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Revision 1

Revision includes the following items:

a)

b)

c)

d)

Tables have been revised to show the design pressures for the
SWB being used on 8" run pipe which is permitted by MDG-ES-2.

Tables have been revised to include notes which define the reasons
for not including certain components.

The back-up hand calculations have been revised to match program
calculation techniques.

Revised program listing has been included.

Revision 2

Revision includes the following items:

a)

Table 2.2 has been revised to include the pressure values for the
following in addition to the values already shown:

1, SWB fittings for run pipe sizes of 4", 5", and 6" and branch pipe
sizes of 3/4" through 2".

2) SWFOB fittings with run pipe sizes of 4" through 14" and 1"
branch pipe size.

3) SWFOB fittings with run pipe sizes of 4" through 6" and 3/4"
branch pipe.




ABSTRACT

The piping design criteria of the ASME Code Section III for Class 1 Components
requires that design for pressure loading be performed in accordance with the
rules of subarticle NB-3640. Paragraph NB-3643 sets forth area reinforcement
rules, including calculations, which guarantee the stress limit requirements of
NB-3640 are satisfied for branch connections. The purpose of this report is to
document and certify the calculations which establish the allowable pressure for
various branch configurations of interest to the Catawba Nuclear Station pipe de-
sign activity, Additionally, the technical basis, listing, input, and output for
the computer program usec to develop the allowable pressure values are pre-
sented. The program can be used to establish the allowable pressure for other
branch configurations which satisfy the configurational restrictions set forth in
NB-3643 and as modified in NB-3680 in order to make the stress indices of the
Code applicable. Output of the program contains information other than the al-
lowable pressure which will be of interest to the pipe designer.
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NOMENCLATURE

As Specified In
ASME Program
P PMR maximum internal design pressure of run, psi
P PMB maximum [nternal design pressure of branch, psi
P PPP maximum internal design pressure of branch connection, psi
| 4 P23 maximum Internal design pressure of branch connection, psi
(where the 2/3 area restrictions of NB-3643, 3(c)1)(c)governs)
PPL the smaller of PMR and PMB
PAA maximum allowable pressure
tn minimum required wall thickness
tr tm - a= minimum required thickness of run pipe
t Yn - @ = minimum required thickness of branch pipe
TRM minimum wall thickness of run pipe
TBM minimum wall thickness of branch pipe e
TFM minimum wall thickness of fitting
Ty RTM nominal wall thickness of run pipe
TBA nominal wall thickness of branch pipe
Ty TFA nominal wall thickness of fitting
a A an additional thickness to provide for corrosion
y Y = .4
Sm SMR {maxlmum allowable stress intensity caused by | - run pipe
Sm SMF internal pressure at the design temperature - fitting
Sm SMB for the -branch pipe
Ty RZM minimum - trans.tion radius between branch
(fitting) and run pipe
-~



As Specified In
ASME Program
ry RZM
r RZR
La DLA
Ly XLN
' RFAA
Rm RRA
rhn RBAA
D, DRO
Do DBO
Do DFO
d DRI
d DBI
d DFI
d DFIA

NOMENCLATURE

minimum - transition radius between branch (fitting) and
run pipe

required - transition radius between branch (fitting) and
run pipe for a design pressure of 2500 psi

half width of reinforcement zone measured along the mid-
surface of the run pipe

limit of reinforcement measured normal to run pipe wall
mean radius of the branch (fitting)

mean radius of the run pipe

mean radius of the branch pipe

outside diameter of run pipe

outside diameter of branch pipe

outside diameter of fitting

inside diameter of run pipe based on minimum wall thickness
inside diameter of branch pipe based on minimum wall thickness
Inside diameter of fitting based on minimum wall thickness

inside diameter of fitting based on nominal wall thickness




1.0 INTRODUCTION

The ASME Boiler and Pressure Vessel Code Section IIT requires that pipe inter-
sections be properly designed for pressure. This report is intended to be a de-
sign aid which determines qualified branch connection fitting types based upon
specified design parameters in ASME Class 1 (Duke Power Company Class A)
piping systems and verifies that these fittings satisfy the area reinforcement
requirements of subsection NB-3643, based on the design temperature, design
pressure, size, schedule, corrosion allowanc=, and material parameters of
the run and branch pipes.



2.0 BRANCH CONNECTION PRESSURE DESIGN TABLES

Tables 2,1 through 2, 3 contain the allowable design pressures for those Class 1
branch connections Involving socket welding fittings. Each table Is for a given
design temperature and run, branch, and fitting material combination which is
presented at the top of the table. The table is composed of a matrix of maximum
allowable pressure for a given run pipe to branch pipe size with fitting type as a
subparameter. Along the left hand side of the table are listed the ten run pipe
sizes and assoclated schedules which are specified for Duke Class A piping in
reference 7. The allowable pressure for each run pipe is also listed and may
be used to establish what controls the branch connection (fitting, run or branch)
allowable pressures, The branch pipe size, associated schedule, and allowable
pressure are listed along the top row. The minimuwn stress intensity and cor-
rosion allowance values used to develop the allowable pressures are shown at
the top of the table,

These three tables are intended to be used by design personnel to verify that
the piping design criteria of subarticle NB-3640 of the ASME Boiler and Pres-
sure Vesse! Code Section III are satisfied. The version of the Code used is
the 1974 Edition with addenda through summer of 1974, which is the Code of
Record for the Catawba Nuclear Power Station. The fitting configurations
used to construct the branch connections considered are presented In Figures
2.1 through 2,3, Actual fitting nominal dimensions were utilized in prepar-
ing the report with suitable allowance taken for the metal removed when the
fiting is shaped to fit the run pipe. It should be noted that the limits set
forth in Figure 2.2 for Special Welding Boss branch connection configura-
tions have been included in establishing the values contained herein, The
restriction on thickness of run pipe is related to fabricability, While simi-
lar restrictions may apply to half coupling and special welding flow orifice
boss branch connections, they are not noted in the Figures or contained in
the values presented herein. Therefore, it is the responsibility of the de-
signer to verify the combination of fitting and run pipe is fabricable,




3.1

3.0 DESIGN AND ANALYSIS PROCEDURE

ASME Criteria

ASME Boller and Pressure Vessel Code Section III NB-3643 specifies pressure
design requirements for branch connections. This subsection establishes gen-
eral requirements, defines branch connections, and discusses reinforcement

requirements and calculations. A summary of this subsection is provided be -

low,

3.1.1

3.1.2

Satisfying Area Reinforcement Requirements

NB-3643 requires that reinforcement be provided "in an amount and
distribution so that the requirements for the area of reinforcement
are satisfied for all planes through the center of the opening and
normal to the surface of the run pipe." The area of reinforcement
shall not be less than

2
Areq = d tr (in™)
for a branch connection normal to the surface of the run pipe. This
Is the area of the minimum thickness pipe for the pressure that is
removed by the hole.

Branch Connections Not Requiring Reinforcement

Per NB-3643. 3(b), reinforcement need not be provided under the
following conditions:

(a) A single opening has a diameter not exceeding 0.2 v R, Ty
or If there are two or more openings within any circle of
diameter 2, 5+ Ry Ty but the sum of the diameters of such
unreinforced openings shall not exceed 0.25v Ry, Tr.

(b) No two unreinforced openings shall have their centers closer
to each other, measured on the inside wall of the run pipe,
than the sum of their diameters.

(c) No unreinforced opening shall have its center closer than
2,54 Ry Ty to the edge of any other locally stressed area.



3.1.3

30104

3 1.5

Since these three conditions are all layout dependent, it is assumed
the designer checks these conditions prior to finalizing the location
of the connections. The program prints out values of VR, Ty to
ald the designer in checking these conditions.

Cross-Sectional Area Available for Relnforcement

The area avallable for reinforcement Is the sum of the contributing
areas A), Ap, and A3, as shown In Figures 3 1 for the socket weld-
Ing fitting (6000# socket-welded half coupling (B16,11), special weld-
Ing boss (MDG-ES-2, -3) and special welding flow orifice boss (MC-
1684-00, 00) attached to the run pipe. The areas available for com -
pensation are:

A; - excess wall In branch (half each side)
As - weld metal (half each side)
A3 - excess wall In run (half each side)

The "thicknesses" of these areas are dependent on the ty and t,
valu.s determined in the straight pipe pressure design calculations
for the run and branch pipes.

Effective Length of Reinforcement on the Run

NB-3643. 3(c) defines the "limits of reinforcement measured along
the mid -surface of the nominal wall thickness of the run pipe," i.e.
the effective length along the run, as

Lpa=max (d, r+ Ty + Tp).

In addition, two thirds of the required reinforcement shall be pro-
vided within a limit the greater of

r+0.5vR, Ty
r+ Te+ Ty

Effective Length of Relnforcement on the Branch

NB-3643, 3(c) defines the "limits" of reinforcemneut measured
normal to the wall of the run pipe, i.e. effective length along
the branch, as

LN= O.SVrm Tb+ 0.5 )
For the purposes of these calculations Ly shall not exceed the

-10-



3.1.6

laying height of the fitting in question. Laying helghts are tabu-
lated In Table 4.1 Input Data Used for Generated Design Table.

It was determined that the reduction in available laying height
(due to cutting of the fitting to fit the contour of the run pipe)
did not affect the Ly value. The calculated value was always
smaller than the reduced available laying height of the socket
welded half coupling.

Stress Index Restrictions on Branch Connections

Section III places certain restrictions on branch connections in
order to assure the validity of the stress Indices of NB-3686,
Speclal Indices must be developed independently for branch
connections which do not meet these criteria. Note that (c)
must be confirmed from the layout scheme.,

(a) Reinforcing area requirements of NB-3643 raust be met,

(b) Axis of the branch pipe must be normal to the surface
of the run pipe wall.

(c) The arc distance measured between the center of adjacent
branches along the surface of the run pipe must not be less
than three times the sum of their inside radii in the longi-
tudinal direction and must not be less than twice the sum
of their radii along the circumference of the run pipe.

(d) The ratio of run pipe near radius to run pipe nominal
thickness must not exceed 50, i.e.
R
L <50
Ty

(e) The ratio of branch pipe mean radius to run pipe mean
radius may not exceed one-half, i.e,

1

*'m

Rp

(f) The inside corner radius Is greater than one-tenth of the
run pipe nominal thickness and less than one-half the run
pipe nominal thickness, i.e.

£0.5

.



(2) The outer radius Is not less than the larger of one-half the
run pipe nominal thickness or one-half the branch pipe nomi-
nal thickness, i.e.

rz-“-.: max (0.5 Ty, 0.5 Ty)

. My Duke Crlteria

2]

3.2.2

Code Of Record

The Code of Record is ASME Boiler and Pressure Vessel Code Sec -
tion III-NB, 1974 edition, with addenda through summer of 1974,

Types of Intersections Considered

This manual covers reinforcement area calculations and stress
index determination for all combinations of the following para-
meters:

(a) Fitting Sizes

Five 6000+ socket-welded half couplings: 3/4", 1", 1-1/4",
1-4,2", and 2"

Six special welding bcsses: 1/2", 3/4", 1", 1-1/4", 1-1/2",
and 2"

Three special welding flow orifice bosses: 1/2'", 3/4", 1",

(b) Pipe Sizes

Seven schedule 160 pipes: 2", 2-1/2", 3", 4", 5", 6", and 8"
Three schedule 140 pipes: 10", 12", and 14"

(c) Materials

Pipe: SA-376 TP304
SA-312 TP304
SA-316 TP316
Fitting: SA-182 F304

(d) Design Conditions
Three temperatures: 600°F. 650°F, and 700°F.

«12-



3.2.3

3.2.4

Design Manual Assumptions

The following assumptions are made regarding the various types
of fittings used for form the branch connection:

(a) The angle of attachment is 90°,

(b) All welds are full penetration welds as required by ASME,

(c) Fitting to pipe combinations which fail to satisfy the re-
quirements of NB-3683 are noted and design pressures
are not provided.

Nomenclature

A list of nomenclature showing relevant symbology and cross

references ASME and computer program parameters is pro-
vided on page 5 of this report,

=13~



4.1

4,0 INPUT DATA

Data Used for Generated Tables

Numerical data used to develop the design tables in this report comes from
the sources listed in the section 7.0 references.

4.1.1

4.1.2

4.1.3

Data for Fittings

Cross-sectional data for the three fittings considered on this report

are listed In Figures 2,1 through 2, 3. Reference for the special
welding boss Is MDG Engineering Standard MDG-ES-2 (Revision 0)

and MDG-ES-3 (Revision 1), Details for the 1/2", 3/4" and 1"

speciai welding flow orifice bosses are taken from CN-1680-3 (Rev.2),
-4 (Rev. 2) and -46 (Rev. 0), respectively. Half coupling dimensions
come from ANSI B16.11 (1973). Material data for SA-182 F304 is from
NA Appendix I of ASME BPVC Section III (1974) and is listed in Table
4.2 at design temperatures of 600°F, 650°F and 700°F.

Data for Piping

ANSI B36.19 is the source of cross-sectional data for both run pipes
and branch pipes. Figures 2,1 through 2, 3 lists the values used for
outside diameter and nominal wall thickness, Minimum wall thick-
ness is taken to be 7/8-ths of the nominal wall thickness based upon
the ANSI Standard.

Design stress Intensity values for SA-376 TP304, SA-312 TP304,

and s.% -376 Tl;316 are llsted in Table 4.2 for design temperatures
of 600°F, 650 F, and 700°F, The listed Sy values are exact for
the 304 materials and are slighdy conservative for SA-376 TP316.

Miscellaneous Data

The applied corrosion allowance of 0,00 inch is specified in refer-
ence 8.0. All calculations are performed for right angle (90 )
branch-to-run Intersections. Section III specifies a value of 0, 4
for Y.

Y



4.2 Input Data Development for Additional Tables

Application of the CLIBIC program requires that data be prepared for pipes
and fittings under appropriate design conditions. Computer input card decks
must be prepared according to the following guidelines. Data "types' noted
in the guidelines are:

- I Interger Integer data only, right-justified in the
card column data fields
R Real Data may contain decimal values and may
appear anywhere in the card column data
field
A Alphanumeric Test data, Any characters may appear

anywhere in the card column data fi=ld

Control Parameters Card - first card of the data deck:

Col. Type Units Data

1-5 I Number of fitting cards.
6-10 1 Number of branch pipe cross-section
cards.
11-15 1 Numer of run pipc cross-section cards.
16-20 1 Number of fitting material data sets,
21-25 1 Number of pipe material data sets,
Miscellaneous Data Card - one card which specifies the following informa-
tion:
Col. Type Units Data
1-10 F in Corrosion allowance,
11-20 F deg Branch-to-run Intersection angle,
21-30 F Y (typically 0.4),
31-35 1 Stress Index flag. If non-zero, stress

indices will be calculated using the
formulas given in Table NB-3682,2-1,

LT



Fitting Data - one pair of cards for each fitting to be analyzed:

Card One

Col. Type Units Data

1-5 I Fitting number. Must be sequential beginning
with 1,

6-15 A Branch size (3/4 in., 1 in., etc,),

16-25 A Fitting Type (SWB, 6000 SWHC, etc,).

26-35 R in, Outside diameter,

36-45 R in, Nominal thickness of body,

46-55 R in, Minimum thickness of body.

56-65 R In, Laying height, from run plpe surface to bot-
tom of fitting socket,

66-70 I Enter 1 If fitting Is any kind of special weld -
ing boss. Program checks for run pipe OD
<8.625 In. and run pipe t, £0,5 in.

71-75 I Cross-section number of branch pipe attached
to this fitting.

76-80 I Material set number of branch pipe attached
to this fitting.

Card Two
Col. Type  Units Data
1-20 Blank

Branch Plpe Data - one card for each branch cross-section:

Col.

Type

Units

1-5

6-15
16-15
26-35
36-45
46-55

I

< R X > »

In,

in.

Data

Branch cross-section number. Must be
sequential, beginning with 1,

Pipe size (3/4 in., 1 In., etc,).

Plpe schedule (SCH 160, XXS, etc.).
Outside dlameter.

Nominal wall thickness.

Minimum wall thickness, If blank or zero,
will default to 0,875 (thom)-

T



Run Pipe Data - one card for each run cross-section:

Col. Type Units Data

1-5 I Run cross-section number. Must be
sequential, beginning with 1,

6-15 A Nominal pipe size.
16-15 A Pipe schedule (SCH 160, XXS, etc.)
26-35 R in. Outside diameter .,
36-45 R in, Nominal wall thickness.
46-55 R In, Minimum wall thickness, If blank or

zero, will default to 0,875 (thom) -

Fitting Materlal Data - one card for each fitting material followed by the

appropriate number of cards specifying applicable
material names.

Col., Type Units Data

1-5 I Fitting material data set number, Must
be sequential, beginning with 1,
6-15 R psi Stress intensity, S, .
16-25 R OF Design temperatuce.
26-30 I Number of applicable material names

which follow,

Applicable Fitting Material Names - number of cards as specified in col.
26-30 above to identify the material
data set:

Col, Type  Units Data
1-5 A Blank
6-80 A Material name (SA-376 TP304, etc.)

o} 7=



Piping Material Data - one card for each piping material followed by the
appropriate number of cards specifying applicabie
material names:

Col. Type Units Data

1-5 I Piping material data set number. Must
be sequential, beginning with 1.
6-15 R psi Stress intensity, Sm
16-25 R °F Design temperature.
26-30 I Number of applicable material names

which follow.

Applicable Piping Material Names - number of cards as specified in col.
26-30 above to Identify the material

data set:

Col. Type Units Data

1-5 Blank
6-80 A Material name (SA-375 TP304, etc.)

-18-



5.0 PROGRAM OUTPUT DESCRIPTION

A listing of all the data input into the program is initially provided to the user,
The area reinforcement results are then presented in a tabular format for each
run pipe size, schedule, and temperature input,

Appendix B contalns the computer output in a tabular form. Pipe and fitting
material are listed at the top of the page. The run pipe size, schedule, aver-
age wall thickness, minimum wall thickness, stress intensity, and maximum
allowable pressure are for the specific run pipe shown, The first column lists
the branch size, the second lists the fitting type, the third lists the nominal
wall thickness of the fitting, the fourth lists the minimum wall thickress of the
fitting, the fifth lists the allowable design pressure for the branch connection
(with no increase in ry), the sixth lists the design temperature, the seventh
lists the limits of reinforcement, Ly, measured along the mid -surface of the
nominal wall thickness of the run pipe, the elghth lists the limits of reinforce -
ment, Ly, measured normal to the wall of the run pipe, the ninth lists the
minimum, rp, the tenth lists the required ry value for a design pressure of
2,500 psi, the eleventh lists values of4/Rp, x T, used to check spacing criteria,
and the last column lists the maximum allowable pressure of the branch pipe.

-10-



6.0 SAMPLE PROBLEMS

Enclosed are six sample problems which serve as verification of the program,
Each problem was performed using hand calculations and CLIBIC.

=20~



7.0 REFERENCES

ASI B16,11-1973 Forged Steel Fittings Socket-Welding and Threaded.
ASI B36, 19,

Duke Power Co., MDG Engineering Standard No. MDG-ES-2 Rev. 0
General Detalls Special Welding Boss,

Duke Power Co. MDG Engineering Standard No. MDG-ES-3 Rev, 1
Application Details Special Welding Boss.

Duke Power Co., Drawing MC-1684-00, 00 Rev. 2 Special Welding
Flow Orifice Boss.

ASME Boiler and Pressure Vessel Code Section III 1974 Edition with
Addenda through Summer of 1974,

Duke Power Co. Specification CNS-1206,00-2,2 Rev, 7 Specification
for the Procurement of Power Piping.

Duke Power Co. Specification CNS-1206,02-1,0 Rev. 1 Design Speci-
fication, ASME Section III, Class 1 Piping.

Additional References for McGuire

l.

2.

ASME Boiler and Pressure Vessel Code Section III 1971 Edition with
Addenda through Winter of 1971,

Duke Power Co, Specification MCS-1206.00-2.2 Rev. 28 Specifica-
tion for the Procurement of Power Piping Systems Materials and
Components,

Duke Power Co. Speclification MCS-1206,02-1,0 Rev. 7 Catawba
Nuclear Station, Design Specification, ASME Section III, Class 1
Piping.

Duke Power Co. Drawing CN-1680-3 Rev. 2 Special Welding Flow
Orifice Boss.

Duke Power Co. Drawing CN-1680-4 Rev. 2 Special Welding Flow
Orifice Boss.

Duke Power Co. Drawing CN-1680-46 Rev. 0 Special Welding Flow
Orifice Boss.

<21 »



Data Sheet for Sample Problem - 1

Nomenclature

Design Conditions
Design Pressure (psig To be determined
Design Temperature ( F) 700.
Duke Piping System Classification A
Temperature Factor .4
Branch
Nominal Size (in.) and Schedule 1" SCH 160
Nominal Wall Thickness (In) . 187
Minimum Wall Thickness (in) . 164
Outside Diameter (in) . 840
Corrosion Allowance (in) 0.0

Material SA 376 TP 316
Design Stress Intensity, Sp, (nsl) 16, 300.
Firting
Fitting Discription }" SWB
Nominal Wall Thickness (in) . 531
Minimum Wall Thickness (in) . 499
Outside Diameter (in) 1,9
Maximum Laying Height of Fitting (in) . 654
Corrosion Allowance (in) 0.0
Material SA 182 F 304
Design Stress Intensity, Sp,(psi) 15, 900,
Run Pipe
Nominal Size (in) and Schedule 14" SCH 140
Nominal Wall Thickness (in) 1.25
Minimum Wall Thickness (in) 1,094
Outside Diameter (in) 14,0
Corrosion Allowance (in) 0.9

Material

Design Stress Intensity, S, (psi)

SA 376 TP 316

16, 300,

P
T

y

tmb
Dop

ITEM

Case Number One 1" SWB on 14" SCH 140

CUENT

Duke Power Company

PROJECT Catawba

JOB NO

VTN TS

ITEM NO

]DATE "[w[i’]

LSHY / OF 2

¥ J=p
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/ NB - 36¥33 (L) Requieemen
Ae € -24 Rm Tr Mo AREA REINFORLEMENT TREGQURED

de = Dy~ 2Tg = /5 -2 (.531)=.938 .u
R (Dog= Te)/2 * (140 -125) /2 + 6.375

VBT, = . 2V(63795)(125) = .5¢5 > . Y38 ,u

No AREA RENFORCEMENT REGUIRED FoR THIS ComBiaAron

2. NB - 3686.! (.e) REQuICEMENT

I8 & .5 CoDE sSTRESS /NOICES mMAy BE USED
am —~ -

ra = (Dey - T.)/Z* (. 84- ~l&7)/z * 326

Rm 6375

P/Rm > . 0512 < . &

Cope STRESS ,wo/CES MmAy BE USED

.' "
Proaram Jo DeGREE BRANCH ALLLWABLE DESIGN PRESSURE
DEFAULTS Te S MALLER mAXimum AlLlLowRBLE FRESSURE of Euu
PPE oR FITING TyrFfE AND FPEQURED Kz PLPEFAWNTS 70

GREATER of Ta/2 e 77,2

ITEM

—

CASE WomBER OoME V2" SwR o |~ Dus Yewed Compang |
J
1% scH léo : CAzAwEA
- - =y N —1io8 NO
1P i’mtij"‘;“ Py TC"D &‘,‘;_'17‘ [D”f ‘-717{‘517’)7.‘1 wemwNo. I'SHf 2 o 2
\ T
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Data Sheet for Sample Problem - 2

Design Conditions Nomenclature
Design Pressure (pslg& To be determined P
Deslgn Temperature ( F) 600. T
Duke Piping System Classification A
Temperature Factor .4 y

Branch
Nominal Size (in.) and Schedule 2" SCH 160
Nominal Wall Thickness (in) . 343 T~
Minimum Wall Thickness (in) . 300 tmp
Outside Diameter (in) g Dop
Corroslon Allowance (in) 0.0 a
Material SA 376 TP 304
Design Stress Intensity, Sy, (psi) 16, 400, Sm

Fitting
Fitting Discription _ 6,000 #SWHC
Nominal Wall Thickness (in) . 735 Tg
Minimum Wall Thickness (in) s 72D tmf
QOutside Diameter (in) 3,159 Dof
Maximum Laying Height of Fitting (in) 1,625 Ly (max)
Corrosion Allowance (in) 0.0 a
Material SA 182 F 304
Design Stress Intensity, S,.(psi) 16, 400, Sm

Run Pipe
Nominal Size (in) and Schedule 4" SCH 160
Nominal Wall Thickness (in) . 531 Ty
Minimum Wall Thickness (in) . 465 teny
Outside Diameter (in) 4.5 Dor
Corrosion Allowance (in) 0.0 a
Material SA 376 TP 304
Design Stress Intensity, S (psi) 16, 400. Sm

ITEM CUENT

Case Number Two 2" 6, 000 #HC on

Duke Power Company

4" SCH 160

PROJECT Catawba

JOB NO

IDU{ %o _HIClD&;K\‘( bntl 1’/0111

ITEM NO

TSHT OFf
i | 3




£ 3
.

I

2

NG -264%. % (b) REQUIRERENT
de £ .2UR.T,  No MEA RENRCERENT FERIFED
d¢ = Dop = 2Ty = 2,199 - 2(.135) = |89
= (Do - Ty)/2 = (4%00 -.531) /2 = [ 985

2VR T, = . 2V(1386)(. 521) =.205 < | 489

oo ACEA LENPLENENT PEQUICED O Tas CONDITION

NB- 3686. | (€) REQUIREAENT

Ym £ 05 (ODE STEESS INDILES /AA( BE USED

T
vim = (Dob =Ty /2 = (2315 -243) /7 = | 016
sz 19865

‘o [B =-512 7.5
oo COVE SIFEH INDKES IMA[ NO| BE LSED

PROGFNA VALL NOT PROVIDE DESION fleccalRES FOL
CONBINATIONS THAT EXEED THE Im/Fm £ 0.5 RERUIRE/
OINCE s ouLp FESOLT IN “THE NEED TO DBVELOP SfEUAL
OTRE=S  INDICED.

ITEM

b —

CAE. NOKCER. TWD-2" 60O HL |77 Duke Towek Cempany |

PROJECT

N 4 eH 16D C ATAEA

b

JOB NO

[iv*;} 7.;3" 7h—]£‘()i'fi",: ;y —} ;‘Ibib _VL.'.I' '—‘"]'bn?i—.'l E&I:’l—* ITEM NO '1’“5’»’7"2—'07‘{—7

-20d-'
- EDS NUCLEAR: 220 MONTGOMERY ST.

o SAN FRANCISCO, CALIFORNIA 94104




Data Sheet for Sample Problem - 3

Design Conditions

Design Pressure (psig

Design Temperature ( F)

Duke Piping >ystem Classification
Temperature Factor

Branch

Nominal Size (In.) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Qutside Diemeter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, Sy, (psi)

Firtting

Fitring Discription

Nominal Wall Thickness (in)

Minimum Wall Thickness (in)

QOutside Diameter (in)

Maximum Laying Height of Fitting (in)
Corrosion Allowance (in)

Material

Design Stress Intensity, Sp,(psi)

Run PiE

Nominal Size (in) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, S, (psi)

Nomenclature
To be determined P
650, T
A
.4 y
3/4" SCH 160
.218 Th
. 191 tmb
1. 05 Dop
0.0 a
SA 376 TP 304
16, 100, Sm
3/4" SWFOB
.688 T¢
. 6356 tmf
75 Dof
. 794 Ly (max)
0.0 a
SA 182 F 304
16, 100. S
6" SCH 160
.718 Ty
.628 ‘mr
6. 625 Dor
0.0 a
SA 376 TP 304
16, 100, Sm

ITEM

Case Number Three 3/4" SWFOB on

T -
— Duke Power Companv

6" SCH 160

PROJECT Catawba

JOB NO

~ JTp

ITEM NO ‘SHT J OF e

TR Y F) s (. [**™ 1 1 /2011

Oe -




. '

| NE-2643. 5(b) REQIEEKENT
de & 2T, No AgeA REINFORLEKENT FEQIRED
de = Dy - 2Ty = 1.750 - 2(.688) = . 574
Bn= (Uor - Ty) ]2 = (£.625-.718)[7 = 7.954
2N(2.994) (1) =.79| < . 374
vo AREA FENFORLEENT REQUIRED R TS CORBINATION

. NB-260¢. | (e) REQUIFEHRENT

m ¢ 0.5  (ODE ZIRESS INDKES /KAT gE O=ED
Rm

rm= (D= To)/2 = (105 -.218)[7 = .416
Rm = 7.9%4
Fom [Ren = 141 £ . 5

co (DPE TIRESS INDILES AN B UZED

A

2. IMXURIA TTEAIGHT TIPE AND #MTTING PRESSORE

P= 25m (t,.-3 EQUATION (2) Ne- 34l |
Up - 2{(tm -8) v e

OF ' AH leO K] b20°F AND  IATEQIAL SA-2T16 TP%04
Sm= 16,|00 P21

= 2(lioop=a) 7%= O) - 3303 P51 Vo FROLRAK VALE

6.625-7(4)(.628-0) OF 2304 poI.
O NEEE. Turee - Y4 oMfor [T Duk: Bewee  Gaoauy
. ON & oCH LD CAZAwEA
TR = = JOB NO
8y ‘]r‘:j' T Ibi'ft'f _'};T;’Z‘i[cub_ Vi’iﬁ(mf . ?DAYL'.T\'J;Q'I;]:] “Tirem o e — ’Tsii 2 ' '6;’:—

TG -20f-
EDS NUCLEAR: 220 MONTGOMERY ST. « SAN FRANCISCO, CALIFORNIA 94104



5. (N'.

r 24" 2IgoB K LOD°F 4D MATERIAL SA-1BT 204
Sm = 6,100 P51
Dob = l.O50 = .91 CONNECTING
©ob ’t\v\b q %/4‘” ‘.;Z"Eq’“bo FlrE

P= 2(1ti10o P21)((141-D) - 855 Vo, AHEENA VALUE
l.oso - 2(4)(-\91- 0) OF 6844 p=1

o

co RON PIfE VALL THCENESS 15 LINTING

ANKDA THIKNESS oF 4V/POB REQUIEED 19

tpn = _Pd + 28(5,, + PY) £ (2 N

N 2(5n+ PTY -P) S ﬂzb—%‘ll.l
d= Dy - 2(tg) = 1 75-2(65¢) =.426
do= 2204 (438) + O =.0512

Z(lt o0 + . 4(2%04) - 2204)

4 LuNTS OF zaMFOﬁLE/M&N'\'
KON pIpE .
dg =Deg - 2(T¢) = .374
HAT GG % {d% + T+ Tp =187 +. 76 +.686 = |.513
La = 1.59% V& Frovean VALE OF 1595
BRANCH  pIPE
ly= 5V 0T + B
(= Ot - Tp)f2 =(1.7%- 188)]z = 53]

ITEM 0 . CLIENT .
| LHE NUABEQ. THREE B .c,f_%ixa Feurg €
- - SES— - - + ﬁffi-v‘fﬁ'

CLY YTV S—

-

0B NGO
o ———— —

bl JTP - EEAYE ,/_3’;210(0";/‘:‘(‘ - frb”( L‘I’I.c;ljl ITEM NO "_—"—‘['s'm 3"0; :r'*"'*

Moy =
EDS NUCLEAR: 220 MONTGOMEQ&' ST. « SAN FRANCISCO, CALIFORNIA 94104




¥ )

Tt/2 =688z =.344
Tf2 = 718z =,359
L= 259 vo PROORAN VALLE OF . 259
S5VCsEN(eey + 5(.%%9)

407 B f'ﬁ%ﬁAl/\v\/ALUE OF 407

ANIRIA (7 = LREATEE. OF {

LN

i\

5. ACEh FEQUIRED | Agey, VERSUS AEEA AVAILABLE
Aeg = d tear (2- 800 o)
= 438 (L2B) (e - oW 90) = 7275 N*

A+ Ay = 2L4(T-1) = 2(482)(.68%-.0512) =.¢13
Ay =(2La-dp) (Tr =Tm) = (2(1:593) - .379) (116-218)< 0.0
CESION  RESEORE WAoo BEEN ZELECTED U THAT THE

RON pPIP= HAS NO ADPDITIONA L QEINFOKLE//\ENT ArEA
AVAILABLE .

AgmsA'+Az+A3

& 40 veorer eraNcH ALOVABLE Desibrl pre<alpe
ANCE THE AVAILABLE AREA |5 OLEATER THAN THE

FEQUICETD ALEA THE N VILL Qﬁtu 05T AN
ALLOVABLE  (E45ILN (Lgf‘b‘w eQuAL THE RUN
7IVE pReoupE OF 220

ITEM

CLIENT
Jkﬁ me&:{kw v 9901[Cf—£—A-_ -_??&ii 'Ci";fdllh'—“
e O e T " Carmwé A
T T R il T " JOBNO
’bai_) “7, > ‘ronu Ty ja 7)¢cub Io-u: 7 T —lifem N0 ]sm . "Y"o?‘?"

Ly -20h-
eds EDS NUCLEAR: 220 MONTGOMERY ST. « SAN FRANCISCO, CALIFORNIA 94104



2
-

T AAMIKDIA POEBLE fREAONRE AND REQUIRET Ry

SINCE THE AVAILABLE ALEA (5 OrENTER THAN THE
FEQULIREN? MEA THE CONNELTION 1o DESIONED FORK
THE /AAVIRVA PO BLE RE VHICH 15 THA
OF THE RUN Pipe preccldpe oF 2204 pol. THE
Rz VALLE ' REQUIRED foR. A DEASILN (rESSIR= OF

2200 DEFAULTS 1O THE ANIUKIA FADIUS ASSOUUATED
VITH THE SRESS INDICES, (e, THE .359 1N,
CALLOLATERD IN 4.

ITEM

" CASE  NUMBER THEEE TR

Doke Powes C
PROJECT ‘,TJT "'n"‘k o LipRsa
LB TH B

JOB NO

= Imtl_\l}:“]’l—’l Tmemno e Isu'i' '50;—?“‘*
' -20i-

EDS NUCLEAR: 220 MONTGOMERY ST. » SAN FRANCISCO, CALIFORNIA 94104

b’v“‘;j“_/;/) ‘Toirt 1-3e- 77{“0
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Data Sheet for Sample Problem - 4

Design Conditions

Design Pressure (pslg&

Design Temperature ( F)

Duke Piping System Classification
Temperature Factor

Branch

Nominal Size (In.) and Schedule
Nominal Wall Thickness (In)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, Sy, (psl)

Fir_t'mg

Fitting Discription

Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Maximum Laying Height of Fitting (in)

Corrosion Allowance (in)
Material
Design Stress Intensity, Sp,(psi)

Run PiE

Nominal Size (in) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, S (psi)

To be determined

Nomenclature

700,

A

.4

2" SCH 160

343

300

2,375
0.0

SA 376 TP 304

15, 900,

2" SWB

. 969

. 937

3.625

1,341

0.0

SA 182 F 304

15, 990,

8" SCH 160

. 906

2793

8.625

0.0

SA 376 TP 304

15, 900,

ITEM

Case Number Four 2" SWBon 8" SCH 160

CUENT

Duke Power Company

WOJECT  Catawba

J08 NO

ID‘W = 0‘7_)ICID \/K..I iDAYf Hlbol’,?

ITEM NO

[ SHT
!

IO‘

g




[ NB-%64% %) PEQUIREKRENT
e £ 2TR.T,  No AZER EEINPOUEKEN] FERNRED
aF =Dy - LTy = 3625 - 2(.969) = |.467
B = (Gor - )2 = L8629 - 90L])7 = 3659
2N (28A)(906) = 274 L 1687
oo MEA PENPOIEKENT REQUKED FOC Trrs corpmaTion]

2. NB- %e8b, | (<) fequieehenT

r'wm 4 0.5 (ODE S[RESS |NIES I BE LD
Rm

o= (Do~ To)/7 = (2575 ~843)[1 = lo16
Bon = 312957

I = 23 £ 0.5
r<' 2

m

oo CODE STRESS INDICES /m" BE ED

2 KAXIAVA STRAIGHT APE AND ATTING  pRESTIEE

P _2%5m(te -38) eQUATION (2) NP -344 |
Do-27(tm=-8) P

fR 8" 2H 160 AT TOFF M0 IMTERAL SA-316 TP204
Sm= 15,900 P=L

P=_2(15900)(192-0) . 2(54 V5 PROLFNA VALUE OF %155
.625 — 72(.4)(.193-0)

£ 2 16D __CATAV/BA

108 NO

""—Vf(_— A rlTl;éB—ﬂanitﬁ;:é “—Fﬁrﬂjﬁc[q{ ITEM NO oy _lfm—’i‘di zﬁ
i\ =20k~
) EDS NUCLEAR: 220 MONTGOMERY ST. » SAN FRANCISCO, CALIFORNIA 94104




5 CON'T
= forR 7" #svi& AT TOO°F AND KNTERAL 4A-18Z F%04
Sm=15900 P5L. |
RBy<2%19 4= 200  for (oNNecNE 2'50H 16O pipe
4 12900 200-0) - 4468 k. FAA VALUE OF 4470
4 2.315 - 7 (.4)(.200-0) Y r
co RUN fiIfE VAL THLENESS 15 LUIKGTING
ANRIA  THLENESD OF VB REQUILED |5
4, mPd +78(5m1YP)  EquqioN (3) N-364)
2(5m t1FP =)
d= Top - 2(tmt) = 2615 -2(.957) = . 751
= 2155 (1.751) + 0.0 = .19
" Z(15300 +.4 (3155 )-31%5) !
~
4 LINT> OF FEINFORCEAENT
(AT 217 —
: fire & = Do - 2(T¢) = 3625 - 2(964) = [ 487
§ sty @) * T, +T; = .B844 4,906 +.%% = 1719
Ly = 2719 vo floofak VAWE of 2719
XA = (2lp -dg)fz = (2(2119)-1.¢87)[2 = |875
PRaNCA PIpE
LM'—‘.&UFM'[; " 2 .’JrL
tm = (Poy - T) ]2 = (562%-.969) 2 = |.523
L LKE NIWEEL Ut e RiKE Yower Cp ]
- ¢ KIRWE S
BY ’I[K}%"'"“[Wt‘”!_ailfn‘lcxb‘j_] f; IDHE‘\Jl}v: ,';:Z‘“'l?fﬁ”n“o“‘“'- Tl_s‘rﬁ 30! 5

-201-

X EDS NUCLEAR: 220 MONTGOMERY ST. « SAN FRANCISCO, CALIFORNIA 94104




4 ON'T

ANIKLIA, r;_ = LIEKER OF {T&h' it
' | T )2 = Qotfz =.45%
Vo = 482 Vo FEDORNA VAUM= OF 485
= 5\ (1228)( 9A) + .5 (489)
= 09T Vo  fobran VALE oF 609

D Meh PEQUIFED | Apeg | VERSY> MEA ANALABLE
heg = dt, (1 5m &)
= 1,751 (.19%)(2 - %m 40)
“laen "~
At by = 2L (Te = tw) = 2(.801)(944 -197) = 1249
AN he= 2 ¥ (T -1, )= 2 (1.875)(742-79%) =0
co BEANCH  MLOVIAELE (BALN REULE 15 CONTROLLING

6. 9 Tebpee PEANG ALOVABLE TESON (FEctUpE
Ang a &r. tr
d = 75|

4, _Pd, + 78 (5 +7P)
(9t IP —P)

AM=AH”' Az t As
A+ Az=2LN(TF‘f4)
“iba[Te - (B 238 (5m +P))

"YUt NkpEC. A Y Duke M >
A Lo Pﬁoucr
- CATAY/
TIEW S G S5 il i A w7 iR B v
BY VL-( DATE 1760[74 CKD J7P "DATE ”/3-/7 - ITEM NO Ism 4 OF 5
‘» ‘20m‘

EDS NUCLEAR: 220 MONTGOMERY ST. « SAN FRANCISCO, CALIFORNIA 94104




6 CoN'T |
~ As = 2Kla (tor - 1)

< 2 o (B2 e 100

4=0.0

i s BT Sl Al IV fee - BlE o]
fdy = 2ly[Me(omt1P-F) — Pdg ) + 2¥la [Ztm(ém*Tf"F) -?ArJ
* 4LnTe (om A TP-F) - Unfdg + 4Xlatun, (5mt TP-F) - ZilyP,
= AnTem + 4NTETP — 4lnTe P - Z2aTdy + 4Xlatime Sm
+ Al tme TP = 4XlatueF - 2¥1aPd,
P(dedy - 4LuTeT + 4LiTe +2Ludp ~ Allatm, ] + 4Mlptin, zxL,A,f)
= 4luTeBn T ¥4 Tinr Son

N
Fie 4lTe ©m + 4Xlatm e “m
dpdr ~ AT T T 4inTe + Zindg = Alpta, | + HXlatmy T2Xd
> 4% (InTe + Yla twe)
dedy = 4laTe (T-1) t ZLudy = 4Xptemy (T71) T ZXladr
R 4 (15900)(.963)(.8:7) +(792) (1.815)]
(1.151)(7.031) - 4(.8)(9AY 4-1) t 2 (809)(1.751)- 4(1.815)( T13)(j#-
+ 2(.815) (7.029)
= 2072 V5. PROLEAN (MDE OF 2017
" CNE Nlerr ok " DNE gNEL (0
2k ! 105XV,
— ‘ =
vl [Mjzolnn [T ITe I“‘;i.ﬁ; 0 il T W 5% 5 |
i EDS NUCLEAR: 220 MONTGOM.EF?\PS}.”o

SAN FRANCISCO, CALIFORNIA 94104




Data Sheet for Sample Problem - 5

Design Conditions

Design Pressure (psig

Design Temperature ( F)

Duke Piping System Classification
Temperature Factor

Branch

Nominal Size (In.) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, Sy, (psl)

Fittmg

Fitting Discription

Nominal Wall Thickness ‘in)
Minimum Wall Thickness (in)

Outside Diameter (in)

Maximum Laying Height of Fitting (in)
Corrosion Allowance (in)

Material

Design Stress Intensity, Sp.(psi)

Run PiE

Nominal Size (in) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corros.;on Allowance (in)
Material

Design Stress Intensity, S, (psi)

To be determined

Nomenclature

700,

A

.4

2" SCH 160

. 343

. 300

2,375

0.0

SA 376 TP 304

15, 900.

