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API SPECIFICATION FOR TANKS WITH RIVETED SHELLS FOR OIL STORAGE

Foreword to September, 1951 Reprint of the
Seventh Edition

a. At the November, 1941 meeting the tank com-
mittee agreed that all committee activity involving
modifications and revisions of Std 12A be suspended.
Accordingly, a number of proposed changes in Std
12A, which were approved by the committee at the
1941 meeting (and subsequently) were not balloted.
These changes are detailed below. It is recommended
that agreement be reached between the purchaser and
the manufacturer regarding the application of these
proposed changes.

I. Location of Name Plate
(Adopted November, 1941)

Existing Par. 38, Std 12A revised to require
the attachment of the mame plate to the shell
plate adjacent to the manhole by continuous
welding or brazing, or by permanent attachment
to an auxiliary plate, the latter to be affixed to
the shell plate by a continuous weld.

II. Inspection and Repairs
(Adopted November, 1941)

Existing Par. 88 and 89, Std 124 revised to
require that weld quality and repair of defec-
tive welds conform to the applicable provisions
of Std 12C.

III. Welded Appurtenances
(Adopted November, 1941)

Std 124 revised to permit the use of welded
appurtenances conforming to Std 12C as an

alternative to emistima ammiumismes :
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ments.

Tequire-

IV. Purchaser’s Requirements on Appurtenances
(Adopted November, 1941)

Std 124 revised by the deletion of Table 17
wh‘zch covers the purchaser’s appurtenance re-
quirements and Fig. 7 which covers location of
appurlenances.

V. Plate Thickness
(Adopted November, 1941)
. Par, 3, Std 124 revised to require that plates
be specified on a thickness basis, where the
thickness is such that the anticipated under-run
on plates ordered on a weight basis will be
sufficient to increase the joint stresses beyond

the allowable maximum. (See Par. 2.2, Std 12C,
10th Edition.)

VI. Appendix B: Order Form
(Adopted November, 1941)

Appendi.z: B: Order Form,"‘ Std 12A revised
by changing the method of indicating the height
of tank from “number of rings” to “feet.”

VII. Appendix D: Recommended Practice
(Adopted November, 1941)
Par. f, Appendiz D: Recommended Practice,

Std 12A rewvised by changing the word “shall”
to “should.”’

VIII. Rivets 3 in. in Diameter and Smaller
(Adopted June, 1949)

Par. 67, Std 12A revised to permit rivets %
in. in diameter and smaller to be driven cold or
hot, except that bottom rivets shall be driven hot,
unless spectal conditions make cold driving
necessary, and that rivets larger than % in. in
diameter shall be driven hot.

IX. Attachment of Qutside Butt Plate to Adjoining

Plate
(Adopted June, 1949)

Std 124 revised to permit the welding of out-
side butt plate directly to the adjoining shell
plate as an alternative to scarfing.

X. Wind Girders for Open-Top Tanks
(Adopted June, 1949)

Std 12A supplemented by the addition of re-
quirements on wind girders for open-top tanks
as set forth in Std 12C.

b. Certain ASTM specifications are referenced in
Std 12A. Changes in such specifications, which have
been adopted by the tank committee for API Std 12C
and which are applicable also to Std 12A, are detailed
below. It is suggested that agreement he reached be-
tween the purchaser and the manufacturer regarding
the application of any of these changes.

I. ASTM A 283, grade D

This specification covers carbon steel plates
of a quality equivalent to ASTM A 7.

II. ASTM A 10

Thie someoification has heen 29ith Ammara  has
4118 speciicalion RAS  oeer 4

ASTM and replaced by ASTM A 288, grade C.

III. ASTM A 27, grade A 3

Grade A 8 applied to steel castings in the full
annealed condition with a minimum yield point
of 30,000 psi. and a mintmum tensile strength
of 60,000 psi. This specification grade was
dropped in the 1944 revision of A 27. The cor-
responding current grade designation is “60—30,
full annealed.”

Foreword to the Seventh Edition

(a) This Specification was prepared by the API
Committee on the Standardization of Steel Tanks for
Qil Storage, and is recommended for the use of the
oil industry in all districts of the United States.

(b) This Specification is designed to provide the
industry with tanks of adequate safety and reason-
able economy in a sufficient range of sizes to cover
usual operating requirements, so designed that the
entire range of sizes can be built with a minimum
number of plate sizes, and with details conforming
with modern manufacturing practice.

(¢) The detail drawings (bound separately)
listed in Appendix E, which form a part of this
specification, provide working designs in ac-
cordance with the Specifications for tanks having
diameters of 86, 48, 60, 78, 102, 120 and 144 ft.
built with 72-in. courses. Detail construction draw-
ings for tanks of 12, 18, 24, 30, and 168 ft. diameter.
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and for 9th and 10th courses, are not availablet.
See Par. 14 and 42. Detail drawings also provide
designs for manholes, oil connections, drain connec-
tions, roof openings, and stairways. The use of
appurtenances shown on these drawings, or designs
of equivalent strength and tightness, will be required
on tanks to which the APl monogram is attached.

(d) Tables 1 and 2 herein show the sizes and
capacities of tanks that may be obtained under this
specification.

(e) Other standards, qnde_r the jurisdiction of the
Committee on Standardx;atmn of Tanks for OQil
Storage, include the following:

12B:  Specification for Bolted Tanks
Covers dimensional details for bolted tanks and their
appurtenances, including stipulations on walkways
and stairways. >

Specification for Welded Oil Storage Tanks

Covers materials, design, fabrication, and erection of
welded oil storage tanks, including requirements for
welding procedure and operator qualification.
Includes also recommended practices for use of alum-
inum alloys and low-alloy, high-strength steels.

Specification for Welded Production Tanks
(Tentative)

Includes requirements on materials, plate thicknesses,
and design factors for welded production tanks and,

by reference, covers design, fabrication, and erection
detsils, and other data.

Specification for Wooden Tanks
(Tentative)

Covers major dimensions, quality of material, and
sizes for wooden tanks, including stipulations on
bolted piping flanges, and on bolting patterns for
thief hatches and relief valves.

12C:

12D:

12E:

1This specification provides major design details for 8-ring
tanks with 100-in. plates, sizes 86 to 168 ft. diameter; for 9th
and 10th courses of tanks with 72-in. plates, sizes 36 to 144 ft.
diameter: and for all courses (1st to 10th inclusive) 72-in.
piates, 168-ft. diameter tanks. These design details are based
upon drilled holes and hot driven rivets, except where alternate
lap jointa are shown for hot and cold driven rivets, Slight
improvements in design methods account for the differences in
edge distance. back pitch. and rivet pitch between this group
of tanks and those for which design details had been published
:rriviou.lly. No changes have been made in the existing standard
esigna.

TABLE 1
TANK SIZES—72” COURSES
APPROXIMATE CAPACITIES IN 42-GAL. BARRELS,
TANK LEVEL FULL

Nominal Height (Ft.) (1)
29.2 l 84.9 , 40.7 ! 46.4 l

57.8

11.8 ‘ 17.6 1 23.4 T
)

52.1
Deitaex:- *) II

(Ft.)

Number of Courses
2 | 3 ) 41 &5 1 641 71 8} 9|

240] S60f 480§ 590] 720

540 810} 1070 1340

960] 1440} 1910| 2380
1500| 2240| 2980] 8710
2140 3190] 4240| 5290
8800| 66701 7540 9410
6040| 2000}12000] 14900
10000{15000{19900| 24900
102(%)17200126600i134100| 42500| 50800| 59200
120(2)]28800185500147100| 58800| 70300| 82000
144(%)184200151100|679800) 84700(101000/118000{135000{15610001168000
168(¢)1460001680001910001114000/186000/1590001181000/203000/225000

(2) Heights shown are approximsate and are based on 72" sheets:
see detail drawings for exact heights.

(%) Sizes having diameters 12’ to 80’, inclusive, adopted Decem-
ber. 1928; detail drawings not available; see Par. 42.

(%) Detail drawings available for sizes 38° to 144’, inclusive, up
to and inciuding 8 courses; see Appendix “E”.

(%) 8th and 10th courses, and 168-ft. diameter tank, adopted
June, 1987: detail drawings not available. Use of these
sizes of tanks is classed as a “Permissible Alternate”, sub-
Ject to agreement between supplier and purchaser. See Par.
14, 18, and 42, and Appendix “C”™. Joint details shall be
in accord with Tables 6-A, 6-B, and 7 herein. See footnote
to Par. (e) of F

10

12(%)
18(%)
240%)
30(%)
36(®)
48(%)
60(*)
T18(%)

4450
6330
11800
17900 20800
29700 34600

10600
18600
29600

7880
18100

8410
16000
23700
39500
67600

8440
16800
26700|
44300| 49200
75800| 84100
93600(105000{116000

TABLE 3
TANK SIZES—100" COURSES (1)
APPROXIMATE CAPACITIES IN 42-GAL. BARRELS,
TANK LEVEL FULL

Nominal Height (Ft.)

DI " 168 | 244 | 325 | 40.86 | 486 | 56.6 | 64.7T

(Ft) Number of Courses
2 3 | 4 | 13 6 7 | 8

38 l 2950 4420 5890 7860 8810 | 108001 11700

48 5250 7860 10600 18100 1B700{ 18200| 20900

60 I 8340 | 12500 | 16600 | 20800 | 24900} 29000| 33000

78 | 18300 | 19900 | 26500 | 33100| 39600( 46100 52700

102 | 23700 | 85500 | 47300 58100| 70700 | 82400| 94200

120 32800 | 49200 | 65500 81800 | 97000 | 114000 | 130000

144 47800 | 70800 | 94300 { 118000 | 141000 | 164000 | 188000

168 | 64400 | 96800 | 128000 | 160000 | 192000 | 223000 | 256000

{®) Detail drawings are not available for tanks with 100~

courses. Use of these sizes of tanks is classed as a “Per-

missible Alternate™, subject to agreement between supplier
and purchaser. See Par. 14, 16, and 42, and Appendix “C”.
Joint details ehall be in accord with Tables 8 and 9 herein.
See footnote to Par. (e) of Foreword.
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PART L
DESIGN SPECIFICATION

SECTION 1.
MATERIAL

Plates:

1. Plates shall conform to ASTM** A 7 or A 10.
Open hearth steel only shall be used.

2. Copper-bearing steel may be used for roof
plates if so specified by the purchaser.

3. Plate specification by weight is recommended,
and plates purchased on weight specifications shall
individually comply with the normal tolerances as
they appear in this specification. The plate thick-
nesses, or weights, as stipulated herein are mini-
mum; heavier material may be required on the order
at option of the purchaser. Where plates are referred
to by thickness in the specification, or on the draw-
imlzs. the thickness shall be considered as nominal
only.

Structural Steel:
4. Structural steel shall conform to ASTM** A 7.

*®*ASTM Specifications referred to herein may be secured from
the American Society for Testing Materials, 1916 Race Street,
Philadelphia 3, Pa. (See Special Note.)

Castings:
5. Steel castings shall conform at least to ASTM
A 27, Grade A 3.

Rivets:

6. Rivets for hot driving shall conform to either
ASTM A 141**, or ASTM A 31**, or ASME Boiler
Code***,

7. Rivets for cold driving shall conform to ASTM
A 31, soft annealed.

8. If copper-bearing steel is specified for the roof
plates, the rivets shall contain the same percentage
of copper.

SPECIAL NOTE: Attention is called to the fact that the
minimum ultimate temsile strength requirements for steels
meeting ASTM Specification A 7 was raised from 55,000 Ib.
per sq. in. in the 1933 issue to 60,000 lb. per sq. in. in the
1934 and subsequent issues. However, the consensus of the
members of the API Tank Committee is that no attempt ehould
be made to take advantage of the increased strength of these
steels until further experience is had with them. Accordingly,
the allowable stresses given in Paragraph 13 are unchanged
from previous editions of this Standard.

***ASME Boiler Code referred to herein may be secured from
the American Society of Mechanical Engineers, 28 West 39th St.,
New York City.

The prineipal provisions of these specifications are included in
Appendix A, Tables 10 and 11.

SECTION 2.

SHELL

Loads and Working Stresses:
(See Appendix “A” for sample computations.)

9. Stresses are to be computed on the assump-
tion that the tank is filled level full of water at 80
degrees Fahr.,* and the tension in each ring is to be
computed 12 inches above the bottom gauge line of
the ring in question.

10. In computing net section of plate, rivet holes
when punched v inch over nominal diameter for hot
driven rivets, are to be assumed % inch larger than
nominal diameter of the rivet: when punched ¢ inch
over nominal diameter for cold driven rivets, holes
are to be assumed & inch larger than nom-
inal diameter of rivet. When drilled, or when sub-
punched and reamed. holes are to be assumed W& inch
larger in diameter than nominal diameter of rivet.

*Water at 60° Fahr. weighs 62.37 Ib, per eubie foot; see
Merriman’s Civil Engineers Pocket Book, (John Wiley & Soas,
New York).

The net section of rivet to be used for computing

shear values shall be. in the case of hot driven

rivets, nominal diameter plus v inch: in case of
coid driven, nominal diameter plus g inch.

11. All openings over 4 inches in diameter in the
shell of the tank shall be reinforced. This reinforce-
ment may be the flange of the fitting used, or an
additionzal ring of metal, or both flange and ring.

12. The amount of reinforcement shall be com-
puted as described in Appendix A of this specifica-
tion.

13. The following maximum allowable working
stresses shall be used in design:

Maximum tensile stress in net section of plate:
21,000 Ib. per sq. in.

Maximum shear in net section of rivet:
16,000 Ib. per sq. in.
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Maximum bearing stress on plates or rivets:
3}?,000 lb. per sq. in. when rivets are in double
shear.

32,000 Ib. per sq. in. when rivets are in single
shear,

Sizes of Plate and Tank:

14. Tank shall be designed so that the diameter
is a_multiple of six feet, using shell plates having
8 minimum net length (total length minus lap) of
6 pi feet (6 times 3.1416). The number of plates in
each course shall not exceed the diameter of the
tank divided by 6, and may be reduced from this
number by agreement between purchaser and sup-
plier. The minimum overall width of shell plates
shall be 72 inches. Plates 100 inches wide, for tanks
36 feet and over in diameter, may be used by agree-
ment between purchaser and manufacturer. Existing
API standard drawings, which provide for eight
courses using plate width of 72 inches, eall for
plate lengths of 6 pi feet. If longer plates are
specified without change of width, vertical joint de-
tails shall be the same as for the standard plate
length. Where 100-inch plates are used, or 72-inch
plates are used for 9th and 10th courses or for
168-ft. diameter tanks, joint details shall econform
to details given in Tables 6-A, 6-B, 7, 8, and 9.

When longer sheets are specified, or when
100-tnch sheets are specified, or when T2-inch
sheets are gpecified for 168-ft. diameter tanks
or for 9th and 10th courses, it shall be con-
sidered as a “permissible alternate” to API
Standard Riveted Tanks, subject to agreement
between manufacturer and purchaser, and pro-
vision to use the APl monogram on such tanks
will be permitted, but such tanks may not be
marked with the monogram until the manufac-
turer has furnished complets dstails of design,
nor until such details have been approved by
the purchaser; Appendices B and C are revised
accordingly as given heretnafter.

15. The minimum thickness of shell plates shall
be % inch in tanks over 48 feet in diameter: and
shall be & inch in tanks 48 feet or less in diameter.

Note Paragraph 8.
Arrangement of Members:

16. Tanks shall be designed with vertical rings
go that all plates will be truly rectangular. Rings
shall be arranged with relation to each other to
permit the use of the same roof structure and
riveted bottom details (except bottom angle) for
all heights of tanks of one diameter.

NOTE: Available drawings for tanks 36’ to 144’ diameter in.

eclusive are for plate widths of 72 inches, and employ the follow-
ing srrargement of courses:

In tanks 6 rings high or less each ring is inside the one
beneath it; in 7-ring tanks the second ring is outside the
first and each ring above the second is inside the one beneath
it: and in 8-ring tanks tbe second ring is inside the first,
the third ring outside the second, and each ring above the
third inside the one beneath it

For tanks having 9 or 10 courses 72 inches wide. the first
course shall be arranged as follows (See Note 4 to Tabie 1):

For 9 rings, the first ring shall be inside the second. and
the second and higher rings shall be identical with a com-
plete 8-ring tank.

For 10 rings, the first ring shall be ontside the second,
and the second and higher rings shall be identical with =
complete 9-ring tank.

For tanks using 100-inch piates, arrangement of courses shall
be as given above for 6, 7, and 8 course tan.

17. The top angle shall ordinarily be placed on

the inside of the shell; but may be placed on the out-
side if specifically so ordered by the purchaser.*

18. The bottom angle shall be inside the shell,
u_::ile‘ss ordered by the purchaser to be placed out-
side®,

Riveting:

19. The following combinations of rivet sizes and

plate thicknesses are suggested:

%” Plate 78" Rivets
%” Plate 8~ Rivets
¥” Plate ... %"~ Rivets
3% " Plate _... %" Rivets
7s” Plate %" Rivets

%” to and incl. 5~ Plate..........cc..e.. %" Rivets
Over 5~ and incl. %~ Plate............1* Rivets
Over 3,” and inel. %" Plate............1% " Rivety
Over %” Plate 1%"” Rivets

20. In roundaboui seams the same size of rivet
nll:)all be used as used in the vertical joint of the ring
above.

21, Unless otherwise limited by considerations of
siress, the minimum distance between centers of
rivet holes shall be 3 times the nominal diameter
of the rivet, and the maximum distance shall be
7 times the thickness of the plate, plus the nomi-
nal diameter of the rivet.

