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. DESIGN OF TURRET FOUNDATIONS

Studies of the strength of turret foundations have
been made, the results of which are reported elsewhere.
: Attention is here given to specific proceedure in design.
f Only foundations of the accepted type are considefred.
5 In these the turning structure rests through roller or ball
bearings on a fixed circular rollerpath which forms the
free end of a vertical tubular cantilever, supported at its 4
i lower end by the structure of the ship. This cantilever is
short in proportion to its diameter; it may receive support
from attached structure above its base; and its design
may be complicated also by other details; but it retains the
) essential character of a cantilever. The load is applied
through the rollerpath and base connections. Other forces

I
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' are secondary in importance. ?

As in every structure, we must consider both the :
v strength of the whole unit and that of the detailed parts
é of which it is formed, the resultant forces and couples ' 3
! applied and the concentrations occurring in their distri-
bution.

First let us get a clear picture of the resultants.
With the ship and guns at rest and ship on an even keel the
rollerpath receives only vertical forces whose resultant
is a vertical force, equal to the weight W of rotating parts _____-1

included in the turret, and passing through their C.G. “jzr‘:'
The weight of oscillating parts is carried on the trunnionms. [% :
During recoil the trunnions receive an .additional load P i j

which acts parallel to the line of fire. Its vertical com- . |
ponent, P_, combined with W, gives the total resultant L e—
y Availability Codos |
lAvail and/cr
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vertical load. The horizontal component, P, causes acceler- Q
ation of the turret in motion which is eventually stopped
by the reaction F at the fixed rollerpath. As a matter of
practical convention we will take F - 2 P on the ground that
F is suddenly applied to the turret to stop the motion '
.acquired under the action of P.

Since the trunnions, the rollerpath, and the C.G.
% of the rotating parts are at different heights, the forces
: P and F and the dynamic actions involved will tend to pro-
duce tilting of the turret. If the C.G. were at the same
level as the trunnions, say !t, the couple would be equal -
to F times helght of trunnions above rollerpath, (Yt - !p);
this assumption will ordinarily suf fice for purposes of
foundation design.

s e S o

In design of a turret the quantities W, P, Y

»
Yg,'!p, are all known. The resultant load coming on :he
| foundation consists of a vertical (axial) force W and Py,
] acting centrally; a horizontal (radial) force F - 2Px, acting
in the plane of the rollerpath; amd a tilting couple acting
about a horizontal axis transverse to the line of fire.

The magnitude of the couple equals the tilting moment of
recoil F (Yt - !p) if there is no eccentricity of the
vertical forces.

In any section of the foundation-cantilever at
height Y above base three corresponding actions must be
resisted; a total vertical pressure, W plus Py; a total
shear F = 2Px’ and a couple whose magnitude is found by
combining the couple at the rollerpath with the bending
moments F (!p - ¥), to give a total couple F (Yt -Y).
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The structure to be designed consists of a circular
bulkhead forming the tubular cantilever, reinforced at the
top by a ring of which the rollerpath forms a part, and
supported at the base by connections to the ship's structure.
Other connections to the ship structure may exist but the
supnort which they may be expected to give is a matter of
Judgment rather than calculation. Such a structure may
fall in three different ways: By excessive distortion of
the ring, leading to jam in train; by buckling of the bulk-
head plating at the rear of the base; by wrinkling in shear
at the sides of the base. Model tests show that in mild
steel, and aside from concentrations of stress, permanent
set in the .ring may be expected when bending stresses
approach 40,000 #/sq. inch, buckling may be expected when
compressive stress approaches 30,000 #/sq. inch, and wrink-
ling may be expected when average shear, over the whole
cantilever section, approaches 15,000 #/sq. inch. In
design each of these modes of fallure should be considered
and a safe margin provided. But in general it may be ¥
expected that the concentrations and other details will

have a controlling influence.

