Performance of UHMWAPE in AtoN Structures

ﬁiﬁ.

Written for IALA ENG2 Committee Meeting 18" May
2015

Authors:
Eugene Lakous

Yanhui Zheng

= -

.

—l‘:-‘%"_ 5



Plastic Buoys

with reference to IALA Guideline 1006 IALA

2. Point to be considered for plastic buoys
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Plastic Buoys

with reference to IALA Guideline 1006 IALA

Advantages and Disadvantages

* Life Cycle Costs “On current estimates, plastic
* Purchase Costs / Replacement buoys have a shorter lifetime
Cost

than Steel Buoys”
* Non-electric heating wire

pressure welding
 |nstallation Cost
* Maintenance Cost

e Resistance to Failure
* Anti-ageing
* UV Exposure




UHMWPE Roughness Report

B e e Sl o asm o o Roughness of UHMWPE sheet
p MAULEAS | e S (for UHMWPE buoys and

Frsalf s e Tivmcan. beacons) was tested by Shandong
S e R Institute of Metrology (SDIM) on
hsa caesrslane St SRR SO Mar 2, 2010
e " et * The test result found was a

e T Vs surface roughness of UHMWPE is
b Ra 0.16pm—Ra 0.22um




b4k T 09 BR

Non-Adhesion Test Report
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Shanghai Chemical Research institute
tested UHMWPE sheet and pipe in
20009.

They put the 5 samples separately
into hydrochloric acid (36%),
phosphoric acid (40%), 93# petrol,
glacial acetic acid (40%), sodium
hydroxide (40%) at temperatures
ranging 20 to 80 centigrade for one
week, it was found that there was no
paradoxical reaction on the surface.

They also attempted to paste/stick
two UHMWPE plates with 502 super
glue, which did not work. It proved
completely ineffectual.

Cyanoacrylate
Adheres metal, glass, rubber,
porcelain, wood, plastic, leather



Elongation at Break Test Report

* The Test Report corresponds to
_ . October 8t 2010.
ENERPEAPTEHMNR S (RT LB
o »  (ID: 1001.5~1002.0mm; WT;
. > 34.7~36.1mm) were tested by China
' e Chemical Engineering Material Test
oeim | wsan [menal Centre. (E1%: 1001.5~1002.0mm;
ot (Bl BY)5: 34.7~36.1mm)
o .78 on » Inthe temperature range of (23+/-

manaan wnroien, | * 2)°C, the Tensile Yield Stress result
15 | | | was 25.3 MPa; Tensile Elongation at
SR e Break was 570%; Mortar Wear Rate
A Bt nl] . Sl = was 0.13%.
| * Forthe Double Notch Impact
v . Strength, in the temperature of 23°C,
i e T e T the result was 99 kJ/m2;
B [ [omewrco | oot | Gom | aw | e and in -40°C, the result was 51 kJ/m2.
B == * The Longitudinal Strain Reversion in
110°C for 240min, the result was
She 0.34%. FA LA
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Safe Working Load Test

W T FRCIEID

f E B RH

CHINA CLASSIFICATION SOCIETY
i W E B
TEST CERTIFICATE
IE Y Cowstficaim Mo QMIP4LIL
S LSRR I | B A R S R A S R,

This s fw owrkily ihal, g The regised &F Bamduns S & P bubeiey
wrwwil in L Tk Naio® irm witiessed] By The indemigneil simveyol 1o the Socaty

FEAN OB mar - IR e bel |

Pomihect 311|581 ey Nu—— daay Ny & ige fadury G Lid
LE . it CHMNEATH

f—— Permbn bl bets R

T DL DA FIH WA

Pl Tout T — R e = Coparnian 1, 2003

(RSPt | SR et Buchure From | IR Hol B awr of Bewt Beciery | BERGhareny
CRNTLE M | WiE. wEE - Angs S—-