2Z. Where the net gage widih of a course is not
equal to a whole number of major pitches for the

*The drawings for sizes 38’ to 144’ inelusive, show bottom snd
roof plate layouts for riveted construction, with bottom and top
angie inside If riveted roof or bottom with angle outside {a
specified. then a different layout of sketch piates must be pro-
vided, showing the required extra lengths, and altered layout of
eircumference rivet cirele. 1f welded roof or bottom
layoui wiili be simiiar to design sbown ifor riveted, but
Joints will be less, and sketch piates will ordinarily be
in the fleld. Langsr shests will be required for same of
sketch piates.
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joint selected, the minor pitches at the plate edges

shall be adjusted as shown in Fig. 1 herein. (This

applies to 100-inch plates, and to 72-inch plates when

ltl:e‘lics f)or 9th and 10th courses or for 168-ft. diameter
nks).

SPACING

YERTICAL GAGE

FIG. 1
EXAMPLE OF END ADJUSTMENT PITCHES

NOTES:

Dimension A may vary from two rivet edge distances (plus
elearance if applicable) to maximum ecaulking pitch.

Dimension B may vary from three rivet diameters to the
maximum caulking pitch. The number of minor pitches at
reduced spacing is_variable, but t d the number in
one major pitch. Reduced spacing may be applied at the top
of the course only.

Di i A and B should be selected to give reduced spacing
which is as close as possible to the normsal spacing for the
gourse.

23. For tanks 144 feet in diameter or less,
using eight 72.inch courses, or less, the distance
from center lines of rivets to the edges of plates

- ]

A 7772 27 AN,
l i

] w
or=x=m

FIG.2

and the allowance for bevel shearing or planing shall
be as shown in Table 3. The distance between gauge
lines of roundabout joints shall be exactly as found
by deducting from “W?”, dimension “C” for edges to
be caulked and dimension “A” for edges not to be
canlked.

TABLE 3—EDGE DISTANCES
See Fig. 2
(See Par. 47 and 48)
(All Dimensiona in inches)

Plate Rivet (See Sketch Above)

~ ~
Thickness Diameter A B [}
8/16 /18 8/4 1/4
1/4 7/16 3/4 8/8 1.1/8
/4 5/8 16/16 3/8 1-5/16
5/16 5/8 15/16 7/18 1-3/8
11/32 5/8 15/16 1/2 1-7/16
11/32 3/4 1-1/8 172 1-5/8
3/8 5/8 15/18 9/16 1-1/%
8/8 3/4 1-1/8 9/16 1-11/16
13/32 5/8 15/18 9/16 1-1/2
18/32 3/4 1-1/8 9/18 1-11/18
1/16 b5/8 16/18 5/8 1-9/16
7/16 374 1.1/8 5/8 1-3/4
15/32 8/4 1-1/8 8/8 1-3/4
15/32 /8 1-5/16 5/8 1-15/18
172 3/4 1-1/8 3/4 1-7/8
172 1/8 1-5/16 3/4 2-1/16
9/16 3/4 1-1/8 3/4 1-7/8
9/16 7/8 1-5/16 8/4 2-1/16
5/8 /8 1-6/16 13/16 2-1/8
11/16 7/8 1-6/16 18/18 2-1/8
11/16 1 1-1/2 13/1¢ 2-5/18
3/¢ 7/8 1-5/16 /8 2-3/18
25/82 . 1 1-1/2 1/8 2-3/8
25/82 1-1/8 1.11/16 7/8 2-8/18
1/8 1-1/8 1-11/186 1/8 2-9/18
15/18 1-1/4 1.7/8 1 2-7/8
1 1-1/4 1-7/8 1 2.7/8
1-1/18 1-1/4 1-7/8 1 2-7/8

24. For tanks using 100-inch plates, or using
72-inch plates for 9th and 10th courses, or for 168-
foot diameter tanks, the allowances for edge prepara-
tion are not specified but shall be held to a practical
minimum.

25. For tanks 144 feet In diameter or less,

using eight 72-inch courses, or less, the distance

BSINE Cig:v (&=l CORIsSS, 2338, iC

between the center lines of any two adjacent rows
of rivets or the “back pitch,” measured at right
angles to the direction of the joint, shall be deter-
mined in accordance with Paragraphs A-4, A-5, and
A-6, Appendix A. (These requirements correspond
to Par. P-i82, ASME Boiler Construction Code,

edition of 1940.)

26. For tanks using 100-inch plates, or using
72-inch plates for 9th and 10th courses, or for 168-
foot diameter tanks, the distance between the center
line of any two adjacent rows of rivets, or the
“back pitch”, measured at right angles to the direc-
tion of the joint, shall be determined in accordance
with Par. A-7 and A-8, Appendix “A”.
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SECTION 3.
ROOF DESIGN

27. Conical steel roof and supporting structure
shall be designed to carry a live load of 25 lbs. per
sq. ft. in addition to the dead load, and the support-
ing structure shail be designed in accordance with
the unit stresses given in Par. 31.

28. Structural channels shall be used for roof
columns, except that steel pipe or other structural
shapes of equivalent column strength may be used
by agreement between manufacturer and purchaser.}
The slope of the roof shall be 3% inch in 12 inches, or
other value as ordered by the purchaser, except that
the slope of the self-supporting roof of the 12-foot
tank shall be 2 inches in 12 inches}.

29. Roof plates shall be & inch thick**, not less
than 72 inches wide, and shall have the same approxi-
mate length as f-inch shell plates. Plates 100 inches
wide may be used by agreement between purchaser
and manufacturer. They may be either riveted or
welded; if riveted, rivets shall be % inch @ 134
inches pitch.

See “Permissible Variation” (C-;) in Ap-
pendiz C.

30. Rafters shall be placed so that spacing in
the outer row shall not be greater than 2 pi feet
(2 x 8.1416); spacing on inner rows shall not be
greater than 5% feet. In earthquake territory, %-
inch diameter tie rods shall be placed between
rafters in the outer ring of rafters as indicated in
Fig. 3. These tie rods may be omitted if I or H
sections are used in rafters§. .

31. Allowable Stresses: All parts of the struc-
ture shall be so proportioned that the sum of the
maximum static stresses in pounds per square inch
shall not exceed the following:*

Tension
Rolled Steel, on net section 18,000
On the area of the nominal diameter of
Tivets 13,600
Compression
Rolled Steel, on short lengths or where lat-
eral deflection is prevented 18,000
18,00
On gross section of columns........ o
1+
18,000

**Note Paragraph 3.
1The detail drawings show channel columns; if pipe or other

structural shapes mre used, revised details of roof coiumns shall
be provided by the manufacturer.

$The drawings for sizes 36° to 144’, inclusive, show roof plate
layouts and roof support details for plates 72° wide. with a
slope of % inch in 12 inches. If a different siope or plate width
is to be used, revised details of roof plates and supports shail be
provided by the manufacturer.

§{Drawings now call for channel section for rafters. T and H
sections may be used as an alternate in earthqueke territory by
agreement between the purchaser and manufacturer,

*These requirements are based on the 1934 issue of the Ameri-
ean Institute of Steel Construction *“Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings”, with
certain changes made in recognition of the difference in load
eonditions between buildings and tank structures.

T e et et ety P 7 e

With a maximum of. 15,000
in which “L” is the unbraced length of
the column, and “r” is the correspond-
ing least radius of gyration of the sec-
tion, both in inches,

For main compression members, the ratio

L/r shall not exceed 180
For bracing and other secondary members,
the ratio L/r shall not exceed 200
Bending

On extreme fibers of rolled sections, and
built-up sections, net section, if lateral de-
flection is prevented 18,000

When the unsupported length “L” exceeds
16 x“b”, the width of the compression
flange, the stress in pounds per square

inch in the latter 20,000
shall not exceed
Ll
2,000 b*

The laterally unsupported length of beams
and girders shall not exceed 40 x “b” the
width of the compression flange.

The above restrictions limiting beams to
lengths with an L/b ratio not greater than
40. and to stress not greater than per-
mitted by the formula for L/b ratios
greater than 15, do not apply to rafters,
which are in contact with the steel roof
plating, it being assumed that under full
load conditions, friction between the roof
sheets and the rafters will provide ade-
quate lateral support to the compression
flange of the rafters.

On extreme fibers of pins, when the forces
are assumed as acting at the center of

gravity of the pieces. 27,000
~ Shearing
On Pins 18,500

On Power-driven Rivets 13,500
On turned bolts in reamed holes with a
clearance of not more than 1/50th of an
inch 18,500
On Hand-driven Rivets : 10,000
On Unfinished Bolts 10,000
On the gross area of the webs of beams and
girders, where “h”, (the clear distance be-
tween web flanges in inches) is not more
than 60 x *t” (the thickness of the web in
inches), or when the web is adequately
stiffened 12,
On the gross area of the webs of beams and
girders, if the web is not stiffened where
“h” is more than 60 x “t” the greatest

average shear per sq. inch, 18,000
V/A, shall not exceed "
1 4
7.200 t*

in which V is the total shear, and A is
gross area of web in sq. inches.
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Bearing
Double Single 5'? Tie rods between [ rafters
Pins 58?)%5 gge&ﬁ) at outer ring only
Power-driven Rivets ...ooeoeena.. 30:00() 24,000 Tveicar HaLr Roor PLawn
Turned bolts in reamed holes...._.. 30,000 24,000
Hﬂxgﬂﬁ?v&anb I}ivets [———_1 X101 16,000 A
Unfinished bolts ....oooerooven.. 20,000 16,000 ;‘é’fio rotes N ‘5;._ /[ Rafter I Nut on egch end of rods
] N
T .
- ‘ ' bia. rod
A SECTION A-A
¢ Between supports
Rarrer Smowina Tie Roos
FIG. 3
TIE RODS FOR RAFTERS
SECTION 4.

BOTTOM DESIGN

Plate Sizes:

32. The minimum width of bottom plates shall
be 72 inches; plates of 100-inch width may be used
by agreement between purchaser and manufacturer.
Bottom plate joints may be either riveted or welded.

33. All rectangular bottom plates shall be 3-inch
thick and shall have the same approximate lengths
as 'i-inch shell plates. Bottom sketch plates in tanks
48 feet in diameter and less shall be ls-inch thick,
and in tanks over 48 feet in diameter shall be fs-inch

thick.

Rivets:

34. For tanks with riveted bottoms the rivets shall
be & inch in diameter. The pitch of rivets shall con
form to the requirements in Paragraph 21.

Welded Construction:

35. Tanks with welded bottoms may be supplied
only upon agreement between the purchaser and the
manufacturer. When so supplied the API monogram
may be affixed to such tank indicating that other-
wise the tank is manufactured in accordance with

this specification, provided that the manufacturer

shall stamp the letter “X” as a prefix to his cer-
tificate-of-authority number on the API name plate.§
Such welded bottoms, including the joint between

shell and bottom, shall be in accordance with API

gtd.km-C: “Specification on All-welded Oil Storage
anks.”

§See Par. C-5 of Anpendix “C™.
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SECTION 5.
MARKING

36. Tanks with riveted shells manufactuved in
accordance with this specification shall be identified
by authorized manufacturerst by a special name-
plate, detailed in Fig. 4, bearing the API monogram.
Size of monogram on name plate shall be 14 inch
high, substantially as shown. Authority to use the
monogram will be granted to any manufacturer, in
accordance with the rules and regulations laid down
in Appendix “G".

37. The API monogram shall not be used on
tanks which do not meet this specification.

38. Name plates for riveted tanks shall be fas-
tened by tack welding or brazing to the tank shell
plate or manhole reinforcing plate immediately above
the manhole.

39. Where a manufacturer’s shop practice is such
that minor variations from the standard de-
signs will enable him to fabricate tanks more eco-
nomically, it shall not be considered a violation of the
authority to use the API monogram, provided
that such variations in no way conflict with essential
requirements of this specification, and provided
further that such variations are approved by the
API Committee on the Standardization of Steel
Tanks for Oil Storage. After approval of such
variations they shall be published and included in
Appendix C of these specifications as “permiasible
variations”. When any permissible variation is used,
the manufacturer shall notify the purchaser in ad-
vance and shall stamp the letter “X” as a prefix to
hlis certificate-of-authority number on the name
plate.

40. Each licensee shall report yearly to the In-
stitute, on forms provided, regarding his use of the
monogram. Failure to so report is cause for cancella-

tSee Appendix “F* for list of licensees.

tion of authority to use it. When a licensee makes
material in accordance with this specification and
fails to use the monogram thereon as stipulated here-
in, his certificate shall be cancelled. It will be neces-
sary to make another application in order to be rein-
stated.*

41. The use of the letters “API” or reference to
API specifications by any licensee, to deseribe ma-
terial which does not completely comply with this
specification, is prohibited and shall be sufficient
cause for cancellation of authority to use the API
monogram hereunder.

BUILT
B3V

MOMINAL
DIAUMETER

MORiI

P 177 Ne
OF-ANTRHORITY N
Ol rU

FIG. 4

APl NAME PLATE

Name plates may be purchesed anywhere at the manufacturer’s
option. If desired, the builder’s name may be cast directly into
plate instead of stamping it on polished surface after *“built by”
as shown in Figure 4.

*Adopted May, 1940, by the Institute's Central Committee on
Standardization of Qil Field Equipment.

PART 1L
FABRICATION SPECIFICATION

Workmanship:

42. All work of fabricating API Standard Tanks
shall be done in accordance with the plans accom-
panying this specification, except as provided in
Appendix C: “Permissible Variations”, or in the
case of tanks for which drawings have not been
published, shall be the equivalent, and similar in
details of fabrication, to those shown in the drawings
for the standard tank nearest to the size being
planned. The workmanship and finish shall be
first class in every respect, subject to the closest in-
spection by manufacturer’s inspector, whether or not
purchaser waives any part of the inspection.

43. Straightening of material shall be done before
being laid out or worked on in any way and by
methods which will not injure it. Heating or ham-
mering will not be permitted, except when heated
to a forging temperature.

44, Laying out shall be done by experienced work-
men only. Rivet holes shall be accurately spaced so
that they come opposite each other in adjoining
parts. If upon assembling, holes do not match with.
In fy inch, the piate or plates containing such
unfair holes may be rejected at the option of the

purchaser.

Rivet Holes:

45. All plates (except bottom or roof plates
when a welded bottom or roof is ordered ) shall
be punched before being bevel-sheared, planed or
rolled. All punched and reamed holes shall be clean-
cut without torn or ragged edges. The diameter of
the punch shall be the same as the nominal diameter
of the hole. The diameter of the die shall not be less
than # inch nor more than v inch larger than the
diameter of the punch.
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46. Where rivets are to be driven hot, finished
diameter of the holes shall be % inch larger
than nominal diameter of rivet; where rivets
are to be driven cold, finished diameter of holes
shall be # inch larger than nominal diameter of
rivet. In plates % inch thick and under, holes may
be either punched to finished diameter, sub-punched

and reamed to finished diameter, or drilled. In’

plgtes over 8-inch thick, rivet holes shall either be
drilled full size, or sub-punched at least %%-inch less
than finished diameter and reamed.

Finishing of Plate Edges:

47. Edges of plates shall be trued for caulking
either by shearing, machining, or cut with a ma-
chine-operated gas torch. Plates % inch and less
in thickness shall be beveled. Plates over 14 inch
in thickness may be either beveled or squared.
‘When beveled, the angle of bevel shall be not less
than 65 degrees nor more than 75 degrees.

. 48. Shearing, machining, or flame cutting shall
be done neatly and accurately. The distance from
center lines of rivets to the edges of plates and the
allowance for trueing shall be as provided in Par.
23 and 24. A tolerance of plus or minus % inch will
be permitted in edge distance after trueing.

49. Plates to be scarfed may be heated to a cherry
red color.

Rolling:

50. After plates are punched and sheared they
shall when necessary be shaped to the proper curve
by cold rolling. Plates # inch thick and less than
3¢ inch thick shall be rolled to the specified radius
for tanks 80 feet or less in diameter; plates 3 inch
thick and less than % inch thick shall be rolled to
the specified radius for tanks 60 feet and iess in
diameter; plates % inch and less than 5 inch thick
shall be rolled for tanks 120 feet and less in diame-
ter and plates % inch and heavier shall be rolled
for all sizes of tanks.

Marking:

51. All plates and roof members shall be marked
as shown on the drawings.

Shipping:

52. Plates and tank material shall be loaded on
cars in such a manner as to insure delivery without
damage.

53. Bolts, nuts, rivets, railing connections, nip-
ples and small details shall be boxed, erated, or put
in kegs or bags for shipment.

Inspection:

54. An inspector representing the purchaser shall
at all times have free entry to all parts of the manu-
facturer’s works while work under the contract is
being performed. The manufacturer shall afford the
inspector, free of cost, all reasonable facilities to
satisfy him that the material is being furnished in
accordance with this specification, and shall furnish
free of cost any samples or specimens of materials
for the purpose of testing. Inspection shall be made
at the place of manufacture prior to shipment unless
otherwise specified. The manufacturer shall give
the purchaser ample notice as to when he will start
fabrication so that the inspector may be on hand
when required.

55. Shop inspection shall not release the manu-
facturer from replacing any defective material which
may be discovered in the field.

56. Any material or workmanship which in any
way fails to meet the requirements of this specifica-
tion will be rejected by the inspector and must not
be used under the contract. Material which shows
injurious defects subsequent to its acceptance at the
manufacturing works will be rejected and the manu-
facturer will be notified to this effect, and required
to furnish new material.