THE RING
The behavior of the ring under concentrated radial

load is clearly made out, and is set forth in the report
on "Short Flanged-Tube Cantilevers". The load as actually
applied is radial, since the bearing eliminates tangential
' components; but it is not concentrated. Simple spread of
the area through which the load is transmitted to the ring
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has only a small effect on stresses in the ring. Division g
of the loﬁd between front and rear, such as is accomplished 1
by the flanged rollers used under battleship turrets has a

powerful effect in reducing stresses in the ring. And the

stresses in the ring are diminished through the support

Hlaas N s b Zaina sl e e
-

E‘ received from the turning structure along the transverse
diameter.

These three circumstances; spread of load, division

fdii o L et e
il

of load, support along transverse diameter, strongly in- ;
fluence the conditions under which the ring works. As no | i
quantitative data. exist on the actual extent of these effects

we must be content with a note of the conditions in the only !
two designs which have been studied from this point of view. :
In the CALIFORNIA the moving ring 1s very rigid- {1
ly supported by a heavy and practically complete diaphragm,
the "pan". The designed clearance in horizontal motion
of the turret is 1/8 inch. As the observed relative radial a
deflection of the moving ring with respect to the fixed
ring at the rear point exceeds the amount of the clearance,
the load must be somewhat spread through the fixed ring

R il L

being forced to conform to the contour of the moving ring.
The load is divided between the front and rear points,

and the small deflections along the transverse diameters,
which are 1less than the designed clearance, indicate that
it is rather evenly divided; under these circumstances it

L YA BT o s
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appears that the moving ring comes under transverse com-
pression very little, if at all.

In the PENSACOLA the interior of the moving ring is
open, the radial clearance is small, and the load acts at

e R

the rear only, without division. On account of the small
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clearance the spread 1s probably rather large, but since the
load is undivided the transverse diameter is compressed more
than in the CALIFORNIA, and at the same time the moving ring
is not so well adapted to resisting this compression.

Although it 1s clear that bending moments and
stresses in the ring calculated on the assumption that the
load is concentrated will be considerably departed from, never-
the less such nominal stresses will serve to indicate the
features. in ring design which are necessitated by the result-
ant loads applied, leaving for Jjudgment only such decisions
as refer to the effects of spread, division of load, and
transverse support. Since all three of these operate to
reduce stresses, nominal values will be greater than actual
values, and may even exceed the actual tensile strength of
the material. This 1s due, of course, to reduction of load,
not to increase in resistance of the material.

If the actual stresses were known the ratio of
actual to nominal stress would be acceptable as a measure of
the ratio of actual to nominal load. But the actual stresses
not veing known, it is not possible to evaluate such ratios
and convenience leads us to deal in nominal stresses, even
though these have only a fictitious relation to the strength
of the material.

In the case of the CALIFORNIA another circumstance
enters, namely, the support given directly to the ring by the
massive vertical "stiffeners". These extend downward through
two decks and act as individual cantilevers which relieve the
ring of part of the load directly where it is applied. Consid-
erations detailed in the "Theory of Design of Turret Founda-
tivas" lead to an estimate of the load thus taken off the ring

at 1/3 total.
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On the other hand the free sliding of the turret
has a tendency to increase the factor for impact above its
nominal value. This increase was estimated at 7%, but in view
of uncertainty it is considered better not to introduce any

o~
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correction on this account.
, In determining the moment of inertia of the ring a i
i fair rule to follow would be in include only material above

the connection with the bulkhead plating. But in the CALIFORNIA
the heavy radial connections afforded by the top of the "stiff-
eners" lead to including all material dowp to the large light-

ol i

; ening holes.
E In details of the ring, as connections between parts,

.. o A M K A5 BB A

radial webs, etc., no special features are introduced by its
curved form, and practice for straight beams may be taken as a
guide. The connection with the bulkhead plating will be dccen-
tric with respect to the load, and might be thought to require
E special attention to torsinal stresses; no difficulty of this

nature was found although the eccentricity of this connection
in 8" mounts when proved was much greater than when installed
in the ship. In this respect the circular form of the member
strongly effacts its action. The connection to the plating
must carry the vertical load which is rather heavily concentrated
at the rear'point, and the horizontal load concentrated about
the side points.