CMIME By | M, WG Ry G e | . : =
AR T mandand
T 8 ooy o e Seomei of C st
SHHIRNE brurs of Tesiing pod S (el e P
WO B | M Tan Crmtiins LA
| Mmibem | =T LT | EN—
Eoew EENAMLE. mEERSTREENATRILNE 100 1 |t L e R
| g e | UMMW-PE . SEENETFERESNERE LN g
|0 W N EAn & voricel fesfion suspendesd by B cwne m

| mwdugh I iilieg sary on oppar sde of Booy, e selped boay
| rrreaty 1 S LHSW.PE Buty wis suspented wih o wegnt |
L Lo# 0.0 et i Trough 7 Eng s oo e sie i busy |
L Teat Biw 4 AL imechery Shardeg Ches

~=
g B Foa b LR hES —"410 = .,lg isa. Yinjum

anaxwH
Vit fies __ Dycwerdbor 30, 300 Rt _

RALAE, Seayempet ol Ranpnaibiliiy

FENSERRAFEARARUTFRAN LR NRERREERNR YW EETT N Wi
Tinx wmprnzin of g 08 Caridicmtion dwe sl e o Sppeovel mwl cemifamian of e s by i e e e

wvilhy Tl L% Camifcmmnn ¢ s forsnas o rerery e Bocbey il oe ropersibiSfy R b pirs,
AT £ MU - —
L WL R ol
BIMA CLAREIFICAT[0N SOCIETY ] .

wess s BWITMIF TR lind of Teas - \.Lf 4
=Ll it

D b . T dadirewing deres G e pidecn

A 1.5m diameter UHMWPE Buoy
was suspended in a vertical
fashion by a crane through 2
lifting eyes on the upper side of
the buoy.

The buoy was then subjected to
9t force in the opposite direction
via lifting eyes on the lower side
of the body.

No deformation was found after
5 minutes.
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Impact and Wear
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UHMWPE Anti-Aging Report

e wdhe o e Shanghai Institute of Quality
= e R Inspection and Technical
Research did Xenon Lamp
Weathering Tests for 200 hours
on UHMWPE plate in 2008.

 GB/T1766-1995, GB/T16422.2-
1997

* The colour deterioration,

dulling, pulverisation a
cracking grade were all




Red Buoy Colour Inspection

e Traffic Safety Supervision and

Inspection Center of National
Ministration of Transportation
' |'" ] b tested Red UHMWPE buoy (2.4m
LA L T T —— diameter) in Aug, 2013 according
o] e [enes] 1o to IALA recommendation E-108,
PECECMG. | e The surface colors used as Visual
sasEuiepN. o k- =l Signals in Aids to Navigation.
- @’A_L_ ‘ S * Itistested at temperature of 23
= = . | | degrees and humidity of 50% RH.
AEERRARSERRERRY Sl il The result is (0.611, 0.336)
wn Bl il en ol o B complying with IALA E-108
requirement.

e Six testing points were randomly
selected on UHMWPE samples.




Yellow Buoy Colour Inspection
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Traffic Safety Supervision and
Inspection Center of National
Ministration of Transportation
tested Yellow UHMWPE buoy
(2.1m diameter) in Aug, 2013
according to IALA
recommendation E-108, The
surface colors used as Visual
Signals in Aids to Navigation.

It is tested at temperature of 23
degrees and humidity at 50% RH.
The result is (0.459, 0.498)
complying with IALA E-108
requirement.

Six testing points were randomly
tﬁon UHMWPE samplec A LA



Green Buoy Colour Inspection

R ES EESs VG &8 58 L * Traffic SafEty SuperViSion and
o (RABZATHERRNG ) Inspection Center of National

L2 Eo R

; nvms, mrcunws neagun Ministration of Transportation tested
‘ £ R Green UHMWPE buoy (1.5m
ﬁ ﬂ!l *ﬁ % S | Ut AR A [zram =" dlameter) |n Aug, 2013 aCCOI‘dIng tO

B e FREMRo3H 0823 H

r.":l!lllﬂ;j :ms‘:'ual]:.\I.-.--ran_:r._‘ns-ll :rTM-lM‘. 1fr IALA recommendation E-108’ The
surface colors used as Visual Signals

K | aAMRd, BY OM2500C (HRERY 1-006-2)

w1 oo in Aids to Navigation.
(f wone | _=wes e |tis tested at temperature of 23

| e e degrees and humidity at 50% RH. The

ey

| bt B Rl S result is (0.233, 0.520) complying

| < -BEENBRRENRRS 8t g{ ““““ with IALA E-108 requirement.
| o S A e B X5 ﬁ * Six testing points were randomly
selected on UHMWPE samples.




