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Weld After-Backfill™

s \W=A=BIS alarewWing| practice i steel water
PIPElINE; ConstcHon

s\VEASBISEUENRCE:
— Assemblerthe joint in the tEenchn
—\Weld the eutside o thetjemtiffspecified
—Apply the extenoreeating(s)
— Backfill the pipe
— Remoye ntenophracing
— Weld the insideyeint atarlater tume
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WEA=BIRAas: BEEn Usedifortie past 16, yearsion
PIEJECLS ANAING iem S67/ pipe. InrSan DIege) te) 1207
PIPE I CharieLte:

Salely; Constrticanlity/and:Pipeline Integrity. are
pPrinciple reasens te) use W-A-B

1SEprejeckusing WeAEBWas el [lake Texoma, 722/ 1line
pUIEIN 1989

More  than 50 majespProjectsthave Been constiucted
using W-A=BHII theNpast: 16 years



SAMPLE LISTING OF PROJECTS USING WELD AFTER BACKFILL SEQUENCE
Steel Water Pipe Manufacturers Technical Advisory Committee, AWWA, 2004
Compiled by: Weld After Backfill Task Group, Ralph Warner, Chair (National Welding Corp.)

Year

Footage

Dia.

Wall (t.) Owner

Engineer

Flume Replacement Project
San Diego Pipeline #2 Segment A
Miramar WTP Improv. Project
Miramar Road Pipeline
Colorado
East Cherry Creek Transmission Main
Chimney Park Pipeline
Pleasant Valley Pipeline ***
Florida
Replacement of 54" & 60" Main
Replacement of 54" & 60" Main
Cypress Bridge A
North Central Hillsborough Intertie #1
North Central Hillsborough Intertie #2
Groundwater Treatment Plant
South Central Hillsborough Intertie #1
South Central Hillshorough Intertie #2
Tampa Bay Reservoir
Tampa Bay Reservoir Pipeline
Georgia
Lawrenceville - Lake Lanier Trans
Shoal Creek RWI #1
Shoal Creek RWI #2
Oregon
Sunset Highway 26 Transmission Line
No. Hills Water Taransmission Main
New Jersey
Jersey City Aqueduct Relocation
New York
Sithe/Independence Main
North Carolina
120" Raw Water Line
Texas
Lake Texoma Pipeline *
Cooper Lake Water Transmission 3
Surface Water Treatment Program
Plano - McKinney Phase 3 **
East Water Program, Contract 2A
84" Water Main, Contract 2B-1
Lake Chapman Water Project
Carrizo Design 2B
Carrizo Design 2
6B-1
Ella Bivd
Hempstead Highway
Williamson Cnty 48" Waterline Reloc.
Utah
Sandridge Pipeline
15000 South Water Transmission Line
Point of The Mtn Aqueduct ****
Virginia
Military Highway Route 13

2000
2002
2002
2002

2003
203/20(
2003

1993
1995
1994
2001
2001
2001
2001
2001
2003
2003

1997
2003
2003

1999
2003

2005

1993

1998

1989
1992
1994
1996
1996
1998
2001
2003
2003
2003
2003
2003
2005

1999
2001
2005

1993

24,000°
25,000'

3,200
25,000

59,000
11,000
46,000

18,000
45,000
33,000
32,000
32,000
16,000
35,000
35,000
10,000
32,000

45,000
4,000
28,000

25,000
9,800

7,600

18,000

29,000

30,000
58,000
6,000
25,000
8,000
2,933
174,000
32,000
41,000
5,000
8,000
16,000
5,000

9,000
22,000
63,000

12,000

42" & 48"
48"
36" & 48"
36"

54" & 48"
60"
67"
60"
60"
66"
84"
84"

84" & 72"
72"
72"
84"
84"
78"
72"
72"

48"
36"

2"

36"

120"

72"

66

84"

72"

60"

54"

48"

48"

48"

60"

48"

0.250"  Helix Water District
0.375" | City of San Diego
0.250" | City of San Diego

.19"to .63" |City of San Diego

400"
0.313
.283"

ECCV Sanitation District
Greeley CO
No Colo WCD

0.375"
0.375"
0.340"
0.445"
0.445"
0.445"

Pinellas County

Pinellas County

West Coast Reg. Water

Tampa Bay Water

Tampa Bay Water

Tampa Bay Water
0.370" | Tampa Bay Water
0.375"  Tampa Bay Water

.438" & 1.00" Tampa Bay Water
438" Tampa Bay Water

0.625"
0.375"
0.375"

Gwinnett County
Gwinnett County
Gwinnett County

0.250"
0.250"

Tualatin Valley Water Dist.
City of Corvalis

410" N.J. Turnpike Authority

0.375" | City of Oswego

0.675 Charlotte-Mecklenburg MUD
0.313"
0.375"
0.375"
0.438"
0.375"
0.423"
0.438"
Various
Various
.438"
.283"
.283"
.269"

North Texas MWD

North Texas MWD

City of Houston

North Texas MWD

City of Houston

City of Houston

City of Irving

San Antonio Water System
San Antonio Water System
Houston

Houston

Houston

Williamson Cnty - BrazosRA

0.188, 0.313"Weber Basin WCD
0.375"  Jordan Valley WCD
.025" - .040" Metro Water Dist of SLC