Doubt exists in the PENSACOLA as to the extent of
material properly included in the ring section because the ring
is attached to the deck. It is clear that this plating, which
appears in the radial section of the ring as a very light
projecting fin, cannot be effective in helping the ring to
resist bending; where in compressian it. will buckle, and
where in tension it will be locally overstressed.
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In the calculation the deck plating was included in the ring
section only out to the edge of the heavy doubler which
surrounds the ring casting. Even this doubler seems thin,
and the section resembles a T with a heavy flange and thin
web. The deck beams were considered to-be of assistanece
in holding this thin web to 1%s work. Direct support is
given the ring by the deck plating, and in turrets one and
four, where heavy stringer plates and shear strakes are
near by, this support must be considerable. In turret III,
however, the structure adjoining the ring consists only of
a light narrow deck house; the support which it affords is

small and ure ertain and, so far as the ring 1is concerned, 3

is best neglected. 1

TR A P P T

THE FOUNDATION-CANTILEVER

In the plating as in the ring, nominal stress will
b serve as a guide in adaptation of scantlings to dimensions
i and resultant loads; allowance for concentrations and special
features must remain largely a matter of Jjudgment. The
horizontal load enters from the ring through the areaadjoin-
ing the side points, and the vertical load is transmitted ; i
directly downward through the rear point. In these features 1
there i3 little room for variation. But at the bottom
connections in the PENSACOLA differ radically from those in
] the CALIFORNIA. In the PENSACOLA the circular bulkhead :
E' simply rests on the deck, held there, of course, by bounding ’;
angles. In the CALIFORNIA, it 1is continuous through the
second deck and the cantilever is thus built in for a
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full deck height. It is true that there are also deck
connections, both at the top and at mid-height, in the PENSA-
COLA; but these are very insubstantial as compared with the
- connection at the second deck of the CALIFORNIA, where the
narrow diaphragm takes hold of heavy barbette armor and
armored deck outside of it.

In the CALIFORNIA, vertical forces are carried by
the third deck, but the moment is carried partly by the
horizontal reactions at the two decka and only partly by the

vertical reactions at the third deck. The ¢oncentrations

at the th :d deeck are therefore less severe than if the
connection at the second deck did not exist. The maximum
bending moment in the foundation-cantilever 1s at the
second deck, where the only concentration is that which
gives, in a tubular beam, a maximum local value of shear

SR L RO e g S b N St e 1

along the neutral axis to twice the average shear taken over
the whole section. _

In the PENSACOLA, the deck connections at top and 9
at mid-height undoubtedly assist the foundation-cantilever
to resist the horizontal load, and the bulkhead connections

help to absorb the vertical load. This assistance is least
in turret III, which has been regarded as the most unfavor- 3

able case. The support to the cantilever, as distinguished

from the support to the ring, though equally uncertain, is

greater. In designing details at the base of the circular
bulkhead it was assumed that 1/3 the total load was taken
off the cantilever by the adjacent structure.

The question of stiffeners has been reserved until
the last because it is the most important.

3
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It has been the practice hitherto to provide 4 i
stiffeners for the circular bulkhead, not only such as a |
flat bulkhead would require, but, in the battleshlips, a
: great deal more. Analysis and tests both indicate these
g stiffeners to be superfluous; but as this may be regarded
as somewhat radical the case against stiffeners 1s here

summarized.
The functlion of a stiffener is to assist a slender

member subject to compression by preventing it from
buckling and so avoiding 1its load. Ordinary bulkhead
stiffeners also act as girders between decks to resist

é . water pressure, but that consideration is incidental in

this case. To hold plating in place under compression simple

angles, without end connections, are sufficient; this is

standard practi:e, for example, in stiffening webs of deep

bullt-up girders. The "stiffeners" in the CALIFORNIA,

however, are themselves massive plate girders with substan-

tial end connections, and although they do not act as inte-

gral parts of the foundation-cantilever, they have strength 3
enough as individual cantilevers to absorb an appreciable

fraction of the horizontal load.

