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ABSTRACT

This investigation into the plastic fatigue strength of large size 

pressure vessels is a part of a general research program on plastic fatigue 

problems in pressure vessels which is being carried out at several labora­

tories. The vessels under study here are of 36 inch I. D. with 2" wall 

thickness and incorporate nozzles of several designs and sizes. While 

the overall program includes identical pairs of vessels fabricated from 

A-201, A-302, and T-1 steels, the work in progress concerns only the 

A-201 vessels.

Static stress analysis of one of the A-201 vessels has been per­

formed with Stresscoat to identify regions of critical strain. This will 

be followed by a gage analysis to measure the critical strains resulting 

from internal pressure.

Fatigue testing will then be carried out on one vessel at a cyclic 

peak pressure selected to cause failure in approximately 20,000 cycles.

The other vessel of the pair will be tested under a lower cyclic pressure 

selected to cause failure in approximately 100,000 cycles.

Strain concentration factors determined in the static stress analysis, 

initial cycling, and results of plastic fatigue tests will be correlated with 

results of related studies at l"Ecole Polytechnique, Lehigh University, and 

the University of Illinois.

This report covers the progress since the time of submission of the 

last Progress Report to 1 April 1959.

M



I. TEST VESSELS

The two A-201 test vessels were received From Wyatt Metal and 

Boiler Works on March 10, 1959. "As fabricated" drawings are included 

as Appendix A. Cleaning up operations, wall thickness measurements, 

and location of reference points was begun immediately preliminary to 

preparation of the inside and outside surfaces for Stresscoat application. 

The Stresscoat analysis has been completed and the vessel is being pre­

pared for the strain gage analysis.
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N. INSTRUMENTATION

In order to detect the peak strains around the nozzle openings, a 

strain gage of short gage length was required - not longer than the fillet 

or corner radii, as the integrating effect of a longer gage would obscure 

the peak of a steep strain gradient. For purely economic reasons the 

A-8 wire "wrap-around" gage of 1/8" gage length was attractive, but 

because of their possible lack of stability under hydrostatic pressure 

a new type foil gage, along with the Type A-8 "wrap-around" gage, 

were evaluated in a pilot study wherein the gages were tested in a small 

cylinder under hydrostatic pressure. It was found that the A-8, while 

reliable and accurate for measurements on the outside of the vessel, was 

rather unstable under hydrostatic pressure and gave strain measurements 

at variance with the calculated strains in a small test cylinder. The foil 

gages of the same gage length Installed side by side with the A-8 gages 

gave linear results indistinguishable from the calculated curves for strains 

on the interior surface of the test cylinder. The typical pressure-strain 

curves shown In Figure 1 were recorded during one of these tests. Zero 

drift did not exceed 10 microinches for any gage. It was decided that 

the accuracy and stability of the foil gages under pressure warranted 

their slight increase in cost for measuring strains inside the vessel, and 

of course, A-8 gages will be used on the exterior surface as originally 

planned.

Strain gage locations for complete nozzle instrumentation,, as de­

tailed in Figures 2 through 10, were decided upon at a joint meeting of 

representatives of the Subcommittees on Plastic Fatigue Strength (Fabrication



Division) and Reinforced Openings (Design Division) of the Pressure Vessel 

Research Committee. Locations are based upon strain gage data accumu­

lated from model studies at Pennsylvania State University. The Stress­

coat analysis confirmed the proposed locations with only minor changes 

caused by interaction of discontinuities.



Pr
es

su
re

 - 
ps

i

Calculated curves 
Foi I gage * 
vVire gage

Tatnall, Type C6-141

A - Inside circumferential strain 
A'- Inside circumferential gage - dummy inside 
B - Outside circumferential gage - dummy outside 
C - Outside longitudinal gage - dummy outside 
O- Inside longitudinal gage - dummy inside

NOTE: Inside gages read strain on cylinder wall plus 
effect of pressure on dummy gage block (6X)

Strain - >J.in/i

FIGURE 1

■{i.