2" 6,000 #SWHC

+ 735

15, 900.

12" SCH 140

1,125

. 984

12,75

0.0

SA 376 TP 304

15, 900.

P
T

y

tmb
Doy,

'TEM " Case Number Five 2" 6, 000 #HC on

LIENT

Duke Power Company

12" SCH 140

PROJECT cata“'ba

JOB NO

By

7P [T vr3e-a™ Vil  [M|[40/17

ITEM NO

lsnr ‘or [:/




| N&-%642.% (b) FEQUIPEKENT
- de £ 02T RmT, NO AREA REINFORCESENT RERIIRED
de = Dog = 27Ty = 3159 - 2(.735) = 689
Ren= (Dor = Te) 2 = (127%0- |. 125)]2 = 5812
2V ¢eiz)(lres) = 511 < (689

o MEA RENFORLEINNT FEQURED FOE THIS COMBINATION

2. NB-2686. (¢) PEQAICEKENT

._én_ 0.5 CoDE STEESS INDLES AA( BE LSED

(= (Pop = T)/2 = (2515 - ,343)/7 = |0t

Km= 5617
fm o= 754 0.5
N -
oo CODE 5eEs INDILES K& B8 LsED
5. INAKI/ALVA STRAIGHT PIE AND FITTING PRESOORE
Pz L5m (tm - Q)
DO—ZT (tm “'a)
FOR 12" %A 140 AT TOO®F AND MATERIAL 24 - 3T6 Trzo
“m= 15,900 po1
P 2(15900)(984-0)  _ 261b V5. frobean VAWE GF 247
12,750 - 2(.4)(.984-0)
"YU NuEER Ve - 260007 HC Al f;':“’,mgmg_m_ et
- 12" =5 140 r " Chiavea,

—

| JOB NO

b e e e T e N— -

LS N oYY 777 T T, - Y/ 972 il ¥ 2% ¢
\ -

-20p
EDS NUCLEAR: 220 MONTGOMERY ST. » SAN FRANCISCO, CALIFORNIA 94104




2. CoNT

for. 2" Looo® He AT 0O°F AND MATERIAL ZA-1BZ FEa4

~—
S5m = 15900 PoI.
= 2515 ?/c.,=.';oo for CoNNeiNG 2" su4 (LD PiTE
. 2(15900)(.500-D) . 4448 o, pRLENA VALE oF 4470
: g 7.%27%5 - 2 (.4)(-300-0) P i por
o'c BUN pipe VALL ThuNEsS 15 LAMING
KNUYA VAL ThdNEZS oF b000™ HC RequiceD 15
4= _Pd + 28 (50 tYP)
2 (ﬁn*’TP" F )
' d=Do = 2tmg = 2199 - 2(725)= |7c%
= L26/7)([.70q) =.156]|
2(15900 + 4 (ze17)-2611)
N/

Rl . o

4. LT OF PEANTOLEKENTS

N fIre
{df = Doy -2Tp = |.t89

La = ClesTec OF

La = 2705 Vo pROGENA VALLE oF 2.705

XLA = (2 Lp —dg)/2 =f(2)(7.706) —/_554]/2 = |84
PLANUH Pige

In® 05T Tm T .t 0512

m= (O - Tz =(3199-.139)]2 = I.212

Cefr) * T, + Ty =045 1 L1154, 1352 2,705

| CE NeER. pE o DUE fvieg (0. ==
T A -]

JOB NO L
E'v"'\ﬂ&i“- "'ll'ﬁﬂi | @0“1 Icuo’:}L T P P‘n—'l’[&_‘ﬂz ITEM NO —"l'ir'«’f‘”'f,/q OF () 1

\ -2 -
2 EDS NUCLEAR: 220 MONTGOMERYO(;T. e SAN FRANCISCO, CALIFOnNIA 94104




4 CON'T.

il - I
K {T_p/z = .7125/2 =.2%68

| Tz = 1125)z = 545

L= 05V02R)(735) +15(.%62)= . 755 o fosean
VAWE ©ofF 753

¥, = OREATER. OF

5. MEA CeQUIFED VELSLS Mren AVAILABLE
Aee = d t, (Z-9m )
= 1109(, 964 ) = |. 687 WN*
b+ by v 2in (Tr =t ) = 2(765)(:755-.150) = .87
N ks = ZXLA (Tr —Ame) = 2(1861)(964-.984) =0
Pkeg ~ A + Ay t A3z

¢

oo DEANCH AUVAOLE DESON AEEOEE |5 CONTROLING

b 90 tebree PFANCH AUOVIABLE DeESioN frectlge
(“2E CME HUULER FAUR 707 TRNELOPAENT OF EGUATION BELDY/)

74 4 ém (TF Lt,l + tmr XM)
dedy = 4L T C1-1) * Z Lndg = 4 XA e CT-1) 1 2XLAY,

. 4 (s900)|( . 135)(.75%) + (954)(1.869)]
(.11) 1078) - 4(,15%5)(139)(,4-1) + 2(.15%)(1.71) - 4(1865)( 984) (.4

+ 2(1.62)(10.18)

= 7264 Vo PYOLENA NALYE oF 2747

ITEM

ok AR FIVE o e (uEg (0.
LKIDNIEA

A

DAt 2/5‘117::; JOB NO

(ZVANVN YT (I i I o
DATE Tex v JOME il / TiTem ~No SHT oF 7 |

11 /£0/11 dTF s i 4° 6
e -20r- '

B B R R N T T S T T Ty T YTy




T TetepmNEe Kp PEQUIRED ROF A TE4LN REZUpE OF 2700 fol
Ageq = d¢ ty AT
.= _Pdd + 23 (‘5m"’TP) |

2(5m +YP -P)
Neeg = A, -t'A,_ + As
Ath, = 2l (T - )

-2[. 61)»/,.\1'4 +. 51 (1) - #y t 23 un1¥P) )
Z(%nn + 1P P

Aa, = 2XLA (tme - t¢)

= 2¥A (L., - P2, + 23 (’:m*‘ff’_)_>
Z (Sm= YP-P)

4=0.0

e e e 1)

+ 2La ('tmr -__Fd,
Z2(9m +1P-P)

defy = 2Tf (Gm+0-0) (Vs + 12) - P (I 1)
+ 4Xtp tor (5t YP-P) - ZXLAT],
2T (om + - PR + v2) - P (T ez =
de Pdy + 2UnPdy = 4 XLptmy (Y + TP -F)
(Tt * ) 2Te(om™ TP -P) —Pdg ) =
ArPAg + ZXLa) = 4 Xlatime (Sm +T7 -P)

5 = S P(de t+ 2¥La) = 4 Xin twy (Sm +1P-F) _
2Te (6m+YP-P) — Pds

_____ (BB NNNZEL fAVE f;;‘iw?gmz;..ca__
N/ GJECT MAY/V/A

(34 \/L:—r CXD -r; Ve 1E g‘lé /‘76 JOB NO

—

61?’:“\-‘75:,1]1 ICKD JT‘? DATE //: ,_'nw‘io B Ism T OF

-20s-

EBOE MILCLEAR: 555 AT OMEDY £T 4 CALl EDASPAICOLS s



T CoN'T.
oot ry = (10.78)(2500) (111 + 2(1:8¢5)) - 4(1.865)(.484) (19900 + 4 (2i0s)-50:
| 2(15»‘:)(/5‘)00 + 4(2600) 2500)- 2%00(/.71)
| I~ \)(/.uz)(nas)
= 1. 477 V5 AOLRAK ULLE OF | 475
o
T e NUEER EIE o DME eonfeg (O
e 5 i T LATAV/ DA
iwr"“\jk.;r—_ 'Iﬁiff‘—““‘"_ CKD -0 [D”!/j[S(/7 (ITEM NO Isﬁf” éor ﬁ’“

. <&m» EDS NUCLEAR:

-2 t-

220 MONTGOMERY ST. « SAN FRANCISCO, CALIFORNIA 94104



Data Sheet for Sample Problem - 6

Design Conditions

Deslgn Pressure (psig

Design Temperature ( '7)

Duke Piping System Classification
Temperature Factor

Branch

Nominal Size (In.) anc Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickiess (in)
QOutsice Diameter (ir)

Corrosion Allowance (in)
Material

Design Stress Intensity, Sp (psl)

Firting

Fitting Discription

Nominal Wall Thickness (in)

Minimum Wall Thickness (in)

Outside Diameter (in)

Maximum Laying Height of Fitting (in)
Corrosion Allowance (in)

Material

Design Stress Intensity, Sp,(psi)

Run PiEg

Nominal Size (in) and Schedule
Nominal Wall Thickness (in)
Minimum Wall Thickness (in)
Outside Diameter (in)

Corrosion Allowance (in)
Material

Design Stress Intensity, S, (psi)

Nomenclature

To be determined P
650, T

A

.4

3/4" SCH 160

.21

———

9
S

1
0.0
SA 312 TP 304
16, 100.

3/4" SWFOB
. 688 T¢
. 656 tn1f
1.75 Dof
. 794 Ly (max)
0.0 a
SA 182 F 304
16, 100, Sm
14" SCH 140
1.25 T,
1.094 tmr
14.0 Dor
0.0 a
SA 312 TP 304
16, 100, Sm

ITEM

Case Number Six 3/4" SWFOB on

CUENT

Duke Power Company

14" SCH 140

PROJECY

Catawba I

JOB NO

L

]Dnt |

JTP ™" o307 i

\polgq ("

L. Y. e



[ Ne-%643.% (b) CEQUIREAENT
di < 0.2TRaT, Mo AREA REINFORCERENT REQOIRED
dg-—'do, -2 - 1750 - z(.688) = 374
2= (Do = T, )12 = (1400 - 1.25)]2 = 4.375
2V (6.27%) (1.75) - . 565 2 ,374

oo MO AZEA REINFORCEENT FZEQUIRED fOL Tl (OKBNATION

Z. NB-2686.1 (e) REQUIEEIENT

fem £ 0.5 (ODE S[RESS INDKES /AAT EE USED

K
(o= (Do = To)/2 = (105 -.218)/2 = 416

B = 6375

I« 065 <050

~m

o0 (ODE %Rest INDICES MA] BE UED

N THE PROLEMK THE 90 DECEEE BrANCH ALLOVABLE DESIGN
PRECCURE DEFAULTS 0 THE SKALLER AANALA ALLOVAEUZE
PEECOURE OF THE RUN PIpE OR CONNECTING BRANGH PIPE

N THE IDLEAN THE AANALA POSDIBLE PLESEORE DECAOLTS
O HE SMALLER MXUAUA ALOVAELE AEZURE CF THE RON
If= O CONNECLTING BEANCH pipe ., THE EEQURED RZ
uTe To THe LLEATER. OF T¢ /7 aND T, T

Tz = 6887 '= 344
Tlz = )25/2 = 425

IX- 24" 4YFoB o | DYE fovEL (O

PROJECT

14" = 14D

CATAV/EA

JOB NO

" ‘Ql-iﬂcub—ﬁ P‘*'*'—Isméggz'? TEMNO i Fi{f” 7% 7
-2 V-
EDS NUCLEAR: 220 MONTGOMERY ST. ¢« SAN FRANCISCO, CALIFORNIA 94104




8.0 PROGRAM LISTING




18

20

25

35

as

5s

PROGRAM CLIARIC Yursva netTsy FETN W, beudin

(

O O O O 0o 0O o

c
c

100

900

PRNGRAM CLIG'C(lnDUT.ﬂHYPUY.YIPES'INDHY.YlbgthHYPU‘)
CR WO Ay BLOHA, Y, TFLAG,L¥AX,STNR(1)

NATA BBV 10w OS/N /7T /

CALL NATEINAT)

C'\.JY'LNf

QEAN(S,S000) HFTT, VHRCH, NRINGNFMATL ,NPYATL

NMAT  my

[rlcﬂt(S).rf.n) GNTH 96N

PRINT | NGN

wRITF(h,6000) REV,NAT

REAN(S,S010) A,ALPHA,Y,IFLAG

LNCATE QTARY NF FXPANDARLF STNRAGF

Lo ArFESTNREL))

CALF ENn NF FITC)

Lis12enF]Y

CALF EMR NF RRCH()

L2sT e 1RRCHSL Y

CALC Fun NF RUNG)

LisTeMPUINSL?

CALC EMN NF FHMATL()

LOmGenEMAT oL}

CALC Fun OF PYATL()

LSSUetiOMATL ol 4 .

RESET TN ACCOMMNDATE ALL DATA EXCEPT MATERTAL NANSS
LMAXE! DalLSeA

CALL XPFLILMAX)

INPUIT AL DATA

caLL n]uvuflut17,~n0cu,unuu,nr~ATL.~DNATL.unavL,
: STOR(LS+1))

EXECUTE CALCULATINMS AnD PRINT TABLES

caLL Cl'CALC(”’!'v"“'C“pV'UNoN'NCVL.NP"A'L.NHATL'
L
. STOR{LS+1))
PRINY CLNSING LNGN AND EXIT
wRITFEI6,6010)

GNTNn jo0n

CONTINUE

CALL FYTITY

FNRwaATS

STNR(1),STNR(L1+1),STORIL2+1),STNR(L3+1),STORILUSY),

STOR(1)+STNRILI*1)STNR(L2¢1),9TNR(LI+1),8TORILESL),

S000 FNRMAT(IATS)
S010 FNRMAT(SELIN,0,IS)
6000 FNRMAT(\MY W1/ /11111007

L I I R I I B I IO I

aox,Soutttit'tt'oto.a.to.'ttaotatt...'.o.oqanoaoaoo-..ooo

U0X,S0mn »
aox,SOmMe EDS NUCLEAR, TNC "
nOI.ﬁfW' -
UOX,SOHw PRONGRAM «CLIRTCH -
AOX,S0He -
AOX,S0He ARFA QFEINFNRCEMENT ANN STRFSS JnDEX B
40X,504e CALCULZTINNS FNR CLASS 1 RPANCH CONMECTINANS *
a0Y,50+e FTR ASYF BPVC SECTINN J17T NHe=3s00 .
GoX,S50Hn .
GOX, 20K PRNGRAM VERSINN ,A1D,10X, IHe
a0X,32Hn CALCULATIONG PEWRFDAMED ,A10,7X, 1 e
A0X,S0He "

0279777k

NN NN NNNNNNNSASN

13 _u0 48

PALE






60

65

70

(

INGRA™ CLIAY

c

Ta/%4 ne sy (’ FTH G,.beulin

uql,tht'aoc-0..00-.0...0..oo..ooco.oaaooacc--co-.-oa.-'a)

-
ON10 ENRMAT (AN, 27242200707

EVD

u(-l,S"Nottﬂottaaoaotoo.ottt.o.to.Qt.o.o.oﬁt.'..on....q...
Q0K ,50Me .
40X, S)me ENS MUCLEAR, 1MC .
QU , ST -
any,Seue pPungRan «CLYIATIC S -
GOX,50He -
A0y, Shime ARFA RFINFORCEMENT ANn STRFSS ImDEX -
GNY,50Me CALCULATINNG FNQ CLASS 1 RRANCH CONNECTIONS ®
BOXaSNHmn PER AS~E APVE SECTIN® 111 Heis00 -
ANX,S0Hun -
QOX,S0mn ENn OF EXECUTINN ® .
OX, S0 .
AOl.%ﬂnonooatncootooot.-o.-c.cottto.a.o.-.atoaoaoootoooo.)

N2/0T/7A

T T T T U T T T T N

13,40 ,44

PAGE ( 2




sua(’  1vE DrweuT rar7a  weisy ( Flo a,ne13y0 B2/UT4TA 14,40 68

15

20

25

30

3

s

So

5s

60

QUABRAITINE ATNEHTIVFTT  MRICu, s nFuaT ,Homs T et T,
FIT, AulCw, wiun, FYaTL, Paati, »&aTL)

Ot A, ALPNA, Y, TF AL, | “AX

PIMENSTINY FITENEIT,12),88CH(MRECH, T,

OUNMENRIY, T) ,FYAT) (NESATL ,0) PHATL(NPMAY p8) e 8T (R, ~~aT)

Erwn FAuTRTLING NaTa

“RTTYEfR,n200)

COITFCAR,ANNY NEIT NARCH NRIIN, NEMATL (NPHATL ,a,ALPHA,Y

IF(IFLAG,FO,0) GNTN |0

#ATTF(A,H005)

CRNY v

READ A'D FCuN FITTING NATA

"RITE(H,671N)

rR 20 Tmil.nFIY

QEANIS,S020) (FIT(1.,0),J%0,11)

Franz~

TECFTITLY,7) "E, SH ) FLAGZ(He

FITEY, 7 =FLAG

""'0‘0)‘00-00000.'

""?ll"'.--oo-.oo.?

FITIT1,12)<0, SeFIT(I,V)eFITIT,S)ed

SRITE(A,6020) T1,(FITC(T,0),0m1,12)

CNUTINGF

QEAD ANNn FCHN ARANCH PIPE NaATA

“RITE(h,sN3N)

AN an 1el,NARCH

CEANCS,S040) (RRCH(T,J).J091,5)

IFIROCHIT S LT, 10 ,F=5) RACH(T,5)00 ATSeKRCH(T,4)

RQCH(T,A)20 Se(RACH(T,3)eRRCH(T.,0))

wRITE(H,6040) ], (RRCHIT,J), 181,5)

CANTIYIIF

REAN ann ECHN RUN PIPE NATa

WRITECLA,ADSN)

AN B0 TE]SNRUN

OFANIS,S060) (RUNIT,J),031,5)

1F (0 1(T1,5) LT, 10,FeS) RUN(T.SIE0 ATSeRUN(T,a)

BUNET,AYE0 SelfRIN(T,3V=RUN(T,8))

OUNET,7ISSORTIRUNIT,6)eRUNIT,4))

WOTTE(A,6060) 1, (RUNIT,J),Jx1,5)

CONT INIE

PREDARE TN FEXPAND STNRAGE FNR MATERIALS

LMEXs| “2aXeb

MuAT =N )

QFAN AND ECHD FITTING “ATERIalL NDATa

INCREASE STN2AGF FNR MATERTAL NAMES

wRITF(H,8200)

wOITE(R 0 TN)

AN 100 TeYanFuMaTL

BFANIS,5100) (EMATL(T,0)eJmi))

LRIMTIFMATL(IL3))

wBITE A, B100) T FmaTL(T,1),F=ATL(T,2)0L

LEv“ATL+]

FuMATL T,6)2FILOAT L)

NMATLRMMATL # INTEF~ATLIT,.3))

LMAXRI M M aRaTnT(FuaTLT,3))

CALL MRFL{L#AX)

DO RO wel,uATL

PAGE

(



DU( ITINE DINPUT

60

L]

T0

s

8s

9

102

108

alal el

Tarsve netTay

QEAN(S,SORNY (ATL(J.%),J=1,R)
SQITE (R, aNB0n) (AT LTI,k),0z1,R)

RO COAVTI~IIF

100 CANTINVLE
QFAN AN ECHN PIDE #aTERTAL NATH
INrREARE STNRAGE FNR »aTERTAL NA%ES
“PITEIR,H110)
N 14N TE) ,NPwATY
REANIY,S5140] TPMATL(T, ), =1,3)
LETNTIP=aTLIT. )Y

WRITECA,H140) T,P4ATL(],1),P*aATLIT,2).L

LEV“ATL o1
PMATL (T, 4)=FLOAT(L)Y
MMAT L RMATL o INTIPMATL T, )
LYAYSL YAXSRaINT(PuATLIT,3))
CALL XPFL(IL™aX)
PN 120 Nel aWWATL
QFAN(S,S120) (HATLIJ.,%), ) el,R)
ARTTE(A,0120) (HATL(I x),)mi,R)
120 COANTIYUF
140 CNNTINUF

EnD NF NATA INPUT
QETIIGN

FNoMATS
5060 FNOMAT(SX,2410,3E10,0)
KNAD FNAMATISX,TA10,45)
§100 FNAMATISX,2F10,0,F5,0)
5120 FNIMAT(SX,TA10,45)
S140 FNEGwAT(SX,2F1N 0,F5,0)

S020 FNAIMATISK,PALULUE10,0,85,2F5,0,/,25%,2E10,0)

SNA0 FNRUAT(SX,2419,3F10,0)
8000 FNAIMAT(UNNOFNNTRNL L ING PARAETERS
SY,u0H NIMEER NF FITTINGS

Gy, 00N NUMKER NF PIPF MATERIALS
Sx,u0H CORENSTINN ALLOwWANCE

SY,u0M Y PARANETER
6N0S FNIMATISIHD

6020 FNAuaTIT6,2X,810,2%,410,8F10,%,5K,45,2F10,0,3F10,3)

SX,u0M RNANCH/ZRUN TNTERSECTINN AMGLE

(

Gy, a0M NiMKER NF ARANCH PIPE CRNSSSECTINNS
Sx,a0M HULRFR nF RUN PIPE CRNSS=SFECTINNS
Sy,u0m NUMAER NF FITTING MATERTALS

ETV 4, heulVil

02701778

MENNNSNANNS

Fo,3,54 (1n) 7
Fh, 1,04 (DEGYZ

Fo,1

STRESS TNDICES ~JLL RE CALCULATEND AND PRINTEN
6010 FNRwAT(// 2a% INPUT DATA FNR FITTINGS

6030 FNRMAT(// G424 INPITY NDATA FNG RAANCH PIPE CRANSS=SECTIONS

gnao°¢nouavcyo.el.ttﬂ.ZI-Alo.ﬂ‘l”.‘)

600 FNRMaT (/7,394 [N2UT DATA FNE QUN PIPE CRNISS«SFCTINNS

G0K0 FNRMATITIS,2X,A10,2%,410,5F10,3%)

K070 ENAMAT(//, 334 INPUT DATA EN@ FITTING “ATERTALS

BOAND FNAMATIIIX,TA19,45)

A1N0 FNAMATrIANN “ATL NT, TR S» (PS1) ® FA_N,5K,

IDESTGH TEP (DEG=F) 8 ",F5,0,/

112, 4PPLTCARLE MATERIALS')

e

-~

13,480,656

PAGE ( L



.l{ JTINE DIMPUTY M Tadl NPTy ( FTy G, pedltp 02/07/77A 13,40 ,48 PAGE ( 3

.

115 6110 FNENAT(//,30% NPT NATA FOR PIPE “ATERTALS )
AI20 FNIuAaT I N, TaY 05
G140 FENEUMATIaND “atTL NN, 13,1% S» (PST1) & ER 0,54,

TDESTIGY TEmp (NEGeFR) 3 *,FS, M./
. 112, 40FL JTCAMLE MATERIALS")
120 K200 FNRMAT(IMY, #//, 414 SCLIATCE ANES BEINFNSCEwFAT FALCULATIANS
28 F R OURNLCH LI CTIOnS 7
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s

3o

3s

qas

55

mo

(a] o

Ty

Ano

su(’ ITINE CLICALE Yas74  NETsy (’ FIN U, bealtn W2/0T/TR 13,80 46

SUADNHT INE CLICH CENFTT  NRACH, 1N 1N, NERATL ,NP-aT W ATL,
FIT, BOCH, Pun, FMRTL, BeATL, “ATL)
FAMMOY, R BLPH A, Y TR AL, ~AY
NIHE ST BTITILRETIT 12) , BUrNlIVARC, 7)),
CU»(nDﬂ‘.,),F'.Y[(MCNIYI.u).ole[tM.nl’L,n).—AlL[A,Hnng)

LN PVER KNS PIRE “ATFRTALS
a1 ann ]D“,',“Dugvl

PRIMY TaR| E§

=0 ITFI4,555%)

SuQePrATL IO, 1)

TEvpoePwATL (P~ 2)
MPIEINTIPMATLIIPY,a))

MDD DY G INTIPUATL(1PM, ) )e]
WRTTECA,3RYR) (MATL () ,%), " avP|,»P2)
LOP NVER AEANEH (FTITTING/PIPE) ~“aTERTALS
nn gnnn JFs] FATL

SMFEFMATLITFM, 1)

TF PEaFMATLITFY,2)
MEIRINT(EMATLIIF 1,0))

ME2EME Lo IMT(EMATL(1F ,3)) =)

NESInAY TFUPERATURES nuv NF QANGE] SKXIP THIS PUNZHRANCH MATERTAL CNMBINATID
IF(ARQ(TEMPReTEHDE ) AT _10,0) GNTN 1000
wRITFIK,2222) (VAYL(tol)oﬂ-*flcﬂ'l)
wRTTF (A, 1111)

“RITFIH,1112)

LNNP NVER RN PIPF SFCTIONS

nn 958" 1Qe) ,AQIN

IF(Ie, %F 1) 6N TN 777

“917610-6000) H"Hllﬂot).IU“(l'oE).luutlﬂalt.cﬂntll.,)
G0 TN ARA

“RITF(6,555%)

MPISTNTIPMATLIIPM,q))

MOPenPy & INT(PMATLITIPM,3)) = |
VRTTErS,3383) (MATL(1,x),"aMP],%P2)
ME1ETHTFMATL(IFM,0))

“EQmuFY) ¢ INT(FMATLIIF™,3)) » |
WOTTE(§,2222) (MATLI1,X) KaMF1,4F2)
wRITF (8,1111)

WRITE(6,1112)

SOITEIA,BN00) RUMITIR, 1) ,RUNTIR,2),RUN(IR,4),RUNIIR,S)
CANTINUFE

PRN s RUNITAR,D)

Tevgan(lR,S) = A

DRT ® NRN = (TRHa2 0)

RYMgRINIIR,4)

RRA 8 (NPN e RTM) /2,

OuE g 2 NaSuRaTRN/(DPN = 2, ncvotan)
qere ¢ snovqnnnonv«\

nRITE(H,duaa) Sro,PpHR,Y

agTan,

AN 9no 16172, NFTY

1FRS & TNTIFIY(IFIT,8))

1FRM & TNT(FIYC(IFIT,?)

NAY w AQCH(TFAS, )

TA4 g ARCH(IFAS,S) = A

PAGE ( .



suy

70

5

as

s

10%

ITINE CLICALE Ya/v4 nePTey (’ FTV 4, b4433R 02707778 1% 60, 46

L8

805

LUB

802,

AdY

PRl 8 NAD = (Tawe2 0)
cua g (PR e Tauy /2 .0
TEMPH g DMATLCIPY, D)
SuR g PHATLITIP>,1)

PvA g a.cosvucvnul(ngn - z.o.v.vun)
nEN g EIT(IFLT, V)

TE“ g FITCIEIT,SY = A

NEY 8 NEN = (TF¥e2 0)

TAA u AQCHITFERS,4)

TEA m FIT(ISIT,m)

RAAL ® (DAN =TRA) /2,

QFAA = (DFN e TFRYZ2,

nElA m NEN e (TFase2 0)

SLM s FITITIFIT,H)

REA = (NFN e TEM)/Z2.0

"% @  SeAMAXI(RTY,TFA)

16 ((OQa/QTN LE S0, ), 4"D, (RRAA/RRALE,0,5)) O TH 108

ADD CABNS #MICH NOTE THE LIMITS NF NAe3ABA 1 (F) ~ERE NOT “ET
TECIFTY BN NFITIGN TN 735

N TN 900

1E (. 2+8nRT(RRASRTH) LT NFIA) RO TN A0}

POA x AMTNI(PHR,P4R) =

Q2% & RAM

6N TN AN

LN 8 AMINT(SLN,O,5#(3NRTIRFAA«TFA) ¢ R2M))

DLA 3 AMAXI(DFIA,(NFTA72, ¢ TFA & RIM))

LN m XLN®AMINI(], N, SUF/S4R)

XLA 3 (PLA®2,0 = NFIAY/2,0
DDP-(S“oaz..(z.-anoVFA-nf[o?u-))ltz,cnlxo(vp-.v.VQ-olLu)ou,olL»o
1 TFAe(l, =Y))

[F(epp, L T, P¥R) GO TN A0S

PRPARAMIN] (PMR,PMA)

RP2AmY2~

GN TN AN4

PPP = ru,o.suo.(t:Aolluoton.lLA))/cnrx'nng.p..(ooxalLu ¢ DRTAYLA)
1 o G, 0a(Ye] O)e(TFARXLN « TRMaxLA))

X223 3 AVAXICINFTA/Z2,0 & TFA » RTM), (NFIA/2,0 » o,SOSnRT(OOAQBT-),)
X?% = (X2%e2,D0 = DFIAY/E,0

P2Y m (h,Da94Re(TFASXLN ¢ TEMax23)) /7 (UFTenRI + 3., UC(NFTAXLNY o
1 PRIeX23) = b, 0a(Ye] 0)e(TFaAnXLN ¢ TAMax23))
PPERAM ML (PPP,P2])

PPLeAMIN] (PMR, P¥A)

1F(PPF ,GT,2500,) G TN AD2

POASPPE

Pe?%00,

TF(P2Y LT ,PPP) RN TN ADY
n)n-(nnyoﬂa(orloa,.lLA)-c,.lL|-tn~a(s~uov.o-9))/(z,otrno(s-!oVovcp
1 YePaNE1Y=SART(RFAACTFA)

6N TN ApA

Q30 » ((.hoa?-(nrl-Dannv\-(?.-vnuo(sunovoo.v)-o.nbl)Oe.'lll)ltl.'
|'CAo(!ubo't’-.)oﬂ.nfl')-SOQY(DFAAQVCh)

6N TN ARG

PPAEPPF

CrEE B A i

1 (PPF GF ,PPL) PPARPPL

CANTIMOFE

TFCERUNETIR, 3 LT, B,825),08, (RUNITIR,E),LT,,5)) 60 TO 705

PAGE ( e



sd; UTINE CLICALE Tasta PTEY (’ FTM G,nedliR W2/07/7R 13,480,486
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118 “RITF(A.617D) FITOTE T, 1), PN IR T Y, 2),FIT(IFIT, 4),FITCIF]T,S),FPa,
Vf“ph.nl‘.lL”.ﬂ?“.Q?U,S(:.Dﬁﬁ
6N TN 9nn
705 CNUT T
IF(EYTEIRTY, YY) Bl 6™ IGN T 905
120 HeTERST +1,
SRITE(A,T1IS) FITCTIRIT 1) b ISCIFIT,2) FITCIFTY, 4),FITCIFIT,.S), PP,
TEMPR, DI A, X%, 024,820,800, Pua
TFECIFTIY _EO NFIT) 6N TN 735§
GN 1IN 9nn
125 908 CNUTINUE
aeTensST ¢ 1,
WRTTECA.BIN0) FITCIFRIT 1) o FITCTRIT , 2)eFITCIFIT,d) FITCIFTIT.N),.PPn,
TEMPR, DL A, ALV, R2%, 820,80, PuR
l‘(l‘!' EnNFITIGOD YD 73S
1530 GNn TN 9npo
73S EANTYINIE
IF(RST AT, 0. )60 TN Ten

GN TN 9nd
760 CAMTINIE
13% “RITE(A,TARD)
6N TN 9nd
1111 sneMaT(//, = T
" Q9M ARANCH FITTING FITTING QU DFLKRFE
) e MAXTMIM QF INFNRCEMENT MINTMUM «SX,t  SPACING AL
140 LNwARLE',/
. LY S1ZE FITTING AVERAGE MINTMUM RRaNew
« DFSIGN LIMITS R2 S, CRITE®~IA DESIG
N PRESSUREY,/
& QSM v YYPE wALL wALL L

148 «TEMPFRATURE LA LN REQUIREN,SX, ! SOUARE RNNT  FNR

JATRAIGRHTY)

1112 FORMAT(99M ALLOWARLE DESIGN
= aAND JSX,I0F RM X TR FITY
LING TYeR!, 7

150 ° oTH PRESSUFRE

a REONUIRED R2,/

. 9TH INCHES INCHES INCHF S PsI,

. F INCHES INCHES PR 2SNOPSI,7Xx,' INCrHES P

os'o ' O’ '

‘ss . agu e —-mmme-- Tesesew il L LA L L R Bl
e PEScsvennae CE L L T E e 'SI. lesronmabonnosnnenne
...-.-...-..-')

QUUG FNOMAT(ISX, N SHE,FR N, S6 PST,,2X,294 MAXIMUM ALLOAABLF PWESSURES
. R N 'PSTY,SX,'YR ' ,FS5, 3,/

“o . '.-...-....-...--.P‘..-....‘...........-.......-....-.......
........--..........................'..- ....................
yowmnee=')

6000 FNAMAT(/, 10X, 11H PIPE STZFE9,2410,",", 144 AVFRAGE wALLS,F10,3,%,1,1
JUM mMIvIMUM wALLE,F10,8%,)
168 6100 tnn~AV(oP ALO,PFO S, RY Bh N, BK,FS 0,0X,FS 3,2X,FS5,3,51,F5,3,F8,%,
TX,FR _3,10x,F5,0)
5555 ‘nnn.'(‘u‘,,/,]n.,?ﬂu APP| ICARLE FNR maTERTAL S o/
11X, leevacsarsnansnsnsssmanns ")
2222 rnnu.vt|7l,10u FITTING MATFRIALSEIT(2X,410),2X,4%)
170 3333 FNAMAT(ITX, 16K PIPE SATERTALSE, T(2x,A10),2x,45)

718 '"9“67““.”0-"'-fﬂ.S.FO.Soﬂlth.ﬂ-.lo‘S.ﬂ.hl.FS.l.?l.lS.l.ﬂlyls.
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P b TRN ENUuAT(//, aaf B s BTINNY W01 GECOavEr GED STulE R0 PIEE sapl TeiCd -
JHEQS ann/ik MNVINAL PIPE STZF RELO» VALUESY, 7/
178 0 SN, T AnNuy (N MIGefQe2t)
QaN CNNTINIFE
¢ 950 £ATIrE
1ang ATy F |
: ' PF TURY
180 O . '




Notes Applicable to Branch Connection Tables

(1) No such fitting exists for this piping configuration,
(2)  Special welding Boss (SWB) not permitted per MDG-ES-2,

(3)  Combination not included in original proposed work effort,

«22a~
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APPLICABLE MATERIALS TABLE 2.1 TEMPERATURE: 600°F
SUN 2" ;g? 59303(4)4 & 312 TPS0&: A 306 TYIL6 Minimum Allowable Stress (Sgm) :_ 16, 400
Piping: A 378 : g Corrosion Allowance 0.0
RUN PIPE FITTING BRANCH PIPE - Size, Schedule, and Allowable Pressure (psi)
PIPE
l 2 . 3 4 l l' -l 2 2 -
Allowable * (see Figures Sc/h s Sc/h - Kby 8 s\l:{fl:fz ISch/lblOn. Sch“;w
Size & Schedule | Pressure | 1 2 and 3)
(psl) 7570 6970 6290 4830 4730 4610
2 In. Sch 160 4610 6000#HC (3) 4610 NR NR NR NR
24 1n. Sch 160 4120 6000#HC (3) 4120 4120 NR. NR NR
3 In. Sch 160 3930 60004 HC (3) 3930 3930 3670 NR NR J
4 In. Sch 160 3690 6000#HC (3) 3690 3640 3330 3380 NR
SWB (2) (2) (2) (2) (2) NR
SWFOB (1) (2) (1) (1) (1) (1)
5 In, Sch 160 3500 6000#HC (3) 3440 3390 3110 3120 3210
SWB (2) (2) (2) (2) (2) (2)
SWFOB (1) (2) (1) 1 (1) (1)
6 In. Sch 160 3360 6000#HC (3) 3270 3220 2960 2970 3010
SWB (2) (2) (2) (2) (2) (2)
SWFOB (1) (2) (1) (1) (1) (1)
8 In, Sch 160 3250 6000# HC (3) 3120 3060 25849 2830 2840
SWB 3250 3250 3250 3010 3150 3170
SWFOB (1) 3250 (1) (1) (1) (1)
10 in. Sch 140 25850 60004 HC (3) 2730 2680 *2490 *2480 *2480
SWB 2850 2840 2850 2630 2749 2740
SWFOB (1) 2850 (1) (1) (1) (1)
12 in. Sch 140 2700 6000%HC (3) 2570 2520 T2300 *2330 v2340
SWB 2700 2660 2700 *2470 2560 2550
SWFOB (1) 2700 (1) (1) (1) (1)
14 In, Sch 140 2730 60004 HC (3) 2600 2550 *2390 *2370 *2360
SWB 2730 2680 2720 *2490 2570 2550
SWFOB (1) 2730 (1) (1) (1) (1)

NR = Combination not recommended since mean radius ratio would invalidate use of current code stress indices.

* = These pressures may be increased to 2500psi if a r, value given in Appendix B can be met.
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APPLICABLE MATERIALS

TABLE 2.2

(

650°F

- TEMPERATURE:
Fitting:  SA 182 F304 Minimuam Allowable Stress Sm) : 16, 100
Piping:  SA 376 TP304; SA 312 TP304; SA 376 TP316 Cladmmaian Al falt’ - JoNEs
RUN PIPE FITTING BRANCH PIPE - Size, Schedule, and Allowable Pressure (psi)
PIPE
Miowaile \soe Tigwes] il | S | T TTTTRRTTTRI T AT
Size & Schedule | Pressure | ] 2, and 3)— -
(psl) 7430 6840 6180 4740 4650 4520
2 In. Sch 160 4520 60004 HC (3) 4520 NR NR NR NR j
24 1n. Sch 160 4040 6000#HC (3) 4040 4040 NR NR NR )
3 In. Sch 160 3860 6000#HC (3) 3860 3860 3610 NR NR
4 In. Sch 160 3620 HO00#HC (3) 3620 3580 3270 3320 NR
SWB (2) 3620 3620 3620 3620 NR
SWFOB (1) 3620 3620 (2) (1) (1)
5 In. Sch 160 3430 6000% HC (3) 3370 3330 3050 3060 3160
SWB (2) 3430 3430 3320 3430 3430
SWFOB (1) 3450 3430 (1) (1) (1)
6 In. Sch 160 35uu 60004 HC (3) 3210 3160 2910 2910 2950
SWB (2) 3300 3300 3120 3300 3300
SWFOB (1) 3300 3300 (1) (1) (1)
8 In. Sch 160 3190 6000# HC (33 3060 3000 2780 2780 2790
SWB 3190 3190 3190 2960 3090 3110
SWFOB (1) 3190 3190 (1) (1) (1)
16 In. Sch 140 2800 60004 HC (3) 2680 2630 *2450 *2440 *2440
SWB 2800 2780 2800 2580 2690 2690
SWFOB (1) 2800 2800 (1) (1) (1)
12 In. Sch 140 2650 6000%HC (3) 2530 *2380 *2310 *2300 *2290
SWB 2650 2610 2650 *2430 2510 2510
SWFOB (1) 2650 2650 (1) (1) 1)
14 in. Sch 140 2680 60004 HC (3) 2550 2500 *2340 *2330 *2310
SWB 2680 2630 2670 *2440 2520 2510
SWFOB (1) 2680 2680 (1) (1) (1)

NR = Combination not recommended since mean radius ratio would invalidate use of current code stress indices.

* = These pressures may be increased to 2500psi if a r,y value given in Appendix B can be met.
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APPLICABLE MATERIALS

TABLE 2.3

(

TEMPERATURE:

700°F

Fitting: SA 182 F304 : e
Piping:  SA 376 TP304; SA 312 TP304; SA 376 TP316 N ST q&i?.;ﬁ'é”%
RUN PIPE FITTING BRANCH PIPE - Size, Schedule, and Allowable Pressure (psl)
PIPE
Allowable Nsce Figures) o'y qi/r.4nlon6 ek 200 l;ﬁ;‘ lSclh/fﬁlon‘ Soh 268
Size & Schedule | Pressure | 1 2 and 3) -
(psl) 7340 6760 6100 4680 4590 447OJ
2 In. Sch 160 4470 6000%#HC (3) 4470 NR NR NR NR
24 In. Sch 160 3990 5000#HC (3) 3990 3990 NR NR NR
3 in. Sch 160 3810 6000#HC (3) 3810 3810 3560 NR NR
4 In. Sch 160 3580 6000#HC (3) 3570 3530 3320 3270 NR
SWB (2) (2) (2) (2) (2) NR
SWFOB (1) (2) (1) (1) (1) (1)
S in. Sch 160 3390 60004 HC (3) 3330 3280 3010 3020 3120
SWB (2) (2) (2) (2) (2) (2)
SWFOB (1) (2) (1) (1) (1) (1)
6 in. Sch 160 3260 6000#HC (3) 3170 3120 2870 2870 2920
SWB (2) (2) (2) (2) (2) (2)
SWFOB (1) (2) (1) [ 1) (1)
8 In. Sch 160 3150 6000# HC (3) 3020 2970 2750 2740 2750
SWB 3160 3160 3160 2920 3050 3070
SWFOB (1) 3160 (1) (1) (1) (1)
10 tn. Sch 140 2770 6000# HC 3) 2650 2600 %2420 * 2410 *24i0
SWB 2770 2750 2760 2550 2660 2660
SWFOB (1) 2760 (1) (L) (1) (1)
12 In. Sch 140 2610 6000¥#11C (3) *2490 ¥2450 *2280 *2270 #2260
SWB 2610 2580 2610 *2400 *2480 *2480
SWFOB (1) 2610 (1) (1) (1) (1)
14 in. Sch 140 2650 6000%#HC (3) 2520 . *2470 *231C *2300 *2280
SWB 2650 2600 2640 *2410 *2490 *2480
SWFOB (1) 2650 (1) (1) (1) “)—.L

NR = Combination not recommended since mean radius ratio would invalidate use of current code stress indices.

* = These pressures may be increased to 2500psi if a rp value given in Appendix B can be met.



Table 4.1

Minimum Laying Heights

Nominal Half-Coupling Special Welding Special Welding Flow

Size 6000 1b, (In.) Boss (in,) Orifice Boss (in.)
1/2 .815 . 654 . 794
3/4 .878 .716 .794
1 1,045 . 841 .904
1-1/4 1,108 . 903 -
1-1/2 1,170 . 966 -
2 1,545 1,341 -
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Material

SA-376 TP304
SA-312 TP304

SA-376 TP316

Table 4.

