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500 LB CONCRETE PRACTICE BOMB A FEASIBILITY ASSESSMENT

1. INTRODUCTION

This report sets out the results of an investigation into the feasi-
bility of designing a 500 lb MK82 type practice bomb in reinforced concrete.
The attractions of this concept include lower unit cost, smaller capital
outlay on production equipment, the use of readily available Australian
materials and simplified quality assurance provisions.

The scope of this study has been to generate the necessary design data,
to explore the properties of the bomb shape, to examine the properties of
the proposed construction materials and to assess design loads. A pre-
liminary design has been developed for the purpose of demonstrating the
salient features of a concrete bomb and to highlight the direction to be
taken in optimising a design. Whereas the bomb illustrated in this report
uses conventional portland cement concrete, a more economical design would
use less steel in the bomb and be constructed of higher density concrete.
No prototypes have yet been cast.

2. DESIGN FEATURES OF A CONCRETE BOMB

The bomb is basically a steel reinforced concrete beam and differs
markedly from the existing structure in that it does not utilise a steel
outer casing. Figure 2 shows the basic configuration of the bomb. The
functional elements of the structure are as follows.

A ten inch nominal bore schedule twenty tube acts to transmit air
carriage loads into the bomb via the conventional suspensional lug insert
and multiple lug insert. Two mild steel braces are used to provide
additional support for the rear suspension lug insert. Conventional fuzing
fitments are used.

Longitudinal tension loads and tension bending is borne by the
reinforcement rods; longitudinal compression loads an% bending compression
is sustained by the concrete. The reinforcement rods are welded to the mild
steel inserts in the nose and tail of the bomb. These inserts also provide
for the attachment of the fuze cavity liners, fuzes, closure plug and tail
assemblies.



Shear forces may be considered as being sustained by both the concrete
and the steel reinforcement although reinforced concrete practice is to
avoid loading the concrete in shear. It may also be noted that the circular
cross section of the structure does not lend itself to the efficient use of
the concrete when using the traditional "concrete in compression only" design
techniques. Greater efficiency of design would be obtained if the concrete
were permitted to accept some tensile loading; such an approach would require
closer attention to the design of the reinforcement to control cracking.

The density of the concrete used in the bomb depends on the quantity
and distribution of the steel used in a given design. If a design uses a
small amount of steel (this implies an economical design) then the required
mass and moment of inertia of the bomb mnst be provided by the concrete.
High density concrete that can achieve mass and moment of inertia values in
a hypothetical steel-less bomb has been achieved by a mix consisting of
Portland cement, sand and haematite pellets, the latter being used in lieu
of the conventional coarse aggregates. The design illustrated in this report
contains sufficient steel to obviate the use of high density concrete.

Conduits or cavities may be incorporated in the bomb provided that due
consideration is given to the effect that such modifications could have on
the structural integrity of the bomb.

3. BOMB PROPERTIES

3.1 Aerodynamic 1..perties

The shape of the concrete bomb is identical with that of the standard
500 lb MK82 bomb. Aerodynamic data from one eighth scale wind tunnel tests
of a slick tailed bomb has been used. These tests were conducted at Defence
Research Centre (formerly Weapons Research Establishment) Salisbury, South
Australia.

3.2 Dynamic or Inertial Properties

The mass and distribution-of-mass data in the existing bomb and in the
proposed concrete bomb have been computed, and where practicable the computed
figures were verified by experiment.

Centres of mass were determined by finding points of balance and
moments of inertia were found by measuring the period of oscillation of the
bombs and using the relationship between period and moment of inertia of a
compound pendulum as follows.
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h equation holds for -y siny i.e. y 40

k - radius of gyration which is related

C of M to moment of inertia (I) by I = Mk?

where M is the mass.

h = distance between pivot and centre

of mass.

T = period of oscillation.

