CLAMP SUI TABLE FOR | NCREASI NG THE FATI GUE LI FE OF THE BUTT WELDS OF A PI PE
PRESSURE VESSEL WHI CH | S SUBSEQUENTLY BENT CROSS REFERENCE TO RELATED

APPLI CATIWNS012/019275Thi s application clainms the prioritypofi/dA2&i1/00ed1ent
Application No. 12/855,970 entitled "CLAMP SU TABLE FOR | NCREASI NG THE

FATI GUE LI FE OF THE BUTT WELDS OF A PI PE PRESSURE VESSEL WHICH I S
SUBSEQUENTLY 5 BENT," filed August 13, 2010, the contents of which are
hereby incorporated by reference. FIELD OF THE | NVENTI ON The
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BACKGROUND OF THE INVENTION

The invention relates to the storage of natural gas (CNG) or other fluids or gases
under pressure in pressure vessels comprised of very long lengths (generally over 1 km
15  and under 30 km) of pipe, e.g., steel pipe. For practical management, these lengths of
pipe are coiled on a steel spool by a simple winding process. The result is termed a
“Coselle®”. Many Coselles® may be installed in the hold of a ship. A Coselle®
carrying ship loads gas in a first port and discharges in a second port. A Coselle®
carrying ship may make ~60 cycles per year. The pressurizing and de-pressurizing
20  associated with the loading and unloading of gas induces major stress changes in the
steel of the Coselles®, which could possibly result in fatigue cracking. The long lengths
of pipe are necessarily constructed by welding shorter lengths of pipe together. The
welds and pipe material adjacent the welds are more sensitive to fatigue problems than

the parent metal of the pipe.
25 It has become apparent during prototype Coselle® testing where 6” pipe was
wound about a hub of ~9 meters diameter, that higher than average strains are
experienced in the outside wall of the pipe at the heat affected zone (HAZ) interface of

the circumferential joining welds, i.e., butt welds, contained in the pipe. The highly



the circunferential joining welds, i.e., butt welds, contained in the pipe.
The highly localized strains, (approximtely 6% as opposed to

appr oxi mawel2y12l01825aver age) shorten the fatigue |ife of pchhacAzelidhoeaid are
responsible for limting the ultimate fatigue life of the Coselle(r). As a
result, it was necessary to operate at a | ower working pressure than would
be allowed if the fatigue life were extended, which reduced the gas 5vol une
and raised the overall cost of gas transport. In addition to
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t he bending qf ,th i pe and ta prevent ovalling,in the region of butt welds
and s mul t andURisTy 10% Chapie s hetuol aress (riorrrh e U R LN PREES pe.
This may be aaéanpwilsbade Bigapnleypaniuirlh etdhd Betwedsni ng menber, such as a
clanp, to a pipe over a butt weld. The foll ow ng describes the clanp that

was devel oped and tested 20 successfully. However, other enbodi nents of
bend restlfai ni ng nenbers or SEAMARD OFATHEINMENTION t 0 acconpl i sh the

desired results. . An i nportant concern en i i Ln the
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portion of be i pe.. The clapp of .the inyention. dges twy 2 i-ngs. First,
Phe clam 1 arbbrdd B sl S ELaE, Qinics Sy bPRaRUIeRD:T BEAIHE eSS al so

prevent s t he ackipex bigalhef clavhp dpperatus pethe iroentval Ng strai ned. I n one enbodi nent,
the latter is acconplished by neans of scoring on the inside of the clanp.
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could be derived to accomplish the desired results.

An important concern when bending the pipe in the vicinity of a butt weld is the

straining of the heat affected zone adjacent to the weld, e.g. in the heat affected zone on

the outside or “stretched” portion of bent pipe. The clamp of the invention does two

25  things. First, the clamp largely eliminates bending of the pipe. Second, the clamp also

prevents the upper half of the pipe from being strained. In one embodiment, the latter is

accomplished by means of scoring on the inside of the clamp. The narrow ridges of the

scoring, when compressed onto the pipe by the tightening of bolts, produce a high

friction force that prevents the outside of the pipe from moving significantly and so

30 nearly eliminates the strain of the weld region.



5 first half-cylinder |ocated on the outside of the bend of the pipe, and
is made up of a second half-cylinder |ocated on the inside of a bend of the
pi pe. Thewonsixa9rradi us of curvature of both cl anp hal f Pcyldardarmoiis
preferably equal to the outside radius of the pipe. The thickness of the
clanp is such that the clanp is not plastically bent by the bending forces.
10The rigidity of the clanp limts bending of the pipe in the region of the
weld and, with its special features described bel ow, ensures that the
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As discussed in the background localized strains are induced by coiling a 6"
25  pipe on a hub of approximately 9 m in diameter. The localized strains without the use
of a clamp were found to be approximately 6% in the area of the weld and 1.8%
average for the pipe. With the use of the clamp of the invention, the localized strains

were found to be approximately 0.5%.
In the vicinity of the pipe weld, the pipe is almost completely surrounded by the
30 rigid clamp. Therefore, ovalization of the pipe is almost completely prevented.

However, the presence of the clamp can induce serious ovalling, even kinking, of the



Wil e both halves of the clanp have their radii of curvature identical to
the outside of the pipe, the two halves of the clanp do not conprise a
conpl et e 86QO121p275s VWhen bolts are fully tightened, theprrcwrAralves216f the
clanp preferably do not touch 15 each other so that the full force of the
clanp halves is inpressed on the pipe. When t he bendi ng of the pipe
is conplete, the clanp is renoved as follows: the inward force of the pipe
is reduced by a very slight reverse turn of the spooling hub. The clanp is
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t hat
that the clamp will have to be replaced after a number of uses.

25 Both halves of the clamp have a small channel of metal removed from the inside
centers of the halves in the hoop direction to accommodate the weld bead of the butt
weld. This obviates the need to grind the weld.

The clamp is preferably made of steel with a Young's Modulus closely equal to
that of the steel of the pipe. The yield stress of the steel used in the clamp is preferably

30  atleast that of the pipe and up to 40% greater. '



20 bonded to the pipe. The material nmay be steel wire, e-glass, Kevlar or
other material that could be permanently bonded to the pipe, which would
reduce thwoizotuaezyswi ndi ng strai ns and/ or reduce oval i z2CT@A2011/0002161 n a
further enbodi ment, a section of pipe whose IDis the same as the OD of the
mai n pi pe may be slipped onto the main pipe before the wel ding operation.
The 25 section of pipe nmay then be centered over the butt weld. This pipe

section resenbles the clanp but may remain in place after the main gi pe is
bent . Al t er riafirsy empodimens pfithe ipyeption; iscrigidpnddreany (about 2P@ ths waighttt ur e

may be insertggs bRABLHRedt1GaiPhdielisRfe RBH & SL&Phie d 06000 PcycRs 6 fsmﬁ%m;teer ed on

b
the butt wel d. §I'he smal | section of pipe remains in place after welding and
bendi ng. BRI d&mapeserfqmi onhor oerEraRaiaesd. The firgtjembodimegt ignhegyepded
perspect i ve vigieRmk ifmRiRfa PRoolimda'S alBHEPI:A6h GBSk YGItRg_an
I nside clanp segrﬁf\s\nitn gﬁa%ﬂﬁﬁﬂ%ﬁg‘{c arrpf%egrrgnlgy ) @ FI G_gz s a
partial crbss-sectThersdampydesevibed abéne ipidpeilieh grefirredembpdipied, of|a davasfrio
S5install ed wthin. ipe: . | Bﬁﬁ%i | e I dg Pi pe
cl anp segrrentﬁl[)}#%ﬁ?&% sﬁ%n;f&@ou%@eﬁffﬁbg sc g&%fn:{iceé\%a@\t/\lﬁg %#I&?tﬂltsi de
surface of t hebithweldevhile peing bentprasedaecd (Jd6G. R)GOtHer embodiments may@lsgbes5 is a
schematic vie o f an inside surface of the inside pipe clanp segnent 10o0f
FIG 1, FIG I's a perspective view of the outside pipe clanp segnent of
FIG 1; Fl GFo7 examnpde, stehdaraging fovdeamayote mrnvided wat dhg belts; baicky otterndle