Adjustments:

57. The responsibility for policing compliance
under this specification rests primarily with the
purchaser. He is expected to make any investigation
necessary to satisfy himself of compliance and in
the event of apparent non-compliance, to confer with
the manufacturer to determine the facts and fix the
responsibility.

58. If agreement cannot be reached on the merits
of any complaint, either party should refer the
matter formally to the Institute by forwarding a
complete record of the case to the Secretary of the
Central Committee on Standardization who shall
refer it to the Engineer’s Subcommittee of the
Standardization Committee responsible for the
specification under which the material is supplied.
It shall be the duty of the Engineers’ Subcommit-
tee to investigate the merits of the complaints on
the evidence submitted. The evidence ghould be com-
plete, including engineering or test reports, and cor-
respondence bearing on the complaint in question.
The ruling of the Engineers’ Subcommittee shall
be forwarded by the Secretary to the parties in-

volved.

59. In case of dissatisfaction with the ruling of
the Engineers’ Subcommittee, either party may
appeal to the Central Committee on Standardization
which shall act as a final board of review and its
decision in the matter shall be considered final inso-
far as compliance with this specification is con-
cerned.
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PART IIL
ERECTION SPECIFICATION

General:

60. The manufacturer shall furnish all labor,
tools, false work, scaffolding, and other equipment
necessary for the erection of tanks complete and
ready for use.

Assembling:

61. Plates shall be carefully and accurately “laid
up”, and shall then be firmly drawn together with
common machine bolts or wedge bolts before rivet-
ing is commenced, placing bolts in at least one out
of every five holes.

62. No paint or foreign material shall be used
between surfaces in contact, except asbestos caulk-
ing strip at end of each bottom seam on riveted bot-
tom, as shown on detailed drawings.

63. To insure full rivet sections, equal to com-
puted area, all holes in vertical shell seams shall be
reamed after bolting up, using a reamer ¢ inch
greater in diameter than nominal diameter of rivet
for hot driven rivets and # inch greater than
nominal diameter for cold driven rivets. Holes
properly punched and matched will not require the
removal of any metal by the reamer, but the tool
must be inserted in each hole as a gauge. Where
tolerances of % inch for unmatched rivet holes
required by Paragraph 44 are exceeded, the plate or
plates containing the unmatched holes may be re-
jected at the option of the purchaser,

64. Burrs and fins on punched holes shall, if
necessary, be removed in the field by a tool, counter-
sinking not more than ¥ inch.

65. All field joints in shell, bottom and roof of
tank shall be riveted unless welding is specified for
bottom or roof plates or for top and bottom angles.
All field joints in the roof supporting structure shall
be bolted except that the column bases shall be rivet-

ed to the columns.

66. The size and pitch of the rivets shall be as
specified on the drawings, and/or shown in Tables
4, 5, 6-A, 6-B, 7, 8, and 9. They shall be driven by
pneumatic or hydraulic tools wherever possible.

67. Rivets 5% inch in diameter and under may
be driven ecold or hot, except that hottom rivets must
be driven hot, unless special conditions make cold
driving necessary. All rivets over 5 inch diameter

shall be driven hot.
68. Hot rivets shall be driven with either steeple

an s hecdbnee Laond ceemeee oo o o ¥ ___ = __ T _
hcnd or buttom head SLaps navin alumensions as

shown in Fig. 5.

69. Shell rivets, when driven cold may be driven
with either steeple or Liverpool snaps, and the di-
mensions of the latter shall be as shown in Figure 5.
Bottom rivets, if driven cold, may be driven with
Liverpool or double-radius snaps, as shown in Fig. 5.

70. Tolerances in sgnap dimensions shown in
figures shall be ¥x inch plus or minus; tolerances in
finished rivet heads shall be plus % inch over dimen-
sions shown.
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FIG. 5

RIVET SNAPS
“D”’=nominal diameter of rivet.

71. Heads shall be as nearly as possible concen-
tric with the rivet body. All rivets shall be driven
from the outside of the tank, except that bottom
rivets may be driven from the inside. Any burned,
loose or defective rivets shall be cut out and re-
driven. No foreign substance shall be used in the
joints except as noted in Par. 62.

Caulking:

72. Riveted seams shall be made tight by caulk-
ing. Roof and shell shall be caulked on outside, bottom
on inside. The shell and bottom shall be caulked
to bottom angle from the outside. The caulk-
ing tools and methods used shall be such that the
underlying sheet is not damaged, and the edge of
the top sheet not turned under. A round-nosed tool
shall be used to upset the metal. This operation
shall be followed with a fine square tool. Split
caulking on plates over % inch thick shall be ac-
ceptable. All shell openings shall be caulked outside.
The work must be done by experienced men only.

73. The opening between ends of plates and
outside butt-strap in butt joints shall be stopped by
means of a wedge, or by welding, as specified in the
order. In locations subject to earthquakes, the open-
ing may be welded over or if a wedge is used, it is
recommended that it be welded over.

74. Inside butt-straps will not ordinarily be
caulked; but if specially required by purchaser (in
tanks where frequent changes of stock and clean-
ing are anticipated) this shall be done, and stoppers
placed in openings between shell sheets and inside
butt-straps as above,

75. Holes punched for erection purposes shall
be closed tight, either by welding up, by driving in
& “burr” and welding over, both inside and out, or by
filling with a driven rivet.

G
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Testing and Lowering of Bottom:

76. The bottom and lower part of the first
course of tank, when riveted bottoms are specified,
shall be riveted and caulked while supported above
the grade. Where a welded bottom is specified the
bottom shall be welded on the tank grade and one or
moredshell courses riveted up before the bottom is
tested.

77. Where water is available, the tightness of
a riveted bottom shall be tested with 6 inches of
water before being lowered to foundation; bottom
shall be entirely tight to the satisfaction of the
purchaser’s inspector before lowering.

78. If water is not available, for a tank with
riveted bottom, tightness shall be tested by pumping
oil, which shall be supplied by the purchaser, under-
neath bottom, maintaining a head of 6 inches of oil
by holding that depth around the edge inside a
temporary dam; bottom shall be made entirely tight,
to the satisfaction of the purchaser’s inspector. The
oil line for testing may be either temporarily in-
stalled by running it through the manhole to a tem-
porary flange connection at the center of the tank
or permanently buried in the grade bereath the tank.

79. Tanks with welded bottoms shall be tested
in éccordance with stipulations given in API Std.
12-C. :

80. No welding shall be done on any tank unless
all lines connecting thereto have been completely
blanked off.

81. All reasonable care shall be taken to pre-
serve the prepared grade under the tank, and before
the bottom is lowered, where a riveted bottom is
specified, the grade shall be re-shaped, if necessary,
to the satisfaction of the purchaser’s inspector.

Testing Shell and Roof:

82. Upon completion, the entire tank shell shall
be tested by filling with oil or water to the level of
the top angle. If it is not feasible to fill the tank
as indicated, the test may be made by painting all
seams on the inside with a highly penetrating oil,
such as automobile spring oil, examining the outside

of the seams for leakage. All leaks discovered by
the above tests shall be stopped.

83. The roof shall be tested by applying an
internal air pressure equivalent to not less than
14 inch of water, and applying strong soap solution,
or linseed oil, or other suitable material, to all seams.
All leaks discovered shall be stopped.

84. Before acceptance, entire tank, when filled
with oil, must be tight and free from leaks.

Cleaning Up:

85. Upon completion of the erection the manu-
facturer will remove or dispose of all rubbish and
other unsightly material caused by his operations
and will leave the premises in as good a condition as
he found them.

Inspection:

86. An inspector representing the purchaser shall
at all times have free entry to all parts of the
job while work under the contract is being per-
formed. The manufacturer shall afford the in-
spector, free of cost, reasonable facilities to satisfy
him that the work is being done in accordance with
this specification.

87. Any material or workmanship which in any
way fails to meet the requirements of this specifi-
cation will be rejected by the inspector and must
not be used under the contract. Material or work-
manship which shows injurious defects subsequent
to its acceptance at the manufacturing works will
be rejected and the manufacturer will be notified
to this effect, and will be required to furnish new
material or correct defective workmanship.

88. The purchaser’s inspector shall examine all
defects found in welds, and his approval shall be
required before they are repaired.

89. Purchaser’s inspector may judge quality of
welds either by visual inspection, or by chipping off
sections of fillet with cold chisel. Re-welding re-
quired by latter operation shall be paid for by pur-
chaser unless welds are found to be defective, in
which case all defective welding shall be cut out and
replaced at expense of the manufacturer.

-£D FCR
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APPENDIX A

DESIGN DATA

This Appendix contains the following:

Details of design for small tanks,*
Details of design for large tanks,*
Specifications for materials,
Computing reinforcement of shell openings,
Computing back pitch of rivets,
Computing working stresses in butt-strap joints,
Analysis of joints in standard tanks,
Strength of butt joints,
Strength of lap joints,

WPH. (c) of Foreword.

COPY PROVIDED F
=D FOR
HISTORICAL PURPOSES ONLY
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TABLE 4
DETAILS OF DESIGN FOR SMALL TANKS
727 Plates, 8 Courses or Lesst

Detail Drawings not available: see Construction Drawings for
36-ft. diameter taok.

Diameter 12’ 18 24’ 30’
'Number of sheets per
shell  course 2 3 4 5
Thickness of Plate 8/16 3/16 3/16 3/18
6 Riveting 7/16 L1 7/16 L1 7/16.L1 7/16 L1
(Top.) Rivet Pitch 1.5 1.6 1.6 1.5
Thickness ot Plate 3/16 3/1% 3/16 3/18
2 6 Riveting 7/16 L1 7/16 L1 7/16 L1 7/16 L1
g Rivet Piteh 1.5 1.5 1.5 1.6
3 Thickness of Plate 3/16 3/16 3/16 3/18
6 4 Rivetinw 7/16 L1 7/16 L1 7/16 L1 7/18 L1
— Rivet Pitch 1.5 1.5 1.6 1.5
E ‘Thickness of Plate 38/16 3/16 3/16 3/18
w 8 Riveting 7/16 L1 7/16 L1 7/18 L1 7/186 11
Rivet Piteh 1.5 1.5 1.5 1.6
Thickness of Plate 8/16 1/4 1/4 1/4
2 Riveting 7/16 L1 6/8 L1 5/8 L1 65/8 Li
Rivet Pitch 1.5 2.05 2.05 2.06
Thickness of Plate 8/16 1/4 1/4 1/4
1 Riveting 7/16 1.1 65/8 L1 5/8 L1 5/8 L2
L(Bot..) Rivet Pitch 1.6 2.05 2.05 2.8376
Top Angies® 2-1/2%x2-1/2"x1/4"
Bottom Angles® 3"x3"x5/16"
Bottom Rectangular Plates® /4"
Bottom Sketch Plates® 1747
Bottom Riveta® 5/8"

Roof Supports—All tanks except 12’ diameter shall have center
column, steel rafters, and standard slope of " in 127.
The 12° diameter tank shall have self-supporting roof with
slope 2”7 in 127.

Roof Plates*—Rectangular and sketch-—3/16”.

*For all diameters given above.

tSee Table 14 for shell joint analyses.

-~
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TABLE §

DETAILS OF DESIGN FOR LARGE TANKS
72” Plates, 8 Courses or Lesst
See Appendix E for List of Construction Drawings Which Form a Part of This 3pecification

Diameter 36’ 48’ 60’ 8’ 102* 120° 1447
Shell Number of Sheets
Courses Per Shell Courne ] 8 10 13 17 20 24
Thickness of Plate. . .. ~ - " 13" 3~ y” 14"
8  Riveting &7 L1 %" L1 " L1 5"L1 54"L1  §"L1 5" Ll
{Top) Rivet Pitch 1.5” 1.67 2.05" 2.06” 2.06” 2.06” 2.05"
Thicknesa of Plate . ... - & b7 m” 7 ” i
1 Riveting =" L1 =" L1 8g” L1 847 L1 6,7 L2 7% 4 8L" L2
Rivet Pitch 1.6” 1.57 2.06” 2.06™ 2.375" 2.376" 2.56567*
Thickness of Plate. oo ” - b/ u" - 3”7 1"
¢  Riveting " L1 5" L1 64" L2 "Lz &Lz 5,"L3 3" L3
Rivet Pitch 16”7 2.05" 2.8378” 2.375" 2.5657* 3.0” 3.69"
Thickness of Plate . .. A" 1" A" ” 3" % -
Riveting 5" L1 ~ L2 " L2 5~L2 %-"L3 "L4 3 "B2
[ Rivet Pitch 2.05% 2.375% 2.376" 2.565"* 8.597 8.8125" 7.16627
Thickness of Inside e "
Butt Straps ) Outside. 33"
Thickness of Plate 1" 3" - - 35" 3" -
Riveting " L2 5" L2 8y " 3"L38 -"Li "B4 %"B4
4 Rivet Pitch 2.376" 2.376" 2.6657* 3.375” 4.0” 14.81257 18.67
Thickness of { Inside — ... 33" 337
Butt Straps | Outside— 33" 35"
) Thickness of Plate 3" - n” - - - -
Riveting 5" L2 55" 5,7 L3 3718 7"Bé T4"B4  17B4
3 Rivet Pitch 2.875" 2.665"* 3.00” 3.597 16.5" 16.67 18.42"
Thickness of Inside . 38" 3" 15"
Butt Straps | Outside. 83" 38" 13"
Thickness of Plate. . ” 33" 3" 335" " ” 45"
Riveting 5" L2 5" L3 3,7 L3 3,"BS %"B4 T"B5 115" B4
2 Rivet Pitch 2.665"* 3.007 8.59" 7.1662" 16.5" 16.625” 20.757
Thickness of ( Inside. N & 3" 33” BL”
Butt Straps | Outside —— 23" 15" 13" LA
Thickness of Plate . . _ - - 3" %" [ 3" %"
Riveting 5" L2 3" L3 3" L3 %"B4 T%"B5 1°B4 114" BS
1 Rivet Piteh 2.588" 3.376" 3.4” 16.5" 16.625" 18.427 22.007
Thickness of Inside o 3" 't & 85"
(Bot.) Butt Strape } Outside ... ... 15" 't K N "
Top Angles 21x21x f 216x214xfy 215X214xfy  3x3xdp  Bxdxy  AxAx3y  Sx3x Y
Bottom Angles 8x8x 35 3x3x 34 3x3x 34 4xdx1y 4x4x 64 dx4x 54 4x4x 8g
Bottom Rectangular Plates_ 1" VA %" u- Y- y- 1y~
Bottom Sketch Plates 7 1" =” A ol %" "
Bottom Rivets [ 8" 8" %4 & [ 856”7

®Pitch when rivets are driven cold 2.376".

tSee Tables 6-A and 6-B for 9th and 10th courses; see Table 7 for 168’ dia. tanks.
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TABLE 8-A

DESIGN DETAILS FOR LARGE TANKS: 36', 48' AND 60’

72" Plates, 9th and 10th Courses®

Ring
Number Tank Diamcter 86’ 48’ 60°
rMesn Diameter, Feet. 36.0780° " 48.0885° 80.1068°
Design Head, Feet. 45.79° 45.68° 45.47"
Plate Load, Lb. per Lin. In 4289 5708 7096
Plate and Rivets 4" PL 54" R %" PlL "R 13" PL %R
$ 3 Joint and Pitch { L2at2565" H L3 at 3.375” L3 at 5.40"
l L2 at 2.8376" C
Outside Strap —— [T
Inside Strap — PO
“Girth Rivets ~ %~ i
Vertical Gage. 5'9%' 5'8%' 5'8%'
Mean Diameter, Feet 86.02338° 48.0234' 60.0813"
Design Head, Feet 51.65’ 51.41° 61.20°
Plate Load, Lb. per Lin. In 4876 6416 7988
, ) Plate and Rivets 31" P1, 53" R 3" PL %" R L Pl, %" R
Joint and Pitch L2 at 2.407 H L3 at 8.59” B4 at 14.087
Plate and Rivets %" PL 5" R
Joint and Pitch L3 at 2.81" C
Outside Strap 43"
Inside Strap — ”
Girth Rivets 5" 3" 3"
rGirth Rivets 5" L% un
Vertical Gage B 814" 5'8%” 58"
Mean Diameter, Feet. 86.0806" 48.0885" 60.1068"
Design Head, Feet 57.81’ 57.14' 58.93°
Plate Load, Lb. per Lin. In 5374 7141 8898
1 . Plate and Rivets 33" PL 54" B 3" Pl, ," R 33" PL, 3, R
Joint and Pitch L3 at 8.00" H B4 at 14.08” B4 at 14.08~
L3 at 8.00" C
Outside Strap 1" 18"
llnuide Strap. 17 33"
(Girth Rivets 5~ %" "
Bottom Angle 87x8"x 8¢ " 87x8"x 847 37x8"x 84

*See Table 5 for courses 1 to 8 inel. See Tables 7, 8, and 9 for 168" dia. tanks.

NOTES: Ring No. 83=bhottom course of present 8 ring tanks.

AT g ot e o+

Asgsumed net width of each ecurse=nominal width (72") less 14” on each edge for resquaring or beveling. See Par. 24.
Deeigns are for drillied holes in shell plates and butt straps.
Lap joints taken from Tabls 18.