VA Dept of Transportation

Montgomery Watson
Wilson Engineering
CDM

ASL

Camp Dresser & McKee
Boyle Engineering
CH2MHill

Greeley & Hansen

Montgomery Watson
Greeley & Hansen
Greeley & Hansen
Parsons Engineering
Camp Dresser & McKee
Camp Dresser & McKee
Greeley & Hansen/ HDR
Greeley & Hansen

Metcalf & Eddy
Parsons Engineering
Parsons Engineering

Consulting Engineers, EES Inc.
City of Corvalis

The RBA Group
Nussbaumer & Clark

Hazen & Sawyer

Freese & Nichols

Lockwood, Andrews & Newnam
Freese & Nichols

Lockwood, Andrews & Newnam
Lockwood, Andrews & Newnam
CH2MHIl/M.W.H.

Lockwood, Andrews & Newnam
CEC

Lockwood, Andrews & Newnam
Lockwood, Andrews & Newnam
Lockwood, Andrews & Newnam
Lockwood, Andrews & Newnam

Bowen & Collins
Boyle Engineering
CH2MHill

HDR Engineers
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		SAMPLE LISTING OF PROJECTS USING WELD AFTER BACKFILL SEQUENCE																June 8, 2005

				Steel Water Pipe Manufacturers Technical Advisory Committee, AWWA, 2004

				Compiled by:  Weld After Backfill Task Group, Ralph Warner, Chair (National Welding Corp.)

		State		Project		Year		Footage		Dia.		Wall (t.)		Owner		Engineer		Contractor

		California

				Flume Replacement Project		2000		24,000'		42" & 48"		0.250"		Helix Water District		Montgomery Watson		EJ Meyer

				San Diego Pipeline #2 Segment A		2002		25,000'		48"		0.375"		City of San Diego		Wilson Engineering		TC Construction

				Miramar WTP Improv. Project		2002		3,200'		36" & 48"		0.250"		City of San Diego		CDM		City of San Diego?

				Miramar Road Pipeline		2002		25,000		36"		.19" to .63"		City of San Diego		ASL		VA Artukovich

		Colorado

				East Cherry Creek Transmission Main		2003		59,000		54" & 48"		.400"		ECCV Sanitation District		Camp Dresser & McKee		ERS & Garney J.V.

				Chimney Park Pipeline		2003/2004		11,000		60"		0.313		Greeley CO		Boyle Engineering		BT Construction

				Pleasant Valley Pipeline ***		2003		46,000		67"		.283"		No Colo WCD		CH2MHill		Barnard Const / Hi Country Pipeline

		Florida

				Replacement of 54" & 60" Main		1993		18,000		60"		0.375"		Pinellas County		Greeley & Hansen		Westra Construction

				Replacement of 54" & 60" Main		1995		45,000		60"		0.375"		Pinellas County				Kimmins Construction

				Cypress Bridge A		1994		33,000		66"		0.340"		West Coast Reg. Water		Montgomery Watson		Dallas 1 Construction

				North Central Hillsborough Intertie #1		2001		32,000		84"		0.445"		Tampa Bay Water		Greeley & Hansen		John D Stephens

				North Central Hillsborough Intertie #2		2001		32,000		84"		0.445"		Tampa Bay Water		Greeley & Hansen		Rockdale Construction

				Groundwater Treatment Plant		2001		16,000		84" & 72"		0.445"		Tampa Bay Water		Parsons Engineering		Dallas 1 Construction

				South Central Hillsborough Intertie #1		2001		35,000		72"		0.370"		Tampa Bay Water		Camp Dresser & McKee		Westra Construction

				South Central Hillsborough Intertie #2		2001		35,000		72"		0.375"		Tampa Bay Water		Camp Dresser & McKee		Kenko Construction

				Tampa Bay Reservoir		2003		10,000		84"		.438" & 1.00"		Tampa Bay Water		Greeley & Hansen / HDR		Barnard Const

				Tampa Bay Reservoir Pipeline		2003		32,000		84"		.438"		Tampa Bay Water		Greeley & Hansen		Kenko / Barnard Const

		Georgia

				Lawrenceville - Lake Lanier Trans		1997		45,000		78"		0.625"		Gwinnett County		Metcalf & Eddy		John D Stephens

				Shoal Creek RWI #1		2003		4,000		72"		0.375"		Gwinnett County		Parsons Engineering		John D Stephens

				Shoal Creek RWI #2		2003		28,000		72"		0.375"		Gwinnett County		Parsons Engineering		Rockdale Pipeline, Inc.

		Oregon

				Sunset Highway 26 Transmission Line		1999		25,000		48"		0.250"		Tualatin Valley Water Dist.		Consulting Engineers, EES Inc.		Kerr Contractors, Inc.

				No. Hills Water Taransmission Main		2003		9,800		36"		0.250"		City of Corvalis		City of Corvalis		John L. Jersey & Sons

		New Jersey

				Jersey City Aqueduct Relocation		2005		7,600		72"		.410"		N.J. Turnpike Authority		The RBA Group		Conti Enterprises Inc.