Figure I - Determination of Moment of Inertia

The moment of inertia about the bomb nose was used to calculate the

moment of inertia about the centre of mass by means of the parallel axis
theorem. The results of the determinations of inertial properties together
with associated data extracted from ARDU Test Schedule 1602 are given in
Table 1.

4. HIGH DENSITY CONCRETE

The use of an appropriate high density concrete mix will be necessary
to achieve the required mass and moment of inertia if the steel content of
the bomb is to be minimised. A limited study has been made of a high density
concrete prepared by using :

Fresh portland cement,

Fine aggregate consisting of clean sharp sand of bulk density

1.53 g cm- (dry),

Coarse aggregate of haematite pellets manufactured (via the Lurgi
process) as blast furnace feedstock.

The pellets used in the test sample were approximately spherical and
had a bulk density of 2.08 g cm- 3 (Haematite density is 5.24 g cm-3 ).

Although this is not the ideal shape for a coarse aggregate, satisfactory
concrete compression strengths were obtained.

It is considered that haematite is a suitable high density material
for both fine and coarse aggregates. Haematite is chemically inert,

compatible with portland cement and available in tonnage quantities from

sources throughout Australia.

The mix design was by the displacement method (2). The maximum density

could not be achieved as the spherical haematite balls "snowballed" in the
mixer, i.e. the sand/cement/water mixture coated the pellets to form enlarged

3



spheres and the pellets did not spread throughout the cement/water/sand mix.The maximum density achieved has been 3.2 g cm- 3 .

The mix proportions by weight were

Haematite pellets 60.8%

Dry sharp sand 24.9Z

Cement 8.0%

Water 6.3%

Replacement of the sand with crushed haematite or other high density
aggregate would yield a higher density mix.

Three 300 mm long x 150mm diameter test specimens prepared using the
mix proportions tabulated gave the following mean values when tested under
the standard test conditions.

Compressive strength at failure 37.9 MPa

Modulus of elasticity 38.0 GPa

The test specimens showed the conventional form of concrete failure in
such test cylinders. The principal mechanism of failure appeared to be
shearing of the haematite/cement paste bond with only the occasional
haematite pellet being fractured.

5. DISCUSSION OF DESIGN COMPUTATIONS

The criterion used to assess feasibility is compliance with
MIL-A-8591E. Work has concentrated on assessing the inertial and aerodynamic
loadings on the bomb due to flight, catapult and arrest. Specification
aspects such as aeroelasticity, impact testing and environmental testing
have yet to be considered.

Because of the number of possible different critical design conditions
an estimated worst case has been selected. A worst-case inertial loading
has been added to a worst-case aerodynamic loading. This gives a conserva-
tive estimate of loading on the bomb.

Computations for assessing stress in the bomb were considered in three
phases :

(a) Assessment of aerodynamic forces.

(b) Inertial-loading assessment in the form of shear force and
bending moments due to unit rotational acceleration and unit
lateral acceleration.

(c) Determination of the actual shear force and bending moments by
suitably scaling the results of (b).

4



The amount of reinforcement in the bomb was then determined.

(a) Assessment of Aerodynamic Forces

The aerodynamic forces were calculated using values of angle of attack
(a) and sideslip (a) derived from Figure 14 of MIL-A-8591E. These values
were transformed into a system of coordinates corresponding to those used
for wind-tunnel data. The results are set out in Appendix 6.

(b) Stresses due to Rotational and Lateral Accelerations

Load, shear-force and bending-moment diagrams were constructed for
unit rotational acceleration and for unit lateral acceleration. These
diagrams are set out in Appendix 7.

(c) Actual Shear Forces and Bending Momeants, and Reinforced
Coicrete Computations

The unit-load, shear-force and bending-moment diagrams were suitably
amplified by the derived values of rotational and translational accelerations.
The turning moment on the bomb due to aerodynamic forces was transformed to
a rotational acceleration by dividing the turning moment by the moment of
inertia with the assumption that the pressure distribution is equivalent to
the inertial moment distribution. This assumption tends to underestimate
the effects of aerodynamic loading. The maximum bending moment and shear
force were obtained by linear superposition.