¢
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TABLE 6-B
DESIGN DETAILS FOR LARGE TANKS: 78',

72” Plates, 9th and 10th Courses*

1027, 120’ AND 144’

Ring
Number Tank Diameter 78" 102° 120° 144°
Mean Diameter, Feet 78.1108° 102.1459° 120.1667° 144.2031°
Design Head, Feet. . ____ 45.37° 45.22° 45.18’ 44,98’
Plate Load, Lb. per Lin. tn.__.__ 9205 12000 14095 16846
g < Plate and Riveta___________ 153" P1, %" R 8" PL, %" R 3" P, 1" R %" PL 114" R
W Joint and Piteh. . B4 at 18.50" BE at 18.625" B4 at 18.427 B5 at 22.00"
Outside Strap. 15" 13" ~ B
Inside Strap oo e hd 33" ” ”
"Girth Rivets T %" 1 114"
Vertical Gage.._..________ 5’8347 8" 57337 5T
Mean Diameter, Feet - 78.0339° 102.0365° 120.0365° 144.0495"
Design Head, Feet ... ... __ 51.07" 50.90° 50.88° 50.60"
Plate Load, Lb. per Lin. fn.._.__ 10367 13497 15866 18942
z Plate and Riveta_________ — 337 P1, 74" R $#” P 1" R 37 PL, 14" R §3” P1, 11" R
Joint and Pitch e B5,, at 18.58” Bb,, at 18.77" B5,, at 20.98" B6é at 24.72%
Outside Strap 35" 3" i "
Inside 8trap e 13- 31" B, %"
\Girth Rivets %7 1” 115" 14"
(Girth Rivets 7%~ 1" 114" 1157
Vertical Gage 138 1. Ad 733" B Tdy” 571"
Mean Diameter, Feet . .. 78.1227° 102.1589° 120.1797" 1442214
Design Head, Feet . . B88.77° 56.55" 56.45° 56.20°
Plate Load, Lb. per Lin. In...__ 11526 15013 17630 21064
1 ﬁ Plate and Rivets ——— 43" P1, K" R 43" P1, 114" R " PLI1Y" R 184" PL 1" R
Joint and Piteh________ B5, at 18.58" BE,, at 20.98" BE at 25.3757 B8 at 22.05"
Outside Strap 35" 38" 8" 5"
. Inside Strap —— =" 3° 3" %"
) LGix'l:h Rivets %" 118"~ 11" 1147
Bottom Angle 4"x4"x 64" 47xd"x 80" 8"x5"x 3 " 8"x6"x 3~

*See Table 5 for courses 1 to 8 incl. See Tables 7, 8, and 9 for 168’ dia. tanks.

NOTES: Ring N~. 2= bottom course of present 8 ring tanks.

Assumed ret width of each course =nominal width (72") less 34" on each edge for resquaring or beveling. See Par. 24.
Desigms are for drilled boles in shell plates and butt straps.

Lap joints tzken from Table 15.
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DETAILS OF DESIGN FOR LARGE TANKS
72" Plates, All Courses, 168" Tanks*

Ring Nominal
Num- Tank Diameter Height
her Detail 1AR" {In Feet}
" Girth Rivets ... 6%
Vertical Gage ......... BToLg”
Mean Diameter, Feet 167.8229°
Design Head, Feet.... 4.9062"
Plate Load,
10 Lb. per Lin. In.... 2140 5’117
Plate and Rivets...... 1.” P1, 84" R
Joint and Pitech..... L1at205"H &C
Outside Butt Strap. .o -
Inside Butt Strap.... ...
~
Girth Rivets.. - 88"
.
Vertical Gage ... 5 914"
Mean Diameter, Feet 167.8698"
Design Head, Feet... 10.6668'
Piate Load,
9< Lb. per Lin. In.... 46538 11°' 8"
Plate and Rivetsa_._. " P1, 5" R
Joint and Pitch . L3at2.81"H & C
Outside Butt Strap. e
Inside Butt Strap.....
\
Girth Riveta 6g"
[ Vertical Gage 583§~
1 Mean Diameter, Feet 167.9271"
Design Head, Feet .. 16.4114°
Plate Load,
8 Lb. per Lin. In..... 7162 17’ 8"
Plate and Rivets_... 34" P1, "R
Joint and Pitch..__ B4 at 14.08
Outside Butt Strap. 43"
Inside Butt Strap._. da”
Girth Rivets %"
r Girth Rivets -
Vertical Qage 138§ R
Mean Diameter, Feet 168.0000"
Design Head, Feet. 22,1249°
Plate Load,
Ty Lb. per Lin. In._. 9660 28° 2"
Plate and Riveta... 14" P1, 74" R
Joint and Pitch.... BG5, at 16.56"
QOutside Butt Strap.. 35"
\ Inside Butt Strap.. 8"
Girth Riveta ... %"
{ Vertical Gage 6’834
Mean Diameter, Feet 168.0987°
Design Head, Feet... 27.8228°
Plate Load,
6 < Lb. per Lin. In.. 1Zi64 28° 10"
Plate and Riveta___. 54" P1, 4" R
Joint and Pitech_..  B5, at 16.58”
Outside Butt Strap_ Ity
\ Inside Butt Strap._.. 34"

*See Tables 8 and 9 for 100” Courses.
NOTES: Assumed net width of each course equals nominal width (72%) less 14" on each edge
Designs are for drilled holes in shell plates and butt straps. See Par. 24.
Lap Joints taken from Table 15.

T e 7 o R 2 S i e oo SR —

Ring Nominal
Num- Tank Diameter Height
ber Detail 168’ {In Feet)
Girth Rivets ... 8"
Vertical Gage _...— 5’8"
Mean Diameter, Feet 168.2088°
Design Head., Feet. _ 33.5051"
Plate T.oad
5 Lb. per Lin. In._ 14646 84’ 8" 14
Plate and Riveta...._. 8 "PL1"R
Joint and Pitch._.. Bb, at 18.77"
Outside Butt Strap. 'Yy '
Inside Butt Strap..... & .
Girth Riveta 1~
r Vertical Gage .. B’ 754"
Mean Diameter, Feet 168.0729°
Design Head, Feet_.. 39.1405°
Plate Load,
. Lb. per Lin. In. . 17098 40’ 2"
Plate and Riveta__.. %" Pl 11,*R
Joint and Pitch._..  B6 at 25.376"
Outside Butt Strap. 8"
Inside Butt Strap.—. ®”
\ Girth Rivets .. 1"
r Girth Rivets... 1"
Vertical Gage [ M8 Vs
Mean Diameter, Feet 168.2292°
Design Head, Feet_.. 447447
) Plate Load,
3 Lb. per Lin. In._.. 19562 45’ 9" (
Plate and Rivets. 1”P1, 114" R
Joint and Piteh.._. B6 at 23.99"
Outside Butt Strap- 3
\ Inside Butt Strap..__. 43"
Girth Rivets. 1"
Vertical Gage BTY"
( Mean Diameter, Feet 168.0521"
Design Head, Feet... 50.3489°
Plate Load,
2 < Lb. per Lin. In... 21989 51" 4"
Plate and Rivets __ 114" P1, 14" R
Joint and Piteh.._. B6 at 21.47"
Outside Butt Strap.. 8"
. Inside Butt Strap._.. 43"
Girth Rivets________ 114"
[ Vertical Gage 5 71~
Mean Diameter, Feet 168.2500°
Design Head, Feet . 55.9531"
Plate Load,
Lb. per Lin. In... 24465 67° 0"
1 { Plate and Rivets 14" PL1Y"R
Joint and Piteh.... B6 at 19.45%
Outside Butt Stap. 5"
Inside Butt Strap... 1.7
| Girth Riveta. .. 14"
Top Angle 3x3x34 '
Bottom Angle 5x6x 8

for resquaring or beveling.

«
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TABLE 8
DETAILS FOR LARGE TANKS
100" Plates, All Courses®
Ring
No. Tank Diameter 36° 48’ 60’ 78’ 102° 120’ 1447 168"

(Girth Riveta. ... &=~ %" 5" L% 55" 8" 8" 58"
Plate Thickness........... & &7 bVl 14" 14" 13%” 13" 7%
30771 . B A %" Ll 547, L1 54", L1 867, L1 84", L1 8.”, L2 8", L2

s w Rivet Pitch..ooeeeee 1.50" 1.50" 205" H&C 2.06" H&C 2.05" H&C 2.05" H&C 2.375” B&C 2.376" H&C
Thicknessof { Inside
Butt Straps | Outside
Girth Rivets...... - " &~ 5" 5,7 5" 5~ 55" 5"
Plate Thickness.......... &7 &7 %" 14" & & 37 %"
Riveting ........ e g™ L1 % L1 547, L1 6", Lz 5g”. Lz 57, L8 %", L3 3", B3

1 P Rivet Piteh. . . 1.50" 1.50" 205" H&C 2.375” H&C 2.59" H&C 2.81” H&C 3.875” 7.04"
Thicknessof ( Inside 1"
Butt Straps | Outside 38"
Girth Rivets......... =" . B, " 55" By~ L% 7 %"

Girth Rivets..ee - & s 85" 55" 85" 8," %" 5"
Plate Thickness.......... b VAt %7 &"H, 147C P " 33" 35" 33"
Riveting - gg”, L1 5.7, L2 5g”, L2 547, L3 37,18 8", B3 3" B4 7" BBy

6 < Rivet Piteh. 2.06” H&C 2.876” H&C 2.59”H,2.875"C 2.81” H&C 8.69” 7.04” 14.08" 16.567
Thicknessof ( Inside =" 3” 3"
Butt Straps } Outside 33" 38" 35"

L Girth Rivets. %" %" %" 5" LAy % %"
Plate Thickness 3" " 3w ey A" %" 38" 3"
Riveting 84”7, L2 547, L2 54", L2 g, " L3 3,". B4 ", BBy, 74" Bby i”, Bd

s Rivet Pitch._ . 2376~ H&C 259" H&C 2.40"H,2.09"C 8.59" 14.08” 18.566” 16.66" 18.42"
Thickness of { Inside =" %" o %"
Butt Straps | Outside 3" 43" 8" 33"
Girth Rivets. 5" o 5" -7 - 7l " %" 1”

*Girth Rivets. .o 8g” ” 5" -7t 3~ %" %" i
Plate Thickness.—— " 3 3" - i 5~ %" %"
Riveting 54", L2 8547, L2 ”, L3 ".B4 7", B5, T%".BS, 17.B5, 11”7, B8

4 < Rivet Pitch.... 2.59" HXC 2.407H,2.09"C 3.59" 14.08" 18.56" 16.56" 18.77" 26.875"
Thicknessof ( Inside %" 3" 45" = "
Butt Straps | Outside w° 33" 33" FYad 7

~Girth Rivets 5" 7 %" %" % %" 1~ l%n
Plate Thickness ... ” 33" bty 18" 3%~ 7l 3%” 1™
Riveting 8e”. L2 g% L3 g,". Bé %", B5, %", BS 1*,B5, 11,”,B8 1.~ B8

8 J Rivet Pitch.o.o....2.56"H,2.375"C 8.59" 14.08" 16.567 18.68" 18.77" 26.375" 22.66”
Thicknessof { Inside - 38" 1”7 X" tti 3%
Butt Straps | Outaide 38" 33" 33”7 3" 2" "
Girth Rivets.... [ " 4 %" %" 1” 114" 11,7
Plate Thickness..... Ity 3" 33" n” - 7d %" 14" 114~
Riveting . S " L3 3, ". B4 8,”. B4 7%~, B4 i",BS,, 13147,B8 147, B8 1347, B8

¢ ) Rivet Pitch. 8.00” H&C 14.08% 14.08" 16.25" 18.717" 26.378" 22.68" 19.45"
Thicknessof { Inaide & 3" " - - 1 14"
Butt Straps | Outside 1" 3" 3" 3" %" 13" 13"
Girth Rivets. . 5" 7t - 7l %" 17 11" 11" 114"

~Girth Rivets. .. 5" Vi 8" %" 1” 14~ 14 11"
Plate Thickness. - 33" s by 13" %" 1 188" 15"
Riveting 3" L8 8,”. B4 7", B4 7,%, BS, 11,",BS 11,7, B8 114", B8 11", B8

1 ﬁ Rivet Pitch....... 3.597 14.08" 18.25% 18.667 25.8378" 28.99" 19.92" 17.097
Thicknessof { Inside - fs” 3" 12" 17" " 1 14"
Butt Straps } Outaide e 18" 33" " £ 7% L & T

 Girth Rivets..... " %" %" %" 1 1" 114" 114"
Top Angle . 216x21x f 214x21axfy 2143215 x fy 3x3x 34 3x3x 3y 3x3x84 3x3x 3 8x3x 84
Bottom Angle.—m.— x8 =3, 3 x3 x8 3 x8 x3f  dxdx % 4x4x8fy  5xbx 3, 6x6x 3, Bx5x 8}

NOTE: Lap joints are taken from Table 15.

#See Table 9 for design data.
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TABLE §
DESIGN DATA FOR LARGE TANKS

100” Plates, All Courses®

Ring No. Tank Diameter 38’ 487 60’ 18’ 102° 1207 1447 168°
Vertical Gage 8’ 1%- 8’ 1%. 8’ 1%- 8’ llfé' 8’ ”:é. 3’ 1%. g 11&- e l%"
8  Menn Dismeter, Feet ... 35.8800° 47.8696° 59.8489° 77.8437" 101.8281° 118.8177° 148.7917° 167.7708'
Design Head, Feet . 7.2396° 7.2396* 7.2084°  7.2896" 7.2396"  17.2896° 7.2396" 7.2396°
Plate Load, Lb/Im._____. 676 901 1121 1465 1918 2254 2705 3175
Vertical Gage.... . 8 ll/é' I 11&. 8’ l%' 8’ ll/ls- R’ 11:4‘- g 1“;;;1 8 0}3” 8’ 01.3“
7 Mean Dismeter, Feet.______ 859118’ 47.9009° 53.8908" 77.8854" 101.8724" 119.864f° 143.8438" 167.8229°
Design Head, Feet— . 15.3646° 15.3646° 15.8022° 16.3334"  15.3354° 15.3334° 1563177  16.3177°
Plate Load, Lb./In..__ — 1434 1913 2382 3104 1059 4776 5726 6681 ?
Vertical Gage 8’ lﬁn 8 1{’5‘ 8’ 11/8” 8 1%" 8’ 0*3. 8 0*5. 8’ 037‘,‘- R’ 011‘.- v
6  Mesan Diameter, Feet.. 35.0478°  47.0374° 59.9323°  77.9323° 101.9297" 119.9245° 143.9141° 167.8484’ J

Design Head, Feet. e 23.4740° 23.4740° 23.3959°  28.4271°  23.4118"  23.4115" 23.3802"  23.3646’
Plate Load, Lb/In. .. = 2193 2924 3644 4745 6201 7298 8744 10195

Vertical Gage. 8’ 1%. 8’ 1%- 8’ 11//8. 8 0*3- 8’ 0%- 8’ Ox'x' g’ 0&" I'e 0&-
5  Mean Diameter, Feet._______ 35.9895" 47.9817° 69.9818" 77.9922° 102.0000° 120.0000° 144.0026" 168.0026’

Design Head, Feet .. 31.5678° 81.5678° $1.48907° 81.5062° 81.4740° 31.4584° 381.4271 31.3802°

Plate Load, Lb./In______ . 20952 3936 4908 6388 8348 9810 11761 13701

Vertical Gage 8 134~ 8 114% 8 033" 8 0y” 8 0OR" 8 03,7 8 08" 771187
4 Mean Diameter Feet....__. . B6.0838' 48.0338° 60.0443° 78.0625° 102.0807° 120.0837° 144.1146" 168.1354"
Design Head, Feet_._______ _ 39.6615° 89.6615° 39.5678° 39.5667° 89.5209° 39.4897°  39.4427°  39.3490°

Plate load, Lb/In. .. 3714 4951 6174 8027 10484 12324 14772 17198
Vertical Gage 87 114" 8 033"~ 8 03" 8 0F" 8 035" 8 O~ T 1155 7' 11147
3 Mean Diameter Feet 86.0833" 48.0963° 60.1120° 78.1406° 102.1797" 120.2088° 144.2526"° 168.2969"
Design Head, Feet . 477553’ 47.7396" 47.6303° 47.6146"  4T.5521' 47.5058° 47.4115°  47.2865°
Plate Load, Lb./In . 4478 5967 7441 9669 12627 14840 171778 20681
I
Vertical Gage. 8 114" 8 03~ 8 08" 803" 8 OA" 71184 7 11347 7T 1117 e (‘
2 Mean Diameter, Feet $6.0286° 48.0312°  60.0391° 78.0495° 102.0625° 120.0729° 144.0885° 168.1042°
Design Head, Feet_________ 55.8490° b55.8021° 565.6928° 5G6.8458°  56.6677° 55.4741"  55.3490°  56.2240°
Plate Load, Lb./Inee ... 5229 6965 8690 11287 14739 17810 20725 24125
vertie‘l Gape. 8' 0*&' 8! 0%. 8' 0&' 8! 0%. 7’ 11%- 7' xx%' 71 11%- 7} 11%.
1 Mean Diameter, Feet 26.0911° 48.0989° 60.1224° 78.1687° 102.1979° 120.2292° 144.2788° 168.3282°
Design Head, Feet__.___ ____ £3.9271’ 63.8646° 63.7306° €3.6770° 68.5365° 63.4118° 63.2865* 6€3.1615"
Plate Load, Lb/Ine . 5996 7982 9959 12933 16874 19813 23729 27630

*See Table 8 for other details.