I nside pi ’F Cﬁy%r%lig %ge%% fohthla ](‘)f the clamp may be held together by welding or
binding with wire. Alternatively the clamp halves may be significantly heated before
being applied and welded. The clamping force would be due to metallic contraction as
the clamp cools. Alternatively, the two clamp halves could be drawn together by a
buckling mechanism, with or without the assistance of a hydraulic press.

15 Alternative means of creating friction may be developed to eliminate the need
for the threading, such as metal to metal adhesives, low temperature metal alloy solders,
and a layer of sharp particles of a substance harder than steel, such as silicon carbide,
etc. Additionally, strips of steel, centered on the butt weld may be welded axially on
the pipe. The butt weld and adjacent areas may be wound with a strong material that is

20  bonded to the pipe. The material may be steel wire, e-glass, Kevlar or other material
that could be permanently bonded to the pipe, which would reduce the induced winding
strains and/or reduce ovalization.

In a further embodiment, a section of pipe whose ID is the same as the OD of
the main pipe may be slipped onto the main pipe before the welding operation. The

25  section of pipe may then be centered over the butt weld. This pipe section resembles
the clamp but may remain in place after the main pipe is bent.

Alternatively, a small pipe section or other steel structure may be inserted inside
the main pipe and restrained so as to be centered on the butt weld. The small section of

pipe remains in place after welding and bending.



FIG 8 is a schematic view of an inside surface of the inside pipe clanp
segnent 15of FIG 1, FIG 9 is an elevation view of a nodified pipe
havi ng sowoizn/fier7sed on ends adj acent to a circul ar welpdT/CA2011/000H6G 10
is an elevation view of a nodified pipe having small particles affixed to
ends of pipe segnents adjacent to a circular weld; 20FIG 11A is an

el evation view of a nodified pipe clanp secured to pipe segnents, wherein
the nodified pipe clanp has Nel son studs affixed within drilled holes on an
interior surface of the c|BREF DESCRIPTION®F THE DRAWINEGAI| ar ged vi ew of the

clanp of FIG 11A ghoping eﬁgﬁ%gﬁﬁ%ﬁvgaﬁg W@S&p@%ﬂ%ﬁ clahpPorthéfiRediBabET ;

25FI G 12A is an elevation i havi ng a reinforcing
strap or fin aflidingdn insiderlamp segnient andlag ovside cladpsesmentt o a circul ar wel d;

FIG 12B is a pl afui 0 0dLf: Dl f ol » ofth Rl fow3 1S @
per spective vi ew ea apfulafﬁea?g‘i"g%%ff‘d@p%‘g‘h%g P "% ‘é%é‘é éia‘%p BET%“ LED
DESCRI PTI GN Oistalidd vREBRFERRED ENVBODI MENTS Referring now to Figures 1

o0 2, shoun | Pl £ AT 0RL ORI PR TR 10 L0 (7
segnent s j oi ned t 6t hes aesetlerhaiceview wif aanbeittsidavedrtiss o€ tigp. jnside rEpe plepe
segnent 14 an%gS st%gg{)tg pi pe segment 16 are joined together via butt weld
18. Pipe cl arﬁ) PE 3V| ded to protect butt weld 18 and its heat affected
zones from excessiHI@. Sisnathematic viewalf lan #gide eurfack of the insile pipd chynpesegoerti ng
process 0{0 pié)t%légl;to forma Coselle(r), e.g., as showmn in FIG 13.
FIG. 6 is a perspective view of the outside pipe clamp segment of FIG. 1;
FIG. 7 is a schematic view of an outside surface of the inside pipe clamp
segment of FIG. 1;
FIG. 8 is a schematic view of an inside surface of the inside pipe clamp segment
15 of FIG. 1;
FIG. 9 is an elevation view of a modified pipe having scoring formed on ends
adjacent to a circular weld;
FIG. 10 is an elevation view of a modified pipe having small particles affixed to
ends of pipe segments adjacent to a circular weld;
20 FIG. 11A is an elevation view of a modified pipe clamp secured to pipe
segments, wherein the modified pipe clamp has Nelson studs affixed within drilled
holes on an interior surface of the clamp; |
FIG. 11B is an enlarged view of the clamp of FIG. 11A showing a Nelson stud
within a hole in a clamp member;
25 FIG. 12A is an elevation view of a modified pipe having a reinforcing strap or
fin affixed to an exterior thereof, adjacent to a circular weld,; '

FIG. 12B is a plan view of the modified pipe of FIG. 12A; and

FIG.13isa perSpectivé view of the pipe of FIG. 2 wound on a core.



Pi pe clanp 10 consists of inside clanp segnent 20 (FIGS. 1, 3-5). Inside
clanp 10 segnent 20 has a sem -cylindrical shape and has a first end 22 and
a second woado2u19478si de cl anp segnent 20 additional |y hastam2ongiossesurf ace
26, an upper |l engthwi se mating surface 28, and a | ower |engthw se mating
surface 30. First end 22 defines first stress relief area 32. Second end 24
defines second stress relief area 34 (FIGS. 3-5). Inside clanp segnent 20
preferably defines radial groove 36 for receiving butt 15 weld 18 when

i nsi de cl anp segmeEDETARLEDSDRIGRIPTION OFIHBPREFERRED EYVRRDIMENEYe 26 of

i nside clanp seg 20 is preferab | f jtting
sl i ppage of an OIT?{S%I%e & ’E’Wftgﬁ ‘%?Salp%%g? %%ﬁ?%lb?gé%g?gﬁ %tﬁdrggl?eéggg?fface 26
of inside cl atipe dagpehis fBoaffiking angipebEHGCHENL3). Piped? consistsef apdyrpléty ofir ea 32

defines a first sem -circl.e apd 2 secan tress relef. ines a
second seni - cﬁl?ecﬁegme’ﬁtwn}efi?%gtegfﬁ?ﬂ%-tg|c %Ylggﬁtg?’?@%’cf 'gbie/fllrlst ?x}lgﬁa{egx??rgégqrﬁel i ef
area 32 ard asec@d@ipt ss@int €6 56 j@inddabgenre viaput heldIS8c @iy ckmpeldss pretvided ar ea

34 preferably each have a radi us, approxi nate equal to the radius of pipe
12. Appr oxi rreFPiBtﬁE“‘ogu'%e‘?ﬁld c&r end 4 kb Ct%fir é" %s%OIBoFﬁ%??B’Iea'f TaB(? use as

stress reli efowan@afon, Bth bR BDadlidERbocsasf MHS12 BN aiTostlle®, e4,, a8
t hi ckness of inside clanp segnent 20 proximte first end 22 and second end