5

Section x - x

Plane through longitudinal 
axis of cylinder and axis 
of nozzle ----- r

x

Lnr
4

A 'x
\\

S

20“ X 4'p
!V!r10°

>

\

r

x
l

Interior Rosettes 
L (2-Gage) - 12 
^ (3-Gage) - 12

Exterior Rosettes 
(2-Gage) - 2 
(3-Gage) - 2

FIGURE 2 

NOZZLE NO. 1

Scale: 3" = T



6

f-—>

Section x - x

A

Plane through longitudinal 
axis of cylinder and axis 
of nozzle —\ /

i

xi

\\
\

s

Interior Rosettes 
1— (2-Gage) - 12 
IZ. (3-Gage) - 12 

Exterior Rosettes 
[\> (2-Gage) - 2 
^ (3-Gage) - 2

\
X \

\

20
^ f ^ \

> r r;

Plan View

./

FIGURE 3

NOZZLE NO. 2



7

Section x - x

3 - 3/4'
Hemispherical 

Head —
Cylinder

Plane through 
longitudinal axis of 
cylinder and axis of 
nozsle

Plan View

Interior Rosettes 
L (2-Gage) - 14 
k. (3-Gage) - 25 

Exterior Rosettes FIGURE 4

(2-Gage) - 10 
IX (3-Gage) - 15 NOZZLE NO. 3



8
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Section x - x

Plane through longitudinal 
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Plan
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FIGURE 8

NOZZLE NO. 11
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Section

:i____

Plane through longitudinal 
axis of cylinder and axis 
of hole

TYPICAL HOLE

Schedule

No. Dia. r a b c d e

11 1/4H 1/8" 1 1 1
12 and 16 1/2" 1/4" 1 1 1
13 and 17 1" 1/2" 1 1 1 1
14 and 18 2" 1/2" 1 1 1 1 1

Total Interior - 20 
Total Exterior - 7

FIGURE 9
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Section of plane through 
longitudinal axis of cylinder

Cs Exterior - 7
l Interior - 6 HEMISPHERICAL HEAD WITH MAN HOLE

Scale 1-1/2" = 1 foot

FIGURE 10
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HI. STRESSCOAT ANALYSIS

In determining location, direction, and approximate magnitude of 

strains with Stresscoat, the usual technique is to apply a coating of the 

correct sensitivity for the temperature and humidity conditions prevailing 

during the test, and then to load the test article by increments, noting 

the appearance and growth of crack patterns at each increment. This 

procedure is quite satisfactory for determining locations of strain con­

centration on the exterior of the pressure vessel. However, the effect 

of hydrostatic pressure on the brittle coatings requires a different approach 

in order to obtain the desired information for the interior surface. As a 

result, separate Stresscoat tests were performed for inside and outside of 

the vessel.

In carrying out the Stresscoat analysis for the interior of the vessel, 

it was originally proposed to use air or nitrogen gas as the pressurizing 

medium. However, no practical method was found for controlling the 

temperature of the gas, without special heat exchanger equipment.

Pilot tests were then conducted using water as the pressurizing 

medium. The problem of accommodating changes in temperature due 

to the rapid gas expansion was thus avoided, since the temperature of 

the water was found to be quite uniform without the use of auxiliary heat 

exchanger equipment. Coatings were then selected on the basis of the 

measured water temperature and 100% relative humidity. The results



were sufficiently encouraging to warrant the use of water for the interior 

Stresscoat study of the PVRC vesseL It should be noted that the water has 

a softening or desensitizing effect on the threshold sensitivity of the coating 

However, this is offset by an increase in coating sensitivity due to the 

pressure. This increase in sensitivity is sufficient to cause indiscriminate 

cracking, or "crazing" of the coating under pressure at load levels below 

the strain threshold of the exterior coating. Another problem with this 

technique is the time required to pressurize a vessel of this size. Each 

increment of loading entails filling the vessel, applying a certain amount 

of pressure, and then emptying and drying the interior surface in order to 

inspect for crack patterns. The length of time for which the coating can 

be exposed to water without damage limits the test to one filling and 

application of load. To obtain the necessary information in one test, 

coatings of varying sensitivities are applied to symmetrical sections of 

the vessel. For example, a typical nozzle can be divided into four 

symmetrical quadrants. Each quadrant is sprayed with a different coating, 

with strain sensitivities ranging from one which will crack under relatively 

small strains to one with a strain threshold so high as to crack only in areas 

of high strain concentration. Quantitative data is available to compute the 

effect of pressure upon the strain threshold of the coatings, which, in combi 

nation with data from tests of calibration bars, can be used to determine the 

magnitude of strain required to crack each coating. Thus in one test, data



can be obtained equivalent to that resulting From four load increments on a

single coating.

