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Introduction of Characteristics of RUBBER JOINER
- Durability and Effect of Impact Load Reduction
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1. Foreword

RUBBER JOINER, developed by using rubber and chains in combination. It is
already applied to many practical use. In this paper, we would like to introduce experimental
result about RUBBER JOINER while developing process. And, in recent years, effect
of impulsive tension reducing is certified by experiment. We would like to mention the

experimental result, too.

2. Structure and Static Character of RUBBER JOINER
2.1 Structure of RUBBER JOINER

Fig.1 shows basic structure of RUBBER
JOINER. Itis constituted by two part, rubber
and steel chain. Rubber gives springiness to
RUBBER JOINER, and steel chain behave
as reinforcing bar. And, proof load of steel
chain decide using load of RUBBER
JOINER.

Chains within RUBBER JOINER buries
on loose condition. And, rubber is filled in

space between chain links. This rubber gives Fig.1 Basic structure of RUBBER JOINER
springiness to RUBBER JOINER. The space
is called "nominal space clearance".
Generally, nominal space clearance is
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described as percentage to product length.
It written by Eq(1).
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Where @' : nominal space clearance, a
: distance between chain link, 7 : number
of links, [ : product length

The springiness be could regulated by

increasing or decreasing nominal space

Cross-sectional Tensile Stress in Chains (kg\em?)
Cross-sectional Tensile Stress in Chains (kg\em?)

’ 5 10 clearance. Fig.2 indicate that difference in

Strain (%) performance by nominal space clearance

. . . a'. As shown in this figure, when a' is large,
Fig.2 Difference in performance by h .
. the strain is large that for cross sectional
nominal space clearance L ]
tensile strain in chain. In the other hands,

the strain is small when a' is small.

2.2 Abrasion Resistance

Photo.1 shows condition of RUBBER JOINER and steel chains after comparative
test in the sea. The test site is offshore of Rumoi, Hokkaido, and test period is 2 years.
The test method is that using a single point mooring buoy. And, RUBBER JOINER and
chains were arranged in parallel to make a comparison during a test. As shown in
photograph, rubber surface is no abrasion in RUBBER JOINER. But, in steel chains,

abrasion occurred due to contacts with rocks and sands on sea bed.
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Photo.1 Condition of RUBBER JOINER and steel chains after comparative test

RUBBER JOINER



3. Dynamic Character of RUBBER JOINER

3.1 Impact Test on Acting
Initial Load

In this section, result of impact
test is described. The sketch of
impact test machine is shown in
Fig.3. Impact load is acted by
weight dropping method on the
test. The test carried out under
the condition that acting initial
load. The initial load conditions
are three cases which acting initial
load is nothing, 1tf, and 3. And
the test practiced about steel
chains for comparison with
RUBBER JOINER, too.

Test results indicated by Fig.4.
Vertical axis is occurrence load
that measured by loadcell, and
horizontal axis represents weight
falling speed. That speed decide
impact energy for RUBBER
JOINER and steel chains, And,
Fig.5 is time series data of this
test.
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Fig.3 Sketch of impact load test machine
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Fi_g.4 Result of impact load test

According to results, when no initial load applied, occurrence impact load is low

level at any weight falling speed. On the same condition, occurrence load is in proportion

to weight falling speed for steel chain. But, occurrence load in the case of RUBBER

JOINER using is proportional to weight falling speed similarly steel chains. And, in

Fig.5, the occurrence load increase on the case of RUBBER JOINER using when initial

load acting because of rubber compression between chain links. In the other word, the

space clearance is decreased by rubber compression, and the displacement is wanting

for needed impact load reduction.