The assessment of bending stresses in the structure required the
analysis of stress distribution in the reinforced-concrete composite beam.
The stress distribution was derived in two steps

(i) Determination of the cross-sectional area of steel required
to carry the tensile forces (neglecting the strength of the
10" N.E. pipe).

(ii) Determination of the maximum stress in the concrete, neglecting
the effect of the steel.

The results of the computations showed that the stresses in the
concrete are small. A more sophisticated design approach of allowing the
concrete to carry limited tensile loads would lead to greater design
economy.

The effects of stress concentration due to the abrupt change in
stiffness at the edge of the 10" N.B. steel tube have not been considered

in the design computations.
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6. COST PROFILE

Table 2 shows the cost contribution of the parts, material and labour
to the estimated overall cost of the bomb illustrated in Figure 2. This
estimate indicates that the concrete constitutes only a small fraction of
the total cost of the store whereas the steel will contribute significantly
to the total cost. Therefore the optimal design solution is in the direction
of reducing the steel content of the bomb.

The estimated total cost of $200 for the design shown in Figure 1
compares favourably with the current cost for the existing practice bomb of
approximately $500.

7. CONCLUSIONS

The study has indicated that it should be feasible to design and
produce reinforced concrete practice bombs acceptable for external air
carriage. Several design options appear to be available. These range from
high steel content in association with normal concrete to low steel content
with high-density concrete.

The direction of further work would include the following aspects

(1) More sophisticated and detailed design analysis.

(2) Investigations into denser concrete mixes and their properties.

(3) Assessment of explosively induced fragmentation properties of
concrete.

(4) Environmental and other qualification testing of proposed
concrete bombs to the full requirements of MIL-A-8591E.

(5) The possibility of brittle fracture in the steel components of
the bomb due to low-temperature service. The correct selection
of steel and the use of suitable welding techniques normally
overcome such problems.

6

i,

-- -



8. REFERENCES

1. Military Specification General Design Criteria for Airborne Stores,
Associated Suspension Lugs and Aircraft-Store Interface (Carriage
Phase); MIL-A-8591E.

2. Taylor, W.H. (1969). Concrete Technology and Practice, 3rd ed.
Angus and Robertson.

3. Timoshenko, S. and Young, D.H. (1962). Elements of Strength of
Materials, 4th ed. Van Nostrand.

4. Computer Printout Data of Wind Tunnel Tests on Slick Tail 500 lb MK82
Bomb. Source W.R.E. Salisbury, South Australia.

5. AS Code 1480 - 1974.

7

46



cc LLI

0.0.

00

4 P0.

a C
o

<

(~1 1

o lu 01
a:

o0

U'))

0.



TABLE 1

INERTIAL PROPERTIES OF 500 LB BM4B

(1) (2) (3) (4) (5) (6)

Centre Radius of Radius of Gyr'n m t of
Hardware Configuration Mass m (a) Gyration about C of yt ao

about Nose C of 
(k) ()(0) (M) (kg 'j

(1) Standard forged 125 .73 .88 .44 24.14
bomb came.

(2) Inert filled bomb 219 .80 .90 .41 36.81

without closure plug

(3) Inert filled bomb 222 .s0 .91 .43 41.05

with closure plug

(4) Inert filled bomb 232 .85 .97 .48 53.45
with closure plug

and slick tail

(5) Inert filled bomb 252 .92 1.06 .515 67.01
with plug and
retarder tail

(6) Filling of SG - 1.67 97 .91 0.98 0.36 12.84
Calculated values of
filling only (see
Appendix 1)

(7) Estimate of properties 227 .81 .90 .40 35.92
of concrete only bomb
(SG - 3.2) (see
Appendix 3)

(8) Estimate of properties 18.7 - 6.4

of steel components in
concrete bomb

(9) HK82 bomb, filled RES 230 .86 51.6

and fitted with slick
tail - ARDU Test
Schedule 1602

Note, (PL) measured from machined face on bomb nose.