Preliminary tests were made on a smaller vessel to determine the proper 

coatings to bracket the range of strains expected in the large vessel. With 

the completion of pressure tests to check out equipment and determine the 

time interval necessary to fill and pressurize the vessel, Stresscoat appli­

cation was begun. These lengthy preliminaries were necessary to obtain 

background information, since the actual application, drying, and loading 

must be carried out without interruption under carefully controlled conditions. 

The actual Stresscoat tests of the pressure vessel are summarized in the 

following tabulations.

Test Run No. 1

Internal Pressures 

Temperature; 

Pressurizing Medium: 

Time to Pressures

1,000 psig 

71 °F

Tap water 

7 minutes

Coating

Theoretical * 
Threshold 

Strain
Mil

Actual
Threshold

Strain
MIS

(Theoretical)* 
Corrected 

for Creep.
MSI

(Theoretical)*
Corrected

Hydrostatic
Pressure

Ml!
Pr/tE

Corr. Thres. Strain

1206 800 900 1220 457 1.5

1204 1000 1100 1520 570 1.9

1202 1200 1300 1800 675 2.2

1200 1400 1600 2.4

* Principles of Stresscoat, Magnaflux Corporation, 1955, Chart No. 1, Chart No. 2, 
and p. 55.
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Inspection of the coating showed no cracks in the 1200 or 1202 

coating, cracks limited to the short radii at the intersection of nozzles 

and shell in the 1204, and u combination of crazing and cracking at the 

intersection of nozzles and shell in the 1206. No patterns were found in 

locations other than these. The highest strains seemed to be at the nozzle 

intersections with the hemispherical head.

Test Run No. 2

Internal Pressure; ly200 psig and 1,440 psig*

Temperature; 73°F

Pressurizing Medium: Tap water

Time to pressure; 7 minutes to 1
8 minutes to 1

,200 psig;
,440 psig

Coating
Number

Theoretical ** 
Threshold 

Strain
Mil

Actual
Threshold

Strain
Mil

(Theoretical)** 
Corrected 
for Creep

Mil

(Theoretical)** 
Corrected for 

Hydrostatic 
Pressure

Mil

Theo. Max, 
Membrane 
Strain
Mil

1204 1100 1300

at 1200 psig 1810 452 360

at 1440 psig 1830 183 433

* Stresscoat begins to craze indiscriminately at 1500 psig which establishes upper 
limit for internal testing.

** Principles of Stresscoat, Magnaflux Corporation, 1955, Chart No. 1, Chart No. 2, 
and p. 55.



Inspection of the coating after the 1200 psig loading showed only 

five well developed sets of crack patterns?

(1) An area on the shell extending for about one inch from

*
the intersection of nozzle Number 9 with the shell.

(2) A star shaped pattern at the bottom of hole Number 18 and 

well defined patterns on the shell radiating from the intersection 

of nozzle Number 18 with the shell and extending for about

2 inches from this intersection.

(3) An area on the shell extending about one inch from the 

t me “56 Cm OH of HOZZ o 6 Number 3 W5 th the shell.

(4) An area on the shell and inside the nozzle extending about 

one inch from the intersection of nozzle Number 4 with the shell.

(5) The arcs at the intersection of nozzles and shell.

Inspection of the coating after the 1440 psig loading showed only the

extension of these cracks together with the development of a lobe of cracks 

from the hillside nozzle Number 4 midway between the line between nozzles 

3 and 4 and the junction of the head and shell.

* Refer to Drawings in Appendix A for nozzle locat ons and geometries.
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Figures 11 and 12 are photographs of two of the m6st highly 

stressed areas of the interior surface of the vessel. Figure 11 was taken 

at the junction between the radial nozzle and hemispherical head at 

approximately 45 degrees to the line between the two ndzzles on the 

head. The black grease pencil line nearest the nozzle friarks the ex­

tent of the cracks in the brittle coating at 1200 psig (about 1 inch from 

junction of internal surfaces). These lines were radial from the nozzle. 

