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1. Various military activities have undertaken and reported 
investigations of mixtures recommended for use in the inert 
loading of munitions.    However, the densities of available 
mixtures have not Included those required from time to time 
by projects assigned to the Naval Proving Ground,    There- 
fore, it was necessary to develop inert fixtures, covering 
a wide density range, which would be inexpensive and easy 
for non-technical field personnel to mix and pour, and which 
would develop compressive strengths approximately the same 
as those of the specific explosive loads to be used ulti- 
mately. 

2. Data presented in this report include density curves, 
relative compressive strengths, and field results for both 
wet and dry-mix inert fillers made by mixing Portland cement 
with varying proportions of light aggregates (such as ver- 
miculite,  granulated cork, and perlite)   or heavy aggregates 
(such as iron filings and granular lead).    The wet-mix inert 
fillers recommended cover the density range from 1*35 to 
6.50 grams per milliliter, whereas data for dry-mixes are 
for the density ranges from 0.65 to 0.975 and from 1.50 to 
2.70 grams per milliliter, respectively.    In order to obtain, 
reproducible results, all munitions were sealed from the 
atmosphere immediately after filling. 

3. It is pointed out that because of probable variations 
in particle  size  (and therefore density)   of light or heavy 
aggregates obtained from different sources throughout the 
country,  the density curves presented  should be considered 
as approximations only.    It is likely that each activity 
utilizing these data will find  it necessary  to make minor 
variations in the amount of aggregate added  in order to 
obtain the desired densities.    This is particularly true 
of dry mixtures,  in which the degree and duration of 
tamping or settling are major factors. 

4. Because of lower material cost and greater relative 
compressive strength after setting,  it is recommended that 
wherever possible, perlite be used as the light weight 
aggregate in wet-ioadinp munitions in which the  inert 
material  should have a final density  of from 1.35 to 
2.05 grams per milliliter. 
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EARQ 

INTRODDCTION 

1.  AUTHORITY. 

These tests sere authorised and conducted in accordance 
with reference (a)« 

2. REFERENCES! 

a. FJORD Conf ltr Re2c-WEL*rbm Ser  S18-1 of 
25 Mar 1953 

b. NPG Report No. 663 of 20 Oct 1950 

3. BACKGROUND. 

Considerable experimental work has been undertaken by 
various military activities in as effort to develop a 
suitable material for the inert loading of munitions. 

Reference (b) presented density curves, ranging approx- 
imately from 1.2 to 1.85 grams per millili*er. obtained by 
using vermiculite - Portland cement - water mixtures in 
which the munition remained open from zero to 28 days after 
pouring, together with one curve for an identical inert 
mixture in which the system was closed from the atmosphere 
immediately after filling. Tests indicated that the com- 
pressive strength of the set material (closed system) is 
lower than that of material of comparable density which 
remained open after pouring, although both methods of 
filling have proved satisfactory for inert loading* 

Because the closed system procedure is known to be more 
reproducible (for example, the material density shows neg- 
ligible change after the munition is filled and closed), 
it is recommended for use whenever conditions permit. 

>L 
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4.     OBJECT OF TEST* 

Using the closed  system only- the object of this test 
wast 

a. To vary the proportions by weight of Portland 
cement - vermiculite  - water in order to obtain the maxi- 
mum eompressive  strength of set material, together with 
satisfactory fluidity on initial mixing, throughout the 
density range from 1.35 to 2.05 grams per milliliter. 

b. To attain th«  same objective,  but using 20-30 mesh 
granulated cork instead of vermiculite* 

c. To obtain similar data as in a. and b.  by  the use 
of perlite,  instead of vermiculite or cork. 

d. To vary  the weight ratios of Portland cement  - iron 
filings - water  to cover ths density range from 2.05 to 
2.95 giants per milliliter. 

e. To vary  the weights of Portland cement - granular 
lead  - water to obtain densities from 2.85 to 6.50 grams 
per milliliter. 

f. To vary  the weight proportions  (dry mix)   of Portland 
cement - vermiculite to obtain densities from 0.65 to 0.975 
grams per milliliter. 

g. To repeat f. above using 20-30 mesh granulated cork 
instead of vermiculite. 

h.    To repeat f. above but using perlite  instead  of 
vermiculite  or ccrk. 

i.    To vary the weight proportions  (dry mix)   of Portland 
cement - iron filings to obtain densities from 1.50 to 2.70 
grams per milliliter. 

5.     PERIOD OF TEST I 

a. Date Project Letter 

b. Date All Necessary Material Received 

c. Date Commenced Test 

d. Date Completed Test 
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25 March 1953 

3 April 1953 

11 July 1952 

7 October 1953 
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PART C 

DETAILS OF TEST 

6.    DESCRIPTION OF TEST EQUIPMENTl 

a. Small scale laboratory mixing was done manually  in a 
12" x 12" x 3" Pyrex glass tray. 

b. Mixing in the field for  larger munitions was accom- 
plished by means of a 4-bag capacity mortar mixer powered 
by  a 2-horsepower gasoline engine, 

c. Coppressive strength tests were run on a Baldwin- 
Southwark Universal Testing Machine,  insofar  as possible in 
accordance with A.S.T.M. Method C192-49- 

?.    PROCEDURES 

The following materials were used) 

a*    Various brands of Portland cementy  at approximately 
$0.75-0»90 per 94-lb.  sack^ were used; the brand used had 
no significant effect  on the density of the  inert filler. 
These brands included  "Penn-Dixie",  "Capitol",  "Incor 
Type III High Early Strength",  and others. 