9
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TABLE 2

COST STRUCTURE OF PROPOSED CONCRETE PRACTICE BOMB,

500 LB MK82 SHOWN IN FIGURE 1

Estimated Total Z of
i R d Unit Cost $ Cost $ Cost

1 For'd mild steel insert 1 15 15 11

2 Aft mild steel insert 1 10 10 7

3 Multiple insert 1 6 6 4

4 Suspension insert 1 4 4 3

5 Fuze cavity liner 2 5 10 7

6 Conduit 2 2 4 3

7 Reinforcement rods 3 2

8 Concrete 0.07 m 3  40/m 3  3 2 1

9 Mild steel skirt - 10" N.B. .36 m 40.52/m 15 11
Schedule 20

10 Tooling: Bomb - 10 7

11 Labour: Welding, mixing ) 6 mh 10/mh 60 43
concrete, casting etc. )

12 Subtotal : 140 100

13 Contingency: (approx. 43%) 60

14 Total $200

mh - manhours, m - metres.

10



NGIKNCLATURE

Symbols

C aerodynamic coefficient

n limit load factor

a angle of attack

B angle of sideslip

o angle of incidence

* sum of 4' and 4"

4' orientation of bomb fins

." roll angle of the plane of incidence

rotational acceleration in pitch plane of bomb

rotational acceleration in yaw plane of bomb

Subscripts

a refers to aircraft body axis system

1 moment or rotation about x axis

m moment or rotation about y axis

n moment or rotation about z axis

t bomb axis system

va virtual rotational acceleration

x axis along length of bomb

y axis positive to the right looking upstream

z axis positive downward

T translation

R rotation

11
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9. APPENDICES

Appendix 1 Mass and centre of mass of filling of conventional 500 lb
MK82. Filling density is 1.67 g cm- 3 .

Appendix 2 : Moment of inertia of filling of conventional 500 lb MK82
bomb. Filling density is 1.67 g cm-3 .

Appendix 3 : Mass and centre of mass of concrete (steel-less) bomb.
Concrete density is 3.2 g cm- 3 .

Appendix 4 : Moment of inertia of concrete (steel-less) bomb. Concrete
density is 3.2 g cm- 3 .

Appendix 5 : Mass distribution along length of conventional 500 lb MK82
bomb with retarder tail.

Appendix 6 : Determination of aerodynamic flight loads.

Appendix 7 Load, shear and bending moment diagrams for unit
translational and rotational accelerations.

Appendix 8 : Design computations.

Note 1. Mixed units appear within the appendices as bomb data

are defined in the FPS system.

Note 2 The intervals 1 to 26 along the bomb length are derived

from 500 lb MK82 bomb drawing NAVAIRSYSCOM 1380548 CASING,

BOMB BODY.

12



APPENDIX 1

MASS AND CENTRE OF MASS OF FILLING

OF CONVENTIONAL 500 LB MK82 BOMB
-3

FILLING DENSITY IS 1.67 gcmU

Interval Interval Volume

NO. Length Radius rR2L i  (V)(;Ei)