25



However, initial load to RUBBER JOINER is nothing in any condition of using for
one point buoy mooring. Therefor, impact load reduction capacity of RUBBER JOINER

is not spoiled.

b) Initial loag ¢) Initial load
1 ton Jtons |

Chain

a) Initiaf koad

None
,m Chain
o LA

Resuing load (ton)

Chain

Pasuiting load tion)
Resuiting load {ton)

—
Laosa of Time (sec) LA L3ose of Time (sec! (X3 Lacsa of Time (sec)

RUBBER JOINER |

RUBBER JOINER

’h’\ RUBBER JOINER
L]

Fasuitng load tiont

Resulting load (ton)

FRasuiung load (ton)
-

-
o

o
-

Lacse of Tine (sec) ' Laose of Tine (ssc) Leose of Time (sec)

Fig.5 Time series record of occurrence load in impact test

3.2 Model Test of Reducing Impulsive Tension"

[X3

Next, we would like to introduce one @ buoy

;|| <

experimental result. This experimeat is
carried out in Port and Harbor Research ointy

Institute (PHRI), MOT, Japan. The tension meter
twist protection ring g

purpose is to study for impulsive tension
joint )

reducing on buoy mooring. Moreover,
impulsive tension means "snapping load".

Fig6 is sketch of model for the
experiment. Model RUBBER JOINER is
used for model buoy mooring. For this

experiment, model RUBBER JOINERs tension meter f joint
joint 2,

)
3
(o)
£

is prepared four kinds as indicated in

water depth 120cm (field 30m)~—~

o= twist protection ring
Table.1. And, tensile meter is installed in freed plate =S

the joint points chain-buoy and chain- .
anchor Fig.6 Sketch of experiment mode!

Fig.7 is comparison of average peak
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mention. Vertical axis is tension in chain-
anchor, and hOfiZOI’ltal axis is tension of Table.l Attribute of mOdCl RUBBR JOINER
nbuoy-anchor. And, the indicated tension S1_ L1 82 12

i A springness hard hard soft soft
is converted to real scale load from model Jength short Tong short long

scale. As shown in Fig.7, for steel chain,
occuremnce tension scatter at high tensile
reasion (40~60tf), and large tensile load
appear at upper the anchor comparison with

(o4
o

tension in chain-buoy. In Fig.7, when using
model RUBBER JOINER, occurrence
tension in buoy-chain point is lower than
steel chain using. And, effect of impulsive
tension reducing depend on springiness of Y
RUBBER JOINER. In the other word, soft

b chain Lt S1 17 8

tension at chain-anchor (tf)

L B s, T Wy Y N
RUBBER JOINER (L2 and 52) is effective e
0 20 40 60 a0

against impulsive tension. tension at chain-buoy (tf)
Fig.8 is indicate that relation between '
atiribute of RUBBER JOINER to

maximum tension. From this figure,

Fig.7 Measured load at tension meter

maximum tension is reduced at the rate of % 1 s s s 1)
20~30% to normal steel chain by RUBBER e‘é“ N S S
JOINER. And, TypeZ RUBBER JOINER 2 0.6 S - |
(springiness is soft) is superior to reducing  J'0. 4

“tension. In the other word, effect of ‘g(l. 9 _ ‘ .
reducing temsion is influenced by «%’0 0 (| T1/314s |
springiness of RUBBER JOINER rather ~ nRormal S1 ‘L1 §2 L2
than length. kind of mooring line

Asmentionedabove, RUBBERJOINER  Fig g Relation about kind of mooring line
has effect of impulsive tension reducing.
Therefore, it is keep chains from cutting

due to impulsive tension in buoy mooring.
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5. Conclusion
Characteristics of RUBBER JOINER is described in below. Namely,
1)Springiness
Springiness is appeared by rubber between chain links. And the springness 1s controlled
by space clearance of chain links.
2)Abrasion resistance
Rubber material is superior to abrasion. RUBBER JOINER resist against abrasion due
to sands and rocks in sea bed.
3)Impact load reduction
RUBBER JOINER has effect of impact load reduction. And, on buoy mooring, RUBBER

JOINER keep chains from cutting due to impulsive tension.
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