61sT CONGRESS : 3p SESSION

DECEMBER 5, 1910-MARCH 4, 1911

HOUSE DOCUMENTS

VOL. 24

WASHINGTON : : GOVERNMENT PRINTING OFFICE :: 1911




J66



61sT CONGRESS DocuMeNT
oSl } HOUSE OF REPRESENTATIVES o

)

" REPORT

OF THE

TESTS OF METALS

AND

OTHER MATERIALS

MADE WITH THE

UNITED STATES TESTING MACHINE AT WATERTOWN
ARSENAL, MASSACHUSETTS, DURING THE
FISCAL YEAR ENDED JUNE 30

1910

WASHINGTON
1911






‘WAR DEPARTMENT,
Washington, December 6, 1910.
Str: I have the honor to transmit herewith a letter from the Chief
of Ordnance, United States Army, dated November 23, 1910, submit-
ting, for transmission to Congress as required by law, the report of
the commanding officer of Watertown Arsenal, of ‘‘Tests of Iron and
Steel and Other Material for Industrial Purposes,” made at that
arsenal during the fiscal year ended June 30, 1910.
Very respectfully,
J. M. DicKINSON,
Secretary of War.

The SPEAKER OF THE HoOUSE OF REPRESENTATIVES.

WAR DEPARTMENT,
OrricE OF THE CHIEF OF ORDNANCE,
Washington, November 23, 1910.

Str: I have the honor to submit, for transmission to Congress, as
required by law, the report of the commanding officer of Watertown
Arsenal of ““Tests of Iron and Steel and other Material for Industrial
Purposes,” made at that arsenal during the fiscal year ended June 30,
1910 (0.0. file 18563).

Very respectfully, Wirriam CROZIER,
Brig. Gen., Chief of Ordnance.

The honorable the SECRETARY OF WAR.
3
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' WATERTOWN ARSENAL,
Watertown, Mass., November 19, 1910.

Str: I have the honor to submit herewith the annual report of
tests of iron, steel, and other materials made at this arsenal during
the fiscal year ended June 30, 1910:

The total number of specimens tested during the year was 3,225,
classified as follows:

Gnigpecimens.. I o ool L ien e e Bl T R TR Wl et i
For Ordnance Department.........

Fo other Government departments
R erts for pavake Partien. - bts . i i i o L LU NS e TR R L BT e s

The receipts and expenditures were as follows:

Amount appropriated for testing machine and testing work........_...._. $15, 000. 00
iRueaived: fronn private parties. L. 5l oie, rs Sl De R LU Bt s is i 2, 4562. 32
Patalireseived Sortrol iu s oo o O S S —eeen 17;452.32
Amount expended for servicesand labor............... ... ... ... 12, 521. 82
Amount expended for light, power, tools, implements, and material for
ROBGL Sy ol it A e N, Dl i B R e R Y L S e 4, 029. 94
Deposited to credit of Treasurer of United States............i......... 900. 56
Bataltexpended’.. < it v i aRaiic e o se i S e ST 17,452. 32

Mr. James E. Howard, who has been engineer of tests at this
arsenal for many years, severed his connection with it in March, 1910,
by resignation. This position was filled by the appointment of Mr.
H. L. Whittemore, who assumed his duties on June 20, 1910.

The tests made for the Ordnance Department consisted principally
of those of the products of the arsenal foundry and smith shop and of
materials purclrl)ased for the purposes.of the department. Tests for
private parties have been made in accordance with the provision of
the law whereby any citizen of the United States may have tests
made at this arsenal upon defraying the cost of the same. The
names of parties who availed themselves of these facilities are
appended to the report. The results of such tests are considered
confidential and are not, therefore, published.

Respectfully,
C. B. WHEELER,
Lieut. Col., Ordnance Department,
United States Army, Commanding.

The CaiEF oF ORDNANCE UNITED STATES ARMY,
Washington, D. C.
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o-INCH FIELD GUN, 1905.

SPECIMENS FROM TUBE, JACKET, LOCK HOOP,
BREECHBLOCK.
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3-INCH FIELD GUN, 1905.

TuBE.
No. 9049.
Marks, B 5119, BT, 3 M.
Diameter, 0.504 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. z tion. elongation.
Lb In. In. In. In
1 000 0. 0. 0. 0.
5 000 . 0002 0. . 00010 00010
10 000 20006 |Lvesssesnses . 00030 00020
20 000 B(30) R TSI (SRR P . 00095 00065
30 000 JOORY 12 nsveminnin . 00095 0.
40 000 . 0025 0. . 00125 .00030 | 10000 to400001b. persq.in.
45 000 L0028 |o.ociiea-c. . 00140 .00015 | Modulusof elasticity = 31 500 000 1b.
per sq. in.
50 000 0031 . 00155 . 00015
55 000 0035 . 00175 . 00020
60 000 0038 00190 . 00015
65 000 0044 . 00220 00030
67 000 0049 . 00245 .00025 | Elastic limit.
68 000 0055 00275 . 00030
69 000 0078 00390 . 00115
70 000 0163 00815 . 00425
105000 -2 i cmas 5ol ansamrmaslog s am n o m st oie s st e A Tensile strength.

Elongation after fracture, 0.41 in. in 2 in.=20.5 per cent.
Elongation of inch sections, .26%, .15.

Diameter at fracture, 0.39 in. Area, 0.1194 sq. in.
Contraction of area, 40.3 per cent.

Position of fracture, at middle of stem.

Appearance of fracture, silky.

12




3-INCH FIELD GUN, 1905. 13

No. 9050.
Marks, B 5128, MT, 3 M.
Diameter, 0.504 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
A;()ﬁlied
loads per Remarks.
sq. in. Elonga- Set. Elonga- | Successive
tion. 4 tion. elongation.
Lb. In. In. In. In.
1 000 0. 0. 0. 0.
5 000 0002 00010 . 00010
10 000 0006 00030 . 00020
20 000 0012 00060 . 00030
30 000 0022 . 00110 . 00050
40 000 0029 . 00145 .00035 | 10000 to400001b. persq.in.
45 000 0033 . 00165 00020 | Modulus of elasticity = 26000 000 1b.
per sq. in.
50 000 0036 00180 . 00015
55 000 0039 00195 . 00015
60 000 0044 00220 . 00025
65 000 0048 . 00240 . 00020
69 000 0052 . 00260 .00020 | Elastic limit.
70 000 0055 00275 00015
71 000 0060 00300 00025
72 000 0068 00340 00040
73 000 0093 00465 00125
411 S P S R B SRR, e P o e I Tensile strength.

Elongation after fracture, 0.41 in. in 2 in.=20.5 per cent.
Elongation of inch sections, .21%, .20%*.

Diameter at fracture, 0.37 in. Area, 0.1075 sq. in.
Contraction of area, 46.2 per cent.

Position of fracture, at middle of stem.

Appearance of fracture,

silky.



14 3-INCH FIELD GUN, 1905.

No. 9051.
Marks, B 5132, MT, 3 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. . tion. elongation.
Lb. In. In. In. In
1 000 0. 0. 0. 0.
5 000 . 0002 0. . 00010 00010

10 000 70 s sl . 00035 00025

20 000 (LB o [T S . 00075 00040

30 000 00220 s et . 00110 . 00035

40 000 . 0028 0. . 00140 .00030 | 10000 to400001b. persq. in.

45 000 G032 leetet i . 00160 .00020 | Modulusof elasticity = 27200 000 1b.

per sq. in.
Elastic limit.

Tensile strength.

Elongation after fracture, 0.40 in. in 2 in.=20 per cent.
Elongation of inch sections, .13, .27*.

Diameter at fracture, 0.37 in. Area, 0.1075 sq. in.
Contraction of area, 46.2 per cent.

Position of fracture, 0.9 in. from the neck.

Appearance of fracture, silky.



3-INCH FIELD GUN, 1905.

15

No. 9052.
Marks, B 5123, BT, 3 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Ap(Flied
loads per Remarks.
sq. in. Elonga- Set, Elonga- | Successive |
tion. : tion. elongation.
Lb. In. In. In. In.
1000 (1)1 0. 0. 0.
5 000 .0002 0. .00010 .00010
10 000 .0004 . 00020 .00010
20 000 .0011 . 00055 . 00035
30 000 .0018 . 00090 . 00035
40 000 . 0025 . 00125 . 00035 10 000 to 40 000 1b.per sq. in.
45 000 0029 00145 .00020 | Modulus of elasticity =28 500 000 1b.
per sq. in.
50 000 .0032 .00160 .00015
55 000 .0035 00175 .00015
60 000 0040 . 00200 . 00025
65 000 .0044 . 00220 . 00020
70 000 .0050 .00250 .00030
73 000 .0062 .00310 .00060 | Elastic limit.
74 000 0080 . 00400 . 00090
75 000 .0109 . 00545 00145
76 000 .0131 . 00655 00110
O L e e e i o o oo N e L N T B Tensile strength.

Elongation after fracture, 0.36 in. in 2 in.=18 per cent.
Elongation of inch sections, .26*, .10.

Diameter at fracture, 0.38 in.

Contraction of area, 43.3 per cent.
Position of fracture, 0.60 . from the neck.
Appearance of fracture, silky.

Area, 0.1134 sq. in.
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Marks, B 5131, MT, 3 M.

3-INCH FIELD GUN, 1905.

Diameter, 0.504 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

No. 9053.

Applied
loads per
sq. in.

In gaged length.

Per inch.

Elonga-
tion.

Set.

Elonga- | Successive
tion. elongation.

Remarks.

10 000 to 40 000 1b. per s3. in.
Modulus of elasticity = 27 200 000 1b.
persq in.

Elastic limit

Tensile strength.

Elongation after fracture, 0.39 in. in 2 in.=19.5 per cent.
Elongation of inch sections, .24*, .15.

Diameter at fracture, 0.38 in.

Contraction of area, 43.3 per cent.

Position of fracture, 1 in. from the neck.

Appearance of fracture, silky.

Area, 0.1134 sq. in.




3-INCH FIELD GUN, 1905, 17

JACKET.
No. 9054.
Marks, B 3241, BT, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Ap(f)lied
loads per Remarks.
sq. in. Elonga- Set. Elonga- | Successive
tion. A tion. elongation.
Lb. In. In. In. In.
1 000 0. 0. 0. 0.
5 000 .0003 0. . 00015 .00015
10 000 . 0006 . 00030 . 00015
20 000 . 0014 . 00070 . 00040
30 000 .0022 .00110 . 00040
40 000 . 0030 00150 .00040 | 10 000 to 40 000]b.persq.i_n.
45 000 . 0032 00160 00010 | Modulus of elasticity =25 000 000 1b.
per sq. in.
50,000 . 0037 . 00185 . 00025 ‘s
55 000 . 0041 . 00205 . 00020
56 000 .0043 .00215 .00010 | Elastic limit.
57 000 .0115 . 00575 . 00360 .
58 000 . 0200 . 01000 . 00425
59 000 . 0227 01135 00135
(AT M ST N SR W] A R R R Sy B Tensile strength.

Elongation after fracture, 0.46 in. in 2 in.=23 per cent.
Elongation of inch sections, .12, .34*.
Diameter at fracture, 0.36 in.
Contraction of area, 49.1 per cent.
Position of fracture, 0.90 m. from the neck.
Appearance of fracture, silky.

68604°—H. Doc. 1089, 61-3——2

Area, 0.1018 sq. in.
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3-INCH FIELD GUN, 1905.

No. 9055.
Marks, B 3262, BT, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Ap&)lied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. . tion. elongation.
Lb. In. In. In. In.
1 000 0. 0. 0. 0.
5 000 . 0002 0. 00010 .00010
10 000 . 0004 00020 .00010
20 000 .0010 00050 . 00030
30 000 .0015 00075 . 00025
40 000 L0021 00105 -00030 | 10 000 to 40 0001b. per sq. in.
45 000 0025 00125 00020 | Modulus of elasticity = 35 300 000 1b.
per sq. in.
50 000 . 0028 00140 00015
55 000 0030 00150 . 00010
60 000 - . 0035 00175 . 00025
64 000 . 0040 00200 .00025 | Elastic limit. \
65 000 . 0045 00225 00025
66 000 0103 00515 00290
67 000 0132 00660 00145
020000, It odsgmeblls gt 20 SURENIRRRS o . . PIENh f T e 2 Tensile strength.

Elongation after fracture, 0.25 in. in 2 in.=12.5 per cent.
Elongation of inch sections, .16*, .09.

Diameter at fracture, 0.43 in.

Contraction of area, 27.4 per cent.
Position of fracture, 0.90 . from the neck.
Appearance of fracture, silky, serrated section.

Area, 0.1452 sq. in.




3-INCH FIELD GUN, 1905,

19

No. 9056.
Marks, B 3239, MT, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied -
loads per Remarks.
sq. in. Elonga- Set. Elonga- | Successive
tion. . tion. elongation.
Lb. In. In. In In.
1 000 0. 0. 0 0.
5 000 0002 0. 00010 .00010
10 000 .0004 00020 .00010
20 000 L0011 00055 . 00035
30 000 .0019 00095 . 00040
40 000 . 0026 00130 -00085 | 10000 to 40 0001b. per sq. in.
45 000 0028 00140 .00010 | Modulus of elasticity = 27 200 000 1b.
per sq. in.
50 000 .0031 .00155 . 00015
55 000 . 0035 .00175 . 00020
60 000 . 0040 . 00200 00025
62 000 0043 00215 00015 | Elastic limit.
63 000 . 0062 . 00310
64 000 .0093 . 00465 00155
65 000 0132 00660 00195
o, L s oSN T SR s il G RSO e SN O Tensile strength.