The outmost grease pencil line marks the average exteHt of the cracks 

in the brittle coating at 1440 psig, at which pressure the "mud cracking" 

appeared on the highly stressed area while areas farther away from the 

discontinuity were free of cracks. This "mud cracking" appears to be 

the result of nearly equal principal tensile strains in the biaxial field.

Figure 12 shows similar behavior at a two inch blind hole 

with the 1200 and 1440 psig lines.
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FIGURE 11 INTERIOR SURFACE STRESSCOAT PATTERNS AT RADIAL NOZZLE
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FIGURE 12. INTERIOR SURFACE STRESSCOAT PATTERNS AT BUND HOLE
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Test Run No. 3

Internal Pressure: 2,000 psig

Temperature: 73°F

Humidity: 55% R. H.

Time to Pressure: 10 minutes

Theoretical 
Threshold 

Coating Strain *
Number Mil

Actual
Threshold

Strain
Ml!

(Theoretical) 
Corrected 

for Creep*
MM

(Theoretical) 
Sensitized 
with Dye 

Etchant*
Mil

pr/tE
Corr. Thres. Strain

1206 600 650 900 600 1.0

No visible cracks developed in the brittle coating at maximum Stresscoat 

pressure (2000 psig) and so the dye etchant sensitization technique was used. The 

cracks developed by this technique indicated that the greatest strains on the 

exterior surface occurred on the hillside nozzle Number 4, the pipe nozzle 

Number N-11, on the shell adjacent to nozzle Number 1, and on the nozzle- 

shell fillets.

* Principles of Stresscoat, Magnaflux Corporation, 1955, Chart No. 1, Chart No. 2, 
and Chart No. 5.



Figure 13 is a photograph showing the cracks in the brittle 

coating around the pad of Nozzle No. 1. "Mud cracking" developed 

in this area also, and the major crack lines are outlined with grease 

pencil. The Stresscoat on the nozzle and pad showed but a few 

widely spaced cracks in the brittle coating with no "mud cracking."
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FIGURE 13. EXTERIOR SURFACE STRESSCOAT PATTERNS AT NOZZLE NO. 1



Discussion of Stresscoat Tests

The test conditions were unfavorable for obtaining excellent Stress­

coat results. These conditions were:

(1) The low strains caused by permissible test pressures. The 

upper limits of test pressures were 1500 psig for internal surface 

Stresscoat (which is the hydrostatic pressure at which Stresscoat 

begins to craze indiscriminately) and 2200 psig for external sur­

face Stresscoat (which was the proof pressure which could not 

be exceeded because of the desire to study strain redistribution 

after cycling).

(2) The crazing threshold of Stresscoat which establishes the 

lower limit of coating sensitivity available. Stresscoat more 

sensitive than 600 Mil threshold strain is apt to craze indis­

criminately. This situation was aggravated by the springtime 

weather changes which occurred during the test period. Al­

though the temperature of the laboratory is controlled and was 

maintained within reasonable limits, the humidity was uncon­

trolled and fluctuated unpredictably over a range of from below 

20% R. H. to above 80% R. H. during the 48 hour periods re­

quired for applying the coating and testing.



(3) The vessel could not be brought to load as rapidly as desired# 

The vessel was tested in the laboratory and not in the 

cycling well and it was necessary to use a Sprague pump instead 

of the high speed cycling pump to build up pressure. This would 

not have been a serious handicap except for the previously 

mentioned low strain levels which result from the permissible 

pressure limits and the high threshold strain levels of the Stresscoat.

The result of using Stresscoat at the limit of its applicability was the 

loss of ability to measure strains quantitatively (as is obvious from the variance 

between theoretical threshold strains and estimated strains). The primary 

objective of the tests was, however, attained. This objective was to de­

termine if strain gage locations chosen by reference to previous work would 

measure the actual maximum strains in this vessel. The location and direction 

of maximum strains indicated by cracks in the brittle coating conformed to 

the predicted locations with the possible exception of the interior surface 

area bounded by the juncture of hemispherical head and shell and the line 

between the nozzles on the hemispherical head. The interaction of dis­

continuity strains in this area seems to increase the tensile strains adjacent 

to the hillside nozzle in a location which had not been foreseen. In addition, 

the strains on the interior surface adjacent to the two inch blind holes seem 

to be greater than had been expected.