NOTES: {;unn;id net wicth of esch course equals nominal width (100”) less 14" on each edge for beveling or resquaring. See
ar. 24.
Designs are for drilled holes in shell plates and butt straps.




Specification for Riveted Tanks

21

TABLE 1o

PRINCIPAL PROVISIONS OF MATERIALS SPECIFICATIONS LISTED IN SECTION L

For Detalls S8ee Texts of Specifications Referred To.

Chemical PHYSICAL PROPERTIES
. Process Properties (1) — N
Use Speeifica- of Elongation—%
tion Manu- Phosphorus Sulphur  Tenasile
facture (Not over) {(Not Strength Yield Point In 2~ In 8~ BEND TEST
over)

Plates A7 Open Aeid —.06* .U5° 60,000-72,000 .5 Tensile 22 1.500.000¢ %" and under—cold bent
and ASTM  Hearth Basic—.04% Strength Ten. Str.  180° around %7 pin. Over
Shapes **Begsemer Bes. —,10° Minimum 38,000 3" to 1”—enld bent
arnund 17 pin. Over 17—
‘ eold bent arvund 114" pin.
Rivets A 141 Open .04* .045* 52,000-62,000 .5 Tensile 1,500,000t Cold 166° flat on itself.

ASTM  Hearth Strength “Ten. Str.

Minimam 28,000

Rivets A 31 Open .04 045  45,000-55,000 .5 Tensile 1,600,0008 (1) Specimen cold bent
ASTM (1) Hearth Strength Ten. 8tr. 180° flat on jtseif.
and (2) Specimen heated to
Boiler 1200° and quenched
Code in water bent 180°
ASME flat on iteelf.
(8) Rivet shank cold bent
a8 above.
FLATTENING TEST
(4) Rivet head shall flat-
ten while hot to diam.
234 times ahank diam.
Steel A27 .08 .06 $0.600 30,000 24
Castings ASTM () Min. Min.
Grade A3

*From ladle analysis made by manufacturer; check analysis from finished material by purchaser may show 259, more.

*+Qpen-hearth steel only allowed for tank plates by API Std 12-A.
tSee exceptions listed in particular code.
) tNeed not be over 309%.
(}) Manganese 0.30-0.50, ASTM A 31.
(%) Manganese 1.00, ASTM A 27.

TABLE 11—PERMISSIBLE VARIATIONS OF RECTANGULAR PLATES ORDERED TO WEIGHT®

Permissible Varatuuns in Averuge Weight per Square
Foot of Plates for Widths Given,
Expressed in Percentages of Ordered Weights
nder 60 to 2w 84 to 96 to 108 to 120 to 182 in,
Qrdered it | done, | r2m. |shin. | 96in. |1081n. | 120, |122in. or Qrdered

Lb. PerKSq‘. Ft. exel. excl. excl. excl. excl. excl. excl. _over. | 4. Per Sq. Ft.

- ] N | § ~ | £ M | 5 & | & ~ % b e k‘ ] M 1%

JHHHHHEBHEHEHHBHHEHEE

ol iaglbloiblolnl el Bl ol ol D ol olb
Under % 5 3 556 8 [ 3 7 8 —_ v+ e = == — <+ o= == — {Under B
5 to 7.5 excl | 45 3 5 3 55 3 8 3 . = e e s e wm e e e 8 to 1.5 excl
7.5 “ 10 “ 4 3 45 8 5 3 55 8 [] ] 7 3 3 3 - = = = 7.5 “ 10 .
10 “ 1285 % 85 25 4 3 45 3 5 3 55 3 [ 3 7 3 8 3 9 H 10 * 128 ¢
128 * 15 . 8 25 85 25 4 3 45 3 5 3 55 ® [] 3 K 3 8 3 12.5 * 18 “
15 “ 1756 25 25 8 25 35 25 4 3 45 8 5 3 55 3 6 3 1 3 15 “* 175
175 “ 20 “ 25 2 25 25 3 25 85 2.5 ¢ 3 45 3 5 3 55 3 (] 3 175 *“ 20 “
20 ~ 25 o 2 2 25 2 25 25 8 28 85 25 4 3 4.5 2 5 3 55 8 20 26 "
25 “ 30 “ 2 2 2 2 25 2 25 25 8 25 85 8 4 3 45 3 5 3 25 R 1] “
80 “ 40 . 2 2 2 2 2 2 25 2 25 25 8 25 35 8 4 3 4.5 8 30 “ 40 .
40 or over 2 2 2 2 2 2 2 2 25 2 25 25 3 25 8.5 8 4 3 40 or over

NOTE.—The weight per squars foot of individual plates shall not vary from the ordered weight
the amount given in this table.
l} *Copled from ASTM.

by more than 113§ times
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(1) METHOD OF COMPUTING REINFORCEMENT FOR
OPENINGS IN TANK SHELL:

A-1. In computing the necessary reinforce-
ment of an opening in a tank shell (See Design
Specification, Par. 12), the net area of the rein-
forcement shall bear the same ratio to the area of
metal removed from the shell as the strength of
the vertical joint in the shell course bears to the
strength of the solid plate.

A-2. Sufficient rivets shall be used to transmit
to the shell plate by shear the full strength of the
reinforcing ring or flange, at a maximum unit shear
of 16,000 1b. per sq. in.

A-3. In computing the net reinforcing area of
a fitting, such as a boilermaker’s flange or manhole
flange having a neck, the material in the neck may
be considered as part of the flange, for a height,
measured from the surface of the reinforced sheet,
equal to 4 times the thickness of the material in
the neck.

(2) METHOD OF COMPUTING BACK PITCH OF RIVETS
FOR TANKS 144-FT. IN DIAMETER OR LESS, USING
EIGHT OR LESS 72-INCH COURSES:

A-4. If P/d is 4 or less, the minimum value shall

be 2d.

A-B. 1If P/d is over 4, the minimum value shall be:
2d40.1 (P-4d).
where
“P"” equals pitch of rivet, in inches, in outer
row where a rivet in the inner row
comes midway between two rivets in
the outer row.

“P” equals pitch of rivets, in inches, in the
outer row less pitch of rivets in the in-
ner row where two riveta in the inner
row come between two rivets in the
outer Tow.

(It is here assumed t}

byt

hat [
of usual construction where rivets are
symmetrically spaced).

tho dpimig
e jomis are

“d” equals diameter, in inches, ol the rivet
holes.

A-6.
ont
fter

The pitch of rivets shall be measured either
e fll]gt plate before rolling, or on the median line
rolling,

(3) METHOD OF COMPUTING BACK PITCH OF RIVETS
FOR TANKS USING 109-INCH FPLATES OR UBING 72-INCH
PLATES FOR STH AND 10TH COURSES OR 168-FT.

DIAMETER:

A-7. The distance between the center lines of any
two adjacent rows of rivets, except those adjacent
to the edge of the outside butt strap®*, or the back-
piteh, measured at right angles to the direction of
the joint, shall not be less than the following:

*The back-pitch for the rows adiacent to the edge of the owt-
side butt strap shall be as given in Table 18, Col. 10.

For joints where one rivet in the inner row
is placed midway between two rivets in the
outer row,

Back-pitch = 1.75d + 0.185 (P —4d) with a
minimum of 1.76d.

For joints where two rivets in the inner row
are placed midway between two rivets in the
outer row,

Back-piteh = 2d + 0.14 (P — 4d) with a mini-
mum of 2d.

Where P = pitch, in inches, of rivets in the
outer row of two.

d = diameter, in inches, of the rivet
holes.

A-8. The pitch of rivets shall be measured either
on the flat plate before rolling, or on the median line
after rolling.

(4)METHOD OF COMPUTING WORKING STRESSES IN
RIVETED BUTT-STRAP JOINTS:

A-9. The API method of computing the strength of riveted
butt-strap joints differs from the ASME Boiler Construe-
tion Code in two particulars: (1) working stresses in the steel
are computed instead of efficiency as related to the ultimate
strength of the materials and (2) all rivets are sssumed to
equally loaded.

A-10. The method is illustrated by the following example, in
which the stresses are computed for the second course of the
120-foot diameter API Standsrd Tank:

A-11. Notation

L=Load on tank shell in pounds per lineal inch of vertical
joint—=Static head in pounds per square inch times
radius of tank in inches.

t=—Thickness of shell plata.

{=Thickness of inside butt strap.

o=Thickness of outside butt strap.

P=Pitch of rivets on row having the greatest pitch.
d=Diameter of rivet, computed according to Paragraph 10.

D=Diameter of rivet hole as given in Paragraph 10.

a=Cross-sectional area of rivet, computed according to Para.
graph 10.

n="Total number of rivets in single shear in a length of joint
equal to “P”,

N=Total number of rivets in double shear in a length of
joint equal to “P’.

Symbola n or N with subscript indicate number of riveta
in a given row, counting rows from the center of the joint,
in a length of joint, P.

s=Shearing load on each rivet in single shear ms given by
formula (1).

8 =Shearing load on each rivet in double shear==(2s).
fe—="Tensile stress in net section of shell piats, Ibs. per sq. in.

h:'!'omilie stress in net section of inside butt strap, lbe. per
8q. in.

fo—"Tensile stress in net section of outside butt strap, lbs. per
8q. in

fs—=8hearing stress in rivets, lbs. per sq. in.

e¢=Crushing stress on shell piate for rivets in single shear,
lba. per =q. in.

C=Crushing stress on shell plate for rivets in double shear,
Ibs. per sq. in.

e¢1=Crushing siress on insids butt strap, lbs. per sq. in.
eo=Crushing stress on outside butt strap, Ibs. per sq. in.

o A -

o S
T
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A-12. Formulae Computation
LP 12326 x 16.626 204920
1) s N = = —=10246 pounds.
n-2N 4+4+(2x8) 20
@ e (2) S=—2 x 10246 =20492 poundas.
: s 10246
8 (8) fa—= =14842 lbs. per sq. in.
(3) fa=— a 0.6308
3 LP W feinfifeh 12826 x 16.625 b .
4 ¢ in fifth te . —_ t in fifth row= —=20983 1bs. per sq.
4) ¢ in fifth (outer) row of rivets —-——t ) 0.626 (16.625+1)
- (12826 x 168.825)—(10246 x 1)
LP—sns —
(5) fe in fourth row of rivets—m —m———o {5) f: in fourth row= 0.625 (16.625-1)
t (P—D n4) . s
LP (ns-00) =19935 iba. per sq. in.
—s8 (31N
(6) f¢ in third row of rivets:————-——‘—— {12326 x 16.625)-—10248(1+1)
t (P—D nz) (8) ft in third row=
0.625 (16.625—1 x 2)
LP—s (ns+-nis+n2) — -
(9] f: in second row of rivets— ¢ T =20177 lbs. per sq. ln.
t (P—D na) P i . (12826 x 16.625) —10246 (1+4-1+2)
(8) £ in first row of rivets, assuming equal spacing in the L row= 0.625 (16.625—1 x 4)
first and second rows—1% stress in second row. ’
==20776 lbs. per »q. in.
8 (N+n)
9 =
® b= oy (8)  fuin first row= 10388 Ibs. per sq. in.
a0y f=———— = (9) 10245 E+4) 20776 1b 1
_ 1= = s. per sq. in.
o (P—D Ny 0.46875 (16.625—1 x 4)
s 10246 x 8
(11) e= (10) fo= —=18851 lbs. per sq. in.
td 0.46876 (16.626—1 x 4)
12 _ 8 10248
(12) =77 1) e==————————=17486 Iba. per sq. in.
t 0.626 x 0.9376
8 20492
(13) e1=- 12) C=———————=34973 lbs. per sq. in.
id 0.625 x 0.8875
s 10246
(14) Co= (13) = —9238816 lbs. per 8q. in.
od 0.46875 x 0.9876
an 10246 ,
A-13. Tllustrative example—Design of C 2 - o= =23816 Ibs. per sq. in.
diameter Standard Tank. ourse of 120-faot 0.46876 x 0.937R
1,=12326 pounds. a ==0.6903 square inches. ! -
t ==0.625 inch. N =8 TR
{ =0.46875 inch. Ni=4 : #f*’"” !
© =0.46875 inch. Ne=4 fl: =t Al 85 Joints have
P==16.625 inches. n =4 A 4,,‘ = T.[,, ;f;;‘;‘ntr,«:';b;&!»
d =0.9375 inch. ns=2 yr {@F:"D}/;’ rows.
D=1.0 inch. n=1 Ty
ns=1 FIG. 8
DISTANCE BETWEEN RIVET ROWS
(See Table 13)
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TABLE 12
ANALYSIS OF VERTICAL SHELL JOINTS IN APl STANDARD TANKSt

72" Plates, 8 Courses or Lesst
(Dimensions in Inches, except Col. 11)

i 2 3 4 o 8 T 8 9 10 11 12 18 14 15 16
Rivet Areas, s Actual Unit Stresees
Square Inches, -3 -~ - in Joint as Designed
in Length - 2_4 ) = - .E ‘ Ibs, per #q. in.
of Joint=P :-: o <38 S 2Ec I8 = 3 [ A
: R 7T/ Sl B9 sw SZE_ 5§ ¢§ R-si  OoRives
s . % & § § iz ;%%p &5 3Tz S fp SRR —A—— gz
£8 S 4= 3s i 5 wels E255 L8 3595 58 R E5sE . ) <2
e a8 < H EZ o<=S RKeTS8S go 2MES 2R §. 2238 H 8 H
= 22 Z2 v v8 = <&z L2 0T Tk Vo =g Y3 @ gn
£y g2 &3 @&@a % 85 2ZEsx 5§3% F5 <OQ% AF af <OsT £ 8 &S
5 % L1 1.5 0.1964 0.094 0.176 2000 38/8 466 4.99 2.16 697 3548 7414 3960
& ¥ L1 L8 0.1964 0.094 0.176 2000 48/8 620 199 2.16 930 4735 9898 5284
% 3% L1 2.06H 0.3712 0.172 0.325 2683 €0/8 768 4.88 2.14 1574 4240 9151 4843
% 5% L1 2.06C 0.3382 0.164 0.338 2561 60/8 768 4.98 2.14 1674 4664 9597 4727
% B% L1 2.06H 0.3712 0.172 0.325 2683 78/8 1004 4.96 2.18 2058 5544 11965 6832
% o5 L1 2.05C 0.3382 0.164 0.838 2561 78/8 1004 4.96 2.15 2058 6085 12549 6180
s o L1 15 0.1964 0.094 0.178 2000 86/7 1013 10.86 4.70 1520 7739 18170 8836
LA 5 L1 2.05H 0.8712 0.172 0.325 2683 102/8 1313  4.96 2.15 2692 7252 15851 8283
Y 5 L1 2.06C 0.3382 0.164 0.328 2561 102/8 1313 4.98 2.15 2692 7960 18415 8084
e} 1 L1 1.5 0.1964 0.094 0.178 2000 48/7 1351 10.86 4.70 2027 10320 21564 11517
Y 5% L1 2.06H 0.8712 0.172 0.325 2688 120/8 1546 4.96 2.15 3169 8537 18424 9761
% 5% 11 2.06C 0.3382 0.164 0.832 2561 120/8 1546 4.96 2.15 3189 2370 19323 9516
bt * L1 1.5 0.1964 0.084 0.178. 2000 86/6 1568. 16.74 7.25 2845 11940 24946 13323
Y 54 L1 2.05H 0.3712 0.172 0.328 2683 60/T 1671 10.74 4.65 8425 9226 19913 10538
T4 3% L1 2.05C 0.3382 0.164 0.833 25661 60/7 1671 10.74 4.65 3425 10127 20884 10285
% 5 11 2.06H 0.3712 0.172 0.325 2688 144/8 1838 4.96 2.18 3808 10245 22110 11704
%4 8g L1 2.05C 0.3382 0.184 0.328 2661 144/8 1855 4.96 2.16 3808 11245 23189 11420
b4 8% L} 2.06H 0.8712 0.172 0.83256 2683 48/6 2079 16.70 7.28 4262 11482 24779 18114
Y4 b3 L1 2.06C 0.3382 0.184 0.333 2561 48/6 2079 16.70 1.28 4262 12602 25988 12799
% o L 2.06H 0.3712 0.172 0.325 2683 86/56 2111 22,58 9.78 4827 11857 25157 13314
% 8 11 2:05C 0.3382 0.184 0.333 2581 86/5 2111 22.58 9.78 4827 12794 26384 12094
LA 84 L1 2.06H 0.3712 0.172 0.325 2683 78/7 2178 10.77 4.68 44656 12028 25959 13738
% 5 L1 2.06C 0.3382 0.164 0.333 2561 78/7 2178 10.97 4.66 4465 13202 272268 18408
Y L3 L2 2.8376H 0.7424 0.344 0.408 8592 60/6 2578 16.55 717 6123 8247 17799 15081
A 5% L2 2.373C 0.6764 0.328 0.414 8661 80/8 2578 16.55 17.17 6123 9052 1BB8BR 14780
1 '3 L2 2.375H 0.7424 0.344 0.408 3592 38/4 2658 28.39 12.3¢ 8813 8508 1E351 15549
%% B L2 2.375C 0.6764 0.328 0.414 3661 86/4 2658 28.39 12.30 6313 9338 19247 15248
Y Bg L2 2.376H 0.7424 0.344 0.406 3592 48/56 2806 22.51 9.75 6664 8976 19878 16413
4 % Lz %.378C 0.8784 0.828 0.414 3861 48/8 2806 22.51 3,75 6664 9862 20817 16097
n 64 L2 2.375H 0.7424 0.344 0.408 3582 102/7 2848 10.77 4.6¢ 6764 9111 19682 16660
% 54 L2 2.375C 0.6764 0.228 0.414 3661 102/7 2848 10.77 4.68 6764 10000 20621% 1633¢f
E*A iy L2 2.375H 0.7424 0.344 0.408 3592 36/3 3201 34.17 14.80 7602 10239 22098 18724
HA 8 1.2 2.375C 0.6764 0.328 0.414 3661 38/8 8201 84.17 14.8¢ 7602 11239 23177 18862
E'A B4 L2 2.376H 0.7424 0.344 0.408 3592 120/7 8351 10.77 4.66 7959 10720 23136 18603
% &g L2 2.376C 0.6764 0.328 0.414 3661 1207 8861 10.77 4.66 7959 11766 24265 19223
% % L2 237EH 07424 0.844 0408 8592 78/ 8857 16.88 7.8 7878 10789 E8ITT 19888
% LY L2 2.375C 0.6764 0.828 0.414 3661 78/6 3357 16.58 7.18 7978 11787 24307 19258
% By L2 2.375H 0.7424 0.344 0.408 3592 60/8F 3488 22.36 9.68 8272 11142 24048 20374
Y% b 2 28750 0.6764 0.828 0.414 8681 60/5 3488 22.38 9.68 8272 12229 285219 19981
Y 84 L2 2.875H 0.7424 0.844 0.4u6 3692 48/4 8583 28.88 12.27 8396 118309 24406 20679
Y 8¢ L2 2.376C 0.6764 0.328 0.414 3661 48/4 3535 28.83 12.27 8396 12413 25597 20280

e e B — e
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TABLE 13 (Cont’d): VERTICAL SHELL JOINTS