Elongation after fracture, 0.33 in. in 2 in.=16.5-per cent.
Elongation of inch sections, .21*, .12.

Diameter at fracture, 0.42 in.

Contraction of area, 30.7 per cent.
Position of fracture, 1.08 m. from the neck.
Appearance of fracture, silky, striated.

Area, 0.1385 sq. in.



20 3-INCH FIELD GUN, 1905.
No. 9057.
Marks, B 3227, BT, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. i tion. elongation.
Lb. In.
1 000 0.
5 000 . 00015
10 000 . 00010
20 000 . 00040
{00, DTN IR T8, 77 | SR SRl )l i SR O e
40 000 .00105 | 10000 to 40 000 1b. per sq. in.
45 000 .00020 | Modulus of elasticity=20 700 000 Ib.
per sq. in.
50 000
55 000
56 000 Elastic limit.
57 000
58 000
103 000 Tensile strength.

Elongation after fracture, 0.40 in. in 2 in.=20 per cent.
Elongation of inch sections, .14, .26*.
Diameter at fracture, 0.36 in.
Contraction of area, 49.1 per cent.
Position of fraction, 1.07 in. from the neck.
Appearance of fracture, silky.

Area, 0.1018 sq. in.




3-INCH FIELD GUN, 1905.

No. 9058.
Marks, B 3260, BT, 2 M.
Diameter, 0.504 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied
loads per - Remarks.
8Q-10.  |glongation.|  Set.  |Elongation. Ell:)?gegiilgg.
Lb. In. In.
1 000 0. 0.
5 000 . 0002 . 00010
10 000 . 0005 . 00015
20 000 . 0011 . 00030
30 000 . 0019 . 00040
40 000 . 0026 .00035 | 10 000 to 40 000 1b. persq.in.
45 000 . 0028 .00010 | Modulus of elasticity=28 500 000 Ibs.
per sq. 1n.
50 000 . 0032 00020
55 000 . 0035 00015
60 000 . 0040 . 00025
62 000 . 0043 .00015 | Elastic limit.
63 000 L0175 . 00660
64 000 . 0216 . 00205
65 000 . 0241 00125
L sl R RN (o s DR [ 0 6 R ST PR P Tensile strength.

Elongation after fracture, 0.43 in. in 2 in.=21.5 per cent.
Elongation of inch sections, .26%, .17.

Diameter at fracture, 0.37 in. Area 0.1075 sq. in.
Contraction of area, 46.2 per cent.

Position of fracture at middle of stem.

Appearance of fracture, silky.




22 3-INCH FIELD GUN, 1905,

Lock Hoop.

No. 9059.
Marks B 5364, MT, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Applied .
loads per o . Remarks.
54-1M. \@longation.|  Set.  |Elongation. el‘éﬁgﬁgg_
Lb. In In.
1 000 . 0.
5 000 00010 . 00010
10 000 00020 . 00010
20 000 00045 . 00025
30 000 00080 . 00035
40 000 00110 .00030 | 10 000 to 40 000 Ib. persq. in.
50 000 00150 .00040 | Modulus of elasticity = 33 300 000 1b.
iper sql in
58 000 Elastic limit, approximate.
60 000
61 000
62 000
63 000
99 500 Tensile strength.

Elongation after fracture, 0.36 in. in 2 in.=18 per cent.
Elongation of inch sections, .19%, .17%,

Diameter at fracture, 0.39 in.

Contraction of area, 40.3 per cent.
Position of fracture at middle of stem.
Appearance of fracture, silky.

Area, 0.1194 sq. in.




3-INCH FIELD GUN, 1905, 23

Marks, B 3460, T, 2 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.

Gaged length, 2 in.

BREECHBLOCK.

No. 9060.

In gaged length. Per inch.
Applied
loads per ) X Remarks.
5Q-10. |g@iongation.|  Set.  |Elongation. Eﬁ(ifge:f}gﬁ.
Lb. In. In. In In.
1 000 0. 0. 0. 0.
5 000 . 0002 0. . 00010 . 00010
10 000 SO008: Jo tuian o aeneias 00020 . 00010 *
20 000 SO S LN ol s anz 00050 . 00030
30 000 SOOLB S L . 00030
40 000 . 0023 0. 00115 .00035 | 10 000 to 40 000 Ib. per sq. in.
45 000 L0026 Uit Lty 00130 00015 | Modulus of elasticity = 28 500 000 1b.
per sq. in.
50 000 <0020 et oka 00145 . 00015 i
55 000 e, 1 i SO 00165 . 00020
60 000 0080 " Hoest.. Jasg UL 1 . 00180 .00015
65 000 SO0AG el So T 00200 00020
70 000 N0 :C O CEE T . 00220 00020
75 000 OB L e 00240 00020
80 000 o0 R R 00260 . 00020
85 000 SO0BB " 1< irmim st i 00280 . 00020
90 000 R0 Tl e 00310 . 00030
94 000 A1 og e SN O e 00370 .00060 | Elastic limit.
95 000 OB e bl 00395 . 00025
96 000 T | RS 00430 . 00035
97 000 LBOBY -l 00445 . 00015
98 000 Al R SRR 00475 . 00030
99 000 cl e AR R 00540 . 00065
100 000 QLIS F o it 00595 . 00055
101 000 (11 I R RS 00660 . 00065
102 000 )2 HE (RERREERIRN . 00720 . 00060
103 000 Qs s o . 00795 . 00075 )
104 000 (1 o N RS BB 00865 00070
1R ) M PSS ISTRNEONE, TR (S S N U S Tensile strength.

Elongation after fracture, 0.27 in. in 2 in.=13.5 per cent.
Elongation of inch sections, .08, .19%.

Diameter at fracture, 0.40 in.

Contraction of area, 37.1 per cent.
Position of fracture, 0.90 in. from the neck.
Appearance of fracture, silky.

Area, 0.1257 sq. in.
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4.T-INCH SIEGE RIFLE, 1906.

SPECIMENS FROM TUBE, JACKET, AND GUN BODY.

25



4.7-INCH SIEGE RIFLE, 1906.

TuBE.
No. 9046.
Marks, B 5189, BT, 3 M.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length. Per inch.
Alg)lied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. . tion. elongation.
Lb In. In. In. In
1 000 0. 0. 0. 0.
5 000 . 0002 0. 00010 00010
10 000 0005 00025 00015
20 000 0012 00060 00035
30 000 0019 . 00095 - 0003
40 000 0027 . 00135 .00040 | 10 000 to 40 000 1b. per sq. in.
45 000 0030 . 00150 .00015 | Modulus of elasticity= 27 200 000 Ib.
per sq. in.
50. 000 0033 00165 . 00015
55 000 0036 00180 . 00015
60 000 0040 00200 . 00020
65 000 0044 00220 . 00020
67 000 0046 . 00230 .00010 | Elastic limit.
68 000 0052 00260 . 00030
69 000 . 0090 00450 . 00190
70 000 . 0127 3 00635 . 00185
HOBR000 - T98 L 2ol o8 o sonn e e M Tensile strength.

Elongation after fracture, 0.40 in. in 2 in.=20 per cent.
Elongation of inch sections, .25%, .15.

Diameter at fracture, 0.36 in. Area, 0.1018 sq. in.
Contraction of area, 49.1 per cent.

Position of fracture, 1.04 in. from the neck.

Appearance of fracture, silky.

26




41-INCH SIEGE RIFLE, 1906. 27

JACKET.
g No. 9047.
Marks, B 3231, MT, 3 M.
Diameter, 0.563 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.
In gaged length. Per inch.
Applied
loads per Set. Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. : tion. elongation.
Lbd. In. In. In. In. In,
1 000 0. 0. 0. 0. 0
5 000 .0002 0. . 00007 00007
10 000 . 0006 0. . 00020 00013
20 000 0016 T & b Jaer s . 00053 00033
30 000 0027 0. . 00090 00037
40 000 0037 0. 00123 00033 10000 to 40 000 1b. per sq. in.
45 000 0042 0. 00140 00017 Modulus of elasticity=
29 100 000 1b. per sq. in.
50 000 0048 . 00160 .00020
55 000 0053 .00177 .00017
56 000 0055 .00183 . 00006
57 000 0057 .00190 . 00007
58 000 0058 .00193 00003
59 000 0060 . 00200 . 00007
60 000 0062 . 00207 .00007 |. .
61 000 [y i AR, . 00253 00046 |- .| Elastic limit.
62 000 T PR T . 00497 00244 |.
63 000 GIBR 1oc.sooi-dess . 00627 00130
64 000 (1775 i (AR . 00783 00156
65 000 (1) 0 WERe e . 00893 00110
66 000 B0y 22Tt R 2 R .01003 00110 |. 3
LT e R R e Sy A I C IR | Sl T el L Tensile strength.

Elongation after fracture, 0.47 in. in 3 in.=15.7 per cent.

Elongation of inch sections, .12, .25%, .10.

Diameter at fracture, 0.47 in. Area, 0.1735 sq. in.

Contraction of area, 30.6 per cent.

Position of fracture, 1.40 in. from the neck.

Appearance of fracture fine granular 40 per cent, lamellar 60 per
cent.



28 4.7-INCH SIEGE RIFLE, 1906.

Gux Boby.
o
No. 9048.
Marks, B 3211, MT, 3 1.
Diameter, 0.564 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.
In gaged length. Per inch.
Ap({)lied
loads per Set. Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. g tion. elongation.
Lb. In In. In. In. In
1 000 0. 0. 0. N B e
5 000 0003 0. . 00010 .00010 |........
10 000 0009 0. . 00030 200020 [........
20 000 (11117 1 PSRy, . 00063 Q0033
30 000 . 0031 0. . 00103 <00040° fooe oo s
40 000 . 0042 0. . 00140 SOOUBT N e 10 000 to 40 000 1b. per sq. in.
45 000 0047 0. . 00157 500,111 b S Modulus of elasticity=
27 200 000 Ib. per sq. in.
50 000 OB REh e B . 00173 00016 [........
55 000 0057 | iaiatos . 00190 00017 8o 20
60 000 (11,0 I R . 00210 (10,0718 RRGR
61 000 0065+ o f e . 00217 00007 | |- cocmns
62 000 (1 E e R e . 00227 00010 f........
63 000 17 N PSR . 00237 .00010 f........
64 000 B 1 PO - 00263 .00026 |........ Elastic limit.
65 000 o SR . 00340 .00077 |.o......
66 000 (LT1: S . 00447 00307 [l
67 000 (Lo o e sies . 00557 O0RE0 |=afocuc.
68 000 (1 B R e R . 00713 Q0168 W T
69 000 0285 |5 cozezm-men . 00850 00187 e oeime 2
70 000 El 2t I e . 00987 00137 |........
(37 1y N DRl WL M B e [ S, e Rt SRR IR (SR S Tensile strength.

Elongation after fracture, 0.49 in. in 3 in.=16.3 per cent.
Elongation of inch sections, .16, .25%, .08.

Diameter at fracture, 0.42 in. Area, 0.1385 sq. in.
Contraction of area, 44.6 per cent.

Position of fracture, 1.35 in. from the neck.

Appearance of fracture, silky.




6-INCH GUN, 1908.

SPECIMENS FROM JACKET CASTING.
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6-INCH GUN, 1908.

JACKET CASTING FOR WATERVLIET ARSENAL.

No. 9212.
Marks, T. C. B. 1.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
Applied loads. In gaged length.
Remarks.
Total. Per sq. in. | Elongation. Set.

sggs”

Elastic limit.

—— CO B =
BEAESREREE8Snn

38555555522

Tensile strength.

Elongation after fracture, 0.28 in. in 2 in.=14 per cent.

Elongation of inch sections, .19%, .09.

Diameter at fracture, 0.44 in. Area, 0.1521 sq. in.

Contraction of area, 24 per cent.

Position of fracture, 0.55 in. from the neck.

Appearance of fracture silky, with lamellar and fine granular streak
across the center.
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6-INCH GUN, 1908.

No. 9213.

Marks, T. C. B 2.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

31

Applied loads. In gaged length.

| Remarks.
Total. Per sq. in. | Elongation. Set.

Elastic limit.

_| Tensile strength.

Elongation after fracture, 0.32 in. in 2 in.=16 per cent.

Elongation of inch sections, .10, .22%*,

Diameter at fracture, 0.42 in. Area, 0.1385 sq. in.

Contraction of area, 30.7 per cent.

Position of fracture, 0.65 . from the neck.

Appearance of fracture silky, with streak of granular near
cumference.

cir-



32 6-INCH GUN, 1908.

No. 9214.

Marks, T. C. M 1.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

Applied loads. In gaged length.

Remarks.
Total. Per sq. in. | Elongation. Set.

=3

Elastic limit.

S AEERREEBES oty

8888888 g gg888888888

NERTT2ES

g

Tensile strength.

Elongation after fracture, 0.26 in. in 2 in.=13 per cent.

Elongation of inch sections, .11, .15%.

Diameter at fracture, 0.45 in. Area, 0.1590 sq. in.

Contraction of area, 20.5 per cent.

Position of fracture, 0.30 in. from the neck.

Appearance of fracture silky, with streak of fine granular near
center.



6-INCH GUN, 1908.

No. 9215.

Marks, T. C. M. 2
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

33

Applied loads.

In gaged length.

Total. Per sq. in.