inch inch inch 3

1 0.167 1.375 0.992 .0835
2 1.625 1.375 9.652 1.063 10.26

3 0.423 1.415 2.659 2.008 5.339

4 1.024 1.761 9.976 2.727 27.21

5 1.023 2.258 16.38 3.751 61.43

6 2.048 2.694 46.68 5.286 246.7

7 2.047 3.153 63.91 7.334 468.6

8 2.048 3.367 72.95 9.381 684.4

9 2.048 3.828 94.28 11.43 1077

10 2.047 4.090 107.6 13.48 1449

11 2.048 4.312 119.6 15.52 1857

12 2.048 4.498 130.2 17.57 2288

13 2.047 4.662 139.8 19.62 2742

14 2.048 4.799 148.2 21.67 3211

15 2.047 4.902 154.5 23.71 3665

16 2.048 4.960 158.2 25.76 4077

17 13.31 4.975 1035 33.44 34610

18 2.047 4.968 158.7 41.12 6527

19 2.048 4.942 157.1 43.17 6783

20 2.047 4.891 153.8 45.22 6956

21 2.048 4.815 149.2 47.26 7050

22 2.048 4.716 143.1 49.31 7056

23 2.047 4.595 135.8 51.36 6973

24 2.048 4.453 127.6 53.41 6813

25 2.048 4.291 118.5 55.45 6569

26 1.934 4.132 103.6 57.44 5953

Total 3558 117161

Centre of Mass - 117161 3558 = 32.93 inches (0.84 m)

Mass - 97 kg.

13



APPKNDIX 2

"W OF INMIAor FILLINc OF CONVENTIONAL 500 LB M"82
F IDIN DIM ITY -IS 1,64 it ci- 

3

Mass in x x2
Interval Interval Rad us i2 (z) (N I

No. (Mi) (r) 2 (inch) 32.9

(lb) (inch) - r

1 0.060 1.375 .0281 .0835 .0004 .0050 - 32.85 64.21
2 0.580 1.375 .2737 1.063 .6544 .6156 - 31.87 588.2
3 0.160 1.414 .0798 2.008 .6431 .3202 - 30.92 152.5
4 0.O0 1.761 .4641 2.727 4.451 1.632 - 30.20 545.9
5 0.983 2.257 1.252 3.751 13.83 3.686 - 29.18 836.7
6 2.801 2.693 5.080 5.286 78.26 14.81 - 27.64 2140
7 3.835 3.152 9.528 7.334 206.3 28.12 - 25.6 2513
8 4.377 3.367 12.41 9.381 385.2 41.01 - 23.55 2428
9 5.657 3.828 20.72 11.43 738.9 64.65 - 21.50 2615
10 6.454 4.090 26.99 13.48 1172 86.97 - 19.45 2441
11 7.177 4.312 30.95 15.52 1730 111.4 - 17.41 217512 7.811 4.498 39.51 17.57 2412 137.3 - 15.36 1843
13 8.387 4.662 45.58 19.62 3229 164.6 - 13.31 1486
14 8.892 4.799 51.20 21.67 4174 192.7 - 11.26 1127
15 9.272 4.902 55.70 23.71 5214 219.9 - 9.22 788.1
16 9.495 4.959 58.39 25.76 6302 244.6 - 7.17 488.1
17 62.10 4.975 384.2 33.44 69440 2077 0.51 16.15
18 9.523 4,968 58.76 41.12 16100 391.6 8.19 638.8
19 9.428 '4.942 57.57 43.17 17570 4070 10.24 969.8
20 9.230 4.891 55.20 45.21 18870 417.3 12.29 1394
21 8.950 4.815 51.87 47.26 19990 423.0 14.33 1838
22 8.586 4.716 47.74 49.31 20880 423.4 16.38 2304
23 8.147 4.595 43.00 51.36 11490 418.4 18.43 2767
24 7.655 4.453 37.95 53.40 21830 408.8 20.48 3211
25 7.108 4.291 32.72 55.45 21860 394.2 22.52 3605
26 6.218 4.132 26.54 57.44 20520 357.2 24.51 3735

213.5 1154 274200 7030 42710

I 1154

275362

Icg - 275362 - (213.48)(32.93) 2 - 43868 lb mass - inch 2

2
- 12.84 kg m

Z - dist. from nose Z' - distance from centre of mass of filling.

* distance from machined face to centre of mass of filling.