It is recommended that the proposed strain gage locations be used 

and that additional gages be mounted in the two areas where discrepancy 

was found between the Stresscoat tests and the locations chosen by reference

to previous work.
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IV„ SCHEDULED WORK

With the completion of the Stresscoat tests, strain gages will be 

installed at critical points to obtain quantitative data on strain magni­

tudes. Details will appear in the next progress report.
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V. FISCAL INFORMATION

Project expenditures to March 14, 1959 total approximately 

$20,321.59, leaving a balance of $4,888.41.
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CARE SHOULD BE TAKEN TO MAINTAIN ROUNDNESS IN 
THE-AREAS OF ALL OPENINGS.

THE HEADS SHALL BE MACHINED INSIDE IF NECESS­
ARY TO EL! MI N ATE 5HARP CH AN6L .5 FROM b HELL 
I - C KIN EL -5’ 70 H ; M THICKNESS. MACHINING TO A 
UNIFORM THICKNESS IS PREFERABLE TO A 
5*1 /a N DA. R D i i 0 4- HA PEF< <

SUNLESS OTHERWISE NOTED, ALL MAT© / FABRICATION

GENERAL NOTES
CONSTRUCTION: ASME CODE i95G EDI T; Ol\ ,/SH/C !:GCG r '' tr ^ • - rV.
APPLY SYMBOL PER PAR. M D GYM V OL X
DESIGN PRESSURE 141c P.S.I. DESIGN TEMPERATURE 050 °F CORR. ALL. NONE 
STRESS RELIEVE YES RADIOGRAPH YE c * JOINT EFF. SHELL T % HEAD P °/o 

SHELL AND HEAD THICKNESSES HAVE BEEN DETERMINED USING A TENSILE STRENGTH OF 
<oO, OOO P.S.I.

HYDROSTATIC TEST BASED ON
INITIAL TEST MO Nil- P.S.I. HAMMER TEST K]C P.S.I. FINAL TEST C, PS I.

INSPECTION BY HARTFORD S. B. I. AND I. CO. & CUSTOMER
HSB SC-E TABLE A
MFG. SERIAL NO. C TABLE A
PROTECT ALL MACHINE SURFACES & THREADED CONNECTIONS WITH RUST PREVENTIVE IMMEDIATELY 
AFTER MACHINING. INSTALL WOOD OR STEEL PROTECTORS OF FITTINGS IMMEDIATELY AFTER TESTING 

VESSEL TO BE DRAINED AND CLEANED BEFORE SHIPPING.
ALL NOZZLE AND MANHOLE BOLTS TO STRADDLE CENTER-LINE UNLESS NOTED.
VESSEL TO BE WELDED BY SUBMERGED ARC PROCESS AT FABRICATORS OPTION.
PAINT IN 6" HIGH LETTERS ON HORIZONTAL CENTER-LINE
AS LOADED THE FOLLOWING ON BOTH SIDES OF VESSEL: RO./W 30 9 S W 
PAINT: NO

WK) SHOP TO APPLY ONE COAT OF UN-DILUTED WATER SOLUBLE 
CUTTING. OIL 1.5. / 0.5. OF VESSEL. 

nV SHOP TC SANDBLAST l.S.^ G.S. OF VtD SEL, SHOP TO PROTECT 

MACHINED SURFACES DURING SANDBLASTING.
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TOTAL OF (7) RgQ'P (oE- • HW Lz Li. cr

C-3 0,\j
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f 3000* COUPLING
IXJPLING
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10 i'10.D.

i" MIN

>\x\ 1" D p r\.

-10" SCH 30 WELDING 
CAP A-2I2W A F.B.

-C.W. (NOTE "A”)

- ROUGH MACHINE F ); . .1
xi4juQD. x 0.564"l.D. X 15 " LG. 
A-iOSGR I , WITH 0.30 A MAX. 
CARBON.('SHOP TO \ P .MINE 
A5 SHOWN).