Elongation.. Set.

Remarks.

~
&

sssssss § sssssssssssss

=t

S5RHBRE8S

B
@

=T v O On Y O
=3
3

‘| Elastic limit

-_| Tensile strength.

Elongation after fracture, 0.31 in. in 2 in.=15.5 per cent.

Elongation of inch sections, .13, .18%.
Diameter at fracture, 0.46 in. Area, 0.1662 sq. in.
Contraction of area, 16.9 per cent.

Position of fracture, 0.90 mn. from the neck.
Appearance of fracture silky, with fine granular streak near cir-

cumference.

68604°—H. Doc. 1089, 61-3——3
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6-INCH SIEGE HOWITZER, 1908.

Gun Boby.
No. 9045.
Marks, B 3254, BT, 3 M.
Diameter, 0.564 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.
In gaged length. Per inch.
lA];:iplied
oads per . s Remarks.
sq. in. Elonga- \ Set Elonga- s%:gg?;;_\ 8
tion. tion. Gion:
Lb. In. In. In. In
1 000 0. 0. 0. 0.
5 000 . 0003 0. 00010 . 00010
10 000 . 0008 0. 00027 . 00017
20 000 OIS s 00060 . 00033
30 000 . 0028 0. 00093 . 00033
40 000 0038 0. 00127 00034 | 10 000 to 40 000 1b." per_sq.
in.
45 000 . 0043 0. 00143 .00016 | Modulus of elasticity =
30 000 000. 1b. per sq. in.
50 000 . 0048 00160 . 00017
55 000 . 0053 00177 . 00017
60 000 . 0058 00193 . 00016
65 000 . 0064 00213 . 00020
70 000 .0071 00237 . 00024
71 000 . 0073 00243 . 00006
72 000 . 0076 00253 .00010 | Elastic limit.
73 000 0107 00357 . 00104
74 000 0138 00460 .00103
75 000 .0176 00587 . 00127
76 000 . 0222 00740 . 00153
77 000 . 0256 06853 .00113
T0G8007 ot - o o e R I s el Tensile strength.

Elongation after fracture, 0.48 in. in 3 in.=16 per cent.
Elongation of inch sections, .09, .29% .10.

Diameter at fracture, 0.44 in.

Contraction of area, 39.2
Position of fracture, 1.60 in. from the neck.
Appearance of fracture, silky.

36

er cent.

Area, 0.1521 sq. in.




6-INCH GUN No. 235.
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TENSILE TESTS OF SPECIMENS FROM 6-INCH GUN NO. 235.

Sec- | Elastic | Tensile | Elon- | Con-
Marks. IZit&g_n- tional |limit per | strength | gation |traction| gloﬁlgati‘.m of | Ap alt';ance of
. area. sq. in. |[persq.in.|in 2 in. | of area. gnScaLons. FacLute.
In. |Sq.in Lb. Lb. Perict. | Per ¢t In. In.
L. O. | 0.505 53 500 89 500 27.5 54.6 31%, .24 Silk%
1UA A .5056 20 52 500 89 500 27.0 54.6 .19, .35% 0.
L. M. 505 20 50 000 89 500 26.5 49.1 ol ke Do.
M0, 505 20 50 500 88 000 24.5 46.2 <32, .17 Do.
AL 1 505 20 49 500 86 500 22.5 46.2 .13, .32% Do.
1R. 505 20 49 500 90 500 22.0 34.0 . 22%, Serrated.
LRE 505 20 49 500 90 000 21.0 32.6 2L, Do.
1R, 505 20 49 000 90 500 22.0 30.7 - 22%, Do.

38

1 The stem in these specimens was only 1 in. long, instead of 2 in. as in the others.




6-INCH HOWITZER CARRIAGE, MODEL 1908.

TESTS OF CRADLE HEADS.
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TESTS OF CRADLE HEADS.

Cradle heads, Types 1, 2, 3, and 4, were tested with stresses up to
17 000 Ib. with circumferences unsupported and supported, except in
the case of Head no. 1, which was tested in an unsupported condi-
tion only.

Loads were applied with increments of 1 000 Ib. each and deflec-
tions measured in a longitudinal direction at 12 places on each head
and measuring diameters at three places on two diameters taken at
right angles to each other.

The maximum load applied, 17 000 lb., was within the elastic
limit of each head.

The accompanying tables show the deflections in lengths and
diameters as the loads were successively applied.

Tests oF CrRADLE HEADS FOR 6-INcH HOWITZER CARRIAGE,
MopEeL 1908.

CRADLE HEAD NO. 1.

CIRCUMFERENCE UNSUPPORTED WITH RING.

Deflections, in length, at points.
Applied
loads
7Y, B, C. Al B.1 Cca A2 B.2 C.2 A3 B.3 (OX
Lb. In, In, In, In. In, In. In. In In, In In In.
1 000 |o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 000 | .0003 | .0003 |-.0004 | .0004 | .0003 | .0002 | .0004 | .0003 | .0002 | .0003 | .0003 . 0001
3 000 | .0007 | .0007 | .0008 | .0008 | .0006 | .0005 | .0007 | .0005 | .0003 | .0006 | .0C005 . 0003
4 000 | .0010 | .0011 | .0011 | .0012 | .0010 | .0007 | .0010 | .0008 | .0004 | .0009 | .0008 . 0005
5000 | .0014 | .0014 | .0014 | .0015 | .0013 | .0009 | .0013 | .0011 | .0006 | .0012 | .0010 . 0007
6 000 | .0017 | .0018 | .0018 | .0019 | .0016 | .0011 | .0015 | .0013 | .0007 | .0015 | .0012 . 0009
7000 | .0021 | .0021 | .0021 | .0023 | .0018 | .0013 | .0018 | .0015 | .0008 | .0017 | .0015 .0011
8 000 | .0024 | .0025 | .0023 | .0026 | .0021 | .0015 | .0020 | .0017 | .0010 | .0020 | .0018 .0013
9 000 | .0027 | .0028 | .0026 | .0029 | .0024 | .0017 | .0023 | .0019 | .0012 | .0023 | .0021 . 0015
10 000 | .0030 | .0031 | .0029 | .0032 | .0026 | .0018 | .0026 | .0022 | .0013 | .0026 | .0023 . 0016
11 000 | .0033 | .0034 | .0031 | .0034 | .0028 | .0020 | .0028 | .0024 | .0015 | .0029 | .0025 .0018
12 000 | .0036 | .0037 | .0034 | .0037 | .0031 | .0021 | .0031 | .0026 | .0016 | .0031 | .0027 . 0020
13 000 | .0038 | .0040 | .0036 | .0040 | .0033 | .0022 | .0033 | .0028 | .0017 | .0034 | .0030 . 0021
14 000 | .0042 | .0043 | .0039 | .0043 | .0036 | .0024 | .0036 | .0030 | .0018 | .0037 | .0033 . 0023
15 000 | .0045 | .0046 | .0041 | .0046 | .0038 | .0025 | .0038 | .0032 | .0019 | .0040 | .0035 . 0025
16 000 | .0048 | .0049 | .0043 | .0048 | .0040 | .0026 | .0040 | .0034 | .0020 | .0041 | .0037 . 0027
17 000 | . 0050 | .0052 | .0045 | .0050 | .0042 | .0028 | .0042 | .0036 | .0022 | .0044 | . 0040 . 0029
1 000 |0. 0001 | .0001 | .0002 | .0001 | .0001 |O. 0. 0. 0. 0. . 0002
1 000 |0, 0. 0. 0. 0. 0. 0. ) 0. 0.
17 000 | .0052 | .0052 | .0044 | .0049 | .0041 | .0028 | .0040 [0.0034 | .0022 | .0045 | .0041 0030
1 000 0. 0. .0001 0. 0. 0. 0. 0. 0

3
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6-INCH HOWITZER CARRIAGE, MODEL 1908.

CRADLE HEAD NO. 1—continued.

CIRCUMFERENCE UNSUPPORTED WITH RING.

Deflections, in diameter, at points.
Applied
loads.
B E. e D1 E1 Fa1
Lb. In. In In. In In In.
1 000 0. 0. 0. 0. 0.
2 000 0. 0001 .0001 .0001 0. 0.
3 000 0. 0002 .0002 .0002 .0001
4 000 .0001 0003 .0002 .0003 0001 .0002
5 000 . 0002 0004 .0002 .0004 0002 .0002
6 000 . 0003 0005 . 0003 . 0005 0004 0003
7 000 . 0004 0006 .0004 . 0006 0005 .0004
8 000 0005 0007 . 0004 .0007 0005 .0004
9 000 .0005 0008 . 0004 . 0008 0007 .0004
10 000 0006 0009 0005 .0009 0008 .0005
11 000 . 0007 0010 . 0005 .0010 0010 . 0006
12 000 .0008 .0011 . 0006 .0011 .0011 . 0006
13 000 . 0009 .0012 . 0006 L0012 0012 . 0006
14 000 L0010 .0013 . 0007 L0013 0013 .0007
15 000 .0011 .0014 . 0008 .0014 .0014 . 0007
16 000 L0012 .0015 .0008 .0015 0015 . 0007
17 000 .0013 . 0016 . 0009 . 0016 .0016 . 0007
1 000 0. 0. 0. 0. 0.
1 000 0. 0. 0. 0. 0.
17 000 .0014 .0016 0009 . 0016 0016 0007
1 000 0. A 0. 0.

CRADLE HEAD SUPPORTED AT THE OUTER EDGE.

Deflections at points.
3 Remarks.
Length A. | Disfmeter
Lb. In. In.

1 000 0.

5 000 0017 . 0003
10 000 0035 . 0008
15 000 . 0052 .0011
17 000 . 0056 . 0013

1 000 0. 3
20 000 . 0065 . 0015

1 000 . 0002 0.

25 000 . 0080 . 0020
30 000 . 0093 . 0025

1 000 . 0002 0.

35 000 L0107 . 0029
40 000 0122 . 0033

1 000 0.

45 000 . 0135 . 0038
50 000 . 0147 . 0045

1 000 o 0.

55 000 0158 . 0048
60 000 L0172 . 0053

1 000 . 0006 . 0001
60 000 . 0169 . 0053
65 000 .0183 . 0057
70 000 . 0192 . 0062

1 000 . 0007 0.

70 000 . 0194 . 0062
75 000 0206 . 0067
80 000 0215 . 0071
1 000 0.
80 000 0018 . 0072
85 000 0222 . 0076
90 000 . 0237 . 0081
1 000 0.
90 000 0242 . 0081
95 000 0253 . 0085
100 000 0264 . 0090
1 000 . 0089 0. Rested under initial load over night.
1 000 0012 . 0005
100 000 . 0264 . 0093




6-INCH HOWITZER CARRIAGE, MODEL 1908.

ORADLE HEAD NO. l—continued.

CRADLE HEAD SUPPORTED AT THE OUTER EDGE—Continued.

Deflections at points
Applied
loads. Diameter b
Length A. D
Lb. In. In.
105 000 . 0278 . 0097
110 000 .0291 . 0102
1 000 -0012 . 0001
110 000 . 0291 . 0100
112 000 . 0295 0103
114 000 .0299 0103
116 000 . 0302 0105
118 000 . 0310 0107
120 000 . 0314 . 0108
1 000 . 0312 0.
120 000 . 0313 .0108
122 000 L0317 0110
124 000 . 0323 0112
126 000 . 0327 0113
128 000 0331 0115
130 000 . 0336 L0118
1 000 L0012 . 0001
130 000 .0337 L0117
132 000 .0338 .0119
134 000 . 0346 .0122
136 000 . 0351 .0125
138 000 . 0354 . 0126
140 000 .0358 . 0128
1 000 .0012
140 000 . 0358 L0128
142 000 . 0360 L0130
144 000 . 0372 .0132
146 000 . 0375 L0134
148 000 .0379 0135
150 000 .0382 . 0139
1 000 . 0015 5
150 000 . 0383 .0138
152 000 . 0388 0140
154 000 . 0394 L0142
156 000 . 0398 0144
158 000 . 0402 . 0146
160 000 . 0408 .0149
1 000 .0018 . 0002
160 000 . 0409 .0149
162 000 . 0416 . 0150
164 000 . 0419 L0152
166 000 0424 . 0155
168 000 .0428 0157
170 000 . 0434 0159
1 000 . 0019 0003
170 000 . 0434 0159
172 000 . 0439 0161
174 000 L0445 0163
176 000 . 0450 . 0165
178 000 . 0455 0168
180 000 . 0461 L0170
1 000 . 0024 .0003 | Rested under initial load % hour.
1 000 . 0024 0019
180 000 . 0462 0178
182 000 . 0467 0180
184 000 . 0473 .0181
186 000 . 0479 .0183
188 000 . 0484 . 0185
190 000 . 0489 . 0186
1 000 . 0027 . 0010
190 000 . 0489 .0185
191 000 . 0493 . 0187
192 000 . 0497 0187
193 000 . 0498 . 0188
194 000 . 0500 . 0188
195 000 . 0505 . 0190
. 0507 .0190
197 000 . 0508 .0192
198 000 . 0512 .0193
199 000 . 0515 L0194
200 000 L0517 L0195
1 000 . 0032 . 0011




6-INCH HOWITZER CARRIAGE, MODEL 1908. 43

CRADLE HEAD NO. l—continued.

CRADLE HEAD SUPPORTED AT THE OUTER EDGE—Continued.