14
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APPENDIX 3

MASS AND CENTRE OF MASS OF CONCRETE (STEEL-LESS BOMB

CONCRETE DENSITY IS 3.2 g-3

Bomb Volume (V) Centroid
Interval Interval Rdu

Interval length (L) R 7iR 2L (i) V) (i)No. (inh)()3 1
(inch) (inch) (inch3) (inch)

1 0.167 2.337 2.865 .0835 .2393
2 1.625 2.580 33.98 1.063 36.12
3 0.423 2.850 10.79 2.008 21.67
4 1.024 3.013 29.20 2.727 79.64
5 1.023 3.233 33.59 3.751 126.0
6 2.048 3.520 71.72 5.286 379.1
7 2.047 3.851 95.37 7.333 699.4
8 2.048 4.130 109.7 9.381 1029
9 2.048 4.369 122.8 1 11.43 1404
10 2.047 4.580 134.9 13.48 1818
11 2.048 4.768 146.3 15.52 2271
12 2.048 4.937 156.8 17.57 2756
13 2.047 5.112 168.1 18.62 3297
14 2.048 5.213 174.8 21.67 3788
15 2.047 5.308 181.2 23.71 4297
16 2.048 5.361 184.9 25.76 4764
17 13.31 5.375 1208 33.44 40400
18 2.047 5.369 185.4 41.12 7623
19 2.048 5.344 183.7 43.17 7932
20 2.047 5.294 180.2 45.21 8149
21 2.048 5.222 175.5 47.26 8292
22 2.048 5.127 169.1 49.31 8339
23 2.047 5.011 181.5 51.36 8293
24 2.048 4.875 152.9 53.41 8166
25 2.048 4.720 143.3 53.45 7662
26 1.934 4.550 125.8 57.44 7226

Total 4363 138800

R 138800 31.83 inch (0.81 m)4363

Wt of Concrete Bomb (without steel)
- Volume x density
ff 500 lb (227 kg)

x- distance from machined face on nose of bomb

15
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APPENDfIX 4

MOMENT OF INERTIA OF CONCRETE (STEEL-LESS) BOMB

-3CONCRETE DENSITY IS 3.2 g cm

Radius Ixx 2
Masi i i 2Interval,i of Bomb R 2 Mi x i

Interval ( M i ) InterallR 1 ) -R2 (inch)

(inch)

1 .3295 2.337 .4499 .0835 .002
2 3.908 2.580 6.502 1.063 4.416
3 1.241 2.85 2.520 2.008 5.005
4 3.358 3.013 7.622 2.727 24.98
5 3.863 3.233 10.09 3.750 54.32
6 8.248 3.52 25.55 5.286 230.46
7 10.97 3.851 40.66 7.334 589.9

8 12.62 4.13 53.82 9.381 1111
9 14.12 4.369 67.40 11.43 1845

10 15.51 4.58 81.35 13.48 2817
11 16.82 4.768 95.60 15.52 4054
12 18.03 4.937 109.9 17.57 5569
13 19.33 5.112 126.3 19.62 7439
14 20.11 5.213 136.6 21.67 9439
15 20.84 5.308 146.8 23.71 11720
16 21.26 5.361 152.8 25.76 14110
17 138.9 5.375 1003 33.44 155400
18 21.32 5.369 153.6 41.12 36050
19 21.13 5.344 150.9 43.17 39370
20 20.73 5.294 145.2 45.21 42370
21 20.18 5.222 137.6 47.26 45070
22 19.46 5.127 127.8 49.31 47300
23 18.57 5.011 116.6 51.36 48980
24 17.58 4.875 104.5 53.40 50150
25 16.48 4.72 91.80 53.45 47040
26 14.46 4.55 74.87 57.44 47730

Total 500 lb

Ix x is moment of inertia of bomb interval about centre of mass of
interval

26 26

I - N Ixx + 'YM ix2 = 631106 lb - ich 2 
= 184.85 m

IomI- x 2  -2

Icofm -I -Mx - 2  35.92 kg M2

16
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A, APPENDIX 6

DETERMINATION OF AERODYNAMIC FLIGHT LOADS

The aerodynamic loads were assessed for the conditions corresponding
to point 6 on the flight envelope described below.

