Steel Penstocks,
Second Edition

ASCE MOP 79, Chapter 11 — Welding, Overview

Nash Williams-National Welding Corp.



“Welding of steel penstocks is critical to
the success of hydroelectric projects.”



* Welding requirements previously spread throughout 6 chapters

* Committee task was to compile into a single welding Chapter
 Consolidated by removing redundancies and conflicts
* Welding design still based on ASME Section VIII, Division 1



Variety of Penstock
configurations Overview



Welding Procedures and Practices
Utilize both ASME Sect. VIIl or AWS D1.1



COMPANY NAME

NATIONAL WELDING CORPORATION

PROCEDURE QUALIFICATION RECORD (PQR) Revision 0

NATIONAL wnnms cokvoiumn AUTHORIZED 8Y Nash Williams
DATE 5 5

PROCEDURE QUALIFICATION RECORD NO.
WELDING PROCEDURE SPECIFICATION NO. Nw 1 DATE

WELDING PROCESS{ES)
OINT DESIGN USED
Type

Single

Backing: Yes
Backing Material

6/21/2005
TYPE SEMIAUTOMATIC

Root Opening 0.125 Root Face Dimension
Groove angle 45Deg _Radius (J-U) FCAW _Spray [

Back Gouging: Yes [ No
Other

EXEETIETATS

Material Specification

Type or Grade

Group No.

Thickness of Test Coupon
Diameter of Test Coupon

T

AWS Specification No.
AWS Classification No.

Compositior
Flow Rate
Gas Cup Size

Electrode-Flux (Class)

[Z Method Ac [] ocep E)nc!n D»mseo [m}

ASTM A139 Istringe Weave
Grade C Multiple = Single
single Electrode Multiple Electrode
Fillet
13 Etectrode Spacing
NA

Contact Tube to Work

reening
SFA 5.2, SFA 5.18 (Root) n Cleariing Nlm ical-Power m
E7ITLER70SB (AN | Nm Input (lu/ln ) T 60X29.1X262/11 5398 KIfin

Gas  Argon/CO2
75%/25%

0625

NA [Preheat Temperature
interpass Temperature

Welding Procedure

125 Root Opening

PROCEDURE Qumrluﬂounswlb (PQR) #___ NWC-007 (6G)

MWW“WW
Location

| 27200 — 1 79370 | BASEMETAL |l

“-I!_

— CUDEDBEND
[__SpecimenNo. | TypeofBend [  Resut T~~~ Remaks |
e S e O
e
e =
e e e

SIDE BEND
— | SorBeND | assen ]

VISUAL INSPECTION \DIOGRAPHIC-ULTRASONIC [XAMINAT‘ION

Appearance RT Report No, Q57-0: Result PASSED

Undercut NONE UT Report No., A Result A
Piping Porosity

Convexty NONE WELD METAL TENSION TEST

Test Date 6/15/2005

Witnessed By NASH WILLIAMS ensile Strength, P51

FILLET WELD TEST RESULTS
Minimum size of multiple pass Maximum size of single pass.
Macroetch
3 1

OTHER TESTS

Welders Name Troy Wittusen
Tests Conducted By Quality Testing and Inspection Laboratory

We, the undersigned, certiry that ihe Statements in this FéCOrQ are COMTECt ana Ia Ine (et weids were Prepares, weioea
and tested in accordance with the requirements of section 4 of ANSI/AWS D1.1,(2010) Structural Welding Code-Stee! and
ASME Section Vill.




NATIONAL WELDING CORPORATION
'WELDING PROCEDURE SPECIFICATION (WPS) Revislon 0
COMPANY NAME NATIONAL WELDING CORPORATION AUTHORIZED BY MNash illiams

'WELDING PROCEDURE SPECIFICATION NO. NWC-007 [Butt w/Backup) DATE 572172005
Tt —

SUPPORTING POR NO. C- DATE
WELDING PRO CESS{ES) ECAW. TYPE

Joint Design V-Groove
Backing 5 o
Backing Ma'.enal ASTM A 139 Grade C

Metal [T Nonfusing Metal TT Nonmetalic ] Other

A 45 DEG
N * wseens ¥ /

Ql |‘ 125" (+.25"/-1/16") ROOT OPENING

P-No. Group No. lorll toP-No. Group No. lorll
or

Specification Type and Grade ASTM 4 139 Grade C
Specification Type and Grade rade

Chernicha Analysis and Mechanical Prope ties
Chermicha Analysis and Mechanical Properties

Thickness Range:
Base Metal: Groove .250"- 100" Fillet .250"-1.00"
Pipe Diameter Range: Groove DVER 12 Fillet’

Other

—_—

Specification No. (SFA}
AWS No. (Class)
F-No

A-No.
Size of Filler Metals

Weld Metal
Thickness Range
Groove .250"-1.00"
Fillet
Electroge Flux (Class) TIA
Flux Trade Name WA
Consumable Insert A
Other

"FTRC Dot METSVITET MELSICOMDINaUon SnODI0 DE TECOTORd momma oty

NATIONAL WELDING CORPORATION

'WELDING PROCEDURE SPECIFICATION NO. NWC-007 {Butt w/lhck)

