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I . 1NTRODUCT ION

Backgr ound

The hinge component is the crucial element of a Collision Tolerant Piie System
 CTPS! design. After careful consideration of many different concepts, Swift and
Baldwin �985! identified two sy tems which appeared to have the potential for
meeting hinge design requirements � the peripher al stayi'central universal joint
configuration and the central stay system. The peripheral stay concept received
initiaJ emphasis in the UNH program and its development has been reported by S~ift
and Baldwin   1985,1986!, Cloutier et al,   1985!, Durkee   I986! and Mielke   1986! .
Recently, more attention has been devoted to the centra'i stay arrangement as a
design alternative.

The central stay configuration is shown schematically in Fig. 1. Major components
are the base, the bell, the centr al stay attached to a pr e-stressed spring, and the
 hollow! pile. As the pile tips, it pivots about the bell/base contact point, while
the stay force pr ovides the restoring moment. The system is very simple and
workable mechanicaily. Because the method af attachment is f lexrble, however, there
were initial concerns about attachment security and the possibility af jamming.

Previous Development 4tork

The central stay concept was considered briefly by the senior design team which
eventually built the peripher al stay, 1/0 scale  approximately I2 ft. tall!

.physical model described by Cloutier et al . �985!. A sma'lier cardboar d and wood
presentation model of a centr al stay system, however, was fabricated during their
rnvestrgation ~ Though crude in construction, the model did clearly demonstrate that
the concept had patential ~

Consequently during the following   1985-86! academic year, another senior design
team designed and built a 1/I5 scale <approximately 2 I/2 ft. tall! cental stay
physical model far testing. Dur ing the design phase, the geometry of the base
parts' interfacing was analyzed., The objective was ta shape the par ts to minimize
the possibility of jamming and also to maintain stay moment arm with respect ta the
contact point. @hen a configuration having these characteristics was found, the
system physical model was fabricated.

Testing consisted, first of all, of measuring hinge moment as a function of
inclination angle in a 'bench test". The righting moment was found to be strong
thr oughout the angle range and always exceeded the upsetting morlent due to gravity.
Free return to the ver tical was prompt, and unlike the peripheral stay models,
recovery was not hindered by friction.

Next the model was collision tested in ~ater using a scale model barge. The pile
was set up in appr oximately 2 f t. �0 ft. fu'll scale! of water and hit by the barge
tawed over the pile location. Speeds ranged up to 3 knots  over 10 knots full
scale! and bar ge draft was var ied fram .2 ft- to .8 ft. � ft. to l2 f t. full
scale! . In al 1 cases, no damage was incurred, no tendency to jam was observed, and
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Fig. 1. Schematic drawings of the central stay hinge. Fig.  a! shows a
cross-section of the hinge which is circular in plan view. F is
the force due to a pre-stressed, internal spring. Fig.  b! is a
partial free body diagram of the tipped hinge in which the hinge
forces are shown. A restoring moment is generated by F acting
about the contact point. RH Ry are contact point reackion force
components.



recovery was prompt.

Present Investigation

The success of the I/l5 scale, central stay physical model prompted an effor t to
br ing the level of development of this hinge concept up to that of the peripher al
stay conf igur ation. Specifically, a new senior design project was begun in the Fal 1
l986 semester to design, bui ld and test a lr'0 scale, centr al stay physical model .
This latest invest igat ion, descr ibed in thi s repor t, made rap id progress due to the
design experience and test proceeduresr'equipment developed in previous work.

Using an understanding of optimum shap ing of the hinge parts gained from the I/I5
scale model study, the hinge bell and base were designed for proper relationship
between cable lead and the contact point. The hinge component was then made and
installed on the pile/spring system used in the 1/4 scale peripheral stay studies,
The design and construction details are presented in Section II. The completed
system was subject to bench testing in which the hinge moment was measur ed as a
function of inciination angle. Results showing the hinge stiffness characteristics
are provided in Section III ' Collision experiments were carried out off Adam' s
Point, NH using the same barge and pile foundation emp!oyed in the Cloutier et al.
�985! and Nie lke < I9S6! studies. Observations fr om these tests are discussed in
Section IV.