b. "Zonolite" Brand Vermiculite  (Stabilized Concrete 
Aggregate)  at $1.65 per 28-lb. bag  ($1.20 per  28-lb. bag 
in 500 bag lots)  distributed by the Vermiculite Products 
Company,  31°0 K Street.  N.W., Washington, D. C.  (Main 
Office,  Zonolite Company,  135 South LaSalle Street, 
Chicago 3,  Illinois)  and purchased from the Hudson Supply 
and Equipment Company.  1727 Pennsylvania Avenue,  N.W., 
Washington, D. C.    This vermiculite  is so graded that at 
least 95$ will pass a No. 3 sieve,  and its 100-mesh fines 
content  shall not exceed the A.S.T.M.  standard  specifi- 
cations for concrete aggregate (C33-44)•    It weighs approx- 
imately  8 lbs/cu.ft.,  equivalent to a density  of 0.128 
grams per milliliter. 

c. Granulated cork,  20-30 mesh, about 8 lbs/cu.ft., 
(equivalent to 0.128 g/ml)  at &1.90 per 25~Ib.  bag plus 
fel.00 refundable bag deposit,  purchased from the Maryland 
Cork Company,  Elkton, Maryland. 

I 
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d.    "Tensulate Ferlite" expanded volcanic  glass, about 
8 Ibs/cu.ft.  (equivalent to 0*128 g/ml)  at $2,00 per 32-lb. 
bag in less than carload lots, fcl.15 per 32-lb. bag in car- 
load lots (1000 bags), purchased from the Tennessee Products 
and Chemical Corporation. First American National Bank 
Building, Nashville 3, Tennessee.    A typical screen analysis 
is as follows} 

U*  S.  Standard % U.  S.  Standard % 
,   Sieve, Mesh Retained Sieve, M?sh Retained 

12 28.6 35 4.4 
14 13.2' 40 1.4 
18 22.0 45 5.2 
20 4.4 120 7.8 
25 4.4 200 3.2 
30 4.8 -200 0,6 

100.0 

i 

• 

To summarize the above, approximately 64% is larger than 
18 mesh,  2&% between lo and  50 mesh, and  12$  smaller than 
50 mesh. 

e.    Iron filings obtained from Naval Ammunition Depot, 
Crane,  Indiana, with a screen analysis as follows) 

U.  S.  Standard 
 Sleye, Mesh 

40 
50 

120 

Retained 

0.0 
61.0 
39.0 

f.    Granular lead purchased from the Fisher Scientific 
Company,  7722 Woodbury Drive,  Silver Spring, Maryland, with 
the following screen analysis* 

U.  Ss  Standard 
 gjpye, Mesh, 

20 
30 
40 
50 

120 
200 

>200 

% 
Retained 

1.2 
6.4 

10.0 
14.7 
42.2 
16.2 
9,4 

100.0 
CONFIDENTIAL 
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g. Tap Water 

In all of the closed system tests to obtain density 
data from 1.35 to 2.05 grams per millillter, varying pro- 
portions of Portland cement, light weight aggregate (ver- 
micuiite, granulated cork, or perlite) and water were' mixed 
thoroughly, then transferred to round -bodied wide-mouth 
quart Mason jars and sealed. After the 14 day setting 
period, the Jf.rs were broken to obtain the cylindrical set 
material. After the ends were cut square by means of a high 
speed abrasive cutting disk, comprersive strength measure- 
ments were made- 

The following mixtures were investigated* 

PORTLAND CEMENT - VERMICULITE - WATER MIXTURES 
 (APPENDIX (A)) (all ratios bv weight)  

1. Series At  3-5/1.0 cement - water; 
1.0/2.0 vermicuiite - water 

2. Series Bi  3.0/1.0 cement - water; 
1.0/3.0 vermicuiite - water 

3. Series Ci  3*0/1.0 cement - water; 
1.0/2.0 vermicuiite - water 

4. Series Di  3.5/1.0 cement - water; 
1.0/3.0 vermicuiite - water 

5. Series Ei 3.5/1.0 cement - water; 
1.0/3.0 vermicuiite greater than 
16 mesh ~ water 

6. Series Ft  3*5/1.0 cement - water; 
1.0/^.0 vermicuiite less than 
16 mesh - water 

PORTLAND CEMENT - GRANULATED CORK (20-30 MESH) - WATER 
MIXTURES. (APPENDIX (B)) (all ratios bv weight) 

7.. Series H* 3.0/1.0 cement - water; 1.0/2.0 cork - water 
8. Series I.  3«5A.O cement - water; 1.0/2.0 cork - water 

PORTLAND CEMENT - PERLITE - WATER MIXTURESt 

 (APPENDIX, (cj) uii raU9§ by vrelRht)  
9. Series J» 3*0/1.0 cement - water; 

1.0/3.0 perlito - water 

CONFlDfc.N'llAL 10 
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PORTLAND CEMENT  - IRON FILINGS - WATER MIXTURES, 
(APPENDIX  CD))   fall  ratios by weight) 

10.  Series Kt     successively Increasing amounts of iron 
filings were added to 2..0/1.0 cement - 
water mixtures. 

PORTLAND CEMENT  - GRANULAR LEAD - WATER MIXTURES. 
- UggflSaS (£))  (all rfrUofl fr *,9lRfrt) 

11.  Series Ls     successively increasing amounts of granular 
lead were added to 1 .©7/1.0 cement - 
water mixtures. 

PORTLAND CEMENT - VERMICULITE DRY MIXTURES, 
 (APPENDIX (F» ,  

12* Series Ms    vermiculite was added in successively 
larger amounts tc 200 grams of cement* 

PORTLAND CEMENT  - GRANULATED CORK DRY MIXTURES, 
 (APPENDIX (,Q>)  

13« Series N»    identical with Series M except that 20-30 
mesh granulated cork was used  instead of 
vermiculite. 