		New York

				Sithe/Independence Main		1993		18,000		36"		0.375"		City of Oswego		Nussbaumer & Clark		Bat-Con Construction

		North Carolina

				120" Raw Water Line		1998		29,000		120"		0.675		Charlotte-Mecklenburg MUD		Hazen & Sawyer		John D Stephens

		Texas

				Lake Texoma Pipeline *		1989		30,000		72"		0.313"		North Texas MWD				John D Stephens

				Cooper Lake Water Transmission 3		1992		58,000		84"		0.375"		North Texas MWD		Freese & Nichols		Oscar Renda Contracting

				Surface Water Treatment Program		1994		6,000		66		0.375"		City of Houston		Lockwood, Andrews & Newnam		Texas Sterling

				Plano - McKinney Phase 3 **		1996		25,000		96"		0.438"		North Texas MWD		Freese & Nichols		Oscar Renda Contracting

				East Water Program, Contract 2A		1996		8,000		84"		0.375"		City of Houston		Lockwood, Andrews & Newnam		Ramex

				84" Water Main, Contract 2B-1		1998		2,933		84"		0.423"		City of Houston		Lockwood, Andrews & Newnam		Texas Sterling

				Lake Chapman Water Project		2001		174,000		72"		0.438"		City of Irving		CH2MHill/M.W.H.		J.D. Stephens/O. Renda

				Carrizo Design 2B		2003		32,000		60"		Various		San Antonio Water System		Lockwood, Andrews & Newnam		McLean Construction, Inc.

				Carrizo Design 2		2003		41,000		60"		Various		San Antonio Water System		CEC		Heyl Construction

				6B-1		2003		5,000		84"		.438"		Houston		Lockwood, Andrews & Newnam		Texas Sterling

				Ella Blvd		2003		8,000		54"		.283"		Houston		Lockwood, Andrews & Newnam		Heyl Construction

				Hempstead Highway		2003		16,000		54"		.283"		Houston		Lockwood, Andrews & Newnam		Jalco

				Williamson Cnty 48" Waterline Reloc.		2005		5,000		48"		.269"		Williamson Cnty - BrazosRA		Lockwood, Andrews & Newnam		McLean Construction, Inc.

		Utah

				Sandridge Pipeline		1999		9,000		48"		0.188, 0.313"		Weber Basin WCD		Bowen & Collins		Nix Construction Inc.

				15000 South Water Transmission Line		2001		22,000		48"		0.375"		Jordan Valley WCD		Boyle Engineering		Condie Construction

				Point of The Mtn Aqueduct ****		2005		63,000		60"		.025" - .040"		Metro Water Dist of SLC		CH2MHill		W.W. Clyde Co.

		Virginia

				Military Highway Route 13		1993		12,000		48"				VA Dept of Transportation		HDR Engineers		Bryant Electric

		Wisconsin

				54" Parallel Raw Water Trans. Main		2005		77,000		54"		.305"-.500"		City Of Green Bay		Alvord, Burdick & Howson		Garney Construction

				This list represents a sample for reference and is not intended to be a comprehesive list.

				Joint coatings were either tape wrap or shrink sleeves.

				* joints were mortar coated prior to welding

				** polyurethane coated pipe

				*** polyurethane lined pipe

				**** Pri-Tec coated pipe






Constructablllti — Oﬁen drench

o Conventional Censtruction

s PIPEexpusediter thermal stiess
s RISKeOIHflepama & fieatingrpipe
shlnterupted backdll

o Weldinghm crtical pati

«— Welded Joints




Constructablllti — CGlosed: Irench

s \Veld Alter BackdillfSeguence

s  NeHnermal Stiesses

o \NOIHSKEOIHGAWNAG PIPE

s Consistent: Backdill

o lnstallation mdependent et welding

Last Outside Weld




s \W-A-BIprevides hetierr and salielf aCCessito
WoIKIASIAE el pIpe

s PrOVIAEs; sheenediepen tiench expesunes
s’ Benelits the contractor, designer and eWner



—Internal Access
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Access in 78" Pipe w/ Vertical Brace
1112th Scale

Access in 60" Pipe w/ Six-way Bracing
112th Scale
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Weld After-Backfill™

o Challenges the extenor field ek coating

s AWMVASSWENMITAC)NTas  een! trying terking
ihetstandards uprtordate . with field practice

o' Researchrhy Canusa-CRS; National Welding
and Nortiwest PIPpe dene ter determine; hest
PrACHICes



Weld After-Backfill=l rmals

s Irialsiconaucted terevaltate the elfects eirWelding en
thierextermal fieldeit ceating

s> CommoenieldwWeldimgitesnnigues evaluated
s, Several ceating system designs; tested
s Oujective to optimiZescuient Prachces

s Ohservations, resulistandiconclusions determmined
varables that alfeCHpe iorHmnance



Weld After-Backfill=l rmals

s Systems applied ioyards < 0b) . 250 wallfpIpe
s Standan@d heat=siirnkisleeves alene

o Standard heat=shirnkesieevesiwith Underiays
s Buriedwithrcompacted sandibackdill

o Welded —FCAW, SMAW.