2

Design Stress Intensity Values Sy

3w

600°F
16, 400
16, 400

16, 400

Temperature
650°F
16,100
16,100

16,100

700°F
15,900
15, 900

15, 900



'GZ'

6000# Half-Coupling

Size (Inches) 3/4"
A - Length, End to End ' 1.500
C - Bottom of Socket to Opp. End .878
D - Depth of Socket . 500
E - Dlameter 1.541
F - Bore for O,D, of Plpe 1.070
H - Diameter of Bore . 629
t - thickness .456

Reference: ANSIB16.11 - 1973

Figure 2,1

l"

1,625
1.045
. 500
1.876
1.335
.830
. 523

e

1-1/4"

1.750
1.108
. 500
2,221
1.680
1.178
.523

1-1/2"

1.750
1.170

. 500
2,529
1.920
1.353

« 588

6000% HALF-COUPLING

2"

2,250
1.745

. 625
3.154
2.411
1.704

.725

nominal
minimum
minimum
minimum
nominal
maximum

minimum
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D
SPECIAL WELDING BOSS (SWB) (nominal dimensions)
A B c D E F G H ] K

N.P.S. +0.032" +0,005" +0.032" +0,032" +0.032" +0.032" +0.032" +0.032" +40.065" +0,032"
1/2" 1,500 0.860 0.438 0.313 0.750 0. 500 1.375 0.188 0.438 0.750
3/4" 1.750 1.070 0. 594 0.469 0.813 0.563 1.500 0.188 0.484 0.828
2,250 1,335 0.781 0. 656 0.875 0. 625 1.750 0.250 0. 609 0.891
1-1/4" 2,500 1.670 1.156 1,031 1.000 0. 688 1.875 0. 250 0.563 1.063
1-1/2" 3.000 1.920 1,328 1.203 1.000 0.750 2,000 0. 250 0.703 1.047
3.625 2,411 1.688 1.563 1,250 0.875 2,500 0. 250 0.781 1.469

Note: Header wall thickness must be a minimum of 0, 500 In. Header must be 8 in. NSP.
Reference:  Duke Power Co. Engineering Standards MDG-ES-2 Rev. 0 and MDG-ES-3 Rev, 1.

Figure 2.2  SPECIAL WELDING BOSS (SWB)
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@ METAL AVAILABLE FOR REINFORLEMENT

E WELD METAL
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Appendix A

Applicability of Results to McGuire Nuclear Station



The baslc pipe and fitting dimensional information is independent of the ASME
Code and Duke Design Specification. The ASME Code of Record for Catawba
Nuclear Station is 1974 edition with addenda through summer of 1974, For
McGulre Nuclear Station, the ASME Code of Record is 1971 edition with ad-
denda through winter of 1971, A review of NB-3643 and NB-3686 for these
two separate Code of Records shows no differences which affects these re-
sults, A review of the design stress intensity values for the materials con-
sidered In this report shows the two separate Code of Records to be identical.

"In Summary,” these results may be used for the McGuire Nuclear Station ASME
Section III Class 1 area reinforcement verification for branch connection types
considered in this report,



Appendix B

Program Output



’{u .

AARR AR AR R AR R R AR AR AR R AR AR A R A A AR AR R R AR RAR ettt Antan
. -
* EDS NUCLEAR, INC -
. -
" PROGRAM #CLIRICH .
- -
- ARFA REINFORCEMENT AND STRESS INDEX .
* CALCULATINNS FOR CLASS 1| NRANCH CONNECTIONS -
. PER ASME BPVC SECTION 171 NA=3600 .
. -
. -
- .
. -
* .

PROGRAM VERSIUN 02/09/78
CALCULATIONS PERF(IRMED 03/20/78

R R R R R R R R R S R R R R R R R A R R R A



SCLIRICS ARFA QFINFORCEMENT CAICULATINNS FOR RRANCH CONNECTIONS

ﬂ
CONTROLLING PanamfTERS "
NUMAER MNF FITTINGS ™ 14
NUMBER 1F wRaNCH PIPF CRANSSSFCTIONS = )
NUMHER [)F Rin PIPF CANSSSECTIONS B 10 .
NUMRESE OF FITTING MATFRTALS 3 3
NUMRFR 0F pIPF MATERTALS 3 4
CORRASTION ALLNIANCE s 0,000 (IN) &
BRANCH/RUN TNTERSECTINN ANGLE s 90,0 (PEG)
Y PaNaAMFTER - L u
-
STHESS INNTICES WILL AF CALCHLATED AND PRINTED
-
INPUY DATA FDR FITTINGS
1 172 1w mR 1,500 531 99 .54 . 1, e 0,000 0,000 25 ™
2 172 ™ §«FNA 1,750 +H88 558 794 » . P 0,000 0,000 219
3 374 1N 6000 Sanp 1,548 T L4586 + 938 ' 1e 0,000 0,000 «MN7
q Y4 ™ guA 1,750 578 .546 T16 - 2 1. 0,000 0,000 329 N
5 3/4 I SWENR 1,750 +BAR 656 794 . 2. 1 0,000 0,000 219
. 1IN 6000 SwHC 1,A81 L5133 .523 1,125 3., te 0,000 0,000 Lu18
7 1IN SwA 2,250 L7358 .703 LBay . 3 1. 0,000 0,000 Lu22 ™
L] 1IN §uFNA 2,250 L938 .17 904 * S, be 0,000 0,000 208
9 Vo174 N 6000 SwHe 2,226 533 .528 1,184 4, Se 0,000 0,000 585
10 tel/4 TN 9an 2,500 .b72 LU0 903 . 4, Yo 9,000 0,000 010 R
11 1172 1w 6000 SWwe 2,534 L59R .593 1,250 5, e 0,000 0,000 BTE
12 1=1/72 IN SwA 3,000 LA T B804 954 » S. te 0,000 0,000 598
13 2 IN 6000 SwHr 3,159 735 725 1.528 s, P 0,000 0,000 A58 N
16 2 IN R 3,425 «989 L9937 1,341 . 6, e 0,000 0,000 L,B7%s
-
INPUY DATA FINR RPANCW PIPE CRNSS=SECTINNS
1 172 v SCH 160 JBAn 187 160 )
2 376 1IN SCH 160 1,050 «218 «191
3 11 SCH 160 1,315 .250 L219
B tel/a 1N SCH 160 1.660 «250 219 ~
5 fe1/72 v SCH 160 1,900 281 L2480
L} 2 ™ SCH 1560 2,375 « 343 « 300
-~
INPUT DATA FNR Ry PTPE CRNSSSFCTIONS
ﬂ
1 2 I~ SCH 160 2,375 «3uy « 300
2 2e1/2 1 ACH 140 2.,R7S «37S « 328
3 LR LY SC™ 160 3,500 LJU3R LS ~N
a 4 ™™ SCw 1AN 4,500 55 o84S
5 5 ™ Cs 140 5,563 25 547
- O SCH 180 6,625 <718 JH2R =
Y HoTu SCH 1AN K K25 206 «793%
A 10 1™ 8CH 140 10,750 1,000 ATS
9 12 N SCH 1ran 12,750 1.125 R4 N
10 14 ™™ SCH 14n 14,000 1,250 1,094



eCLIAICH aARER RFINFNRCEMENT CALCHLATINNS

INPUY DATA FNa FITTING MATFRTIALS

MATL M0, SM (PST) = 18400,
1APP| ICARLE maTFRTALS
SA1R2 FiNU

MATL N0, 2 SM (PST) = 1a100,
14PP| IRARLE MATFRTIALS
SA1R2 FinY

MATL NN, % S (pST1) = 1%900,
1APPL ICARLE MATFRIALS
Sa1R2 F Y04

INPUT DATa FNR PIPF MATERIALS

MATL NN, SM (PSTY = 1au0DD,
3APPL 1CARLE MATERIALS
Salr6TO 804
SAalIATON1 s
Sayr2Teloe

MATL NP, 2 SM (PST) m 14100,
JaPo| TCARLE MATFRIALS
SAa%y1270304
Sal74TO Y04
SA3TATE s

MaATL ND, 3 S~ (P3T1) = 15900,
JAPD| YLARLE MATFRTIALS
SAYYIATPROM
Sa%y210304
S4374TP31s

MATL NN, @ §M (PST) = 18300,
1AUPL 1CANLF MATFRIM S
SASTATPILS

NESIGN

NESIGN

DESIGN

NESIGN

DESIGN

DESIGN

NESIGN

TEwP

TEMP

TEMP

TEMP

TEMP

TEMP

TEMP

FOR RRANCH CONNECTINNS

(NEG=F)

(DEG=F)

(DEG=F)

(DEG=F)

(DEG=F)

(DEG=F)

(DEG=F)

a0n,

850,

700,

600,

850,

700,

700,

—



APPLYCARLE FNR "MATERTALS:

PIPE MATFRIALSE SAZTATPING Sal76TP316 SA3127TP304
EITTING “aTFRTA!I S3  SalB2 Fl04

RRANCH FITYING FITTING 90 NEGREE MAXTMUM REINFORCEMENT MINImMUM
S12¢ FITTING AVERAGF MINTMUIM ARANEH DESIGN LIMITS Q2
Tvor wWALL whAl L remesrae T sem .. TEMPERATURE LA LN REQUIRED
ALLI'WARLE DESIGM AND
PRFSSURE REGWUIRED R2
INCHES THEHES INCHES PS8!, F INCHFS INCHES FDR 2500P31
LA B L 2 J e ee-- A P L b R R R EEE----—-- B R Rl R E R
PIPFr §12F= 2 IN SCH 160, AVERAGE walLl > e 303, vIMNIMUM wmills « 300
§uz 16400, PST, MAXIMUM ALLOWABLF PRESSUREs dell _PSY Y= ,a400
..-.--...-...O...-..-.C-...-.‘.--....-......--..-.......-...-.--...-.-..-..........‘-...........
172 SwAw 5% L499 a1, &no, 1,09% « 388 266 L,266
172 SwuFNHe LHAR .h56 4s11, 600, 1,218 «474 <340 _3Saa
574 6000 Swur L485h .45k aslt, 600, 1,118 367 «233 L2338
374 R e SR TS ast1y, 690, 1,218 435 «2A9  ,2n9
374 SHFNRe NCLL JHSs antt, 600, 1,218 474 «3us  ,dau

ACOMBINATION NNT RFCNMMENNED SYNCE RUN PIPE WALL THICYMESS AND/ZOR NNwINAL PIPE SIZE HFLW VALUES
SuiiaN NN “Nfet Se?

SPACING ALLOwWAHLE
CRITERIA DESIGN PRESSUNRE
SQUARE RNNT  FOR STHAIGHT
NneE R x TH FITVING TYPE

INCHES PSI,

«59%0 7568,
+590 71569,
<590 8972,
590 8972,
«5%0 6972,



APP| ICARLF FNB MaTERTALSY

R S T R R
PIPE MATERTALSY SA3I7TATPI04 Sa376TPS1e SA312TP304
FITTING “ATENTALSY SA1B2 F304

ARANCH FITTING FITTING 90 DEGREE MAXTMUMN REINFORCEMENT MINIMUM
S11f FITTING AVERAGRE  MIMIMUM ARANCH DESIGN LIMITS R2
f"‘f waLl wALL AR ?ENPEQ‘YU’E LA LN ﬂ[ou[l[b
ALLNWARLE DFSIGN n
PRESSURE RENU. D R2
INCHES INCHES INCHES PSI, F INCHES INCHES FOR 2500PS1I
LA A A ) e e smae- R LR R B mEaEEE---- EE R ) R asseaRTa-
PIPE Q12Fa 2el/2 1IN SCH 1460, AVERAGF wa|Lw <375, MINIMUM WALLSE 328
S“g 1le400, PST, MAXTIMUM ALLNWAKLE PRESSUREs 4120,pPS1 Yz L400
R I e L R L L
172 Juee .93 L1199 a120, 600, 1.12% 388 286 266
172 SLFNAe JOHR .AS56 4120, 600, 1.250 474 J3a6 %4y
3/6 000 Swwr Ldhe L4568 ay2n, 600, 1.148 307 233 ,2%3
34 Jufe .578 L5us aj20, 6o, 1,250  L435 289,249
3/4 SwENie CLL] A58 4120, 600, 1,250 74 +3a44 344
1 6000 SwWuC %5135 s 309 aj2o, 600, 1,318 433 « 267 287
1 SwAe o735 .70% 4120, 600, 1,500 « 557 368 348
i SaFNAe L93a 917 ¢120, s00, 1,500 027 L4899 L4pSe

ACOMBINATINN NNT RECOMMENDED SINCE RUM PIPE wALL THICKNESS AND/OR NNMINAL PIPE SIZE RELOW VALUES
SHOAN NN uNfefSe?

[ -
-

SPACING
CRITER]A
SQUARE RONDT
nF R™ X TR

INCHES

L8685
L6RS
685
L 685
685
L6845
L585
58S

ALLOwABLE
DESIGN PRESSUNE
FNR STRAIGHT
FITTING TYPE

PsI,

1569,
7569,
6972,
0972,
0290.
6294,
6294,



ACPLICARLE FNR MATFRIALS:
L R R R R
PIPE MATERTALSE SAITATPIDE SAY74TPYIS SAXI2TPING
FITTING “ATERTALSY Salmr2 rF304

ARANCH FITTING FITTING 90 DEGREE MAXTMUM REINFORCEMENT MINTMUM SPACING ALLOwANLE
S12F FITTING AVERAGE MINTMUM [RANCH DESIGN LIMITS R2 CRITERTA DESIGN PRESSURE
TYPE wALL wal L eescsscscccncens TENMPERATURE LA LN REQUIRED SQUARE RDOT FOR STRAIGHT -
ALLNWARLE DFSIGN AND OF A% X TR FITIING TYPE
PRESIURF REQUIRED R2
INCHES INCHES INCHES Psl1, F INCHES INCHES F IR 2500PST INCHES PSS, o
LA A & ) e e-- -mesaswew L R R R TS --- R R R R R R R ..-......O-..-.O....'-.-.....

PIPE &12F» 1IN SCH 1860, AVERAGF wWille JU38, MINIMUM WAlLSs 383
vz 16400, P87, MAXTMUM ALLDWARALE PRESSUREa 393s P31 y= ,400
......-..I...-..-...-.....-.-....-...-.-....-....-.Q.-.-....-......-.......-........-.... PR R .........-..-..--........-.

1/¢ SR e 53 L 499 39%s, 500, 1.188  ,38s 266 L2066 819 7569, N

172 SwERae L 556 3938, 600, 1.313 JU74 J3a4 ,3as LB19 71569,

3/4 000 Swwr P UhA LUu5h 3938, 800, 1.211 367 «.233 ,23% B19 8972,
3/4 SWRe LS5TR LSun 3934, s00, 1,313 L4358 L2R9  ,2R9 L819 6972, ™

3/4 SwFNAe LHAR 656 31938, 800, 1,313 L,47a .3aa  ,3aa LB19 8972,

1 6000 Swul «53% 523 393s, 500, 1,379 433 o267 287 819 6294,
1 AR 135 L70% 3935, 800, 1,56%  ,S557 368 L 3e8 .819 6294, ™

1 SWFNHa <9348 <917 393s, 600, 1.563 027 UL L +H19 6294,

tel /4 AO0Q SWuC +3533 .528 I6TR, 600, 1.551 L4569 287 287 JAle sy,
1=lv4 Qufe 672 JHU0 393%s, 600, 1,688 560 «336 3% 819 “sl2, -

ACOMRINATING NNT RECNMMENNED SINCE RU PIPE wALL THICKNESS AND/OR NOMTINAL PIPE SIZE BFLOW VALUES
SHIWN 14 MNRef Se?



APPLTICARLE FOR MATFRTAL St

A R R R
PIPE MATERTAL 83 SAYTATPIOU SA3T6TPIIe  SA312TPINg
FITTING MATERTALS: SaAln2 F30&

BRANCH FITTING FITYING 90 NPEGREE MAKI™MUN REINFORCEMENT MINImMUM SPACING ALLOwABLE
S12¢ FITTING AVERAGE MImpuUm ARANCH DESIGN LIMITS R2 CRITERIA DESIGN PRESSURE
Y‘DE wALL waLL R a---- TE"'EQ"U“E LA LN “EQU!“ED SOU..E HDDY FOR SV'AIG“'
ALLNwARLE DESIGN AND nF R x 1R FITTING TYPE
PRESSURE RENINED R2
INCHEFY INCHES INCHES PST, F INCHES INCHES FOR 2S00PSY INCHES P,
m-eeswew e E AR - Rl R B LR R R R R R R A .......‘.-.---..-.-.-........
PIPF §12Fa ¢ IN SCH 160, AVERAGE wALL= «531, MINIMUM wWaLLE®E 455
Sug  1s400, P81, MAXIMUM AL LOWABLE PRESSURE=s 3892 e8] vz L4000
.....-.......-.....-.-..-.‘....-...'....--.-..-......-..........-..................-.......-..-. ..-.-.....--'..............
172 Swiae S3 Lu%9 3s02, 600, 1,281 388 266 L2686 1,027 1569,
172 §wFNRe JHBR A58 3e92, e0n, 1,408 Java J3a4 das 1,027 7569,
374 6000 Senr JUhe L4Ss 3891, 600, 1.30a « 384 266 266 1,027 e972,
Ss4 Sefe 578 Tl 1092, 600, 1,408 435 « 289 2RO 1,027 6972,
374 §aFnae L LASh 1692, 600, 1,408 <474 «Jaa  ,Suu 1,027 o972,

1 6000 Sanr 533 523 3647, 600, 1,472 433 « 287 L2867 1,027 8294,

1 Swie <735 <03 3892, 600, 1.656 + 957 368 368 1,027 5294,

1 SuFNAe L9343 .917 3692, 600, 1.6586 827 LUB9 489 1,027 6294,
1174  AONO SwHC .533 L.S52A8 3%y, 600, 1,644 409 287 287 1,027 “B3y2,
1el/4 Suie 572 HU0 3692, 600, 1,781,580 L3386 L33 1,027 832,
1e1/2 4000 Swuf <594 .5°9% 3381, 600, 1.798 «530 «299 299 1,027 ar3s,
1=1/2 SeRe LR T LR0aQ 3692, ego0, 2.031 «58S Uil LU1A 1,027 ev3s,

SCOMRINATINN 1NT HFCNUMMENNED SINCE RUN PIPE WALL THICKNESS AND/NR NNMINAL PIPE SIZE RELDW VAL''ES
SHNan (W MDRefSee



RRANCH
S12¢

INCHES

172
172
374
374
374

1

1

|
1e)/a
1=1/6
1=172
{eivs2

COMATNA
Sl

APBRLICARLE FOR ~ATFRTALSY

PIPF mATERTAL Sy
FITYING “ATFRIAL S

FITTING
TYeF

FI1TTING
AVERAGF
wALL

INCHES

FITTING
Mph el
wAlL

TNCHES

SAYTeTPROA
Sa1R2 F304

SA3TATRPY

S43127P30¢

90 DEGREE
BRANCH
R R R )
ALLNWARLE DESIGNH
PRESSURE
Pst,

MAX IMUM
DESIGN
TEMPERATURE

F

REINFORCEMENT

LIn1TS

LA

TMEHFS

LN

INCHES

MIN] UM

R2

REQUIRED

AND
REQUIRED R2
FOR 2500P81

+ 353
344
313
.3'3
<3aa
313
«JbR
W49
313
338
313
W 418
« 3068
W 48S

PIPE S1IFs SCH 180, AVERAGE waLL® «025) MINIMUM waALLS 547
Smz  1p400, MAXIMIM ALLOWARLE PRFSSUREs 3500, P51 Y=
..........................-.-...-...-.-.......---.-.-.-..-.--......-...........-.---'......-....
GaH My 4 Lu9e 3soo, 600, 1,378 410 «313
SwFNAa CLL A58 3sono, 600, 1.500 474 . Juu
6000 SwuC LabA LuSs Sauy, su0, 1.398 Jun? o313
SwHe 574 S48 3Sno, 600, 1.500 Jaay « 313
[wENRe L A58 3500, 600, 1.500 474 . 340
6300 SwHl L5y .523 3392, 600, 1.568 «USs «313
LT 735 Lr0% 3500, 600, 1,750 557 368
S4FNARe .938 917 3500, 600, 1,750 0627 L8489
8000 SwuC «533 JS2A 3112, ecn, 1.738 492 «313
SuHe HT12 Y LR LN 600, 1.875% « 560 « 336
6000 SWHC .59R .593 3125, 600, 1,892 537 « 313
Swhe A% JRDG 3500, 800, 2.12% + 685 JU1B
6N00 Swm L7358 728 3219, 600, 2.208 558 « 368
LY 969 L% 3500, 600, 2,438 809 « 485

TINN NNTY RECNMMENNED STurfE RUN PIPE WAL THICHNESS AND/NR NOmINAL PIPE STZE RELOW VALUES

N NN uNGef Se2

SPACING ALLUwARALE
CRITENTA DESIGN PRESSURE
SQUARE wNT FOR STRAIGHT
NF A X TR FITYING TYPE

INCHES ps1,

1,242 7589,
1,262

1,262
1.242
1,262
1,242
1,262
1,262
1,242
1,242
1,262
1,262
1,242
1,262



o
g
~
L
~

APPLICARLE FOR “aTERTIALSY
PTPF MATERIALSY SAVTATPI04 Sal76TP31é SAN12TP304
FITTING “aTFQTa1 St Sa182 Fl04

B N e R

BRANCH FITTING FITYING 90 DEGRFF MAXTMUM PEINFORCEMENT MINIMUM SPACING ALLOwAKLE
S12¢ FITYING AVERAGE MrriymlM ARANCH DESIGN LI*ITS R2 CRITERIA DESIGN PRESSURE
TYOF wALL wALL cevemsensnmmmnns TEMPERATURE LA LN REQUIRED QNUARE ®NOT FUR STRAIGHT
ALLNWARALE DESIGN AND DF A™ x TR FITTING TYPE
PRFSSURE PEQUIRED R2
INCHES INCHES INCHFS rsl, F TNCHES INCHES FOR 2S0n0PST INCHES ps1,
- L -mmmee- - LR R R R L mEsETEsEaE--- R B ) _-EEssORESEe- .....-..-.--..-...-..---‘.Q’.
PIPE S17Fs & TN SCH 180, AVERAGE WalLls® JT18, MINTMUM WALL® 528
Smz  1s000, PST, MAXTMUM ALLOWARLE PRESS!REz 3366,P81 Ys L4000
e e R S Ll R L R b R ‘............‘.......-.....
172 SwhRe «531 Lu99 3366, 600, 1,468 Ju33 « 356 L1359 1,658 7569,
172 SwFNAe JHRA T 3366, 600, 1,593 Jua82 «359 ,3%¢ 1,458 7569,
3/4 6000 Swwl JUbs .N56 327s, 800, 1,091 «430 «359 359 1,458 6972,
34 SwAe +STA Y 35s8, 600, 1,593 470 + 359 L350 1,458 8972,
3/4 SwFnue MLl HS6 3366, 600, 1,593 482 <359 L3509 1,458 6972,

1 8000 Swnt 533 + 523 3220, 600, 1.659 J479 «359 ,359 1,458 6294,

1 Swhe « 135 <703 3366, 600, 1,843 <557 +J368 38 1,455 6294,

1 SwENAe «9%8 217 3368, 600, 1,843 627 489 U9 1,458 6294,
1=1/74 4000 SwHC «533 <528 296S, 600, 1.M «91S 359 ,L359 1,856 usle,
1=1/4 S48e 572 LH00 3186, 600, 1,968 571 « 359 L3859 1,658 wB3z,
1=1/2 600D SwkC 598 .59% 2969, 800, 1,988 « 560 <359 L1359 1,458 arss,
1=1/2 SWAe 836 A0 33s6, 600, 2.218 +b8S «418  Ldgn 1,456 ar3s,

2 6000 Swwf « 735 .128 3013, 600, 2,298 <056 38R 368 1,456 aetl,

2 Seawe L9809 937 3388, 600, 2.5%1 809 L4RS  Lu4BS 1,458 IR

SCOMATMATING 4NY RECOMMENNFD STHCE RUN PIPE wWALL THICKNESS AMN/OR Nnuiwnal PIPE SIZE HELNW VALUFS
SHDmy NN MhiGeESe?




BRANCH
S12¢

INCHES

172
172
376
374
34

i

1

1
{174
j=1/4
1=172
1172

APPLICARLE FNR ~aTERTA) St

PIPF MATFRIALSY S4376TP304 Sal76TPIIe Sa312TP304
FITYING MATFRTIALSY SA1R2 F304
FITTING FIYTING 90 DEGREF MAX [MUM REINFNRCEMENT MINTMUM
FITTING AVERAGE MINTMUM ARANCH NESIGN LIMITS R2
Tyos wal L wALL cemsrsnrnenmnnne TEMPERATURE LA LN REQUIRCID
ALLDwARLE DESIGN AND
PRFSSURE REGUIRED R2
INCHES 1NCHES PsI, F TuCHES INCHES FOR 2500PS)
Rl Y -Emesse- PR L ) R B B R R P B R P R
PIPF ST7E=2 SCH 160, AVERAGE wWALLS 2906, MINIMUM wALLS . 793
Smz 18400, MAXIMUM ALLNwWARLE PRESSURE= 3254 P81 Ys 400
....-.-.-.--...-....-..---..........-.-....-.'..-..............-......-.-........-...........-..
SwR 531 L4999 $254, 800, 1.856 480 L453 L4583
g vFNA LL 556 32S4a, 600, 1.781 +529 453,453
€200 SwHC T L4586 3122, 600, 1.679 <477 J45%  L4S3
AL «S7A S48 3254, hoo, 1,781 517 «453  L45)Y
SwEnn JHRA 556 32%4, 600, 1,781 529 .45% L4653
6000 SwMC 533 525 Vobae, 620, 1. 847 «H26 «453 L4653
SwR « 738 .70% 3254, 600, 2,031 500 <453 L453
SwFNA L9114 917 3254, 600, 2.031 H21 JUBT LUB9
K000 SwHC .533 .52R 2840, 800, 2.019 582 453  L45)%
SuwH A2 JhUo 3011, 600, 2.156 b1k <453 ,us3
6000 Swur +598 .59% 28y, 600, 2,178 007 +453% ,us}y
qwh Hin LADG 3148, 600, 2,408 o702 MULS BEETLS |
6000 Swmr L7358 . 725 2662, 600, 2,uR «Hh98 «4S3  ,453
LT L9869 L9937 3189, 600, 2.719 809 «URS 4RSS

-—
S

SPACING
CRITERTA
SAUARE ROQT
PF RM X TR

IANCHES

P TR L L L L b L Ll L ]

ALLUwABLE
DESIGN PRFSSURE
FOR 3TRALIGHY
FITTING TYPE

P81,

FRTRATSARTEER RS e R EE----

1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1.87¢C
1,870
1,870
1,870
1,870

7569,
7569,
8972,
8972,
8972,
629¢,
5294,
8294,
uale,
4832,
GT3s,
4r13s,
dotll,
as11,



~

APPLICARLE FNa ~aTFRIA 9
PIPF MATFRTIALSY SAITATPING SAZT6TPI16 SA312TP3nu ™
FITYING “aTFRTAL91 S41R2 Fl04
-~
ARANCH FITTING FITTING 90 DEGREE MAXTMUM REINFORCEMENT MINIMUm SPACING ALLOwmARLE
S12¢ FITTING AVERARE  MINMUM ARANCH DESIGN LIMITS R2 CRITERIA DESIGN PRESSUNE
1YPF walLL wapl cemmesnmmemnewme TEMPERATURE LA LN RFQUIRED SOUARE ROQTY FOR STRAIGHT -
ALLOWARLE DESIGH AND nE "Am x 1R FITTING TYPE
PRESSURE REQUIRED R2 .
INCHES INCHES INCHES PsT, F INCHES INCHES €0OR 2500P81 INCHES PS!t,
LA L 2 L ] e eme- R R —-mE--—-—— aTsETaTTsesT .- R R EE R R R Y PR L R R R b L
PIVE Q12Fa 10 IN SCH 140, AVERAGE wAlle 1,000, MINTMUM walle ATS
§M3 14400, PST, MAXTMUM ALLONARLE PRESSURE= 2856 ,P91 Yz Lu00
......-...-‘....--‘.--.-.--.-..-........-....-.---.-.-'..--....--.-...-...’.......-.‘........... L L R R R R B B R R R A -
172 LR 531 L4999 2854, 600, 2.7'9 .509 <500 ,500 2,208 7569,
172 InFNR LL] JAS6 2854, 500, 2.719 509 500 500 2,208 71569,
376 6000 SwuC LYY L4586 273s, 600, 1.773 «501 .500 ,Sno 2,208 6972,
374 SvA 578 L.548 284y, 600, 1,878 .54 «500 LS00 2,208 6972, ™
34 §«FNA LHAR 558 2856, 800, 1,878 L5461 2500 ,500 2,208 8972,
1 6000 SwwC «533% 523 2hR4, 600, 1,941 +350 2500 LS00 2,298 6294,
1 JuR 7358 .703 FLET 600, 2.125% 1623 «500 500 2,208 6294, o
1 S4FR J9%R .917 2855, 800, 2.12% H23 500 LS00 2,208 8294,
fel/é 5000 §anC «533 .52R 2494, 600, 2,113 L .S00  ,514 2,208 uB32,
1=174 SuR 672 LhE0 2633, 600, 2.250 P2 «500 LS00 2,208 “832, el
tel/2 5000 3wwC L5948 L.59% 2485, 600, 2.267 o630 «500 ,5u7 2,208 4738,
1e1/2 SwR <835 JA04 2744, 600, 2,500 o728 «300 L5500 2,208 “r3s,
2 6000 Sant +735 .725 FLLL N 600, 2.5%0 .r1e2 .500 ,S34 2,208 a1, =i
F <A L9609 .937 2745, 600, 2.813% 817 500 .S00 2,208 és1t,
-
-
-
ﬂ
ﬂ
ﬁ
ﬂ
ﬂ




BRANCH
S12r

INCHES

172
172
34
3/4
3/4

1

1

1
1=1/4
1e]/4
1=1/2
tel/2

APPLICABLE FNR MATFRIAL Y
PIPF MATERIAL 9t SANYATPI0U Sad76TP31s SA312TP3O4
FITTING ATERTALSY SalR2 F304

FITTING FITTING 90 DEGREE MAXTMUM QEINFORCE~ENT MINImMUN
FITTING AVERAGE  MINTMUM RRANCH DESIGH LIMITS 2
TYPE ~ALL WALL D R - TEHDEOATUQF LA LN REQUIRED
ALLOwWABLE DESIGN AND
PRFSSURE FEQUIRED R2
JNCHES INCHES Pst, F INCHES INCHES FOR 2500PSY
LA Y _—-Eame-.- mEmsamee L R B maEmaE---—-—-—- DR Rl ) L R R
PIPF ST2F= 12 IN SCH 140, AVERAGFE wWaAllLwm 1,125, MINIMUM wALls 98U
SME  1AUODD, P8Y, MAXTMUM AL LOWARLF PRESSURE=z 2699 pS] Y= L409
R e L e R
LRL + 331 Lu99 2699, 600, 2.81% 817 «553  .5s3
SwFNA LL 656 2699, 600, 2.813 «A17 «563 563
B000 §wuE L L4586 2S57AR, 600, 1,898 «532 «583 563
Swh SR LSae 2668, 600, 2,000 572 o563 563
SWENR +HAA A58 2699, 600, 2,000 a3te «563 563
6000 SwHfl 353 523 2528, 600, 2.066 o981 «58Y L5863
SuwH <738 .70% 2699, 600, 2.250 054 «983 583
S<FNR J93A 297 2699, 600, 2.250 054 «SH3 543
6000 Swur 533 528 23n0, 800, 2.238 017 o583 1,183
=R AT LH40 curs, 600, 2.375 073 L5683 L6409
6000 SanC +59R «593% 234s, 600, 2,392 ob02 «563 1,146
SwH LR JANG 2565, 600, 2.625 +TS? o563 568
6000 SwHC 735 «72S 2341, 600, 2,708 «753 963 1,1n6
SwhH L 937 2559, 600, 2.938 JRaB « 563 583

SPACING
CRITERTA
SUUARE ROOT
nF AM ¥ TR

INCHES

2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557
2,557

ALLO=~ABLE
DESIGN PRESSURE
FOR STRAIGHT
FITTING TYPE

P8I,

7569,
7989,
6972,
6972,
eS872,
6294,
6294,
6294,
“ese,
wuas2,
avss,
473s,
as1t,
“0!‘.



APPLICAMLE FNR MATERTAL 83
PIPEF MATER]AL St SA3YT6TP3IOU Sal76TP31e 84312TP30¢
FITTYING MaTFPTAL St SA182 FlC4

BRANCH FITTING FITTING 90 DEGREFE MAXTMUM REINFORCEMENTY MINIMIM
812¢ FITTING AVERAGE MTNTwIIM ARANCH DESIGN LIMITS R
T1YPF wAl L wal ]l L T T e I TF“PFRATURE LA LN REQUIRED
ALLN#ARLE DESIGN AND
PRESSURF PEAUIRED B2
INCHES INCHES IMCHES Psl, F INCHES INCHES £NR 2S00P8r
s .- e _—EE-————— R R R L R R R DR R R
PIPE S12Fa 14 1N SCH 14N, AVERAGF waALL3 1,250, MINTMUM wALLs 1,094
Suz 16000, PSY,  MAXIMU“ ALLDWABLE PRESSUREs 2733 es? fa  ,400
R e e e R R R R R R L
172 Swh .53 Lu99 273y, 600, 2,938 A48 WH25 4825
172 QWF R L T 2733, 600, 2,938 L) 525 825
3/4 500D Swnl JUbn L4Ss 2605, 600, 2.nhe3 0363 525 L8025
374 swa 574 T 2084, 600, 2.125 503 «525 4825
3/4 SWFNR CLL] ASH 273%, 600, 2.128 «S03 «525 4025
1 K000 Swur «533 .52% 2554, 600, 2,191 b12 « 025 L8625
| Swh « 7135 L7103 2723, 600, 2.37% 0886 «625 L8625
1 SuFNRA L9138 Lot _73%, 600, 2.37% 1086 «52% L0825
{el/8 AOODND SwHP «533 ,52A 2392, 600, 2,362 «OUR «628 1,152
1=1/4 Swh 572 hU0 249s, 600, 2.500 «T04 «525 L0645
1=1/2 w000 SanC +59A .59% 2374, 600, 2.517 « 093 «825 1,211
1e172 LPL) LAls LA0Y 2578, 600, 2.750 ,78A o625 625
2 H000 Swwe <7138 .72 2361, 600, 2.830 o722 «625 1,229

e LLL) «9860 .937 2559, 600, 3,068 ,B80 $625 625

SPACING
CRITERIA
SHUARE RDODT
NF W™ X TR

INCHES

ALLOwWABLE
PESIGN PRESSUWE
FOR STRAIGHT
FITTING TYPE

PsI1,

2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,828
2,823
2,823
2,823
2,023
2,823

7569,
7569,
6972,
s972,
6972,
6294,
6294,
6294,
“032.
w832,
4735,
arss,
as1t,
as1t,

.



AVPL TCARLE FNR maTreTALS)

B AR - -——-
PIPE MATFRIAL St SA3I2TRSO4 Sad7ATPI0U  SA3T6TP3L
FITTING MaTFuYAl St SAl1R2 F3l0u

ARANCH FITTING FITTING 90 DEGRFE MAX MM RE INFURTEMENT MINTMUM
S12¢ FITIING  AVERARE  MTHTMIM ARANCH DESIGN LIMITS R2
TYDRF wALL wall e TENPERATURE LA LN REQUIRED
ALLNWARLE DESIGN AND
PHESSURE REQUTIRED R2
INCHES INCHES THEHES PsI, F INCHES INCHES SNk 2500PST
VIPF §T7Fz 2 TN SCH 160, AVERAGE walls $ 343, MINTMUM tALLE +300
S¥z 16100, P81, MAX MM ALLOWARLA PRFSSUREs 4527 _pSs1 Y 400

172 Swite .551 Lu99 4527, 650, 1,093 ,30s 66 G206
172 SFNAe NCLL L858 as27, 650, 1,218,474 o30¢ L34
3/4 o000 Swul JUns Lu56 4s?7, 650, 1,116 « 367 «233 L2133
3/4 Safle ,57a LS4 4s27, 650, 1,218 W 43S 289 ,2A9
/4 S FnMe JHRA A58 4527, 650, i.218 T T

SCOMBINATIOG wNT RFCOMMENNED SINCE RN PIPE WALL THICRMESS AND/ZOR NnuiMAL PIPE SIZE WFLOW VALUES
SHNwy N Hfef Yo

SPACING ALLU~ABLE
CRITERTA DESIGN PRESSURE
SNUARE wOT FOR STRAIGNTY
neE W™ x TR FITTING TYPE

INCHES Pst,

,590 7430,
,590 7430,
+590 6bua,
590 LLETN
.590 CLTT



APPLICANLE FNR MATFRTALSYE
A R R

PIPE MATERTAL S SA312TP304  SAZTHETPING  SANTOTPRIs
FITTING “ATFRIAL Sy S2182 F30g

BRANCH FITTING FITYING 90 DEGREE MAXTMUM REINFORCEMENT MINI MM
S1it FITTING AVERAGE  mMyNimlim RRANCH DESIGH LIMLTS R2
TYes WAL L wAlL comvemnrennnnnen TEMPERATURE LA LN REQUIRED
ALLDwWARLE DESIGN AND
PRESSIRF RENUIRED R?
INCHES INCHES TNCHES par, F INCHES INCHFS &0R 2500PST
_-emaa- R - e R B R R ) L R R L ETE L R R R R Y
PIPE QT1ZFs 2=1/2 I¥ SCH 160, AVERAGE WwALL® «37S, MIMNIMUM WaALLlS 328
Sue 1e100, P§Y, MAYTmUM ALLNWARLE PRESSURE= 4OWd »PST Yz L a00
..-........-..----.....-.-...-.---.-..-..-.....-..‘......-‘--.-......-.-.....-......'.-......-..
1s2 Swile 531 Lu99 4oua, 650, 1,128 306 266 240
172 SuFNie L «hS56 4ouu, 65N, 1,250 474 <3us  ,34u
374 6000 SwwC JUbh LU56 4nde, 650, 1,148 o367 «233  ,233
$/4 qufe L,574 .Sde 4naa, 650, 1,250 435 «2R9  ,2AR9
3/4 SWFNRe LL] JASH 4044, 550, 1.250 dT4 a4 34y
1 8000 Swur .533% 528 4nda, 850, 1,318 «H33 287 L2867
1 Sune . 738 .703 anaa, 650, 1,500 «557 « 368 L3564
! SwENAe AL 017 40da, 6So0, 1,500 027 JUBT  LUR9

SCNMBINATINN MNT RECTMVMENNEN STYPE RUN PIPE wWALL THICKNESS ANDZ/ZOR NOMINAL PIPE STZE BFLOW VALUES
SHlimy DN MNLef Se?

SPACING ALLUWARLE
CRITERTA DESIGN PRESSURE
SRUARE RONT FOR STRAIGHT
NE A% X TR FITTING TYPE

INIHES PSI,

+HAS 7430,
085 7430,
«585 bBua,
L 685 LITH
+HES sB8uy,
+ORS 6179,
« 58S 6179,
«6AS 6179,



-

APPLICARLE FNR MATFPTIALSY

e ST AT ATAT AR E R ET e a..
PIPE MATEQIA( St SA3ZI2TPY04  SAZTATPI04 SA%76TPIIA
FITYING MATFRYALST Salr2 F304

ARANCH FITTING FITTING 90 DEGREFE MAX TMUM REINTORCEMENT MINIMUM SPACING ALLOwABLE
S12¢ FITTING AVERAGE MINTMUMm ARANCH DESIGN LInMITS Re CRITER]A DESIGN PRESSURE
TYeF wALL wALL D e L L YE"’fﬂl'Uaf LS LN ﬂ(':UIREO SUUARFE .007 FOR S”UXGN"
ALLNOWARLE DESIGN AND NF R™ x T8/ FITTING TYPE
PRESSURE REQUIRED R2
INCHES INCHES THEHFS Psl, F 1NCHES INCHES FOR 2500P8Y INCHES Ps1,
LA A A L A J - e mm-.- s eee.. LR R L EBEEseTSe-e- - O emEEmEREsSsascTsse PR R A T ) .............-.....--........
PIPE S1ZF= 3 INn SCH 160, AVERAGE waAlLL® JU3B, MINTMUM WiLls 383
S4s 18100, PST, MAXIMUM ALLDwARLF PRESSUREx 3864,°S] Y= Lu4d0
.....-..--.-.......-.-....-......--...........-Q..-...Q..-....-...-....-....-.-..l FEE T L R L A A ...................'..'....
172 GuPw <53 Lu99 L LY 650, 1.188 LT o286 L2066 JA19 7430,
172 SWFRe Ll 5586 3884, 650, f+313 @74 JJua L840 JB19 7430,
374 6000 SwuC Ll 056 3864, 650, o211 o367 «233  ,213 819 LLTTN
3/4 Swh e «STH 548 L LT 650, 1.313 JU3s J2R9 289 819 68U,
3/4 SuFNAN L 656 38m4, 650, 1.513 874 «3ad  ,3au A1 tB4a,
1 6000 §Swwe «53% .523 38hu, 650, 1.379 L4335 26T 287 A19 6179,
1 SwA a1 35 .70% 38s4, 659, 1,.56% «357 o368 368 .B19 6179,
1 SHFNARe 938 917 38hu4, 650, 1.563% 027 469 L4n9 819 6179,
fel/6 6000 SwuC «533 <528 3610, 650, 1.951 Uty 287,287 .A19 4743,
1el /4 QAN .72 Lhan 3”ba, 650, 1,588 « 960 336 (3% 819 4743,

CCNMBINATINSG NAT RFCOMMENDED STNCE RN PIPE WALL THICKNESS ANDSNR NOMINAL PIPE SIZE RFLOW VALUES
SxNAN N “NrefSe?