-CIA. (NOTE"E")
REINFORCEMENT WELD 
TO BE PUT ON AFTER 
100% GAMMA RAY

I.S. SHELL—^
MAGNA FLUX BEFORE 
SBTT\j(3 NOZZLE.

F.B. BACK-UP STRIP 
REMOVE AFTER WELDING, 
BACK CHIP, RE-WELD AND

i grind Flush with i.d. of
lNOZZLE,__________u_____

DT’L 10" 5IE ;iAL NOZZLE

ONE REQ D

V'min

OF,.

vM

\ JO
\\Cŵ w

X t

A \

WW^S'F.B. BACK-UP STRIP—3 "NV
REMOVE A*-' T WELLING. \
'BACKCHIP, RE-WELD AND 
GRIND FLUSH WM H I.D. Or
NOZZLE.
MAGNA FlUX AF FBR ^
^E’TiNG NOZZLE.

i.S. BOTT. HEAD

\ \
\ \

Mb ^
vxb /

\ ox\<>

lO"SCH SO WIELDING 
CAP A-212uR.AF.B

CIW. (NOTE A")

^ ^—ROUGH MACHINE FORGING
x. ]4i. ! O.D * OCCF-''1.D X 1C> ©" LG.
A 105GR I. WITH 0.30% MAX, 
CARBON (^SHOP TO MACHINE1, 
AS SHOWN)

lew. (note e ') 1
REINFORCEMENT wield 
TO BE PUT ONI AFTEK
100 % GAMMA RAY____________ j

c.w. -
(NOTL A")

t T.T.H. ~v
7
WI - 4-

>x

:.w. (note a")
Za,'i

DT’L 10'' SPECIAL NOZZLE1
_ ONE REQ'D W'N-l"_____ j

-lO1' SCH SO WELDING 
CAP A2/2 jR.AEB

10" SCH HO RIPE

C.W. (NOTE A")

fLx SrOD. PAD.

-/I C.W. 'NO X A')

©

.3. SHELL SHOP NOTE X
NOZZLE MKTH" FOR 
VESSEL M<V-r ONLY.

‘o»Q0 O
i "’J

I It

4 MIN.

310.0. T---------*-
I ■'

U l

_ A •' >

£.9001

SHOP NOTE :
AFTER WELL NG NOZZLE
MK N-8” To SHELL, REMOVE 
BACK-UP STRIP, AND HAND 
REAM NOZZLE I.D. TO DOTTED
LINE AS SHOWN.

b" 5CH 30 WELT NG 
CAP A-212 OR.A F.B.

-C.W. (NOT©A )_

^ 03)

-ROUGH MAC Hi kit.: FORGING 
xS-js'O.D. x £ |"ID. &k"LG 
A-105 GO I. WITH 0.30% Hi AX,
CARBON (fSHOP T > MACH I N E 
AS SHOWN)
LCW. (NOTE E') REINFORCEMENT 

WELD TO BE PUT ON AFTER 
ih 100% GAM MA RA^ j

\ —

PY
I.S.SHELL

— F.B. BAC <'VP RIMG|

|—MACjN/* flux »efore
l setting nozzle^____

DT’L 3" SPECIAL NOZZLE
ONE REQ’D ^"Ni-X

MATERIAL NOTE
UNLESS OTHERWISE NOTED ALL MATERIAL 
ONLTHIS DRAWING ONLY TO BE AS FOLLOWS:

PLATE..................

FORGED FLANGES-

PLATE FLANGES.

PIPE NECKS. A-106 OR C

^WELDING NOTES-
NOTE A - WYATT SPEC N2 H W 1.1 
NOTE "E - CU5T. SPEC PAGE 3. PAR W

PLATE NECKS.

REINFORCING PADS. A-201 GP"8"

STRUCTURAL SHAPES A/5/ A-I016R 1020

J“fEx7i,LCj BACK-UP STRIP., 
REM ) . A f£R WELDING , 
BACK CHIP, RE-WELD AND 
GRIND FLUSH WITH I.D.OF 
NOZZLE . A-283 OR C

MAGNA FLUX BEFORE 
SETTING nozzle

IS. BOTT, HEAD.