24 is less tRAVARHCckhess of inside cl anp segnent 20 at a center of
inside clanp seg oBdhp TU RRsises 8MBsiddc1adf bdphieRvdd (FIGDNS$3-5).Sinsilic clathpi de
clanp segnent 40 (FIGS lp 2, 6- 8), havi n‘g a sem -%%%i ndr i calgﬁlﬂ'sjh@pe4

Qut si de cllanpegseghefithase Swas%émfm%ﬁha@ﬁan basgfrsge %é‘@o‘h&“ 1N 24. out si de
clanp segmenti,gQe adahistahdh ¥ Lafibhas B9 HARMe 4u2R68d B8V Meuppel ichghaisef ace 46
and a |ower |engthw Se mating surface 48. Qutside clanp segnent

addi ti onal | y matingasnrficadBoand aulpwerdenggoviserpatingsuisaog 30; Figptpad aldﬁféz@é%g%
out si do.qur 1 AevaRiefnRIRA)Selna bid o Rs ST Mesd it St FL B D2 a1y
preferably defi negnsidedilahp spzoewc2bekefefablgSlefifes 8ialf grpoveskbeioy renejvibatuttnwel d 18
when out Sde € V\gclzlg T8 whed HFSﬁte cflagqpl s%gélé’n‘%%?g pgsﬂioned on pipe 12. Inside surface 26 of
inside clamp segment 20 is preferably substantially smooth for permitting slippage of
an outside surface of pipe 12 with respect to inside surface 26 of inside clamp segment
20.
In one embodiment, first stress relief area 32 defines a first semi-circle and
20  second stress relief area 34 defines a second semi-circle. The first semi-circle defined
by first stress relief area 32 and a second semi-circle defined by the second stress relief
area 34 preferably each have a radius approximately equal to the radius of pipe 12.
Approximations of semi-circular shapes are also contemplated for use as stress relief
areas.
25 In one embodiment, as best seen in FIG. 4, a thickness of inside clamp segment
20 proximate first end 22 and second end 24 is less than a thickness of inside clamp
segment 20 at a center of inside clamp segment 20.
Pipe clamp 10 additionally consists of outside clamp segment 40 (FIGS 1, 2, 6-
8), having a semi-cylindrical shape. Outside clamp segment 40 has a first end 42 and a
30 second end 44. Outside clamp segment 40 additionally defines an upper lengthwise

mating surface 46 and a lower lengthwise mating surface 48. Outside clamp segment
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5 pipe 12. In a preferred enbodinent, friction elenent 52 is nmade up of
scoring on inside surface 50. Mdire preferably, scoring is nade up of

t hr eadi ngvoAnizmeaTpl e t hreadi ng has a depth of 0.77" ans#ca/qeeak/maipeak
measur ement of 0.166". Friction elenent 52 may al so be created through use
of nmetal adhesives, |ow tenperature netal alloy solders, or by a |ayer of
hard particles |ocated on inside surface 50. 10Preferably, first |engthw se
surface 28 and second | engt hwi se surface 30 of inside clanp segnent 20
define a pl ur4sl adﬂiyloma‘.nymas fini mase ﬁﬁfaceﬁiihllﬂreﬁnhlyl ipsid¢ surficpS®dedineeailricpndi ment |

first | engthw,se 48, of outsi de

cl anp segrrentekzﬁfngéi glo%lgﬁ lst Or%fpplnrgg‘%lp\é%gigé‘%w E?Fu[? ?lty of bolts 64
(FIGS. 1, 2) are puesidedeidmp (L‘E:grhmalﬂl adglitionalfyl preﬁdralﬂsy ddine@rradmlcergOWOS‘élefl ned
by first len face 1 cond Ien f. f

i nsi de cl arrpg(gg'gm?n?) Cﬁ’dl“igs 3@2??‘1%8?18\“?“‘6 Icoc %g ﬁ?ﬁ@%;éﬁ%cgf)gty of
orifices & dgpem2d By pfdfé’rﬁa'ﬂ eineagmbfm ﬁeumlém szﬁsmaldug eﬁsmdng enigsidei se
surface 48 of outside clanp segnent 40. Bolts ecure inside. cl

segnent 20 t SUBHeESY del\’le’leeﬂg‘%e nSATNE§ madf UR Oﬁqﬁ?‘%‘fr\gedb‘”e?m QR gﬂgol ts 64
have a head 6Gfg 2@Rpthf DA ind 4 pedRfto PERU nBdsudmARIEY. L66Pr eﬁaroatﬂmen: 62 de
clanp segnent 20 20 defines orifices 60 that are {hreaded for agllo\“ ng

t hr eaded sharfRayealse b gseared thaoughnse jof aneidl adhesd Wt tCHpeISFusE é‘i‘ defines

orifices 62 téaﬁlt:rsa(gr%ysa\mi—Qfﬁ’ﬁd}ga?ﬁlzle%ﬁ&a%fohﬂ%ldégufadagﬂd engagi ng surface
62a. Therefore, when b is |located within holes 60, 62, boIt h ad

engagi ng ¥ur f ace @ﬁera@ynﬁaw!png@;wsaewgrf@w%egd pesond dengthviss| wefaeg 30 (9fer eby
drawi ng 117 Stini@glb¥hameit'sd At 2HiBhud, ra%ﬁﬁcegleamdaﬁgﬂagx I@QP&mads

first 25 | engthw se ace 4 tsid anp segnent .
preferred entsodiodiernt, firstdergthvaseasnpfascedframt sewldamgtbwg Puféace |4§m>5 ogfékj‘ﬁent 40

have a thick rg 20 and
outside cl a r@g@ ngﬁ'[ent ‘g)a&ef%soa Pl%iaﬂgp?fl]ogrg de?lg{aﬁggﬁ itﬁ or) ces

i nduced by thee pmwidedl@orpomegm plbmhtyp]fpaﬁiés 605ddﬁacd b)aﬁxselengthwt;e @h!éa@p 10 is
secured t p| referr dinent . insi t 20
and outsﬂ%e BPH%S%CQQ??L‘*HE‘% eﬁ'éfgaﬁegﬁif’glﬂfa%d?f‘f“péfﬁ"?/eé‘%(gg&g!&g;gt% g‘%ﬁgtg@?y equal
toda r adi 35 Qlf)cat‘dlwmtllpltﬁalﬁi' oPbifificed 82 dzfﬁ'fe&fbﬁrfﬁhllmgtﬁ“ﬁ&i sﬁefamdmmdse@mnt 20
and outside cl anp segnent 40 are e such t hat en_ jinside ¢ segnent
20 and out si de"&vRRS 'g'gﬁ?n?ﬁt" zﬂ)‘“&% ?ﬁ?ls?gq‘ﬁnbaﬁer%@tsa%oﬁf"’ Ael'glg“‘f’l rst

| engt hwi se sugefmgt 2880 BhitsidBSlafiP sEAAHR 46.6 GITE Piefetfed @Boditnest, bd)l&r@tﬁm ae
surface 46 of outside clanp segnment 40 do not touch one another. Si 5" larly,

it is 5 pref depbfia pid a shank 6db Ioéﬁ’@ﬂffﬁﬁndsa@eéeﬁr Preferably, i951ds flapgsegPeiglsegnent