ARANCH
S1IF

INCHES

172
172
3/4
374
374

1

1

1
1=1/4
fel/4
1172

APPLICARLE FNR MATERTALSS

PIPE MATFRIALSE SAJI2TPI0Q SAZTATPIOU SAX?ATPIIs
FITYING mATERTALSY Sa182 fFlou
FITTING FITTING 90 DEGREE MAXTMUM REINFORCEMENT MIN] MU~
FITTING AVERAGE wMINTuUM ARANCH DESIGN LIMITS Rz
TYOF wALL wALL resrenmrsnnenean TEMPERATURE LA LN REQUINED
ALLNWARLE DESTGN AND

PRESSURE REQUIRED R2
INCHES INCHES esl. F INCHES INCHES FOR 2500P81
.- R B e am-- Tam s EmE---- TETaETE-aE.- EL L R T A L T L e-.Sa-

PIPE S12F= SCH 160, AVERAGFE waLL® «531, MINIMUM walle Uns

Sz 16100, PST, MAXTHMUM A LNWARLE PRFSSUREx 3624 ,PS91 Y= 400

R T e e e b
SR + 30 Lu99 3624, 650, 1.281 « 388 266 ,2h6
SwFilfie bRA TS 3624, 650, 1,906 474 JJud 34
K000 SwMl La66 LuS54& 3n23, 650, 1,504 LY Phh 2K
Swile 578 L54s 3824, 650, 1,406 435 «289 ,2AR9
SnENRe L A5h 3624, 650, 1,406 a7 304 L,3ad
ANN0 SwHC .533 .523 3S8o0, 650, 1,472 o933 267 G267
Swaw « 738 <703 3624, 650, 1.656 557 388 L3eA
SwFRe «93A +MT 3624, 650, 1,656 o827 4869 Ldp9
000 Senl .533% .52R 3270, 650, 1,604 J4b9 257 287
SwR e H72 L) 3624, 650, 1.781 o300 «336 L3386
5000 Smuf .598 593 3320, 650, 1,798 530 299 ,299
SWAe A3 LR04 3624, 650, 2,032 «585 418 LL3B

1=1/2

SCOMBINAT IO WNT RFCOMENDFD SINCE RUN PIPE WALL THICKNESS AND/DR NnMINAL PIPE SI2F AFLNW VALUVES

SHOw

v NN MnfeF Se?

SPACING
CRITERIA
SQUARE RODOTY
NE "AM X Tw

INCHES

ALLOwaBLE
DESIGN PRFSSURE
FOR STRAIGHT
FITTING TYPE

P81,

1,027
1,027
1,027
1,027
1,027
1,027
1,027
1,027
1,027
1,027
1,027
1,027

7430,
7430,
LLETN
68dg,
6844,
6179,
6179,
8179,
avas,
“ruy,
apus,
4nug,



APP TCARLE FNR MATERTAL 93
PIOF MATFQTAL S SA312TE304 SAZ7ATPING  SA3TETPII4
FITTING “ATFRT2L Sy SalR2 FYo4

BRANCH FITTING FITTING 90 DEGREE MAXTMUM REINFNRCEMENT MINTMUM SPACING ALLO~ABLE
LR 4 FITTING AVERARE MINTMUM ARANCH DESIGN LIMITS R CRITERIA DESIGN PRESSURE
TYPE WAL L WALL cmmscsonncenenes TEMPERATURE LA LN REQUIRED SNUARE RDOT FUR STRAIGHT
Al LNWARLE DESIGN AND nF AM x TR FITTING TYPE
PRESSURF REQUIRED R2
INCHES INCHES INCHFS PSI, 4 TNCHES INCHES  FOR 2500P81 INCHES PSt,
L LA B ] - - R R R meessssasnwew EEEmEERARsSReE .- R R ) L L L R L
PIPE ST17F= S IN SCH 160, AVERARE wa|Le 025, MINIMUM wallLz 547
§%s 1a100, o571, MAXIMUM ALLN~AALE PRFSSURE= 3434,PST Yz ,400
R e e el e L Y L R L LA L LR R B L LA
172 SwAe <93 L4999 Jaidn, 650, $. 578 «410 « 313 313 1,242 T450,
172 S~FNue «b6AR A58 3a3s, bS50, i.500 474 J3ad  ,34a 1,242 7430,
374 K000 Swul Jube A5k 3379, 650, 1,398 ue? « 313 J31? 1,262 884G,
3/4 SwfAw +«57A J5as Suss, 650, 1.500 Juay «313 313 1,242 LLETN
374 S~FNAw .6R8 56 33, 659, 1,500 474 <344 ,3ua 1,242 LT

1 6000 Swwur <533 .523 3330, 650, 1.566 458 + 313 313 1,262 6179,

i S e <735 +70% 3ules, 650, 1.750 «557 <368 388 1,262 6179,

1 SHFNH .91a 917 343s, 650, 1,750 627 JUKY  LUn9 1,262 6179,
fe1/4 H000 SwHC .533 .S2R 3055, 650, 1.738 L4992 +313 313 1,262 4r43,
1=1/4 SvAe HT2 YL 332s, 650, 1,878 2« 980 o336 L3386 1,262 4ra3,
1=1/2 6000 §wHC «598 .593 3088, 650, 1,892 oh37 313 313 1,242 ubus,
1=1/2 SwRe «B34 LA04 343s, 650, 2.125 085S J418 L4118 1,202 dnuB,

2 6000 SwuC «735 725 3160, 650, 2.208 554 «3458  ,36A 1,262 “s27,

2 SvARe L9893 .9V? 3434, 650, 2,438 +B0S «4B8S  L4nS {1,202 as27,

CCOMRINATINY NNT RECNMHMENNED STNPFE RIM PIPE WALL THICKNESS AND/NR NNMINAL PIPE SIZ2E BELOWN VALUES
SHNaNn Ny MNRefSe? .



ARANCH
S12E

INCHEF S

172
172
374
Ss¢
3/4

1

1

1
f=1/4
{elza
1=1/2
fei/s2

APP| TCARLE FNR MATFRTAL S

PIPF MATFRTIAL Sy SA3I2TP3ING  SAYTATPYI0G  Sa378TP31s
FITYING “aTFRTAL Sy SA1R2 F30e
FITTING FITTING 90 NEGREE MAX MU~ REINFORCEMENT MINIMUM
FITTING AVERAGE  MINTMUM RRANCH DESIGN LIMITS &2
TYPFE wALL wALL cevmsasmnnnemnes TEMPERATURE LA LN REGQUIRED
ALLOWARLE DESIGN AND
PRESSURE REQUIRED R2
INCHES THCHES Pst, F INCHES INCHES FOR 2S00PST
e _-ee-esm-.- L A L R R Y EEaEEE-.-———- e meETeT s s e L
PIPE S12Ea 6 IN SCH 160, AVERAGE waplLs «T18, MINIMUM wALLS 528
Sws 1al0n, 871, MAXTHMUM ALLNWARLE PHRFSSURE= 3304 ,pS1 s ,400
........--.-..-.....“.-...--..--...-.......-....0.....-..-....-‘.-.........-.-..Qt LR R L L R T
SuRe 531 L499 3306, 650, 1,408 $433 «359 L1359
AwFNRe LHAR .AS5h 3304, 650, 1.59% un2 359 359
6000 SwuC Jubs LU56 3213, 650, 1,491 +430 « 399 359
Swh e «S7A 548 3304, 650, 1,593 470 + 359 L3589
SaFNRa JHAR ASH 3304, 650, 1,503,482 «359 359
6000 SwHC <533 .523 3161, 650, 1.659 479 359 L1359
Qwie « 713§ + 703 3300‘ 650, 1,843 557 «368 L3858
SafFRa L9%R 9017 3304, 650, 1,843 o527 LUK Lus9
HBOND Swur « 3% .S2R 2911, 650, 1.801 515 «359 L1359
SwRe 872 LHa0 3128, 650, 1,968 ST «359 ,359
K0NN SwwC L59A 593 2915, 650, 1,988 560 .359 L3589
Swha LA T LROU 3304, 650, 2,218 085 JH18 L4188
6000 Swuf « 735 % ) g 2958, h50, 2.,72°9A 556 «368  L36A
Qul e Lm0 937 3304, 650, 2.531 o809 +URS 4RSS

aCNMATNA
Swa

TION uNT RECNMMENNED STHEE RUN PIPT WALL THICKNESS AND/NR NNMINAL PIPE SIZE BELNw VALUES
N (1 NP eE Se?

SPACING
CRITER]A
SQUARE ROOT
nF R¥ x TR

INCHES

1,458
1,458
1.645¢
1,456
1,858
1,458
1,458
1,458
1.456
1,454
1,456
1,450
1,456
1,455

ALLOWABLE
DESIGN PRESSURE
FORK STRAIGWHY
FITTING TYPE

PsI,

7430,
7430,
sBug,
684y,
LLETN
6179,
6179,
6179,
4743,
4ray,
abus,
4bup,
ase7,
4527,



ARANCH
S11¢

INCHES

172
172
374
374
3/4

1

1

1
1=1/74
le1/4
1=1/2
1e1/2

APPLICARLE FNR ~aTERTALSY
PIPE MATFRTAL St S4312TP304 SAYT6TPING Sa37e6TP31s
FITTING MATERTALSE SALR2 Fi0u

FITTING FITTING 90 DEGREE MAX IMUM REINFNRCEMENT MINIMUM
FITTING AVERAGE MINTMUM HRANCH NESIGN LIMLiPS R2
TYPF wALL wWalL sereccnsnmncanene TEMPERATURE LA LN REQUIRED
ALLO®ARLE DFSIGN AND
PRESSURE RFQUIRED R2
INCHES TNCHES Pst, F INCHES INCHES FOWR 2500P8T
e E---- Seesseswe mmE---—-—- R R L Y LR R R R TR RSs - PR R
PIPF SIZEs ROy SCH 160, AVERAGF wWAlL® W06, MINIMUM wilia + 193
awz 1si00, pPay, MAXTMUM ALLDWARLE PRESSURE= 3194 _pPS] i 400
B T T e I R Rl R L LR R
SwR .53 , 199 3194, 850, 1,656 L4800 JUSY L4585}
SwENRA «HAA .H56 3194, 650, 1,721 o S29 $453 L4553
6000 SwWHC JUBK LUSH 3085, 650, 1.679 477 «4S3 L4583
SwA .STR JHue 3194, 650, 1,781 917 #4553  ,L453
SrENA JHAR L) 3194, 650, 1,781 .52¢° 2453  ,us3
6000 Swwf 533 .523 3008, 650, 1 R4y 528 153 L4653
SwH « 738 +703 3194, 650, 2.0%1 «B00 «45% L4S3
SHENR J9%A8 L917 3i9a, 650, 2.001 627 JAK9  LUp9
6000 SwHC .53 .528 2788, 650, 2.019 L5062 UL LS |
Ll B2 JhE0 2955, 650, 2.158 -618 L4S5% ,us3
K000 SWwC +S9A .59% 2780, 650, 2,173 «007 «453  ,453
SwH LAl LT 3n9y, 650, 2,408 702 453 L4453
5000 SwwC + 138 .12% 2790, 650, 2,088 L6598 45y LuS3

awh L9869 037 111, 650, 2,719,807 L4RS  ,uAS

SPACING
CRITERIA
SNUARE RNQY
OF R X TR

INCHES

ALLOwARLE
DESIGN PRESSURE
FCR STRAIGHT
FITTING TYPE

PsI1,

1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870
1,870

7430,
Tulo,
CLET'
CLTT
bBuaG,
8179,
5179,
6179,
4743,
4743,
4buB,
4sbus,
4527,
4527,



APP| ICARLE FNOR MATFRIALSY

A R R R R
PIPE MATFRIAL St SAS12TP3I04 SAYTATPROG  S3A376TP3{A
FITTING MATFRYALSY Sa1s2 r304

RRANCH FITYING FITTING 90 DEGRFE MAX TMUM REIMVFORCEMENT MYNTMUM
S1f FITTING AVERARF wMINTmMUm ARANCH DESIGN LIMITS R2
Tyo¥f wWALL wALIL SR AR .- YED‘"QA'U“E LA LN REQU!RED
ALLUWARLE DFESIGN AND
PRESSURE KFQUIRED R2
INCHES INCHES INCHFS Psl, F INCHES® INCHES Fi(IR 2500P8T
LA A B L & J Temmes--- - PR L R R ] R R R Y LR R R R ) R R R L
PIPE 312Es 10 In SCH 140, AVERAGFE wALL® 1,000, MINTMUM waLLs= P75
Sva  1p100_, PSY, MAXTMUM ALLOWNARLE PRESSUREs 2R03 _pS1 Ys 400

R e e S L )
172 R <531 L499 2803, 650, 2.719 LB809 500 LS00
172 SAF A L 556 2Rn3, 650, 2,719 ,AR09 o500 (500
374 K000 Saut JUBN LUShk 26RS 450, 1,773 «501 «500 LS00
374 Svil «5TA 54db 2TR9, 650, 1,875 541 «500 L500
3/4 S~FNA JHRR A56 280%, 650, 1,878 W54 «500 ,L50n
1 6000 Sant «533 «952% 26135, 850, 1,941 550 <500 LS00
1 L 115 .03 2803, 650, 2,125 623 «500 LS00
1 SwFNR <9348 917 280y, 650, 2.128 023 $500  ,S00
fel/8 6000 SaHC .51%% L6528 2us0, 650, 2,113,584 500 L6171
{e1/4 9w H A2 YL 2585, 650, ?2.250 542 .500 LS00
1el/2 6000 Swwl <394 L59% 2“00, 650, 2.267 «630 «500 L700
f=1/2 Sw«h «A36 .ROG 2694, 656, 2.500 7286 «500 LS00
2 6000 SwnC <735 728 2444, 650, 2.580 o722 «S00 L0677
2 LR T L9337 26095, 650, 2.81% 817 500  ,500

SPACING
CRITERTIA
SAUARE RNOQT
NF R X TR

INCHES

ALLOwABLE
DESIGN PRESSURE
FOR STRATGHY
FITTING TYPE

pPsi1,

2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208
2,208

7430,
7430,
oBuu,
CLET'N
b8UaG,
0179,
6179,
6179,
“r43,
4ral,
abus,
uspun,
as527,
4527,




APD_ICARLE FNR MaTFWTALSY
L S R

PIPE MATERTALSY SA3I2TR304 Sa%74TP304 SAXTeTP3is
FITYING ~ATERTAI Sy SalB2 FY04

ARANE ™ FITYTING FITTING 90 PEGREF MAXTMUN REINFORCEMENTY MINIMU~ SPACING ALLOwAKLE
S12¢ FITTING AVERAGF MINTMUM BARANCH DESIGN LIMITS re CRITERIA DESIGN PRESSURE
TYPF AL wALL sesnssnernnennan TEMPERATURE LA L RFAQUIRED SQUARE =NOT FUR STRAIGHT
ALLOWARLE DFSIGN AND NF R» x TR FITTING TYPE
PRESSURE REGUIRED R2
INCHES INCHES  TuCHFS P51, F INCHES  INCHES FOR 2500P8] INCHES Ps1,
Sesaasen e me- - Em--———- LR Y Smsessaneaew R R R Y DR R PR L TR R R R

PI1PF S1I2Fs 12 In SCH 140, AVERAGE wa(lLw 1,125, MINTMUM willise L9R4
S“a 18100, PST, MAXIMUM ALLOWARLE PRFSSURE= 2650,P5! Ys  ,400
R R e S L R el R P L E L R R R

172 Swl 5% Lu99 2650, 650, 2,838 417 FLTS S TS 2.557 7430,
172 S~ENA JORA 656 2650, wS0, 2.%13% 817 «5hY 583 2,557 7430,
3/64 6000 Seut LUhh L4564 2530, £50, 1,898 587 563 ,563 2,557 6844,
3/4 SuR .578 T 2617, 850, 2,000 S72 «563 563 2.5%7 684U,
374 SAFMA Ll A58 2650, 650, 2,000 572 «5h3 583 22557 68Uy,

1 A000 SwwC «533 .52% 2uR2, 650, 2,066 «581 563 630 2.557 6179,

1 Awn L7358 708 2650, 650, 2,250 650 903 L5863 2,597 6179,

1 8~FNR AL 217 2650, 650, 2.250 o054 563  ,563 2,557 6179,
fel/7d 6000 Swul .533% « 528 M., 650, 2.238 2017 2543 1,354 2,557 arasy,
le)/4 awR 672 LHU0 2430, 650, 2.378 . 073 «5Hh3 LA12 2,557 “res,
1172 #0000 Swul «598 ,593 2308, 650, 2.392 062 .563 1,380 2,557 dous
1el1/2 Swh 835 LA0d este, 650, 2.628 157 «583 L5863 2,557 apds,
2 6000 SwuC « 733 . 125 2298, 650, 2.708 o153 563 1,308 2,557 as27,

2 WA .969 937 2512, 650, 2,938 Bug «S03 563 2,557 asa7,



BRANCH
S1le

INCHFS

172
172
374
3/4
3/6

1

1

1
1174
1=1/6
1e1/2
1=1/2

( (
APP| 1CARLE FNR MATERTAL St
PIPE MATFRI2L Sy SA3I12TP30G  Sa376TPING  SAYTATPIIM
FITYING “aTFRIAI S1  SAlA2 F304
FITTING FITTING 90 DEGREE MAXTMUM REINFORCEMENT MINIMUM
FITTINA AVERAGE MINTHMUM RRANCH DESIGN LIM1YS R2
TYPRE wal L vAlLL e, .-—-- TE#PERATURE LA LN HENUIRED
ALLOWARLE NDESIGN AND
PRESSURE REQUTIRED R2
INCHES INCHES PSS, F INCHES INCHES FOR 2500PST
.- EmE-———- Tesaee.- R R R _EEETeSEEEE.- R R R e amEE---
PI1PF Q17Fax 14 1IN SCH 100, AVERAGE wAlLL® 1,250, MINIMUM WALLSE 1,094
avg 14100, MAXTMUM ALLOWARLE PRESSUREm 2683 ,pPSI Ys ,400
el L kR R Ll R
IR +539 L4998 26A%, 6Sn, 2.938 JRay 625 (825
SwFNR +JHAR A58 26RY 650, 2.93A8 B4R «62S L025
6000 8{wul JUBh LU5s 25§87, 650, 2,02% « 563 «625 ,625
SwR 578 . 548 2635, 650, 2.125% 003 525 L0625
S«FnR N LL] 554 268y, 650, 2.12% 003 25 L0825
KODD SWHE +333 .52% 2507, 650, 2.191 H12 «625 L0625
WA 735 .70% 267s, 650, 2.3718 686 «b25 L0625
SvFPA + 934 917 268y, 650, 2.375 688 625 L8625
AOOD SwHC +35% L52R FA YL 650, 2.36% HUB 625 1,383
K 672 LhEn duua, 650, 2.500 704 525 ,832
6000 Swnl 594 .593% 2331, 650, 2,517 «093 2525 1,433
SwA +A3n LR0u 2526, 650, 2.750 88 2525 L8625
6000 Sanf «73% sTES 2312, 650, 2.A%0 784 «525 1,436
SwR 989 .9587 2512, 650, 3,083 «880 »525 ,625

SPACING
CRITERIA
SQUARE RNOOT
NFE R™ X TR

INCHES

ALLOwWABLE
DESIGN PRESSURE
FOR STRAIGHT
FITTING TYPE

Pst,

2,828
2,823
2,523
2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,823
2,823

7430,
T430,
6844,
bBUL,
6844,
6179,
6179,
6179,
4743,
4r4ds,
upuB,
4ous,
ase27,
4527,



BRANCH
S1lF

INCHES

APPLICARLE FNR MATERTAL S

Firrrun
TYwF

PIPE MATFRILL Sy

FITTING #ATERTALSY

FITTING
AVERAGFE
wALL

INCHES

SA376TPY04  Sa312TP304  Sal75TPI]s
SatRA2 Flua
FITYING 90 DEGREF MAXTMUM
MINTMUM ARANCH DESIGN
wALL L T T T T T A —— TEMFERATURE
ALLO=ABLE NDESIGHN
PRESSURE
INCHES PSI, F

REIJHNFNRCEMENT
LIMITS
LA LN

INCHES INCHES

MIN[MUM
R2
REQUIRED
AND
REQUIRED R2
FOR 2500P8]

SPACING ALLU~ABLE
CRITERIA  DESIGN PRESSURE
SOUARE R007 FUR STRAIGHT
NF RM X TR FITTIING TYPE

INCHES PSI,

PIUF Q1ZFs= 2 IN SCH 1A0, AVERAGE wALLS= o343, MINIMUM wWALLS 300
Sz 15900, PST1, MAXTIMUM ALLOWABLE PRESSUREE 4470 vy Yz ,400
....-...--...-...-........---..---‘-...-.--‘-....-.-..-..--.--....-.-.-..---..-.-.--.........-..
172 SvRe 531 L4699 4ero0, 700, 1,793 .38 266 L2066
1/2 S«FNRe JHRE B5h 4470, T00, 1,218 474 J308 344
74 A00D Sawr Junh LU58 a4v0, 700, 1.116 o367 «2%3 ,233
374 S~Rw «5TA TT 4470, 700, 1,218 2435 <289 289
3/4 SaFNpa +HRA A58 “av0, 700, 1,218 474 L300 L 3as

SCOAMAINATION +0T RECOMMENDEN SINCE RUN PIPE WALL THICKNESS AND/UR NNMINAL PIPE SI7F RELNW VALUES

SunNw

N (N “Nhfe

f8=2

+ 590 7338,
«590 7338,
590 6759,
2590 6759,
«590 6759,



APPLTICABLE FNR MATFRIALSY
PIPF MaTEQTAL 83 SAYTATPI0G SA312TPI04  SA376TP3Lp
FITTING “ATERIALSY SA182 F304

BRANCH FITTING FITTING 90 DEGREE MAXTMUM REINFORCEMENT MINIMUM SPACING ALLOwABLE
S11E FITTING AVERARF  MINIMUM BRANCH DESTIGN LIMITS R2 CRITERIA DESIGN PRESSURE
Tyeg WAL L NALL wessnsavcnnmnnnn TEMPERATURE LA LN RENQUIRED SQUARE RUDT FOR STHRAIGHY
ALLOWABLE DFSIGN AND NF k™ x T FITVING TYPE
PRESSIIRE REQUIRED R2
INCHES INCHES INCHES PsI, F INCHES INCHES FOR 2500PS1 INCHES Ps1,
L R Eme-e-- Swamewe .- R R R R R L B B R R R R R R R ) D R L L R R R Rl R

PIPE SI1ZFe 2e1/? IN SCH 160, AVERAGE wALL® « 375, MINIMUM WAL= 328
sz 15900, PSI, MAXIMUM ALLOWABLE PRESSUKE= 3994,PS51 Ys  L400
R e e TR L R L R L
172 Swae S5 Lu99 3994, 700, 1,128 «38s 26K 266 +HAS 7338,
172 SaFNRe L A5k 3994, 700, 1,250 474 + 344  ,3ua 885 7338,
3/4 600U SweE JUbA L4586 3994, 700, 1,148 3867 o233 233 + b85S 6759,
34 SwHe +578 LS54k 3994, 700, 1,250 435 «2A9 249 «685 6759,
374 SwFnAs «HAR A58 1694, 700, 1.250 A7 P T . Y + 085 6759,
1 6000 SwuC « 533 .523 3994, 700, 1.318 W433 28T L2867 +685 6102,
1 SwWiie <735 .703 3994, 700, 1.50¢C 557 «368  L368 685 6102,
1 SFNA e L3R 917 3994, 700, 1,590 27 JUBG L uB9 585 6102,

CCNMAINATION KNT RECNUMENNEN STHCE RUN PIPE WALL TWICKNESS AND/OR NNMINAL PIPE SIZE HELNW VALUES
SHOWN (N MDGeESe?



BRANCH

S1l¢

INCHES

APPL TCARLE FNR MaTEQTAI 8¢

R
PIPE MATFRIALSY SAS7HTP304  SA312TPIOE SA3T6TP3ILs
FITYING “aTFNT41 91 SalR2 fFlod

FITTING FITTING 90 DEGREE MAXTIMUM REINFORCEMFENY
FITTING AVERAGE mINTMUM ARANCH DESTCN LIMITS
TYpt wALL wWALL B TEMPERATURE LA LN
ALLOWARBLE DESIGN
PRESSURE
INCHES INCHES Psl, F INCHES INCTHES
PIPE ST1ZEw 3 IN SCH 160, AVERAGE WALL® o438, MINIMUM wa(Ls
Svg 15900, P81, MAXTMUM ALLNSARLE PRESSUREs 3R1e,PST Y=z

MINTMUM
02
REQUIRED
AND
REQUIRED R2
F08 250CP8!

172
172
374
374

L Y

1

1

1

le1 /4
1=)/4

Swia o33} Lu99 Inie, T00, 1.1R8
S~FNA« L 556 L LT 700, 1,313
KOND Swwue LUbA LUSh 3818, 700, 1.211
Swiw L5748 T 3R, 700, 1.%1)
SaFNAe «H88 ASH 381s, 100, t.31%
H000 Swwr L5133 523 3816, 700, 1.379
SkAe 735 .703 3818, T00, 1.563
S~FNRe 918 917 3nte, T00, 1,56%
A000 Swul 533 528 1566, 700, 1.551
Swae 672 YL 3816, 700, 1,688

«38%
474
367
L 435
474
LU33
«5%7
.bz,
L45K9
560

383

«Zhb  2hb
JAue  L3aa
233 ,233%
A9 289
L3aa 3o
267 L2867
368 368
J4BT LU0
2257 L2867
336 L1336

CCOMRINATION MNT RBFCOMMENDED STINFE RUN PIPE WALL THICKNESS AND/OR NNAMINAL PIPE SI1ZE BRFLOW VALUES
SHOAN 04 MNReE9e?2

SPACING
CRITERIA
SQUARE RDOT
NF A X TR

INCHES

.819
819
.819
A9
L819
.819
LB19
L819
L819
L8186

ALLOwABLE
DESIGN PRESSURE
FOR STRAIGHT
FITTING TYPE

PsI,

7338,
7338,
6759,
6759,
6759,
6102,
8102,
6102,
4sBuy,
4sbu,



APPLTCARLE FNR “aATFRIALSY

R R
PIPE “ATERTALSE SAITATPIOM Sa312TP30¢ SA3THTPIIs
FITTING “aATERTALSY SA1R2 F304

ARANCH FITYING FITTING 90 PEGREE MAXTIMUM REINFURCEMENT MINIMUM SPACING ALLOwABLE
S12F FITTING AVERAGF MINTMUM BRANCH DESIGN LI¥ITS ]2 CRITFAIA DESIGN PRESSURE
1YRF wALL WAL L cesesvarnvennene TEMPERATURE LA N RENUTRED SAUARE ROOT FOR STRAIGHT
ALLOWARLE DESIGN AND 0F RM X TR FITTING TYPE
PRESSURE REQUIRED R2
INCHES INCHES INCHES PSI, F INCHES INTHES FOR 1500P3] INCHES PSI,
LA L L L L R E-m---- L R R mEssTsaenes FR R R ) EERsEESem.-- L R L R
PIPF ST2Fs e 1N SCH 160, AVERAGE waALL® ¢330, MINIMUM walLs UnS
Sg 15900, PST, MAXTIMUM ALLOWARLE PRESSUREE 3579,PSI Ya ,a00
T e e e Rl L B R L
172 SwRe 531 ., 199 3579, 700, 1,2R1 386 Pht ,2h8 1,027 7338,
172 SwFrNfAe L] 56 3579, 700, 1,406 474 P LT S 1Y) 1,027 7338,
374 6000 Swwt JUbh L1586 35748, o0, 1,304 o« V84 7B G206 1,227 6759,
Y/u Swh e SR 548 3579, 700, 1,406 43S «cB89 2RO 1,027 6759,
34 SrFNRw «8AR 558 3579, To0, 1,406 474 J348 344 1,027 6759,

1 6000 Swur 533 .523 3536, 700, 1,6872 JU33 267 G287 1,027 6102,

1 SwRe « 135 703 3579, 700, 1,656 «957 Ia8 368 1,027 6102,

1 SAFNAe «93A 917 3579, 700, 1,658 be7 J489 L4s9 1,027 6102,
{=1/4 6000 Swur +533 .52A 3229, 700, 1,600 459 o267 267 1,027 4ushu,
lel/z4 Suba 572 Lbuo 3579, 700, 1,791 +«560 336 LV3p 1,027 4sBa,
12172 6000 SwuC 598 .59% 3278, 700, 1,798 ,530 299  ,299 1,027 4s90,
je1/2 Swhe «A3A R0 3579, 700, 2,031 o685 418 L4018 1,027 4599,

SCOMRINATIUIN uNT RECNUMENNED STNCE RUN PTPE WALL THICKNESS AND/ZNR NOMIMAL PIPE SIZE BELNW VALUES
SHONN NN NG ef §e2



BRANCH
S12¢

INCHES

PP ICARLE FNR MATERTAILSY

PIPE MATFRTALSY

FITYING maTFRTAL Sy

FITYING
Fr1TInG AVFRAGF
TYeF walLL
INCHES
Seseea- —-esessee
PIPE 812Fs

S In
Sus 15900, PST,

SAZ7ATRXNG  9A%12TPY04 SA3TeTP31e
Sa182 F3ve
FITYING 90 NEGREE MAXTHUM
MTNTMUM REANCH PESTIGN
wal L SR eE R e TEMPERATURE
ALLNAARLE DESIGN
PRESSURE
INCHFS PSI, F
SCH 160, AVERAGF walL®

REINFORCEMENT

LIMITS

L

JNCHES

eSS R ---

N

InCHES

o025 MINTMUM WALLS

MAXTIMIM ALLOWARLE PRESSURER

3393 ,08]

MINIMUM

Rz

REQUIRED

AND

REQUIRED R2
FNR 2500FS1

547

172 SwHw = 351

172 S~FNRg N LL)

3/4 6000 SwwC T

3/4 LLEY .570

/4 SwFnRe NCLL)

1 &KN00 Swwt <533

1 SwAe & -

1 SFRa .93'

{=1/74 6000 SwnC .5%3

jels4 Swha 672

1=1/2 #000U SwwC .594

=172 Suae Als

2 6000 Sewr « 715

2 Swhae L9569
SCOMRINATION

SHOWN (1Y MNnef =2

Lu99
556
LUSH
LSUh
«H586
523
<703
917
n<a.
Jhan
.593
LRDU
o729
. 937

3393,
3303,
3337,
1393,
3393,
3289,
3393,
3393,
jo17,
3285,
3029,
3393,
3121,
3393,

700,
700,
700,
T00,
700,
700,
700,
700,
700,
700,
700,
700,
700,
100,

Ye
1,375 810
1,500 «474
1,308 «u07
1.500 J4u?
1,500 W 474
1,566 456
1,750 « 597
1,750 527
1,738 suv2
1,878 T
‘.“‘2 '537
2.12% L
2.2008 6586
2,48 + 209

<313
o Yad
313
«313
«3ud
+31%
368
L4
«313
« 336
313
418
368
dU4BRS

o313
«Juy
« 315
313
+Jud
o313
« 368
LH489
«313
336
+ 313
JU1R
« 368
+ 4RS

ST RECOMMENNED SINCE RUN FIPE WALL THICKNESS AND/OR NOMINAL PIPE SIZE RAELDW YALYES

SPACING
CRITERTA
SGUARE RODT
NE R X TR

INCHES

ALLOwABLE
DESIGN PRESSURE
FOR STRALIGHT
FITIING TYPE

PsI,

EE L Rl

1,242
1,262
1,262
1,262
1,242
1,262
1,262
1,262
1,242
1,262
1,262
1,262
1,262
1,262

7338,
7338,
6759,
6759,
6759,
6102,
s102,
6102,
4sbu,
4oBu,
4590,
4590,
aur0,
4avo,



APPLICANLE FDR “ATFRIALSY

A o
PIPE MATFRIALSY SA3TATPING SA3I2TP304  SAZTATPI{s
FITTING “ATERTALSE SA182 F304

ARANCH FITTING FITTING 90 DNEGREE MAXTMUM REINFORCEMENT MINIMUM SPACING ALLOwABLE
S12¢ FITTING AVERAGE MINIMUM BRANCH DESIGN LIMITS R2 CRITERIA DESIGN PRESSURE
TYPF WAL L walL R T TEMPERATURE LA LN RKEQUIRED SQUARE RDQY FOR STRAIGHT
ALLOWARLE DFSIGN AND 0F RM X TR FITYING TYPE
PRESSURE RENUIRED R2
INCHES INCHES INCHES PSl, F INCHES INCHES FOR 2500P31 INCHES PsI,
e anmew L LA L o essmsew TEeeTeTaTseseseny TR EmeTEeE--- EeARERTEREY e R R R L A P e L
PIPE S12Ewm 6 IN SCH 160, AVERAGE walLls o718, MINIMUM wiLL= o528
sus 15900, P8y, MAXTIMUM ALLDWABLE PRESSURE= 3263 p§1 Y= ,u400
R et e e L Y R R R Rl R
172 Swhe 531 Lu99 3263, 700, 1,058 L4333 359 359 1,456 7338,
1s2 SeFnRe SLL 658 3263, 700, 1,593 Lub2 359 L3589 1,456 7338,
374 K000 Swur LURK Lu4Se 173 700, 1,491 L4330 . 359 ,3s59 1,656 6759,
/4 Sefe 578 JSub 32h3, 700, 1,593  ,470 .359 359 1,456 6759,
374 S4FNRe +HAA 1) 3263, 700, 1.59% 482 +359 359 1,456 6759,

1 #0000 SwwC 533 .52% 3122, 700, 1.659 «479 «359 L1389 1,458 6102,

1 Swhe .735 .703 3263, 700, 1,Ra43 «557 «368  3ed 1,456 8102,

1 SaFnAe 938 917 3283, 700, 1, R4s 527 JUR9  LUK9 1,456 8102,
fel/8 K000 Swut .533 .528 2R7S, 7v0, 1.231 515 «359 359 1,456 LT
1=1/4 Snie T2 LhU0 3089, 700, 1.968 «STY « 359 L3%9 1,456 tpha,
fel/2 6000 Swul L5948 .59% 2879, 700, 1,988 560 .359 L1359 1,658 4590,
1e1/2 SwAw A3k LAne 31263, 700, 2,218 585 L418  LuyA 1,458 as9o,

2 600N S«nC . 735 . 128 2921, 700, 2.298 «056 368 3pA 1,456 4470,

2 Swhe LA «937 3263, 700, 2.5 «B09 «48S LG4RS 1,458 aavo,

SCOMBINATINN nNTY RFCOMMENNED STHCE RAUN PIPE WALl THICKNESS AND/ZIIR NNMINAL PIPE SIZE BELNA VALLES
SHany Ny miihet S=?



ARANCH
81l¢

INCHES

172
172
374
3/4
374

APP| ICARLE FNR MATERTALSE

MIN] MY
R2
REGUIRED
AND
REQIIRED R2
FOR 2500PST

+ 793

453,453

PIPE MATFRIALSY SAYTATRPING SA312TPING SA376TPI1s
FITTING “ATFRTAI 833 SALR?2 F¥0u
FITYING FITTING 90 NEGREE MAXIMUM REINFORCEMENT
FITYIING  AVERAGFE  MINTMUM BRANCH DESIGN LIsITS
TyYyes wALL wALL s E .- YENPtQIY”“E LA LN
ALLOWARLE NESIGN
PRESSURE
INCHES INCHFS Psl, F INCHES INCHES
A e ase- PR L L TEeTaAESTaTTeEseTae.. T E-- R LR R
PIVE §17F= AN SCH 160, AVERAGE WALL® «906, MINIMUM walls
sMz 159000, PST, MAXIMUM ALLOWABLE PRESSUREs 3155,P87 Y= L6000
............-Q..-.O’-.-.........--.............-.....-...-.O......-.......‘.‘--..-...-..........
SuH O3 . 499 315§, 00, 1,656 480
S~FNR +68A 656 3158, 700, 1.781¢ «5¢9 «453 L4853
6000 Swur JUbe L4586 3027, 700, 1,679 477 453 G453
Swh «STA 546 319%. T00, 1,781 S17 453,453
SwENR L A58 315s, 700, 1.781 529 «453 L4553
6000 SwmC <533 .52% esn ., 700, 1,847 526 «45%  LuS3
SwA o738 L70% 3188, 700, 2,031 500 «4S3  ,453
S#FNR AL 917 318S. 700, 2,031 2627 J4n9  L4p9
6000 Srmc e 333 .528 2754, 700, 2,019 « 582 L4853  ,453%
Swh 672 Lban 2919, 700, 2.156 018 UL S IR )
6000 Jwwr 4598 «593% 2r4s, 700, 2173 o607 453 L4453
SwA 838 JRDU 3052, 700, 2,408 o702 «45%  L45)%
6000 Swwr <735 TS 275s, 700, 2,486 «O9R «4SY L4453
Swh LIN .93 3or2, 700, 2.719 ,808 4485 ,48S

SPACING ALLOwABLE
CRITERTA DESIGN PRESSUNE
SGUARE RNOT FUR STRAIGHT
DE R™ x TR FITTING TYPE

INCHES PsI,

1,870 7338,
1,870 7338,
1.870 6759,
1,670 6759,
1,870 6759,
1,670 6102,
1,870 s102,
1,870 6102,
1,870 46ba,
1.870 ubhu,
1,870 4590,
1,870 “s9o0,
1,870 “uv0,
1,870 4av0,




APPLTICABLE FNR MATERTAL 9y
i R R R B R

PIPE MATFRTALSY SAYT6TPI0G Sa312TP304 SASTETPIIs
FITYING MaTFRTIAL ST SalB2 fF304

BRANCH FITYING FITTING 90 DEGREE MAXTMUM REIMFORCEMENT MINIMUM SPACING ALLOWARLE
SI17F FITYING  AVERAGE MINIMUM RRANCH DESIGN LIMITS R2 CRITERTA DESIGN PRESSURE
TYPF WAL L ~ALl BEREE .- 7E"PE“‘TUH[ LA LN “EOU,RED SOUARE ROOT FOR 37‘?!!5"7
ALLOWBRLE DESIGN AND NF R™ x TR FITTING TYPE
PRESSURE REQUIRED R2
INCHFS INCHES IMPHES PsI, F INCHES INCHES FNR 2500P§] INCHES PSt,
LA L .- R e ase-- AR R R R ) R R R R R ESsEeETeEYS . -........'.-......-.....-....
PIPF §172F3 10 1IN SCH 140, AVERAGE wWALL= 1,000, MINTHMUM NALL® +A7S
q«g 15000, Pep, “AXTHUM ALLNWARLE PRESSURE= 2769,PS1 Y= ,400
R e R e L L L L L L R L Ll
172 SwH .53 L0199 2789, 700, 2.719 LH09 «500 ,L500 2,208 7338,
172 SnFNA LL) 6586 2789, 700, 2.719 800 «SN0 500 2,208 7338,
3/4 6000 Swul JUbA LUS6 2651, 7u0, 1,773 501 +500 ,500 2,20R 6759,
3/4 Swh «S57A 546 2754, 700, 1.878 54y «500 LS00 2,208 6759,
374 IWFNR LL .656 2789, 100, 1,078 541 «500  ,500 2,204 6759,

I 6000 Swwur 533 523 26n2, 700, 1,941 «550 500 500 2,208 6102,

1 GwH L7135 L7108 2789, 700, 2.12% 623 500 ,500 2,208 6102,

1 SUF MR L9348 917 27K9, 700, 2.12% 23 .500 ,S00 2,208 6102,
{=1/76 K000 §wul «533 «528 2uz2o0, T00, 2.11% 9586 «500 781 2,208 Uohu,
=174 Sk H72 JAUD 2553, T00, 2.250 042 .500 ,500 2,208 4oBu,
1=1/2 6000 SwuC « 998 .59% 2410, 700, 2.267 o030 500 L8068 2,208 4590,
1=1/2 SwhR LR T LT 26480, 00, 2,500 J26 <500 LS00 2,208 asso0,

2 6000 Swul . 735 . 125 cutsy, 700, 2.580 + 722 «500 ,778 2,208 4uT0,

2 SwR 960 <937 2661, 100, 2.813 817 .500 ,5900 2,208 440,



-

APPL ICARLE FNOR MATERT | S9
PIPE MATERTALSY SARTaTP¥NG SA312TPYNG SA3761P31s
FYITYING MATFERTALSY SaAtR2 F304

BRANCH FITTING FITTING 90 NEGREE MAX IMUM REINFORCEMENT MINIMUM SPACING ALLOwWABLE
S12¢ FITTING AVERAGE MINTMIIM RRANECH DESIGN LIMITS R2 CRITERTA DESIGN PRFESSURE
TYPF ~ALL wAlL D - 'E”PER.YIIHE LA LN a[ﬂux“to soUlﬂE ROOY FOR ,'ﬂl’c"'
ALLOwWARLE DFSIGN AND NF A™ x 1R FITTING TYPE
PRESSURE REQUIRED R2
INCHES INCHES THEMFS PSI, F TNCHES INCHES FOR 250CPSY INCHES PS1,
LA L L & J e -—-—- Ll A ] maEseee. EESEaEgETEEEEEe. mEEmEEa---- WEETTRTET ST ---- PR R R L LR R
PIPE S12F= 12 ™™ SCH 140, AVERAGF wWALL® 1,125, MINIMUM WALLE LU
Svg 15000, PST, MAXIMUM AL LOWARLE PRESSUREs 2617,P87 Ys ,400
B el R il R R b b R R R R R R R
172 SwA .5%1 Lu99 2617, Y00, 2.71% 817 563 L9563 2,557 7538,
172 S~Fny <688 A58 2617, 700, 2,813 817 563 ,5863 2,557 7338,
374 6000 Swur Jahh LT 2499, 700, 1,088,532 .563  ,S87 2,557 6759,
374 uh 578 JS4s 25Rs 700, 2,000 572 563,583 2,557 67159,
374 S<ENA NCLL 656 2e17, 700, 2.000 «S5T72 «563 563 2,557 6759,

1 86000 Swn( .533 523 24sy, 7100, 2,068 581 «563 748 2,5%7 6102,

1 uwl « 735 103 2617, 700, 2.250 «554 563,563 2557 6102,

1 S"FNAQ .9%8 .97 2617, 700, 2.250 o654 «563  ,568 2,557 6102,
1=1/74 6000 Sw¥ne «533% 528 2288, 700, 2,238 o617 «563 1,493 2,557 4sBa,
1=1/4 Swh 072 Jhun 2400, 700, 2.378 2673 «563 ,925 2,557 “bBu,
1=1/2 600N SwuC +59A8 .59% 2271s, 700, 2.392 LT «563 1,518 2,557 us90,
1e1/2 L) 838 P04 24R7, 700, 2.625 757 563  ,b0§ 2,557 4590,