The weight of these heavy members could be much
more effectively used i1f applied so as to contribute to the
strength of the foundation-cantilever as a whole. That
they do not do this in the CALIFORNIA is shown by the fact

- that measured deflections are over ten times what they

E should be. |

;. Of the sixty-inch models, No. 1 had stiffeners

:E and No. 2 none. With less weight No. 2 carried easily with-
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out failure a load 50% greater than the ultimate load on
No. 1.

The fact 1s that the curvature of the plating has
an enormous stiffening effect in itself. The stability of
flat plating in compression may fairly be judged by appli-
cation of the Euler formula, as the slenderness ratios in-
volved are high, but as soon as the plating has even a slight,
though uniform curvature, its resistance is of an entirely
different order. The strength of cylindrical plating in
axial compression, so far as 1is known, has not been
accurately calculated; our best gulde is therefore the
test data.

Of the 16 models tested only three had axial stiff-
eners. The test data in general thus apply to unstiffened
plating. The three stiffened models showed no exceptional
features; if their cantilever stiffness was a little greater,
their cantilever strength was a little less; and neither
departure was large enough to have any significance.

Study of the mode of fallure of the stiffened models
confirms the‘ineffectiveness of the stiffeners. In each
case the wrinkling or buckling began at the base, and most
of the length of the stiffeners was therefore.not applied
where needed. On 60-inch model, No. 1 the faying flange
of the stiffener simply pulled away from the plating for a
length involving two rivets. A more effective connection
of stiffener at the lower end would help, of course, but the
most effective way to add material is to thicken the lower
strake and omit the stiffeners altogether.
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E NUMERICAL APPLICATION TO THE CALIFORNIA é
E | | TURRET III
E Data for Turret No. III are as follows: f
:; W - Dead weight on rollers %
i (C.G. at center of rotation) 2,130,000 # ;
' P - Pressure at trunnions due to recoil 2,070,000 # i
Yt - Helght of trunnions above 3rd deck 33 .07 rt. g
i Yg - Height of C.G. of rotatirg parts y

3 above 3rd deck 31.01 r¢t.
‘ Y - Height of fixed rollerpath above _ 3
P 3r4 deck 20.48 ft. :

Y - Helght of 2nd deck (base of canti-

lever) above 3rd deck 7.77 £t.
Fo - Horizontal reaction in ring at 0° i
elevation-2/3( 2 x 2,070,000# ) 2,760,000 # H
I - Sectional moment of inertia of ring 23,500 :ln.4 :
- Section Modulus 1,250 in.> i
R - Mean radius of ring 160 in. ; i
t - Thickness of plating 1-1/4 in. 4 ?
In calculating the three nominal stresses (bending j
of ring, compression of plating, shear of plating), such :

corrections as can be reasonably estimated will be introduced.

RING
If the full doubled recoil pressure of 4,100,000#

were applied as a concentrated raaial load to the fixed ring,
the stress would be

i T
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2252 x 4,100,0004 x 160 in. = 134,000#/8q.in.

1,250 in.>
If 1/3 be deducted from the load on the ring to
allow for that taken by the "stiffeners" acdting as individual

cantilevers, the stress would be

2/3 x 134,000#/sq.1in. = 89,000#/sq.in.

If the load be assumed divided, n = 2/3 instead of
n = 0, the stress would be

.5%% x 89,000#/sq.1n. = 44,000#/3q.1in.

No correction is introduced for spread, for support
along transverse diameter, or for increase due to motion
of turret through horizontal clearance in rollers.