20 and segondichfRodAtMes 0SHat ﬁv@%ﬁﬁie@ffop%céﬂvﬁ‘@ Gladd seawah Flboltossot
touch one another so that the f conpressive force of inside clanp

segnent 20 arfptida elawp segraend 4Qety<rfembly fines drifiseedd tat Brﬁémoﬁi}b%‘ ked av!“!,ﬁen
bolts 64 are dtef %‘ﬂ@@%@d %g@]gagﬁ?%%ﬂé e %@P?ﬁé?l&d’t%ﬁk R)%at%@v&%&lmo[bsp' pe

clanp 10 are a cont Including forcing inside clanp segnent
20 and out si @, 62,dmt l@eegmagmgaultfm:geﬁzhes dm'wnho‘hgrm thndaids fqymed suhedes $hsi de

clanp segment ZQ) &}gwou'[ffsrﬁtqen VA rFélg f 1n(g1d atn%2%gré1nx§ iﬂotro tff? et her

with tightene W r eV ngi e out si
segnent 403 nﬁgngtlﬂvﬁmcfecbm)gemsﬂeclampmegmédtm cool ing of inside cI arrp

SETEN 20 a0, oUL O8RS RF i AL OBV oo
40 have a thickness such that pipe clamp 10, i.e., inside clamp segment 20 and outside
clamp segment 40, is not plastically deformed by bending forces induced by the coiling
process when pipe 12 is bent after pipe clamp 10 is secured to pipe 12.

30 In a preferred embodiment, inside clamp segment 20 and outside clamp segment

40 have a radius of curvature substantially equal to a radius of curvature of pipe 12.
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scoring 90 is fornmed on the outside of pipe 12 on both sides of butt weld
18 by an abrasive tool or other suitable nmethod such as by roughening the
out si de oWopopa1d2sby sanding, etc. The process is the PETAIAR@11000[60r i NQ
clanp 10, as described above, but has a simlar effect. Qutside clanp
segnment 40 of clamp 10 could then have a snooth 20interior. Ref erring
to FIG 10, sharp, snmall particles 100 of a very hard agent (harder than
the steel, corundum Al um num oxide, Carborundum are inserted (e.g

pai nted on i rPraferblys isigle klaopiscgnomt 2ppichicitside darmp segment 4Q arg siged Qilcblﬂs%ous

adhesi ve on an uts de half of 29N | tside
cl anp segment™” ‘iet Se§m§?}023’taﬁ'8° él slagip ngg(é%%éﬁ@pg%ut e&ltt:ll anp
segnment 40 ar‘;dp@nz dfitstSlesighviad furfate P8 pé uilsiae cﬁmaprmgﬂﬁnn 20 artdeﬁmtt leggth‘e'ﬁed Yo

t hat particles 00 i Ll p rate the surfaces outs S nt 40
and pipe 12, fé,w\b% 8‘“%2 fagiﬂ’ FEREY ‘g’ ‘E(T Beicgue Fy |hﬁrg ‘E%lésﬁg’geA and
118, an addi tp:@faﬁéd Hat @erca@t 1eughmsaeum6¢ora5hma aamg sdgwancemaad stami. Many
smal|l holes 110, e.g., net er,

clanp. Nel soreagtiyise ?L“I@"e ] @fout% PeEREY é& dg n‘itdoYﬁ?h%F g eéls% th&?&‘l xed,
e.g., spot validehpreadilOfoRienst idside Ahhf rseé?@dﬁd bo@n®butpidpeladip degmesddl 8t €,

clanp 10 is renoved and studs 112 ma round down. Referring to

FI GS. 12A andmpppsedamonpipe 1 hyhenkolts b éretS’é (§ngdest r ai ni ng device is shown. At
| east one strap olodlinmbQel SrVEhARASAD HRE 12ULSHHCpRE Ak M2 aroRibhe
outside 5 of the bend. anp is required. Fin 12 be for exanpl e,

20" 1ong,104 |mwmlabndgmchqdmgcfomingtln$1@q<clamp eghmEnt o en@p%rislcm SSSBPRE| |

circle cut o a teqt ead of
butt el d 16 1 bpb) b RRlaul0 phedbdt HBUE olathy? SRR 968 [ MidE il
strai ned whi |segpénpetOlay dsdabe figredsietogethednwith pightened Mvires B!mhehem@d%ellame fm

120 shoul d be_ cut f surface

cont enpl at ed THat™4 t(}fo anﬁ‘ oumda Clarr Sn%me tgf)ce grg@g%{\}getﬁ% b&td‘éalfly Eéi%‘%l t is

additional ly af@msﬁc&rqlﬂnaisegmélhaﬂaﬂdmtpée dagpepgmentd®. be cent ered under butt

wel d 18 inside of n the ben of pi.pe i | ete,
clanp 10 i’s rennvé%f%’%n% B?VV(S?NEIG% ﬁ&gﬂgﬂ@ﬁp@& o‘fw%fl 'élsl%@g’gggced by a
very slight rueise0 isufoRmaf oﬁhﬁ@ml dMPpd b o BothSsides loBbutt Yeld OB dyanl0 i s

t hen di sassenbl ed. Qutside clanp segnent 40 is renov

en inside
cl anp segrrentab%lvéftoql RE oteriyable “}e‘ahofi6?%3@6’%{?‘&%‘6‘1%&5@“@"’é?EB‘pﬁl?%@d of .
To facilitat esahdifg, e aThOftocdsIR tROFNERR bﬁi&nﬁg clhiag 10! A Rsckbed B! BRI Y has
0

a reasonably unlformor reduced thickness profile in the rotary sense.
has a similar effect. Outside clamp segment 40 of clamp 10 could then have a smooth

20  interior.
Referring to FIG. 10, sharp, small particles 100 of a very hard agent (harder than
the steel, corundum, Aluminum oxide, Carborundum) are inserted (e.g., painted on in a
viscous liquid or sprinkled onto a still liquid viscous adhesive on an outside half of pipe
12 or on inside surface 26 of outside clamp segment 40) between a smooth inside
25  surface 26 of outside clamp segment 40 and an outside half of pipe 12. Clamp 10 is
then tightened so that particles 100 will penetrate the surfaces of outside clamp segment
40 and pipe 12, creating a desired friction force.
Referring to FIGS. 11A and 11B, an additional alternative pipe bend restraining
device is shown. Many small holes 110, e.g., 15 mm in diameter, are drilled in the

30  upper clamp. Nelson studs 112, e.g., 10 mm diameter x 10 mm high, are affixed, ¢.g.,