s EXcavated and mspectied
—\/jsualfassessment:
— Holiday/ test
— Adhesjon test



o [Heat-Shnnkakle SIeeves o Varousidesign
— Backing and adnesive typeivariables

s Underay materalssevaltated
—\V/aneUS tyPESIorAerunderay.

s Systemidesign’ evaluatead
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Welding: Methods

5
_____

o FCAWANEIUXcCorerArc\Welding)

— HIgh preduction BERETIt

— Requiressmoerelequipment-shielding gases; Wire
[EEder;

— RequIres more expertise toweldieffectively

s SMAWH(ShieldediMetalPAre Welding)

— Simplest (Imostecemmen) Welding method
— Generally/less elficienttaat FCAW,
— Commonly dereMmy ‘g Welders
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- We‘I-After—BackfiII Trials

o Systems;applied terard8 <0} 250 wWall pIRe
— Standardeatshirnkesieeves;alone
= Standarndeat=shiinkesIEEVESIWIth URCENaYS
—TApplied; buHed & welded intermally »
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Weld After-Backfill=l rmals

s emperature measted Isidertiie PIpe &
Underthiersieeve

Temperature Under Sleeve
Heat-Affected Area
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Chart2

		0		0		0		0		0		0

		0		0		0		0		0		0

		5		5		5		5		5		5

		10		10		10		10		10		10

		15		15		15		15		15		15

		20		20		20		20		20		20

		25		25		25		25		25		25

		30		30		30		30		30		30

		35		35		35		35		35		35

		40		40		40		40		40		40

		45		45		45		45		45		45

		50		50		50		50		50		50

		55		55		55		55		55		55

		60		60		60		60		60		60

		65		65		65		65		65		65

		70		70		70		70		70		70

		75		75		75		75		75		75

		80		80		80		80		80		80

		85		85		85		85		85		85

		90		90		90		90		90		90

		95		95		95		95		95		95

		100		100		100		100		100		100

		105		105		105		105		105		105

		110		110		110		110		110		110

		115		115		115		115		115		115

		120		120		120		120		120		120

		125		125		125		125		125		125

		130		130		130		130		130		130

		135		135		135		135		135		135

		140		140		140		140		140		140

		145		145		145		145		145		145

		150		150		150		150		150		150

		155		155		155		155		155		155

		160		160		160		160		160		160

		165		165		165		165		165		165

		170		170		170		170		170		170

		175		175		175		175		175		175

		180		180		180		180		180		180

		185		185		185		185		185		185

		190		190		190		190		190		190

		195		195		195		195		195		195

		200		200		200		200		200		200

		205		205		205		205		205		205

		0		0		0		0		0		0

		5		5		5		5		5		5

		10		10		10		10		10		10

		15		15		15		15		15		15

		20		20		20		20		20		20

		25		25		25		25		25		25

		30		30		30		30		30		30

		35		35		35		35		35		35

		40		40		40		40		40		40

		45		45		45		45		45		45

		50		50		50		50		50		50

		55		55		55		55		55		55

		60		60		60		60		60		60

		65		65		65		65		65		65

		70		70		70		70		70		70

		75		75		75		75		75		75

		80		80		80		80		80		80

		85		85		85		85		85		85

		90		90		90		90		90		90

		95		95		95		95		95		95

		100		100		100		100		100		100

		105		105		105		105		105		105

		110		110		110		110		110		110

		115		115		115		115		115		115

		120		120		120		120		120		120

		125		125		125		125		125		125

		130		130		130		130		130		130

		135		135		135		135		135		135

		140		140		140		140		140		140

		145		145		145		145		145		145

		150		150		150		150		150		150

		155		155		155		155		155		155

		160		160		160		160		160		160

		165		165		165		165		165		165

		170		170		170		170		170		170

		175		175		175		175		175		175

		180		180		180		180		180		180

		185		185		185		185		185		185

		190		190		190		190		190		190

		195		195		195		195		195		195

		200		200		200		200		200		200

		205		205		205		205		205		205

		210		210		210		210		210		210

		215		215		215		215		215		215

		220		220		220		220		220		220

		225		225		225		225		225		225

		230		230		230		230		230		230

		235		235		235		235		235		235

		240		240		240		240		240		240



FCAW 1

SMAW 1-1

SMAW 1-2

FCAW 2

SMAW 2-1

SMAW 2-2

Time

Heat-Affected Area Temp.

Temperature Under Sleeve
Heat-Affected Area

99.3

74

111

370

165

117

572

420

136

650

510

299

704

505

777

721

470

858

731

440

837

734

415

780

722

395

720

712

378

669

675

369

631

654

357

594

599

345

566

585

336

541

578

327

522

583

319

500

532

312

483

505

304

464

455

297

451

442

439

426

427

409

415

380

405

362

396

351

390

336

382

314

374

312

366

303

357

349

342

337

332

327

323

319

314

311

306

302

299

167

167

462.2

230

653

435.2

1000.4

647.6

903.2

712.4

869

681.8

876.2

588.2

669.2

771.8

478.4

635

773.6

467.6

588.2

753.8

456.8

572

899.6

424.4

590

843.8

662

806

662

779

645.8

757.4

642.2

734

620.6

721.4

548.6

703.4

590

685.4

590

671

552.2

654.8

516.2

640.4

509

626

519.8

617

512.6

608

505.4

599

496.4

588.2

485.6

579.2

480.2

568.4

473

561.2

480.2

552.2

478.4

545

482

539.6

482

532.4

483.8

525.2

478.4

519.8

469.4

512.6

462.2

507.2

458.6

501.8

444.2

494.6

431.6

487.4

426.2

483.8

420.8

478.4

419

473

415.4

467.6

413.6

462.2

408.2

456.8

455

455



Combined 1&2 Pass Chart
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		185		185		185