2 AOND SWHC L7358 125 2289, 700, 2,708 753 963 1,475 2,557 4avo,

e SWR « 969 «237 24ny, 700, 2.938 B4R «563 L0623 2:5%7 460,



APULTCARLE FOR MATFRIAL S

A R R R R
PIPE MATFRIALSY SAXT7ATPI0G Sa312TP304 SAZT6TPI1s
FITYING ~ATFRTALSs SA182 F304

BRANCH FITTING FITTING 90 NEGREF MAXTMUM REINFORCEMENT HINIMUM SPACING ALLOwARLE
S1IF FITTING AVERAGE MIMIMUM BRANCH DESIGN LIMITS R2 CRITERTA DESIGN PRESSURE
TYpf wal L wALL cecsscncscancens TEMPERATUNE LA LN REQUIRED SOUARE ROOTY FOR STRAIGHT
ALLIO~ARLE DESIGN AND OF K™ X TR FITTING TYPE
PRESSURE RFOUINEC R2
INCHES INCHES INCHES Psl, F INCHES INCHES FOW 2500P3]) INCHES Par,
LA A L L B 2 e -Ememee- .- LR LR L L L R R R L R L R L b L L ]
PIPF §12F= 14 TN SCH 1640, AVERAGE wWaLls 1,250, MINTMUM WALL® 1,004
QM3 15900, PSI, MAXTMUM ALLNWARLE PRESSURES Zoso.pqx Ye Jano
......-Q....-..-...-...-....-.--..-.-......--....Q........--.....-..--...-....--...--...-....... L R T T L R )
172 Qua «.531 L499 2650, 700, 2,938 RUR 625 L0625 2,82% 7338,
172 SwFNA N LL 658 26580, 700, 2.9%8 JRUB +H25 L0825 2,823 7358,
376 H000 SwuC JUhs LUSH 252%. 700, 2.02% 563 525 L0628 2,823 6759,
Jru Swh «S78 T 2002, 700, 2.125 «603 «h25 L0625 2,823 6759,
374 S«FNR CLL] h5h 2650, 700, 2.125 003 625 L0628 2,823 6759,
1 6000 SwanC 533 .523 2u7s, 700, 2.19 512 025 731 2,828 6102,
1 Swh <735 L7038 2640, 700, 2.375% his o025 L0625 2,823 6102,
1 SuFNA L9338 L9117 2650, Too0, 2.378 LT 625 L0625 2.823% 6102,
1ol /6 6000 Sanf +3533 .528 2319, 700, 2.36% .HUB «625 1,544 2,823 dong,
fel/4 L h72 Jhun 2419, Y00, 2.500 e T0¢ «H25 982 2.823% “bBe,
1=1/72 AODD Swwl <598 593 2302, T00, 2.517 693 «H25 1,588 2.823% as99,
1e1/2 SWA +836 LD 2494, 700, 2.750 « 7848 «525 ,bup 2.A23 4590,
e 8000 SWuC « 735 .125 2289, 700, 2.A%0 T84 «025 1,581 2,023 4470,

4 Swh Ll .937 2481, 700, 3.063 «880 #6525 592 2,623 uavo,



APPL ICARALE FDR “ATERTIALSY

R R T Y
PIPE MATERIALSY Se3TaTE31
FITYING MaTFRTALSE SAlR? F304

BARANCH FITTING FITYING 90 NEGREE MAXTMUM REINFORCEMENT MINIMUM SPACING ALLOwARLE
S12¢ FITYING AVERAGE MINTMUM HRANCH DESIGN LIMITS R2 CRITERTIA DESIGN PRESSURE
TYRE wALL WAL snsmcsnnennsenens TEMPERATURE LA LN RFNUIRED SQUARE RONY FOR STRAIGHTY
ALLOWARLE NESIGN AND NF W™ X TR FITTIING TYPE
PRESSURF REQUIRED R2
INCHES INCWES TNEHFES PSI, F INCHES INCHES FOR 2500PS1 INCHES est,
"E----- - s e seae- ST aETETEEETETEe- EAE------- R R R R R ) - EeseEaee-- LR R R R R R L L)
PIPE SIZEs ?2 IN SCH 1480, AVERAGE wWaALLS= o343, MINIMUN WAL= <300
quz  le300, P81, MAXIMUM ALLOWARLF PRFSSUREz 4583, P31 Ys ,400
.......‘0.0....-.....-..........-..‘.......-.....-.-........-.....--.-.-..-...--..--.-...-....-. R L L I R L
172 SerHe <53 .499 4583, T00, 1,093 377 266 L2686 590 1522,
172 S<Frnae JORB .556 CELEN 700, 1,218 4ol J344  LHuu 590 7522,
374 6000 SwwC L L4568 4say, 700, 1.118 « 358 «233 ,233 « 590 6629,
3/4 Swhe «S7H LSUs 4583, 700, 1.218 425 «2R9 289 «590 6929,
574 SWFnAe NLL T CLLE ™ 700, 1,218 JUb3 <344, 3au .590 6929,

SCOMRINATION NNY RECO4MENDED SINCE RUN PIPE WALL THICKXNESS AND/OR NNMINAL PIPE SIZE RELNW VALUES
SHNAN (N MNCef %«




APPLICARLE FNA MATERTALM
R
PIPE ~ATERTALS: SA3TeTRIYs
FITTING “ATERTAL Sy Say1e2 fi0u

ARANCH FITTING FITTING 90 NEGREE MAXIMUM REINFORCEMENT MINTMUM SPACING ALLOWAKLE
S12¢ FITTING AVERAGF MINIMUM RRANCH DESIGN LIMITS R2 CRITERTA DESIGN PRESSURE
1YoF WAL wALl cemmamanmanannens TEMPERATURE LA LM RFQUIALD SQUARE RDQT FOR STRAIGHT
ALLNWARLE DESIGN AND NE R¥ X TR FITTING TYPE
PRFSSURE REQUIRED R2
INCHES INCHES INCHFS PSI, F INCHES INCHES FOR 2500P31 INCHFS PsI,
LA A me-—-— LA R ) R ) amaEERTETETEEE .- m-Eaesesasseeee R R R R ) R R R R ) LR R R L B L )
PIPE S1ZEs 2e1/2 1IN SCH 160, AVERAGE wA(L®= 375, mINIMUM WALLSE 328
S4s 1s300, PST, MAXIMUM ALLOWAHLF PRESSURE=z 4094 ,pP8Y Ys L400
...-.......-...---.....-........'----..........-..C-...-.‘.....-...-...---..‘.-..-..--.......... P A L E R B R L L L R R )
172 S=ae + 33 L0099 4a09q, 700, 1,125 377 o266 L2684 685 7522,
172 SwFNA« «HAA A58 4n9uy, 790, 1,250 TS J3a4 L, 3ua + 8RS 7522,
3/4 6000 SwwE LT LuSe 4094, 700, 1,108 354 «233 ,233% 885 6929,
374 SwH e «STA LSus 4094, 700, 1,250 <425 <289 2R <585 8929,
374 SvFNue L LY 4o9u, 700, 1.250 463 Jdua 344 +885 6929,
1 6000 Swwf 533 e 4o0sae, 700, 1,318 22 267 L2867 +685 6255,
1 SWR# «735 .703 4094, 700, 1,500 TE ) «388 L3468 +685 625,
1 SaFNRAe «93A 917 4094, 700, 1,500 o011 JUB9 LusS «685 6255,

SCOMBINATINYG uNT RECOMMENNED SIMCE RUN PIPE WALL THICKNESS AND/NR NNMINAL PIPE SIZE BELNW VALUES
SHORN ON MDNLeFSe?




APPLICARLE FNR MATERTAL S
PIPF MATERTIALSYE S4378TP 1L
FITTING ~aATERTALS: SAl182 F30u

ARANCH FITTING FITTING 90 DEGREE MAX TMLIM REINFURCEMENT MINTMUM

Sr2¢f FITTING AVERAGE mMINIMUM BRANCH DESIGH LIMITS R2

TYeF wALL wALL SRR es e s e 'c“pfﬂthQE LA (L) RtOUlRED
ALLNWABLE DESIAN AND

PRESSURE REQJIIRF. R2
INCHFS INCHES I1HCHES Ps1, F INCHES INCHES FOR 2500PST
_—_E--—-- L .- PR L Rl ] AT EEsEEE-- e a-- R R R R R ) DR R

PIFF STZEw 3 Iv  8SCH 140, AVERAGE wa(le JU3B, MINTMUM WALLE «383

Sws 16300, PSI,  MAXIMUM ALLNWABLE PRESSUREz 3912,pS] Y= Lu00

.........-.....-...-.....--......-..-.......-.--...-.‘.--.-.....-...........-..--........--.-‘-.
172 ShAe 51 L4999 3012, 700, 1,188 377 268 L2086
172 S«FNR« LL A58 3912, 700, 1,313 LS ] 304 L 3ua
3/4 K000 SwwC T L1586 3912, 700, 1,211 . 358 .233 ,233
3/4 Cnfe 578 54 3912, 700, 1,513 425 « 289 «2R9
3/4 SvFNAw NCLE h5h 3912, 700, 1,313 PCLE L3060 344
1 6000 SwWC .53 .52% 3912, 700, 1,379 W422 +287 287
1 Suike 735 L70% 3912, 700, 1.563% 543 <368 L3868
1 SuFNna L9348 917 3912, 700, 1,563 o611 469 L4A9
1=1/7d K000 SanC .533% LS2R Iniy, 700, 1.5%1 L) 287 L2867
fel/4 quR e 672 LhED 3912, 700, 1,688 T 336 L3%s

CCOMRINATION yNT RFCOMMENDNED STYPE RIIN PIPE WALL THICKNESS ANN/OR NNMINAL PIPE ST2E #FLOW VALUES
Sullan D1 "ﬁﬂ.f‘.z

SPALING ALLOWAKLE
CRITENIA DESIGLN PRESSURE
SQUARE RONOT FOR STRAIGHY
NF A~ x TR FITTING TYPE

INCHES PSI,

ML 7522,
819 7522,
L8119 6929,
<819 6929,
A1 6929,
.819 6255,
.819 6255,
819 6255,
LA18 uno2,
819 4Bo02,



| N

APP) YraRLE FNOR “aTFRial 92

PIPE “ATFRIAL Sy SAITATPYIM

FYTTING “aTEQTALSY 84182 Fl04
ARANT ™ FITYING SITTING 90 DEGRFE MAX MU REINFORCEMENT “INImUm
S11°F FITIING AVERAGF wminpwiM ARANCH DESIGN LI™ITS Q2
TYpr wALL wAlL cemsemamcnmemnne TEMPFRATURE LA LN REQUIRNED
ALLDARLE DESIGN AnD
PRESSURE “ERUIRED R2
INCHES IHCHES INCHES PsI, F IVCHES INCHES FOR 2500P8T
_Ea--—-—- e ---——-—- _—-m---——-——- TamEEEaTETEEE--- T aEEEE---—- R EEERERE.. .- R R
PIPF S12Fs= 4 IN SCH 160, AVERAGE waALLY® e331s MINTMUM walLs= J4sS

sea 18300, P81, HAXIMUM ALLOWABLE PRESSURE=2 3669, ,°51 ¥y _a00

R el e

172 Guiin + 3551 Lu99 Jae9, T00, 1,271 377 268 L2886
172 SaFnde CLL) A58 3Ine9, T00, 1,406 4nl <Jue  ,3as
374 6000 Swwr Labe Lu58 3850, Y00, 1,308 Ve 2686 L2086
Y74 Sufe .57R LSus 3689, T00, 1,408 425 0289  2A9
34 SeFNBle +OAN A58 3669, T00, 1,408 JUny ML UT . =T

1 AN00 Swul 5%y L6823 38085, 700, 1,472 422 267 287

1 SwNe + 735 703 3669, 700, 1.6586 R Th Y P LY S T

1 S«<F e 938 .917 3689, 700, 1,656 o011 L4989  L4s9
lel/74é »000 Saul «.5%3 528 3293, Tee, 1,008 458 2T 287
1=1/4 Quie HT2 Lhu0 3858, 700, 1.781 Sés 3% L5888
lel/2 6000 Sauf .S9n 593 334y, 790, 1,798 «517 .299  ,299
1=172 Cunw LR TS JR0a 3649, Too, 2.051 <508 JUIR L41A

SCOMAINATION “NT RECOMMENNEN SINFE AN PIPE WALL THICKNESS AND/ZNR NNMINaL PIPE STZE BELOW VALUES
SHNwry 1) uNRef Se?

SPaACING ALLO=ARLE
CRIVERTA DESIGN PRESIVRE
SGUARE RONT FOR STRAJGWTY
nE A% x TR FITYING TYPE
INCHES Psi,
1,027 7522,
1,027 7522,
1,027 8929,
1,027 5929,
1,027 8929,
1,027 5255,
1,027 8255,
1,027 8255,
1,027 apn2,
1,027 4802,
1,027 &T0e,
1,027 a70e,



APPLICARLE FNR »ATFAYALSS
PIPE MATERT St SA37eTP314
FITYING »aTEQTAY Sy SAIA2 P304

BRANCH FITTING FITYING 90 NEGREE “AX M RETNFUORCEMENTY MINTwUS SPACING ALLOwARLE
S1i¢ FITTINE AVERAGE  sminivUm BRANCH NESIGN LImlTS R2 CRITENTA DESICN PRESIUNE
TYer “allL waAlL sescnrnrvsnnvens TEMPFRATURE LA L~ FEGUIRED SQUARE ROOT FOR STRAIGHT
AL LD«ARLE DESIGN AND nF B= x TR FITTIING TYPE
PRESSURE REQUIRED @2
INCHES INCHES TNTHES esl, F INCHES INCHES FDOR 2500881 INCHES L 1 ™
LA B R R L b A —_mm—--———- Rl R R R EmsTEEEEEE.--——-— ... - - - o
PIPF S12¢an S Iw SCH 160, AVERAGE waLLw® o025, MINTMUM WAL= . Sa7
S«=z 1pl0n, PSY,. MAXTwUM ALLNWABLE PRESSURE= 3478 _p3] Yz _ulo0
T T - - -
172 LR <531 L0999 3arm, Yoo, 1.375 « 400 33 013 1,242 7522,
172 SwFnAe Ll A5 3478, 700, 1.500 403 344 L3an 1,062 7522,
374 sn00 Swur Jabs L4548 3404, 700, 1,398 3987 +313 .hi3 1,242 0929,
/4 S«fe «57A 568 S4TA, 700, 1,500 LS L «313 013 1,262 6929,
1/4 SwFNAa L) AEa Jare, 700, 1,560 TS ) LT . 1,262 8929,

1 6000 Sewt .53 .523% 335s, 700, 1,566 T +HE »323 1,242 8255,

1 IwAe «735 708 Savs, 700, 1,750 543 «368 388 1,242 8255,

1 SwFnNee L9138 917 3478, 100, 1.750 .81t T T 1,262 8255,
fel/é 000 Swwl «533 L5248 3074, To0, 1,738 LD «M3 N3 1,282 “802,
t=1/4 SwRe A2 Hel $348, 700, 1,878 «538 388 3% 1,242 CLLF N
1=1/2 8000 Swul 594 L59% 3089, 700, 1,892 523 «313 513 1,262 “708,
=172 SuBe LALs LR04e 3478, 700, 2,105 «he8 018 318 1,262 avT0es,

2 8000 Swur « 735 . 728 3179, To0, 2.208 L0480 +368  _3sA 1,242 4583,

2 Cuf e LI69 937 Suv8, 700, 2,438 « 7190 LARS  _4R§ 1,262 asey,

CCNMAINATINAN NNT BECOMMENAFN STUrE SUN PIPE wallL THICKNESS AND/ZNR NnmINAL PIPE SIZE BFLNW VALUES
Seitmy Ny whfef Se?




e

APPLICAALE FNR MATERTAL S

AR RS AE R TR RE R EEE---
PIPE “ATERI&L ST SadTaTPVie
FITTING ~aTERTAL Sy Sal8g Flue

BRANCH FITTING FITTING 90 NEGREE MAX TN REINFORCEMENT b &0 Ll L) SPACING ALLOwaBLF
S12¢ FITTING  AVERAGE  mynTuum RRamCw DESIGN LImITS R2 CRITERTA DESIGN PRFSSURE
tvop wALL “aLL B TEMPERATURE Le L RFQUINED STUARE =mnr FOS STRa1GmT
ALLNWAARLE DESIGN ann NF 8= x TN FITYING TYYPE
PHESSURE REQUIRED R2
INCHES INCHES hrwES Psi, L TuCHES INCHES FUR 2500P3]1 INCHES fs1,.
LR B AR ) Em--——- R e -E-- EEEE---———- P R R R R R R )
PIPE ST12F=2 & IN SCH 140, AVERAGE wallw o718, MINTMUM wALL= oh28
S4s  1s300, PST, MAXJeuM ALLNwABLE PRESSUREs 3345 eS]) Yz 400
- -—--- i R R R - - -
172 Suie 53 Lu99 3345, 700, 1,468 su22 359 359 1,458 7522,
172 SeFNRa L 558 §345, T00, 1.59% 470 «359 359 1,658 1522,
374 H000 SwwC ks L4568 Y2an, 700, 1.491 o620 <359 359 1,658 6929,
L V) Safe «5TA L5448 3345, T00, 1.59% <459 +I58 L1559 1,458 8929,
374 S<FNRe «HEA 54 3345, T00, 1.593% 470 359 359 1,358 8929,

1 6000 Sawul «5%3 523 31Rs, 700, 1.659 JhhT L1599 559 1,654 6255,

1 Sefie L .70% 33as, Tue, 1,843 543 oI8R _SeA 1,654 8255,

1 Safnfle « 934 917 3345, 00, 1,.84% o811 FELL L L 1,450 8255,
1e]/4 5000 Swur 533 528 29%a, 700, 1,031 303 159 359 1,658 “poz,
jel/é Svhe .72 A40 3150, r00, 1,968 « 557 359 L3359 1,458 4802,
1e1/2 4000 Swur L5098 50y 2937, Y00, 1.98% «Sue <359 359 1,458 “v0e,
1e1/72 LRl «H3n LR04 ¥345, 700, 2,218 008 L4918 LA 1,650 4708,

2 H0J¢ Sewr « 135 . 125 2978, 700, 2,290 «040 «368  Lls8 1,858 4583,

2 LTS ETY 987 3345, 700, 2.551 <790 LUBS  L4RS 1,458 583y,

SCOMBINAYINN NAT QFCOMMEMIED STACE RUN PIPE wal| THICKNESS AND/ZNR Nnwpnal PIPE SIZE AELNw VALUES
SeilaN (1N “NGef %2



LT

ARANCH
S1¢

INCHES

172
172
3/4
374
374

1

1

1
1=1/4
el rd
1=172
1=1/2

APPL ICARLE FNR MaTERT 21 9

PIPF MATERTALS) SA3T5TP31s

FITYING MaTFETR1I St Salse f304
FITTING FITTING 90 NEGREE MAXTMnm REINFORCEMENT MINIMUN
FITTING AVERARE ™INT™UM BRANCH DESIGN LImITS w2
TYyer wALL wALL DT L L T T T TEMPERATURE LA LN REQUIRED
ALLOAAMLE DFSIGN AND

PRFSSUNF REGUIRED w2
INCHES INEHES esl, F INCHES INCHES  FOR 2500PST
R R L _—-Emmee-- R R e R R Rl ) PR R

PIPE S12Ffs a 1IN SCH 160, AVERAGF walL® «F06, MINIMUM wilLs 7938

S«s 1a300, P87, MAXTMUM ALLOwWARLE PRESSUREs 3234 p§] Y 400

T —————— B e R R R )
SwA SV La%9 3234, 700, 1,654 L L4453  L&5)
S«F A LY LT 32%a, 700, 1.781 «S1s «853 ,6S53%
8000 Jwmul JAbn LUSH 309y, 700, 1,679 JUns +A5%  ,45)%
S8 .S78 LSus 3222, 700, 1.781  ,S0% #4583 ,453%
SwENna +ORA AS5e 3234, 700, 1,781 516 +453 ,4s53%
6000 Swml .533% .52% 3084, 700, 1,847 «S13 L4583  La53
qun 735 L7108 32%4, T00, 2.031 « 585 L4453 L453%
S«FNA L93A .017 3234 700, 2.0%1 11 469 L4809
H000 Swml 533 .52A 2813, T00, 2.019 549 +853 L4538
L) 572 Lban 2979, 700, 2,154 «503% +H53 ,453%
6000 Jwur 598 .59% 280%, T00, 2.173% 592 « 453,453
AL A% JR0a 3113, 700, 2.408 «685 L0453 + 453
6000 SwuC .735 . 725 2”1y, 700, 2,484 o881 «453 45y
QA LI89 .937 3130, T00, 2.719 790 JURS  L4RS

SPACING
CRITERIA
SouARE ROOY
nF A= x Tw

INCHES

ALLOwABLE
DESIGN PwESSUNE
FOR STRAIGWT
FITTING TYPE

DL L L b T bk

1,870
1.870
1,870
1.870
1,870
1,870
1,870
1,870
1,870
1,470
1,870
1,A70
1,870
1,870

,saz.
7522.
6929,
6929,
6929,
8255,
6255,
5255,
4802,
asoe,
4708,
4700,
a5a3,
4583,



( ! £ g '( ! ' l l ( i

APPLTCARLE FNOR ™ATERTALSY
PYPE MATEQIALST SAYT4TP3is
FITTING “aTFRIALST SA182 #3004

ARANCH FITTING FITYING Q0 DEGREE MAXTMUM REINFDORCEmMENT SIN] UM SPaCING ALLOwaRLE
S1i¢ FITYING AVERAGE wIMps“Us HRANCW DESIGN LInITS R2 CRITERIA DESIGN PRESISURE
TYRE wALL whi L crsmennscnncnnne TEMPERATUWE LA LN REQUINED SGUARE R00T FOR STRAIG™Y
ALLNWARLF DESIGN AND NF A= x TR FITYING TYPE
PEESSURF CEQUINED R2
INCHES INCHES 1HrHFS PsI, ’ INCHES INCHES  FOR 2500PSY INCHES P,
LA e ---- ssesesew mm-_—— A Rl EEEET-e--- R ssEAESE TS mEsAST-..S-.- PR Rl E R
PIPF S12Fs= 10 1N SCM 140, AVERAGE wALL® 1,000, MINTMUM waLL® HA75
quz  1s300, PST, MAXTMUM ALLOwABLE PRESSUREe 2H3A 0§ vz 4«00
..Q.....--.....-.-.-...........--...-..’.-.-...--..--.-..-..--.---.‘.-.-......Q.......--.--...-. R R R
172 LEL | 5% Lu99 2838, T00, 2.719 « 790 JS00 ,500 2,208 1522,
172 S<FNA 588 556 243s, 700, 2.719 « 790 «S00 500 2,278 1522,
3/4 6000 Swur JUne LuS6 2710, Too, 1.77% J4RQ «S60 LS00 2,208 6929,
/4 QwR 578 .548 2813, T00, 1,875 528 <500 LS00 2,208 8929,
374 SaknA LL JASh 2R83n, Too, 1,875 528 «S00 LS00 2,208 8929,

1 6000 Swut 538 .523% 2658, 700, 1.94}) «538 «500 ,500 2,208 02%S,

1 SwR .735 ,70% 2818, 700, 2.125% 007 500 ,So00 2.208 6255,

1 S«fFnAa .94 917 2838, o0, 2.125 W 008 «500  ,S500 2,208 8255,
1=1/4 #0200 Swwr <533 528 2u72, 700, 2,113 ST «520 568 2,208 4802,
1=1/4 SR A2 LJhuo 26086, 700, 2.250 828 500 LS00 2,208 “goz,
1=1/2 6000 Swur . S98 L5093 2usy, 700, 2,287 o815 LS00 597 2,208 4r086,
1172 Sl LT JRoa 2718, T00, 2.50¢ <708 <500 ,So00 2,208 ar0e,

¢ 6000 SenC 735 .728 2482, 700, 2.940 « 704 <500 58 2,208 4S8,

2 Swh T .937 2112, 100, 2.81% L7197 500  ,500 2,208 4SH3,



e

APP TCAHILE FI'R “ATFRTAL S

i R
PIBE “ATERIAI Sy SAVTaTPSIs
FITTING »aTFRTA 81 SA1AZ s3nG

BRANCH FITTING FITTING 90 NELRFE MANTMUM REINFORCE~ENT “INTMyY™ SPACING ALLO=ARLE
S12¥ EIYTING AVERAGE MINTwUM ARANCH DESIGN LIvITS a2 CRITERTA DESIGN PRESSURE
TYPF whlL waLl cncennsncvesnnse TIMPERATURF LA Ly HFQUIRED SAUARE w07 FUR STRAIGHY
ALLNwARLE DFSIGN aND 0F B> x TR PITYING TYYPE
PHESSURE REQUINED R2
INCHES INCHES TMENES PSt, F TMCHES INCHES FDR 2500P8] INC=ES Psr,
"eewew e -- _—-mm-—-——- _-m--—_——-—- R mEEETEe--—- R AATETEEEE ... R R ) LR R R R R
PIPF &17F= 12 v SCH tav, AVERAGF wallLs 1,125, MINIMUM walLls LT
S4e 1s800, PST, MAXTIMUM ALLOWABLF PRESSURE= 2683 _pSY Y= 400
Rl i S R R R R
172 SwR .51 L499 26A4%, 700, 2,81y 797 963,568 2,557 1522,
172 S«FNR +HRA A58 FLLE 7100, 2.01% « 797 2563 ,583 T K57y 1522,
374 6000 §uur JUAN LU5h 2558, 700, 1,898 «S519 563 583 2.5%7 5929,
S/ Sl «STR 548 2s4y, 700, 2,000 «9548 +583 543 2,557 6929,
3/4 SuENA L JASH 26A%, 700, 2,000 « 558 «563  ,5»3 2,557 6929,
1 6000 Swul .533 523 esons, 00, 2,068 2867 «58Y 588 2.9%7 025%,
1 SuR <735 .70% 28A8%, 700, 2.250 +038 583 583 2,5%7 6255,
1 §<Fna 938 Lo17 FLLE N 700, 2.250 538 «S563 583 2,597 8255,
1=1/4 H00D0 Swut «533 L528 233m, 700, 2.2%8 Ho2 «58% 1,218 2,557 4802,
1e1/4 LT N2 YL 24590, T00, 2,315,657 563 703 2,557 “no2, ™
1=1/2 w000 Seng LS98 .593 2324, 700, 2,392 ohus +563 1,249 2,557 a70e,
1=i/2 S=R A3 .04 25v7, 700, 2.525 «738 «S563  ,58% 2,5%7 4708,
2 K000 Swup .135 L1258 2%14, 700, 2.708 . 735 «S83 1,224 2,557 wS8y, -
2 Swh L9K0 .37 2530, T00, 2,938 «H2R 563 ,Sa3 2,557 “h8y,



-e

APP| ICARLE FNR »aTFR1aA' 8
PIPE “aTERTaL St SAYTATP3Is
FITTING “aTFRT41 81 SA1B82 F304

ARANCH FITYING FITTING 90 DEGREF MAXIHMUM REINFORCEMENTY MINIMUN SPaciInG ALLOmABLE
S1l¢ FITTING AVERAGE MINTMUM HRANCH DESIGN LIvItS R2 CRITERIA DESIGUN PRESSURE
TYOE wAl L wALl Ll R ——" TE#PERATURE LA LN REFQUIRED SQUARE ROOT FUR STRAIGHNY
ALLOWARLE NFSIGN AND NE R» x TR FITTING TYPE
PRESSURE REQUIRED w2
INCHES INCHES INCHES pst, F INCHES INCHES FOR 2590PS) INCNES PSt,
- R e - m--—-— R B memeTETETR ST e - msEE--"-- ARt ATET ST AT EEEEETTR-e.
PIPE S12Fs 14 In SCH™ 140, AVERAGE waLL= 1,250, MINTMUM waLL®x 1,094
Svs  1s%00, P8T, MAXTMU™ ALLOwWABLE PRESSURE= 2717,051) Y2 L 400
......-.....-.---'-...--.O-....‘.......-O..O.....-...---......--...-........Q.....-.-.....-.-... Dl R
172 LEL <53 La99 21147, 700, 2,954 4] « 525 L0825 2,823 %22,
172 S«FnA Ll «556 ernr, Too, 2,938 828 525 L8025 2.,82% 7522,
376 000 SwHC JUAA LU58 25013, T00, 2.02% Hu9 «525 4025 c.023 6929,
/4 SwR 578 JS54h 2560, 700, 2,125 589 625 4025 2,823 6929,
Ys4 SHENRA JHRR T 271, 700, 2.12% LLJ 525  ,825% 2,823 6929,

1 ANOD SwnC «+533% 523 2531, 700, 2.161 «597 825 L0825 2,82% 6255,

1 Swh « 735 .70% 2598, T00, 2,375 H69 825 L8625 2.82% 6255,

1 SwEnA « 9348 917 717, 700, 2.375 o669 o825 o825 2,823 6255,
fel/7& 8000 SwsC 53¢ 528 2370, 700, 2.38% 532 0525 1,228 2.R23 asoe,
1=1/4 Swh AT2 L840 2ary, 700, 2.500 587 «H525 708 2,823 “so02,
lel/2 #6000 SauC <S9A L5958 2352, 700, 2.517 078 «625 1,284 2.82% “Tus,
o172 SwA A3A RO04 dSus, 700, 2,750 o 769 «025 025 2,82} WT0e,

2 K000 SwHCl « T35 + 725 2337, 700, 2,830 « 765 o525 1,297 2,823 as8s,

e L L9809 937 25%:, T00, 3.,06% «B58 8625 L8625 2.02% LLEN



BRAR AR AR AR R AR AR AR AR R AR AR AR A R SR AR R AR RN R AR AR AR AR
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. EDS NUCLEAR, INC L
- -
. PRNGRAM #CLIRICe ®
- -
hd AREA REINFORCEMENT anNnp STRESS INDEX .
* CALCULATINNS FUR CLASS | ARanCH COWNECTIONS -
. PER ASME RPVC SECTION 111 NB=3s00 .
- -
- -
- -
- -

END OF EXECUTINN
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. CERTIFICATICN OF FMGINEERING CALCULATIO™ /
ATTACHMENT 1.2

ENCLOSURE !

PA. i- .

B -
s '\.

a2l & - 5y e00

Ve

Station and Unit Number é&?z/m - ALL /W/"s‘

Title of Calculation BICAULL Ji/lt Ser ot LAser on Hletriec

U erTs

Calculation Originally consisting

through

nurver DMK -3-28-77

These Enqgineering calculations cover items relating to nuclear safety.

of Pages

In

i .

—————

accordanca

with established procedures, the quality has boen assured and | certify that the above
calculation has been performed, checked or approved as noted below:

Date

Performed by’r-D- M, K. s e~/
—
Checked by / TIpr ooy - »({“.‘4.-&-

7 b7 /

-

Date

Approved by Date

2-5-77

)
Revisicn/Addenda Log:
Performed Checked Approved |
Pages Pages Pages |3y By By

No. | Revised |Dzleted | Added Date Cate 1 Date

P40/ o “NH. %5 ¢
e | RLC. " w 1

| | — |— %% 1731 91E51731-)9 7518

//
/

* PR
Form 101.1/Rev. & L'NE ¢ / ,.‘..7,.... Rev.

DIVISION COPY

4 3ec PR=101/Page ©
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. N. KTS f&
Checked By /e )m-y«d é_,zz_..z__
Deese

Approved By C/M _féﬂ\/

CALCULATION DNK-3-28-77 Pages 1 through 22
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MCC1206- 02-54-C 20T

i;l'-'- ‘_"” “an GEM&M‘- it 1 de No
C TAneH TYPE orckcTioN BASED oM PRUIIMKE  REIUIRCHEMTS
ry DNE 1ege 3°C5-71
‘c t Mo, ’('; 2Z Vioblow M. DNE 3-29-77 Chectied By Jco o 3-38-77

- c. l & -1 1 P | = b
! ! } } ! l i l i ‘ i ) : ! i ! i !
TRORLEM  STATEMENT : Bint i) Mo g by b i B0
L) R AN (e T ey . | | !
' | ] ' | | y | \ | | " ;
10| ESTARISH A TRXCEDURE FOR. BRANCH TYPE SELECTION LASEL oN COPE
REQUIREMENTS FOR  ARLA Re MFORCEMENT TUE TO PRESURE.
| ey e ki O e FE P a
0 ol e S e A & R
PELATION TO NUCLAR TAFETY : ;
v | - \ ‘ .
. | a4 | B fl o A
THIE TROCEDURE ATTLES TO PG aF ’pune cu\s B,CECF wHed 15
MUGLEAR SAVETY RECATEL, | | B | |
[T B | % .
PESIGN  METHOD I N R I N S
B - - :

| '
'! | | |

CTHE | METNOD 1% TEFIMMDL (N THE COVE REQUIRCAMENTS FoR AREA

REINFORCLMENT , THE ©TASIC FIAA 15 THAT METAL CuT our OF THE
WM Phe w'rem INSTALLING A BRANCH Mu"r BE za’u\cr_D uY ERL
METAL (N THE  ERANCH FITTING |
COPES  AND ,smupmvs: | e '

A2k o o O

SME timve serm /97// THROUGH f.(rwz/’ 197¢ APDEMDA, supc. A § AD,
W 5T B3N 1T3 ,,-eraueH‘ WINTER J97C  AprealVAh.  AnGT | Bledl 1973

; R U AR TN SR ' Cod Lo
AFSUMPTIONS | e '[ |1 R
ASHUME  1PREVIURE ,u Tm: m:/wcu AND RWJ AE LQUAL
3 Aswue THE TUN PIPE SELS THE MAXIMUL]  DESIGN PRESURE FOR. THE
CORRISTONDING  SeHEDULL . LE. Mo EXCLZs METAL f:oﬁ Kea NFORCE MEMT
WILL. BE TIAXEN FKoM 1¢HE BRUN | ppE. b |
3 AGUME  BRAMCH AMD RUN | ARE  THE SIME | MATLRIAS
4 ASCUME  THE ERAMCH 15 PERMENDICULLZ TO THE KUN. |

fé % MANUEACTUVE TOULANGS ARE ACCOUNTED Fole |N THE MiNIHUM DIMENSIONS  JLLOWRD

FoR. FITHINGS,

G. commmu AuJANGs  ACE NoT Comwuw (N Tiia CALCU AT ON.
1 | [
| 3 | A IS R 3



Voany 804 o M—C01206' 02-54'0065

h Cev .vSmlmn GENERAL Voan s 1
v DRANCH TYPE S€LccTioN BMNED ON TREZGUKE LERUIREMENTS

ity DNK
te ot FHiny 2 Ol 2z Probtan 1o DNE 3’23-77 Chiog ool 1y TCcO

{ A N R T N O ; :
) ! ' SN B ! ! ] £ O : . |
' L) |
\DTHEL GOURCES DE| INFORMATION : . |
| | | } { | . i '

L Pl T - |

| ' | i i | 3 \ | ) | ' L

PESHANICAL TEIGY SECTION  MANUAL FI6 Mit “25-2 Kel opfi. DukE Poulk €O

b s o

!
TR i £

PRESENTAT |ON  'OF CALCULATION ¢ l
T Ry | ! S | .
CNOTE: AL’ Eds.| COME FroM AsME ' sec TL (974 (Caumsc. NC 3643 ~ NP ED)
" AL, DIMCNSIONS ARE EITHER FROM ANST B /6.1 ( FoR HALF CcoulyHes)
- lor MEcH. DE,.)lGN SEC, MANUAL (FOR THE SILOAL WELDING wu)
i ‘ ’ 1| i
CEA = A\/Atulue Au‘A L Aes A
- -

’ ‘ ' | | ' |

e
' v '

'-k?tND WIL HI\YIMUN ALLDUI\BLE HU\DUL THiCkNLZ, Tl EACH  NOMINAL  OITC
"’ﬁ/cnl“ PPE  WHEN OIVE.\! TE peMal FITING SIZE AND TRESULC CLA L.

o~ R HEEREEEEN |
—A; /omd (am L As (T 4 @)

[ oo ‘ f !

o/F Pﬂw.:uwcf' ARz EL;uM.. s) zib : P d, (& 3): lf o Wi Pd, (w4)

z(sf:+ ,-'p) : z(:e 177417 )

l

3

g iy i gt i |

N
7 T

.

1076, »fZZ_C(b) = 200,
.

——— p——————— — - —




g NCC1206-02-5' oD

!; rov .1~l:lum GENERAL ot Vale Tl
¢« PRANCH TYPE gELeCTioN DAED gl TRCLyrs BEQUIREMLMTS
v, DNK frve 3225477
*te 3w 22 g i, DNK 3728777 Checked Bty TEP e 3°28-77
’.
RN e : - { ; l ‘ 1 P oo
FooAnureTON 2 15 MET: T =%y = 2007 1 (@&.5)
. | - Aod ‘
AL T ] and e2Ld
B P A I O o e
, ' ‘ ! | l | | ; : ; ‘ ;dlv
wlexe | L= ,(ucorr oF pculral.cemur 2ZONB ' i 1A ‘
| Te THIoGES - oF RN | '
| d, > WSIDE DIAMETER oF TRANCH

| o s mweE vmumf OF kU, = .
' | P A .
rECAUS c THE nl'lve VIAMETER VARLs FoR EACH TINE XlEdulE OF THE SAME
MoMiNbe  SRE |IT |5 MECETARY TO ESTIMATE T rpaw  USIMG THE d.b.lm Avob EYcsae
CALLULATIONS . | ONCE 7;‘00 IS PETERMINED THE MAYIMUM E5TIMATED HESADES Soprtant
CAN 13E DETLRMIMEL , rrom THIS 7;'~~ MUsT BE REFCUZED wAILD oM TiE To.
YoF THE &SUMATEL HEADEE SCHELME | 70 TETERMINE THE EXACT TM, OF (COURE
u;mo THE OD. Wite G A T H/Grlelz THAN THE EXACT VAWE. IF TIE EYACT
VYACUE DROPS  MucH , 1T MAY cnu'e THE EXACT HEADER SCHCLYULE TO DROP TO THE
NELT | LOWER <cHEDWLE, THIS PROCUMIE 15 JLUSTRATED ON  THE CHARTS MWD CES
LIHERE THE EX/CT |CATER SCHLLME DRIPS ARE DENITEL BY A CHeek. (V)
THE CALCULATIONS  LERE MALE FoR | 3996 ¥ ¢ (000 W HALF Couphos AMD FOR

|

]

|

l .

L TUEE :POu.‘CtL- SPECIAL (JLLD|NG LosSs. . | T , ! 3
| | | | | | P

l T A | I . | | l ' | S ' , ’

i

KEMD AL OF METAL FRom THE BRANCH mnue WHICH 15 CROUND 50 THE’ GW\N"JJ FITs THE
(ONTOUR OF THE BUN | WAS Aeso CONSIDERLL, THE ARCA REMIVED DU TO GRINVING
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'8 EWSW E!
o
20 B SPECIAL ||
DESIGN W
22 i
H
f
24 li
l
26 Non=standard sized ﬁ
pipe. Reinforcement q
28 verification required ¥
for all branch con- '
30 6HC nections, '
~ ]
36 !l -
NOTE: SEE TABLE 2 FOR BRANCH TYPE DESCRIPTION
9
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RUM PIPE SCHEDULE

RUN PIPE
SIZE | 10 [ 20 | 30 | 4n [ €0 180 [100f120f 1he | 160 || xs | sip

1

25

BWT

' .
3 3INC

3HC

GHC

6HC SPWE

oHC

BWSW
22 Or
SPECIAL
24 BESIGH

26 .

Non-standard sized
pipe. Reinforcement
28 6HC verification required
for all branch con-
30 nections,
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ATTACHMENT 2

CERTIFICATION OF ENGINEERING CALCULATION

Station aad Unit Number Catawba Nuclear Station Units 1 and 2

Title of Calculation Verification of required half-coupling ratings for branch

connections on Piping drawings

Calculation Number CNC 1206.00-02-1001

Originally consisting of Pages |
through 43 . ? ’

These Engineering calculations cover QA CONDITION _ 1 _items. In accordance
with established procedures, the quality has been assured and | certify that the above
calculation has been performed, checked or approved as noted below:

Performed by _‘5 f‘)g.j% Date /- 29’5}/
'<u Date /- 2‘)‘6/
Date ‘ 5 2:1 ')ﬂ ‘

UNCONTROLLZD

Frr" " 0‘\0

Checked by g

~

Approved by

DIVISION CORY

Revision/Addenda Log:

y |
Performed hecked Yoproved
Pages Pages Pages |[By ; By
No. | Revised |[Deleted Added Date Date Date
Form 101.1

Revision © o

—




PROBLEM

Qualification of discrepancies between the half coupling shown on the
piping drawings and the Preferred Branch Selection Chart in the Catawba
Piping Specification CNS-1206.00-02-1002 Appendix E Table 8.2-7. Half
coupling ratings shown on the piping drawings were based on full coupling
ratings shown on the PS sheets of Table 8.2-1 Appendix D of the Catawba
Piping Specification instead of the Preferred Branch Selection Chart.

Applicable Codes and Standards

ANSI B16.11 1973
ANST B31.1 1977
ASME Boiler and Pressure Vessel Code Section III
Division 1 - 1974 summer addenda
Subsection NA
Subsection NC
Subsection ND

Catawba Piping Specification CNS-1206.00-02-1002
(was CNS-1206.00-2.2), rcvision 16

Welding End Preparations CN-1676-1.1, Detail X, revision 5
See attachments

Piping Engineering, Fourth Edition, 1979




FLOW CHART FOR HALF COUPLING ANALYSIS

Do coupling ratings shown in PS sheets
of table 8.2-1 and Branch Selection
Chart agree?

OR

Do couplings ratings agree with branch

connections not requiring reinforcement
per ANSI B31.1-1973, 104.3.1, C.2, ASME
NC 3643.2(b) or ASME ND 3643.2(b)?