1 2 3 ¢ 5 6 7 8 0 10 11 12 13 14 15 16
Rivet Aresns, y Actual Unit Stresses
Square Inches, . g a 3 ° in Joint as Designed
in Length °d =P ] = g 8 1bs. per sq. in.

of Joint="P a” a, <28 g Tbs O = © A — A 5

! L o~ 3efl gp3, 4w 352 Gp g Sogl OEre
ad w_ B 3 -] gsgg 88 38§ 5% _z&‘éf———*——.——\ g
2% =z % i 3 Bg%3% 435 LB F5ES 48 35 5883 % & 32
= dz 82 =2 e £ =3~ m E2um Hu gaEn 99 $s £e-D ] g g
€x B2 &% =& 5 St 3% 3sic 8% 85w A8 af  20=% & S &=
& % L2 2565H 0.7424  0.480  0.567 4640  38/2 8T48 40.02 17.33 9801 12982 22327 16832
» 8% L2 2.375C 0.6764  0.410  0.517 4572  86/2 3748 40.02 17.38 8880 18148 21683 17195
# 5 L2 2.565H 0.7424  0.480  0.567 4640 144/7 4022 10.77 4.68 10816 13895 23990 18194
& 5% L2 2.8375C 0.6764 0,410  0.517 4572 144/7 4022 10.77 4.€8 $552 14122 23207 18471
& % L2 2565H 07424  0.430 0567 4640  48/3 4259 3410 1477 10824 14714 25404 19266
& 5% L2 2.3715C 0.6764  0.410 0517 4672  48/3 4259 34.10 1477 10116 14954 24671 10665
f 5% L2 2565H 0.7424  0.480 0567 4640  36/1 4289 45.79 19.88 11001 14818 25588 19402
& &% L2 2375C 0.6764 0.410 0517 4572  86/1 4289 45.79 19.88 10186 15059 24844 18702
s 8% L2 2BEEH  0.7424 0480 0567 4640 102/6 4390 16.58 7.18 11280 15187 26186 19858
5 8% L2 2.875C 0.67864  0.410  0.517 4572 102/6 4390 16.58 7.18 10426 15414 25429 20166
&% 5 L2 2865H 07424 0.430  0.567 4640  60/4 4393 28.17 12.20 11268 15177 26204 19878
% 8 L2 2.3756C 0.6764  0.410 0517 4572  60/4 4398 28.17 12.20 10433 15424 25446 20180
% 8% L2 25650 0.7424  0.430 0587 4640  78/5 4587 22.8%9 8.70 11637 15675 27062 20523
% &% 12 2.876C 0.6764 0.410 0517 4572 T8/5 4537 22.839 9.70 10776 15930 26280 20841
H 8% L8 3.00H Ll1i14 0.709 0.TT8 5414  48/2 4982 89.94 17.30 14948 18416 21080 19355
i 8% L3 3.00C 1.018 0.677T 0784 B4I1  48/2 4982 $9.94 17.30 14946 14711 22077 19084
i 8% L3 8.00H 1114 0709 0778 5414 120/6 5165 16.57 7.18 15495 13309 21864 20045
i % 18 2.00C 1.016 0.877 0.784 5411 120/6 5166 1857 T.18 15495 15251 22888 19764
1 8% 13 3.00H 1.114 0709 0778 5414  60/8 5208 $3.938 14.70 15894 14267 22417 20881
i 3% 13 8.00C 1.016 0.677 0.784 5411  80/8 5298 R3.9%8 1470 15894 15644 23477 20273
% 8% 13 3.875 1555 0.014 00375 5838  48/1 5703 4568 19.78 19248 12878 21059 20531
8% 8% 13 3.378 1.558 0.914 09376 5823  TR/4 5TI0 2817 12.20 19271 12802 21084 20AR6
18 % Is 8.59 1.555 0.890 1.108 6452 102/5 5921 22.36 9.68 21258 13669 21471 19271
3 % L3 8.59 1.556 0.990 1108 6452 144/8 6190 1655 T.17T 22222 14291 22446 20146
i % L3 8.59 1.558 0.900 1.108 8452  £0/2 6199 $9.76 17.22 22264 14811 22478 20176
1 8 L3 8.59 1.555 1.068  1.188 €945  7T8/8 687T 33.88 14.68 24688 15876 23159 20831
" % 14 8.8125 2074 1.422  1.285 7078 120/5 6960 22.35 9.67 26535 12794 18660 20649
15 % Ls 8.4 1.558 1142 1188 7310  €0/1 7096 45.47 19.69 24126 15516 21126 20803
i 8% L4 4.00 2.074 1.528 1.465 7690 102/4 7458 2812 12.18 20824 14379 19582 20857
38 8% B3 7.1562  4.67 —_ 8368 78/2 8050 39.69 17.20 57607 12336 33305 20157
i 8 B3 T.1562  4.67 —_— . 8363 144/5 8844 22,31 9.66 59711 12786 34839 20898
i % B4 148128 985 —_ ____ SRS4 12074 8764 28.11 12,17 125435 12735 84685 20794
% % B4 165 18.12 —_ _ . 9446 102/8 8970 83.79 14.64 148005 11280 33287 19942
14 % B4 185 18.12 —_ —_ 9448 78/1 9206 45.37 19.65 151888 11576 84108 20465
' % Bd 185 18.12 —_ — 10626 102/2 10490 39.57 17.14 1730685 18192 24553 20731
% % B4 185 18.12 J— _ 10628 144/4 10492 28.08 12.14 173118 18195 34558 20781
T % B& 185 18.12 —_ ___ 10628 120/% 10528 38378 14.61 173712 18240 84679 20808
8% % BS  18.625  18.81 _ 12386 102/1 12000 45.22 19.59 199500 14448 84048 20428
8% % BS  16.625  18.81 J— 12838 12072 128268 39.56 17.12 204920 14839 34973 20982
12} 1 B4 1842 16.845 —_— 13189  144/8 12609 33.66 14.58 232258 13788 33467 20080
% 1 B4 1842 16.845 _ 143887 12071 14095 45.18 19.56 259630 15418 84295 20578
1] 1% B4 2075 21.048 _ —__ 1r649 144/2 14748 39.41 17.07 806021 14548 84721 20616
% 1% Bs  22.00 28.26 P 16914 14471 16848 44.98 19.48 870612 15088 83089 20554

tThis table shows the actual stresses in every joint used in
API tanks as designed, computed in sccordance with the
preceding method.

tApplies to tanks 88 to 144 ft in diameter, having 8 or
lesa 727 courses.

*12 Riveta—21 Single Shears.

NOTES TO TABLE 12:

Col. 8: The letter “L' indicates “Lap” inint: the letter
“B" {ndlcates “Butt” joint: numerals indicate number of
rows of rivets.

Col. 4: Pltch of rivets on row baving the greatest piteh:
“H" indlcates hot driven rivets: “C" indicates eold driven
rivets.

Cols. 5 and 6: Rivet areas computed after driving, ac-
cording to Section IL

Col. 7: Ne* area of plate in tension, after deducting for
rivet holes, according to Paragraph 10.

Col 9: Ring nomber based on an 8-ring tank, eounting
trom the bottom.
Depth taken at 12 inches above bottom gage line
of given course.

Col. 12: Depth times 82.87, divided by 144.

Col. 18: CoL 10 times “P*.

Cols. 14. 16 and 16: Stress produced by actual loads,
Col. 18, acting on the areas given In Cols. 5. 6 and T.



26 Amecerican Petroleum Institute
TABLE 13
STRENGTH OF BUTT JOINTS?
72” Plates, 8 Courses or Less®
(Dimensions {n Inches)
1 2 3 4 5 ] T 8 9 10 11 12
Thicknesa Dia. of Maximuom Typeof Rivet
of Plate Rivet Allowable Joint Piteh Strap Thickness Distance Between Rivet Rows
(Nominal) Load (L) “pr Sece Fig. 6
Lbe. per Inside Outside ,— —*
Lioeal wpn “p e “p “g"
Inch of Joint
%" A 6977 B2 4.458 1 ES 14 24 — _ —
(17.85%) A 7814 BS 7.168 > 4§ 114 14 2% JE— —
% 8248 B4 14.38 & M 114 133 2y 2% .
5" L/ 8370 B8 7.167 P PL] 14 1% 2 ¢x —
(10.133%) 84 886 B4 14.885 i i} 114 1 2% 214 —
14~ 8 8928 B3 7.17 rg 4 114 14 27 s —_—
(20.40%) LA 9424 B4 14.33 4 1% 1} 2% 214 —
T 8949 B3 825 A 14 z 28, . —
% 9448 B4 16.6 gz 1% 2 28 2% —
Y% 9871 BS 168.62 14 2 2%, 2 314
" % 9507 B3 8.25 It 1% 2 2%, —- —_
(21.868%) % 10036 B4 16.8 By 14 2 2%, 2% ——
T 10487 BS 18.62 1] 1% 2 2%, 2% 314
ol Y 10066 B3 8.25 % 14 2 28, —— —-—
(22.953) 1 10628 B4 185 i 14 2 2%, 2% —_
% 11105 B5 16.62 ko 14 2 2%, 2% 3
[N % 10627 B3 8.25 3% 1% 2 2% — —_—
(24.232) % 11217 B4 165 e 14 2 2% FEN _
% 11722 BS 16.62 #H 1% 2 284 27 3y
86”7 T 11188 B3 8.25 1] 4 1% 2 28, — -—
(25.60%) % 11807 B4 18.5 * ) 1% 2 28 2%
Ta 12338 BS 16.625 4 1 1 2 2%, 2% 3
1 11206 Bs 9.384 it 135 P37 31 _ -
1 11822 B4 18.687 1’; 114 2% 314 2%
1 12343 BS 18.88 1% 2% 8% 284 33
[ 3 11927 B3 8.125 s 18 1% 2 28, — —
(268.78%) 3 12589 B4 18.25 + 18 2 2% 2%
Ta 13004 BB 16.58 145 14 2 28 2Y 3
1 11926 B3 9.21 A 14 21, 34 . —
1 12589 B4 18.42 H 4 1%, 214 314 28
1 13002 B5 18.77 % 114 24 314 284 1223
H- 1 12495 B3 9.21 7= + 114 21 314 —_ —_
(28.05%) 1 13189 B4 18.42 14 ) 134 23 314 28
1 13622 B5 18.77 i & 114 24 314 2%, 31
y 1 18062 B3 9.21 0 3 114 137 314 — —
(29.33%) 1 13787 B4 18.42 i 3 1% 214 21 2%,
1 14240 BS 18.77 * 3 1% 24 314 2% FYTY
%" 1 12630 B3 9.21 ") 14, 274 314 —
(80.60%) 1 14387 B4 18.42 i 114 21, 3% 28;
1 14R60 BB 18.77 * 1% 2% 8% 2% 34
= 1 14119 BS 9.04 14 114 2y, 314 — —
(31.838%) 1 14904 B4 18.08 * 1% 214 314 28, J—
1 15462 BS 18.35 i 1% 24 3% 2% 3
1% 14108 B3 10.29 14 14 214 [ . -
114 14987 B4 20.58 I‘. 13 214 3% - ) —_
114 15478 BS 20.98 ] 114 24 3% B+ 414
- 1% 14766 Bs 10.29 3 i 113 214 8 — —_
(33.15%) 114 16587 B4 20.58 it i 1 2145 3% 84 —_
1% 16098 B6 20.98 5 b 143 2% 3% 3¢ 414
i 1% 15834 B3 10.29 lﬁ, 3 1 214 3% - —_
(84.431) 1% 16185 B4 20.68 3 4 143 2145 3% S _
1% 16716 BB 20.98 & i 143 24 A 8o 4%
s 115 15R02 BS 10.09 ) F % 31, [ER . -
(35.702) 114 16685 B4 20.18 B } 14 214 37 3 —_
134 17818 BS 20.47 1) 4 13} 2% 3% & 47
+This table shows the maximum strength obtainable from Col. 4: The letter ‘B indicates ‘‘Butt” joint; the nu-
butt joints in plates of the thicknesses shown, using various mera]l indicates number of rivet rows.
sizes and numbers of rows of rivets, without exceeding the
stresses allowable under the API Bpecification. Col. 5: Pitch of rivets on row having the greatest pitch.
*Applies to tanks 86 to 144 feet in dizmeter, having 8 or Cols. 8 to 12 incl.: These dimensions correspond to those
less 72" courses. shown on drawings. In a few cases these have for practical
considerations been made a few hundredths of an inch less
Col. lf:t Values in parentheses are weights of plates, lbs. than minima computed by formula in Paragraph A-5.
per sq. ft.

Col, 8: These fignres show the maximum load the joints
will earry without exceeding the allowable working stresses
given in Bection IL

g e e & T, e g Sy iy e At £h 8 S e Ay e cmu e < n e e st et s
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TABLE 14
ANALYSIS OF VERTICAL SHELL JOINTS IN THE LIMITING COURSES OF
API STANDARD 12, 18, 24’ AND 30’ DIA. TANKS?
72” Plates, 8 Courses or Less

(Dimensions as given are in inches except where otherwise noted)

1 2 3 4 b [:] 1 8 9 10 11 12 13 14 15 16
Actual Unit Stresses
Rivet Areas, . in Joint as Designed

Square Inches, B - 1bs. per sq. in.
In Length 5 2 A - g r— h ~
e 4 . = - 3 & .
. of Joint “P c8 3 < _= E e =€ rf“‘ - 3 On Rivets
H : LT gEvwSC < Ses a - &3 7 *

aq B -] o8, seV™ -3 e -} o c uS-“ u -—
BB % 3 g PR 3Ew Q@E =Soe =2 e Toww - 3=
%4 O - wc = < Bas5s E=3° LF SE¥E £B 22 9253 & < 23
2a 43¢ &E  3E H § gE-S 22§ B E2WES o B, £BaS 8 H En
£ 88 &3 =& # & zZzs=w 5S8f £5 <83% 8¢ 8 <55% @ a e.8
Pel 1’. L-1 1.5H 0.1964 0.094 0.176 2005 12/1 1071 34.34 14.87 1607 8182 17086 9131
& ;Z L-1 1.6C 0.1728 0.088 0.182 1840 12/1 1071  34.34 14.87 1607 9311 18261 8830
L-1 2.06H 0.3712 0.172 0.825 26885 18/1 1601  34.21 14.82 32382 8842 19081 10098
A &g L-1 2,05C 0.3382 0.164 0.333 2660 18/1 1601 34.21 14.82 3282 9704 20012 9866
Pl = L-1 158 0.1964 0.094 0.176 2006 30/3 1762 22.61 9.79 2643 18457 28117 16017
% % L-1 1.5C 0.1728 0.088 0.182 1841 30/8 1762 22.61 $.78 2648 15313 30034 14522
% 11 2.06H 0.3712 0.172 0.8256 2685 24/1 2184 84.21 14.82 4376 11786 25436 18462
v 5% L-1 2,06C 0.3382 0.164 0.333 2560 24/1 2134 34.21  14.82 4875 12936 26677 18138
Ya 88 L-1 2.06H 0.3712 0.172 0.825 2685 80/2 2216 28.43 12.81 4543 12239 26413 18978
A L3 L-1 2. 05C 0.3382 0.164 0.888 2560 30/2 2216 2848 1231 4543 13433 27701 13643
% 84 L-2 2.376H  0.7424 0.344 0.406 3580 30/1 2668 84.21 14.82 6837 8536 18422 15608
% 68 L-2 2.875C 0.6764 0.328 0.414 3660 80/1 2668 34.21 14.82 6337 9369 18820 15307

tThis table shows the actual stresses in the vertical shell joints of the particular courses which govern the design of API

small tanka.

Col. No. 38—The letter "L indicates *“Lap’’ joint; numeraie
fndicate number of rows of rivets.

Col. No. 4—"H” indicutes hot driven rivets; ‘“‘C’" indicates
cold driven rivets.