		190		190		190

		195		195		195

		200		200		200

		205		205		205

		210		210		210

		215		215		215

		220		220		220

		225		225		225

		230		230		230

		235		235		235

		240		240		240

		245		245		245

		250		250		250

		255		255		255

		260		260		260

		265		265		265

		270		270		270

		275		275		275

		280		280		280

		285		285		285

		290		290		290

		295		295		295

		300		300		300

		305		305		305

		310		310		310

		315		315		315

		320		320		320

		325		325		325

		330		330		330

		335		335		335

		340		340		340

		345		345		345

		350		350		350

		355		355		355

		360		360		360

		365		365		365

		370		370		370

		375		375		375

		380		380		380

		385		385		385

		390		390		390

		395		395		395

		400		400		400

		405		405		405

		410		410		410

		415		415		415

		420		420		420

		425		425		425

		430		430		430

		435		435		435

		440		440		440

		445		445		445

		450		450		450

		455		455		455

		460		460		460

		465		465		465

		470		470		470

		475		475		475

		480		480		480

		485		485		485

		490		490		490

		495		495		495

		500		500		500

		505		505		505

		510		510		510

		515		515		515

		520		520		520

		525		525		525

		530		530		530

		535		535		535

		540		540		540

		545		545		545

		550		550		550

		555		555		555

		560		560		560

		565		565		565

		570		570		570

		575		575		575

		580		580		580

		585		585		585

		590		590		590

		595		595		595

		600		600		600

		605		605		605

		610		610		610

		615		615		615

		620		620		620

		625		625		625

		630		630		630

		635		635		635

		640		640		640

		645		645		645

		650		650		650

		655		655		655

		660		660		660

		665		665		665

		670		670		670

		675		675		675

		680		680		680

		685		685		685

		690		690		690

		695		695		695

		700		700		700

		705		705		705

		710		710		710

		715		715		715

		720		720		720



Temperature °F / Wire Welding

Temperature °F / Rod welding / 1st Pass

Temperature °F / Rod Welding / 2nd Pass

Time (Seconds)

Temperature (Deg. F)

Weld After Backfill - Time vs Temperature
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200
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194

337

99.3

193

332

370

191

327

572

190

323

650

189

319

704

187

314

721

185

311

731

183

306

734

182

302

722

181

299

712

179

296

675

178

293

654

177

289

599

176

287

585

175

284

578

173

281

583

173

279

532

171

276

505

170

274

455

169

271

442

168

269

426

167

266

409

166

264

380
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362
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351
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336
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314
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252

303
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212

149
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207

180

140

206
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205
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Sheet1

				Time (sec)		Temperature °F / Wire Welding		Temperature °F / Rod welding / 1st Pass		Temperature °F / Rod Welding / 2nd Pass