PLATING IN COMPRESSION
If nstiffeners" be assumed to act only to stiffen

the plating and not to carry ahy load as separate canti-
levers, or to work with the plating of the foundation-canti-

lever, section modulus is
0.8 x 320° x 1-1/4 = 102,000 inch
If the support at the 2nd deck be neglected the
bending moment at the 3rd deck 1s

3

4,140,000# x 33.07 ft. x 12 in./ft. = 1.64 x 10° in.#

This leads to a nominal compressive stress in
bending due to recoil of

1.64 x 10° &+ 1.02 x 10° = 16,100#/sq.1n.
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The direct compression due to weight, assumed
uniform, is
2,130,000¢ = (2Mx 160 in. x 1} in.) = 1,700#/sq.1in.
giving a total nominal stress under the assumed conditions of
16,100 + 1,700 = 17,800#/sq.1n. .

If 1/3 the horizontal load be assumed to be carried
by the stiffeners acting as separate cantilevers, this 1is

reduced to
(2/3 x 16,100) + 1,700 = 12,500¢4/sq.in.

If 3%‘%% or more of the bending moment be assumed
to be absorbed by horizontal reactions at the 2nd and 3rd
decks the maximum bending moment will occur at the 2nd deck

and the stress there will be j

(2/3 x 16,100 x %g—:-g—,,) + 1,700 = 9,900#/sq.1n.

PLATING IN SHEAR
Assuming no horizontal reaction at the 2nd deck,

the nominal stress in shear under full doubled recoil load
is

4,140,000# = (2YT" x 160 in. x 1-1/4 in.) = 3,3004/sq.1n.

Allowing 1/3 of the load to be carried directly :
by the stiffeners leaves 2,2004/sq.in. '

If more than 3.;_-.(1)71 of the moment be carried by

the horizontal reaction at the 2nd deck, the horizontal re-
action at the 3rd deck will be reversed and that & the and
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deck will exceed the load applied at the rollerpath.

. Assuming 1/2 the moment so carried, the horizontal reaction

| at the 2nd deck 1is

2/3 x 4,140,000# x 33.07!' x 1/2 = 7.77' = 5,900,000#/3q.1in.

and the resulting shear is 4,7004#/38q.1n.
, NUMERICAL APPLICATION TO THE PENSACOLA‘
TURRET III

W - Dead weight on rollers 560, 0004

P - Pressure at trunnions due to recoil 460,0004
I !t - Height trunnions above 2nd deck 26 ft.

!p - Height of fixed rollerpath above ]

second deck ' 20 ft, i
Fo - Horizontal reaction in ring at O° f
elevation 920, 0004 :

I - Sectional moment of inertia of § 1
3 fixed ring, consisting of 2 castings, 4 !
1 doubler, and ad jacent deck 13,000 in. ;
; 8 - Section modulus of same 425 1n.> %
! - Mean radiiis of ring 120 in. 3
3 t - Thickness of plating 3/4 in. i
% RING %

Leaving out of account all assistance afforded

to the fixed ring by adjoining fixed structure and by the
moving ring, and applying the doubled recoil pressure as a
concentrated undivided radial load, the stress would be

A_o_2.22__x__9_2..0..29.9}_§_129.m =  66,000#/sq.1n.
425 1in.
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- The actual assistance from adjoining structure

7*' : 1s small and the load is actually undivided. But the fixed
ring does receive support from the moving ring along the
transverse diameter due to the small radial clearance.

The effect in the fixed ring is like that of forces applied
radially outward at the side points. Moment at the rear

i point due to such support would be oppnosite to that due to

: the direct recoil, and is easily found from the ring formulae
é to be

.182 x radius x force

The accompanying deflection along the transverse diameter is

.113 x R® x force
BI

as compared with

051 xR x F
BI

due to recoil 1load.