Deflections at points.
Applied
loads, Diameter o s
Length A. D
Lb. In. In.
200 000 0520 . 0195
201 000 0524 . 0195
202 000 0527 0197
203 000 0528 . 0198
204 000 0532 . 0199
205 000 0534 .0
206 000 0537 . 0201
207 000 . 0541 . 0203
208 000 . 0543 . 0204
209 000 0545 . 0205
210 000 0547 . 0206
1 000 0042 .0011
210 000 0549 . 0206
211 000 0552 . 0207
212 000 0555 . 0208
213 000 0557 .0210
214 000 0560 .0211
215 000 0562 .0212
216 000 0566 .0213
217 000 0569 . 0215
218 000 0575 .0215
219 000 0582 .0217
220 000 0584 .0218
1 000 0052 .0014
220 000 0582 .0220
221 000 0587 .0221
222 000 0591 .0223
223 000 0594 .0223
224 000 0597 . 02325
225 000 0599 . 0225
226 000 0602 . 0227
227 000 0605 .0228
228 000 0609 . 0230
229 000 0612 . 0230
230 000 0616 . 0232
1 000 0065 . 0015

After loading cradle head to 230 000 lb., with the regular fixtures,
the cradle head was removed from the testing machine and a plug was
fitted to the 21-in. hole in head. A steel pin 3.10 in. diameter was
placed against the center of head and the test resumed. Micrometer
readings on gaged length A were discontinued as this length was
inaccessible.



44 6-INCH HOWITZER CARRIAGE, MODEL 1908,

CRADLE HEAD NO. l—continued.-

CRADLE HEAD SUPPORTED AT THE OTHER EDGE—Continued.

Deflections at points.

Applied

Remarks
loads. B 8
Length A. Dla:gleter

.0148
Micrometer readings on diameter D, while under high loads, were discontinued and sets only
taken after each increment.

Rested under initial load over night.

Ultimate strength.

Cradle head expanded between diameters D and E to 13.42 in.

Changed the shape of cone of the head from a right line to a con-
caved one.

Steel pin at center of head embedded itself in head about 0.02 in.

No well-defined elastic limit. Sets remained without material
change up to 190 000 lb., but no decided sets occurred until loads
reached 200 000 to 210 000 lb.
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No. 2.

APPEARANCE OF CRADLE HEAD AFTER TESTING, SHOWING RADIAL CRACK
DEVELOPED INSIDE OF HEAD.






6-INCH HOWITZER CARRIAGE, MODEL 1908. 45
CRADLE HEAD NO. 2.
CIRCUMFERENCE UNSUPPORTED WITH RING.
Deflections, in length, at points.
Applied
loads.
A, B. C. Al BL CL Az, B2, ca. As, B3, Cs,
Lb. In. In. In. In. In. In. In. In. In. In. In. In.
1 000 |0. 5 0. 0. 5 0. 0. 0. 0. 0. b 0.
2 000 | .0019 | .0016 | .0008 | .0020 | .0015 | .0005 | .0020 | .0019 | .0007 | .0020 | .0016 | .0007
3000 | .0039 | .0030 | .0015 | .0039 | .0031 | .0011 | .0042 | .0038 | .0016 | .0040 | .0031 .0014
4 000 | .0059 | .0048 | .0022 | .0060 | .0047 | .0019 | .0062 | .0053 | .0022 | .0060 | .0046 [ .0020
5 000 | .0080 | .0063 | .0029 | .0078 | .0063 | .0025 | .0083 | .0067 | .0030 | .0080 | .0062 | .0024
6 000 | .0099 | .0079 | .0036 | .0098 | .0077 | .0034 | .0103 | .0080 | .0036 | .0100 | .0078 | .0032
7 000 | .0119 | .0094 | .0042 | .0118 | .0094 | .0039 | .0122 | .0098 | .0042 | .0120 | .0093 | .0040
8 000 | .0140 | .0109 | .0049 | .0138 | . 0110 | .0045 | .0142 | .0114 | .0049 | .0140 | .0108 | .0046
9 000 | .0160 | .0125 | .00 .0L 0126 | .0055 | .0161 | .0130 | .0056 | .0160 | .0124 | .0051
10 000 | .0180 | .0141 | .0062 | .0178 | .0141 | .0060 | .0182 | .0145 | .0062 | .0179 | .0140 | .0057
11 000 | .0200 | .0155 | .0070 | .0198 | .0158 | .0069 | .0201 | .0160 | .0069 | .0199 | .0156 | .0062
12 000 | .0219 | .0171 | .0076 | .0219 | .0174 | .0074 | .0222 | .0175 | .0076 | .0219 | .0171 | .0072
13 000 | .0239 | .0186 | .0084 | .0240 | .0191 | .0081 | .0241 | .0190 | .0083 | .0239 | .0188 | .0078
14 000 | .0258 | .0201 | .0090 | .0260 | .0205 | .0087 | .0260 | .0206 | .0090 | .0256 | .0202 | .0084
15 000 | .0278 | .0217 | .0096 | .0278 | .0218 | .0093 | .0280 | .0220 | .0096 | .0276 | .0217 | .0091
16 000 | .0296 | .0231 | .0102 | .0296 | .0232 | .0100 | .0299 | .0234 | .0103 | .0294 | .0233 | .0099
17 000 | .0313 | .0245 | .0109 | .0313 | .0246 | .0107 | .0317 | .0250 | .0110 | .0312 | .0247 | .0105
1 000 (0 0. .0001 |0. 0. 0. 0. 0. 0. 0. X
CIRCUMFERENCE UNSUPPORTED WITH RING.
Deflections, in diameter, at points.
Applied
loads.
D, E. 15 D1, EL FL
Lb. In. In. In. In. In. In.
1 000 0. 0. 0. 0. 0. 0.
2 000 . 0002 .0001 .0001 0. .0001 0.
3 000 . 0002 .0002 .0002 .0001 .0002 0.
4 000 .0003 .0003 .0002 .0002 .0003 0.
5 000 . 0004 .0004 .0002 .0002 .0004 0.
6 000 . 0005 . 0006 . 0002 .0003 . 0005 0.
7 000 . 0005 .0008 . 0002 .0004 . 0006 0.
8 000 . 0006 .0009 .0002 .0004 .0007 0.
9 000 .0007 .0011 .0002 . 0005 .0008 0.
10 000 .0008 .0013 . 0002 . 0005 .0010 0.
11 000 .0008 .0014 . 0002 . 0006 .0011 0.
12 000 .0009 .0015 .0002 .0007 .0013 0.
13 000 .0009 .0016 . 0002 .0008 .0014 0.
14 000 .0010 .0017 .0002 .0009 .0016 0.
15 000 .0010 .0018 .0002 .0010 .0018 0.
16 000 .0011 .0020 .0002 .0011 .0019 0.
17 000 . 0012 .0022 . 0002 .0012 .0020 0.
1 000 0. 0. 0. 0. 0. 0.
CIRCUMFERENCE SUPPORTED WITH RING.
Deflections, in length, at points.
Applied
loads.
A. B. (04 AL BL crL Az, B2. cz. As, Ba, Cs,
Lb. In. In. In. In. In. In. In. In. In. In. In. In.
1 000 |0. 0. 0. = 0. 8 0. 0. 0. 5 2 3
2 000 | .0020 | .0015 | .0008 | .0019 | .0018 | .0010 | .0020 | .0020 | .0009 | .0018 | .0014 | .0006
3 000 | .0035 | .0031 | .0014 | .0037 | .0032 | .0016 | .0040 | .0036 | .0016 | .0038 | .0028 | .0013
4 000 | .0053 | .0047 | .0019 | .0057 | .0046 | .0024 [ .0060 | .0051 | .0020 | .0058 | .0043 | .0021
5000 | .0072 | .0062 | .0025 | .0077 | .0064 | .0029 | .0080 | .0068 | .0028 | .0078 | .0058 | .0027
6 000 | .0091 | .0078 | .0033 | .0097 | .0080 | .0035 | .0100 | .0083 | .0034 | .0096 | .0075 | .0033
7 000 | .0110 | .0092 | .0040 | .0115 | .0093 | .0042 | .0120 | .0097 | .0040 | .0115 | .0088 | .0041
8000 | .0128 | .0107 | .0046 | .0135 | .0110 | .0049 | .0140 | .0112 | .0046 | .0134 | .0103 | .0048
9 000 | .0146 | .0121 | .0051 | .0153 | .0121 | .0054 | .0160 | .0127 | .0052 | .0154 | .0118 | .0053
10 000 | .0165 | .0135 | .0057 | .0170 | .0136 | .0059 | .0178 | .0140 | .0058 | .0171 | .0132 | .0061
11 000 | .0183 | .0151 | .0063 | .0188 | .0151 | .0065 | .0195 | .0153 | .0064 | .0188 | .0146 | .0067
12 000 | .0202 | .0165 | .0069 | .0206 | .0165 | .0072 | .0212 | .0167 | .0070 | .0206 | .0161 | .0071
13 000 | .0219 | .0179 | .0075 | .0225 | .0179 | .0079 | .0230 | .0182 | .0075 | .0224 | .0175 .0077
14 000 | .0235 | .0195 | .0080 | .0242 | .0193 | .0086 | .0247 | .0193 | .0080 | .0242 | .0187 | .0082
15 000 | .0253 | .0210 | .0085 | .0259 | .0206 | .0091 | .0265 | .0207 | .0085 | .0258 | .0201 | .0086
16 000 | .0269 | .0224 | .0090 | .0277 | .0219 | .0095 | .0281 [ .0219 | .0090 | .0275 | .0213 | .0091
17 000 | .0285 | .0235 | .0095 | .0292 | .0232 | .0100 | .0297 | .0233 | .0095 | .0290 | .0226 | .0097
1 000 (0. .0010 | .0001 0. .0003 | .0003 |0. 0. 0. 0. .0003

68604°—H. Doc. 1089, 61-3——4



46 6-INCH HOWITZER CARRIAGE, MODEL 1908.
Tested by having the edge bear equally upon a flat plate.
Deflections at points.
Applied
loads. i " Remarks.
ameter
Length A. D.
Lb. In. In.
1 000 0. 0.
5 000 . 0083 . 0005
10 000 .0174 . 0009
15 000 L0274 .0015
17 000 . 0308 . 0016
1 000 .0004 0.
18 000 .0032 .0017
19 000 . 0353 .0018
20 000 .0372 .0018
21 000 .0391 .0019
22 000 . 0409 . 0020
23 000 . 0428 .0021
24 000 . 0450 . 0021
25 000 . 0466 . 0022
26 000 . 0487 . 0022
27 000 . 0506 . 0023
28 000 . 0525 . 0024
29 000 . 0542 . 0024
30 000 . 0567 . 0025
1 000 . 0022 —. 0001
30 000 . 0569 . 0024
31 000 . 0589 . 0024
32 000 . 0609 .0025
33 000 . 0634 . 0025
34 000 . 0654 . 0026
35 000 .0677 . 0027
36 000 .0701 . 0027
37 000 .0726 . 0027
38 000 .0749 . 0027
39 000 L0773 . 0028 )
40 000 .0798 . 0029
1 000 . 0062 —. 0001
40 000 . 0803 . 0027
41 000 . 0827 . 0027
42 000 . 0854 . 0027
43 000 . 0881 .0028
44 000 . 0909 . 0028
45 000 . 0937 . 0029
1 000 . 0102 —. 0006
45 000 . 0946 . 0029
46 000 L0971 . 0029
47 000 “.1000 . 0029
48 000 . 1027 .0021 | On diamef®r D caliper changed.
49 000 . 1060 . 0022
50 000 .1092 . 0022
1 000 .0155 —.0011 | Rested under initial load 1% hours.
50 000 .1108 .0013
1 000 .0168 —. 0025
50 000 L0113 . 0009
51 000 L1141 . 0009
52 000 L1172 . 0009
53 000 .1206 . 0009
54 000 L1237 .0012
55 000 { }:Z;gg .0012 | Length A rapid deflection.
1 000 . 0247 —. 0026
55 000 L1312 . 0009
56 000 1347 .0008
57 000 1387 .0008
58 000 . 1429 . 0009
59 000 1479 .0009
60 000 1532 . 0009
1 000 0362 —. 0026
60 000 1557 . 0009
61 000 1598 . 0009
62 000 1662 .0011
63 000 1723 .0011
64 000 1788 .0012
65 000 1878 .0013
1 000 1581 —. 0020
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6-INCH HOWITZER CARRIAGE, MODEL 1908. 47
Deflections at points.
Applied
loads. k Remarks.
Length A. Dlagleter
Lb. In. In.
65 000 L1932 . 0005
66 000 .1992 . 0004
67 000 . 2060 . 0002
68 000 . 2147 .0002
69 000 .2270 0004
70 000 . 2387 . 0004
1 000 . 0930 —.0019 | Micrometer reading discontinued on length A.
Rested under initial load over night.
200000 |- DL ot i, . 0007
D000 b ML asie . 0002
SO0 o oude nigte s —. 0023
Q0 HE . ENee s —. 0065
800007 1. . oot ol —.0113
951000 oo s —. 0176
100 000 1. s summeranits —.0231 | Sharp snapping sound.
10020006 [heta s e abad koot Sul0e BT Ultimate strength.

Cradle head cracked (radially) between A2 and A3, also started a
second crack on inside of head about 80° from first crack between
Al and A2.

Length of first or principal crack on the inside of head 2.12 in.

Center of cradle head permanently depressed 0.40 in.

There was a decided decrease in the final diameter as shown at the
end of test. This was gradually reached after 70 000 1b.