				0		69.7		66		100

				5		69.7		66		100

				10		69.7		66		100

				15		69.7		66		100

				20		69.7		66		100

				25		69.7		66		100

				30		69.7		67		100

				35		69.7		67		100

				40		69.7		68		100

				45		69.7		70		100

				50		69.7		74		100

				55		69.7		165		100

		60 / 1 Min		60		69.7		420		100

				65		69.7		510		100

				70		69.7		505		100

				75		69.7		470		100

				80		69.7		440		100

				85		69.7		415		100

				90		69.7		395		100

				95		69.7		378		100

				100		69.7		369		100

				105		69.7		357		100

				110		69.7		345		100

				115		69.7		336		100

		120 / 2 Min		120		69.7		327		100

				125		69.7		319		100

				130		69.7		312		100

				135		69.7		304		100

				140		69.7		297		100

				145		69.7		292		101

				150		69.7		286		102

				155		69.7		280		103

				160		69.7		276		103

				165		69.7		271		104

				170		69.7		267		108

				175		69.7		263		111

		180 / 3 Min		180		69.7		260		117

				185		69.7		256		136

				190		69.7		253		299

				195		69.7		250		777

				200		69.7		247		858

				205		69.7		244		837

				210		69.7		241		780

				215		69.7		238		720

				220		69.7		236		669

				225		69.7		233		631

				230		69.7		231		594

				235		69.7		227		566

		240 / 4 Min		240		69.7		225		541

				245		69.7		222		522

				250		69.7		220		500

				255		69.7		218		483

				260		69.7		216		464

				265		69.7		215		451

				270		69.7		213		439

				275		69.7		211		427

				280		69.7		209		415

				285		69.7		208		405

				290		69.7		206		396

		300 / 5 Min		295		69.7		204		390

				300		69.7		203		382

				305		69.8		201		374

				310		69.8		200		366

				315		70		198		357

				320		70		197		349

				325		70.2		195		342

				330		71.8		194		337

				335		99.3		193		332

				340		370		191		327

				345		572		190		323

				350		650		189		319

		360 / 6 Min		355		704		187		314

				360		721		185		311

				365		731		183		306

				370		734		182		302

				375		722		181		299

				380		712		179		296

				385		675		178		293

				390		654		177		289

				395		599		176		287

				400		585		175		284

				405		578		173		281

				410		583		173		279

		420 / 7 Min		415		532		171		276

				420		505		170		274

				425		455		169		271

				430		442		168		269

				435		426		167		266

				440		409		166		264

				445		380		166		262

				450		362		165		260

				455		351		164		258

				460		336		163		255

				465		314		162		254

				470		312		161		252

		480 / 8 Min		475		303		160		250

				480		292		159		248

				485		274		158		246

				490		263		158		244

				495		262		157		242

				500		254		156		240

				505		245		155		239

				510		240		154		237

				515		236		153		235

				520		227		153		233

				525		222		152		232

				530		219		151		230

				535		216		150		229

		540 / 9 Min		540		214		150		227

				545		212		149		225

				550		209		148		224

				555		207		148		222

				560		204		147		221

				565		202		146		221

				570		198		146		220

				575		197		145		216

				580		195		144		215

				585		193		144		214

				590		192		143		212

				595		190		143		211

		600 / 10 Min		600		188		142		210

				605		185		141		208

				610		182		141		207

				615		180		140		206

				620		178		140		205

				625		177		139		203

				630		172		138		202

				635		172		138		201

				640		171		137		200

				645		170		137		199

				650		169		136		198

				655		166		136		197

		660 / 11 Min		660		163		135		195

				665		161		135		194

				670		159		134		193

				675		156		134		192

				680		155		133		191

				685		154		133		190

				690		154		133		189

				695		152		133		188

				700		151		132		187

				705		149		132		186

				710		146		131		185

				715		145		130		184

		720 / 12 Min		720		144		130		183
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Test 1

		Test #1 Temp Stick Grid  (FCAW Process)

		Spigot Side (d)		Temp (Deg F)		Bell Side (d)

		-3.00		200		2.75

		-2.50		300		2.13

		-1.50		400		1.38

		-1.19		500		1.00

		-1.00		600		0.75

		-0.63		700		0.56

		-0.50		800		Obscured





Test 1

		



Spigot Side (d)

Bell Side (d)

Inches

Test #1
Temp Stick Melt Back Distance
(Deg F)



Test 2

		Trial #2 Temp Stick Grid  (FCAW Process)

		Spigot Side (d)		Temp (Deg F)		Bell Side (d)

		-2.75		200		2.88

		-2.13		300		2.50

		-1.63		400		2.38

		-1.25		500		1.50

		-0.69		600		1.38

		-0.63		700		1.25

		-0.38		800		1.00
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Spigot Side (d)

Bell Side (d)

Deg (F)

Inches

Trial #2
Temp Stick Melt Back Distance




«~Heat Input i @

Welding  Number of Volta - Amper 48 Travel Speed Heat Input

Process Passes (in./min.)  (Joules/in.)

Trial 1 FCAW 26 200 8.6 36,279

SMAW 28 110 6.7 27,582

Trial 2 FCAW 24 180 8.9 29,124

SMAW 29 110 e 25,520

Trial 3 FCAW 22 200 10.0 26,400

SMAW 30 150 7.1 38,298

Trial 4 FCAW 20 180 9.2 23,478

SMAW 30 150 7.0 38,571

Trial 5 FCAW 24 220 7.9 39,950

SMAW 27 140 6.5 34,892

Trial 6 FCAW 24 190 8.4 32,727

SMAW 27 140 5.7 39,789

Trial 7 FCAW 23 190 9.3 28,285

SMAW 26 130 6.8 29,824

Trial 8 FCAW 23 190 9.3 28,285
SMAW 27 140 5.2 43,448 |

=
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Sheet1

		Heat Input Table

				Welding Process		Number of Passes		Voltage		Amperage		Travel Speed (in./min.)		Heat Input (Joules/in.)										Trial 7		Voltage		Amperage		Travel Speed (in./min.)		Heat Input (Joules/In)

		Trial 1		FCAW		1		26		200		8.6		36,279										FCAW		23		190		9.3		28,285

				SMAW		2		28		110		6.7		27,582										SMAW - 1st Pass		26		130		10.7		19,012

		Trial 2		FCAW		1		24		180		8.9		29,124										SMAW - 2nd Pass		26		130		6.8		29,824

				SMAW		2		29		110		7.5		25,520

		Trial 3		FCAW		1		22		200		10.0		26,400

				SMAW		2		30		150		7.1		38,298

		Trial 4		FCAW		1		20		180		9.2		23,478

				SMAW		2		30		150		7.0		38,571

		Trial 5		FCAW		1		24		220		7.9		39,950

				SMAW		2		27		140		6.5		34,892

		Trial 6		FCAW		1		24		190		8.4		32,727

				SMAW		2		27		140		5.7		39,789

		Trial 7		FCAW		1		23		190		9.3		28,285

				SMAW		2		26		130		6.8		29,824

		Trial 8		FCAW		1		23		190		9.3		28,285

				SMAW		2		27		140		5.2		43,448
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—=Welding Heat Input: = = , L