*see following pages

YES NO
‘coupling rating Perform reinforcement calculation
acceptable to determine if branch connection

will withstand design conditions
as slated on affected PS sheet

pass

coupling rating
acceptable

fail

iReview all flow diagrams. Do these PS
sheets, where the branch connection will
not withstand design conditions, appear on

flow diagrams?

NO

b |19 a;fectl

YES

Does branch connection exist on flow
diagram?

NO

Ino affectl




EXEMPTIONS FOR HALF COUPLING ANALYSIS

Branch connections where the run pipe is 2" or less, tees are used.

Branch connections where there is less than a 50% reduction, tees are
used.

Duke does not use 3%" pipe; therefore, this size run pipe was not
considered as a possible branch connection.

Since a 2" half coupling is the largest used by Duke, a 6" run pipe is
the largest for which a calculation may have to be performed. Per ANSI
B31.1 104.3.1, C.2, ASME ND 3643.2 and ASME 3643.2, any run 8" or
greater is exempt because a 2" branch would be less than or equal to 1/4
the run size. For 6" and less, pipe sizes schedules 40, 80, and 160 are
the only schedules specified on the PS sheets, except for PS sheet 153
for embedded pipe only on the WL System which has schedule 10 pipe.
Therefore, in the Preferred Branch Selection Chart, run pipe schedules
of 40, 80, and 160 were the ones checked against the PS sheets.

On the following pages is a copy of ASME NC 3643.2, ASME ND 3643.2 and
ANSI B31.1, 104.3.1, C.2 yualifying branch connections not requiring
reinforcement.




AMERICAN NATIONAL STANDARD
POWER PIPING

design of branch connections to sustain internal
and external pressure in cases where the axes of the
hranch and the run ntersect, and the angle between
the axes ot the branch and of the run is between 45
and 90 degrees inclusive, and no allowance is required
lor corrosion Jlidl‘l” Crosiom

Branch connections in which the simaller angle be-
tween the axes of the branch and the run is less than
45 degrees umpose special design and  tabrication
problems. The iules given for angles ol 45 and 90
degrees inclusive may be used as a gunde, but sulficient
additional strength must be provided to assure safe
service. Such branch connections shall be designed to
meet the requirement ot Para 1017

B. Branch conncctions i piping may be made by
the use of the following
B Flanged. butt welding. socket welding ot

serewed tittings made in accordance with the applica-
hle standards listed i Table 1261

B2  Welding outlet fittings. such as cast or fored
szzles couplings of maximum size of 3 mches and
iaprors o simlar tteins huving butt welding, socket
weldine  threaded or Nanged ends Tor attachment ol
the branch pipe. Such welding outlet tittings are at-
tached 1o the main pipe by welding/in accordance
3 bl -
-/h Fig 1278.E

B2 Extruded outlets ar nght angles 1o the run
mpe, e gecordance waith Para 104 31 .G where the
ttachment of the branch pipe s by butt welding

B4 Artach ng the branch pipe direcily to the wun
npe by welding or thieadimg as stipulated below and
m Para 12748

B4
woattaching the branch pipe 10 the run pipe by
ocket welding provided

411
ced 2inoor )
s simaller

B2 The depth of the socket m ADC U s al
cast equal to that shown o ANSE Blo. 1) with a

Right angle branch connections may be made

The nommal size of branch Jdoes not ex-
the noninal size ol the run, which ever

mnanum shoulder ol "/, . between the bottom of
the socket and the mside diameter of the van pipe
Weld meral may be deposited on the rm pipe 1o pro
e the requined sochet depth and 1o provide anv re-

horcement reguind

TN

provided between the bottom of the socket and the

|
Approximately Y in clearance shall be

'I\I ol ||I\ l||\\‘lh'd PN

H411 The size of the tifler weld shall nor be less

3

ANSI B31.1-1973
104318

than 1.25 times the branch minimum wall thickness

B4.2  Rught angle branch connections may be made
by attaching the branch pipe directly to the run by
threading within the provisions of Para 106.1 and
provided:

Ba2) The nominal size of the branch does not
exceed 2in. or % of the nominal size of the run which-
ever is smaller.

B422  Minimum thread engagement shall be 6 full
threads for 4 in. and % in. branches. 7 for | .,
1Y in. and 1% in.branches: and 8 for 2 in. branches.
Weld mertal may b deposited on the run pipe to pro-
vide sufficient thickness tor required thread engage-
muent.

C Branch Connections Not Requiring Reiforee-
ment. A ppe having a branch connection is weakened
by the opening that must be made in it, and unless the
wall thickness of the pipe is sufficiently in excess of
that required to sustain the pressure, it is necessary to
provide additional reinforcement. The amount of re-
mtorcement required shall be determined in accord-
ance with Para 104.3.1.D and E. There are certain
branch connections tor which no supporting calcula-
tons are required

C1 A branch connection mav be muade by the use
ol a hittmg, (tee. lateral, or cross). manutactured in ac-
cordance with a standard listed i Table 126.1, and
used within the liimits of pressure-temperature ratings
specified i such standard. A butt welding fitting made
i accordance with ANSI B16.9 shall be of nominal
thickness not less than the nominal thickness required
tor the adjoining pipe.

C.2 A branch connection may be made by welding
& coupling or half coupling directly to the run pipe in
accordance with Fig. 127.4 R E provided the nominal
dimmeter of the branch does not exceed 2 in. pipe size
or " the nonunal diameter of the run, whichever is
less:. the wall thicKness of the coupling s not less than
that of the branch pipecand i no case s the thickness
ol the coupling [e53 than extra heavy o 3000 Ib rating

Sl hranch connections 2 me pipe size and smuller
as shown m Fig, 127 48 F may be ased provided 2, 15

not fess than the thickness ol schedule 160 pipe

C3 A buanch connection may be made by the use
of an oxtinded outlet, provided the nominal diameter
ol the branch does not exceed 2 in pipe size or % ol
the nommal diiameter o the run. whichever s less.
and the smmimum wall thickness at the ahuttine end of
the ontlet s not less than regquired tor the hianch pipe
wall

.-
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AMERICAN NATIONAL STANDARD
POWER PIPING

FULL PENETRATION WELD
(174" MmN FILLETY
REINFORCED)

SOCXET WELD OR
THREADED MALF
COUPLING

!

HEADER OR RUN
OF PIPE

Lon&"

f— o — . ——

»

QAN

Branch conn. for use where design press. & design temp. do
not exceed the press. -temp. service ratings in-ANSI B16.11
Forged Steel Fittings, Socket Welding and Threaded.

ANSI B31.1-1973
FIG. 1274 8¢

SOCKET WELD FULL PENETRATION
OR THREADED WELD FILLEY
HALF COUPLING REINFORCED

Branch connection for use at pressures and temperatures ex-
ceeding Range of Standard Fittings in accordance with ANSI
B16.11 (and design does not exceed 5000 psi and 1050 F)
Forged Steel Fittings, Socket Weiding and Threaded,

FIG.127.48E TYPICAL FULL PENETRATION WELD CONNECTIONS FOR 3 in. BRANCHES

& SMALLER USING FITTINGS

1}‘ TIMES MINIMUM
WALL OF PIPE BRANCH

2" NPS MAX. THREAD
OR SOCKET WELD
COUPLING

Y

a MIN,

FIG. 127 4 8F

+
> ¥ fe—

PARTIAL PENETRATION COUPLING CONNECTION WITHOUT ADDITIONAL REINFORCEMENT

REVISED



ND-3000-DESIGN

provided the requirements of (1) and (2) below are
met:

(1) The nominal size of the branch does not
exceed 2 in. or % of the nominal size of the run,
whichever is less.

(2 Minimum thread engagement shall be 6
full threads for %% in. and 3% in. branches; 7 for 1 in.,
1% in. and 1% in. branches; and 8 for 2 in. branches;
weld metal may be deposited on the run pipe to
provide sufficient thickness for required thread
engagement.

ND-3643.2 Branch Connections Not Requiring
Reinforcement. Reinforcement need not be provided
if the branch connection is made in accordance with
the requirements of (a) through (c) below.

(a) By the use of a fitting manufactured in
accordance with one of the standards listed in Table
ND-3132-1 and used within the limits of pressure-
tunperature ratings specified in such standard. A butt
welding fitting made in accordance with ANSI B16.9
shall be of nominal thickness not less than the
nominal thickness required for the aljoining pipe.

¥  (b) By welding a coupling or half coupling directly

to the run pipe provided: the nominal diameter of the
boinch does not exceed 2 in. pipe size or Y the
nominal diameter of the run, whichever is less; the
wall thickness of the couphing is not less than that of
the branch pipe; the coupling is joined to the run pipe
by one of the methods shown in Fig. ND-3643.2(b)-1;
in no case is the thickness of the coupling less than
extra heavy or 3000 Ib rating.

(c) By using an extruded outlet, provided the
nonunal diameter of the branch does not exceed 2 1n.
pipe size or %, of the nominal diameter of the pipe,
whichever is less, and the minimum wall thickness at
the abutting end of the outlet is not less than required
for the branch pipe wall.

ND-36433 Branch Connections Requiring Re-
inforcement

fa) A branch connecti '\n may be made by welding
an integrally reinforced iitiing directly to the run pipe
if the reinforcement provided by the fitting and the
deposited weld metal meets the requirements of (b)
and (c) below.

(b) A branch connection may be made by ex-
truding an integrally reinforced outlet on the run pipe.
The reinforcement requirements shall be in ac-
cordance with ND-3643 4.

(c) Additional reinforcement is required when it is
not provided inherently in the branch connection.
ND-3643.3 pives rules covering the design of branch

99

ND-3643.1-ND-3643.3

connections to sustain internal pressure in cases
where the angle between the axes of the branch and of
the run ranges from 45 and 50 deg. NC-3643.5 gives
rules governing the design of connections (o sustain
external pressure.

(1) Nomenclature. Figs. ND-3643.3(c)(1)-1 and
ND-3643.3(c)(1)-2 illusirate the notations used in the
pressure-iemperature design condiuons of branch
connections which are as follows:

a = angle between axes of branch and run, deg.
b= subscript referring to branch
D, = outside diameter of pipe, inches
d,= inside diameter of branch for right angle
connections. For connections at angles be-
tween 45 and 90 deg.,
d] - (Dab - ZT,) + Sina
d; = half width of reinforcing zone, inches

= the greater of d, or (Tb + Ty +%'—) but in no

case more than D)

h= subscript referring to run or header

L = height of reinforcement zone outside of run
or reinforcement, inches

= 25T,

1,= thickness of attached reinforcing pad or
height of the largest 60 deg. nght triangle
supported by the run and branch outside
diameter projected surfaces and lying com-
pletely within the area of integral re-
inforcement, inches. (Fig. ND-3643.3(cX1)-
2)

T = pominal, actual (by measurement), or min-
imum wall thickness of pipe, inches, per-
missible under purchase specification

= required mimmmum wall thickness, inches, of
pipe for pressure-temperature design con-
ditions as determined by use of formula (3)
or (5), ND-3641.1.

(2) Requirements. A pipe having a branch con-
nection is weakened by the opening that must be
made in it and unless the wall thickness of the pipe is
sufficiently in excess of that required to sustain the
pressure, it is necessary to provide additional re-
inforcement. The amount of reinforcement required
shall be determined 1n accordance with ND-3643 3(c)
(3),(4),(5),(6),and (7); ND-3643.4, or ND-3643.5.

(3) Reinforcement Area. The required re-
inforcement area in sq. in. for branch connections
shall be the quantity 1.07 (1,,,) (d)) (2 - sina).

(a) For nght angle connections, the required
reinforcement becomes 1.07 (1,,,) (d,).
(b) The required reinforcement must be within



T - TYPICAL WELDED BRANCH
CONNECTION WITHOUT
ADDITIONAL REINFORCEMENT.

TYPICAL WELDED ANGULAR
BRANCH CONNECTION WITHOUT
ADDITIONAL REINFORCEMENT,

(c) SOME ACCEPTABLE TYPES OF
WELDED BRANCH ATTACHMENT

FIG. ND-3643.2(b)-1 TYPICAL WELDED BRANCH CONNECTIONS

100




NC-3643.1-NC.3643.3

provide sufficient thickness for required thread
engagement.

NC-3643.2 Branch Conncetions Not Requiring
Ri.nforcement. Reinforcement need not be provided
if the branch connection is made in accordance with
the requirements of (a) through (c) below.

fa) By the use of a fitting manufactured in
accordance with one of the standards listed in Table
NC-3132-1 and used within the limits of pressure-
temperature ratings specified in such standard. A bunt
welding fiting made in accordance with ANSI B16.9
shall be of nominal thickness not less than the
nominal thickness required for the adjoining pipe.

% (b) By welding a coupling or half couphing ditectly

to the run pipe provided the nominal diameter of the
branch does not exceed 2 in. pipe size or Y, the
nominal diameter of the run, whichever is less: the
wall thickness of the coupling is not less than that of
the branch pipe; the coupling is joined to the run pipe
by one of the methods shown in Fig. NC-3643.2(b)-1;
in no case is the thickness of the coupling less than
extra heavy or 30001b rating.

fc) By using an extruded outlet, provided the
nominal diameter of the branch does not exceed 2 in.
pipe size or % of the nominal diameter of the pipe,
whichever s less, and the minimum wall thickness at
the abutting end of the outlet is not less than required
for the branch pipe wall,

NC-36433 Branch Connections Requiring  Re-
inforcement

(aj A branch connection may be made by welding
an integrally rcinforced fitting directly 1o the run pipe
if the reinforcement provided by the fiting and the
deposited weld metal meets the requirements of (b)
and (c) below.

(b) A branch connection may be made by ex-
truding an integrally reinforced outlet on the run pipe.
The reinforcement requirements shall be in ac-
cordance with NC-3643 4.

(c) Addituonal rcinfnrccmc[ 1s required when 1t is
not provided inherently in tht branch connection.
NC-3643.3 gives rules covering the design of branch
connections to sustain internal pressure in cases
where the angle between the axes of the branch and of
the run ranges from 45 and 90 deg. NC-3643.5 gives
rules governing the design of connections to sustain
external pressure.

(1) Nomenclature. Figs. NC-3643.3(c)(1)-1 and
NC-3643.3(c)(1)-2 illustrate the notations used in the
pressure-temperature design conditions of branch
connections which are as follows:

SECTION 111, DIVISION 1 - SUBSECTION NC

a= angle between axes of branch and run, deg.
b= subscript referring to branch
D, = outside diameter of pipe, in.
d,= inside diameter of branch for nght angle
connections. For connections at angles be-
tween 45 and 90 deg.,
d] - (Dd -2 Tb)/Slﬂﬂ
dy = half width of reinforcing zone, in.
= the greater of d, or (Ty + T4 + d,/2), but in
no case more than D,

h= subscript referring to run or header

L = height of reinforcement zone outside of run
or reinforcement, in.

- 257'5

fo= thickness of attached reinforcing pad or
height of the largest 60 deg. nght tnangle
supported by the run and branch outside
diameter projected surfaces and lying com-
pletely within the area of integral re-
inforcement, in. (Fig. NC-3643.3(c)(1)-2).

T'= nominal, actual by measurement, or min-
imum wall thickness of pipe, in. permissible
under purchase specification

Im= required minimum wall thickness, inches. of
pipe for pressure and temperature design
conditions as determined by use of formula
(3) or (5), NC-3641.1.

(2) Requirements. A pipe having a branch con-
nection 1s weakened by the opening that must be
made in it and unless the wall thickness of the pipe is
sufficiently ir. excess of that required to sustain the
pressure, it is necessary to provide additional re-
inforcement. The amount of reinforcement require 4
shall be determined in accordance with NC-3643.3(c)
(3),(4),(5),(6), and (7); NC-3643.4, or NC-3643.5.

(3) Reinforcement Area. The required re-
inforcement area in sq. in. for branch connections
shall be the quantity 1.07 (1,4 ) (d,) (2-—sin a).

(a) For nght angle connections, the required
reinforcement becomes 1.07 (1) (dy).

(b The required reinforcement must be within
the limits of the reinforcement zone as defined in NC-
3643.3(c)(5).

(4) Area Contributing to Reinforcement. Metal
needed 10 meet reinforcement required by NC-
3643.3(c) must be within the limits of reinforcement
zone determined in NC-3643.3(c)(5) and may include
the following:

A, = area provided by excess pipe wallin the run
= dy|(T, - mill tolerance on Th) = tw)
Az= area provided by excess pipe wall in the
branch for a distance L above the run

S§75




SUMMARY OF BRANCH CONNECTIONS AND APPLICABLE EXEMPTIONS

1/2” 32"

3/4" 2 1/2"
33"

2 1/2"
3"
> 4"

11/2" 2 /2*
3"
4"
>6“

2" 2 1/2"
3"
4ll
6"
>8ll

=3 NOTES:

used.

BRANCH PIPE RUN PIPE

COMMENTS

see note 1

ne discrepancies
see note 1

no discrepancies
no discrepancies
see note 1

see note 2
calculation required*
calculation required*
see note 1

see note 2
see note 2
calculation required*
calculation required*
see note 1

1. Exempt per ASME NC 3643.2(b), ASME ND 3642.2(b), ANSI B31.1-
1873, 104.3.1, C.2, because the diameter of the branch is less than
or equal to 1/4 the diameter of the run.

2. Connection is less than a 50% reduction; therefore, a tee would be

*PS sheets below 900.2 were in agreement with the Preferred Branch
Selection Chart and, therefore, were not affected.

— . - - -
— e S —— P — o At S -




DISCREPANCIES BETWEEN PS SHEETS AND PREFERRED BRANCH SELECTION CHART

PIPE SPEC PROBLEM
900.2 On 1%"x3", 1%"x4", and 2"x4", and 2"x6" branch connections,
¥ the PS sheet specifies a 3000# coupling; and the Preferred
.4 Branch Selection Chart specifies a 6000# half coupling.
.5
.6
901.2 PS Sheets below 900.2 were in agreement with the Preferred
4 Branch Selection Chart and, therefore, were not affected.
1500.2
.4
9
.6
1501.1
g
.4
.5
.b
.8
2501.6
.8




SPEC

PIPE

1500.

2500.

2501.

PROBLEM

On 1%"x3" and 1%"x4" branch connections, the PS sheet
specifies a 3000# coupling; and the Preferred Branch Selec-
tion Chart specifies a 6000# half coupling. On 2"x4"

and 2"x6" branch connections, the PS sheet specifies a
6000# coupling; and the Preferred Branch Selection Chart
specifies a butt-welded tee.

On 1%"x3", 1%"x4", and 2"x6" branch connections,
the PS sheet specifies a 6000# coupling; and the Pre-
ferred Branch Selection Chart specifies a butt-welded tee.

PS sheets below 900.2 were in agreement with the Preferred
Branch Selection Chart and, therefore, were not affected.




The reinforcement calculations show a limit of reinforcement "L". This
limit is the height of the reinforcement zone outside of the run. In
the case of half couplings, the height "L" could not extend into the
socket end of the half coupling because the wall thickness is smaller at
that end than what is used in the calculation. This height is shown as
dimension F on Table 2, Steel Socket-Welding Fittings ANSI B16.11-1973.
Below is a table showing "L" for 1 1/2" and 2" half couplings:

UPPER LIMIT OF REINFORCEMENT "L"
size F-tolerance of F = L

11/2" LIS - .08 =L 17

I
—

. 1.62 - .08 =1.54

n
”~



P

3000#

1 1/2"

2"

6000#
11/2"

HALF COUPLING DIMENSIONS

MINIMUM WALL THICKNESS

WALL THICKNESS AT CONNECTION

C B min + 2C min - D max
2
. 218 1.915 + 2(.218) - 1.640
2
.238 2.406 + 2(.238) - 2.097
2
.307 1.915 + 2(.307) - 1.368
2
.374 2.406 + 2(.374) - 1.717
2

NOTES:

1. Dimensions taken from ANSI B16.11
Steel Socket-Welding Fittings.

- 1973,

Table 2

]

. 356

393

.581

.719

OUTSIDE DIAMETER

B(ave) + 2 C(ave)

1.920

2.411

1.920

2.411

+

+

+

2(.250)

2(.273)

2(.351)

2(.430)

n

2.420

2.957

2.622

3.271



CROSS

45" ELBOW

Table 2 Steel Socket — Welding Fittings

COUPLING

-C

b:‘;‘
1™

M

HIH
N b

HALF-COUPLING

A | Bore Diameter of Socket Wall Thickness’ Body Wall Center to Bottom of Socket — A
Fitting b gt ‘ G -
- " ]
Pressure Class Designation Pressure Class Laying Lengths Tolerances ¢
Plr)c:su:: :_‘lan Designation | Depth " Class Desiinst i o
Socket signation 300076000 9000 of ressu:e ass signation
Nom.| Bore 300015 | 600015 | 90001 |3000[600079000] of has
Pipe  T'5% 3000|6000 | 9000 3000| 6000 | 9000 |3000 | 6000 | 9000 |Couplings Couplings
uze L | ib Ib | Ave. [Min. | Ave. [Min. [Ave. | Min. [Min. [Min. (Min. | Min. | b b Ib Ib ib b E F A E F
x/aigjjig ot gt 0.125 /0.125]0.156/0.135 0.095/0.124 0.38 |0.44 | 0.44 031 | 031 025 | 062 |0.03|0.06|003
1/413:323!8:%?‘: R 0.149 /0.130/0.181/0.158 0.119/0.145 0.38 |0.44 | 0.53 0.31 | 0.31 025 | 062 [003 006|003
308] o0 oacaloasel  [0.158/0.138]0.498/0472] - 0.126/0.158 0.38 [0.53 | 0.62 0.31 | 0.44 025 | 069 [0.060.120.06
0.865 |0.652|0.494 |0.282
172} 0,855 |0.592| 0.434 0,222 (0184 (0.161/0.235/0.204 |0.368/0.322(0.147 |0.188 0.294 0.38 |0.62 | 0.75 | 1.00 [ 0.44 | 0.50 [0.62] 038 | 0.88 |0.06 | 0.12 | 0.06
| \ k
by ;gj‘,’;:ggjggig::g: 0.19310.148/0.274/0.238/0.385/0.3370.154 0.219 0.308 0.50 [0.75 | 0.88 [ 1.12 [0.50 [ 0.56 | 0.75| 0.38 | 094 l0.06 | 0.12 | 0.06
3 | 13301.019]0985.0 49 (0226 0.196/0.312/0.273]0.448]0.392/0.179/0.250/0.358] 0.50 [0.88 | 1.06 | 1.25 | 0.56 | 069 |0.81| 050 | 142. loos 0.16 | 0.08
33011.019/0.785 0.
14| 16751350 1130 0.806 [0-2%9 0:208/0.3120.273 0478/ 0418/0.191 |0.250{0.382] 0.50 [1.06 | 1.25 | 1.38 | 0:69 | 0.81 [0.88] 050 | 149 |08 |oae 0.08
1172, 1315 1 8011 308 1:070 |0-250(0.218(0.351 0,307 {0.500/0.438]0.2000.281 0.400] 0.50 | 1.25 | 1.50 | 1.50 | 0:81 | 1.00 | 1.00] 050 | 1.2 0.08 [ 0.16 | 0.08
i fs %29 .
2 lg:sg;;g;;}:j&;; 133310.27310.238(0.430/0.374 |0.545]0.477]0.218]0.344 0.436] 0.62 | 1.50 | 1.62 212 /100 142 [ 12| 05 | 1.62 |0.08 0.6 | 008
21/2| 3 9ak 12329 0.345/0.802 0.276 062 [1.62 112 075 | 1.69 [0.100.20 [0.10
2
3 ;ggg‘;(‘,og 0.375(0.327 0.300 0.62 |2.25 1.25 075 | 125 |0.10]0.20 |0.10
53513,
4. 4,
4 thfg‘lgggj 0.421/0.368 0.337 0.75 | 2.62 1.62 075 | 1.88 [0.10]0.20 [ 0.10
d

I. Average of Socket Wall Thickness around periphery shall be no less

2. Upper and lower values for each

size ar2 the respective maximum and minimum dimensions.

than listed values. The minimum values are permitted In localized areas.
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11/2"
2"

4"
6"

NOMINAL WALL
SCHEDULE 80

PIPE DIMENSIONS

.200
.218
.300
. 337
.432

NOTE:

NOMINAL WALL
SCHEDULE 160

OUTSIDE DIAMETER

.281

. 343

.438

.531

.718

Pipe dimension taken from
"Piping Engineering", Fourth

Edition, 1979

.5
4.5
6.625



CONCLUSION

Pipe Specifications listed below did not pass the pressure calculation
using a 2" 3000# half coupling on a 6" sch 80 header

P S SHEET FLOW DIAGRAMS

2501.6 Not on flow diagrams

2501.8 Not on flow diagrams

1501.2 CN-1562-1.2, 1.3, 1.4

1501.4 CN-1562-1.2, 1.4, CN-1593-1.3, CN-1602-1.0

Flow diagrams containing the above pipe specifications were checked to
see if a 2"x6" branch connection existed. None were found.

See attachments for flow diagrams listed above.



BRANCH SELECTION CHART

For 1/2"

, 3/4", 1" Branch Pipe

RUN

RUN PIP

E SCHEDULE

PIPE
SIZE

40

80 160

2% and
larger
See

Note 1

3 HC

6 HC

For 1 1/2" Br

anch Pipe

RUN
PIPE
SIZE

RUN PI

PE SCHEDULE

40

80 160

21/2

BWT

3

4

3 HC

see noule

P4

6
and larger

3 HC

6 HC

For 2" Branc

h Pipe

RUN PI

PE SCHEDULE

40

80 160

BWT

and larger

3 HC

see note 3 [see note &

6 HC

NOTES:

1. 3 1/2" and 5" pipe not included.

2. 11/2 x 3, 1 1/2 x 4; ratings on these connections acceptable for
maximum design conditions of 1800 psig @ 700°F.

3. 2 x 4; ratings on this connection acceptable for maximum design conditions

of 1800 psig @ 700°F

”

for carbon steel.

4. For carbon steel piping use ¢ HC, for stainless steel piping use 6 HC.

2 x 6; rating on this connection acceptable for maximum design conditions
of 1800 psig @ 700°F for stainless steels and 1500 psig @ 650°F
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APPLICABLE P.S.

SHEETS FO' BRANCH

SELECTION CHART

PS-150.
PS-150.
PS-150.
PS-150.
PS-150.
PS-150.
PS-150.
PS-150.
. PS-151.
P5+~151.
ra=151.
PS-300.
PS-300.
PS-300.
PS-300.
P5-300.
PS-301.
PS-301.
PS-301.
PS-400.
PS-400.
PS-400.
PS-401.
PS-401.
PS-401.
PS-600.
PS-600.
?5-600.
PS-600.
PS-601.

MO PWNBWNBWNELUNOIUPEWNDWNOLODNOU DS WN

PS-601.
PS-601.
PS-601.
PS-601.
PS-900.
PS$-900.
PS-900.
PS$-900.
PS-900.
PS-901.
PS-901.
PS-901.
PS-901

oA OTBWNOO AW

PS-1500.
PS-1500.
PS-1500.
PS-1500.
PS-1500.
PS-1500.
PS-1501.
PS-1501.
PS-1501.
PS-1501.
PS$-2500.
PS-2500.
PS-2500.
PS$-2501.
PS-2501.
PS-2501.
PS-2501.
PS-2501.

OO bPbPWNDBWNODO BN ODOWUIBWN



" I N ] "3 T ¥ JI' Ty @

7y ror s,

/5004, 5909, 5005 /E00-b, ss007% TB2-197%
DESIGN CONDITIONS: 422, .. .psi ® .20.Q..°F
| MEADER |  BRANCH
| Nominal Size Nl Y /% K
| Qutside Diameter On j{ Oy 7.1/20
;' Nominal Wall f,,, > 3 1-’° . YOS
‘ Actual or Min. Wall Th ' 26 3 To| 356 |
| Material Spec. )04 3 I AR
: /&;a Required reinforcement ares | Allowable Stress l Sh ! J¥320 Se /4 6D D
'! P — Area A, — excess wall in headar i Joint Etficiency En =~/ €s /
i / L Arza A, — excess wall in branch : 6/
! /-v A Area A, ~ fillet weid metal ; y -faczor Yh Z/ ) 2
: ‘f‘: Ares A, = meral in ring or pad , Struct. Stab. Factor An e Ay _
; = Ares A, — meaal in saccie 3003 run | |nrercection Angle B3 J0°
= : — ———
i REQUIRED THICKNESS:
/800 3. s
- 'mh b "_-io_h—_— + An * — B ke . :.20/-.0.
! 2ShEn + 2ypP 2 ¥ x /890,
PO, A£0.0. «x 2-%2.0 2
I Cmy ® ———— ’Ab‘ ...... L ¢/..C.’
25,y + 2yuP w690 ... L. v :..%. .2 £TCC !
"JLIMITS OF REINFORCE‘VLE/NT i
- P -2 .35
(i s e L Y e '
: sin & o A
| d2 = oy or=Ty+ Ty +05d = ¢358, . 263 05x/.700 =« 4¥73
!
: Select larger of the values, but not to 2xceed Oy . gy = /. 708
; L = 25(Ty)=25x ,.%28 « £p/3
| REQUIRED AND AVAILABLE RE.NFORCEMENT AREA:
| Note: For Ay or Ay #0. subtract value from approoriate Ty or Ty
i Areq = 1.07 (tmn) ldy) (2-sinx) = 107 x, 2/0. /709 x(2- ..7...) = f323
. AL s (2d3=dy) (Th=tmn) = 2x 4705 - A70T) (. 263 . 2/0) = . Q70 |
i .
1 A e AMy-tmp) = 234273 x (LICh - 1261 = Y0
R TR L B I L ST
I AysAqgeay s 0920 v S ls ... .. . S50 sq. in. available. Additionzl Req'd: Yes O No T~ |
: —_—————— —= == = T !
' ADDITION NFORCEMEIIT: i
T o Mt e " ORDER NO. FOR !'
Ay e ()2 = (,..... 2. L " |
. LOCATION SYSTEM ;
Ag = (Dyg=dy) te= | 05 e 1 . JPRIP
or L CALCBY...L».L_‘CHB\‘JS |
. Ag = (D,-0D ., IR - %, e =il W 5y e § B
i b . paTE_ S £3 % | nare & -I2-§D |
"./ it e B S A LA L | NOZZLE REINFORCEMENT I |
i s e + ¥ o o ws il PR ‘ T .
' |
| Additional reinforcement adequate: V'sD No O - B vt ' e e |
mmmmsmwmman oo ooz mrmoe—maes — Y = N : E —
17



— . — v

-

' g iy 182-197
LL28.2 . £800Y, ./.s:ma9-_6~_.<:ee_x_ ——
n OEsiGN co~omo~s ECO o v 20.0. %
I | HE;{EE_R_ r‘ﬁa'i;{uc;-q
: Non_'nn.)l Si:}e l T r—//z
- ! ' | Outside Diameter On l A ' Oy 2 Y20
Z ; | — . s 1 e |
£ * 4 | Nominal Wall ‘ Tw ? 3 7 l Tb yo{
L — ——— TPty oy o T
— e : Ctual or Min, Wall " >
/ ‘\;‘. J s éﬁ,l_‘}v_l e . e ———————————— —— - AfLm ——-A—‘-JL
Tt | Materiar Spec. A 06 3 ‘ Ao !
L:—_:a Required reinlorcement ares | A”?l{%{i?}L_?”,’ /geo‘_sbﬁ__/_eﬂ_ég_
C;D Area A, — excess wall in header IL Joint Efficiency ‘ En -/ l£5 , /
Y. % Area A, ~ excess wall in Branch ‘““ T T T ————
/.'LA Area A, ~ hilet weid meral Il Y-factor L __V!’ s Z/—_ Yo 8 y
“:: Area A, ~ meral in ning or pad l‘l Struct. Stab Factor Anl - J Ab e
- Ares A, = metal in saddte aiong run rlmerucnon Angle ’z ‘ Q0°
'i'.neou_u;é_o’ THICKNESS: Ll e W
/800 28
Sl i, LB R AT PSRN ..270
! 2ShEp + 2ypP o N RERENE e 720
PO /800 x pva0
lq.b ® —— ‘D"*—-‘ + Ab h"-"—-k-——gﬁ—}-‘*'%-—'—' — W by sw e s '/QG -
?SuEb + 2Y5F’ Zx/f’é’oq / * 0.7 /¥ %0 J
L?MITS OF ‘?EH\FORCC"F T ,
Ov - 2Ty 2420 - 2,346 :
d' - —_.b ~>—-—.° B — - e ——— . /'.20,5
N @ Ty oW
92 *dior=TyeT, +05d «.30 v 2785005, £ 20% « 4565
Select larger of the values, but not 10 sxceed Op. d; = /755
L = 2525 .95 . £ 0/3
ES e —_—— — — e — —— SRS —— ‘;—:f“-_‘:‘_.:__ — ‘—‘J
REOU‘REDANOAVAILABL qEINFORC"”cNTAREA
Note' For A, or Ap #0. subtract valye from approoriate Ty or Ty
Area # 1.07 (tma) 10)) (2 sine) « 107 4 70 5. a. . 0 - 423
A1 e (2d3-4)) (Ty=tpp) = 25 t788 L 2% ). a?if-‘??.‘?.) =, Y3 ,
\ A y
2% AMy-toy) = 2x¢40/3 (:25.6 . w2 ) . ',‘./.‘”.é
Ay &) tyz R o & . L
AisA+ay s 097, G, v, ... * aSL%sa. in. a.ailabie Addironal Req'd: Yes O No @~ ;
— —— - - ’;, - - - - - —— K = -_ >‘:‘v < —— —— — — e — ——— ———
A T NFORCEM < s
o0 'ONAL REINFORCEMENT "OROERNO ___ pom_____ ”
i Ealt o S PR T, |
w LOCATION __ SYSTE™M___ . i
o ® (Dg=dy)te=( ... .. - Vilby ol 4 oo - - .y
= CALC. BY.2&0f ‘Icu 3ve Sgw‘( I
g * (D,-Dy)t o i o - £ prreey . ; ‘
- i " : ",DATF KT 17 oare " 8t12-§0 .
WAZAY + AT e AL forag) s ! NOZZLE uEwFQm.‘uEHI’ | T ‘!
| | ' .
B vy + o HHE i PP v ‘*»" e T———— '-—'*; ~.\{lg. ]!
Addmonal femfouemenla('"u.lle YesO NoQ : ANSIBILY | woRK SHEST s.1.75 | C'“J ”




------

: Nominal Size (/
: Qutside Diameter Oy
. . vy
" | Nominal Wall Tn L7317
| Il Actuat or Min. Wail ™| .22
i J e epan MMM | Eade ni 278
, el | ateriat Spec 2 0813
;! .L;?,.v Required reinforcement ares || Allowable Stress S /Y300 Se /G/T-LQ
i C/;Z Area A, — excess wall in header !” Joint Efficiency En -~ ' N 7
v % Areza A, ~ excess wall in branch ‘
/*A Area A, ~ fillet weld metal | ¥-factor b ’y Yo e d
) ‘;'——_—7 Area A, = metal i ring or pad ! Struct, Stab. Factor Ay -t Ay —
'L = Area A, = meal i saddie along run ; Intersection Angle « .}o'
. ——— L e T T T T s
REQUIRED THICKNESS:
00 ¥
- T yage . 0L L .. ...270
2ShEn + 2ypP w00 x .. /.. v 1Y x 1792 .
PO £0. .AI57
‘mb - "'——"—'_—— * A‘ ® /.’ p Q . ; i P saseas L o’c/-f-.‘./
i 25, €, + 2y P 2w lobl0x .. /.. v m. . x  SROL
~4  LIMITS OF REINFORCEMENT:
(.
[y L onT 2T gy
: sin @ SR
| dg o dyor=TysTho 088 o923 o . 225 e08x2 /2. « L7579
: Select larger of the values, but not to excead Dy dy = 2/7/
L = 25T =25 x YT . 13
e R e s — = —— =
i| REQUIRED AND AVAILABLE REINFORCEMENT AREA:
| Note: For Ap or Ay #0, subtract value from appropriate Ty or Ty
J Areq = 1.07 (tyn) dy) (2-sinx) = 107 x '770 /2. x12- ../...) » '626
: Al = (203-0y) (Ta=tmn) = B QL2 = W) 0255 12200 =, 055
.| A: - ZL‘TQ-'MQ) - 2x /‘.//3 x (.O.J.,.J. - /‘.g.y.. ) = I.‘.{.‘.;.z
:I Ay » u2 = (2802 « 028 per Cwr BTG oledait X cew §
| Ay+Ag+Ag s 08T ¢ 832, +,0628 = 4SO  sq. in available. Additional Req’'d: Yes O No @
: Aoyl — o by — e e e e e s '_—""'_"‘—'_.‘.—_'-_—.:‘1
} ADDITIONAL REINFORCEMENT: 1§
At s ' ORDER NO. FOR
| A3 s (yl=s (,..... a T WY it
:; e _ . LOCATION ___ _SYSTEM : s
8 ® (De=dy)teg={ ...... 55 4 . owh LB e e P P R ——— - B
| or Y fearc av.leicl [en avﬁﬁg&_ |
| Ag ® (Dg-Opltee (...... ST | - . . I
g e 10aTE S 2250 _ | oaTE£-/2-8 ©
~ - e
A Wtigrigs ¥. M3+ Re L gl NOZZLE REINFORCEMENT J :
| N Pl T4 e i - : -
L Additional reinforcement adequate: Yes (O No (O ;[ and s WORK SHEST WS-1-13
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./5ee. 2, /5@ AYMMQJM

f;m__z.z:_r;::.'_—;::r_: ———ar s RIS —_— ST ——— ——— ————
: . R O " DESIGN CONDITIONS: _ : J00. .oi® 650, .F
ol . YT o =
(P \ | HEADER BRANCH
el ey 8 '
' q /3 ’ 2 '! Nominal Size 6"
.i & ' v i{ ’ r_g\mim Diameter Oni g, ‘ 2€ Oy
B L e J TR | Nominal wan Tw| 32 |To|  ss
' , Oc . - _ a
| ~—= m—TR—— I Actwatorminwan T | .77¢ |To| .7
: / ‘e - Py ‘!‘l ‘!l I v
| el et |{ Material Soec. 2706 & A ros “
.! Lc-;a Required mnmnmn.c siea i Allowable Stress Sn P00 Se /2800 ]
;l 7 Area A, ~ excess wall in headar ! Joint Etficiency En ~/ £o /
' & Area A, ~ excess wail in branch i
/..l"A Ares A, = hillet weld metal Irv factor [ Yh " 4 Yo Y 1
o7 Area A, = medal in ring or pad lr—!'mmct Stab. Factor Ap - Ay — '
j = Aret &y = Wul 0 SEEE HSNG Tun lr Intersection Angle ,
F == é-k_-. T o —— i
REQUIRED THICKNESS: '
PO, /502 « . 6625 I
tmn - ¢ Ayt oo
2ShEn * 2ypnP w5000 .. /.. v ... Y.
POy .(.(QQ x .29857
' ‘mb - » Ab -
wiZ8P0x .. v+ ...

25y €y + 2yuP

",T Lmn’s OF REINFORCEMENT:
?:7 - 2% .. 3’?

f o o A . 2474
; sin = s A
€y = dyorsTy s Ty +05dy o II? + . . T7805x 2478, «
Select larger of the values, but not to excead Dy,.
N L o« 25(Te)=25 x<¥YS. « A/3.

b e == - =

' REQUIREDANOAVA!LABL‘ REINFORCEMENT AREA;

| Note: for Ay or Ay #0, subtract value from appropriate Ty or Ty

Aea = 1.07 (tmn) (d1) 2-sin@) = 1,07 x o372 x2/7F x12-
Al v (203-8)) Tnmtmn) = 20 2478 . 2078~ 978....3/2) = .. /30

Az = 2L(Tp=tmp) = 2x ///3
Ay = 4?2 = 025 12 o, 0025 pec CN-16Tb-1)

l(vjay—(/)Jl' "{9q

......

tev. §

F‘: ¢A;6A3 s JF0. . o,,{f‘/ +.0625 s ,728 7 sa. in. available. Additional Rea’d: Yes O Ny @7
i P < gt b - o Ao ‘-—':—"’—-:'_:'—‘—»-—:— T T eSS, — e

------

. T » F-‘R M I ]
. ADOITIONAL REINFORCEMENT: A -
| Aaeui2e (..., e %
1 . LOCATION SYSTEM
! Ag e (Dg-dy)tes (..., .. e bx ¢« . ————————
| or i 'cm.c ov.Zedd Lo 8ved S Bedees
1 Ag » (Dg-Dplte=(...... S bx -
- A ) TDATE L3 S¢ |0Arc 1-n. to

A *Ag+A,) + AY
b 9> APTWREIN fl NOZZLE REINFORCEMENT

B s O e T o S i
i Add-t-onal rtmfcvc'men( adequare: Yes(O No O i

C—— = - = T

ANSI 821 WORK SHEZT WS.1.7% |

Rl T G N =
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- ——— —— -
& SIS TSI — ———

n DESIGN CONDITIONS: /3 20

| HEADER BRANCH
Nominal Size s b /Y

Outside Diameter Ox I g5 2429

Nominal Wall .- Yof5 j

Actual or Min. Wall 263 L3¢ ]

i 7%
Material Spec. _6,;’307 J',’;’g/ l:
Required reinforcement ares . Allowable Stress /Jjo O /J/AO l

- I in header " -
Area A, ~ exceis wall, Jolnt Efficiency 7 /
Area A, ~ excess wall in branch WP

y - factor 4
Arca A, ~ metal in ning or zad + Struct, Stab. Factor - —-—

N o

ll['

Area A, ~ Nhllet weid metal .

Area A, ~ mewdl in saddie along run

Intersaction Angle

= ——==C ==

EQUIRED tHlCKNESS

p
tan = = 'gh ¢ Ap=

2SQFH + 2ynP
PO
= -._...___b - & Ab.
2555y + 2yuP 2 /5709 &

—— e —— —— e —— e

v’ IMITS OF REINFORCEMENT:
Op - 2Te ;VJJ T 4

sin & /

tmb

Select larger of the values, but not to 2xceed Dy, .