Now suppose the transverse diametral deflection of
the fixed ring to be reduced by half through support from
the fixed ring. The transverse force required is.-that which
would produce a deflection equal to half that due to the

recoil load, or

920,0004# x 4 x .051 = 210,0004
113
The relief in stress at the rear point due to this

transverse support is

,182 x 120 in. x 210,000# = 10,800¢/sq.1in.
425 in.?

|y # -. . d 4T ¥
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P leaving a net stress at the rear point of

66,000#sq.in. - 10,800#/sq.in. = 55,2004/sq.1n.

For a margin between this figure and a safe working
stress dependence must be placed on the uncertain effects §
of spread, the support afforded to the ring by the adjoin-
ing fixed structure, and such diminution of the effects of

TS T ey

e

impact as may occur on account of the small radial clear-

ance.

o,

Again neglectihg the support of all structure

PLATING IN COMPRESSION |
.except the circular bulkhead, the modulus of its horizontal i
q

1

section 1is
.08 x 240 in.? x 3/4 in. = 3.46 x 104 in.?
The bending moment at the 2nd deck is
8

920,000# x 26 ft. x 12 in./ft. = 2.87 x 10° in.#
and the corresponding stress is 12,000#/sq.1in.

% Direct compression gives

560,0004 = 1,000#/sq.1in.
2T x 120 in. x 3/4in.

and the total is 13,000#/sq.1n. {
If 1/3 the load be assumed taken off the foundation- ]

cantilever by the adjacent structure, this is reduced to

9,000 #/sq.in.

The concentrations in way of hard spots under the
second deck may readily double this figure to make 18,0004/sq.in.
but as the plates are of Special Treatment Steel, with high

elestic limit, margin of safety is ample.

.
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s ‘PLATING IN SHEAR
Neglecting all support from adjoining structure,,
nominal shear will amount to

920,000# — (27 x 120 in. x 3/4 in.) = 1,630#/sq.1n.

'3 NUMERICAL APPLICATION TO THE PROVING GROUND GIRDER

W - Dead weight on rollers 560, 0004
L P - Pressure at trunnions due to

recoll (proof salvo) 570,000#
F o Horizontal reaction on ring at O°
elevation 1,140,000#
Io - Sectional moment of inertia as 4
originally installed 13,477 in.
733 tn.’

8 - Section Modulus of same

o]
R - Mean radius 120 in.

RING
Assum:lng load to be concentrated and neglecting

support from moving ring, stress would be

[ ] 1 [ ] P
2292 x 1,140,000# x 120 in. 773012., 120 in. _ 5 000#/sq.1n.

Bhis value is comparable with that of 66,0004/sq.in.
obtained from the PENSACOLA under the same assumptions as

to load distribution
By three stages the section modulus was reduced to

512, and the nominal stress thus increased to

45,000 x %%% = 67,000#/5q.1n.

without signs of distress in the rings.
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PROJECTED NEW DESIGN OF CALIFORNIA TYPE TURRET FOUNDATION

Assuming the same load to act at the rollers with
the same division between front and rear as in the CALIFORNIA
alternative design of foundation is suggested in some detail
to serve as an illustration of what the model tests indicate

to be practicable.
The principal change consists in omitting entirely

the "stiffeners® on the cylindrical. bulkhead. In addition

to the direct saving of weight, this would permit reducing

the diameter of the cylinder and hence of the barbette;

or utilizing the space required further down. What follows

is based on the latter alternative.

RING
Since the stiffeners are not available to act as

separate cantilevers, the load applied to the ring is

4,140,000# with 3/5 at rear and 2/5 at front, n = 2/3. This

gives a bending moment (maximum) of
.125 x 4,140,000# x 160 in. = 8.28 x 107 inch #.

The tests on the Proving Ground Girder show that

nominal stresses of 67,0004/sq.in. are acceptable; spread

and support along transverse diameter not allowed for are
sufficient to reducge actual stress enovgh below the nominal
value to give safe working values.