Travel Speed Heat Input
(in./min.) (Joules/in.)
FCAW 23 190 9.3 28,285
SMAW - 1st Pass 26 130 10.7 19,013
SMAW - 2nd Pass 26 130 6.8 29,824

Trial 7 Voltage Amperage

* [ravelfSpeedis the mest crltlcal factor to feat applled
durngwelding

s (Gapsiin the pIpe Jomt CalISe SIOWEr: pPregress and
therefore greater NEatk inpUL

s Quantity of metal dep03|ted I arpass; alse; affects
neat iput |




Sheet1

		Heat Input Table

				Welding Process		Number of Passes		Voltage		Amperage		Travel Speed (in./min.)		Heat Input (Joules/In)								Trial 7				Voltage		Amperage		Travel Speed (in./min.)		Heat Input (Joules/in.)

		Trial 1		FCAW		1		26		200		8.6		36,279								FCAW				23		190		9.3		28,285

				SMAW		2		28		110		6.7		27,582								SMAW - 1st Pass				26		130		10.7		19,012

		Trial 2		FCAW		1		24		180		8.9		29,124								SMAW - 2nd Pass				26		130		6.8		29,824

				SMAW		2		29		110		7.5		25,520

		Trial 3		FCAW		1		22		200		10.0		26,400

				SMAW		2		30		150		7.1		38,298

		Trial 4		FCAW		1		20		180		9.2		23,478

				SMAW		2		30		150		7.0		38,571

		Trial 5		FCAW		1		24		220		7.9		39,950

				SMAW		2		27		140		6.5		34,892

		Trial 6		FCAW		1		24		190		8.4		32,727

				SMAW		2		27		140		5.7		39,789

		Trial 7		FCAW		1		23		190		9.3		28,285

				SMAW		2		26		130		6.8		29,824

		Trial 8		FCAW		1		23		190		9.3		28,285

				SMAW		2		27		140		5.2		43,448

		Note:		All SMAW Heat inputs were calculated on the second pass values
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ht Trials Com

Table 1a - Trials 1to 4

I Trial 1

Trial 2

Trial 3

Trial 4

|Underlay Sleeve

Sleeve

lUnderlay Sleeve

Underlay Sleeve

Froduct

[rva KLON

LUnderlay
C20R  |AQW-HS

Infa

AQW-HS

[wc 20R

AQW-FF

BBacking Thickness

n'a 0.036

0.016 0.0354

n/a 0.036]

0.016 0.025

|Adhesive Thickness

n'a 0.065

0.025 0.045

n'a 0.045]

0.025 0.050]

[Total Thickness

na 0.101

0.041 0.081

nia 0.081

0.041 0.075

IObservations

PE backing visibly affected
by heat but no initial
holiday.

Adhesive affected

resulting in lower adhesion |fresulting in lower adhesion jadhesive affected

strength.

Evaluation after 3 months
exposure showed
maovement in the visible
damage, which would
have resulted in a holiday.

PE backing visibly affected
by heat but no initial
holiday.

dhesive affected

strength.
Evaluation after 3 months
posure showed no
hange.

PE backing visibly affected
by heat with a burn
hrough at a point near the
pipe bottom.

resulting in lower adhesion

strength.

Evaluation after 3 months
xposure showed no
hange.

Slight affect from heat with
backfill material
"impression” in backing.
Mo initial holiday.
Evaluation after 3 months
exposure showed no
change.

Table 1b - Trials 5to 8

| Trial 5

Trial B

Trial 7

Trial 8

[Underlay Sleeve

lUnderlay Sleeve

fUnderlay

Sleeve

Underlay Sleeve

Test-UL AQW-HS

CRP-O AQW-HS

CLS AQW-HS

AQW-HS AQW-HS

IProduct
Backing Thickness

0.032 0.038

0.032

D.OSE‘

0.032 0.038

0.036 0.038

Adhesive Thickness

0.025 0.045

0.045

0.0454

0.030 0.045

0.045 0.045

[Total Thickness

0.057 0.081

0.077 0.081

0.062 0.081

0.081 0.081

ICbservations

PE backing visibly affected
by heat as noted by a
crease in the backing
along the HAA'.

Underlay material burned
but outer sleeve intact.

Mo initial heliday due to
double thickness.

PE backing visibly affected
by heat as noted by a

Underlay adhesive
affected resulting in lower
hesion strength at steel
interface.
Mo initial holiday due to
ouble thickness.

Slight crease or sleeve

recovery along the step
own due to heat release
hrough the gap in the bell

spigot.

Modest reduction in
dhesion through the

Haa'

Mo initial holiday.

Visibly affected by heat as
noted by a crease along
the step down duetoa
gap in the bell & spigot.
Minor reduction in
aclh-asmn through the
Haa'

Burn through near the
bottom due to a large gap
in the step down and a

rock in the backfill.