3 4

5 This diagram is an extract from the

design limit load factors of Figure

(75) 10 MIL-A-8591E. The corresponding

attitude of the bomb and the oncoming

airstream is determined by formulae

(6- given in Figure 14 MIL-A-8591E.

2

MIL-A-8591E defines the attitude of the bomb by the angle of attack
(a) and the angle of sideslip (0). This coordinate scheme was transformed
into a system using angle of incidence (6) and roll angle (4) so that wind-
tunnel data could be used; the wind-tunnel data being defined in the latter
system.

The following table gives (a,$) together, with the corresponding
values (,"), 4" is the angle through which the plane of incidence is
rolled. The total roll angle between true vertical and the rolled vertical
pair of fins is 4" plus the orientation of the fins with respect to the
aircraft, 4'. " is required to transform the force and moment coefficients
back onto the aircraft frame of reference; 4 is not required for extracting
these coefficients as values of 4 are simply chosen so as to maximise the
coefficients.

The incidence angle B is similarly the sum of the incidence angle
derived from (a,8) and the angle of the store with respect to the aircraft,
8'.

Each vertex of the above figure defines a continuous range of attitudes
of the bomb to the airstream. The extremities of each range are tabulated.
The bomb is assumed to be aligned with the aircraft i.e. 6' - o and 4' = o.
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TABULATION OF (0.0") VERSUS (0,i)

CLi

la - 30 t 2.2 - 3.70 36.26*

lb + 280 t 2.2 28.10 ± 4.670

2a - 30 ± 2.2 3.70 t 36.260

2b 280 t 2.2 28.10 ± 4.670

- 3a 0 ± - 2.2 2.20 ± 900

3b 200 + 2.2 20.1" + 6.40

4a 00 ±2.2 2.2' 90,

4b 200 ± 2.2 20.10 6.4o

5a 30 ± 10 10.40 73.20

5b - 120 ± 10 - 15.70 39.90

6a - 30 1 10 - 10.40 73.2*

6b 25* 1 10 27.20 22.30
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APPENDIX 7

MASS DISTRIBUTION,- LOAD DISTRIBUTION, SHEAR FORCE AND BENDING MOMENT
DIAGRAMS POR, UNIT TRANSLATIONAL AND UNIT ROTATIONAL. ACCELERATION

(A) EFFECTS OF UNIT TRANSLATIONVAL ACCELERATTON PARALLEL TO YAW OR PITCH AXIS.

i.e. n yorn. .msee-.

MASS DISTRIBUTION kg

In '.m

I- N 6 w% P1FIpO o c00n 1.0 5 17

NOSE 0% TAI

14 T I
BOMB LENGTH. m 0

LcJ

94.7 2
SHEAR FORCE DIAGRAM N

53.34

1.0 1.5 1.72

-- 2.28
0 0.5

-110. 36Z

* BENDING MOMENT DIAGRAM kg m

0 0.5 10 1.5 17

NOSE TAIL
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(8) EFFECTS Or UNIT ROT'ATIONAL ACCELERATION IN YAW OR PITCH PLANE.

i.e. or * - .

MASS DISTRIBUTION DIAGRAM kg

. . .. . 1.0 1.5 !172

0 0 5 m,

NOSE TAIL+

BOMB LENGTH,m

FORCE DIAGRAM N

'ti" " • j " 10 -5.-7

,I I t I I

r 
M 

4 
Q' 

W I

NOSE IAiL

BOMB LENGTH. m O
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(B) EFFECTS OF UNIT ROTATIONAL ACCELERATION (Continued)

SHEAR FORCE DIAGRAM N

57.42
53,44

c 0.5 1.0 15 172

NOSE TAIL

BOMB LENGTH. mn

-128.72
-132.7

BENDING MOMENT DIAGRAM N m

BOMB LENGT0.2

1.5 17

1 141



APPENDIX 8

DESIGN COPUTATIONS

For the purpose of this preliminary report an estimate of the design

loads is taken for point 6 of Figure I of Appendix 6. This figure directly
determines the inertial loadings and is the basis for assessing the aero-
dynamic loads. The translational inertial loads are for the 262 kg mass of
a retarder tail bomb, and rotational inertia is calculated for the 67 kg m2

moment of inertia of the same configuration.