PORTLAND CEMENT - PERLITE DRY MIXTURES, 
(APPENDIX  (H))  

14.  Series 0*    identical with Series M except that perlite 
was used instead of vermiculite,. 

PORTLAND CEMENT   - IRON FILINGS DRY MIXTURES, 
    (APPENDIX (I))  

15.  Series P:     successively  increasing amounts of iron 
filings were added to 200 grams of cement. 

COttrlDENTIAL 
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8. RESULTS AND DISCUSSION (specific): 

PORTLAND CEMENT - VERMICULITE - WATER MIXTURES, 
- TABLE IT FIGURE 1 (APPENDIX (A)) 

Series D and F of Table I gave the best results insofar 
as initial fluidity, wide density coverage, and final com- 
pressive strength were concerned. The optimum cement - water 
ratio was determined to be 3.5 to 1.0 by weight with an 
additional 3 millilitsrs of water necessary per gram of 
vermieuiite added. 

Although Series F indicated & somewhat greater compres- 
sive strength, believed to be because the vermieuiite used 
consisted of particles less than 16 mesh- Series D data were 
selected for field use because no screening of the vermieu- 
iite was required. 

Using the proportions from Figure 1 for a density of 
1.55 grams per milliliter, and calculating the cost of 
Portland Cement and vermieuiite at 0.85 cents per pound 
and 5«9 cents per pound respectively, one finds the material 
cost of the final material to be 0.8o cents per pound, 
equivalent to 77*5 cents per cubic foot. 

Field results are summarized in Table II. 

PORTLAND CEMENT - GRANULATED QOP.K (20-30 MESH) - WATER 
 MIXTURES, TABLJ5 ;ilt FIGURE g  (APPENDIX, (B)) \  

Series H was chosen over Series I because of greater- 
relative compressive strength and wider density coverage. 

In comparison with vermieuiite at the same final density 
(1»55 grams per milliliter), and with the cost of granulated 
cork at 7*6 cents per pound, the material cost of the set 
material per pound would be 0.89 cents or 85.7 cents per 
cubic foot. 

Table IV summarizes actual results obtained in the field. 

PORTLAND CEMENT - PERLITE - WATER MIXTURES, 
TABLE V. FIGURE ^ (APPENDIX (O)  

A preliminary investigation showed that a cement-water 
ratio of 3.0 to 1,0 was required when using a 1.0 to 3.0 
perlite-water ratio, in order to obtain an initially pour- 
able mixture throughout the density range from 1-3 to 
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1.9 grams per milliliter.    It will be noted from Table V that 
these mixtures gave higher compressive strengths for the same 
densities than mixtures incorporating either vermiculits cr 
granulated cork. 

In addition,  the cost of this mixture at a density of 
1*55 grams per milliliter, with the cost of perlite at 
6.25 cents per pound, would be 0.79 cents per pound or 
76.4 cents per cubic foot; this is the least expensive of 
the three light-weight aggregates. 

If perlite were purchased in carload lots, thereby 
reducing Its cost to 3*6 cents per pound, the final cost 
of the inert filler per pound would be 0.68 cents or 
65.75 cents per cubic foot. 

A typical calculation of the proportions of Portland 
cement-perlite-water necessary to produce a final density 
of 1.55 grams per milliliter is illustrated as followst 

from Flmre a 
29 gms perliteAb Portland esment/l5l.2 + (3X29) ml H20 

29 gms perlite/lb Portland cement/238.2 ml H2O 

2726 gms perlite/9* lbs Portland cement/22391 ml H20 

6.0 lbs perlite/sack Portland cement/5.9 gals H20 

Conversion Factors: 1 lb = 453.6 gms 
1 gal = 3785 ml 

Field results are shown in Table VI. 

PORTLAND CEMENT - IRON FILINGS - WATER MIXTURES, 
TABLES VII AND Vila. FIGURES 4 AND 4a (APPENDIX (D)) 

Compressive strengths were not determined. Two density 
curves, Figures 4 and 4a, constructed from information in 
Tables VII and Vila respectively, are given to furnish data 
for filling large and small munitions. Field results are 
shown in Table VIII. 

PORTLAND CEMENT - GRANULAR LEAD - WATER MIXTURES, 
TABLES IX AND IXar FIGURES 5 AND 5a (APPENDIX (E)) 

Neither compressive strengths nor field results were 
obtained. Two curves are presented, as in the case of ii 
filings, that is, for both*large and small munitions* 
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PORTLAND CEMLNT - VERMICULITE - DRY MIXTURES, 
TABLE Xf jflGDBE 6 (APPENDIX (F))  

Density data are presented in Table X and Figure 6. 
No field results are available. 

PORTLAND CEMENT - GRANULATED CORK DRY MIXTURES, 
TABLE XIt FIGURE 7 (APPENDIX (G))  

Field results are given in Table XII, density determi- 
nations in Table XI and Figure 7. 

PORTLAND CEMENT - PERLITE DRY MIXTURES, 
TiiELE XIII r FIGURE 8 (APPENDIX (H)) 

Tables XIII and XIV, and Figure 8 summarize the results 
obtained. 

PORTLAND CEMENT - IRON FILINGS DRY MIXTURES, 
TABLES XV. XV a AND XVIf FIGURES 9 AND Qa (APPENDIX (I)) 

Two density curves, the first for large and the second 
for small munitions, are presented in Figures 9 and 9a. 
These data were developed because an inert filler was required 
which would give minimum support to the munition wall during 
firing. Field results are shown in Table XVI. 