No well defined elastic limit. Took decided set at 40 000 and
showed marked increase after higher loads.

CRADLE HEAD NO. 3.

CIRCUMFERENCE UNSUPPORTED WITH RING.

! Deflections, in length, at points—
Applied
loads.
A. B2 C. Al BL CL A2, B2 C2. As, Bs. Cs,
Lb. In In In In In In. In. In In In In In
1 000 |0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 000 | .0004 | .0003 | .0002 | .0003 | .0003 | .0002 | .0003 | .0001 | .0001 | .0001 | .0002 0001
3000 | .0008 | .0006 | .0003 | .0007 | .0006 | .0004 | .0006 | .0002 | .0002 | .0002 | .0003 0002
4 000 | .0011 | .0009 | .0004 | .0012 | .0009 | .0006 | .0009 | .0005 | .0003 | .0005 | .0005 0003
5 000 | .0015 | .0011 | .0006 | .0016 | .0011 | .0008 | .0012 | .0007 | .0005 | .0008 | .0008 0005
6 000 | .0018 | .0015 | .0007 | .0019 | .0014 | .0009 | .0014 | .0009 | .0006 | .0011 | .0010 0006
7 000 | .0022 | .0018 | .0008 | .0023 | .0016 | .0010 | .0015 | .0011 | .0007 | .0013 | .0013 0007
8 000 | .0025 | .0021 | .0010 | .0026 | .0018 | .0012 | .0017 | .0013 | .0008 | .0016 | .0015 0008
9 000 | .0028 | .0024 | .0012 | .0028 | .0021 | .0013 | .0019 | .0015 | .0009 | .0019 | .0017 0010
10 000 | .0032 | .0028 | .0013 | .0031 | .0025 | .0014 | .0023 | .0017 | .0010 | .0022 | .0019 0011
11 000 | .0035 | .0030 | .0014 | .0035 | .0028 | .0016 | .0027 | .0019 | .0011 | .0025 | . 0023 0012
12 000 | .0038 | .0031 | .0015 | .0038 | .0031 | .0017 | .0030 | .0021 | .0012 | .0029 | . 0026 0013
13 000 | .0041 | .0034 | .0016 | .0041 | .0032 | .0018 | .0033 | .0023 | .0013 | .0032 | .0028 0014
14 000 | .0044 | .0036 | .0017 | .0044 | .0033 | .0019 | .0036 | .0025 | .0014 | .0035 | .0030 0016
15 000 | .0047 | .0039 | .0018 | .0047 | .0036 | .0020 | .0039 | .0027 | .0016 | .0038 | . 0033 0018
16 000 | .0050 | .0041 | .0019 | .0050 | .0040 | .0022 | .0042 | .0029 | .0017 | .0041 | . 0035 0019
17 000 | . 0053 | .0044 | .0020 | .0053 | .0043 | .0022 | .0045 | .0031 0018 | .0044 | .0037 0020
1 000 0. 0003 0. 0. 0. .0001 |0. 0. 0. 0. 0003
1 000 |0. 0. 0. 0. 0. 3
17 000 | .0052 | .0042 | .0021 | .0052 | .0042 | .0021 | .0043 | .0032 | .0019 | . 0046 | . 0035 0020
1 000 |0. 0. 0. 0. 0. : 0. 0.




48 6-INCH HOWITZER CARRIAGE, MODEL 1908,
CRADLE HEAD NO. 3—continued.
CIRCUMFERENCE UNSUPPORTED WITH RING.
Deflections, in diameter, at points—
Applied
loads.
i E. F. D1, EL FL
Lb. In. In. In. In. In. In.
1 000 0. 0. 0. 0. 0. 0.
2 000 . 0001 . 0001 0. 0. 0. 0.
3 000 . 0002 . 0001 0. . 0001 . 0001 0.
4 000 . 0003 . 0002 0. . 0002 . 0001 0.
5 000 . 0004 . 0003 0. . 0003 . 0002 0.
6 000 . 0005 . 0004 0. . 0004 . 0003 0.
7 000 . 0006 . 0005 0. . 0005 . 0003 0.
8 000 . 0007 . 0006 0. . 0006 . 0003 0.
9 000 . 0008 . 0006 0. . 0007 . 0004 0.
10 000 . 0010 . 0007 0. . 0008 . 0005 0.
11 000 . 0011 . 0008 0. . 0009 . 0006 0.
12 000 . 0012 . 0009 0. . 0010 . 0006 0.
13 000 . 0014 . 0010 0. . 0012 . 0007 0.
14 000 . 0015 . 0010 . 0001 . 0013 . 0007 0.
15 000 . 0016 . 0011 . 0001 . 0014 . 0007 0.
16 000 .0017 . 0011 . 0001 . 0015 . 0009 0.
17 000 . 0018 . 0012 . 0002 . 0017 0010 0.
1 000 0. . 0001 0. —. 0001 —. 0001 0.
1 000 0. 0. 0. 0. (1 0.
17 000 . 0018 . 0012 . 0002 . 0020 . 0010 0.
1 000 X 0. 0. . 0001 0. 0.
CIRCUMFERENCE SUPPORTED WITH RING.
Deflections, in length, at points—
Applied
loads.
A, B C. AL BL Cx, A3, B2, Cs. As, Bs. Cs,
Lb. In. In. In. In. In. In. In. In. In. In. In. In.
1 000 {0. B 0. 3 0. A 0. 0. 0. 0. 3 0.
2 000 | .0004 | .0003 | .0001 | .0004 | .0003 | .0003 | .0004 | .0001 |O. .0002 | .0002 | O.
3 000 | .0008 | .0006 | .0003 | .0008 | .0005 | .0005 | .0008 | .0003 | .0001 | .0005 | .0004 [ .0001
4 000 | .0011 | .0009 | .0004 [ .0012 | .0008 | .0006 | .0011 | .0004 | .0001 | .0006 | .0006 | .0002
5000 | .0014 | .0012 | .0005 | .0015 | .0010 | .0006 | .0015 | .0006 | .0002 | .0008 | .0008 | .0003
6 000 | .0017 | .0015 | .0006 | .0017 | .0012 | .0007 | .0017 | .0007 | .0003 | .0010 | .0010 | .0004
7 000 | .0020 | .0018 | .0007 | .0019 | .0014 | .0008 | .0019 | .0008 | .0004 | .0013 | .0012 | .0005
8 000 | .0023 | .0020 | .0008 | .0022 | .0016 | .0008 | .0021 | .0010 | .0005 | .0015 | .0014 | .0006
9 000 | .0026 | .0021 | .0009 | .0025 | .0018 | .0009 | .0023 | .0011 | .0006 | .0018 | .0016 | .0007
10 000 | .0028 | .0022 | .0010 | .0028 | .0020 | .0010 | .0025 | .0013 | .0007 | .0020 | .0018 | .0008
11 000 | .0030 | .0024 | .0011 | .0031 | .0022 | .0011 | .0027 | .0015 | .0008 | .0023 | .0019 | .0009
12 000 | .0032 | .0026 | .0012 | .0033 | .0024 | .0011 | .0029 | .0016 | .0009 | .0025 | .0021 . 0010
13 000 | .0034 | .0028 | .0013 | .0036 | .0026 | .0012 | .0031 | .0018 | .0010 | .0027 | .0023 .0011
14 000 | .0038 | .0030 | .0013 | .0038 | .0028 | .0013 | .0033 | .0019 | .0011 | .0029 | .0024 . 0012
15 000 | .0040 | .0032 | .0014 | .0040 | .0030 | .0014 | .0035 | .0021 | .0011 | .0031 | .0026 | .0012
16 000 | .0042 | .0033 | .0014 | .0041 | .0032 | .0015 | .0037 | .0023 | .0012 | .0033 | .0028 | .0013
17 000 | .0044 | .0035 | .0015 | .0044 | .0034 | .0015 | .0039 | .0025 | .0012 | .0035 | .0030 | .0014
1 000 (0. 0. ; S 3 ; 0. x £ .0001 |0. 0.
1 000 |0. 0. e i ' I 0. A 5 K 5 0.
17 000 | .0043 0. 0033 | .0015 | .0042 | .0034 | .0015 | .0036 | .0025 | .0011 | .0037 | .0028 .0013
1 000 |0. L 3 5 £ [ 0. 5 : L e




6-INCH HOWITZER CARRIAGE, MODEL 1908.

Tested by having the edge bear equally upon a flat plate.

Deflections at points.
Alpp‘liied
oads. i
Length A. Dlagl'eter Remarks.

Ib. In. In

1 000 0. 0.

5 000 .0016 0005
10 000 . 0031 0011
15 000 . 0047 0018
17 000 . 0053 .0020

1 000 .0003 A
20 000 . 0063 0024

1 000 . 0004 0
25 000 .0078 . 0029
30 000 .0093 .0034

1 000 . 0005 0.

35 000 .0109 . 0039
40 000 L0127 0046

1 000 . 0007 - o2

1 000 .0007 .0006 | Rested under initial lo: h
40 000 .0128 0054 P,

45 000 .0148 0059
50 000 .0163 . 0064
1 000 . 0009 0003
55 000 . 0180 0069
60 000 .0197 .0074
1 000 .0013 .0001
60 000 .0198 0074
65 000 L0213 0079
70 000 . 0228 0084
1 000 .0013 - .0001
70 000 . 0028 0085
75 000 . 0244 0091
80 000 . 0260 0097
1 000 .0013 — .0001
80 000 . 0259 0097
81 000 . 0263 0099
82 000 . 0267 0099
83 000 . 0269 0100
84 000 L0272 0101
85 000 L0274 0102
86 000 . 0278 0103
87 000 . 0281 0104
88 000 . 0282 0106
89 000 . 0286 0107
90 000 . 0289 0108
1 000 .0017 — .0003
90 000 . 0287 0108
91 000 . 0291 0109
92 000 . 0294 0110
93 000 . 0297 0111
94 000 .0301 0113
95 000 . 0303 0115
96 000 . 0307 0116
97 000 . 0308 0118
98 000 .0313 0119
99 000 .0317 0119
100 000 .0318 0120
1 000 . 0020 — .0003
100 000 .0319 0120
102 000 . 0325 0123
104 000 .0329 0125
106 000 . 0335 0128
108 000 . 0341 0130
110 000 . 0349 0132
1 000 . 0020 — .0020
110 000 .0349 0131
112 000 . 0354 0134
114 000 . 0361 0136
116 000 . 0363 0138
118 000 .0373 0141
120 000 . 0380 0144
1 000 .0023 — .0004

1 000 . 0022 .0006 | Rested under initial load 3 days.

120 000 . 0382 0148
122 000 . 0388 0151
124 000 . 0395 0153
126 000 . 0403 0155
128 000 . 0409 0157
130 000 . 0415 0160
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6-INCH HOWITZER CARRIAGE, MODEL 1908.

Deflections at points.
Applied
loads. Diameter
Length A. D Remarks.

Lb. In. In.

1 000 . 0028 . 0001
130 000 .0418 . 0160
132 000 . 0422 0161
133 000 . 0425 .0162
134 000 .0428 0164
135 000 . 0432 .0164
136 000 .0434 . 0165
137 000 .0438 0167
138 000 .0441 0168
139 000 L0444 .0169
140 000 . 0450 L0171

1 000 . 0030 . 0001
140 000 . 0449 .0169
142 000 - 0454 0173
144 000 0462 .0176
146 000 0468 JO177
148 000 0475 . 0181
150 000 0482 0182

1 000 .0038
150 000 . 0482 .0181
152 000 . 0490 .0186
154 000 . 0497 .0189
156 000 . 0504 .0193
158 000 .0509 .0194
160 000 . 0519 . 0198

1 000 . 0044 . 0005
160 000 . 0521 . 0197
162 000 . 0526 . 0202
164 000 . 0536 . 0204
166 000 . 0542 . 0208
168 000 0550 . 0210
170 000 . 0557 . 0213

1 000 0057 . 0005
170 000 . 0560 . 0212
172 000 . 0567 . 0217
174 000 . 0577 . 0221
176 000 . 0585 . 0225
177 000 . 0592 . 0228
178 000 . 0695 . 0229
179 000 . 0601 .0231
180 000 . 0606 . 0233

1 000 . 0075 . 0010
180 000 . 0610 . 0231
181 000 . 0616 . 0235
182 000 . 0621 . 0237
183 000 . 0625 . 0239
184 000 . 0629 . 0242
185 000 . 0633 . 0244

. 0640 s
16000 [{ 10040 [} 0246 | Length A yielding.
187 000 . 0651 . 0248
188 000 0655 . 0250
189 000 . 0661 . 0253
190 000 . 0668 . 0256

1 000 . 0100 . 0021

1 000 . 0097 .0029 | Rested under initial load % hour.
190 000 . 0671 . 0255
191 000 . 0678 . 0264
192 000 . 0683 . 0264
193 000 . 0692 . 0268
194 000 . 0698 . 0268
195 000 . 0702 . 0271
196 000 .0710 L0274
197 000 L0718 . 0276
198 000 . 0729 . 0281
199 000 L0741 . 0287
200 000 . 0751 . 0288

1 000 . 0147 . 0039
201 000 . 0765 . 0288
202 000 L0774 . 0298
203 000 . 0785 . 0303
204 000 . 0795 . 0307
205 000 . 0804 . 0310
206 000 . 0815 . 0314
207 000 . 0829 . 0319
208 000 . 0842 . 0325
209 000 . 0858 . 0329
210 000 . 0880 . 0339
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6-INCH HOWITZER CARRIAGE, MODEL 1908.