In use, clanp segnents 20, 40 are very strongly tightened up on pipe 12 by
a 20 series of bolts 64. Ot her clanp nmechanisnms may al so be used. Friction
el ement 5&0 2e12n1927scoring, small particles or studs, an@ctrha2viighoani ng
threads in the bolt holes 60 wear down with use so that clanp 10 will have
to be replaced after a nunmber of uses. Bot h segnments 20, 40 of clanp
10 have a small channel or radial groove 36 of netal renoved fromthe

i nside surface 26 of clanp segnment 20 and inside surface 50 of 25 clanp
segnent 40 i nspohereldedypntd pipct2. okftdr bemtingofimipkat2ds téraplete) dariye 8@ isobmoveddd 18.
Thi s obvi at esalgdhgu ?g Loy ri nd he wel d bead of weld 18. The clanp 10
Is preferably ma Isntai% gr\/\h"fdh z‘imYoung s Modul us closely equal to that of

t he steel of pipe Referriippe I}YIGSl dZA;hﬁdBSZB Qh altér@atbic @@le bef@ ekstraininpeeditaizp 10

shoul d be at l.east that of to 40% qreat er. 30 ., Thus,
the present i TRORM A feaptongs ééélz@ ‘?nr‘?e %‘%gdet P52 1 fhyoutsids g

attain thes end(Sth&Bél‘ndad\I@Blfaﬂ@QéSreﬁ'&ﬂ%dl cmﬁdzmmay@e afsr mhipleaao't hages mamﬁr ent
Ly preferred enbodi nents have been described f

th Vi | t
e osos of ¢ ek oot CA] et B FAf e by s n S0a S tisamt 1eAF TG B b

apparent to tmerie ©hciidiak Yheskdld beaddf bitewald 38! FinJu6 Bilf PROGE thedtlide
nodi fications are enconpassed wthin the spirit of this invention as

defined by th&f BPel? fiopsbsingstrained AyhiS Pieat 1SSbe§1gahen@d0n@ pige 1aipppihec| anp

for affixing tesehe, %ﬁ@o%ﬁw&&t&ﬁo&%&m%&% @A&ﬂsnmoﬁle clamp conpri sing:
5an inside clanp segrrent having a sem -cy %I’I cal shape, a first end and a
second enH) It 1s further contemplated that a plpe segment may be centered over butt weld

18. It is additionally contemplated that a pipe segment may be centered under butt weld
18 inside of pipe 12.
When the bending of pipe 12 is complete, clamp 10 is removed as follows: the
inward force of pipe 12 is reduced by a very slight reverse turn of the spooling hub 66
15 (FIG. 13). Clamp 10 is then disassembled. Outside clamp segment 40 is removed and
then inside clamp segment 20 of the clamp 10 is rotated around pipe 12 and lifted off.
To facilitate the rotation, the bottom half of the clamp 10 preferably has a reasonably
uniform or reduced thickness profile in the rotary sense.
In use, clamp segments 20, 40 are very strongly tightened up on pipe 12 by a
20  series of bolts 64. Other clamp mechanisms may also be used. Friction element 52,
e.g., scoring, small particles or studs, and the tightening threads in the bolt holes 60
wear down with use so that clamp 10 will have to be replaced afier a number of uses.
Both segments 20, 40 of clamp 10 have a small channel or radial groove 36 of
metal removed from the inside surface 26 of clamp segment 20 and inside surface 50 of
25  clamp segment 40 in the hoop direction to accommodate the weld bead of weld 18. This
obviates the need to grind the weld bead of weld 18.
The clamp 10 is preferably made of steel with a Young's Modulus closely equal
to that of the steel of pipe 12. The yield stress of the steel used in the clamp 10 should
be at least that of pipe 12 and up to 40% greater.

30 * ok k%
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said first end defining a first stress relief area and said second end.
defining a second stress relief area; an outside clanp
segnment hwoi2oe/@ozem - cylindrical shape and an inside 1@swrda2ca7000216 a

cl anp nmechani sm for securing said inside clanp segnent to said outside
clanp segnent. 2. The pipe clanp according to claim21 wherein:

said inside clanp segnent and said outside clanp segnent have a radius 15o0f
curvature substantially equal to a radius of curvature of the pipe. 3. The
pi pe cl anp accor diThgs, the pe¢santihventibreis evell:adapted to cardy odtal®sdbjeotiees@hd gidial | nsi de

cl anp segnent, and, sai.d .outside cl.a eqgnent defpes a.radial ar for
recei ving a vBf §%cRd ady agﬁﬁﬂenmgg a&ﬂ%nass‘ﬁ‘?ngaﬁ ﬁgfedg‘h%rféﬁgerglggon@%ﬁe and

sai d outsi de mtsangy gre@rredbmbédimbs Bivetheor désbbedpt plrposés ofl thés dibqdesued, anp
according to claim1 wherein: .. . an i nsi de surface.of.said.jnside clanmp
Segnent s SRR oSt Sidnediigapns il epeientdp ihase gEouinan Pl ihtie
surface ofs t het Bupiechthidd ah@fpaiEications &@leflconipadse®withbin ftiRCspirilof thad iflvéntish de
clanp segnment. . WD 2012/ 019275PCT/ CA2011/ 000216 5. The pi pe clanp accordi ng
to claim1 whspAghed by the specification.

11



said first stress relief area is a first void having an approxi mately

sem ci rcul ar shape; and said second stress relief areais a
second vowd 2nemitpzysan approxi mately 5semi -circul ar shapecTg&A20h@omipe cl anp
according to claimb5 wherein: said first void in said first end of

said inside clanp segnment and said second void in said second end of said

i nside clanp segnent have a radi us approximately equal to that of the pipe
to which said inside clanp segnent and 10sai d outside clanp segnent are
attached. 7. The pipe clanp accordi ng QIAIMSi m 1 wherein: said inside clanmp
segnment has a thickness; and sai d thickness proximte said
first end of ¥didsiclhinedds:cl anp segment and proxi mate said second end of
said inside clanp segment is |less than the 15t hickness_ of said inside clanp
segnent at a tent et Rge glamp foiaffixingcloanpipscyyhisried i bending. SpifPipg pr
according to gndif¥ink: Wher ei n: sai d inside surface of said outside

cl anp segnent defines one of a friction elenent and a friction el enent

engagi ng ssirface, sai daﬁﬁﬂsﬁeic&ﬂ)pﬁﬂe?ﬂ&ﬂha\fi@éa%ﬂi&@ﬁﬂicﬁ&h@étﬁﬁfbﬁeﬁmﬂace of
t he pi pe upon which said outside clanp 20segnment is |ocated. 9. The pipe
cl anp according t & €rdEnE wher ei n: said friction elenment is scoring

on an inside surface ofsidafict Qi SdfifhgCl TN KCATRNELE ard® and RAd Re@MdCéndAND
according to claim9 wherein; 25wherein said scoring is conprised of
t hr eadi ng. defining a second stress relief area; .

an outside clamp segment having a semi-cylindrical shape and an inside
10 surface;
a clamp mechanism for securing said inside clamp segment to said

outside clamp segment.

2. The pipe clamp according to claim 1 wherein:
said inside clamp segment and said outside clamp segment have a radius

15 of curvature substantially equal to a radius of curvature of the pipe.

3. The pipe clamp according to claim 1 wherein:
at least one of said inside clamp segment and said outside clamp
segment defines a radial groove for receiving a weld bead of a butt weld when

said inside clamp segment and said outside clamp segment are located on the

20 pipe.

4, The pipe clamp according to claim 1 wherein:
an inside surface of said inside clamp segment is substantially smooth
for permitting slippage of an outside surface of the pipe with respect to said

inside surface of said inside clamp segment.