DISCUSSION (general) t 

A compressive strength comparison among Series D (cement - 
vermiculite - water. Table I, Appendix (A)); Series H 
(cement - granulated cork - water, Table III, Appendix (B)); 
and Series J (cement - porlite - water. Table V. Appendix (C)) 
shows that for approximately the same density, the latter 
mixture (perlite), is the strongest of the three. 

It is pointed out that because of probable variations in 
particle size (and therefore density) of the light or heavy 
aggregates obtained from different sources throughout the 
country, the density curves presented in this report should 
be considered as approximations only. It is likely that each 
activity utilizing these curves will find it necessary to 
make minor variations in the amount of aggregate added in 
order to obtain the desired densities. This is particularly 
true of dry mixtures in which the degree and duration of 
tamping or settling are ma lor factors. 
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PART D 

9*    Data, density curves, and field results (in most instances) 
are submitted which show that a munition can be wet-loaded 
with an inexpensive inert material possessing a satisfactory 
compressive strength after  setting, and ranging in density 
from 1.35 to 6.50 grams p< milli liter. 

Additional data are presented for the  inert loading of 
munitions with dry mixtures throughout the density ranges 
from 0.65 to 0.975 and from 1.50 to 2.70 grams per milliliter, 
respectively. 

By closing the system immediately after filling, repro- 
ducible results can be obtained. 

EAKLJB 

BBROMMRWn^ypgff 

10, Because of lower material cost and  greater compressive 
strength after setting,  it is recommended that, wherever 
possible, perlitu be used as the light weight aggregate in 
wet-loading munitions in which the  inert material should 
have a final density  of from 1.35 to 1.95 grams per milliliter. 
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CONFIDENTIAL 
HAVOHD REPORT NO. 

NPG REPORT NO. 
1337 
1258 

Inert Loading of Munitions 

TABLE II 

PORTLAND CEMENT - VERMTCULITE - WATER LOADING 
OF MUNITIONS, FIELD RESULT?, CLOSED SYSTEM, 

MIXING RATIOS FROM FIGURE 1 

Type of No. 
Filled 

Density of Loading, Km/ml Deviation, 
Munition Desired Actual Density, gm/ml 

1000 lb G.P. 1 1.55 1.575 +0.025 
Low Drag Bomb 1 1.559 +0.009 
Ex 10, Mod 1 1 . 1.547 -0.003 

1 1.550 - 
1 1.544 -0.0C6 
1 1.572 +C.022 
1 1.579 +0.029 
1 1.555 +C.005 
1 1.578 +0.028 

10CO lb G.P. 1 1.55 1.542 -C.C08 
Low Drag Bomb 1 1.545 -0.005 
E-s 10, Mod 2 1 1.573 +C.023 

1 1.572 +0.022 
1 1.577 +0.027 
1 1.565 +CC15 
1 1.541 -C.009 
1 1.558 +0.C08 
1 1.566 +0.016 
1 1.554 +C.0C4 

1CC0 lb G.?. 1 1.55 1.545 -C.CC5 
Low Drag Bomb 1 1.555 +C.C05 
Ex 10, Mod 3 1 1.533 -0.C17 

1 1.515 -C.C35 
1 1.570 •C.020 
1 1.519 -C.03I 
1 1.578 +0.028 
1 1.58C +0.030 
1 1.582 +C.C32 
1 1.58C +C.C3C 
1 1.524 -C.026 
1 1.541 -C.009 
1 1.543 -0.OC7 
1 1.565 +C.015 
1 1.579 +C.C29 
1 1.549 -0.0C1 
1 

Moan 
1.55C 

= 1.557       I 
- 

3^ )eviation from Mean = 
+C.C25 to -0.C42 
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CONFIDENTIAL 

NAVOnD REPORT NO. 1337 
N?G REPORT NO. 1258 

Inert Loading of Munitions 

TABLE II (Continued) 

Type of No. Density of Loading,  gra/ml Deviation, 
Munition Pilled Desired Actual Density, gra/ml 

250 lb G.P. 1 1.55 1.538 -0.012 
Low Drag Bomb 1 1.587 +0.037 

1 1.562 +0.012 
1 1.562 +0.012 

• 1 1.562 +0.012 
1 1.587 •O.C37 

• 1 1.587 +C.037 
1 1.578 •C.C28 
1 • 1     KA.-X +C.C13 
1 1.547 -CCC3 
1 1.556 +C.0C6 
1 1.547 -0.0C3 
1 1.571 •C.021 
1 1.531 -C.019 
I 1.516 -C.034 
1 1.531 -C.019 
1 1.531 -C.C19 
1 1.545 -0.005 

• 1 

Mean 

1.531 

= 1.557 

-C.019 

19 Deviation from Mean = 
+0.030 to -C.041 
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CONFIDENTIAL 

NAVORD REPORT NO. 1337 
NPC- REPORT NO. 1258 

I 

gm Cork 
Per Lb 
Cement 

0 
5 

10 
15 
20 
25 
30 
35 
40 

45 
50 
55 

Inert. Loading of Munitions 

PORTLAND CEMENT 

TABLETS 

DATA ON 
GRANULATED CORK - WATER MIXTURES 
CLOSED SYSTEM  

SERIES H  
3.0/1.0 Cement - Water? 