51

Deflections at points.

188 000
189 200

135 000
1 000
126 000

Applied
loads. Diameter
Length A. D Remarks.
Lb. In In.
1 000 . 0235 . 0069
210 000 0898 . 0338
211 000 0917 . 0346
212 000 0932 . 0353
213 000 0952 . 0359
214 000 0969 . 0366
215 000 0991 . 0377
216 000 1025 . 0390
217 000 1052 . 0399
218 000 1100 . 0416
219 000 1132 . 0427
220 000 { He } .0444 | Ultimate strength with fixture.
1 000 . 0482 .0159 | Micrometer readings discontinued on length A.
Fixture at center of cradle head was removed so as not to damage it for use in the other tests

This fixture or bar had to be driven out of the 2} in. hole in cradle head, showing that the
hole had become smaller.

A pin 3% in. diameter was used at center of head which was not inserted in the 2} in. hole and
test rggoumed

.0158
l Snapping sound.
" Ultimate strength without fixture. Head yielding and load dropped to. (It would
appear that fixture had supported the head.)

Sharp snapping sound.

Head removed from machine and test discontinued.
Cradle head cracked in seven places at edge of hole on inside

head.

Diameter at edge of hole at inside of head, 2.64 in.
Diameter at edge of hole at outside of head, 1.88 in.

No well-defined elastic limit.

of

Sets remained Without material

change up to 140 000 lb., but no decided increase in sets occurred
until loads reached 180 000 to 200 000 lb.

CRADLE HEAD NO. 4.

CIRCUMFERENCE UNSUPPORTED WITH RING.

Deflections, in length, at points.
Applied
loads.
A. B. C. Al BL ct A2 B2, 2 As, B3, Cs,
Lb. In. In. In. In. In. In. In. In In. In. In. In.
1000 |0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0
2 000 | .0002 | .0002 | .0001 | .0003 | .0001 | .C001 | .0001 | .0002 | .0001 | .0002 | .0001 0001
3000 | .0004 | .0004 | .0003 | .0005 | .0002 | .0001 | .0003 | .0003 | .0001 | .0004 | .0002 0002
4000 | .0006 | .0005 | .0004 | .0008 | .0003 | .0001 | .0005 | .0003 | .0002 | .0006 | .0003 0004
5 000 | .0008 | .0006 | .0005 | .0009 | .0004 | .0003 | .0007 | .0004 | .0003 | .0007 | .0004 0005
6 000 | .0010 | .0008 | .0006 | .0012 | .0005 | .0004 | .0008 | .0005 | .0004 | .0009 | .0006 0006
7 000 | .0011 | .0010 | .C006 | .0013 | .0006 | .0005 | .0009 | .0006 | .0004 | .0011 | .0007 0007
8 000 | .0013 | .0011 | .0007 | .0015 | .0008 | .0007 | .0010 | .0007 | .0005 | .0012 | .0009 0008
9 000 | .0015 | .0012 | .0008 | .0016 | .0010 | .0008 | .0011 | .0008 | .0006 | .0014 | .0011 0009
10 000 | .0016 | .0013 | .0009 | .0018 | .0011 | .0009 | .0012 | .0009 | .0006 | .0015 | .0012 | .0010
11 000 | .0018 | .0015 | .0010 | .0019 | .0012 | .0010 | .0013 | .0010 | .0007 | .0017 | .0013 | .0010
12 000 | .0019 | .0016 | .0011 | .0021 | .0013 | .0011 | .0015 | .0011 | .0008 | .0017 | .0014 L0011
13 000 | .0021 | .0017 | .0012 | .0023 | .0015 | .0011 { .0018 | .0012 | .0009 | .0019 | .0015 .0012
14 000 | .0021 | .0018 | .0012 | .0025 | .0017 | .0013 | .0020 | .0013 | .0010 | .0020 | .0017 .0012
15 000 | .0022 | .0019 | .0013 | .0027 | .0019 | .0013 | .0022 | .0015 | .0010 | .0022 | .0018 .0013
16 000 | .0024 | .0021 | .0014 | .0029 | .0019 | .0014 | .0023 | .0017 | .0011 | .0024 | .0019 .0013
17 000 | .0026 | .0021 | .0014 | .0031 | .0020 | .0015 | .0025 | .0018 | .0012 | .0025 | .0020 | .0014
1 000 |0. 0. 0001 | .0002 0. .0001 | .0001 |0 0 0. 0 0.
1 000 |0. 0 0. 0. 0. 0 0.
17 000 | .0026 | .0022 | .0014 | .0031 | .0021 | .0014 | .0022 | .0018 | .0013 | .0024 | .0021 .0013
1 000 (0. 0. 0. 0. 0 0.




6-INCH HOWITZER CARRIAGE, MODEL 1908.

CRADLE HEAD NO. 4—continued.

CIRCUMFERENCE UNSUPPORTED WITH RING.

Deflections, in diameter, at points.
Applied
loads.
D. E. F. D1, EL F1,
Lb. In. In. In. In. In. In.
1 000 0. 0. 0. 0. 0. 0.
2 000 .0002 .0001 0. 0. 0. 0.
3 000 0003 . 0002 0. 0. 0. 0.
4 000 0004 . 0002 0, .0001 0. 0.
5 000 0004 . 0002 0. . 0002 .0001 0.
6 000 0005 .0003 0. .0003 0002 0.
7 000 0006 .0003 0001 .0004 0002 0.
8 000 0007 0003 0001 .0005 0002 0.
9 000 0007 0004 0001 . 0006 0002 0.
10 000 0008 0004 .0001 .0007 0003 0.
11 000 0009 0005 .0001 .0008 0003 0.
12 000 0010 0005 .0001 .0009 0004 0.
13 000 0010 . 0005 .0001 0009 0004 0.
14 000 0011 0006 . 0002 .0010 0005 3
15 000 0012 0006 . 0002 .0011 0005
16 000 0013 0007 .0003 .0012 0006
17 000 0014 0007 . 0003 .0013 0007
1 000 0. 0. 0. 0.
1 000 0. 0. 0.
17 000 0014 0006 .0002 .0014 0007
1 000 0. 0. 0. 0.

CIRCUMFERENCE SUPPORTED WITH RING.

Deflections, in length, at points.

A, B. C. Al B1, ct, A2, B2, (02X As,

N
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6-INCH HOWITZER CARRIAGE, MODEL 1908.

Tested by having the edge bear equally upon a flat plate.

Deflections at poirts.
Applied
Remarks.
loads. Length | Diameter
Ky D.
Lbd. In. In.
1 000 0. 0. Initial load.
5 000 .0009 .0003
10 000 . 0019 . 0007
15 000 . 0029 . 0010
17 000 . 0032 . 0013
1 000 0. 0.
20 000 . 0037 .0014
1 000 —. 0001 —. 0001
25 000 . 0039 . 0018
30 000 . 0050 . 0022
1 000 0. —. 0001
35 000 . 0059 . 0027
40 000 . 0061 . 0029
1 000 0. —.0001
45 000 . 0074 . 0034
50 000 . 0079 . 0038
1 000 0. —. 0001
55 000 . 0082 . 0042
60 000 . 0095 . 0046
1 000 . 0002 —. 0001
65 000 .0103 . 0050
70 000 L0111 . 0054
1 000 . 0002 —. 0003
75 000 . 0116 . 0058
80 000 . 0125 . 0062
1 000 . 0002 —. 0002
85 000 . 0133 . 0067
90 000 . 0140 .0071
1 000 . 0002 —. 0002
95 000 . 0146 .0075
100 000 . 0156 .0078
1 000 . 0004 —. 0002
105 000 . 0166 . 0083
110 000 .0173 . 0087
1 000 . 0005 —. 0001
115 000 . 0180 . 0092
120 000 . 0187 .0097
1 000 . 0006 —. 0001
125 000 . 0195 . 0100
130 000 . 0202 . 0104
1 000 . 0006 —. 0002
135 000 . 0209 .0108
140 000 . 0216 .0113
1 000 . 0006 —. 0003
1 000 . 0006 . 0005
140 000 . 0216 L0117
145 000 . 0224 . 0120
150 000 .0231 .0123
1 000 . 0008 —. 0001
150 000 . 0231 .0121
155 000 . 0239 L0125
160 000 . 0249 .0128
1 000 . 0009 —. 0004
160 000 .0248 . 0125
165 000 . 0255 . 0130
170 000 . 0261 .0133
1 000 .0011 —. 0007
170 000 . 0262 .0131
175 000 . 0269 . 0136
180 000 . 0276 .0140
1 000 . 0009 —_
180 000 .0276 .0141
185 000 0282 .0148
190 000 0289 .0153
1 000 0012 —. 0003
190 000 0290 .0153
195 000 0297 .0158
200 000 0304 .0163
1 000 0012 —. 0001
200 000 0305 .0165
205 000 0310 .0168
210 000 0319 .0173 '
1 000 0013 —. 0003
210 000 0319 .0173
212 000 0321 L0177




54 6-INCH HOWITZER CARRIAGE, MODEL 1908.

Deflections at points.
Applied R
emarks.
loads. Length | Diameter
A. D.
Lb In. In
214 000 .0325 0178
216 000 .0327 0179
218 000 . 0331 0181
220 000 0335 0183
1 000 .0015 0003
220 000 . 0334 0183
222 000 . 0337 0187
224 000 . 0339 0188
226 000 . 0343 0190
228 000 . 0347 0192
230 000 . 0349 0195
1 000 .0019 0005

1 :

After loading cradle head to 230000 Ib. with the regular fixtures the cradle head was removed from
testing machine and a plug was fitted to the 2i-in. hole in head. A pin 3.10 in. diameter was
placed against the center of head and the test resumed.

Micrometer readings on gag&% length A were discontinued, as this length was inaccessible

3 3

1R000 3 . d Pk B8
230 000 L0196
1 000 . 0005
230 000 L0195
1 000 . 0006
250 000 .0213
1 000 . 0006
275 000 L0244
1 000 .0010
300 000 .0283 | Elastic limit above 300 000 about 310 000 Ib.
1 000 0023

Micrometer readings on diameter D, while under high loads, were discontinued and sets only
taken after each increment.

Rested under initial load 1 hour.

Ultimate strength.

Cradle head expanded at diameter D to 13.39 in.

Changed the shape of cone of the head from a right line to a con-
caved one.

Pin at center of head embedded itself in head about 0.05 in.



T-INCH GUN, No. 97.

SPECIMENS FROM “A” HOOP.
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56 7-INCH GUN, NO. 97.

TENSILE TESTS OF SPECIMENS FROM 7-INCH GUN NO. 97, “A” HOOP.

: Elastic | Tensile .
Di- | Sec- ey c Elon- | Contrac- | Elongation
Marks. | ame- | tional 1;2:1; sn;g?th gation| tion of |ofinchsec-| ~APpearanceof
ter. | area. | o q.in. | sq. in. in2in.| area. tions.
In. |Sq.in.| Lb. Ib.  |Perct:| Perct. In. In.
T.0O. 0.505 | 0.20| 73 000 | 115 500 | 18.5 40.3 | .21%, .16 | Silky.
AT, M, . 505 .20 | 64 500 | 109 000 | 15.5 | Fractured| .05, .06 | Fine granular;
at neck. flaked spot at
circumference.

AT . 505 .20 | 73 500 | 117 000 | 16.5 34.0 | .21%, .12 | Silky; oblique.

A ML . 505 .20 | 66 000 | 113 500 | 20.5 43.3 | .21%, ,20* Do.

A.L L. . 505 .20 | 74 500 | 117 500 | 20.0 43.3 .19, .21* Do.

A OSL . 505 .20 | 72 500 | 116 500 [ 21.5 46.2 | .28%, .15 Do.

B0, 505 20 | 73 000 | 116 000 | 18.5 40.3 | .10, .27* Do.

BaD.T, 505 20 | 74 500 | 117 000 | 15.0 16.9 | .18*%, .12 | Fine granular;
flaked spot at
circumference.

B.T.M. . 505 .20 | 64 500 | 114 000 ( 17.0 34.0 | .17%, .17* | Silky.

J SR o, . 505 .20 | 74 000 | 117 000 | 18.0 43.3 1 .10, .26% Do.

ORI 506 .20 | 74 000 | 116 500 | 19.5 40.3 | .24%, .15 Do.

MUDNC, . 505 .20 | 65500 | 94 500 | Defective metal. Fractured in head of specimen.

L. 0. B. . 505 .20 [ 63 500 | 115 500 | 21.5 46.2 | .26%, .17

Mo B 506 .20 | 64 500 | 114 000 | 21.0 37.1 | .23% .19 o.

Ibakibal s . 5056 .20 | 74000 | 116 000 | 21.0 46.2 | .15, .27% Do.

Qa0 . 505 .20 | 74 500 | 116 000 | 20.0 43.3 | .25%, .15 Do.

e 1, . 505 .20 | 74 500 | 116 500 | 20.5 46.2 | .12, ~20¥ Do.

M. C. L. . 505 .20 | 65 500 | 114 000 | 20.0 40.3 | .16, .24% Do.

A R. . 506 .20 | 66 000 | 113 500 | 10.5 13.2 | .11%, .10 | Fine granular;
fracture at seam
in stem.

A R. . 506 20 | 64000 | 75 000 15 1.8 | .02%, .01 | Fine granular, 80
per cent; 20 per
cent at seam.