- = Trial Photos'— Effects of-'Heat. =

Step down edge recevery due't p (Grease’in backing dueto surface temp
effect: at: bell'and spigotinteria y aboyeitheweld/bead



= Trial:Photos'— Adhesion destin




- = Trial Photos — Effects of-Heat

Beel test.— note underiay adnesiaf]

PEBacking visibly affected but:adhesion geoed



San Antonio.Water.

Svstermn.. .. _'_j / |

- r

A Fiel Tmial:

PIpe Size: 607 x..400"

Note the dimpling from the backfillin the
backing as a resultofithe'weld heat



Observatlons Backmci;s

o [Heated Packings expand; then contrackas
ey Copl., Backdill pressire;keeps; the sieeyve

n

s P@
Wi

place;
Vethylenesackingsiin. a simgle layer system

| be affected as notedistchthat some

reduction I mechanical Properties may: 0Ceul;
o EXGESSIVe gap) i tie pIpe jomt may: allow
neat flow-throtgfWwhich' can' affect the sleeve

atithe bell edge Keepingljemts withim
telerance veryamporantte coating mitegrty.



Observations

s Perliormance ol a systemristarresiiof:

— adlesiveisiresistancertofiowi& ofi=gasiduning
Welding

= [eresistance efiathacking terexpand and contract

s SOME Ssystems; periem: Petter hecalse:

— adhiesives with igher molecular Weight fractions
nave a lewer prepensity; to) efi=gas; and flow

— HDPE Backingsfiave morelresistance o) expansion
& contraction



Recommendatlons |

s gt eIt gap; telerances

s SEMe speciiierstreqguest filler materals to
prdge the;stepaewnis: Heattolerant fillers ane
hen requiredistcntthat they:de; not affect
weld guality,

o SUpplyran underay materali that-combines a
thicklow, stieteh IHIDRERAcKING and! arbutyil-
pased adnesive

o Use al standardfpreduct as; the euter: sleeve



Recommendatlons |

s’ Recemmenaded systemrincorpeatesia
specially designedtunderay: materal and
standard eutersieeye

s Singlerlayerrsystenis, pessivle and have Peen
usedisuceessfully, enitnicker walli pipe

s Anlextraiayer: preVvidessassuned protection

o e’ growing useier WABHhas created tne
need to) addressitine constiuction method 6n
an madustny Widesevel



Recommendatlons |

ol At recent SYWPNMIAC meetings; WABHtext-was
PrEPOSedierIncItSsienanelevant: stanadards;

s’ Requires thatithe systemimamtanm minimum
PEHPHMNANGCE

o ln a deme; ol a single sieeve; a peel test over
therheat=afiected area will'yieldra; reduction in
PEHIMance BUES

s [t may:still meeitihie requirements; ofi the
standard




Recommendatlons |

s \Whenran underay: materal Isfused, the
Underayradliesivermay: e degraded Uk acts
as; sacHilicialy Serthe oUter S|IEEVE can ke
CONSIdered torhentace



Weld After-Backfill™

s e WEA=BIconsticuon methied nas
adyvantages; verstsiconventionaliwelding

—imprevedisaiely/ dung constitiction
s’ EEWET GLSUUIGCHBRASIRSIAE PIPE
o [Less riskefrom i epen trench outside pipe
— Improeved!Pipeline integnty
s Reduced thermal SliEess
s Consistent: backdill
— Improved Proeaueion

s |nstallation & WEelding eniparallelfpaths
s No IMErUPLERSHIEr: eXpPansien joints



AWWA WAB: T:ext

WeldeATter-Backi I BWeld=After-Backetl I lisithe sequence afiassembplimg.aweldedijotnt, welding the
putstae jemt (ifirequired); applying the exterior.coating(s); backfilling the prpe, thenweldimg the mside
jomtatalatertime (where mnternaliweldingiisisate and practical), \Welding instdefieldjomts after
packtH Il(AWeld=ATter=-BackitlIisequence)isianaceeptable practice providedithe requirements of:all
applicable AWM/A standards are Tollowed. Caonsultawithithe manuracturers andiall other.responsioie
parties regarding recoanmimendediproducts, mstallationiandibackfill'pracedures required for the \Weld-
Alter-Backfieldisequence, At the request Gliliie purehaser; the coating:manufacturer-will provide testing
ar-histarical mformation to verify that thelexterior joimnt coating will iretaimn performance requirements as

perithe applicable standard throughoutitnelieat affected area,
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Weld-After-Backfill. Weld-After-Backfill is the sequence of assembling a welded joint, welding the outside joint (if required), applying the exterior coating(s), backfilling the pipe, then welding the inside joint at a later time (where internal welding is safe and practical).  Welding inside field joints after backfill (Weld-After-Backfill sequence) is an acceptable practice provided the requirements of all applicable AWWA standards are followed. Consult with the manufacturers and all other responsible parties regarding recommended products, installation and backfill procedures required for the Weld-After-Backfield sequence.  At the request of the purchaser, the coating manufacturer will provide testing or historical information to verify that the exterior joint coating will retain performance requirements as per the applicable standard throughout the heat affected area.
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25 Bethridge Road, Toronto, Ontario, Canada M9W 1M7

Tel: +1 416 743-7111
Fax: +1 416 743-5927
www.canusacps.com
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