   SERIES I  
3.5/1.0 Cement - Water; 

1.0/2.0 Cork - Water 1.0/2.0 Cork - Water 
Density, Comp. Str, 

Lbs/in2 
Density,   Comp. Str. 
gm/ml      Lbs/in2 Km/ml 

2.050 8100 2.C75      4723 
1.946 7140 1.980       5468 
1.847 5000 1.877      3970 
1.766 3940 1.796      3670 
1.695 3230 1.715      3190 
1.625 2600 1.643      2630 
1.558 2030 1.585      1910 
1.496 1460 1.526      1490 
1.443 1350 Mixture too 

dry to work 
1.393 1170 n 

1.355 10C0 n 
1.320 900 n 

Note: Compreasive strengths were obtained 14 days after pouring. 
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CONFIDENTIAL 
NAVORD REPORT NO. 1337 

NPG REPORT NO. 1258 

Inert Loading of Munitions 

TABLE IV 

PORTLAND CEMENT - GRANULATED CORK - WATER LOADING 
OF MUNITIONS, FIELD RESULTS, CLOSED SYSTEM, 

MIXING RATIOS FROM FIGURE 2 

Type of No. Density of Loading. Km/ml Deviation, 
Monition Filled Desired        Actual Density, gm/ml 

2C00 lb G.?. 1 1.55              1.571 +0.016 
Low Dratt 3oub 1 '   1.568 +0.C18 
Ex 11 1 1.556 +0.0C6 

1 1.554 +0.0C4 
1 1.554 +O.0C4 
1 1.523 -0.027 
1 1.569 +C.019 
1 1.568 +C.C18 
1 1.545 -0.005 
1 1.549 -0.C01 
1 1.576 +C.026 
1 1.533 -C.017 
1 1.562 •0.018 
1 1.532 -0.018 
1 1.552 +C.0C2 
1 1.569 +C.019 
1 1.570 +0.020 
1 1.570 +C.C20 
1 1.557 +C.007 
1 1.557 +C.C07 
1 

Mean « 1.555 Devial 
-C.029 

21 tion from Mean 
+C .021 to -C.C34 

3000 lb G.P. 1 1.55             1.567 +0.017 
Low Drag Bomb 1 1.529 -0.021 
Ex 10, Mod A 1 1.559 +C.009 

1 1.582 +C.C32 
1 1.586 +C.036 
1 1.551 +0.CC1 
1 1.578 •»( .C28 
1 1.586 +C.C36 
1 1.586 +0.036 
1 1.517 -0.033 
1 1.563 

Mean • 1.564 Devia 
t-C.013 

11 tion from Mean 
+C .C22 to -C.C47 
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CONFIDENTIAL 
NAVORD REPORT NO. 1337 

NPG REPORT NO. 1258 

Inert Loading of Munitions 

TABLE IV (Continued) 

Type of No. Density of Loading, Km/ml 
Munition Filled Desired Actual 

1000 lb G.P. 1 1.55 1.559 
Low Drag Bomb 1 1.521 
Ex 10, Mod 5 1 1.559 

1 1.574 
1 1.540 
1 1.586 
1 1.586 
1 1.555 
1 1.567 
1 1.570 
1 1.540 
1 1.559 
1 1.582 

'  1 1.58? 
H Mean = 1.561 

1000 lb G.P. 1 1.55 1.573 
Low Drag Bomb 1 1.517 
Ex 10, Mod 9 1 1.529 

1 1.544. 
1 1.556 
1 

Mean 
1.517 

6 - 1.539 

1000 lb G.^\ 1 1.65 1.655 
Low Drag Bomb 1 1.649 
Ex 1C, Hod 8 1 1.653 

1 1.636 
1 1.626 
1 1.626 
1 1.634 
1 1.630 
1 1.645 
1 1.626 
1 1.622 

11 Mean = 1.637 

Deviation, 
Density, gm/ml 

40.009 
-C.C29 
+0.009 
•0.024 
-0.C10 
+0.036 
+C.036 
+C.005 
+0.C17 
+C.02C 
-C.C10 
•0.009 
+C.032 
+0.032 

Deviation from mean 
+0.025 to -C.040 

•0.023 
-0.033 
-C.021 
-0.C06 
•C.006 
-0.033 

Deviation from mean 
+C.034 to -C.022 

+0.005 
-C.0C1 
+C.003 
-0.014 
-C024 
-0.C24 
-0.016 
-0.020 
-C.005 
-0.024 
-0.028 

Deviation from mean - 
•C.018 to -0.C15 
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NAVORD REPORT NO.  1337 
CONFIDENTIAL NPG REPORT NO.  1258 

Inert Loading of Munitions 

TABLE IV (Continued) 

Density of Firral W? <ight, 
Type of No.          Loading. 

Fill-id     Desired 

15 

Km/ml 
Actual 

1.724 

Lbs Deviati on, 
Munition Desired Actual 

26C.0 

Lbs 

8" HC, Hk 25, . 
Mod 1 10 

30 

1.655 
1.586 

260.0 
26C.C - 

Anti-Sub, 1 1.674 75.0 74.90 -0.10 
Projectile, 1 1.816 74.8C -0.2C 
Type Ex 30 1 1.337 75.10 +C.10 

1 1.879 74.80 -0.2C 
2 Not 75.C0 - 

Determined 
1 n 74.90 -C.10 
1 II 74.95 -0.05 
1 n 74.90 -0.10 
1 n 75.10 +0.1C 
1 n 75.20 +C.2C 
1 II 75.25 +C.25 
1 

Mean 

75,15, 

= 74.93 

+C.15 

13 Deviation 
from Mean = 
+C.32 to -0.13 

Final height, grains 

20 nun Ex 8, 49 1.70 1674*15 1676+1 3, 
Mod 0 -10 

20mm Ex 8, 49 1,67 1553*15 1555+13, 
Hod 1 -11 

H 
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NAVORD REPORT NO. 1337 
NPG REPORT NO. 1258 