Col. Nos. 5 and 6—Rivet areas computed after driving in ac-
cordance with Section 2, Par. 10. Diameter of rivet in bearing
after driving assumed the same as for shear.

Col. No. 7—Net area of plate in tension, after deducting for
rivet holes in accordance with Section 2, Par. 10, based on
punched holes.

Col No. B—Figures show the maximum load in pounds that
the jointa will ecarry without exceeding the allowable working
stresses given in Section 2, Par. 13.

Col. No. 9—Ring number based on a 6-ring tank, counting
from the bottom.

Col. No. 10—Col. 12 times radius of tank in inches.

Gol. No. 11—Depth computed in aeccordance with Section 2,
Par. 9 and 23.

Col. No. 12—Col 11 times 62.37, dlvided by 144.
Col. No. 13—CoL 10 times rivet pitch “P.”

Col. Nos. 14, 15 and 16—Stresses produced by nactual loads,
Col. 18, acting on the areas given in Cols. 5, 6 and 1.
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TABLE 18§
STRENGTH OF LAP JOINTSt

72”7 Plates, 8 Courses or Less
(Dimensions in Inches)

1 2 4 5 8 17 R
°
rF-3
3
2 .
e 22 = g
o 2> EA g B B 2 s
§a & E3= 2 & S = =
£2 0z ET: Y L %% 5
e 4 FRE & v8 K % g
fx & =33 & =T & S =
A % 2000 L1C 1.5 . o
(7.602)
14 % 2688 L1H 2.05 —— i Min. P.
(10.23¢) 5 2661 L1C 2.08 J— et Min. P.
5% 38592 L2H 2.83756 114 ” Max. P.
8 3661 L2C 2.376 1% ” Max. P.
73 8 4196 L2H 2.698 114 I i Max. P.
(11.47#) B{ 4172 L2C 2.593 114 e Max. P.
b 6 4640 L2 H 2.5656 1 1§~
(12.75#) 8 4656 L2C 2.876 1 "
8 4572 L2C 2.8367 114 e
8 4812 L8H 2.81 1% i ” Max. P.
8¢ 4890 L38C 2.81 114 " Max. P.
Y %% 4849 L2H 2.4 114 H "~
(14.03%) &5 5168 L2C 2.098 1% ol
5 65414 L8&8H 8.00 1% -
5 bB5411 L38C 3.00 1% .
3% 5220 L2 3.16 184 114" Max. P.
8 % 5568 L2 2.98 18, 14"
(15.3#) 8, 5888 L3 8.376 184 14" Max. P.
43 3 bE868 L2 2.83 1%, 114"~
(16.08%%) 8 6452 L3 8.69 18, 114~ Max. P.
e 3 6191 L2 2.6R8 1%, 14~
(17.857) 8 6945 L8 3.58 184 134~
% 17078 L4 3.81 18 114~ Max. P.
) % 6481 L2 2.56 1%, 134~
(19.13%) % 17810 L8 3.4 18 114”7
3 7708 L4 4.08 18, 14~ Max. P.
1n % 6746 L2 2.46 13, 134~
(20.4%) 8 7658 L3 38.26 184 14"
8, 8214 L4 4.04 184 114~
T 7126 L2 3.1 2 14~
7% 7968 L8 4.16 2 145"
T4 B100 L 4 4.8375 2 14" Max. P.

1+This table shows the maximum strength obtainable from lap
joints in plates of the thicknesses shown, using varicoa sizes and
numbers of rows of rivets, without exceeding the stresses allow-
able under API Specification.

Col. 3: These figures show the maximum Jload the joints
will carry without exceeding the allowable working &stresses
given in Section II.

Col. 4: The letter L’ indicates “Lap” joint; ‘‘C” indicatee
cold driven rivets; “H" indicates hot driven riveta.

Col. 6: Pitch of rivets on row having the greatest pitch

- g e e A nrgim mp P g £ o N AL A 1+ St o 1 e s G, e Koent e e et
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TABLE 16
ALLOWABLE UNIT PLATE LOADS (1)

100” Plates, and 72” Plates for 9th and 10th Courses or 168" Diameter

1 2 3 4 8 6 1 2 3 4 5 8
Mier  Plate Rt Plate _ ,
Joint  Diamcter Thickness Efficiency Unit Load Pitch Joint  Diameter Thickness Efficiency Unit Load Pitch
t T
B-3 %" 34" .86538 6815 7.0417 B-4 i 3" 91345 14387 18.4167
B-4 3" 3" .91346 7193 14.0833 B-5, 1” 37 93750 14766 19.8333
B-3 3" 33" .86538 7388 7.0417 B-s, 1" 8" .94340 14859 18.7708
B-4 3" 33" 91346 7798 14.0833 B-6 14" %" .94828 14935 22.9583
B-3 3" %" 86538 7951 7.0417 B4 114” P .91346 14986 20.5833
B-d 3" & .91348 8398 14.0883 B-6y 1ig” 33" 93750 15381 22.1867
B-3 8" prig .86538 8519 7.0417 B-5,, 114" P .94340 15478 20.9792
B-4 8" 35" .91346 8992 14.0883 B-6 114" 33" .94828 16657 22.9583
B-3 8" 1" .86538 9087 7.0417 B-4 114" 1" 91346 15586 20.5833
B-4 3" 1" .91246 9591 14.0833 B-5, 13" 13" .93750 15997 22.1667
B-3 %" 33" .B6538 9654 8.1250 B-5, 114" 1" .94340 16097 20.9792
B-5, %" 1" .93750 9844 17.5000 B-6 114" 13" .94828 16180 22.9583
B-5y, %" %" .94340 9906 16.5625 B-4 114" 31" .91348 16186 20.5833
B-4 %" 337 -91346 10191 16.2500 B-5, 1157 83" .93750 16612 22.1667
B-3 %" %5 -B6538 10223 8.1250 B-5y 114" 31" .04340 16716 20.9792
B-5, 75" 33" 93750 10459 17.5000 B-6 114" 33" .94828 16802 22.9583
B-6,, 7%” " .94340 10625 16.5625 B-6 1~ %" .94828 17425 25.3750
B-3 7%” 18" .86538 10790 8.1250 B-6 114" " .94828 18047 25.8750
B-4 %" B .91346 10781 16.2500 B-6 11" #" 94828 18670 25.8760
B-5, %" - .93750 11075 17.5000 B-6 114" 3 94691 19264 24.7217
B5,, %" & .94340 11144 16.5625 B-6 15" 1" .94529 19851 23.9902
B-3 %" ” .86538 11358 8.1250 B-6 1,7 14" .94368 20436 23.3030
B-4 %" 13" .91346 11390 16.2500 B-6 157 147 94207 21020 22.6562
B-5,, %" T .93750 11690 17.5000 B-6 11" 158" 84047 21602 22.0464
B-5,, %" 33” .94340 11763 16.5625 B-6 17 114” .93887 22181 21.4706
B-4 %" 5" .91346 11989 16.2500 B-6 1,7 18" 93728 22758 20.9256
B-5, % 54" .93750 12307 17.5000 B-6 17 1 .93569 23334 20.4095
BE, L A 5.~ .94840 12882 16.5625 B 17 1% 93411 23908 19.9198
B-4 %" 82" -91346 12588 16.2500 B-6 1y 1y .93254 24479 10.4547
B-5,, %" i .93750 12920 17.5000 B-6 1,7 19" .83096 25049 19.0122
B-5, 73" 3" .94840 13001 16.5625 B-6 1,7 187 .92940 25617 18.5907
B-4 Y ¥Lg .91346 13188 18.4167 B-6 17 1337 .92784 26183 18.1889
B-5, 17 #” .93750 13538 19.8333 B-6 147 134” .92629 26747 17.8054
B-5, 17 7" .84340 18620 18.7708 B-6 1,7 133" .02474 27309 17.4389
B-4 1 33" .91346 13788 18.4187 B-6 1,7 14" 92319 27869 17.0883
B-5,, 1~ Fid .93750 14151 19.8333 B-6 147 1337 .92165 28428 16.7526
B3,  i” 33" 94340 14239 18.7768 B-6 197 114" 52012 28984 16.4310

for driiled holes and the

'This table shows the maximum strength obtainable from butt joints in plates of the thicknesses shown. rilled holes and e

rivet pitches adopted for this group of tanks, without cxceeding the stresscs ailowable under the API specification.
load= efficiency times 21.000 t.

g TN T T AT
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APPENDIX B
INQUIRY OR ORDER FORM
For Standard API Tanks With Riveted Shells

Tank(s) Required:
........ Tank(s)............ft. Diameter,...........rings high,
.......................... bbl. capacity)
(i2 gal.)

(furnished and erected complete ready to receive
oil)

(knocked down f. 0. b. cars ateecieccecenennn. )
(erected only at )

(Strike out lines not applicable)

according to the American Petroleum Institute’s
“Standard No. 12-A: SPECIFICATION FOR
STANDARD TANKS WI1ITH RIVETED
SHELLS”, and the attached detailed drawings,
Nos , isgsue of
, erection specifications,
and the schedule of details, exceptions and ap-
purtenances herein.

Place of Erection:
Tank(s) are to be erected on the premises of the

located

Time of Completion:

Sufficient men and equipment shall be provided
to complete the tank(s) in accordance with the
following schedule:

Freight and Hauling:

The manufacturer shall deliver all material, tools,
and equipment £. o. b. cars at
station on Railroad, and
shall pay freight on return of said tools, equip-
ment and excess material from said station.
shall unload said materials,
(Manufacturer or Purchaser)
tools and equipment, haul to erection site and
unload within..._._____ft. of tank grade: and
shall, on completion of work, replace tools,
equipment and excess material aboard cars.
Erection point...........miles over........... surfaced
road from above Railroad station.
(Data need be furnished only if manufacturer does hauling.)

If hauling is done by the purchaser, the manufac-
turer shall advise purchaser in writing at least
one week in advance of date of arrival of first
material at Railroad Station, and rates in tons
per day at which material must be hauled.

Field Facilities:
(a) Electric Power supply will._....._.be available

{not)
at

(Location with respect to erection site)
phase, volts, eycles;
tank manufacturer to arrange for service and
pay for all power used.

(b) Industrial water supply will be available ‘rom
............ at

(Dcs;-n'ption of Source)
"""""""" (Location with respect to tank site)
Water used in construction and testing shall
be paid for by.... , and

{Manufacturer or Purchaser)

disposed of by

(Manufacturer or Purchaser)

(¢) Compressed Air can......... be supplied by pur-
t)

{no
chaser at , at b
{Location)
PresSSUre, . ececeeeceenas cu. ft./min. max. delivery,
at .. dé/en. ft.
(d) Camp:

Site shall be provided by

(Manufacturer or Purchaser)
Camp Buildings and equipment shail be pro-
vided by.

(Manufacturer or Purchaser)

(e) Sanitary facilities, including closets, plumb-
ing, sewers, etc., shall be provided by................
(Manufacturer or Purchaser)

(£f) Drinking water shall be provided by........o....

(Manufacturer or Purchaser)

(NOTE: If any of the above are to be provided by manufacturer

give pertinent data for estimating costs.)

6. Tank Grade:

shall be built by

(Manufacturer or Purchaser)

(If by manufacturer specify details of grades required, accom-

panied by drawings if necessary.

(If by purchaser, manufacturer shall advise purchaser in writing

as to when he will require each grade.)

7.

If the tank is to be built inside of a wall which
is already completed and obstructs free access
to the grade, the purchaser shall furnish the
manufacturer complete details from which the
manufacturer can compute the additional costs
of doing work in such a location.
Details of Construction:
Instructions regarding options in specifica-
tions and drawings.

(a) Number of shell plates per course shall

(b) Width of shell plates
(¢) Roof Plate width shall be
(d) Roof slope shall be.
(e} Roof Plates shall be.
(f) Roof columns shall be

(g) Rafter ties shall be

be \

(d/6 max. i3 Std.)

(727 or 100”)

(727 or 1007)

(——_inch in 12 inchas)

(Riveted or welded)

(Channel or other sbapas)

{Used or sot nsed)

§
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(h) Top Angle shall be*
(i) Bottom plate width shall be
(i) Bottom Plates shail be*

(1 or omt)

(72" or 1007)

(Rivated or welded)
(k) Bottom Angle shall be®* ; ]
In er ont
(1) Joints in top and bottom angle shall”i:e ..........

. {Riveted or welded)
% -inch rivets in shell shall be driven................

(Het, cold or eptional)

(m) Opening between plates in butt joints shall
be stopped by.

(Means of a wedge—or by welding)
(n) Inside butt straps shall be
(Caulked or not caulked)

(o) Painting of under side of bottom shall be done

b
v (Manufacturer or Purchaser)
Paint to be provided by

.. (Manufacturer or Purchaser)
(If by manufacturer specify kind of paint and method of
application.)

(p) Painting of shell and roof shall be done by

(h.la'n.ufacturer or Pw‘z.rchaaer)

Paint to be provided by

(Manufacturer or Purchaser)

(If by manufacturer specify kind of peint, method of
cleaning surface, and method of application.)

8. Materials to be Furnished With Knockdown

Tanks:

Erection bolts and washers shall be furnished

(Manufacturer or Purchaser)
The manufacturer shall furnish........% excess
rivets to allow for wastage.
(Usually 59 for cold rivets, 10% for hot rivets and 15%
for special rivets of which only a few are required.)

9, Exceptions:
(Specify here any detaila desired which do not conform to
API Specifications and Drawings, such as open tank 1oith
wind girder for floating roof; special roof such as water
seal, breather, umbrella or floating; cold riveting of bot-
tom on account of fire hazards tn congested location; ete.
Attach special drawings when necessary,)

*Top or bottom angle outside, or welded bottom, will require
different sketch plates from those shown in the standard draw-
ings,

10. Appurtenances:
(See Fig. 7 and Table 17.)

11. General:
Manufacturer shall furnish all necessary ma-
terials, tools, equipment, power, labor, etec., for
the erection and testing of the above tanks,
except as above provided.

12. Fire Protection:

The manufacturer shall communicate with the
superintendent in charge of the property on
which the tanks are to be built and shall
conform to all the regulations in force there-
o;: ftpat are intended to prevent the spread
of fire.

13. Special Provisions:

Insert here special provisions relative to terms of payment
and amount withheld; Employers Liability, Compensa~
tion, and Insurance; Public Liability; Permits; Municipal
Fees, and Deposits; Conditions of Acceptance; and Extra

Work.
Signed ...
(Purchaser)
By
(Purchaser’s Agent)
Date....
ACCEPTED:
Signed
(Manufacturer}
By
(Manufacturer’s Agent)
Date ..__...
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TABLE 17
APPURTENANCES to go on (each of) these tanks are as follows: See Fig. 7.
REQUIRED . Notes on Ordering
—_— T é General: For each item. indicate whether
s < 1 5 appurtenance i3 to be furnished by Sup-
ITEM « H E 'E ¢ X REMARKS plier or Purchaser; if lstger. whether Sup-
38 © Le E.alii plier is to install, and if so, accempany
L 4 } I S, ESIER2E with drawinva showing work to be dJune.
T Srelil ‘Covnectianis)  for | | | (Specify size of oil connections required and
5 [} Inlet nnd Outlet Lines ! [ i I ] height above bottom. A. P. 1. Dwg. A-3.)
ElSwinz Tine(s) ; o [{Indicate tvpe of swing joint, end fitting,
pel | I ! | ’ } ’ ionble attackment, bottom bumper; counter
b1 ! i ' ¢ ! tbalnnce or pontoons, etc.)
EC:\b!e Shenveis) : L i ‘ ‘ | [ ‘(lnriicme wize o_f cable, whether gas-tight
S i ! ) stuffine box desired, ete.)
={Winchtey : ! i B {1 Indicate type and liftiny capacity.)
Gl ternnt Fiap Valvets) : i i : {{Sonmictimes used as emerwency abut-off
1 bbb l oo when swine pipe not installed.)
Water Draw-Qff Con- : ‘ I l ; ‘ (Specify size required. A. P. I. Dwg.
necrion(r) ! A6
; Catch Bamn(s) H ‘ ! l 1 1 ‘.n' dexired show sketch of size, sewer con-
QE : ' | | ! nection [if wanted], ete.)
5‘5 Safety Shut Off(s) j | | ' l ] | (Indicate if plug or other emergency in-
f.;zZ' ! i ternal closure for water-draw desired.)
& |Clean-out Opening(s) : [ I (Where heavy B. 8 accumulation is ex-
, ; pected, cieanont opening[s] larger than
! ! |water-draw is sometimes required.)
Shell Manhole(s) ! l ! ‘ ’ ‘ I {Specify size required. A. P. 1. Dwg. A-l
g I | or A-2.)
i [Heating Coil Connec- f l i ‘ | { I j{Indicate size and location of steam and
tion(s) ! 1 i Idrain line connections to shell or bottom.)
Manhole(8) , I ' ' l | ' (Indicate size and type required. A. P. L
| Dwg. A-B.)
Lighting Hatch(es) i [ { | { (Sometimes desired to admit light for
| | l , , cleaning and repairs; indicate size, type,
] | ete., wanted if any.)
- Vent Outlet Nipple(s) , ‘ l i\l_x;d)icate type desired. A. P. I. Dwg.
[+ .
£|Vent Protection I | | (Indicate whether hood, breather valve,
& | flame arrester, etc., wanted.)
8 Gauge & Thief Hatch(es)! | | ) | (Indicate type of cover wanted, ete.)
o {Housing for Gauge ‘ # | t ‘ | ‘ (Sometimes installed where weather con-
S| Hatches | | litions require.)
i |Gauring Equipment ! | i | | 1 | |(Show type required.)
Foam Boxes | | ! | | 4 (Show size and type required.)
Steam Smothering | l ) , ' ‘ (Indicate whether nozzle into vapor space
Connections | 1 or jet protection at vent opening desired.)
Staging Clip § ’ | | ' | ' {(Sometimes installed for securing painters’
! ! | 1 Istaging.)
Stair(s) or Ladder(s) i | i ‘ l | ‘ (Indicate type of stair required. A. P, I.
£ ! ! ! Dwse A-7 or A-8.)
= ZiWalk(s) : ! . ! } ! § |(Show location and construction wanted.)
2@
wr  ‘Railing(s) ! ' | ' | |(Show location and construction wanted.)