I I. DESIGN

Drawings af the I/O scale, centr al stay design are pr esented in Fig. 2, whi le
photographs af the hinge i tse1 f are shown in Fig. 3. A 1 i st of dynamic parameter
values is included in Table I .

As seen in the figures, the design base provides resistance against sl iding af the
contact point and an attachment pasitian far the end af the cable. The attachment
position is high enaugh ta prevent excessive moment arm lass at large angles. Yet
the pasition is 1aw enough far the cable force to always be pulling down towards
the contact point, The top of the base is cone-shaped sa that the bell is always
guided back to the proper placement during recovery.

Secause the physical model was ta be used far short-term testing af the concept
only, no attempt was made to use lang-life materials. Since the base was fixed ta
the foundation, its weight was also nat important, and it was fabricated simp'ly oi
a steel skeleton with a concrete filler�. The bell and sleeve insert, on the other
hand, were made without unnecessary weight yet built ta have sufficient strength ta
transmit the hinge bending moment to the pile.

The cable <I/O inch wire rope! leads fram the base attachment position up through a
central guide at the bottom of the pi'le and is attached inside the pile to the
spring. The spring is the same one made by Nielke �9'86! for his peripheral stay
design experiments and consists af 70, 3/8 inch, rubber str ands. The spring was
pre-stressed to a force of S60 lbs. <36,000 lbs. ful] scale! by tightening the
upper cable. The pile itself is a 5 inch aluminum pipe and is capped at the tap
with a clamping mechanism for securing the upper cable.

Full scale eauiualents far selected dimensions, weights and other parameter values
are given in parentheses. Here the term 'ful 1 scale' r efer s to a design appr apriate
for a water depth af 30 ft. Numer ical values were scaled up using geometrical and
Froude seal ing and assuming a made! to prototype seal e rat i o of I/4. Thus ful 1
seal e ve1 ac i t ies/mode I veloc i t ies = 2, ful I scale t ime inter vals/madel time
inter vals = 2, ful I scale 1 inear dimensions/madel 1 inear dimensions = 4, ful 1 scale
ar eas/madel areas = 16, and ful I scale farces/model for ces = 64 ~ The full scale
number s should be interpreted as being advisory only since modifications to r educe
extreme values wi 1 'I undoubtedly take p 1 ace in the prototype design.
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Fig. 2. The 4 scale, central stay physical model. The bell top is
joined to a pipe insert and reinforced with 4 gussets. The
pipe  .with slots'cut for the gussetsj s1ips ov'er .the insert
for easy assembly/disassemb1y. The spring is pre-stressed'
by winching the upper cable, tightening the clamp and, removing
the winch.



Fig. 3. The ~ seal e, central stay hinge. Photo  a! shows the system
in the upright position, while in  b! the pile is tipped.



Parame ter Val ue

2 ~ S6 ft.

60.6 slug � ft.

Table l . Oesign dynamic parameters.

Mass

Meight

Height of center of mass with
respect to base plate  = d~ !

Mass moment of inertia with

r espect to center of mass

Mass moment of inertia about

contact point when tipped

4.5'7 slugs

$60 lbs. �0,240 ful l seal e!

2
33. 0 s 1 ug � f' t .



I I I . SENCH TEST

The f ir st testing to evaluate hinge performance consisted of measuring the
restor ing monrent as a func t ion of incl inat ion angl e in an out of water 'bench
test". The pile base was f ixed to the laborator y floor as indicated in the Fig ~ 4
schematic. A tipping force was appl ied near the top of the pile as shown, and the
perpendicular for ce component, moment arm with respect to the base contact point
and the incl inati on angle were recorded. The appl i ed moment M~ was then calculated
accor ding to

where F and d~ are the perpendicular force and distance, respectively, shown on
Fig. 4. The hinge, however, also supports the moment load due to gravi ty. Thus the
hinge moment is def ined as

NH = H~ ~ w'8! �!

where M is the pile weight and d is the weight perpendicular distance as denoted
in Fig. 4.