Inert Loading of Munitions 

TABLE V 

DATA ON 
PORTLAND CEidENT - PERLITE - WATER MIXTURES 

CLOSED SYSTEM 

SERIES J 
3.0/1.0 Cement  - Water 

em Perlite l.OA.O Perlite  - Water 
Per Lb Density, ,           Comp.   Str. 
Cement pm/tpi, Lhs/in2 

0 1.953 3650 
5 1.870 4150 

10 1.788 4900 
15 1.711 4430 
20 1.647 3700 
25 1.590 2700 
30 1.540 2370 
35 1.495 »        _ 

40 1.455 1870 
45 1.415 1720 
50 1.375 1590 
55 1.335 1370 
60 1.296 1175 

Notet Compressive strength data, 14 days after pouring. 
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CONFIDENTIAL 
NAVnW) REPORT MO.   1337 

NPG REPORT NO.  1258 

Inert Leading of Munitions 

TABLE VI 

PORTLAND CEMENT - PERLITE - WATER LOADING OF 
MUNITIONS, FIELD RESULTS, CLOSED SYSTEM, 
 MTTTWT. RATIOS FROM FIGURE 3  

Type of 
Munition 

No. 
Filled 

1500 lb Warhead 
Modified for gun 
fire, T23E1 

1 
1 

1000 lb G.P; 
Low Drag Bomb 
Ex 10, Mod 6 

1 
1 
1 
1 
1 
1 

6 

1000 lb G.P. 
Low Drag Bomb 
Ex 10, Mod 9 

1 
1 
1 
1 
1 
1 
6 

10C0 lb G.P. 
Low Drae Bomb 
Ex 10, Mod 15 

1 
1 
1 
1 
1 
1 
1 
1 

8 

Density of Loading, gm/ml 
Desired   Actual 

1.71 

1.65 

1.706 
1.712 

1.684 
1.658 
1.669 
1.658 
1.670 
1.634 

Mean = 1.662 

1.65 1.653 
1.629 
1.645 
1.607 
1.637 
1.664 

Mean = 1.639 

1.65 1.654 
1.679 
1.670 
1,679 
1.660 
1.672 
1.659 
1.672 

Mean * 1.668 

Deviation, 
Density, gm/ml 

-0.0C6 
•0.002 

+0.034 
•0.008 
+0.019 
+0.008 
+0.020 
-0.016 

Deviation from mean 
•0.022 to -0.028 

•C.CC3 
-0.C21 
-0.005 
-0.043 
-0.C13 
+0.014 

Deviation from mean 
+0.025 to "0.032 

+0.004 
+0.029 
+0.02C 
+0.029 
+0.010 
+0.022 
-C.0C6 

Deviation from mean 
•0.011 to -0.014 
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NAVORD REPORT NO,  1337 

HPG REPORT NO.  1258 

Inert Loading of Munitions 

TABLE VI (Continued) 

Type of No. 
Munition Pilled 

10OC lb AN- 1 
M65A1 1 

1 
1 
1 
1 
1 
1 
1 
1 

10 

250 lb Low 1 
Drag Boob, 1 
Ex 2, Mod 0 1 

1 
1 
1 
1 
7 

Density of Loading, gm/ml 
Depired       Actual 

1.55 

Mean 

1.55 

Mean = 1.553 

Deviation. 
Lbs     Density 

1.541 -0.C09 
1.522 -0.028 
1.565 •C.015 
1.554 •0.0C4 
1.528 -0.022 
1.528 -0,022 
1.510 -0.C40 
1.564 •C.014 
1.570 +0.02C 
1.535 -0-015 

• 1.542 Dev. Lation from 
Mean • 40.028 
to -C.32 

1.540 -C.C10 
1.581 +C.031 
1.540 -0.O10 
1.54C -0.010 
1.556 +0.006 
1.556 +0.CC6 
1.556 +C.CC6 

Deviation from 
Mean = +0*028 
to -C.013 
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CONFIDENTIAL 
NAVORD REPORT NO. 133? 

NPG REPORT NO. 12?8 

Inert Loading of Munitions 

TABLE VII 

DATA ON 
PORTLAND CEMENT - IRON FILINGS - WATER MIXTURES 
       flrogF-p prwpcu  

SERIES 

gra Iron Filings 
^er Lb Cement 

Eg ft 
.0/1.0 Cement  - Water Ratio; 
Iron Filings as indicated 

Density 
Effi/nl 

Comp.  Str. 
Lbg/ln2 

100 
150 
200 
250 
300 
350 
400 
450 
«J00 
550 
600 
650 

2.07 
2.19 
2.30 
2.40 
2.485 
2.56 
2.64 
2.705 
2.77 
2.825 
2.88 
2.935 

Not Determined 

ii 

ii 

II 

n 
II 

II 

II 

II 

it 

n 
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COHFlDJSWXlAL 
NAVORD REPORT NO.   1337 

N?f:  REPORT 

Inert Loading of Munitions 

TAgLE VIIa 

DATA ON 
PORTLAND CEMENT - IRON FILINGS 
 CLOSED SYSTEM 

- WATER MIXTURES 

gm Iron Filings 
SERIES K 

Per 20 gm Cement Density 
Per 10 ml Water em/ml 

2.01 
6 2.16 
9 2.31 

12 2.44 

It 2.55 
2.65 

21 2.74 
24 2.82 
27 2.89 
30 2,96 

Comp.  Str. 
fcfrs/in2 

Not Determined 
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CONFIDENTIAL 
NAVORD REPORT NO. 1337 

NPG REPORT NO, 12«# 

Inert Loading of Munitions 

TABLE VTTI 

PORTLAND CEMENT - IRON FILINGS - WATER LOADING OF 
MUNITIONS, FIELD RESULTS, CLOSED SYSTEM, 

MIXING RATIOS FROM FIGURE. 4 OR 4a 

Type of No. F^nal Weight . Lbs Deviation 
Munition 

3"/70 A.P. 