The aerodynamic loads are from data for a slick tail bomb as aero-
dynamic data for the retarder tail bomb have not been located. The aero-
dynamic data are used realising the inconsistency and resulting error in the
aerodynamic forces and moments.

TABLE OF LOAD FACTORS AND RESULTING INERTIAL LOADING

Load Factor Inertia Force (kN)

Nx ±1.5 - 3.85

Ny 7.5 19.27

Nz -6 -15

Load Factor Inertial Moment (kN m)

± 4 .27

± 2 .13

Load Factor Aerodynamic Force (kN)

Cx .14 .57

Cy 1.5 6.07

Cz 3.23 13.08

Load Factor Aerodynamic Moments (kN m)

Cm 3.95 4.37

Cn 2.31 2.55
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To utilise the unit rotational acceleration bending moment and shear

force diagrams of Appendlx 7 it in convenient to assume that the aerodynamic
force distribution is equivalent ,.o the inertial moment distribution. This
gives rise to hypothetical ",irtuil aerodynamic rotational accelerations"
in the pitch and yaw planec by dividing the aerodynamic turning moments by
the moment of inertia of the bomb.

(Implicit in this analysis is the assumption that the aerodynamic
force distribution is identical with the inertial force distribution. This
tends to underestimate the effects of aerodynamic loads as the aerodynamic
forces tend to be concentrated at the nose and tail of the bomb.)

va - 65.2 rads

va - 38.05 rads
- 2

TABULATION OF LOADINGS IN Y AND Z PLANES

Loading
Translation

y z

Inertia 19.27 15

Aerodynamic 6.07 13.08

25.34 28.08

Loading
Rotation

Inertia 4 2

Aerodynamic 65 38

69 40

By vectorial addition and allowing for the yield point design critcrion
of 1.15 times the limit load the following magnification factors are obtained.
This criterion was selected as it gives a more conservative design condition
than using 1.5 times the limit load for ultimate load failure criterion.

1. Magnification factor for the unit translation acceleration shear force
and bending moment diagrams, KT = 166, and similarly;

2. Magnification factor for the unit rotational acceleration shear force
and bending moment diagrams, KR = 92.

26
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WORST CASE SHEAR FORCE AND BENDING MOMENT CONDITIONS

Maximum Shear Maximum Bending
Force (N) Moment (Nm)

Unit Translation 110 39

Unit Rotation 133 27

Kt - 166 18260 6474

Kr - 92 12236 2484

Worst Case 30.5 x 103 8.96 x 103

Conditions

2. Dimensioning of Reinforcement

(a) Reinforcement required to withstand bending

Consider reinforcement as being in the form of a thin-walled tube with
diameter, d, equal to the pitch circle diameter of the reinforcing rods.

td 3

Second moment of area for a tube, V = 8

where t is the wall thickness

d is the bomb diameter less 50 mm.

M d 4M
Set maximum stress o = 125 MPa = d 4

Tr t d

where M is the maximum bending moment.

4M
t m- 4M2 - 1.85 -m

125 r d

Area of each of 12 reinforcement rods required to

7y dt 2
resist bending A = -d 108 mm12
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(b) Reinforcement required to resist shear forces

Let saximm shear stress T a 63 Pa cross-sectional area of each of
12 reinforcing rods required to resist shear

A shear load 2
2 12 -40m

2
total areaA 1 + A2  148 mm

..Individual rod diameter - 13.72 mm.

3. Check on the Compressive Stress in the Concrete

A simple check on the stress level in the concrete assuming that no
reinforcement steel is used gives a compressive stress of the order of
4.5 MPa. This would also be the nominal value of the tensile stress.
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