12



WO 2012/ 019275PCT/ CA2011/ 000216 11. The pipe clanp according to claim$8
wher ei n: said friction elenent is a plurality of hard particles
| ocat ed owoamizmsizde surface of said outside clanp segneotr/CARR11/00bx6pi pe
clanp according to claim8 wherein: 5said friction el ement conprises a
plurality of holes defined by said outside clanp segnent for receiving a
plurality of studs affixed to said pipe. 13. The pipe clanp according to
claim1 wherein: said inside clanp segnent defines a first |engthw se
surface and aSSecoﬁmnﬁmﬂ@mhmﬁsadhgnéam&n1iﬂsamd out si de cl anp segnent
defines a first |engthw a, 56c0 nd I hmn o
said first | engthw se gﬁgﬁg%eae“deggﬁr é%%ondv?eﬁs?ﬁ I%ﬁ? @ %Plsa d
i nside clanp segnenmumeﬂmpﬁsma pIurallty of orlflces sai d
first | engthw se surface an en th ur.f ace_ of
150ut si de cl anp segrrentsalaesﬁoﬁg {r%lss ?q ?éﬁef’t‘i/a ?coﬁr (fld ghe ghﬁppm’a%ate? d
cl anp nmechani sm i sseadepeulaebhpef a pIurallty of bolts for locating in said
plurality of orifices of said first | engthw se surface and said second
| engt hwi se surface of said inside clanp segnent and for |ocating in said
plurality of grifiqgsp l?g clgﬁoqc&}d‘lﬁ‘éto cgﬂgtsr@me,%gl surface and said second

0

| engt hwi se 20surface sal d outside clanp segnent for securing said inside
cl anp segnment to said ﬁrst void in said first end of said inside clamp segment and said

second void in said second end of said inside clamp segment have a radius
approximately equal to that of the pipe to which said inside clamp segment and

10 said outside clamp segment are attached.

7. The pipe clamp according to claim 1 wherein:
said inside clamp segment has a thickness; and
said thickness proximate said first end of said inside clamp segment and
proximate said second end of said inside clamp segment is less than the

15 thickness of said inside clamp segment at a center of said inside clamp segment.

8. The pipe clamp according to claim 1 wherein:
said inside surface of said outside clamp segment defines one of a
friction element and a friction element engaging surface, said friction element
for gripping an outside surface of the pipe upon which said outside clamp

20 segment is located.

9. The pipe clamp according to claim 8 wherein:
said friction element is scoring on an inside surface of said outside

clamp segment.

10.  The pipe clamp according to claim 9 wherein:

25 wherein said scoring is comprised of threading.

13



said outside clanp segnent. 14. The pipe claimaccording to claim13

wher ei n: said bolts have a |large dianeter portion and a threaded
smal | er dwvearretxnoperti on. WD 2012/ 019275PCT/ CA2011/ 0002¢6/Claz011Hloa21pi pe
clanp according to claim 13 wherein: a circunference defined by an

i nside surface of said inside clanp segnent and an inside surface said
outside clanp segnent is |less than a circunference defined by an outside
surface of said pipe upon which said clanp 5 segnents are |ocated, thereby
ensuring a gapl.exi Biepipatiangearcarding td ¢laigt 8 Wharginhwi se surfaces and sai d
second | engt hw se surfaces.when said cl S nts. ar red. sai d

pi pe. 16. A pipe clanp S?lgr%n%lr?ﬁgléﬁnﬁ&t } %p@%fyp@%ﬁﬁaégﬁgdm?%&g’é%gllntrs]@? sai d

pi pe cl anp conpri sdurface of G&id outside clamp kepmgensegnent havi ng a sem -cyl i ndri cal
shape, a first end and a second end,; an inside surface of said inside
clanp segnment that is substantially smooth for permtting slippage of an
out si de surfag of. .t he pipe wit .resae.ct tE sai d inside surface of said

i nsi de clanp SegmeHtePPEEMPRASFURRE ¢lamS YBY#Bnt having a seni-cylindri cal
shape, a f§rst end and sgid Sficsidelement comprises a plurality of holes defined by said

outside clamp segment for receiving a plurality of studs affixed to said pipe.

13.  The pipe clamp according to claim 1 wherein:
said inside clamp segment defines a first lengthwise surface and a
second lengthwise surface;
10 said outside clamp segment defines a first lengthwise surface and a
second lengthwise surface;
said first lengthwise surface and said second lengthwise surface of said
inside clamp segment defines a plurality of orifices;
said first lengthwise surface and said second lengthwise surface of said
15 outside clamp segment defines a plurality of orifices; and
said clamp mechanism is comprised of a plurality of bolts for locating in
said plurality of orifices of said first lengthwise surface and said second
lengthwise surface of said inside clamp segment and for locating in said
plurality of orifices of said first lengthwise surface and said second lengthwise
20 surface of said outside clamp segment for securing said inside clamp segment to

said outside clamp segment.

14, The pipe claim according to claim 13 wherein:
said bolts have a large diameter portion and a threaded smaller diameter

portion.
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said outside clanp segnent defines one of a friction elenent and a friction
el enent engaging surface for gripping said outside surface of the pipe to
whi ch saiwoautmiigscl anp segnent is engaged; 20a clanp meThaesmodas
securing said inside clanp segnent to said outside clanp segnent. 17. The
pi pe claimaccording to claim16 wherein: said friction elenment is on said
outside clanp segnent. 18. The pipe clanp according to claim16 wherein:
25said friction engaging surface is on said outside clanp segnent. WO
2012/ 019275PClI3. CAZ0t plieChdiptacd@difp & ¢haipd 3ohtwmin:according to cl aim 16

wh i I ] id
er ei n: 2| east gepleR8lfehdebos,chaib SIel A0 thaal dalyt o de

clanp segnent defines 4 ¥a r oove recerving a we but t
wel d when said cl asapnmeggmdrmsmlde ducfacet amti @ntstdheclgnpesegrﬁenzds Tése tb«irpe cl anp
according to claim.16

d. of | anp
segnent defi nes aqrc?%eregf?‘ig@e‘?@f?ne?u%é %\cﬁd)tfgﬁg peu Hwhgaq gmﬁes a
second str&ess rel |se§maitmelozéted lebeebplemnﬁgagapﬁmedmmgsmdﬁdtmngm%e
wher ei n: fir tress reli area jis a first_vyoid
havi ng an appr oxi FHE&IE ag%ﬁ"i“dfﬁ npim@}m%eh “eSath elaﬂ“ sa“ﬁda@gls QECOMT stress

relief area is a seasatovsd@ipgavi ng an approxi mately sem -circul ar shape.

16. A pipe clamp for engaging to a pipe subjected to bending, said pipe clamp
comprising;
10 an inside clamp segment having a semi-cylindrical shape, a first end and
a second end;
an inside surface of said inside clamp segment that is substantially
smooth for permitting slippage of an outside surface of the pipe with respect to
said inside surface of said inside clamp segment;
15 an outside clamp segment having a semi-cylindrical shape, a first end
and a second end;
said outside clamp segment defines one of a friction element and a
friction element engaging surface for gripping said outside surface of the pipe to
which said outside clamp segment is engaged;
20 a clamp mechanism for securing said inside clamp segment to said

outside clamp segment.

17.  The pipe claim according to claim 16 wherein:

said friction element is on said outside clamp segment.

18. The pipe clamp according to claim 16 wherein:

25 . said friction engaging surface is on said outside clamp segment.