= 25(Ty) =25 x . 2Y0S. 40/3

OUIRED AND AVAILABLc REINFORC ‘lENT AREA:
Note: For Ay, or Ay #0O, subtract value from appropriate Ty or Ty,

Avea = 107 (tmn) (dy) (2-sine) = 107 x S20 x 47/ x2- .. f..) e 3Y2
Al » (2d3-dy) (Th=tmn) = 2x A7/ . L2017 ) t.f.JGJ.-.-/?O. V=, /25

Ay = 2U(Ty = tmp) ® 2./0/3 x L8959 - 3/ )
Aj
A‘okszJ . 1/!.)’ * ,‘/{) + s. , 577 sa. . available, Additional Rea'd: Yes O No O~ |

- — s = — .’_:’._._-T:_'__:..__'l,._'_z‘-T —— e T e e

AOO!TlONAL REINFORCCMENu
A; . ((”2 B

‘ ‘ORDEANO ______FOR
: LOCATION e SYITIN e -
- Agq ® (De=dy)ty={( Nk B : £t s o

or . CALC aY.‘/f.%! i CH BY LB.AJ‘L"

L Ag * (Dy-Dy) 1= ) "! i
) =0yl te “ vOAT=J23 y< | oats ,-,Y:!,.l-~‘»_°:n'!
JN’M‘“J! * A3+ AqlorAg)= I

f NOZZLE REINFORCEMENT l g-—" ;
ol h '\)lj.j

l ANSI 821.) WORK SHEZT ws.1.7§ ’ - i
{

|
|

Addmonalvemfovcememocez:uau Y-;O "JoCJ

- TR i 2l T—=T= - R A - o - - - - ———

— s S I T = o




ol ~19:5

57)

- - 4S04 l.,. ALl o SSBLE
'P DESIGN CONDITIONS: /30 a psi @ 70 Q. ]l
; HEADER BRANCH |
I Noeminal Size ?’”
| Outside Diameter On o5 Dy AyY20 l
if - o
fmeuml Wall Tw .337 Ty ,Yo5 I
1 Actual or Min, Wail Th , 295 Ty 25’/ ]
~ LB i - — .
m— : | o 37% 3 43
il Material Spec. 30 » 3oy 'g
: "
: !":2- Required reinforcement area , Allowable Stress Sh ! /8700 | S 15720 II
'i = Area A, ~ excess wall in headar ! Joint Eificiency En - / .Eb [
N f % Arza A, — excess wall in branch - /
l < A Area A, = hillet weld metal | y-factor Yh L Yo d it
! ‘-F'_—_-.j Arca A, — metal in ning or pad ! Struct, Stab. Factor Ap a Ay . Jl'
! - M0 Ay = MUY 15 HONE SiRng Fun ; Intersection Angle = 70" j
"-nmumeo THICKNESS: = e |
/400 /5
| 'MR - "—’?_O—E—'-' ¢ A'I o = 9 : — "" - P e s ae - f.’.%y
| 2ShEp *+ 2ypP WATHO x .. L. v wr¥. .. x /800 |
POy 2800, x 2Y20
L L R - b ¥ 2 aires . A3
2S5y Ep * 2v.,? u AT x .. /.. .. . x 1800, i
s = i s T s = !
/LIMITS IF REINFORCEMENT: y 'i
; - 4, -n.odf
PRS0 R LA T Ay
N & iy A
dg * dy or =Ty ¢ Ty ¢+ 05dy » + 357 4 .27 sosx L2/ « LS50S
; Select larger of the values, but not to exceed Dy dr = A 7/7
L = 25(Ty) =25 x . « £ .0O/F ‘
" REQUIRED AND AVAILABLE AEINFORCEMENT AREA: B T'
Note: For Ay, or Ay =0, subtract value from appropriate Ty or Ty
Acea = 107 (tmn) (d1) 2-s5ine) = 107 x 2% x 47/ 52 /. )= 5¥C
Al o (2dz—d|)(Tn‘tmh"2l /7//'/7//’( .7.9?{..' cJ‘/y” 0058 i
Ay *= 2L(Ty~tmp! = 2x740/3.. x (..3%57 - ,/.31.) . 2752
Ay = u& e ., ..., 1 Y
A,u.rA] s 066 » ,¢52 o = f‘/o sq. i, available. Additional Reg'd: Yes O No Q‘/'
A.— IT NA ‘—NF R FM N : "'"——"[—'-°'-'“'__"' o o -
fno lf) L REINFORCEMENT | | oroer o o ]
Ay = ()2 = (., P M
LOCATION -._SYST‘M !
Ag * (De=dy)te=( ...... . KILTEY B PR 2 : : — .
or *aEH feaie sytez-f o evg._ﬁq‘e. y
Ag * (0,-D SR - AR 7 BN i 1 i
: £ ,‘ a lons_f' 228 l pate §-12 -8 |
L i i b NOZZLE REINFORCEMENT :
' - * * -

.......................

—\dc:nnnal femforc-ment adequate” Yey D No O

I
'
: ANSI 831.)

WORK SHEZT WS-1.7§

= - = - T-—— v - e — - e ——— - - -
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ime e BN 2004 . 25008

DESIGN CONDITIONS: /3.0.0. . B 700 .. ‘H
HEADER |  BRANCH
Nominal Size 5/" - L
Qutside Diameter On ' i; Oy 27{7
N-ommll Wall ™, 337 To . y;/{ il
Actual or Min. Wall ™| ,294 |To| *32)
Material Spec. ' ;’; J’Z: 423":, i
. s |
. L7 PSR ST | Allowable Stress Sn | /5200 |5 | se700
! 7 St s P ! Joint Efficiency En =) £ /
i t Area A, — exce:s wall in branch I P i
l o 1LA Area A = hillet weld mertal [ R factor Yh ' ’ y Yo ’ ’/
: E—:? Area A, = metal in 1ing or pad ’r Struct. Stab. Factor Ay , Ay -y
— Area A, — mewal in saddie along run ;' Intersection Angle « 90.

REQUIRED THICKNESS

......

e S
g
o
by
A =Sw
3 k)
O
DN
A
X
X

LIMITS OF RE!NFORC‘MEN} 9
25
Dp = 2Ty 7 2!!.3.$.. 2 /75

SO T T B e

a
-

d]Ol'T,*Tp‘*OSC;' ..................

a
~
.

Selecr larger of the values, but not to 2xceed D,,. dy = 21/73

Looe 2.5«?,)-2.5-‘ V’/f ///3 .....

fmn O esem— ) a< e ———————————— L 4 Gy
2ShEp + 2ypnP w700, 4. v nsY.... x /800
POy ) 29
A 1900 s 2957 | o
2S, Sy + 2vyP 2:/57’90:../”. - ?x./f(...u./“o.'f/.
v:—‘; bt e~ et g A o e g S e A = A T e e e ——— e e — S 4

Note For A.. or Ab ’O, subtract value from approoriate T,, or Ty

R — '_.'-. —————— "

\JA\‘A]'A]) + A'] * AgflorAg ) = '
1

NOZZLE REINFORCEMENT

5

} ! ——— e —my -

e T TR I SR .

' ] =T
Agcitinnal reinforcement adcqu.ne V-sC] No O i AR 4] it b abl

-

v Aeen 2 107 (tmp) (A1) (2-sine) = 107 x LAY },/ " /) .,J’éé’
LAY s (2dp-dy) (Th=tmn) = 2x A/28. - 2/7)(.22F -2."7.) = A

I Ay * W(Ty-tmp) = 2xA2/3.. x (327 - /60 ) s ., 5/0

I Ay = 2 =(...... 120,

ApA;vA; = /2. ,,5.'/_0_‘ ...... = 162)’ 3q. 1n. available. Additional Req'd: Yes O No ﬁ/ I
E D R - — e i s s o S iy g - . ——— e e & e e
| ADDITIONAL REINFORCEMENT: l

t~onoea NO.___ __ FOR
| Ay s )2 s (... 2 .
: Loc:mo~"”__ T b —

Ag = (Dg=dy) 1= J 5 3 g e B e o D ” S - "
 or ' : cALC BY.L 2y CH a\ﬂJM_ |
L Ag * (D.-Dy) 1,2 | e =R, o AW d e s . ' .zgo

toate ¥ 20"y | pare 8° W

L)

|
|




LBYLS L A80Ue . 25008

— — L — - —— T —— —— — . —— - — . . e —

Sa——

DESIGN CONDITIONS: /920 ..ps ® ... 700..

—_

a

MEADER |  BRANCH |

e R —

| Nominat Size e 2 j
Outside Diameter On| 6425 7297
; Nominal Wall T V3D To | 7&2_-
g Ac-:-ual or Min. Wall Tl , 3 To| .72/7
[ Material Spec. ';';3.:; ";_;:: %
;! £557 Required reinforcement ares ; Allowable Stress Sn ! /5900 |5 /5500 |
il 7 Ares A, = escestwattinhesder | Joine Efficiency En o L,
. ~ excess wall in branch -
e _F‘A :::: :: - :.uc:( wc; mubu = : y-factor Yn ' 5/ L g
o7 Area A, = metal in ring or pad ! Struct. Stab. Factor An S Ay | —
; , Qz Area A, — metal in saddle slong run . Intersection Angle f__ 4 f’o » I|

REQUIRED THICKNESS: T "
"0, /890 « 4625 L35F

[
|

tnn = ———— bt Ap = R ® crexix ©.g 0T,
: 2ShEn + 2ynP wA5T7% L. e ... . x 2800, .
: Pob ' A /.ﬁaa x .'.27.7/ . /77
| tng @ ———— Ay ——— ... (R

2S5, Ep + 2ypP W AS06 .../ + x..-¥.. x /880 .
1’ LIMITS OF REINFORCEMENT:
| - IV Je’.?/..- 2x .7/9.
. PR O » - - .4/833
l 1
N« .o ./.. > e '

| @ o dyorsTy+Th+05d 2”7 . +:378 s05x /833 .2.0¢9
: Select larger of the values, but not to excead Dy . d; = 2,0/Y
I L = 25T=25x IR = 4750
e e e e e e — p—
| REQUIRED AND AVAILABLE REINFORCEMENT AREA-
| Mote: For Ay, or Ay #0, subtract value from appropriate Ty or Ty

Acea = 1.07 (tmn) (dy) (2-sinc) = 107 x «2§7 #8333 x2- .. /...) = w203

Ay = «2a,-am'r.,_:,,.,.)-zx 2074 . -4£833 ) (.,.37.3..- K2y =042
N Ay ® W(Ty-tmp) ® 2x ./-.?:9.". & O - -../2.7..) - 2170
| Ay = u? e (.oi..s 2 ..
| Ay+A+Aq = OY2  + .7/1/0. B I a. ,7/}$ sq in, avadable Additional Req'd: Yes O No O~ H
'H_ P — e e ———— ,_.—7_:_:7_‘. e e e s
q ADODITIONAL REINFORCEMENT:  ORDER NO. FOR
' % & 2 = 2 a - ':
;g A3 = (1)) fvmsews WS s : Location —— |
.i NA‘ - !og‘dl) "-( ...... M sy us e W e wem ICALC aY__ﬁ_i__ oH. Byﬂfuﬁ
< Ag = (Dg-Dylte=(...... PR J W ynonans '""“toATE.{_,?J_‘S.(’__.OAT':_f_’_‘Z_lo l
t./'(A\‘A;OA;J ¢ A+ AglorAg)= ,| T l .
“ _ SR W sk B Gownd b ® e , |
|L=; Adda( :nal'-m' rcement adequu! YesD NoD ANBEAT.A J WORE SHETY et-00 | ;—_ﬁ

—— PR — -om . 3 B

17




Chsfes /95 speels 25002 250a3 , 2500 ¢ T82-1975

P —

DESIGN CONDITIONS: . psi ® . LID. . 'F I
B vl b
HEADER | BRANCH |

R —

Nominal Size 3 v
Qutside Diameter On| 74 o 522

_Nominal Wail ™| .#38 692
Actual or Min. Wail Tw ™ 33 7 fJ/ ]

Material Spec. SA /06 SA /04 '

——
Requ ‘2d reinforcement area | Allowable Stress Sh 00 17§07 '
Area A, ~ excess wall in headar

Joint Etficiency En /

Area A, — excess wall in Branch
Ares A, — fillet weld metal | y-factor Yh 4

|

Area A, - metal in ring or pad o Struct, Stab. Factor Ay
Area A, ~ metal in saddle siong run ;ﬁmeru:nou Angle 2
Fm_i — ——
g REQUIRED THICKNESS:
: POy 2700 x 2.4,
|

2ShEp ¢ 2ynP * B ..
POy

tmb —_—
2SpEy + 2yyP

‘:.'LleTS OF REINFORCEMENT:
Dp - 2Ty f?é?J- 2x ,f&/

d| -
sin <

1
| /v T3 v0sk AV60- £69Y
f Select larger of the values, but not to 2xceed Dy,. dy = /,59‘/
; L 251225 x.bY2 « 46065 L/7

—_— o — e
Py

| REQUIRED AND AVAILABLE REINFORCEMENT AREA:
{ Note: For Ap or A, #0, subtract value from approoriate Ty or Ty

Y A V50ci2. .. L
Al . (2a,-a,)(r.,-:,,,,.)- 2 4699 - AY6B (. .3 83.. .29 ».

Az = 2U(Ty = tmp) =
A3
Ay+Ageay s /72« . : . 2 .“rsq. in. available. Additional Req'd: Yes O  No @B |

et v e S I el iy o j

] [
ADCIT EMENT: "
’OD I?NAL REINFORCEMENT  ORDER NO. FOR
Ay = ()2 = i

. LOCATION _________SYSTEM
Ag ® (Dy-dy) te= | — »
o SRR £ jcaLc av.ELil cH.vgls.Buke

- Ag ® (Dy=Dy) ty= ( » ‘e [ - :
T \DATE_ S 2350 ! pare ¥- 'Z 2-§0 |
AR FA+A4) ¢ A'J * AglorAg) =

NOZZLE REINFORCEMENT !
'

‘ ‘ h

ANSI 8210 WORK SHEZT WS-1.79 ’

|

i
1 Additional reinforcement JQCQUJ(C Yes O [
B — R T = - —" Tl = —— -




/ TeZ-197%

P T ST T e T S maras T ST S =
|| oesign conoiTiOns: 27200 ssi @ .656...%F
P e
| HEAOER |  BRANCH
"' Nominal Size & - 7/ %2
| Qutside Diameter On| #£§ Dy & 23 '
!' Nominal Wall ™l .83/ T ,éf)
e e, | Awtettewn (| sGs [T ge
i e [ Materiai Spec. SR8 | | K o8 |
' ch. ‘ Requ *2d reinfarcement area . Allowable Stress I Sn | ZIOQQ Su /2500
’l s? Area A, — excess wall in headar | Joint Efficiency En o £y /
" / L Area A, ~ excess wall in branch l = 7 = q
] J‘T A Area A, = fillet weid metal § ¥ Yn . Yo
i | o Area A, — metal in ring or pad !LSuuCt. Stab. Factar An N Ay -
: b Ares A, — metal in saddle 3long run ;{—'m"“cnon Angle < ?& o I

REQUIRED THICKNESS:

|
; . PO, >3 2700 1/( 379
i N P Semsk—" e ® s e an ® LAY
| 2SHEp + 2ypnP /5000 /.. 2:.«.‘./...1 2700
B ‘ o0 622
Imo * O + AL . d A & - W ranaa . .'/9/ -

e -]
2Su €y + 2vyP n/75O . . v 2. x 2700 .

L - _—

' g S =]
LIMITS OF REINFORCEMENT: 57/
; O = 2T 2622 _2x Y T/
‘ d| . - E . . //éo
.' sine P 484
| 7 o dyoraTysThe08da . I8/ 565 sosx 2760 . /. 776
' Select larger of the values, but not to exceed Oy . dy = /,}7 6
L L = 25(Ty) =25 x BT R« /605  A/D
- D—— -
| REQUIRED AND AVAILABLE REINFORCEVIENT AREA.
Note: For Ay or A, #0, subtract value from appropriate Ty or Ty
\ Avea = 107 (tmnildr) (2-sine) « 107 x 378 x4 ’/.5..0x 2-..7..) -J70
AL s (203-0y) (Ta=tmn) = 2x  £276. - £8%60) (65 .. 378) = /82 l|
; ,. ,
P Ay e W(Ty=tmo) @ 2x 477 x (0 ST = L%« 3 i
I Ay = g2 =(,...... N e va l’
| AysAqeags 782 P23 . s AOP?85q. in. available. Additional Req'd: Yes O No T ;
=== - [ S == —~— l
ADDITION REINFORCEMENT: i
T A ' ORDER NO. FOR '
Az = ()2 s (...... Re ... o i
4 LOCATION ______SYSTEM '
Ag ® (Dy~dy)te=( ...... e Yo sdie s ® v & >
o" . 11 g X .CJaLC SY.."/"—! I CH. BY. .S. il
s Ag® (Dy=Onlteg®f.....0% o0 )X, ..., L ' o : [ ) |
- | L 9 . X ‘OATE A‘:-i_( ) ' :ATE_ "2 fo |

NOZZLE REINFORCEMENT l

i W & e e R Wiy vin i & o ® L Lsaie e

; Additional reinforcement adequate: Yes O No (O :l ANSI 831.1 | WORK SHEZT WS-1.75

Smmm—moeo—oe oo 22 R S 3 X TR L = 22 B A i
e . — e T e B ==

17

S O T T B e 3 50 A 7 s e e e . 5 s ST - S

AA *A+Ag) & AT+ AglorAg) ,
- l

SIS =




PIacdtes £S5 shedls 26002, 2500.3, 250a¢ T82-1975
’ - - -
Fz:-_—_‘z-::-.t—----—mu-— EEE ST = ’—'
i g 2 T ; ~ DESIGN CONDITIONS: Z.790. .psi ® 459, . .°F
W/ | HEADER |  BRANCH
; 'l:. Il Neminal Size & ” o e
: i,' -l Qutside Diameter On ’ 4,/{ Ow| 3 27)
; ) Nominal Wall ™| ,83) |, 722
| Actuat or Min. Wail w48 |To|.2/9
; Material Spec. IJA 7063 I /08
! 57 R T A o |__Allowabie Stress Sh ‘ /§000 |5 |/75 00
! 7 Area A, ~ excess wall in headar ! Joint Efficiency €\ ~, £ /
t Area A, — excess wall in branch |
JwLA Area A, ~ Hillet weid metal ' y-factor Yh ’ y Yo ’ ‘/
! [ — Area A, = metal in ring or pad fL Struet. Stab. Factor | An ] - Ay -
| E:: Area A, — metal in saddle along run ;! Intersection Angle = Zo o
t e
l REQUIRED THICKNESS:
27 4
tmn = PO,, * An. o, { 00 X s .‘./'{ . o . .3.?.3-
[ 2SKEp + 2y,P IS0 .. ... » 2x.+.Y .. x 27200,
POy 700 x 327/
. tmp * —_— * Ay . - _JF R . 233
2S5 Sy *+ 2yyP 2:./.7{0.01../... s % .0 x 2700 :
~ —
¢ LIMITS OF REINFORCEMENT:
‘ O =0 ' RIU i 208 /837
| dy = = _ A
.' sin& . "
| dg = dyor=Ty+Ty +05d = ..c W% .. Yefoosx /833 . 2/00
: Select larger of the values, but not to exceed Dy . d = 7:/00
i d
| L = 25Ty =25 x,792 4200 L5y
| REQUIRED AND AVAILABLE REINFORCEMENT AREA:
| Necte: For Ay or Ay #0, subtract value from approoriate T, or Ty y
| Avea = 107 (tmn) (dy) (2-sine) = 107 x.. 378 £E833 2. 4. . )., 7Y
Al o (203-d)) (Th=tmn) = 2x 2400 ./:833 (Y65 ..378) - . 206 |
Ay = WlMy-tmp) = 2x ASY . x (/2 - 238, . 4487
[ Ay = y? = (., .., .. i,
. AysAgeAg e 1987 . .206. . . 46 87;0. in. available. Additional Reg'd: Yes © No T~ l
P —— ey -—-«l:-_— — —— . —
i M : [
| ADDITIONAL REINFORCEMENT S -
A3 = (tp)2 = (... ... 2. W
. LOCATION SYSTEM |
® {D,-d ={ W s I Wesen ne . « ' - ' '
| o:\‘ O aladts : | CALC sy | CH.BVg'_S:_&s;
AS - (OQ‘O", le® B s ® e n 0 PR s .OATE f‘_,] ?’lgo i NATE g~ 'L-go y
NAAI*ATAg) ¢+ AT ¢ AglorAg) = { NOZZLE REINFORCEMENT ' |
\ W % el WS ns > ® s W saeewme ¥
|
| Additional reinforcement adequate: Yes O  No O vl_"“s' _53” l WORK SHEST WS-1.75




Aelutes K5 sheels S.50 5 2600.3, 2500.¢ T82-197%

TRy ST Bl o 0 M o S O s 25 0., s i o e o Sorewm. -

SRS S Sie - e 4 m—— —— o . o——— .+ o — — ——— —

gy Y OESIGN CONDITIONS: 2700, .psi® . 650 °F
B e T T
| HEADER |  BRANCH
f Nominal Size é e 2 "
:r_gumd- Diameter On 2% |0 2 27/
!. Neminal Wall f,.‘ i 7/2 '_l". '772 7
;’ ! Ac.tual i Min. Wall ™| ,628 ™| 2
L ' a
; ,\: doiza ! M“erlal SDQC. 'Jé/_gg 4 J/ /q( :
! !-;_2 Required nmlorccmon.( area ' Allowalle Stress Sh /QQL P__sb /]_{' 00‘]'
i 577 Area A, — excess wall in header ! Joint Efficiency En ‘/ £ /
Area A, — excess wall in branch X
Y ’ |
/ﬂ%A Area A, ~ hillet weld metal ! y - factor Yh 4 ¢ Yo ’ 7 "
| 7 Area A, —~ metal in ring or sad ‘I Struct. Stab. Factor Ay e Ay =i
; E: Area A, ~ mewdl in saddle deng run ;hm"“cnon Angle = 00
REQUIRED THICKNESS: - |
700 6
tmn = POn *Ap —— -—’? O 6625 # craces - /Sfb
2SpEp + 2y, P 21/"’00“/. » 2!..'.5.{..1 2700
' tmp = Pob . + Ay 27Q0;327/ - -'233 o
i B e e . A m———————— o e—— ..., ® 2470
2Sy €y + 2yyP . /7500« . /... + + ,V x 2700,
L ————= = —~AE e e — B
™ LIMITS OF REINFORCEMENT: 4
! - 2T A - _.'.7./.
P Mty 4% -5 . 28373
" sinee 1.
| 42 = dyor=Ty s T, s 05 - ,.7/?. + 628 s05x A833. 2. 204
! Select larger of the values, but not to exceed Dy,. dy = 23 4:‘/
; L = 25(Ty) =25 x..7%7 » L4587 /57
| REQUIRED AND AVAILABLE REINFORCENENT AREL, o
Note: For Ay, or Ay #0, subtract value from appropriate Ty or Ty 2
| Avea = 107 (ton) (01) 2-sinw) = 107 x IS 6, 493F 0./ ) « 497/
AL s (2dy-dy) (Th=tmn) = 2x 2269 . 1933, 637 -,566) =, /27 |
| Az ® W(Tp=tmp) = 2x /f‘/ ¢ (227 ..-.23.31 - A3/
| Ay » y®si..,... 12 =, .
A!“AI‘A] . '/95‘/ e £Y8) o /675; in. available. Addmonal Recd Yes CJ No @~ ’
e e s e .__:—-‘ X e = T_-'r- e e ey T —-
' ca .
ADDITIONAL REINFORC MENT 1 ORDEQ NO. FOR
Ay = ()2 = (..., 2.
. a LOCATION_*__SYSTCM :
Ad * (Dg=dy)te=( . .. .. e P N AR e e iy e ——
or s ! ,mLc evédi-_'cn 8ve iﬁo_ég_ll
Ag * (De-Dg)te=(...... - .. Y&\ eras - = .
: e ‘ : 10aTE S =27-50 | pare_B=12- -%0 _ l
J(Al’AZ*AJ, + A] * Ag lor AS ) = ', NOZ22ZLE REINFORCEMENT ) : z' i
B s i W w T riains o A A\J ;j ? !
Additional reinforcament aceuace: Yes O No(d ; ik st J WORK SHELT Wa-t-78 v ’

TR ame o Lo S5 XA — i, e T ™ i i . 2 ——

17




A ] &, &SNS sVl T862-1975

— ——— - — . —

= T I Tt d S— — e e T T ——— - Sem——— .~ o— .
¢ g Y, OESIGN CONDITIONS: 2775 .. psi ® .. 200...°F
- {7 ve—— P i p——=m= = ———=_——
0N i HEADER |  BRANCH
") s : -'i I Nominal Size ” U
: =F L - /%
,:' _-;.' ‘ gulside Diameter E,,_ T8 Os | 2422 h
' - - 7 Y Raw das "‘r‘l‘ ‘If_ - -
Fa /’-':‘;, - =Ty )% || Nominal wall Twi, ,/Z; L™ ‘gyz
o Qe . - - |
'; B2 w—— ﬁ/ o : Actual or Min, Wall T™w|.382 ™| ,58/
N - P Angr 2% %—-—-—- -
' A R . A /
| A 2T I Materiai Spec. o ey o u:
: ,g Required reinforcement area ' Allowable Stress Sk ‘ /5700 Sb /$ 900
: Y v Area A, = excess wall in heagar ! Joint Efficiency €, _/ £ /
/ L" Arza A, — excess wall in branch I
< A Area A, ~ fillet weld metal | ¥-factor Yh Y | .9
" rE7 Area A, — meral in ning or pad ! Struct, Stab. Factor Ay Lo Ay -
! s Area A ~ metal in saddle along run i' Intersection Angle = 90.
m—
REQUIRED THICKNESS: .
M el g% s ___TAT. . e ey = 28]
' 2ShEp + 2y,P . 25700x .. /... + 2:..'.."./..1 A2AS .
! POy 2728 x 2622 :
SRS . REE by & w13 ..2200 | -
25y €y + 2yyP WSO % L. v m ¥ x D725

r/um.s OF REINFORCEMENT:
Op - 2Ty #6272, - 2x .58/, AV 0

o
d‘ | J—— B — - s
! sin & » e / .o
| 42 = dyor=Ty o Ty+0sdy = 58, +.TE3 sosxssl0. « 1267
) Select larger of the values, but not to exceed Dy . dy = /b?/
; L = 25(Ty)=25 x 692 = /425 L /7
l—ﬁ?aaniéa}.ir;:ﬁidﬁs REINFORCEMENT AREA: K 1”
. Necte: For Ay or Ay #0, subtract value from appropriate Tp, or Ty
| Avea s 107 (tyn) (dy) 2-5ina) = 107 x 28/ x £%60,2. /.. - Y38
Al (2d3-0y) (Ta=tmn) = 2x  £E2Y . 4560, 3%3 . .28/ - /7% |
Ay = U(My=-tmp) = 2x A77 . x (/. - .270) = . 569
Ay = 2 = (... .. g SR
A\’AQ*AJ « A28+ L8684, ... /04’4’50 in, available. Addmonal Reod Yes O No @ |

!

]

Ly - - —
| —————

ADOITIONAL REINFORCCMENT
|
i A3 = ()2 = (...... 2=

l}onoER NO. FOR

L LOCATION _______SYSTEM il

A = D4=dy)te=( ... .. A ns PR BT e »
or L ) i CALC Y-S | cu.av%iﬁa&g.

Ag = (O¢-Oylte=(...... SR I - ~onr54i2.i~‘< o | bare'§-12-B0
WARIFAQHAG) ¢ AT+ AglorAg) e " NOZZLE REINFORCEMENT , ; ‘ !
TP PI N I - ,.\Jjj;

;[ ANSI 831.) } WORK SHEZT WS-1.75 j

Aamnonal remforc-mem ocequare Yes O voO

17
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.
»”

2S04y

TB2-197%

~A1*R22%A] ¢ AT ¢ Ag lor Ag ) =

-....

NOZZLE REINFORCEMENT

.......................

Ac ‘monal remforcemem ac. uate: Y-s D No a

T = - ——— . — -

{ ANSI 821

WORK SHEZT WS.1.75

r

- e I ——l

DESIGN CONDITIONS: .2 25 o @ .. 200 . °F
o HEADER BRANCH
I Nominal Size ’//’ /g' k
|  Outside Diameter On l & Dy
: onl ¥ %1 2622
2 / [ Nominal Wall Th 83/ Ty 92
. -— - )
u_.,_, CATRT ; Ac-ruuo'r Min. Wall ™| ,¢68 |Tol| 458/
—/—.l.u e l Material Spec. I a4 331,‘ d"‘?’!‘!? |
Required reinforcement area ’ Allowable Stress Sh /f 7&& jb /J?QO
Area A, ~ excess wall .-n heacgar ! Joint Efficimcy Eh P Y, .Eb p;
Area A, — excest wall in branch ' ‘[
Area A, ~ tillet weld metal | v-factor Yh * Yo ’ %
) 8
Area A, - mertal in ning or pad lL Struct, Stab. Factor Ay - Ay e
Area A, — me1dl in saddle along run ;! Intersection Ami" = 700
| REQUIRED THICKNESS:
|
. o225 /s
| ‘mu'-——L + Ap= e AT ¢ ¥ L wE -'Jél
! 2SHEp + 2y,P 2:(/6’700: vilee. v 2. 2. .. x 2725
, PO, ° L7285 x 2622 270
' tmp * ——— + Ay s e ¥ FELa
2Su €y + 2vyP mASTO0x . L. . . ... x 2725 :
~(IMITS OF REINFORCEMENT: ¥
! Op - 2Ty 2622 -2 85 ¥ ;
d' * — 8 = pe - 4(‘0
i sin & g / s,
d7 = dyor =Ty + Ty +05dy = 98  LHS Losxp O - /)77
Select larger of the values, but not to exceed Dy, . d2 = £~ 776
L -25(7.,;-25.,.‘.‘(3.-.,M 477
REQUIRED AND AVAILABLE REINFORCEMENT AREA:
f Note: For Ay or Ay, #0, subtract value from appropriate T or Ty
Acea = 1.07 ltmn) (dy) (2-5ina) = 107 x o367, A0 x2. /.. ) = 567
Al 5 2a3-8y) (Thetmn) = 2x 46726 - 460 (445 ..,36/) A7 |
Ay = W(To-tmp) = 22447 . x (,fﬁ?’. 270, . Fé3
Ay = u2 = (. ...... | LS JO
Ay+A+Aq = (7?/7 + !86?‘ ...... (] zsfq in. available. Additional Reg’d: Yes C No Q7
e e e T —— e e o e -___"_—,.__"r:‘,’—“—ﬁ e e i e It —
< 4
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| oesion CONDITIONS: ..772\5/ psi @ .. 70.0..°F
n, HEADER I BRANCH
' Nominal Size = 2 #
| Outside Diameter 0.,' 45 Dy J 27/
N » -
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' Actual or Min. Wall Th 90w Ty 2/?
} - e s 2
; Material Spec. ' _‘_f:‘?‘o?;é l ",;{( :
E é;_a_ Required rewnlorcement area : Allowable Stress i-!’/i?oo Se SO
'l C/:.'? Area A, — excess wall in heacar ! Joint Efficiency En ;/ .Eb /
i P Area A, — encess wall in branch I
' ‘/'-:'.A Area A, ~ hilet weld metal | y-factor Yh 2 y Yo ’ /
! ‘r: Area A, — metai in nng or pad !l Struct. Stab. Factor Ay I - Ay o
| - AuaA. — metal in saddie along run i Intersection Angle : 70,
i REQUIRED THICKNESS:
| 7725 95 "
" & —T0_ ae S . BT L, . G/
| 2ShEp + 2ynP w100 . s v A x 2725
POy 72857 x 3.2 .
T SRR = - ST - 262 | -
, 255 €5 + 2vyP x/8§700x ...2.. v+ . 0%...x 2725 ;
W IMITS OF REINFORCEMENT: 1‘
s Op - 2Tb 327/ - 2x '7/7. . /?33 ',
i dy ®* ——— = LB A o I
) un @ S g
! d2 = ¢y or =Ty # Ty # 05d; = 17/? 0.’.%‘(.‘05:/’3.3 /00
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i L = 25(Ty)=25x:722 . £ 280 /74
| REQUIRED AND AVAILABLE REINFORCEMENT AREA:
| Note: For Ay, or Ay #0, subtract value from appropriate Tp or Ts
1 Avea = 107 (tmn) td1) @-sine) = 107 x 36/ x /333 52. . /.. )= .2 708
: Al = (203-d1) (Th=tmn) = 2x 9700 - /1 $33) (%65 . .36/ = . .'.J.Vb
A "
| Ap ® AMe-tmp) * 2x ASY. x (T -.262.)« £Y0F
-l
| Aj = 2 I o L )2 =, ..
,LA *A;,oAJ = J‘/é /9’03 N = _/',é.{.ysa. in, available. Additional Reqg'd: Yes O No @B~ |
[_ SIS STERat s e = __~:;_:'—{————-— XX — = ¥ ¥ —
ADOITI NA R INF ]RCEM '
it g EINFORCEMENT: ' ORDER NO. FOR
f A3 = (13)2 = oy SN 2= L i |
i . LOCATION ___SYSTEM
Ny ® yelyb ool oo vi ™ ivuis. T PR LTS P g Spnaes ‘
' or b teate 8y 2 Tem svﬁfk i
L Ag = (0,-0u)te=(...... e bR = !
' 10ATE 2240 | oare B-12°00 |
\}JA|&A2¢A]) + A+ AglorAg) = " NOZZLE REINFORCEMENT | g———\. - !|
il R T e LR ’ ------ ® v ) |‘ ! \Jl; !I
.I Additional reirforcement adequare: YosG No O i mmad ey J WORKSWEL vy I C: !

R e TR R = e . . L S — 1S g )
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2 / e e . =
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f Nominal Size L* a7
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¢ :  6.628 1227
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! Actual or Min. Wall Th ,62 8 Ty 7/9 .
| g 2 /32
; Maten-al Spec. "f’?‘ggs "}’:y ||
1
‘(.—;?/- Requirad reinforcement area | Allhz.:a-b_le Stress Sh /Cyo 2 Sy I /m
Lt Area A, ~— excess wall in heacer E Joint Efficiency En ~ .Eb /
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| /'Y A Area A, — hilet weld metal i y-factor Yh ’ s/ Yo ’ ‘/
Fy Arca A, — mertal in ning or 2ad Er Struct. Stab. Factor Ay - Ay - |
N Arss Ay ~ mesl in sadfie slang run ; Intersection Angle [ = ?0'
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22285 , 6625
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2SKhEp * 2vy,P 2,/5}00 ol # 2:/§/1¢77'7$
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— — e e — — — — e et ___'_ﬁ
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| Avea = 1.07 (tmn) (d1) (2-sine) = 107 x 537 x 4833 x2- . /...) =  AoYR
Ay = (2d3-dy) (Th=tmn) = 2x 2269 . /'ﬁa( 628 . -, 6—3/)’1-76/ |
%
Ay = 2L (Ty-tmp) = 2x /f¢0'(,7/?_,162,)- /5/05)
A: - \'2 I (g )2 I Y
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FABRICATED TEE REINFORCEMENT VERIFICATION
FOR INTERNAL PRESSURE

1) Statement of Problem

Commerically available fittings have an internal pressure stress verification
already performed on them. Field fabricated tees also require this verification
in order to guarantee their pressure retaining capabilities. This calculation
covers fabricated tees as shown on isometrics listed on page 5, which
constitutes all the fabricated branches in the Catawba Unit 1 Nuclear Service
Water (RN) system.

2) Relation to Applicable QA Condition

Piping involved in the attached calculations is Duke Classes C and F (QA
Condition 1 and condition 4), found in piping procurement specification
CNS-1206.00-02-1002. See Index of Calculation for corresponding Pipe Spec.

3) Design Method Employed

When an opening is made into a header pipe for a fabricated branch connection,
a reinforcement calculation is required to assure that adequate metal rein-
forcement (for internal pressure) exists within the limits of reinforcement.
This additional material may be acquired from any of the following:
A) Excess metal (not required for internal pressure) in
header and branch pipe, (to the 1imits of reinforcement)
may be used for reinforcing material.

B) A saddle, ring or pad may be placed over the header at the
connection to replace the removed material.

C) A combination of items A and B can be used.

The methods used to verify adequate reinforcement material at the connection
are described in the following:

A) Workplace Procedure PPDS-PDC-110 paragraph 5.0B and Appendix D.

B) ASME Boiler and Pressure Vessel Code, Section III, Subsection ND,
Section ND-3643.3, paragraph C.

C) ANSI B31.1 section 104.3.1, paragraph D.

4) Applicable Codes and Standards

A) ASME Boiler and Pressure Vessel Code Sectfon III, Subsection ND,
1974 edition including the S'74 addendum.




4)

5)

6)

7)
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Applicable Codes and Standards (continued)

B) ASME Boiler and Pressure Vessel Code Section III Appendices,
1977 edition.

C) ANSI B31.1, Power Piping Code, 1977 edition.

Other Design Criteria

A) Branch connections which are accepted by the Branch Selection
Chart, (Appendix E of the Piping Procurement Specification
CNS-1206.00-02-1002) are excluded from this calculation.

PSAR and FSAR applicability

The applicability of these reports is the same as given in section 4.

Assumptions Emploved

Those assumptions which are employed in the performance of this calculation
are as follows:

A) When a fabricated branch line is made onto a header, it
is assumed that by replacing the same amount of metal
that is removed, the connection is as good as the original
header pipe. (Replacement metal can be derived from excess
wall material in header or branch, or addition of a ring
or saddle.)

B) When determining actual or minimum wall thicknesses of
header and branch pipe, 87.5% of nominal wall is used
for conservative purposes. (Piping is assumed to be
fabricated to the minimum requirements.)

C) Fillet weld material is not considered in the calculation,
but this weld material does add additional reinforcement.

D) These calculations only take credit for the material necessary
to reinforce the branch connection. Any additionai material is
of no consequence to the calculation and adds to the installed
factor of safety at the branch connection.

E) Any further assumptions made, would be specifically stated
as such on the calculation.

Any assumptions which are made are intended to add to the conservatism of
this calculation.
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8) Sources of Information

9)

10)

A) ASME Boiler and Pressure Vessel Code Section III, Appendices
1977 edition. (Allowable Stress Factor)

B) ANSI B31.1, Power Piping Code, 1977 edition (allowable stress
factor)

C) Piping Procurement Specification
CNS-1206.00-02-1002 (Nominal wall, material specification)

D) PPDS-PDC-110 (Joint efficiency , Y factor).
NOTE: Joint efficiency per R. L. Williams' letter MG-82-333,
file CK-1206.03-01 dated August 17, 1982 does give specific
Catawba criteria
E) ANSI B36.10 (nominal size, outside diameter, nominal wall)
F) Piping isometrics as listed in the Index of Calculations
(line size, pipe specification, pipe class, angle of
branch line)

G) RN System flow diagrams - CN-1574 series (Temperature, pressure)

Calculation

See Page #5 - Index of Calculations

Conclusions

Pads specified on isometric are minimum requirements. The actual pad installed
may exceed these requirements. The excess is of no consequence.

The reinforcing material is normally identical to that of the header; however
a substitution may be made as long as the allowable stress factor is equal to
or greater than the header material.

Calculation 1RN1 - The 42 x 20 fabricated tees on the associated isometrics are
acceptable with the additional reinforcement pads as specified
on IRN1 sheets 2 and 3.

Calculation 1RN2 - The 42 x 18 fabricated tees on the associated isometrics are
acceptable with the additional reinforcement pads as specified
on 1RN2 sheets 2, 3 and 4.