The section modulus indicated is thus
8.28 x 107 in.# = 6.7 x 10“#/sq.1n. = 1,240 in.>

or about the actual value in the CALIFORNIA. Since the moving

ring is much better adapted to resist transverse compression

i o R

L

a i oo Nl Pt P A gl e T wr e - Pt qt*hq-i;, “ﬁiim‘ﬂ 'i ..-.-.i-ﬂ
L ko apt Jata ol Nl e i ¥ e et 3

e e e e i e i

S Y




19

than was the moving ring in the tests at the Proving Ground, v
. this would provide a greater margin of strength than that i
found sufficient at the Proving Ground.

PLATING IN COMPRESSION
In 60-inch model No. 1, ultimate failure of the

plating did not occur until the local stresses exceeded

30,000#/sq.1n. although on account of concentration the

nominal stresses were only about half as great.
P In the CALIFORNIA concentrations in compression
: are well eliminated by the action of the 2nd and 3rd decks
in absorbing the cantilever bending moment, although
downward loads under the front point of the turret must
be in part transmitted to structure under the 3rd deck, ]
and certain concentrations will result. If the entire load
_ came on these hard spots fallure would be approached at i
B nominal stresses of 16,000#/sq.in. A working stress at 5
12,000#/sq. in. would allow a definite margin even in this
extreme case, which is further increased to an indefinite 3
but certainly large amount by the action of the 2nd and 3rd

decks.

B R = DT L
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e

A nominal stress of 12,000#/sq.in,,leaves

12,000 - 1,700 = 10,300#/sq.in.
for stress due to bending moments. This moment at the second
deck 1is
4,140,000# x 26.3 ft x 12 in./ft. = 1.31 x 109 inch#. ,
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and this requires a section modulus of

1.31 x 10° = 10,300 = 127,000 in.
In a diameter of 28' this gives a plate thickness of

3 4

127000 ‘= 1.40 inch ;
.08 x (28 x 12)
. ‘instead of 1.25 inch as at present. :

The compressive stress diminshes as the height above
the 2nd deck increases. The height from the 3rd deck to the :
rollerpath casting would require 3 horizontal strakes;
the two lower ones would be 1.40 inch, but the upper one,
if 90 in. wide, could be reduced to a thickness of 1.12 inch.

PLATING IN SHEAR
Even allowing 1/2 the moment to be absorbed by the

horizontal reaction at the 2nd and 3rd deck, the total ]
reaction at the 2nd deck will amount to
4,140,000# x 33.07 ft. x 1/2 < 7.77' = 8,800,0004 ‘ 1

This may require special attention to connections,
but no undue shear stresses occur, zince this load comes .-
partly froﬁ above and partly from below. The reactior at
the third deck under the assumed conditions would be:

4 ,660,000# — (2T x 28 x 12 x 1.4) = 3,2000#/sq.in.

In the lighter top strake it will be
4,140,000¢# = (2T x 28 x 12 x 1.12) = 3,500#/sq.1in.
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TURRET FOUNDATIONS FOR NEW SHIPS

: - The details which have been discussed are features
which will control the choice of scantlings in a new design,
but as those in the PENSAVOLA differ radically from those in
the CALIFORNIA, so the details in the new design may differ
from both.

The tests have been analyzed and inferences made,
but these 1nfereﬁces cannot be regarded as finally established.
The tests point the way, but do not tell how far to go.

i To obtain complete answers by experimental means for all the

| outstanding questions would prolong the tests unduly.

| It 1s therefore suggested that when the occasion

arises a new design for turret foundations be prepared,

adapted as it must be to various necessities which cannot

] be foreseen; but that where strength of the foundation is

a controlling feature an effort be made to work the material

f well towards its limits. After all details have been ten-

Q tatively decided on, a scale model should then be sonstructed

: similating all pertinent details of structure and loading:

as closely as possible. Test of this model will then indi-

cate whether the design is adequate, and if not, what part

needs to be reinforced.
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