Results for hinge moment as a function of inclination angle 8 are given in Fig. 5.
For reference, the gravitational moment is also given. It is seen that the system
has more than sufficient righting moment to gener ate a prompt recovery at all
angles.
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Fig. 4. Bench test schematic and nomenclature.
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IV. COLL I SION TEST

ln water ca11i si on tests were conducted to determine the systenr's response ta
impact and hovr we'l l i t would recover dynami cally from knackdawns. The hinge
consists af rigid pivot parts and a flexible cable attachment, and hinge kinematic
and dynami c performance could change wi th force level s. Sinre farce levels in this
l/4 scale experirrrent would be appr oxirnatel y So tirrres greater than in the previous
l/15 scale tests, we wouid be able ta tell if the concept had any inherent problems
not uncovered in the smaller scale experiments.

One area of particular cancern was that local damage would occur at the base/bel1
contact paint. Another passibility would be that barge impact low on the pi'ie would
knock the bell off the base, stretching the cable/spring s! stem, and that the hinge
would r ecouple in a jamming nrode rather than be guided into proper alignment. 1t
should be emphasized that these scenarios had not been observed in previous
physical rrrodel studies, but through conjecture, had been described as objections to
the concept. Thus a primary purpose of the collision experiments was to resolve
these issues.

The CTPS was deployed aff Adam's Point on the foundation instal1ed by Cloutier et
a1.  f98'!. 4later depth at the site is normally l ft. at law tide and 8 ft. at high
water with variations due ta the spring-neap cycle. Haunting, maintenance and
removal were therefore easily done at. low water, while col'lision experiments were
done at The scaled design depth at high tide. The l3 ft. barge built by the
Clautier student team was towed so as to impact the pile. The barge was partially
filled with water to add sufficient mass such that barge speed was not altered by
collision. Due to wind and current factors making the tawed barge difficult ta
-cantrol, the highest impact speed was limited to just over 3 knots � knots full
scale!. An observation r ecord was kept by video and still photography.

A. sunrmary of collision tests made on October 24, 1986 is contained in Table 2, and
a composite phato sequence is shown in Fig. 6 ~ Though high speeds could nat be
achieved by the barge, the pile collision response was entirely satisfactory. No
local damage was incurred at either the point of barge impact or at hinge contact
points. There were no kinerrratic problems or tendency ta jam. Even when the pile was
snagged hy the towline and pulled axially, recovery was smooth and as designed.
Recovery in general was prompt - less than 0 .5 sec .   l sec, full scale! - and due
to the absence of fr iction, appeared considerably more certain than the peripheral
stay system.



Barge Par ameters

Length Freeboard Bow RaKe Angle Draft at Bow
Rake Extension

Draft at Stern

25 deq. 3 ft ~

 l2 ft. f.s.!

1X ft. l.33 f t. 1 ft ~

� ft. f.s.!

Experiment Descriptions

Type of Hit

Pile snagged by star boar d tow rope, pulled down sl ightly and r eleased
off starboard side of barge,

Tow 1 ines crossed bringing down pile before a direct hi t by the lower
bow rake.

2.

Direct hit.3 ~

Snagged by starboard tow rope, guided on to barge bow, hi t by bottom of
bow rake before sl ipping out starboar d side for recover y.

 Same as l.!

Direct hi t.

5.

Dir ect hit. The bar ge was was assisted by an outboar d skiff acting as
a tug. This was the highest speed run with the barge traveling over
3 Knots � knots full scale!.

7.

Snagged by port towline which caught at the pile tip and exerted an
axial pull ing load directly from the towing vessel.

B.

Table 2. Summary of October 24, l986 col 1 i sion test ing. Al 1 runs were made in
a norther ly direction against a wind r anging in speed from l2 � 18
Knots and against a tidal current of approximately 1/2 knot. Water
depth over the base plate was about 6 ft. Recovery in all cases was
prompt. Time of release to full upright position was always less
than 0.5 sec.



Fig. 6. Collision testing off Adam's Pt., NH on Oct. 24, 1986. 1n
 a! contact has just been made with the upper bow rake;  b!
shows the pile being pushed down by the lower bow rake, while
 c ! show the pi 1 e recovery.



CONCLUS l ON

Resu] ts were successful and encour aging. Though more high speed co'I l i sion testing
woul d be desirable, it is c l ear that the central stay concept i s a simple, v i abl e
design al ter native to the per ipher al stay conf iguration.
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