Ship Collision Test

ISR S s TR PR L
The moment thet 8 ship impact oo s beoy a1 speed of 17 nauticsl miles per bowr,

Hapana
Orverall appearancs of bumy

HESHBER, Lk
The light wus found to be in good condition afler impact.

BEENELARSTHA, S4gnal
A few scratcher were found on the buoy bat o cracking frand afler impace

L PR EL 2 g PR.¢
The anti-collivien protector and light of buay.




Ship Collision Test Report

China Classification Society Inspection

1.8m Buoy was impacted by a ship.

No cracking of buoy body or ballast was found post collision
No deformation found of UHMWPE guiding ring.

No damage found to lanterns.




Secondary Collision Test

e InlJanuary 2008, China Shanghai
Maritime Bureau, Ningbo Beacon
Department organized the ship
impact test on the UHMWPE
buoy, after front impact by the
500 tons sea patrol ship at 10
knots, UHMWPE buoy emerged

from the stern, no damage

happened to the ship or the buoy.




Maintenance of AtoN Structures

Maintaining UHMWPE

The true maintenance benefit of UHMWPE is a
non-requirement to maintain or repair within
the same time periods.

Due to the smooth surface and self-lubricating
properties, UHMWPE is superior in deflecting
marine growth. Similarly, due to high flexibility
and impact resistance, UHMWPE is good at
deflecting objects that would damage other
plastics, or steel.

If undertaken, repairs are to perform
at sea. Current welding m are both
variations of compression g, one where
the heating is conducted via hot oil, the other

electricity — similar to socket fusion.



Maintenance of AtoN Structures

The super structure is carbon steel, During the welding process, the
which is easy to be damaged due lifting eyes must be cooled to
to collision and should be prevent high temperature
maintained every 2 years. The damaging to UHMWPE float.

damaged super structure need to
be repaired or replaced. There is
abrasion between con

part of the lifting lug w
anchor shackle, so regular
inspection is necessary, at least
once each year . If serious

abrasion occurs, it must be
welded.




Extreme Environment AtoN Engineering

Ice Buoys

High Salinity

Impact Resistance
Marine growth reduction

Fantastic under cold
temperatures.

Can handle high salinity or
volatile chemical interaction.

Impact Resistance far superior to
other polyethylenes.

Perfect for areas with high
marine growth rates.
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Navigation Buoy Design
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Other Navigation Buoy Designs







Light Beacon Design

battery box

solar panel

guard ring of the woring flat

manhole
working

flatform guard ring of the ladder

ladder

Paremeter Design

Connection Bolts, Foundation
Bolts

Pillar Strength
Guarding / Rails

Anti-Slip



Light Beacon Design

Maintenance Reduction

The UHMWPE light beacon can be installed
quickly at the working site, and it ( lantern
excluded) is maintenance free without
frequent painting.

Reduced lifting devices

With modular structure, the UHMWPE light
beacon has unit height of 0.75-1.0m and
weight of 65-150kg. Making the final
structure more convenient to transport

i ikl TR
and install.

Wind and wave resistance

In local testing, the light beacon modules
connection are designed to withstanc
waves and wind grades. In excess of 4

and Grade 12 respectively
Long service life

The service life of UHMWPE light beacon

could reach more than 30 years.

>
>

oy 3
VAN

>
o
g v
|






Use of UHMWPE in Buoys and Beacons of any variation
Impact Resistance

Colour adherence to IALA chromaticity expectations

UV anti-ageing

Marine fouling resistance due to self-lubrication and smooth surface
PU foam filled, steel superstructure modular design
Factory specific QC requirements

Can be recycled

Excellent Elongation properties and flexible failure mode
Superior Abrasion and Impact resistance

Withstands ship collision without mooring difficulties
Can be used in extreme environments

Summary of UHMWPE potential in AtoN Structures

Already adapted to Navigation Buoys, Environmental Buoys, Mooring Buoys, Marker Buoys, Special Marker

Buoys, Cardinal Buoys, Ice Buoys, Power Generating/Tidal Buoys

Compartmentalised Beacon structure already in use
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