A.R.1 . 505 20 | 64 000 | 110 500 8.0 9.6 | .08*%, .08 | Fine granular;
flaky spot.

R.B.1 . 505 .20 | 64 000 | 76 500 1.5 1.8 | .02%, .01 | Fine granular
flaky streak in
stem.

R. B.1 . 505 .20 | 66 500 | 107 000 5.0 F:racturl((ed .04, .06 | Finegranular.

in neck. :

R. B.! . 505 .20 | 51 000 | 52 500 o5 1.8 | .01, .00 | Fine granular, 40
per cent; ser-
rated 60 per cent;
seam in stem.

R. C. . 505 .20 | 66 000 | 115 000 | 15.5 20.5| .17%, .14 | Fine granular,
90 per cent;
silky, 10 per
cent.

R.C. . 505 .20 | 66 000 | 114 000 | 16.5 27.4 .11, .22%| Fine granular,
60 per cent;
silky, 40 per
cent.

R.C. . 505 .20 | 61 000 | 113 500 | 15.0 20.5| .11, .19*% | Fine granular,
90 per cent; silky,
10 per cent

1 Opened longitudinal streaks alongside of fractured places.



15-POUNDER GUN, No. 4, MODEL 1903.

' SPECIMEN FROM JACKET.

68604°—H. Doc. 1089, 61-3——5
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58 15-POUNDER GUN, NO. 4, MODEL 1903.

TENSILE TESTS OF SPECIMENS FROM 15-POUNDER GUN JACKET OF
GUN NO. 4, MODEL 1903, WHICH DEVELOPED A CRACK 8 INCHES LONG
BETWEEN GUIDES AND UNDER LUG.

Filasit%c ’%‘ensig,l 4 Con- Elongz?-
im streng Zlonga- : tion o
Marks. per per ‘tion, E)r?.glt_éc;n e Appearance of fracture.
sq. in. sq. in. . tions.
Lb. Lh. Per cent. | Percent.| In. Inm.
1 61 500 93 500 .5 54.6 38%, .15 Silki').
2 61 500 98 000 26.0 51.9 26%, .26% | 0.
3 55 500 94 000 21.5 43.3 Jg1, 32% Do.
4 59 000 93 500 27. 54.6 .20, .35% Do.
5 56 000 94 500 25.0 49.1 15, .35% Do.
6 67 500 | 103 500 20.5 37.1 14, .27% Do.
i f 66 000 94 000 8.5 13.2 .07, .10% | Gray; amorphous; granular spot at
circumference.




12-INCH GUN, No. 14.
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12-INCH GUN, NO. 14.

TENSILE TESTS OF SPECIMENS FROM 12-INCH GUN NO. 14.

Sec- Elastic | Tensile | Elonga- | Contrac- | Elongation
Marks. Di&’?e' tional | limit per | strength | tionin tion of | of inch sec- Appear?nrce of frac-
: area. sq.in. |persq.in.| 2in. area. , tions. Lt
In. S8q. in. Lb. Lb. Per cent. | Per cent. | In. In.

L. O.| 0.5056 0.20 48 500 88 500 30.0 57.2 | .30%, .30* | Silky.

Ricgle . 505 .20 52 000 92 000 28.5 59.8 | .40%, .17 ¥)0.

L. M. 505 .20 42 500 85 000 30.5 54.6 | .23, .38* Do.

W5 5 . 505 .20 47 000 87 000 25.0 49.1| .16, ' .34% Do.

gIvoTE 505 .20 50000 90 500 21.0 43.3 | .16, .26% Do.

T. M. . 505 .20 43 000 86 000 23.5 40.3 .32"‘, .15 Do.

R: 505 .20 43 000 | = 88 000 16.5 27.4 | .11, .22k | Fine granular, 40
per cent; ser-
rated, 60 per
cent.

R. . 505 .20 43 000 88 000 18.5 30.4 | .11, .26* | Serrated.

R. . 505 .20 43 500 88 000 15.0 16.9 | .10, .20* | Granular; with
flaky streak.




12-INCH W. W. MORTAR, 1908.

SPECIMENS FROM TUBE, JACKET, BREECH BUSHING,
TRUNNION HOOP.
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12-INCH W. W. MORTAR, 1908.

12-INCH W. W. MORTAR, 1908,

TusBE.
No. 9039.
Marks, B 3202, BT, 4 1.
Forged steel.
Diameter, 0.564 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.
In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set, Elonga- | Successive
tion. . tion. elongation.
Lb. In In. In. In.
1 000 0. 0. 0. 0.
5 000 0003 0. . 00010 . 00010
10 000 |  .0008 |........ 00027 . 00017
20 000 (17— 00057 . 00030
30 000 0027 0. 00090 . 00033
40 000 0037 0. 00123 00033 | 10 000 to 40 000 Ib. per sq. in.
45 000 0042 0. 00140 00017
50 000 0047 |..veenen 00157 00017 | Modulus of elasticity=31200000 Ib. per
$q. in.
55 000 0052 00173 . 00016
60 000 0057 00190 . 00017
61 000 0058 00193 . 00003
62 000 0059 00197 . 00004
63 000 0061 00203 . 00006
64000 0063 ¢ .00210 . 00007
65 000 0066 00220 . 00010 Elastic limit.
66 000 0078 00260 . 00040
67 000 0103 00343 . 00083
68 000 0141 00470 . 00127
69 000 0167 00557 . 00087
70 000 0186 00620 . 00063
100 b R SR o KRR (I IR | St e 1 B SO e Tensile strength.

Elongation after fracture, 0.11 in. in 3 in.=3.7 per cent.
Elongation of inch sections, .03, .04, .04.
Position of fracture, in the neck outside.

Appearance of fracture, fine granular.




12-INCH W. W. MORTAR, 1908,

63

No. 9040.
Marks, B 3203, BT, 4 M.
Forged steel.
Diameter, 0.563 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.
In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set Elonga- Successive
tion. ‘ tion. elongation.
Lb. In. In. In. In.
1 000 0. 0. 0. 0.
5 000 . 0003 0. 00010 . 00010
10 000 . 0008 0. 00027 . 00017
20 000 OO | cssenen 00057 . 00030
30 000 . 0029 0. 00097 . 00040
40 000 . 0038 . 0001 00127 .00030 | 10 000 to 40 000 Ib. per sq. in.
45 000 . 0043 0001 00143 .00016 | Modulusofelasticity=30 000 0001b. per
sq. in.
50 000 . 0049 00163 . 00020
55 000 . 0054 00180 . 00017
60 000 . 0060 00200 . 00020
61 000 . 0062 00210 . 00010
62 000 . 0064 00213 . 00003
63 000 . 0067 00223 .00010 | Elastic limit.
64 000 . 0083 00277 . 00054
65 000 . 0129 00430 . 00153
66 000 . 0186 00620 00190
67 000 . 0207 00690 00070
68 000 . 0261 00870 00180
s A e IR R | SRS S DS A e ], o] U Y Tensile strength.

Eiongation after fracture, 0.55 in. in 3 in.=18.3 per cent.
Elongation of inch sections, .26%*, .19, .10.

Diameter of fracture, 0.41 in.

Contraction of area, 47.2 per cent.
Position of fracture, 1.20 1n. from the neck.
Appearance of fracture, silky.

Area, 0.132 sq. in.



64 12-INCH W. W. MORTAR, 1908,

JACKET.

No. 9041.
Marks, B 3170, BT, 5 1.
Diameter, 0.564 in.

Sectional area, 0.25 sq. in.
Gaged length, 3 in.

In gaged length. Per inch.
Applied
loads per Set. Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. i tion. elongation.

Lb. In. In. In. In. In.
1 000 0. 0. 0. 0. 0.
5 000 o000 (SR SR . 00010 000107 ool ke
10 000 . 0007 0. . 00023 . 00013 0.

-1 10 000 to 40 000 Ib. per sq. in.
Modulus of elasticity=30 000 000
1b. per sq. in.

_-| Biastic limit.

106 400 _| Tensile strength.

Elongation after fracture, 0.51 in. in 3 in.=17 per cent.

Elongation of inch sections, .10, .31%, .10.

Diameter of fracture, 0:46. Area, 0.1662 sq. in.

Contraction of area, 33.5 per cent.

Position of fracture, 1.50 in. from the neck.

Appearance of fracture, fine granular 75 per cent, silky 25 per cent.



12-INCH W. W. MORTAR, 1908,

No. 9042.
Marks, B 3199, BT, 5 O.
Diameter, 0.564 in.
Sectional area, 0.25 sq. in.
Gaged length, 3 in.

65

In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. : tion. elongation.

Lb. In. In. In. In,

1 009 0. 0. 0. 0.

5 000 . 0003 0. .00010 00010

10 000 .0008 0. . 00027 00017

20 000 SOQOL7 s e oo . 00057 00030

30 000 .0027 0. .00090 .00033

40 000 .0038 0. . 00127 . 00037 10 000 to 40 000 Ib. per sq. in.
45 000 0043 0. . 00143 .00016 Modullus of elasticity=30 000 000 Ib. per

sq. in.

50 000

55 000

60 000

61 000 Elastic limit.

62 000

63 000

64 000

65 000

66 000

67 000
106 800 Tensile strength.

Elongation after fracture, 0.51 in. in 3 in.=17 per cent.
Elongation of inch sections, .10, .31%, .10.

Diameter at fracture, 0.45in. Area, 0.159 sq. in.
Contraction of area, 36.4 per cent.

Position of fracture, in middle of stem.

Appearance of fracture, silky.



66 12-INCH W. W. MORTAR, 1908,

BrEECcH BusHING.

No. 9043.

Marks, B 3485, BT, 4 O.
Diameter, 0.506 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

Stem of specimen, crooked.

In gaged length. Per inch.
Applied
loads per Remarks.
sq. in. Elonga- Set. Elonga- | Successive
tion. . tion. elongation.
Lb. In. In. In.
1 000 0. 0. 0.
5 000 . 0002 . 00010 . 00010
10 000 . 0002 . 00010 0.
20 000 . 0007 . 00035 . 00025
30 000 .0014 . 00070 . 00035
40 000 . 0020 .00100 .00030 | 10000 to 40 000 Ib. per sq. in.
45 000 0023 |.v.een-- .00115 .00015 | Modulus of elasticity=33 000 000 Ib. per
sq. in.
50 000 w0020 01, 2ot aes . 00130 . 00015
55 000 0080 Joeesesass . 00150 . 00020
60 000 L0033 s o es .00165 . 00015
65 000 0087 e ises .00185 . 00020
70 000 SO0ABC ] Sl NS . 00200 . 00015
75 000 <0044 L oli.. . 00220 . 00020
80 000 40,021 e PO . 00240 . 00020
85 000 1y O s . 00045
89 000 L0083 C oo . 00315 .00030 | Elastic limit.
90 000 . %
91 000
92 000
93 000
94 000
95 000
126 000 Tensile strength.

Elongation after fracture, 0.32 in. in 2 in.=16 per cent.
Elongation of inch sections, .11, .21%*.
Diameter at fracture, 0.38 in. Area, 0.1134 sq. in.
Contraction of area, 43.3 per cent.
Position of fracture, 1 inch from the neck.

Appearance of fracture, silky.




12-INCH W. W. MORTAR, 1908,

TrunniON HooP.

67

No. 9044,
Marks, B 3192, BT, 4 M.
Diameter, 0.562 in.
Sectional area, 0.25 sq. in.
Gaged length, 4 in.
In gaged length. Per inch.
Ap&)lied
loads per Remarks.
sq. in. Elonga- Set Elonga- | Successive
tion. g tion. elongation.
In. In In. In.
0. 0 0. 0.
. 0005 8 00012 .00012

BELTVLELHRS HBEBEwnty
£8838888888 8888888

10 000 to 40 000 1b. per sq. in.
MOduilxlxlS of elasticity==30 000 000 Ib. per
sq. in.

Elastic limit.

Tensile strength.

Elongation after fracture, 0.74 in. in 4 in.=18.5 per cent.
Elongation of inch sections, .10, .37%, .13, .14.

Diameter at fracture, 0.40 in. Area, 0.1257 sq. in.
Contraction of area, 49.7 per cent.
Position of fracture, 2.20 m. from the neck.
Appearance of fracture, silky.
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14-INCH D. C. L. F. MODEL 1907.

SPECIMENS FROM LEFT GUN LEVER.
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70 14-INCH D. C. L. F. MODEL 1907.

TENSILE TEST OF SPECIMEN TAKEN FROM LEFT GUN LEVER, 14-
INCHD. C., L. F., MODEL 1907, NO. 1, BROKEN AT THE SANDY HOOK
PRO VING GROUND.