15



22. The pipe clanp according to claim 21 wherein: said first void in said
first end of said inside clanp segnent and said 15 second void in said
second emstoab12Eaddsi nsi de cl anp segnment have a radi us appraa2oEi®yeequal
to that of the pipe to which said inside clanp segnent and sai d outside

cl anp segnent are attached. 23. The pipe clanp according to claim 16
wherein: said inside clanp segnent has a thickness; and 20sai d thickness
proxi mate said first end of said inside clanp segnent and proxi mte said
second end of 1%ai drhepiietiang mogpdiag grataim liesvieedis t han t he t hi ckness of said

i nside clanp segnent at center.of. sai.d ipnside cl ment .. .2 he pi pe
clanp according to cl aﬁn??%t N Ruide W3y segmetaltngndsgag? aor&%srlqec:cllla%%

el ement i s scori ngegnentdefines iadadisl préoxe doratcehdngla odlddieakboR2bbitawpldsegnent .

WO 2012/019275PCT/Cﬁ2?11/000216 2§i T?e E%%e clanp according to claim24
wherei n: wher ei n SAUFRBEPGFFREY Te O5HFT PLEEPBF: t hreadi ng. 26. The pi pe cl anp
according to claim 16 wherein: said friction elenent is a
plurality of hard particles |ocated on an inside 5surface of said outside
cl anp segnent20.27 Themppesianp asterdipg scdamdibrgheranicl ai m 16 wher ei n:

said first end of said inside clamp segment defines a first stress relief

~area and said second end defines a second stress relief area.

21. The pipe clamp according to claim 20 wherein:
said first stress relief area is a first void having an approximately semi-
10 circular shape; and
said second stress relief area is a second void having an approximately

semi-circular shape.

22.  The pipe clamp according to claim 21 wherein:
said first void in said first end of said inside clamp segment and said
15 second void in said second end of said inside clamp segment have a radius
approximately equal to that of the pipe to which said inside clamp segment and

said outside clamp segment are attached.

23.  The pipe clamp according to claim 16 wherein:
said inside clamp segment has a thickness; and
20 said thickness proximate said first end of said inside clamp segment and
proximate said second end of said inside clamp segment is less than the

thickness of said inside clamp segment at a center of said inside clamp segment.

24.  The pipe clamp according to claim 16 wherein:
said friction element is scoring on an inside surface of said outside

25 clamp segment.
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said friction elenment conprises a plurality of holes defined by said
outside clanp segnent for receiving a plurality of studs affixed to said

pi pe. 28.woheipiipEscl anp according to claim16 wherein: ptOwheraimo=ai d

i nside clanp segnent defines a first | engthw se surface and a second

| engt hwi se surface; wherein said outside clanp segnent defines a
first lengthwi se surface and a second | engt hw se surface;

wherein said first | engthw se surface and said second | engt hw se surface
150f sai d i nskde cllemipestgmentordiafitcndame4piheran:ity of orifices;

wherein said first |engthwse. surfac d. sal nd | engt hwi se surface of
sai d outside clanp seg%ehﬁ%@mase |S§%r§ngalgfﬁ%?}°rnas?cﬁf3hr§%ﬁ%i fices; and sai d
cl anp mechanismis conprised of a plurality of bolts for locating in said
plurality of orifices, of said first |engthw se surface and said second 20

| engt hwi se sﬁQ'ac@GP‘I’fé’fa&‘HW‘i%‘?rﬂ‘égE‘?‘éﬂﬁ’ SER®: and for locating in said

plurality of orifices gfid%adtidnfelehht ﬂs%ﬁﬂﬁrﬂ%%ﬁh&ﬂ?ﬁrﬁ@l@s #jogked oh €n SRERND
| engt hwi se surface of said outside clanp segnent for securing said inside

clanp segnent to sHifereofisad eeside dapp seggvBht . 29, The pipe clamp according
to claim28 wherein: 25a circunference defined by inside surfaces of said
i nsi de clanp segnent and said outside clanp segnent is |less than a

ci rcunf er ence2tef i Theghipeelanmi adc@dihg taldaimursiaeeimf sai d pi pe upon which said

cl anp segnments are | ocat.ed,. ..t hereby ensurin i sts, between said
first |engthwise surfaéaégqgﬁtt?ns%f"ae’ée%ogf?ﬁ'sﬁse%ﬁﬁ‘ﬁ%ﬁé’?%%ad(?g“sle i 1?ai d
cl anp segnents ar euséleuitadp segmanif@ rgdeMng a plurality of studs affixed to said pipe.

28.  The pipe clamp according to claim 16 wherein:
10 wherein said inside clamp segment defines a first lengthwise surface and
a second lengthwise surface;
wherein said outside clamp segment defines a first lengthwise surface
and a second lengthwise surface;
wherein said first lengthwise surface and said second lengthwise surface
15 of said inside clamp segment defines a plurality of orifices;
wherein said first lengthwise surface and said second lengthwise surface
of said outside clamp segment defines a plurality of orifices; and
said clamp mechanism is comprised of a plurality of bolts for locating in
said plurality of orifices of said first lengthwise surface and said second
20 lengthwise surface of said inside clamp segment and for locating in said
plurality of orifices of said first lengthwise surface and said second lengthwise
surface of said outside clamp segment for securing said inside clamp segment to

said outside clamp segment.

29.  The pipe clamp according to claim 28 wherein:
25 a circumference defined by inside surfaces of said inside clamp segment
and said outside clamp segment is less than a circumference defined by said
~outside surface of said pipe upon which said clamp segments are located,
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30. A nethod of mnimzing fatigue for a butt weld of a pipe subjected to
bendi ng conprising the steps of: 5affixing a bend restraining nmenber to an
out si de swofare1ef75t he pi pe proximate to a butt wel d i npClaARIP®00d1I€Ndi NQ

t he pi pe; renoving said bend restraining nenber. 31. The nethod according
to claim30 wherein: 10said bend restraining nmenber is a fin affixed to
said pipe on an outside of a bend of said pipe. 32. A nethod of mnimzing
bending strain for a butt weld and adjacent area of a pipe subjected to
bendi ng conpri si nghtrbly etserie oap eXifts betmgem sdid ficst legthvascniungearemtieridt o an

outside surface Ofse&lﬁg l&ﬁg-%vls]e%&rfgc)& F;Eén sa}d r%ngpuste%mgﬁl Qre s&:u}e %o Cﬁl(pﬁ]g wher ei n

said bend restraining ne as an insi ‘'segnent
and an outside clanp segnent; aff|X|ng sai d outside clanp segnent to
said outside surface of the pipe proximate the butt weld in the pipe;

cl ampi ng t he }.pe Avntethod aif chininsiiniefadpwenior s dgumeeld ofrachigedulljeotad & biading

comprising the steps of:
5 affixing a bend restraining member to an outside surface of the pipe

proximate to a butt weld in the pipe;
bending the pipe;

removing said bend restraining member.

31.  The method according to claim 30 wherein:
10 said bend restraining member is a fin affixed to said pipe on an outside

of a bend of said pipe.

32. A method of minimizing bending strain for a butt weld and adjacent area of a
pipe subjected to bending comprising the steps of:
affixing a bend restraining member to an outside surface of the pipe
15 proximate the butt weld in the pipe, wherein said bend restraining member is a
clamp member has an inside clamp segment and an outside clamp segment;
affixing said outside clamp segment to said outside surface of the pipe
proximate the butt weld in the pipe;
clamping the pipe with said inside clamp segment and said outside

20 clamp segment to prevent the butt weld from being subjected to bending forces.