Filled 

i 

Desir« 

15 

sd Actual 

15.01 

Lbs 

+0.01 
Projectile, 1 15.00 - 
Type 1, Mod 2 1 K.99 -0.01 

1 14.99 -0.01 
1 15.00 - 
1 15.06 +C.06 
1 15.06 +0.06 
1 15.05 +0.05 
1 15.04 +0.04 
1 15.06 +0.06 
1 15.04 -•0.04 • 15.03 +0.03 

12 Mean = 15.03 Deviation from 
mean = +0.03, 
-0.04 

Deviation 
Final ^ei^ht, Grains Grains 

1                           20mm T282E1 1 1533*15 1524 -9 
|                           Projectile with 1 1520 -13 
l                           T196 Fuze 1 1525 -8 

1 1528 -5 
1 2 533 - 

1526 -7 
1 1527 -6 
1 1534 +1 

'1 1522 -11 
1 1528 -5 
1 1533 - 
1 1536 +3 
1 1536 +3 
1 1528 -5 
1 1531 -2 
1 1525 -8 
1 1527 -6 

CONFIDENTIAL 1 ADPENDIX D 



NAVORD REPORT NO.  1337 
CONFIDENTIAL NPG REPORT NO.  1258 

Inert Loading of Munitions 

TABLE VIII  (Continued) 

Type of No. Deviation 
Munition Filled Final Weight, Grains Grains 

2Cmm T282E1 1 1533*15 1543 +10 
Projectile 1 1531 -<- 
with T196 ] 1522 -11 
Faze 1 1527 -o 

1 1536 +3 
1 1530 -3 
1 1519 -14 
1 1544 +11 
1 1535 +2 
1 1536 +3 
1 1526 -7 
1 1537 +4 
1 1546 +13 
1 1527 -6 
1 1529 -4 
1 1541 +8 
1 1526 -7 
1 1530 -3 
1 1521 -12 
1 1536 +3 
1 1537 +4 
1 1536 +3 
1 1533 - 
1 1542 +9 
1 1548 +15 
1 1547 +14 
1 1533 - 
1 1536 +3 
1 1523 -10 
1 1543 +10 
1 

Moan = 

1546 

« 1532 

+13 

48 Deviation from 
mean = +16, -13 
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CONFIDENTIAL 
NAVORD REPORT NO. 

NPG REPORT NO. 
1337 
1258 

Inert Loading of Munitions 

TABLE IX 

PORTLAND CEMENT - 
DATA ON 

GRANULAR LEAD 
CLOSED SYSTEM 

- WaTER MIXTURES 

SERIES L . 
1.67/1*0 Cement  - Water Ratio; 

Granu].?r Le;-d as Indicated 
gm Granular Pb Density, Comp. Str. 
Per Lb Cement em/ml Lbs/in2 

500 2.90 Not Determine 
1000 3.73 
1500 4.28 
2000 4.80 
2500 5.30 
3000 5.75 
3500 6.16 
4000 6.54 

I 
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CONFIDENTIAL 
NAVORD REPORT NO. 1337 

NPG REPORT NO. 1258 

Inert Loading of Munitions 

THBLE IXa 

DATA ON 
PORTLAND CEMENT - GRANULAR LEAD 
 CL0SEP SYSTEM 

- WhTER MIXTURES 

SERIES L 
gm Granular Lead 
Per 20 gm Cement Density 
Per 10 ml Water em/ml 

20 2.85 
30 3.25 
40 3.60 
50 3.88 
60 4.15 
80 4.60 

100 5.05 
120 5.50 
140 5.90 
160 6.25 
180 6.57 

Comp. Str. 
Lbs/in2 

Not Determined 
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Inert Loading of Munitions 

TABLE X 

DATA ON 
PORTLAND CEMENT - VERMICULITE DRY MIXTURES 

GLOBED SYSTEM 

SERIES M 
gm Vermiculite Density, 
Per lb Cement em/ml 

10 0.975 
20 0.920 
30 0.870 
40 0.823 
50 0.785    ' 
60 0.755 
70 0.725 
80 0.700 
90 0.675 

100 0.652 
110 0.628 
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NPG REPORT NO. 1258 

Inert Loading of Munitions 

TABLE XI 

DATA  ON 
PORTLAND CEMENT  - GRANULATED CORK DRY MIXTURES 

CLOSED  SYSTEM 

SERIES N 
gm Cork Density, 

Per Lb Ceme nt em/ml 

in 1=0^-3 
20 0.944 
30 0,872 
40 0.817 
50 0.770 
60 0.730 
70 0.691 
80 0.657 
90 0.625 

100 0.595 
110 0.565 
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Inert Loading of Munitions 

TAELB XII 

PORTLAND CEMENT  - GRANULATED CORK DRY  LOADING 
OF MUNITIONS, FIELD RESULTS, CLOSED SYSTEM, 

MIXING RATIOS FROM FIGURE 7 

Type of No. Density- of Loading,  gm/ml Deviation 
Munition Filled Desired Actual Density 

Mk 77 Mod 0 1 C.' 70 0.689 -C.C11 
Fire Bomb I 0.688 -C.C12 

1 C.688 -C.012 
1 0.689 -0.011 
1 0.688 -0.012 
1 0.68? -0.012 
1 C.693 -C.C07 
1 0.691 -0.CC9 
1 0.689 -0.C11 

C.693 -0.CC7 
1 C.690 -C.C10 
1 0.690 -0.010 
1 0.691 -0.009 
1 

Mean 

C.689 

= 0.690 

-C.011 

Deviation from 
mean = +C.C03 
to -C.0C2 
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Inert Loading of Munitions 