Positions of Groave AL Temperature Range NA

Welding Progression TTUPHIL  TimeRange e/

Positions of Fillet A -
—_———n——————————————————————————

Percent Composition
Preheat Temperature Minimum Mixture
Interpass Temperature Maximum ~_____S00DEGF____ Shielding [AR7COZ |
Preneat Maintenance T S0DEGF Trailing
Backing

TECTRICAL CRRRACHTERSTICS awr ooey

Current (AC or DC) Polarity
Amps Range FCAW —gm—' VoltsRange FCAW 971311

Tungsten Electrode Size and Type NA
Mode of Metal Transfer WA
Electrode Wire Feed Speed Range - fowW _@os0

Stringer or Weave Bead

Orifice or Gas Cup Size

Initial and interpass cleaning
Method of Back Gouging
Osclllation

Contact Tube to Work Distance
Multiple or Single Pass (Per Side)
Muttiple or Single Electrades
Travel Speed Range

Peening

Other




NATIONAL WELDING CORPORATION

WELDER OR WELDING OPERATOR QUALIFICATION RECORD (WQR)

NAME HARDY BROWN IDENTIFICATION NO. 123456789
TEST WITNESSED BY BRYAN HANSEN CWI DATE 571372010

RECORD ACTUAL VALUES
\GEDINQUALIRCATION SRURONLE
PRocESfee | FOWSHVCAUTOWATC | FoAw/seMTAUTORATC |
ocE? L

URRENT/POLARITY [ ocer ] DCEF
POSTION/WEWDPROGRESS | 3GUPANDAG | ALLUPGROOVE&FILLET
T

1125"-750"
.125"-750"
DIAMS 24" AND OVER

ILLER METAL:
SPECIFIICATION NUMBER . A5.20,A5.29
CLASSIFICATION E71T1, E81TL
F-NUMBER

VISUAL INSPECTION: ACCEPTABLE RESECTABLE [
FILLET TEST RESULTS: APPEARANCE NA FILLET SIZE NA
FRACTURE TEST ROOT PENETRATION NA MACROETCH WA

DESCRIBE THE LOCATION, NATURE AND SIZE OF ANY CRACK OR TEARING OF THE SPECIMEN

RADIOGRAPHIC TEST R IS .
FILM ID NUMBER
T 00 AL T

TESTED BY QUALITY TESTING ___ TEST NUMBER 1026wa DATE 4/16/2010
TECHNICIAN — ToSumeniEVEL2(CW) S
We, the undersigned, certify the statements in this record are correct and the test welds were prepared, welded and

tested in accordance with the requirements of Section 4, Part C of the ANSI/AWS D1.5 Code {2008 year) Structural Steel

Welding Code and ASME Section IX.
NATIONAL WELDING CORPORATION
S/t

MANUFACTURER OR CONTRACTOR _
AUTHORZED B f@z__— : Hardy has been welding continuously for National Welding since hiring on 5/16/2010

National Welding Corporation

-

Signature Title Operations 7/11/11

National Welding Corporation
7025 S. Commerce Park Dr., Midvale, UT 84047 * PH (801) 255-5959 FAX (801) 255-5919
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CJP Butt Joint
Double Fillet Welded Butt Strap

|

H_
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Single Fillet Welded Lap Joint

o
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Single Welded . .
CJP Butt Joint Double Fillet Welded Lap Joint

with Backing

Figure 11-1. Common Field-Welded Joints




For ellipsoldal heads - Min 2, For ellipsoidal heads - Min 21,
but mul tmn“ll! in. h : but not less than 1/2in.

For other heads - For other heads -
Min. 2¢ + 122 In. Min 2¢p+ 1/21in,

2] ]

Min 4g or 4ty
whichever Is less
Min 3£+ 1/2in.
but not less than 11in.

(a) Double Fillet Lap Weld with Plug Weld (b) Single Fillet Lap Weld With Plug Weld

Notes:

1. Plug weld holes should have a diameter not less than ¢ + 1/4 in. and not more
than 2¢ + 1/4 in. where t is the thickness in in. of the plate or attached part in
which the hole is made.

Plug weld holes should be completely filled with weld metal when the thickness
of the plate, or attached part, in which the weld is made is 5/16 in. or less; for
thicker plates or attached parts the holes should be filled to a depth of at least
half the plate thickness or 5/16 in. of the hole diameter, whichever is larger, but
in no case less than 5/16 in.

Additional design information may be found in ASME BPVC Section VIII,
Division 1, ASME (2010a).

Figure 11-3. Plug Welds




Flux Cored Arc Welding
Gas Metal Arc Welding
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Shielded Metal Arc Weldlng Welding Processes
Stick-Manual * FCAW (Flux Cored Arc Welding)

* GMAW (Gas Metal Arc Welding)
* SMAW (Shielded Metal Arc Welding)
* SAW (Submerged Arc Welding)

Submerged Arc Welding






Figure 11-4. Welded Joints - Bifurcations

Ifurcations and Joint Designs



Importance of Inspection

See Chapter 14
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