Calculation 1RN3 - The 42 x 4 fabricated tee on isometric CN-1492-RNO76 is
acceptable with the addition of the reinforcing pad as
specified on 1RN3 sheet 2.
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10) Conclusions (continued)

Calculation 1RN4 through 1RN15 - Are acceptable as is and require no
additional reinforcement.
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INDEX OF CALCULATIONS

ASME/ANSI

Iso No. Calc. HNo. Pipe Spec. Code Size
CN-1492-RNOT6 1RN4 150.3 ASME 30 x 4
CN-1492-RN028 1RN4 150.3 ASME 30 x
CN-1492-RN04T 1RN4 150.3 ASME 30 x
CN-1492-RN042 1RN4 150.3 ASME 30 x
CN-1492-RN049 1RN4 150.3 ASME 30 x
1RNS 150.3/151.3 ASME 30 x

CN-1492-RN050 1RN8 150.3 ASME 24 x
CN-1492-RN0OS1 1RN4 150.3 ASME 30 x
TRNS 150.3/151.3 ASME 30

CN-1492-RN052 1RNS 150.3 ASME 24
1RN7 150.3 ASME 24

1RN6 150.3 ASME 24

CN-1492-RN054 1RN10 150.4 ANSI 20
CN-1492-RN060 1RN14 150.3 ASME 18
CN-1492-RN067 1RN14 150. ASME 18
CN-1492-RNO76 1RN1 150. ASME 42
TRN2 150. ASME 42

TRN3 150. ANSI 42

CN-1492-RNO77 1RN2 150. ASME 42
CN-1492-RNO78 1RN9 150. ASME 20
TRN11 150. ASME 20

CN-1492-RN080 1RN14 150. ASME 18
CN-1492-RN090 1RN9 150. ASME 20
1RNT1 150. ASME 20

CN-1492-RN117 1RN6 150. ASME 24
CN-1492-RN122 1RN15 150. ANSI 12
1RN13 150. ASNI 18

CN-1492-RN125 1RN7 150. ASME 24
CN-1492-RN131 TRN14 150. ASME 18
CN-1492-RN134 TRN1 150. ASME 42
1RN2 150. ASME 42

CN-1492-RN154 1RN12 ANSI 18
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DESIGN CONDITIONS: ........ T s °F
E -
HEADER BRANCH
Nominal Size 42 " 20"
Qutside Diameter Dn 42" Dp 28"
Nominal Wall ™| g.: 7"” Tw|p.275
ActualorMin.Wall ()| Th| .7,/ [Tl =2 -,
Material Spec. T4 - 185 SUY-ick
./.Z Required reinforcement area Allowable Stress (b) Sh (7,5 bk Sy T A
7 Area A, — excess wall in header Joint Efficiency (C) En Ey =
% Area A, — excess wall in branch
| I_TLA Ares A, ~ fillet weld metal y - factor (d)] vy _ Wil & '
| '
: S Area A, — metal in ring or pad Struct. Stab. Factor (g)| Ay | —— Ay — i
|
Intersection Angle @ » '
: i
REQUIRED THICKNESS: .
125 Z - '
l ten s R 4 Ay e B T SRy o WAL ;
~ 2SpEp + 2ypP 2P x . LE v m K x A :
() PDp T BT s - 3
tmp ® —————————— + Ay - B Qg i
2SuEp + 2y,P 2 h BT = .G iles B %5 s :
)
LiIMITS OF REINFORCEMENT: !
& = 2 g -
dy .Ob-sz -..':...—2X‘..r..). -l.:-.?.;.....gr !
1 T R S S
I
d = dyor=Ty+Tyh+058d =="7/ +. 2:..+08x....". R
Select larger of the values, but not to exceed Dy, . dy = \Y -ty
. 25(7.,)-25 xC:3715, « £.79278
—— = = ———————————————
REOUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay cr Ay, #0, subtract value from appropriate Ty, or Ty
Area = 1.07 (tmn) (dy) (2-sine) = 107 x ;. /7 xL 0 lix(@2- L .0L., )= |
Al = (2dg=dy) (Th=tmn) =2x .. ...\ o 13 D S AT i A & o ]:
A = U(Tp~tmp) = 2x ...... B AT * o wni L
Ay = y2 = ( - 1 PP
' Ay+Ag+A, = CI A S Fin g g W v - i $q. in. available. Additional Req'd: Yes BN No 1
_————— —
Pad Size (See note f) TS 15 For Maxmum Tao ‘ Plant/Unit _ ., ~. '
ﬁ SE€ swmecis TAwO 3R i . |
Height = L = - Aeruac Pae. ! System T+, Calc # 4 _R_M[ I
el idth = 2d2 = 2% & 3 F iCALC BY.J_.J_.__gLCH BY_K.Q..:&;.a_ '
Ag = L(2dp - dy) = ( -/ .t} = | DATE loare -1 f° !
; !
; NOZZLE REINFORCEMENT
M thythy+hy- ‘! 4REl
I + + = l | I |
Addirinnsl rointarramant sidamirte: VeelX Na Py i, I | WORK SHEET WS1.75 . -
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. LT

{ — —— s — o e— ——-—-—_:._ﬂ"—
! DESIGN CONDITIONS: . <" | psi @ . (T °f
|| === e e TETr T - e == ==
i _ I Weapen BRANCH
Nominal Size 42" (7'
l Outside Diameter (VS : Dp -
Nominal Wall T |~
.S it . ~vu
Ac!ual or Min. Wall (‘) LU Ts e
[l Material Spec
E Required reinforcement area ‘ Allgwable Slress (.) Sn T & & Sy | o ;(
) S——————— My, . e
[ e | Area A, ~ excess wall in header l Joint E"nc-encv (b) €, Eo " "
/ (% Area A, ~ excess wall in branch | L S ]
J_‘ A Area A, ~ filler weld meial 2__y:hu°' o ____i!)__ V'_‘_ _Vl :
[es— Area A, = metal in ring of pad { Struct, Stab. Factor Ay Ay ——
Bl arta Intersection Angie | a o o 1
REQUIRED THICKNESS: :
toen ® Poh ’Ah'-- ..“..‘.. x b Y% e & . MHilE
2SpEp 4 2y,P 21880 5 LS 0 . 2%, . i
PD, .97, i .3
tmp ® ——- b A : - AR L A
25, Ep ¢+ 2y,P 2x. PR N N S 53 :
o = R R E T —_— W
LIMITS OF REINFORCEMENT
| -
d' } ob-ZTb e L R R X J/_f}:k
sina
d2 ®dyoreTy+Ty¢08d s :2°° o . L 0SK | L
Select larger of the values, but not to exceed Dy, . gy =
L = 25(Tp1=25 .. > -
e TR TTE T s s s e e —ml
REQUIRED AND AVAILABLE REINFORCEMENT AREA
Note: For Ay, or Ay, #0, subtract value from appropriate Ty, or Ty, 0
Aea = 1.07 (tmn) (dy) 2-5na) = 107 x ... .° x.. " xi2- ... 0w
AV = (2d3-dy) (Th=tppl = 2x (30 L (T3 . . ... 0= 2., (See Note€)
A = WTy=tmy) = 2x 9315 4 (L2l _ & yo o
Ay s o oo VTS T :
AytAeAy = ¢ o T £ B S04 .= 2.7 ... sa in available Additional Req'd: Yes [ Ne O 'f
™4 1y Fok Ma mum Pad S&£F MHEE e },3—7 ) Plan ni ) I - AT
PAD SIZE: ria 1o Fok W mum “4 Plant/Unit
L = min. height | System Calc. + IRN2
De = 24, = 2x = min w1dth-t—---
\ - CALC evuL4£Z&L__ M av_L__.h__._‘.
Ayg= LxDe = X = I )
PO *DATE~_-.“-____ DATE et
+ + B = |
1 2 3% A ; NOZZLE REINFORCEMENT g j
AT e e
Addutional reinforcement adequate: Yes O _Ne& “ ' WORK SHEET Ws178 | [-.=."F |
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S — (= AN e — e
. !l = |
TE =, T A | OESIGN ConDiTIiONS: . /6.5, . o e . /50 . °F
Prmncrrce S === ST < s = =
= HEADER BRANCH
_{". Nominal Size 42 -
!’j .o
*i'a Outside Diameter On $2. Dy | ¢ 4 =
Cpr= Pty ff—— - - :
// /“:’7‘ : 1]7 ) r..l NOmmdl Wall Th s s Tb -
:L_hpuv-. o / 4 s | il P ol
- ey ‘ Actual or Min. Wall (,,) Tis . » Ty e
'\ poean L T TR ———— - =
7&, F i f Material Spec A- 1€ /2 A oo
E Required reinforcement area A“owab:.s_l:eu (b) 5_,‘— /~3' 7]4 Sp !
ey Area A, — excess wall in header Joint Elhc:encv (b) En Lo Eo
/ Y Area A, ~ excess wall in branch [Py iy
l -lactor (b) ~ 4
~ A Area A, ~ lillet weld meial V_Y_ nbing e ™ 3 Yo -
[ — Atea A, = metal in ring or ped Il Struct. Stab. Factor Ay — Ay -
Intersection Angle x - R
P T *‘%M%
REOUIRED THICKNESS "
P 'f : ‘;’/ o
B 8 s 0', 0A|" ...... R N5, . s .,.1'7..2.
2ShEp ¢ 2y,P w7, g Tt S L
PD, O3, x5 ey o
'mb P - + Ab- - R - . .‘T -‘. . »
2S,Ey ¢ 2y,,P LR E i T~ - L
LIMITS OF REINFORCEMENT |
- 2T .'.f“..-2~ ...... -
d' - Ov . = g » .1“
C b I R T
d2 = dy or = Ty + Ty ¢+ 05dy = , 2.5 el $Q8x Y, -0 T S "
Select larger of the valuu bul not 1o exceed Dy. dy = | e
L * 25(Ty)e25 x,:.", o ="
x‘_:'_‘::'.__f" e T AL L mrere—— R ——
REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or Ay #0, subtract value trom appropriate Ty, or Ty, 7
Area = 107 twp) (0)) 2-5na) = 107 o 2%, elecnlle ... 1,0 bl0R
Al = (2d3=dy) (Th=tmn) = 2x $21, <. R 002 -1 282« 211, (See Note c)
A2 WlTomtmp) = 2x 0507, % (ool -, S b
Ay = 42 s~ . 12 ..
AysAgeny = 21 265 . : . 529 5G.in. available Addmonal Req'd Yes;ﬂ'\ No D |
PAD SIZE: s |l Plant/unit N
|
592 i |
L = “ min. height , System | ' Calc. # | RA/3
De =2dy=2x 464 = £.12 min width
2 - " ileace, Byhesro L) aaev.._.é_‘
Ag= LxDe = 5462 x_2.1% = 435 | |-y s
o A A |DATE St DATE L |
- - = Sl
] 2 3 4 " NOZZLE nsuraroncwem .’
i - . . — e |
2 4 2le% 4+ © +48 = &, 1Y | [ 4 ,
ORK SHEET Ws-1.75
Additional reinforcement adequate Yesf No " ] " L
—— = S Sulssmome o =a—a e o "“—"—':&

R L T ——



Form 00184 (6-81)

CNC-1206.00-02-1024

L LPE
DUKE POWER cgrm February 18, 1983

Dev./Station 2ATAweA Alueigae Sraron)

Page 14 of 26 |

Unit _/__ File No. o |

Sheet No. _Zof 2 Problem No.

mWoml 7-42

msy4§_&-h_om1_i_&3_____g

O . Mm»u oS am

T I T T ’ ! | ! ‘ T
t J ng 1 i ;L s : ’ ! I l L i
T T 1 1 | | B | | ] | T 7
o | +— - . + 'fl TL |
50 D 1 055 G50 T S R cu—mzfmmi;_L I HNERNN
= Lrdd e b i | BEEREEE
i R A ! i T 11 =1
| Tueses Pho Soeege: Hewer + L A
| | | | | | { |
b —t % e ' v 1 1 & :‘AL‘ Q4Dq I - — ' A ]
S O e ok g | L RN
’ ' Kee?D | L | | |

s
SR S—

—4 —4-—4

] | 1]
S [V - N WS . —— - e e e -
A T AR T
. S S
ARE s L(de-4) *.,S0 g( 1 4.09)2 s N
TR A%q N - Qaa 410? =2145 4———*—«,——,—-»—1,
| | | l ! | | |
it R NN e nees ——— — !
| ‘ | | { ! | 1
NEEEEEY Mlxv& L2168 & «rz'vu’ 3_2&3_@‘1 N O
; { ! { ! ! | ! 1 ‘ |
! i L 4 4 ' 4 l d 1
R T ek . T A | =11 - !
%4W+i“4_¢zﬂ_&LL"¢g | - jwr"*iz
i | 1 ] I ]
| A S N | AM-° 102 4 : I - ] e |
| ' | | | | L :;—-—;_L 1 I || | ,‘ T ‘
| - A, { %! | | 11 | | | | '
! ! T T N " T T " 11
| - | | A, | -
I | 1T | i 5l ST T
| ! ! | !
: | B | ? T + JTL — — -+ + d
| + ——— : : ! e e
| i | | |
; < % ! ; - - ‘!‘ T %’
| | i |
| O - ! ittt
oo ‘ | . ] ] [
}Fﬁ +— ' - J-,;, = .1 < *fw
{ J { | | l %,
| " | IRERER | !
N o — e S B ! |
Ll | 1 - - A [
i [k T4 | | | | |
. B * + e cam : + S — — san o -+ |
| | !
|F——1— + At 1 : ’
bR e L | | | ?
ettt T i B ~—t—t —t 1 ;
l - s ol ‘ ‘
1T N t T
11 { | |
lt’——§ . W IR VS - 8 - R —1 - - | !
| ‘ ‘ | | |
{ |
[ p= + SRS DU S - + + -~ {
| B 1 | |
:L-—_-A- . -.;..,,} o ——— - - -
! ‘ ' - SR T | e i " ‘H
| + -+ ~ - -
In o e g e -




CNC-1206.00-02-1024
February 18, -1983
Page 15 of 26

C. , E
rregss A 7 | DESIGN CONDITIONS:

CN [492RN o) || e ' =
(‘;4 Lowe W -
s ;
‘V’Ar‘ A

42

Nominal Size

"

‘LOu:s-de Diameter

Nominal Wall

Actual or Min. Wall

e ot
_#:A‘_L | thaterial Spec.

Required reinforcement area Allowable Stress

- ihinh :
Area A, — excess wall in header Joint Efficiency

Area A, — excess wall in branch

Area A, ~ filet weld metal v -factor

Area A, = metal in ring or pad Struct. Stab. Factor An

intersection Angle a e . !
S —————————————————
REQUIRED THICKNESS:

Poh

2SnEy. + 2YnP
POb

tlmh =

(m. P c——————
' 2stb * 2pr
——————————————

LIMITS OF REINFORCEMENT:

dy -

sin&
d = dyor=Ty, + Ty + 056dy = :

Select larger of the values, but not to exceed Dy,.

o ZYeo i
Pad Size (See note f) Plant/Unit C/XA«P !,
Height = [ = System {#J  Calc # JRNY

Width = 2d, = 2x |catc. 8v2t e {7 |-on, pyh LELA 2,
Ag = L(2dp - dy) = ) = || DATE //‘ﬁf'?-? | oaTe.l
Ay + Ay + Ay + Ay = | NOZZLE REINFORCEMENT

+ + + = \
Additional reinforcement adequate: Yes. NoO WORK ST WL




= 20
. ln PO s 1=, < 22 e . to9e3
2ShEp + 2ypP %x.78%® , 12, ¢ .04 . I2....
PO LB 45
tmp ® - + Ay \ Gt % ketal «4.Cl1YS L
, 28, €, + 2vyP 2\ V2% 12, 4 % 9%, 1S
Nﬁ
LIMITS OF REINFORCE.&E‘?T:
- 1
. Dp =~ 2Ty IR - 2x -20* . 40852-
sin & Al
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(4~
. CN-1MTT -PNOS)L .04 ] V1o sy £2)C) 2
- ¥ I 0 o NP

e
Prmmoecs L

| REQUIRED THICKNESS. I

| oEsicn conoitions: N2, o @ CF
=
! i HEADER 8RANCH
> | —
rs : = -
o7 | 4 - \ !
_’1. Qutside Diameter Dn - ) ' Op ' -+, 5
$ & Nominal Wall w278 To v e i
v Lk
.L —L— il ﬁv/ ' ! Actual or Min, Wall T™n| O 2270 | T, & :374'
- r~§ A MJ).'_' I !
& R Material Spec. | <4 -5 ' AR
— 1 —
1]
-QZ Required reinforcement area Allowable Stress Sa 17, Ss | 17T %
L— Area A, — excess wall in header Joint Efficiency g . - Eo . S
/ L Area A, — excess wall in branch
/7 A Area A, = fillet weld metal y - factor Yn 4 4 Yo e 48 4
o Area A, ~ metal in ring or pad Struct. Stab, Factor An cm— Ay e
Intersection Angle @ 3n°

d2 = dyor=T, + T, + 05d = 287, 222 +05x 4. T2t 21878

Select larger of the values, but not to exceed Dy. dy = 4 N C‘?SL
L = 25(T,)0=25x,220.. - .392s

—— —_—
mEQUIRED AND AVAILABLE REINFORCEMENT AREA:

Note: For Ay, or Ay, #0, subtract value from appropriate ThorTy
Area = 1.07 (tmp) (01) (2-5in@) = 107 x AL % 40552, 1. ). 052017

......

Al = (2d3-dy) (Th=tmn) = 2x 4058 Aoy () 3.“ Ll )= 1 93%8

-----------

Az = W(Ty=tmp) ® 2215550 x (2O _ 0145, | 22¢4

..................

Aj -nz-;..q....)?:'- ...... .
Ay tAgr+Aq = :.q.f.‘..7* . }: Z‘* Prss & L ’4 . $Q. 1n. available. Additional Reg'd: Yes O o &

Pad Size (See note f) i Plant/Unit - =iy
il " ,
Height = | = | System -t Calc ¢_)RNS

———e

Width = 2d, = 2x . "CALC. YA L necu. Y L5 s
A4 - L(Zdz - d]) = ( — ) = | DATE 2 1! ' * 2 DATE 4 ¥ <
Ap + A, + Ay + 4, = ‘[ NOZZLE REINFORCEMENT |
Bk Rl Bl , D
. + + = | [ ~ l\"lg
| | WORK SHEET WS1.75 | .

Additional reinforcement adequate’ YesIJ No (O
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1983

[ REQUIRED THICKNESS:
PDy
2SKhEn + 2y,P

PDb

2Sb Eb + 2pr

e
—

tah & —————l & Ay

tap ® e & Ay

.

LIMITS OF REINFORCEMENT:

L = 25(Ty)=25 x . =,

Do - 2Ty ... 46P=2x. 5500
1 = = -
sin &« v abea G 8
da = dy or = Tb + Ty + OSd] gl r P +

......

Select larger of the values, but not to exceed Dy, .

—_—
/ ’lk v.: ‘ -~ .
DESIGN CONDITIONS: ...% . . .. ool B, S L
HEADER BRANCH
Nominal Size 27 /
Outside Diameter Dn 74" Dy |F. 525 l
Nominal Wall ™l » To
= Actual or Min. Wall (a)| Ty | , - Ty
- g aa  ANSL A3 .
“,;_‘:_— Material Spec. “h . jBir .
E Required reinforcement area Allowable Stress (b) Sh q - Sp K
F - o 4 Area A, — excess wall in header Joint Efficiency (C) E\ /. ; Eb :}
/ L Area A, — excess wall in branch (d )
l.‘ A Area A, — fillet weld metal y-factor Yh :' o Yb > g 4
Pa— Area A, ~ metal in ring or pad Struct. Stab. Factor (e)| An il Ay
Intersection Angle @ 75 ° .
— =~ ——— 1

............

............

......

REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or A, #0, subtract value from appropriate T,,. or Tb

&N

Area = 1.07 (tmp) dy) (2-sine) = 107 x =2.%. . x...... x(2- .l....) = ...
Al = (2d3=01) (Th=tma) = 2x  ......=5 4 L.35. -2 7)== )00,
Ay = 2L(Tp=tmp) = 2x-..%u.. x (uilil. - =T il !
Ay wa¥eyf. . .... P&, i
ArsAgeAg = . 44 L =y sq. in. available. Additional Req'd: Yes O  No
— ————
| .
Pad Size (See note f) | Plant/Unit
i s = S m //A ,.
Height = L yst_e___ 'Ca1c = [gM ‘g .
Width = 2d, = 2x z cALC. sYAubH(f e \a cr Byt -l =
Ay = L(2d; - dy) = ( - )= DATE.__- = | oATEL '

e il R Bl

NOZZLE REINFORCEMENT

WORK SHEET WS-1.75 |

RE




(J

AdAitinnal reinfarramoent sdnniite: Vet T Na

HEADER BRANCH
Nominal Size T G |
Outside Diameter On = Byl , ot
Nominal Wall Ta To
= Actual or Min. Wall (a)| Th |, = Tl 2
¢ M“——' Material Spec. 2
[5=7 Required reinforcement area Allowable Stress (b)! Sn Sp
[+ wommn J Area A, — excess wall in heacer Joint Efficiency (C) En ~ Eb ~
/ L Ares A, — excess wall in branch (d)
/_‘A Area A, ~ fillet weid metal v-factor Yn » Yo
pon— Area A, — metal in ring or pad Struct. Stab. Factor (e)l An| - A,
Intersection Angle @ ‘
REQUIRED THICKNESS:
B ~ < :
tmh. PDR "Ah. s Wsw e X cW%d.e +-':... -.?..‘.o
2ShEn + 2ypP 20307 1L ¢ xR
PDy BT x LA
tmp = ——————— + Aps —— o ¥ s i »
2SpEp + 2y,P 2 N TR0, 2 ST x LGS,
— w
LIMITS OF REINFORCEMENT:
Db-ZTb -‘";’—2!....\.’. a o
1 = - .
sin & MRS R
d2 = dyor =Ty + Ty +05d = 2%2, + .27 sosx 7.0 .. Bis e
Select larger of the vaiues, but not to exceed Dy,. de = J 7.
L = 25(Tp)=28 x..5..= ...
= ———————
FREQU”’!ED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or Ay, #0, subtract value from appropriate Ty, or To
Areq = 1.07 (tmp) (dy) (2-sine) = 107 x ;L30T x4 S5 x(2- 0o L) =ana. ..
Al = (2da=dy) (Th=tmna) = 2x .. .%..=...... Tilels a5 3% AR 1.4 .
Ay = U(Tp=tmp) ® 2x.8. ... x (. ouhr:. - iridT) e St
Ay = 42 = e e . -
ApsAgeAy = | 207+ 27 e = 1.7, .sq.in. available. Additional Req'd: Yes O No B—_.
|
Pad Size (See note f) | Plant/Unit __ . -, ~
Height = L = ’ System L4/ Calc # Igﬂz
Hidth = 2d, = 2x - l'cm.c. YLV A TR
Ag = L(2d; - d;) = ( < 1 loATE 2 -5~ |pate o2 /2
= NOZZLE REINFORCEMENT
A]+A2+A3+A4 t Ml
+ + + = l [ aUs
WORK SHEET WS-1.75 mavs =

IN-1192 RNOZ2 Pz 12p, 2 CNC-1206.00-02-1024
5 - e -~  February 18, 1983
I : Ny Page 18 of 26
DESIGN CONDITIONS: ... 2.5..psi ® . /52, .. °F
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.r

DESIGN CONDITIONS: ../ ... @ ../Z. 2 %
HEADER BRANCH
Nominal Size Lo B AT
Outside Diameter DOy " Dy - l
Nominal Wall Th| 2 2787 -
.\4 Actual or Min. Wall (a) Th A = To -
7é“ o } . Material Spec >
€ Bouncn . 3 S
E Required reinforcement area Allowable Stress (b)] Sn Sp =
7 Area A, — excess wall in header Joint Efficiency (C ) 5 - Es >
Area A, — excess wall in branch
171.'1 Area A: ~ fillet weld metal y-factor (d) Yn i o 24 :
— Area A, — metal in ring or pad Struct. Stab. Factor (e) Ay | ———— Ay 3 .
Intersection Angle @ e '
‘_——_——‘_——*_____“——-—-——-—__=

REQUIRED THICKNESS:

tm"- PD'. ’A"- sove™ s o X Pt S. . o s 0 ¢ l
2SKEp + 2ypP 2.0 7T L= e LA x
PDy W2 x4
tmp ® ——————— 4 Ay = . — A e e o VR (R
2SbEb 5 2pr

LIMITS OF REINFORCEMENT:
Dp - 2Tb

~
x
\
Al
x
O
.
N
x
G
o
%

dy = - . i .:.
sinex P, ST
: o~ - |
d2 =dyor =Ty + Ty +05dy= .....0 4#.....:405x .= =" B s
Select larger of the valucs but not to exceed Dy,. dy = "f ©
L = 25(Ty)=25x.55, =, =7
e m
REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or A, #0, subtract value from appropriate Ty, or Ty
Area = 1.07 (tmn) (dy) (2-sina) = 107 x . 205 . T2 x@- .. 0. ) =l
Al = (209=dy) (Th=tma) = 2x .25 .= D LIRS - U3l .08
=42 -
Az *» UMp=tmp) ® 2x !5, x (vasit = .00 A4 6
Ay = y2 = (, . .. .. ..
AjsAgr+Ay = / Ec"» RIOAN S S . [0 .‘.?.'sq. in. available. Additional Req'd: Yes O No B

Pad Size (See note f) Plant/Umt
Height = L = ‘I | System .:f,' Calc #__Mé |
Width = 2d, = 2 = .CALc sy.Lucrei 4 en gyl . é.f’
Ag = L(2dp - dy) = ( . ) = | DATE DATE.L -
Ay + AZ + A3 + Ay = ; NOZZLE REINFORCEMENT ’ RE!
+ - + = | I
AdAditians! vom'orﬁl-\a:\v -Jpnm Na M WOﬂK SHEET WS 1.75 s

| W
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TR~ u/«. | _DESIGN CoNDITIONS: . /&% e /<3 e
e [| === === e~ S
. HEADER BRANCH
Nominal Size 20 <"
-O'.ul_ude D:metcr Dn -~ Op | %
Nominal Wail Tn 212 %% 253
/R - S iyl e A —— [ '
L——"‘*T—-'Q———y/ Actual or Min. Wall (’) Th Ty |~ 29,5
RV LU T -FTN) — e e
_/tc Aracn Material Spec A ‘a .
E Required teinforcement area Allowable Stress (b) Sn & Sb =
D o —————— - -
g oo Area A, ~ excess wall in header Jain Efficiency (b) ta 5
/ L Area A, - excess wall in branch s -
-« A Area A, — fillet weld meral “v:laclor O (b)_ Wi 2 4 AL
L — Atea A, — metal in ring or pad || Struct. Stab. Factor Ay, [— o
Intersection Angie @ - ~
e ~-§¥__.
REOUIRED YHICKNESS y
ie 205
1"".'——10—'1—— ‘Ah. ...... WL w8 . (T T '...‘:'..
2SpEp + 2y,P R THIT SRR A T T T
PDy 7. » . Edq
'mb ® — + Ab' e e s _ PSR | .
2s.,e.,o2y.,P PO £~ Y - T x..0.Y, . x _\s
LIMITS OF REINFORCEMENT
Db—ZTb T A —2!....'.. S ol
dy = = .
_ i T
d2 = dy or = To + Ty ¢ 059y = 5% AL +0.5x ‘vnf * . ’ ’4
Select larger of the values, but not to exceed Dy. d; = ” ;_{‘5
L = 25(p0e254x. 22 . Scs
[ REQUIRED AND A\}AIL'AEL’E?E?JF&)RC{M"EAEREA
Note: For A, or Ay #0, subtract value from 3ppropriate Ty, or Ty, 0
Aea = 1.07 (1) (dy) (2-sina) = 107 e xS ovimia- 5L I0Y
AV = 2=y ) (Th=tpnl = 2x .. SRS | W iednds = iy, b=... 4.~ (See Notec)
A * UlMyetmy) = 2x:. .. ® 42045, - il )= S0
Ay » y2e(, —— L
ArbAgeAg s 127G by 20171 4 o ¢4, . sq.in. avadable Additional Req'd: Yes O  No & 1
PAD SIZE: ' | Plant/unit =
: {
L = min. height i'
|
De = 2.{:‘ = 2x = min mdth”
Agy= LxDe = X - I
T e | DATE _
1 2 3 4 " NOZZLE REINFORCEMENT
i! - - l
+ $ + = I Ml l
Additional reinforcer ent adequate- YesD No O |l WORK SHEET ws.1.75
- r— p——— e ey
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' (k‘( CN=IYQ L -FHpEY £3 1549 .9 1) [
|
g Y e, | oesion conoimions: . 4GS, e . /50 %
’ = — —— —
| HEADER | 3Ranc
! Nominal Size ! 20 l l L‘
]' Qutside Diameter ! On 25 [ Oy l 6.02% l
Nominal Wall Th 375 | ! 290
3 Actual or Min, Wall Th ' 29 % [ Ty ! 245
- :'.1“ ANSi _A311 ‘ [ X ] - —
3 tA i NI 4
_)é‘, e ; aterial Spec. | A-10G : lf - (B
Z Required reinforcement area Allowable Stress Sn j40 -~ ! Sy ™
&= Area A, — excess wall in header Joint. Efficiancy En I g,
/ L" Aica A, ~ excess wall in branch )
J’A Area A, — hilet weid metal v -factor yn o, 4 s e - 7/
— Area A, — metal in ring or pad Struct. Stab. Factor Ay —_—— Ay T
Intersection Angle = 90 5 I
B ————— ——
REQUIRED THICKNESS: ’
Poh ./@.5. X Q.O. lam) /
Imh = * Ay -~ P O = .'..[..
2SpEp + 2ypP 2./5/%8 x 19 v 2. 2. .« 1GS..
PO 165 « L.4?%
Imp = - + Ay : + ...Q... = _’Q\?J__s
25, €, + 2vyP uS5BD 10 4 % 4 . 16S

| 2pEp ¢ rgP % SHEO 10 4 2% 04 . 165
LIMITS OF REINFORCEMENT:
Do - 2Ty .0-025 _ 25 245

d‘ < o SEEEE = AN ANV . 'é.‘./:z.s:
L R PR
d2 = dyor=Ty+Ty+08d = 295 4+ 28,05, 6./25. 3.0641
Select larger of the values, but not to exceed Dy, d; = 6 /35

L = 25(Ty)=25x.:269. ,

— — e
REQUIRED AND AVAILABLE REINFORCEMENT AREA:

Note: For Ay, or Ay, #0, subtract value from appropriate Ty, or Ty,

..................

..................

------------------

Ay = y2e(, oy, ,
Ay tAqg+Aq = _[-_3_?_7. « 89 +...... =. /@,7 $Q. in. available. Additional Req'd: Yes O o X |
Pad Size (See note f) :;{ Plant/Unit C,;—r,«;.:a/ !
Hefght = | = | System ,“’/ Calc # //?/\(/az
Width = 2d, = 2x - | CALC. BY At ¥l oflipe YIS o
Ay = L(2d; - dy) = ()= loave s [2ef1?2 ) oave -7~ -
Al + Ay + Ay + Ag = l NOZZLE REINFORCEMENT | [T

- + + = ;’ I ‘\l;: |

Additional reintarcemen 5o =~y R T . ANSI B3 TR K S T A
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’:’3::..“:“ | _DESIGN conoitions: /€2 o @ AT %
h-uu [ - === s - —-.__.—‘———_':2"
i HEADER BRANCH ||
G |
Il Nominal Size e "
i S . e
Jl Outside Diameter On e Op | ¢
| Nominal \aii Th Ty 23
R i
{ Auudl or Min. Wall T 2 T ~7
5 o o Ao ,“ o, W @) Tw 22r 4 b| +2057%
*, B T | Material Spec ~
E Required reinforcement area | Allowable Stress (b) Sh ) Sp
o . - ———
[ a— Area A, ~ excess wall in header Joint Elhc:ency (b) En Ep
/ Area A, — excess wall " heanch T Al e
L ;
Py “ A Area A, ~ fillet weld meial __Y_'hum e, (b) v"_ _Vb_.
Pa— Atea A, ~ metal in ring or pad , Struct Stab. Facror Ay — Ay stong
S 3 =1 Jll_lnu:rsechon Angle @ o
—_— o — Nll‘
REOUIRED THICKNESS q
p le= &
¢+ 00 . leT .30 i 50 i S
2ShE) ¢ 2y,P DL A N S e B S
POb ,“';‘:’ L s O
'mp * ——- + Ap e - A =
2SbE°02ybP LTI o O U TF - DA PR e
LIMITS OF REINFORCEMENT 4‘
- Wy ..tz = 2 2ONY
d| - Db g - . - 1.m
G SRR S
d; = d, oFr = Ty + T, +05dy = 5t 0..:..-.'.00,51( ...... ';‘.6;\/
Select larger of the values, but not to exceed Dy, . 9 & =
L = 250028 50230 . <=
REQUIRED AND AVAILABLE REINFORCEMENT AREA. o
Note: For Ay, or Ay #0, subtract value from appropriate Th or Ty
Areq = 1.07 (tmp) (dy) (2 - sin @) = 107 x ;... T LSt SRNTT R N T e
Al = (2dy-dy) (Th=tmnl = 2x .. . e e & e U URAN S (See Note ¢)
A2 * UMMy =tmg) = 2x 2737 (2308 _ &e 5 .
L BEE TR BN o s ,
Ay#ArsAy = . T 4 g o ¥ R R I 3G 1n. available Additional Req'd Yes O No O ]
PED-giZE-: - i i I*. Plant/Unit .
' . |
=
L min. height ’ System . Calc. # 1@} =
De = 2“& = 2x = min width|| - e
flcaLe. aY@l:ﬁ;~ T BYL-‘-’.L-_'__
AI-*8 LXDe = X s !l # =
A A A A HRATE e erene | DATE LY -7 3
+ + + = |
1 2 3 4 *Er NOZZLE REINFORCEMENT |
+ + + = :r{ o Lo o
ol | _
Additional reinforcement adequate- YesD No D ( j WORK SHEET ws.1.75 , f
I e ————————
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DESIGN CONDITIONS: . ... - ..

.........

LIMITS OF REINFORCEMENT:

P Fm=
HEADER BRANCH
Nominal Size
Qutside Diameter
Nomina! Wall
Actual or Min, Wall (a){ Th ! | 7. To
. ,—' - ANS) Q31! .
—7é-: Material Spec.
[5=7 Required reinforcement area Allowable Stress  (b)| Sk Sp
o= Area A, — excess wall in header Joint Efficiency ( c ) B E,
/ i Area A, — excess wail in branch (d)
< A Area A, — fillet weld metal v - factor Yh o Yo :
2 F— Area A, — metal in ring or pad Struct. Stab. Factor (e) An — Ay .
' Intersection Angle = '
—'——_—‘—'——‘.—_—_L—'——-‘————_—-ﬂ
REQUIKED THICKNESS: :
A’ tmn‘_-P-%—’Ah' ; e e e AL e i
2ShEp + 2ynP TN P L= IR T ™ R :
v POb s R SR !
‘mb B ——————— Ab = : A B o e |
2stb * 2VbP o I Ay i T L I RN B b as i
|
!

Deb=2Ty . .4u.=2xs/.... 2 Ol '
dy = = e
U i ey
dg o dyoreTy ¢+ Ty +08dy o2 0, ¢, 2 o8 0 = T, 00t
Select larger of the values, but not to exceed Dy, . . Pr 4T
L = 25(Tp)=25x. ....= .. ...,
REQUIRED AND AVAILABLE REINFORCEMENT AREA: B
Note: For Ay, or A, #0, subtract value from appropriate Ty, or T,
Areq = 1.07 (tmp) (dy) (2-sine) = 107 x +&, [ 6 x. 7. ¢ % (2- Rl S I
Al = (2d3=dy) (Th=tmn) *= 2x  ...... Sl | PR R AP [ TR i
|
~ip |
Ay = L(Tp=tmp) = 2x ...... G G5 A - LN |
Ay = 2 = (.., ... L ;
I AysAg+Ay = .+ ..., S SR = ., ....sQ. in. available. Additional Req'd: Yes O No O
e ———— ’ S —-=ﬁ
ﬁ Pad Size (See note f) ; Plant/Unit '
Height = L = | System _ . Calc #_ RN 12
b Width = 2d, = 2« = IJc,au.c. sv.;’_ﬂﬁ.-;:;'fcnrax_f._‘é_
Ag = L(2d2 - d]) = ( - ) = .IOATE DATE_ = - =

A, + A, + A, + A, = . NOZZLE REINFORCEMENT ’
1 2 3 4
+ N . - |
AdAditinnsl rainfarcaammant sdam 1te: Vee ) LI ANSI 831 1 WORK SH_EET W?'-’S . iy
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DESIGN CONDITIONS:

-

HEADER

Nominal Size

Qutside Diameter

Nominal Wall

Actual or Min, Wall (a)

- Materia! Spec.

Required reinforcement area Allowable Stress

b

Area A, — excess wall in header

Area A, — excess wall in branch

)
)
)

(
Joint Efficiency (
(

Area A, — tillet weid metal y-factor .
Area A, — metal in ring or pad Struct. Stab. Factor ()
intersection Angle
#
REQUIRED THICKNESS:
P s e G
t,,,,.-———————o" + Ap= A Al R ML LAY —_— ... . O l
~ 2SnEp + 2ynP w. 5@ % hC .+ 2w 004 x2S
- POy AGeE x G825 2,5 !
by ¥ e & My ® T « 979l |
25, Ep + 2ypP 250, x . (S, + . .S % . x vl .. i
LIMITS OF REINFORCEMENT: !
Dy~ My L.47-2x..247. wr '
dy - = = Sl
sin & Vs Ao
L P 4 : |
G dyoreTy+Tnt086 = 3¢, o 25 sose 5025 2 3.4
Select larger of the values, but not to exceed Dy, . dy = & ; .
L = 25(Tp)=25 x .22 ... = .0/, ..
— e —_—

REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or Ay #0, subtract value from appropriate Ty, or Ty

Areq = 1.07 (tmp) (dy) (2-sine) = 107 x ~.. ... (K AN - AR QLS TR AR
Al = (2d=d1) (Th=tmn) ® 2x <. .. .=5 0 ) laenimen... de =, ;
Ay * UMo=tmp) = 2% .. 0... x (. 2%5%, = 182¢: ) o 25!
Ay = 2= (., ..., 2=, .., L
H AysAg+Ag = | 7, . + R O g o SR sq. in. available. Additional Req'd: Yes O No BX
- l | = o oo SR
ﬂ Pad Size (See note f) | Plant/Unit __ £
Height = L = , System [, Calc #
~’ ! | p— T 777 '
Width = 2d, = 2x - ‘ICALCA gy_delfli . pcH. BY_E & 7 2%
Ag = L(2d2 - d]) = ( - ) = || DATE LDATE b iLl-t- }
Ay + Ay + Ayt Ay = @ NOZZLE REINFORCEMENT ' :
. 3 . : | 7 I
R AT mnal e nTar et e T e Y et || ANSI 8311 | WORK SHEET WS 1.78 o ‘
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DESIGN CONDITIONS:

Select larger of the values, but not to exceed Dy,. dy =

L = 25(Ty)®28 x ..o/ = 1 592

REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or A, #0, subtract value from appropriate Ty, or Ty

Ll ]

......

HEADER BRANCH
Nominal Size 12" 4
Outside Diameter On & i 0| 4.5
|
Nominal Wall i:v-g " 5.'".:. :r.b G
Actual or Min. Wall (a) Th| . 270% To 2074
N e mn ANSL AN N :
—7&:- — Material Spec. 4 - {06 SA-00
1527 Required reinforcement area Allowable Stress ()| Sy, /S A Su s <
By Area A, — excess wall in header Jeint Efficiency (C) En /. O Ey VO
/ % Area A, — excess wall in branch (d)
o o Area A, - filet weld metal v-factor Wl 0.7 i 2.
ren—y Area A, — metal in ring or pad Struct. Stab. Factor -:e) Ay —— Ay —_—
Intersection Angle @ o
REQUIRED THICKNESS:
5 /&
O . I TA kTN WY S PP — . - OT0e
2ShEp + 2ypP w5 x 12 v 2w, O x LGE.
PD, 1G5 « 45, .
tmp & we—— Ay e - gt T PN e 5Ty
2SyEp + 2yuP w2 x 12+ 2.0:¥. x 45,
—_— m
LIMITS OF REINFORCEMENT: y
- s 297 3
" _ Dy -2y _..‘?... 2 &7, . 4.09
sina cvskea
dg = dyor=Ty, + Ty +05dy =-.207F & 227 s08x 4.2/ =255,

Areq = 1.07 (tmp) (dy) (2-sine) = 107 x : CT€e8 1.5 xi2- ... ) = &, T502
Al = (2dy=dy) (Th=tma) = 2x . 9:27 . 4.09) 0 17¢51-.C%)m, 457
Ay * UMMp-tmp) = 2x 05,07 x L2ONY = . 5299) o 13 o
Ay 'tq"f’(_.....)" ...... y
Ay+Aqg+Ay = Q: > =/ .'.5.-.5.550. in. available. Additional Req'd: Yes O No B
e — 1
1
Pad Size (See note f) | Plant/Unit
Height = L = System _ /' Calc #_IRAN/Y
! “"-34 > -
Width = 2d; = 2x = |CALC. YA Tl Yy 8Y B > L ofe
- > X0 f - Vo i
Ag = L(2dp - dy) = ( - ) = lpate_2 -7 DATE Lo < L-7— |
A,' + A2 + A3 + A4 = NOZZLE REINFORCEMENT EE!
+ + & E ] alle
e WORK SHEET WS- 1.75 -

AdAditinnsl reinfarrnmoant sdnniate’ Vee ) ANa M
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(o
;—7
foegaa M ) Ko DESIGN CONDITIONS: . /2.5, . mi® .. /50, °F
Pt < £ anfay ~ ! — —— TEE
§ \ / HEADER BRANCH
Nominal Size |2 L2
- ' Outside Diameter On| /7. 75 Do| 3 i
( ’ = Nomina! Wall | Th 275 To - -
+ Lk
i ,L = < "————-/ Actual or Min. Wall (a) Tl 2251 Ty ;
' R ANSI A3L1 -
—A':',:’:‘ Material Spec. A { s 4166
1527 Required reinforcement area Allowable Stress (b)! Sn A l Sp
o~ Area A, — excess wall in header Joint Efficiency (C) En é Ey
/ L Area A, — excess wall in branch (d)¢ i
! 1.7 A Area A, — fillet weld metal v - factor Yh 7 - G Yo :
. L
! pe—— Area A, — metal in ring or pad Struct. Stab. Factor (e) Ay == Ap il i
|
E intersection Angle « )
| ——— =1 — |
REQUIRED THICKNESS:
tmn = 4o + Ap= = L3208 WA B el s R N ’ '
2ShEp + 2ynP Bl a ). v % L ;
PO, LEE x L F.45 !
tmip ® e ¢ Ay ® e A TR B rrsane |
2SyEp + 2y,P r PR o RS - - S R v, |
LIMITS OF REINFORCEMENT: !
Do=-2Ty .70%=_2x.1"!, ;
dy - - RO 1
L RS R, S,
i
d2 =dyor=Ty + Ty +05dy = ...... e, L S ol I
Select larger of the values, but not to exceed Dy, . i
L = 25(Ty)=26 x . 5h. =0 . ..
— = ———
REQUIRED AND AVAILABLE REINFORCEMENT AREA:
Note: For Ay, or A, #0, subtract value from appropriate ThorTy 2
Areq = 1.07 (tmp) (dy) (2-sine) = 107 x ..%. . .x...... o e DR )-.'.?.7.’.‘ ]
Al = (2d3=dy) (Th=tmn) ®= 2x . ..... PRI ELN J S S b= ... ;
Az *» A(Typ=tmp) = 2x...... x (4405, e e i 2R
Ay = y2 s { i, PR i ]
| AysAq+Ay = . e o O . .y e $Q. in. available. Additional Req'd: Yes O No O
| 5
Pad Size (See note f) | Plant/Unit
|
Height = L = | System Calc ¢ JRNIS |
s W rtuiieh . __ —
lidth = 2d2 = 2x = I'CALC.BYE‘.LT&;AL%Q-LBYJ_'_LL:_;_ ,
Ag = L(2d2 - d]) = ( - ) = !DATE paTell -22-82
|
Ay + A, + A, + A, = | NOZZLE REINFORCEMENT
1 2 3 4 | ‘ l |
+ + + = [ | ‘
g "“‘i';ﬂﬂ" roainfrrramant ~Jnnv-\0.W B \'7_ ANS' 8311 woa‘ SHEST W$\~75 : $23



