AB,C ANET TESTED

218 aBC |46 FT #

F"'k 6"5.4?" Tpan] P = £.4 11
SRR Eer) T .
MOMW-[@ Ogc‘t( 40 I"lul[ JDIM+ - Wﬂ = 7(.2.S- (Cl{) i




ca.lcul:hion.-;

5. Center board Lrunk b"n'iing..‘-tress un’ 'r 10 ft head of wotcr
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— T btk — e e e 3/ 16" cemeont asbestos
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| | - a—;* g / e i 7 W / gz lf_._’;/B" horizotal rebar 6" oc.
: ___(31- e ES} My vertical "
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resisting moment : bulkheads
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Uniforn&;y_dlqtrlbut.ed load on fixed benm

gl support = w12
max —_—

12 )
= 6? bx hend = 6&’.1* 1b / ft _l = 1,5 ft
624 (2.5) 130 ft 1b
K" S >

Resisting monent = force.in 2 (3/8) rods times 1" moment arm

PR 21;(3/16) x1 = 150 ft 1b | | ‘ LOW 4 K

£ 588 b / in®
rod

2 lsyers 1lx1x1lh " F

e e o

e TR IS et i g oo ben o 3/16R sonent anbeabes
'\ . hogn 360 ] 1
l’m iy bulkheads
H .
Floor loading: 50 1b live load; 10 1b dend lond 4 ,
Uniformly distributed load with fixed ends
2 .
M at bulkhends = w1 = 60 1b / ft x 4 = 20 ft 1b
e 12 12 |
sti nent = Y ' g
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) calculation: » J
7. Tank top in bending - - :
i : 475

. m— - .

- e .__,AnT-__j__-ﬂ..- e 5% layers 1x)Ix)4 wuF

&£ "““"""" rl[r_“""'-:'“.*::—_""_'ﬂ - P i asl O c:’_ 3/16" cem. asbestos

- i R RO |
g Y |“ e 211:"1 fa —]—J tll']’Ke layers 1x1x14 WWF
l

i’_ --------- s | ¥ z'eoisting arm

in bulkhend,hook

. Uniform load with fixed ends a 2 layers 1‘(1,(11, WWF
: a in tank top
M at bulkheads = wl psl(]P"xIJ")( ft) L 120 ft 1b
max = -

Resisting moment = ' x TWWFx xreaWWF ﬁ'ems-//nj e e

o : : . =~ BM &xl20
Hgup 2320 LL b 2 = 200 pst {S—béz?mjz:g‘g‘)f’g'.
2 x 2(12)m.04)

. | Cino psn) N D) |

Cdrﬁpare with Lest samples 217 A,B,C and 271 A,R3,C ‘"N{ 24974 B¢

\——'r 10 pst Jani presser

8. Tank top joint in tension. ( see figure above

/' £v

=0 1" wide (5 psi) 12" = 60 1b
/ £ WF = 60 1b % 68 2b .,
wire area “R-(.04) 90 pad
~ - Compare with tecst sa.mples 231 A,B,C 0 K

9. Tank bulkhead to hull. joint in tensicn. Conzider 1" section of joint,

e 3
—

Joint area in tension

6" ex; nded.
/ meta

T e - eem 32 = 3 tank width - - e oom

Tensile foro’ to be transferred in 1 inch of joint,

. F=5psi x 12" = 60 1b 3/
: . 54
e f.1(:;1:11: ='EJ",]';H 20 psi tension

31
Compare with test samples 231 A,B,C (;0 PS¢t "/t‘lh fr /or-e 350?{? I




U. S. COAST GUARD CERTIFICATION
FIBSRSTEAL VALEO CLAGS
A DISCUSSION OF TEST RESULTS

The mogﬁ sigﬁificant ﬁe;t of the certification progfaﬁ was 231 ABC, the full scale
cyclid pfeésure test on intégral diesel tankage. This test effectively duplicated
most al;.of the other tests and addgd the dimension of fatigue. All panels and
Jjoints of the tankage were subjected to tension, bending and fatigue loads
approx1nately 2 to 6 times those they would encounter in service. (Hull bottom
-has 3 to 4 foot static water head clear of the thickened keel and the-cyclié test
‘head was as much. as 2l feet at the bottom of the test tanks.) At the same time,
defleéﬁions in the center of the tank panels ﬁerg low (.032") indicating low
stress levels.': |
‘The hull panel fatigue tests indicated no faiiuré would occur at the simplifiéd
design stress level (868 psi;) Actually thié simplified design stfesé level
would be higﬁ because fhe hull has considerable-double curvature. No failure
after 72 million cycles at a O - 1200 psi. stress (sample 248 B) certainly
indicates a hull that could take many more cycles in the O - 250 psi. range
(roughly equivalent to a 2 foot chop).

hithbugh the deck to hull joint test results met design'ﬁriteria, Lt. David B.
Lorenz, the engincering represenpative_of the Coast.Guard, felt that an additional
layer of 3.4 expande& metal lath would be of value and this was done on V ~.22.'
The shear bond tests on the Rhoplex E330 bonding agent indicate that a 1845 1b.
force would be réquired-to.scraée (shear) a square inch of gelco&t from the hull
(sample 248 ABC smooth). Test reéults of (sample 250 A3C rough) show an average ‘
shear strength of 3188 psi. which is the case in the deck to hull lamination.

This is far in excess of what is fequired (2 psi. per design calculation number

3). |
The factor of 3:1 strong to weak directional strength of expanded metal (as per
previous experiments) has to be used to advantage as in the other directional

4

Bt strength material#.




No dagbone sample fai1ed below 600 psi. tension (samples 241A thro.gh 245C).

This is the force'(pef square inch) that holds the laminations together.

Assuming that there is no adhesion to the steel and there is a 50% ﬁrojected area
of stéel_in the expanded metal there is‘still a 300 1b. tying force per squafe
ihch whi;ﬁ woula make thrqugh tie wires structurﬁliy insignificant. This same

tensile strength is responsiblé for the integrity of Fibersteel's laminated joints.

No joint tested failed in the joint.- They all failed in the parts (sample 213 ABC,

z B :
~21% ABC, 215 ABC, 216ABC and 229 AB).

Apparently there are no delamination problems in tﬂe mesh or composite samples
when_squected tolbénding (samples 209 A.fhrough 212 C, 217 A through 218 c,
223 ABC, 222 A’£hrougﬁ 234-6 and 247 ABC). Even in the fatiéue tests (sample
223 ABCD) Ehe samples that did fail Broke essentially straight through all at

once. .

i The.impact tests indicate "that should hull damage occur, it would tend to be

localized with minor leakage. The size of the broken mortar bits is determined

largely by the mesh openings.

Becuase of the.laminating process used, it is possible to obtain additional

'stfength in any part or joint by laminating additional layérs of reinforcing

.mesh,