DTL 10 SPECIAL NOZZLi
'i. REQ’D

Ml N.-

cwYnote'e") PE FORCE-------- 1
MEWELD TO BE f UT ON
AFTER iQo% QAMMA RAY

4 " ds R-'

T i

AW

/ /
/ //

/

© ©

l

SEE ELEVATION

VESSEL L

C.W.(NOTE A)
| CWYNOTE a")7 y

/ s

X 12 to

HOLE 
IN CAP y

A X© y

-10" SCH 80 WELDING CAP 
A-212 GK.A F.B.

-c.w:.(uote A")

10" SCH 80 INSERT TYPE NOZZLE 
AS PER TAYLOR FORGE F PIPE 
WORKS DRAWING N2 S“80536 
A-i05 GR_3X___________________

-c.wQnotl A")
10OA X- Ray

i.S. NOZZLE I.S. SHELL-

DT’L 10" SPECIAL NOZZLE
' 1 ^
12 3COO 'FS. HALF 
COUPLING

10 SCH SO WELDING 
CAP. A-2/2 0R.AF.B.

ROUGH MACHINE FOf-G.NG | 
1 x IXl" O.D. 3.5YA' I.D, x ZZf ' LG . 
A-105GR1. WITH 0.30 ' MAX.. 
CAR BON, bSHOP TO MACH I ME I

Reference drawing
I ELEVATION XGENtRAL NOTEo-------- HX&XTSSSl
|t j veaelc reqtx

AS SHOWN)

1X1X0“ SPECIAL NOZZLE H<"N-4l
147 R - 3000* COITLING^ML Xll ',

1 _ _ONF ASSEMBLY REQ'D___________
C Rev Dim (f Nozz.i.e’NJ-G__________ A Ajc
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m

Q-Sy^-S'SE L- shell.

VIEN OF NOZZLE OPEMINGS
LOOKIKJq_ TOWARD VESSEL

Frqkt ^
O.zS, Bottom VA&ad

CPZUVUG foz "hj-4-

VIEH OF NOZZLE OPENINGS,
1 LOOKING TOHARD V6S5LL

MATERIAL NOTE
UNLESS OTHERWISE NOTED ALL MATERIAL 
ON THIS DRAWING ONLY TO BE AS FOLLOWS:

PLATE......................................................................................

FORGED FLANGES............................................................

PLATE FLANGES................................................................ .

PIPE NECKS.........................................................................

PLATE NECKS......................................................................

REINFORCING PADS.........................................................

STRUCTURAL SHAPES........................ .............. ...............

D

END OF VESSEL SHELL
TOP head

PR
O

M
T 

£

VI D I G A <3 £ READINGS C Inches /Decimal Op Imchss)
I Dp sr p I m-TriM I VESSEL MA" V- I "T VESSEL rvK'V-2"

_______ a "is | c Id r A I B I C I D

EM@<TopeS!AOSHei'1' 2.0IA2.Oa8 2.00 2.024 2.012 2.023 2.032 Z.OZS

' NOZZLE NK'N-f Zmzott 2.Q4-3 4024 — — ^ -
NOZ 'LE NK"N-2' 2.Q33 2.032 2.034 2.034 znsi 2.034 2.03s 2.Q35|
NOZ ZLE NK'N-3" i.sgs 1.327 1.Z66 1.309 /.323|/.258 1.477 1.310

1 NOZ ZLE KK'N-T /.429 i.zoe lhs lzog uio i.sosl 1.361 1.321
NOZZLE WN-612.048 2.040 2.037 2.054 2.034 2.044-2.022 2.0271
K, 1 jT\ ““T T27 I : .E* —k A / * k t n e n r\CL’-) o r\ 2Q o /na a I O A*? C C? Aig IV ’ MK’ N- 8"12.03412.056 12.04512.052 |2.039 2.033)2.025 2.031
NOZ; ' .' M<"N-31^038 2-033 2.037 2.028 2.037 2.044 2.047 2.047

NOZ Z LE MK" N-/0” 2-000 i.3375 L368T 2000 (.9375 1.9375 1.9375 /.S376
NOZZle~^1\iv7il~— I — ^ I - l -- l -w l -