33.  The method according to claim 32 further comprising:
locating an inside radial groove formed on an inside surface of at least
one of said inside clamp segment and said outside clamp segment over a weld

bead of the butt weld when locating said clamp segments on the pipe.
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20cl anp segnent to prevent the butt weld from bei ng subjected to bending
forces. 33. The nmethod according to claim32 further conprising:

| ocati ng wo 20rei1eEsr adi al groove formed on an inside surCaaA2011/@0215east
one of said inside clanp segnent and said outside clanp segnent over a weld
bead of the butt weld when |ocating said clanp segnents on the pipe. WO
2012/ 019275PCT/ CA2011/ 000216 34. The nethod according to claim32 further
conpri si ng: permtting an inside surface of said inside clanp
segnent to sl B4 w The ni@kqaectording fadldmaatfatidecanprisiige of the pipe. 35. The

met hod according to claim.32 further c rising...5gripping the pipe wth
sai d outside clanp seg®ERREAR B er?“??i?r?(;?fj Sé‘}dgﬁélﬂ? g%ﬁ‘%osﬁ%’g?ﬂ‘t t%ﬁl%? Evétpde
surface of said outskdeo sdidopsidqegnfacd ofdrchipsd out si de surface of said pipe.

36. The nethod according to claim32 further conprising: inserting a
plurality of bolts in a plurality of orifices defined by said 10 inside

cl anp segnent 3and 1Ha$ERIdMEeR@hg oAb iddhePlorising: 1 N @ plurality of

orifices of said outside clanp Segnment for securing said inside clanp

segnent to® sai d out si derippiagiphes pipeewith said. outsideo lomps segtherfa with o Jidstignc e

system conpri si ng:g ‘e I na.faghlit hSi.ng one

of a source of cor?perr%egtsgg Oélgs()faarl%dmilggsﬁga?% ir&ﬁg?i?o%%ragghﬁg sse F‘%Z“?;
outside surface of said pipe.

36.  The method according to claim 32 further comprising:
inserting a plurality of bolts in a plurality of orifices defined by said
10 inside clamp segment and inserting said pluiality of bolts in a plurality of
orifices of said outside clamp segment for securing said inside clamp segment to

said outside clamp segment.

37. A compressed gas conveyance system comprising:
a gas handling facility comprising one of a source of compressed gas and
15 : a destination for compressed gas;
a plurality of pipe coils carried on one of a vessel and a vehicle, each of
said plurality of pipe coils comprising a length of pipe comprised of plurality of
pipe segments joined end to end with butt welds, said length of pipe bent into a
substantially continuous pipe coil of plural layers, each of said plural layers
20 including plural loops;
wherein said butt welds and pipe material adjacent to said butt welds are
strained approximately 1/3 or less the amount of average strain for the pipe;
valves carried on said one of said vessel and said vehicle, said valves
adapted for selective flow connection to said gas handling fagility;
25 piping for flow connecting each of said plurality of pipe coils to said
valves; and
whereby said compressed gas may be received through said valves from

said gas handling facility and stored in said plurality of pipe coils or whereby
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a plurality of pipe coils carried on one of a vessel and a vehicle, each of
said plurality of pipe coils conprising a |length of pipe conprised of

pl ural it ywohopipe27segnents joined end to end with butt welra20sa0021bengt h
of pipe bent into a substantially continuous pipe coil of plural |ayers,
each of said plural layers 20including plural |oops; wherein said
butt wel ds and pi pe materi al adjacent to said butt welds are strained
approximately 1/3 or | ess the amobunt of average strain for the pipe; valves
carried on sai d orsidoonpedssbd\pasmey bastdred dan chid pluralikyeof i@ whily ahd/dispeastdpt ed
for selective flow connection to said hand|ing facility; 25piping for
f1 ow connecting e\g u%"fsaéa‘fa ef)io %I%af bglgﬁn%ﬁﬁg‘ly(:oi s to said val ves; and
wher eby sai d conpressed gas nay be received through said val ves fromsaid
gas handling facility and stored in said plurality of pipe coils or whereby
sai d conpress&d gadhhixptepeacsedingdoictpinalTawhirein spidtgas bandbipg dacilyy |is lagdd

di spersed thrguah said valves to said gas handling facility. 38.The system

according to claim 37 wherein said gas handling facility is | and based. 5
39. A nethod of using a gas handling facility to convey conpressed gas

cOM 5116 L1 5 RicRha it b BTRTEL G EReBF L bty |1
the steps of: ’
flow connecting the gas handling facility to a transporter comprised of
one of a vessel and a vehicle;
conveying compressed gas, said step of conveying comprising one of
10 receiving compressed gas from a plurality of pipe coils on said transporter and
discharging compressed gas to a plurality of pipe coils carried by said
transporter, each of said plurality of pipe coils comprising a length of pipe
comprised of a plurality of pipe segments joined end to end with butt welds,
said length of pipe bent into a substantially continuous pipe coil of plural layers,
15 each of said plural layers including plural loops;
wherein said butt welds and pipe material adjacent to said butt welds are

strained approximately 1/3 or less the amount of average strain for the pipe.

40. A method of using a transporter to convey compressed gas comprising the steps
of:

20 flow connecting the transporter to a gas handling facility;
conveying compressed gas, said step of conveying comprising one a step
of receiving compressed gas in a plurality of pipe coils on said transporter from
said gas handling facility and a step of discharging compressed gas to said gas
handling facility from a plurality of pipe coils carried by said transporter, each
25 of said plurality of pipe coils comprising a length of pipe comprised of a
plurality of pipe segments jointed end to end with butt welds, said length of pipe
bent into a substantially continuous pipe coil of plural layers, each of said plural

layers including plural loops;
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conveyi ng conpressed gas, said step of conveying conprising one of 10

recei ving conpressed gas froma plurality of pipe coils on said transporter
and di schwogoregieospressed gas to a plurality of pipe ceciraAzarwioexsby said
transporter, each of said plurality of pipe coils conprising a | ength of

pi pe conprised of a plurality of pipe segnents joined end to end with butt
wel ds, said |l ength of pipe bent into a substantially continuous pipe coi

of plural |ayers, 15each of said plural |ayers including plural |oops;
wherein said butt wel dswvherth saidisittwdldy dndlpipa G RNidjdcontIab4ld butt tveliebds ar e

strained apprOX|na ely.1/3 or le t he anmount of avera in for the

o1 o, 40, A et nod SR PR B dess e R RS 8YPEs dite S diF e
conprising the steps of: 20fl ow connecting the transporter to a gas
handling facility; conveyi ng conpressed gas, said step of conveying
conprising one a step of receiving conpressed gas in a plurality of pipe
coils on said transporter fromsaid gas handling facility and a step of

di schargi ng conpressed gas to said gas handling facility froma plurality
of pipe coils carried by said transporter, each 25 of said plurality of

pi pe coils conmprising a length of pipe conprised of a plurality of pipe
segnents jointed end to end with butt welds, said | ength of pipe bent into
a substantially continuous pipe coil of plural |ayers, each of said plural
| ayers including plural |oops; wherein said butt welds and pipe
materi al adjacent to said butt welds are strained approximately 1/3 or |ess
t he anobunt of average strain for the pipe.
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