== = n
Miscelianeous ‘ | ! j ! ! ! |

+Use attacrhed Chzrt (Fig. 7) for indicating locatinn of a ppurtenances.
*Use S tn denote Manufacturer. Uee P to denote Purchaser.

QPR
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LOCATION OF APPURTENANCES

Roof Plan
L P S — () — e i
Elevation
BotHom Plan Z=a=z7
FIG. 7

For guidance of manufacturer indicate desired position of
shell manhole with respect to compass direction or with respect
to other structures.

COPY PROVIDED FOR
HISTORICAL PURPOSES ONLY
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APPENDIX C
PERMISSIBLE VARIATIONS

The following permissible variastions have been
authorized to accommodate special equipment and
machinery already installed and in use by certain
manufacturers at the time this specification was
adopted and to permit without sacrifice of safety
alternate details of construction preferred by certain
users as meeting their established standard prac-
tices. These variations may be used by any licensee
provided that he notify in advance all purchasers
of his tanks that he is using such variations and
provided further that he shall prefix an “X” to the
number of his monogram authorization which he
stamps on the name plate of the tank in which varia-
tion has been used.

C-1: Alternate Rivet Spacing:

Uniform spacing between top and bottom gauge
lines of rivets in vertical lap joints, to accommodate
special automatic punches, is permitted according to
the Schedule in Table 18.

C-2. Pitch of Roundabout Seams:

Pitch of roundabout seams may vary by not more
than 10 per cent to such spacing as will permit
simultaneous multiple punching of both sides with
the machinery now in use.

C-3. Location of Top Angle:
Top angle may be placed on outside of tank shell,
as noted in Paragraph 17.

C-4. Rivet Pitch in Bottom and Roof Plates:

Pitch of rivets in seams of bottom and roof plates,
excepting the circumferential pitch, may vary from
that shown on the Construction Drawings (Note
Appendix “E”’} to such spacing as will permit mul-

tiple punching with machinery now in use, provided
that this spacing shall comply with Paragraph 21.

C-5. Welded Construction:

Tanks may be constructed with welded bottoms
upon agreement between the purchaser and the
manufacturer as provided in Par. 35.

C-6. Location of Bottom Angle.
Bottom angle may be placed on outside of tank
shell, as noted in Paragraph 18.

C-7. Roof Pitch.

The slope of the roof for all except the 12-foot
tank may be other than % inch in 12 inches, as noted
in Paragraph 28.

C-8. Roof Columns.
Roof columns may be other than channel shapes,
as provided in Paragraph 28.

C-9. Shell Plate Lengths
Shell plates longer than 6 pi feet may be used as
provided in Par. 14.

C-10. Shell Plate Widths

Shell plates 72 inches or 100 inches wide may be
used as provided in Par. 14.
C-11. Roof Plate Widths

Roof plates 72 inches or 100 inches wide may be
used as provided in Par. 29.

C-12. Bottom Plate Widths

Bottom plates 72 inches or 100 inches wide may
be used as provided in Par. 32.

C-13. Ninth and Tenth Courses
Tanks with 9 and 10 courses may be used as pro-
vided in Par. 14 and 16. .

TABLE 18
ALTERNATIVE RIVET SPACING+

Dimensions in Inches

TANEK DIAMETERS (FEET)

r

COURSE 36 48 60 78 102 120 144
1 Hot Driven Rivets 2.825 2.825 2.581
Cold Driven Riveta 2.325 2.325 2.403
8 Hot Driven Rivets 2.328 2,325 2.5811 3.0271 3.4688
Cold Driven Rivets 2.325 2.325 2,403 3.0271
§ Hot Driven Rivets — 2.825 2,828 2.581 s.4588 2.8481
Cold Driven Rivetsa 2.325 2.325 2.403
¢ Hot Driven Rivets 2.325 2.325 2.581 3.3035 3.9297
Cold Driven Rivets. 2.325 2.828 2.408
Hot Driven Rivets 2.8125%¢ 2.3125%* 2.5648%¢ 3.2768%* 4.0294%*
Cold Driven Rivets 2.8125%* 2.3879°°
3 Hot Driven Riveta. 2.3125 2.5848 5.0064 3.6053
Cold Driven Rivetsa 2.3125 2.3878 3.0054
2 Hot Driven Rivets -2.5972 2.921% 3.4968
Cold Driven Rivets 2.4181 2.9219
Hot Driven Rivets. 2.581% 3.0271¢ 3.4838*
Cold Driven Riveta 2.408°*
1 Hot Driven Riveta 2.6648 3.2768 3.425
Cold Driven Rivets 2.8879

*Applies only to bottom ring of 7-ring tank.
*®Appiies only to bottom ring of b-ring tank.
$These values apply to tanks with 72" plates only, and not to 100" pistes.

TP s i+ e v s s
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APPENDIX D
RECOMMENDED PRACTICE

(Adopted Nov., 1938)

Provision should be made to guard against loss of
eontents of the tank in event of fire, earthquake,
settlement, or other mishap. Illustrative methods
for guarding against such loss of contents are:

a. The use of internal valves which will automati-
cally close in event of fire.

b. The use of steel-body valves next to tank noz-
zles and drain connections.
_c. The provision of flexibility in piping connec-
tions to permit movement due to settlement or earth-
quake.

d. The location of a roof manhole over bottom
dra:ivoff connections where internal valves are not
used.

e. The use of swing lines which may be raised
above the maximum liquid level.

f. Tank runways which extend from one part of a
tank to any part of an adjacent tank or to ground or
other structure shall be so supported as to permit
free relative movement of the structures joined by
the runway.*

sNoTte: This may be accomplished by firm
attachment of the runway to one tank, but with
a glip joint at the point of comtact between the
runway and the other tank; this is to permat
either tank to settle or be disrupted by an ex-
plosion without endangering the other.

APPENDIX E
CONSTRUCTION DRAWINGS

Construction Drawings (bound separately) can be
supplied for tanks listed in Table 4 in two forms:

(a)* Blueprints (paper) (25%"x83"), price $25.00
per set (7 tanks).

(b)* Vandyke negatives (251%~x33"”}, price $100.00
per set (7 tanks).

Drawing Number Subject
120-1 Erection Diagram: Shell Bottom and Supports.
120-2 Erection Diagram: Shell Plates and Supports.
120-3 Bottom Plate Details.
120-4 Shell Details.
120-5 Column Details.
120-6 Girder Rafter Details.
120-7 Root Details.
120-8 Rivet Liat (Printed).

In addition to these tank designs, drawings are also
available for the following appurtenances:

Price, Each

f'_—&—_ﬂ
Dwg. Size Blue Van-
Drawinga Prints dykes

A~l. 207 Shell Manhole......

26 147 288" $ .60 $2.25

A.2. 247 Shell Manhole 25%";33" .80 2.25
A-8. Shell Nozzles .17 "x227 .50 2.00
A-4. Roof Nozzle8 e 8145 7x117 .26 1.00
A-5. Roof Manhole N e 8145 7X117 .25 1.00
A-6. Water Drain Elbow... 1T *X227 .50 2.00
A-7. Detaijls and Arrangement of
Circumferential Stairwsy ..._.25147x33"7 .60 2.25
A-B. Arrangement OQOutlines for
Straight Stairways ...om..... 2514 ”x337 .60 2.25
Per Set, Total $3.90  $15.00

*The complete =et of drawings for each tank diameter is
numbered one to eight inclusive. prefaced by a number indicating
the size of tank, thus 120-1, 120.2, etc., ete. However, Drawing
No. 8 is in all cases the Rivet List and these lista have been set
up in type. One rivet list for each size tank will accompany
all detail drawings for that size tank, whether blueprints or
vandykes. Additional copies of any Rivet List can be obtained
at 1l6e each. The following showa the subicet matter of typical
drawings (120-ft. diameter) :

All the above described prints can be obtained on
application to the API Division of Production, Dallas,
Texas.

REGISTRATION OF API TANK DRAWINGS IN CALIFORNIA

The laws of the State of California provide that drawings fo:
structures to be built in the State must be signed by a regis
engineer.

A set of these specifications and the drawings accompanying
them were therefore filed in February, 1931. with the California
Board of Registration for Civil Engineers, properly sealed by
G. O. Wilson, then National Chairman of the API Committee
on the Standardization of Steel Tanks for Qil Storage, who is &
registered Civil Engineer under the Californiz Engineers’ Regie-
tration Act.

With this sealed set of specifications in their file, the Cali-
fornia Board of Registration advises that these tank designs
are antomatically considered as having been approved and sealed
by a California Registered Civil Engineer, and that individual
sealing of drawings used for construction of tanks in California
will not be required.

—_— e

COPY PROVIDED FCR
HISTORICAL PURPOSES ONLY



Swty Fauve. 2D FCR
HISTORICAL PURPOSES ONLY

Specification for Riveted Tanks 37

APPENDIX G
USE OF MONOGRAM

The foregoing specifications ars for the use of all manufae
turers desiring to use them.

Manufactarers desiring to warrant that articles manufactured
or sold by them conform with these specifications may under
eertain conditions obtain the license to use the Official API
monogram.

The following resoiutions adopted by the Board of Directors
of the American Petrolenm Institute on Oct. 20, 1924, embody
the purpose and the conditions under which such official mono-
gram may be used.

WHEREAS, There has been a movement in the petru.eum in-
dustry to simplify, standardize and improve oil country drilling
equipment and methods; and

WHEREAS, The co-operation of the American Petroleum In-
stitute was sought in order that there might be a natfonal forum
for the discusaion, consideration and adoption or rejection of
such proposed standards; and

WHEREAS, It appears desirsble that the American Petroleum
Institute adopt an official monogram to be used for identifying
materipls that comply with such standards or specifications
(where such specifications or standards call for the use of such
monogram) that may hereafter be adopted by the Board of Di-
rectors of the American Petroleum Institute; and

WHEREAS, It alsc appesrs desirable that the use of such
monogram be encouraged wherever and whenever possible to in-
form the public that material so marked is manufactured in
mccordance with such specifications:

NOW THEREFORE, BE IT RESOLVED, That the fol-
lowing monogram is hereby adopted as the official mono-
gram of the American Petroleum Institute; and be it

further
RESOLVED, That the words *Official Pub-

lication’ ahall be incorporated with said mon-
ogram en all such standards snd specifica-
tions that may hereafter be adopted and pub-
lished by the American Petroleum Institute,
as follows:

BE IT FURTHER RESOLVED, That the General Secretary or
Assistant Generai Secretary be and they are hereby directed to
authorize anyone desiring to do so to use such monogram under
the following conditions:

Anyone desiring to use the monogram of the American Petro-
leum Institute shall apply to the American Petrolenm Institute,
New York City, using the form shown below, entitled: “Applica-
tion to use official monogram of the American Petroleum In-
stitute.” Upoun receipt of this application, properly acknowledged.
and accompanied by a statement satisfactory to the Institute of
the applicant’s qualifications (when applicant is a manufac-
turer) to comply with the specification stated in the application,
the Secretary shall issue a certificate of authority to use the
said monogram in the form shown below entitled: “Certificate
of Authority to use official monogram of the American Peiroleum
Institute.”

BE IT FURTHER RESOLVED, That the Board of Directors
of the American Petroleum Instituts reserves the right to modify
or change ihe said monogram and to revoke the right or license
to use it on the part of any manufacturer for any resson satis-
factory to the Board of Directors.

STATEMENT OF MANUFACTURER’S QUALIFICATIONS
TO USE API MONOGRAM

The {nformation requested below must accompany all applica-
tions to use the monogram of the American Petroleum Institate
on material to be manufactured in accordance with its specifica-
tions and intended for sale. All such applicants are subjeect to
Investigation before licenses are granted. Applications may be
rejected if information supplied does not warrant the issuing of
the license.

(NOTE: If applicant has previously qualified as a licensee
on material where serial number gages are requmired, and
certificates are desired for numbering additional gages, this
statement is not necessary. It is also not necessary when
applications are required for serial numbers of gages by
users or consumers who desire to purchase gages for their
own use or to control material not intended for sale.)

Material Covered:
(Give title and number of API specification covering
the material on which applicant desires to use monogram.)

1. Name:

{of applicant)

2. Location of principa] office and factory .. .oooooeveeooo .
(City, State, or Country)

4.
5.

10.

11.

16.

17.

18.

Class of ownership:

{Corporation, partnership or individual)
Capital invested:
When organized:

(Year)
Is the applicant actually manufacturing this material

now?
(*“Yes” or *"No”")
State the length of time applicant has made the material
and supplied it to the oil industry:
(Years and Months)

Approximately what proportion is this material to the
-vergze yeariy output of all material made by appli-
cant
Give the names and addresses of five representative users
of this equipment in the oil industry to whom applicant

has sold this material:
NAME COMPANY ADDRESS

If applicant has not supplied this or similar material to
the oil industry, state here the industries or other uses for
which such materiai has been supplied:

Is the applicant thoroughly familiar with all stipulations
given in the API speciication covering the material?

Does the applicant now p the

and personnel for econducting any tests
API specification covering this material?.
Does the applicant now posseas such Manter gages &s may
be re;:i:lrired by the APl specification covering this

y equipment
in the

Have ghese gages been certified by an official testing

I the applicant does noi now possess such gages, has he
ordered them or does he intend to do so? eenceemennn s
(When application is accepted, licensee should advise the
Institute from whom gages are ordered. The monogram
shall not be applied to the product, when gages are stipu-
]?tedi until the certified gages are in the licensee’s posses-
sion.

If the applicant is not now manufacturing the material,
doensal l;e now expect to begin the manufacture of the ma-
teri

If the applicant’s present organization has not previoualy
made this material, he shall state here fully his experience,
or the experience of the members of his staff, in the manu-
facture of this material, giving names of organizations
previously making this material with which applicant or his
staff members have been associated. (Use additional page,
if necessary.)

Give names of five individuals (including names and ad-
dresses of organizations with which connected) who can be
used a8 references regarding applicant’s general character,
integrity, and reputation. (These references must be re-
eponsible business men of the community in which appli-
cant resides, or in which his principal office is located.)

{Signature and title of authorized officer)

(Name of organization, company or individual)

(The above atatement to be signed in the name of the applicant

by an authorized officer)
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®*APPLICATION TO USE OFFICIAL MONOGRAM OF THE
AMERICAN PETROLEUM INSTITUTE

The American Petroleum Institute,
New York City®,
Gentlemen :

In consideration of the American Petroleum Institute grant.
ing us (me) the right to use the official monogram of the
American Petroleum Institute in the manufacturing of
we (I) agree that
the use of this monngram is » representation thst material so
marked complies with all of the conditions and specifications
~ontained in the official publication of the Institute entitled

inciuding any amendments or modifications that may hereafter
be adopted.

We (I) further sgree that no material which fails to comply
with such specifications shall be so marked.

(Name of Compsuy)

(Authorized Agent or Officer)
COUNTY OF.

STATE OF

Acknowledged and sworn to before me
this...___.day of.
Notary Publie.
—_————
CERTIFICATE OF AUTHORITY TO USE OFFICIAL

MONOGRAM OF THE

AMERICAN PETROLEUM INSTITUTE
The American Petroleum Institute hereby gramts to
L including any amend.
ments or modifications that may hereafter be adopted, with
the understanding that the use of this mMONOgTAmM is & represen-
tation that the material so marked complies with the said speci-
fication, and provided further, that no material which fails to
ly with the said speecification shall be so marked.
The American Petroleum Institute reserves ths right o revoke
this license to use the above monogram for any reason satis-

factory to the Board of Directors of the American Petroleum
Institute,

18 .

the right to use the following monogram as spe-
cified in official publication of the American

Petroleum Institute entitled

adopted by the Board of Directors, on

Issued at New York 19
AMERICAN PETROLEUM INSTITUTE,
(SEAL)
Secrstary.

*NOTE: TO SAVE TIME. APPLICATIONS TO USE THE
API MONOGRAM SHOULD BE MAILED TO THE DIVISION
OF PRODUCTION, AMERICAN PETROLEUM INSTITUTE.
DALLAS. TEXAS.

CANCELLATION OF LICENSE

For the convenience of licensees, the following
gives the causes upon which the right tc use the
monogram is subject to cancellation:

1. Using the monogram on material that does not
meet the specification.

. Failure to report on use of monogram.

. Failure to use the monogram on material meet-
ing the specification.

. Failure to follow marking stipulations.
5. Improper use of the letters “API”,

6. Failure to test Master gages, or to report on
condition .of Master gages.

7. Using the monogram on material controlled by
gages which are beyond approved tolerances.

8. Failure to repair gages known to be beyond
approved tolerances.

9. For any other reason satisfactory to the Cen-
tral Committee on Standardization of Qil Field

Equipment.

[
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