Rcaqinictis Aki3 .c*.keni CuoCKwist As. Showkj inith A(4) Four Foiljt 

CocRDiNiATe 5vstem Markso A.B.Cf D.
Pad e Wozz.Le''W-/" Has(jl) THRee- Rradinos (® 120* Each; 2.02V, £OSoV2.037"
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1-3000* F.S. 
HALF COUPLING

l|"£
A-285 QR C

£(&) iz 0 Notes
EQ SPACED.

t DRILL r 0 HOLS TAP 
FOR i” PIPE NIPPLE

i nj X-HW PIPE x 3" LG 
A-IOeOR"B" (FOR TRUE 
ORIENTATION! SEE PLAN.)

SHOP NOTE

ROUGH MACHINE FONG NG 
221'0.0.K 1500, *<bk " LG 
A-105 }p : L.:/'.30°x • 'X MUM 

A- CAP. 'r ON (SHOP 1 0 NO CM! Nfe 
AS SHOWN.)

©

C.W. CNOTE“D") 

10O % X- RAY

I.S. TOP HEAD.

C.WI. fNOTE "A")

£ DRILL 9 TAP Lj HOLES -OP' 
/'VxOV'LG ALLOY SPUD

v BOLTS A-J93 C/L H -7 WTH
•1 ^ ‘ T" i ! r-'. r* * r -, c* \ \ ' i , a w .THREADS LONG

^ ENDS WTH ONE HEX
K Q njut bach a- 1.94or £- h.

ROUGH M ACH j f :£ -OREI W r 
I 7 O.L. ^44 K. A-/OS GR 1 
W1T H .30 A MAX, M U N CA PEON.

[22

C.W. (NOTE A")

9.Q>QCi ih PLUG ^ 0'?.:

AFTER WELDING OF PLUG , SHOP TO STRESS RELIEVE 
AND MACHINE TO DIMENSIONS SHOWKj(MACHINED 
SURFACES TO BE SMOOTH TO I25RKS. UNLESS NOTED / ! y
OTHERWISE).MACHINED SURFACES MUST BE PROTECTED 
DURING STRESS RELtEViNCi OF VESSEL. PLUG 
TO BE PLACED INSIDE OF VESSEL BEFORE 
WELDING FINAL HEAD TO SHELL SEAM AND 
SUPPORTED INSIDE VESSEL TO PREVENT

WARPAGEr DURING VESSE© STRESS DTI 15" 5FECIAL NOZZLE "NNO''

9.769©.OCCILAR ©oo©'

11 P BEVEL

ROUGH MACHINE FORG L G 
io''o.d. xei" id. x isi1* lg. 
A-105 GR I.
(SHOP TO SEAL WITH 2'' 

THICK WOOD PLUG PRIOR 
TO SHI PM BN f)

R&Ll &VLr.

MATERIAL NOTE

H? PLU6 FPPENTPLS: NK"PN-1'' 

ONE ASLEM3A k-OL
UNLESS OTHERWISE NOTED ALL MATERIAL 
ON THIS DRAWING ONLY TO BE AS FOLLOWS:

PLATE

FORGED FLANGES 

PLATE FLANGES 

PIPE NECKS..

PLATE NECKS 

REINFORCING PADS 

STRUCTURAL SHAPES

.STOP HEAD

1^0 HOLE

DT’L r-3000" COUPLING
one req?p wc-r

WELDING NOT
‘E A - WYATT SPEC H Ui 1..1 

NOT : "D"- WYATT SPEC HNSPH

♦

3"SCH 80 WELDING 
CAP. A-212 OR A FB.

C.W. (NOTE A")

? T’* I3" I.D. * .165u WALL IN3ER 
■TYPE NOZZLE , AS PER TAYLOR 
PORL-tE 0 flf — -vnOKHG DRAWlNO
5-60557-A . A105 uk I

.5. NOZ ZLE

C.W. (NOTE A") 
10O% X-RAY

.5-SHELL

DTL 3" SPECIAL NOZZLE
ONE REQ’D KK’N-9'

REFEInENCE drawinga
ELEVATION $ QEN NOTEo - H.W.E. 273 SB
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