TABLE XIII 

DATA ON 
PORTLAND CEMENT - PERLITE DRY MIXTURES 

CLOSED SYSTEM 

SERIES 0 
gm Perlite Density, 

Per Lb C ement cm/ml 

10 1.035 
20 0.955 
30 0,890 
40 0.833 
50 0.780 
60 0.733 
70 0.695 
80 0.660 
90 0.630 

100 O.603 
110 0.575 
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Inert Loading of Munitions 

ma m 
PORTLAND CEMENT - PERLITE - DRY MIXTURES, 

FIELD RESULTS, CLOSED SYSTEM, 
^prpiG RATIOS FROM FIGURE 8 

Type of 
Munition 

Mk 77, Mod 0 
Fire Eoab 

Density of 
No.    Loading, ga/al  Final Weight. Lbs  Deviation, 
Filled     Actual     Desired   Actual    Lbs 

0.687 750 750 None 

Note: These bombs were filled to weight with little or no vacant space 
remaining after filling. 
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TABLE XV 

DATA ON 
PORTLAND CEMENT - IRON FILINGS DRY MIXTURES 

CLOSED SYSTEM 

SERIES P 
gm Iron Filings 
Per Lb Cement 

200 
400 
600 
800 

1000 
1200 
1400 

• Density, 
em/ml 

1.46 
1.75 
1.97 
2.16 
2.35 
2.52 
2.69 
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NAVOPD REPORT NO. .1337 
NPG REPORT NO. 1258 

Inert Loading of Munitions 

TABLE XVa 

DATA ON 
PORTLAND CEMENT   - IRON FILINGS  - DRY MIXTURES 
 CLOSED  SYSTEM  

SERIES P 
gm Iron Filings 
Per 100 em Cement 

Density 
pm/ml 

50 
100 
150 
200 
250 
300 

1.51 
1.82 
2.05 
2.26 
2.46 
2.66 
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TAPES m 

PORTLAND CEMENT - IRON TILINGS - DRY LOADING 
OF MUNITIONS, FIELD RESULTS, CLOSED SYSTEM, 

Density of 
Type of No. Loading, en/ml Final Weight. Grains Deviation, 
Munition Filled 

1 

Desired Desired 

1553*20 

Actual 

1560 

Grains 

20!iaii, EX 8, 1.62 •7 
Mod 1 1 1.62 1553*20 1556 +3 
Projectile, 1 1.62 1553*20 1556 •3 
Body only, 1 1.62 1553*20 1558 •5 
Fuze weight 1 1.62 1553*20 1558 +5 
canetaut 1 1.62 1553*20 1556 +3 

1 1.62 1553*20 1559 •6 
1 1.62 1553*20 1557 +4 
1 1.62 1553^20 1556 +3 
1 1.62 1553*20 1550 -3 
1 1.63 1553*20 1561 +8 
1 1.63 1553*20 1547 • -o 
1 1.63 1553*20 1533 -20 
1 1.63 1553*20 1535 -18 
1 1.63 1553*20 1539 -14 
1 1.63 1553*20 1567 *U 
1 1.63 1546 -7 
1 1.63 1553*20 1561 +8 
1 1.63 1553*20 1545 -8 
1 1.63 1553*20 1560 +7 
1 1.63 1553*20 1556 +3 
1 1.63 1553*20 1556 +3 
1 1.63 1553*20 1555 +2 
1 1.63 1553*20 1554 +1 
1 1.63 1553*20 1555 +2 
1 1.63 1553*20 1556 +3 
1 1.63 1553*20 1556 +3 
1 1.63 1553*20 1551 -2 
1 1.63 1553*20 1557 +4 
1 1.63 1553*20 1557 _±4_ 

30 Mean • 
1554 

Deviation 
from mean 
+13,  -21 
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24&IE XVI (Continued^ 

Density of 
Type of No. leading, em/ml Final Weight. Grains Deviation 
Munition Filled ^ Desired Desired Actual Grains 

20am T282E1 1 2.03 1533*20 1537 +4 
Projectile, 1 2.03 1533*20 1537 +4 
Body only. 1 2.03 1533*20 1536 +3 
Fuse weight 1 2.03 1533*20 1534 +1 
constant 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

20 

2.03 1533*20 1539 +6 
2.03 1533*20 1520 -5 
2.03 1533*20 1530 -3 
2.03 1533*20 1539 +6 
2.03 1533*20 1533 0 
2.03 1533*20 1532 -1 
2.02 1533*20 1541 +8 
2.02 1533*20 1529 
2.02 1533*20 1538 +5 
2.02 1533*20 1537 +4 
2.02 1533*20 1534 +1 
2.02 1533*20 1531 -2 
2.C2 1533*20 1531 -2 
2.02 1533*20 1538 +5 
2.02 1533*20 153C -3 
2.02 1533*20 1531 

Mean = 

-2 

Deviation 
1534 from mean 

= +7,  -4 

20mm iik 12 1 1.63 1700*15 1697 -3 Projectiles, 1 1.63 1700*15 1697 -3 Body only, 1 1.63 1700*15 1698 -2 
Fuze weight 1 1.63 1700*15 1697 -3 constant 1 

1 
1 
1 
1 
1 

1.63 1700*15 1698 -2 
1.63 17Ct*15 17CC 0 
1.63 1700*15 1699 -1 
1.63 1700*15 1697 -3 
1.63 1700*15 1701 +1 
1.63 1700*15 1704 +4 

10 Mean = 
1699 

Deviation 
from mean 
= +5,  -2 
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