Dimensions:
Width

Sectional area
Elastic limit:

Totalc.-c-.-< ...1734
Per sq. in. . .. 34 680
Tensile strength:
Total.....x .. 3 468
51U o o RS R SR e SRR Sl O N e A R R LS A 1b.. 69 360
e e e R R R e R e in.. 0.32
1 {per cent. . 10.7
Elongation of inch sections .. 0.10, 0.13*, 0.09
Dimensions at fracture............ . 0.46 by 0.09
Area at fracture........ccceceeenen . . 0.414
Contraction of area.........cc..... 4 A 0
SR G T T (s SR B S I e S R T C O Fine granular.
Fi}gféc s%‘r%’;mﬁl Elonga- | Contrac- | Elongation
Marks. o pef tion | tionof | of inch Appearance of fracture.
sq. in. sq. in. in 2 in. area. sections.
Lb. Lb. Per cent. | Per cent. | In. In.
C1B 39 000 76 000 16.5 20.5 | .16, .17* [ Dull gray; amorphous.
Cc1c 41 500 80 500 7.0 9.5 | .04, .10* | Fine granular, 60 per cent; amor-
phous, 40 per cent.
2B 40 000 74 500 8.0 9.5 | .06, .10* | Granular; with silvery streak.
B4 39 000 76 000 19.5 30.7 | .27% .12 | Silky.
AlA 40 500 78 000 9.5 9.5 | .11%, .08 | Granular, 80 per cent; amor-
phous, 20 per cent.
Al 42 000 78 000 10.0 13.2 | .12% .08 | Dull gray; amorphous.
A2 41 500 79 000 12.5 16.9 | .12, .13* | Dull gray; amorphous, 90 per
cent; granular, 10 per cent.
C2A 42 500 73 000 5.5 9.5 | .03, .08*% | Dull gray; amorphous.
C2B 39 500 75 000 13.0 20.5 S15%, 11 Do.
C2 36 500 74 500 13.5 20.5 .08, .19* | Silky.
B3 39 500 72 500 7.0 13.2 | .09% .05 | Silky; with trace of granulation.
A2A 39 000 75 500 15.5 20.5 | .19% .12 | Silky; with small patches of
granulation.
A1B 36 500 76 000 16.0 16.9 | .16%, .16 | Dull gray; amorphous.
A2B 40 500 65 000 4.5 9.5 | .06% .03 | Granular, 80 per cent; amor-
phous, 20 per cent.
C1 41 500 75 000 7.5 13.2 | .05, .10* | Dull gmy, amorphous.
ClA 39 500 75 000 15.0 20.5 16%, .14
Bl 40 500 77 500 20.0 27.4 | .23% .17 Sllky, Qotper cent; granular, 10
per cen’
11 50 500 76 000 5.0 9.5 |.03, .07* Graly amorphous; in part gran-
ular.
12 49 000 83 000 12.5 13.2 | .09, .16 | Gray; amorphous.
1C 42 000 74 500 18.5 27.4 | .16, .21* | Silky.

1 Air chilled at 1 600° F. 3 Annealed at 1 600° F. for 4 hours.



14-INCH D. C. L. F. MODEL 1907. 71

TENSILE TESTS OF SPECIMg’NS FROM LEFT GUN LEVER 14-INCH

C. NO. s2.
Elastic | Tensile :
i Elonga- | Contrac- | Elongation
Marks. h;el;t str;grgth tion | tion of of inch Appearance of fracture.
sq. in. 5q. in. in 2 in. area. sections.
Lb. Lb. Per cent. | Per cent. | In. In.

D1 34 500 76 000 14.0 16.9 | .14%, .14 | Fine granular.

D2 36 500 75 500 15.0 16.9 | .15, .15 | Fine granular; with a darker
colored spot at cire.

1D3 35 000 65 500 5.0 5.7 | .04, .06 0.

D4 34 000 68 000 10.0 13.2 | .09, .11% Graly; amorphous; in part gran-
ular.

E1l 35 000 73 000 12.5 16.9 | .10, .15% Gra.nular,t 80 per cent; silky, 20
per cent.

E2 37 500 75 500 20.0 20.5 |.21% .19 Grauular,t 90 per cent; silky, 10

) per cent.

E3 35 000 80 500 21.5 24.0 | .23% .20 Granulur,t 90 per cent; silky, 10
per cent.

E4 35 000 | .64 000 6.0 9.5 | .05, .07% Grf.ly; amorphous; in part gran-
ular.

1 E2 55 000 86 000 8.5 9.5 | .08, .09% | Fine granular, 30 per cent; gray;
amorphous, 70 per cent.

2 E3 55 000 77 500 6.0 9.5 | .05, .07* | Gray; amorphous.

2 E4 56 500 93 000 9.5 9.5 | .11% .08 | Fine granular, 80 per cent; gray;
amorphous, 20 per cent.

1 D2 57 500 93 500 9.0 13.2 | .09%, .09 | Fine granular, 70 per cent; gray;
amorphous, 30 per cent.

JF¥ractured outside of gaged length. 2 Air chilled at 1 600° F.
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CAST SHELL AND SHRAPNEL.

68604°—H. Doc. 1089, 61-3——6
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TENSILE TESTS OF SPECIMENS TAKEN FROM FRAGMENTS OF A

CAST SHELL AND SHRAPNEL,

RUPYURED CASE OF A 4.7-INCH HIGH EXPLOSIVE SHRAPNEL.

Elastic | Tensile | Elonga- | Contrac- | Elongation
Marks. |limit per | strength tion tion of of inch Appearance of fracture.
sq. in. |persq.in.| in 2in. area. sections.
Lb. Lb. Per cent. | Per cent.| In. In.
1 87 300 | 129 000 10.5 14.3 | .13%, .08 | Fine granular.
2 81 800 | 130 000 1.5 14.3 14%, .09 | Fine granular; gray spot.
3 56 400 | 129 000 13.0 19.1 .15%, .11 | Fine 1:granula,r; gray spot near
center.
D .24 500 90 200 1.0 98 | .02%, .00 | Fine granular.
TESTS UPON SPECIMENS FROM A 6-INCH CAST SHELL RECEIVED

FROM FORT REVERE.

TensioN TEsTS.

Tensile strength.
Diame- | Sectional

Marks. far) Sroa: Appearance of fracture.

Total. |Persq.in.
In. 8q. in. Lb. Lb.

A6075 0. 505 0.20 3 900 19 500 | Medium coarse granular; dark gray.

B6075 . 505 .20 3 400 17 000 Do.

C6075 .505 .20 3 800 19 000 Do.

D6075 .505 .20 3 900 19 500 Do.

E6075 .505 20, 3 300 16 500 Do.

¥6075 .505 .20 3 700 18 500 Do.

These specimens were taken from cylindrical portion of shell, and

CoMPRESSION TESTS.

had axes parallel to axis of shell.

Specimens X and Y were taken from diametrically opposite sides

about midway between the base and the point.
Specimen Z was taken close to the base, in line with Y.

Ultimate strength.
Marks. | Length. | Diameter. Se;g;{nal
Total. Per sq. in.
In. In. Sq. in. Lb. Lb.
X 1.504 0.798 0.50 32 200 64 400
P4 1.505 . 798 .50 31 500 63 000
Z 1.507 .798 .50 28 800 57 600

Oblique shearing fractures.




STEEL CASTINGS FOR ORDNANCE WORK.
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STEEL CASTINGS FOR ORDNANCE WORK.

CAST STEEL FROM WATERTOWN ARSENAL STEEL PLANT.

24.0

s o =
Chemical composition. o g : g
8| ¢ Bl

= 3 » glng 38 °a

- g 4 g4 £ d | g =2 Appearance of frac-

g 2 . 5 e ag | & | 2 S8 ture.

i g i =} <= © ) = 2 58

a g I o 2, 5 = ) 154 2

- 2 &0 8 = @ % ‘B o < E"

E§ 2| 8|S |5|2| 23 e i Sa

H|o|A |2 |a |~ = 13 R | O =]

Puct| P, o\ Puct. | Pret| Baet:| b Ib, [(P.ct.|P.ct.|.In. In.
1872 (0.45 | 1.05 [0.274 |0.051 [0.060 | 48 000 | 93 500 | 15.5 | 16.9 [0.17*,0.14 Fine granular.
............................ 49 000 | 94 000 | 20.0 | 24.0 | .21*, .19 | Fine granular, 70
per cent; silky,
30 per cent.

1873 | .35 | 1.02 | .247 | .060 | .070 | 43 500 | 82 500 | 22.5 | 30.7 | .22, .23* | Silky.

1874 | .44 | .97 | .247 | .062 | .065 | 50 500 | 86 000 | 12.5 | 13.2 | .11, .14* | Fine granular, 10
per cent; silky, 90
er cent.

............................ 43 000 | 78 500 | 27.5 | 40.3 | .31%, .24 | Silky.

1B75 |80 (F1- 01 1o 257 | c064° | <088 s ez el camann salit ca s oot aclii L L s im0l

1876 | .30 [ .99 | .220 | .060 | .063 | 41 000 | 78 000 | 29.0 | 43.3 | .34%, .24 Do.

e LR SR R R RO S R R R e [ S e e

1878 | .46 | 1.05 | .344 | .051 | .055 | 48 000 | 94 500 | 17.5 | 20.5 | .19%, .16 | Fine granular, 50
per cent; silky, 50
per cent.

42 000 | 79 500 | 18.0 | 16.9 | .16, .20% Do.
42000 | 81500 | 23.5 | 27.4 | .28%, .19 Do.
37 000 | 74 000 | 30.5 | 43.3 | .23, .28* | Silky.
35 500 | 73 000 | 27.5 | 40.3 | .32%, .23 Do.
41 500 | 88 500 | 22.5 | 30.7 | .22, .23*% | Fine granular, 40
per cent; silky, 60
er cent.
U Sl | R D] (e o 55 500 | 98 500 | 18.0 | 27.4 | .15, .21% Sik{).

1886 | .30 [ .98 | .150 | .058 | .053 | 40 500 | 74 000 | 28.0 | 43.3 | .28%, .28% 0.

1887 | 22811 L0850 Z223 1 J068 1 D8 |oce ottt o iin dhci s sl e s

1888 | .31 | 1.05 | .266 | .064 | .054 | 41 500 | 76 000 | 21.5 | 20.5 | .22%, .21 | Fine silky.

188911720 1 1512 [ 224} 088 ] LOB8 |- coe. caraloessnnai]ammmalonmitelssiioninain's

1890 | .24 | 1.06 | .230 | .068 | .046 | - 37 500 | 72 500 | 29.5 | 40.3 | .36%, .23 | Silky.

1891 | .41 [ 1.02 | .300 | .048 | .044 | 45000 | 88 000 | 23.0 | 27.4 | .23%, .23* | Silky, 70 per cent;
granular, 30 per
cent.

1892 | .41 | 1.04 | .335 | .060 | .047 | 50 500 | 91 500 | 20.5 | 27.4 | .16, .25% | Silky, 90 per cent;
granular, 10 per
cent.

1893 | .28 | 1.08 | .232 | .062 | .050 [ 45 000 | 78 500 | 20.0 | 20.5 | .20%, .20 | Lamellar, 40 per

' cent; granular, 60
per cent.

1894 | .27 | .99 | .198 | .050 | .051 | 42 500 | 74 000 | 27.0 | 34.0 | .27%, .27* | Silky.

1895 | .23 .59 188 | 052 | <048 |-cccecmacfsosancnocofonanon]ocnccelonnenicnnnne

1896 | .29 | 1.10 | .205 | .053 | .050 | 48 500 | 77 500 | 14.0 | 13.2 | .13, .15*% | Fine granular, 60
percent; silky, 40
per cent.

Silky.

1897 Do.

Do.

1898 Do.

1899

1900

1901 Do.

1902

1903 Do.

Do.

1904

1905 5

1906 Lamellar, 90 per
cent; granular, 10
er cent.

Silky.

1907 s

1908

1909

1910 Fine granular, 40

er cent; lamel-
ar, 60 per cent.

Silky, 50 per cent;
lamellar, 50 per
cent.
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Cast steel from Watertown Arsenal steel plant—Continued.

¥ ' 1= o
Chemical composition. g & 4 g
5 -
g L £ b
- i ©
2 B a ‘é : 55 8 a né Appearance of frac-
7] 8- %o o - =35 ture.
o K] : S 4 @ =} ] 3
=1 =l 3 o 8 < =) 2 53 S s @
o o ) 3 =] B & = &0 {1 )
A = (L R =l R g Bt oh g
B S| 8 |3l al|’] & & H | S =
ot.| Poet P.et.| Poct.}.P L Lb. .| I 3
1911 (0.29 | 1.12 |0.205 |0.069 |O. 48 8 0.16%,0.14 | Fine granular, 50
per cent; silky, 50
er cent.
........................... . 12%, Fine granular, 50
er cent; lamel-
o= Silkr’ 50 per cent.
........................... . 20%, 2
1912 | . 1.10 | .200 | .062 L 31%, {)o.
1913 | .26 | 1.22 | .202 | .068 . 22%, Fine granular, 40
per cent; silky, 60
8 ker cent.
--------- ilky.
1914 13 %
1915 1.
1916 ) %
1917 * I8
1918 1 g"ﬁ'f granular,
......... ilky.
1919 | . L. Eo.
1920 | . '
1921 | .30 | 1.
1922 | .28 | 1.
1923 | .28 | 1. Do.
1924 | .30 | 1. Do.
1925 | .29 | 1.
1926 | .30 | . Do.
1927 | .29 | . Do.
1928 | . .
1929 | . ?
1930 | . 1.00 Do.
1931 | .29 | .
1932 | .30
1933 | .23
1934 | .24 Do.
1935 | .27 Do.
1936 | . Do.
1937 | .26 Do.
1938 | .30 Do.
Fine granular, 85
%gig ﬁ { per cent; silky,
by 15 per cent.
......... Fine granular, 70
per cent; silky, 30
per cent.
1941 | .39 | .84 | .250 | .047 +18, Fine granular, 85
per cent;t silky,
15 per cent.
191491 38 1 S8R | R0 LBAT L SBSHC . 0 Tk S s S e AR et e sty .
LET gl R Rl T8 N T (PRI | = e S e IRRETIRG. DN e
1944 | .32 .98 | .200 | .054 -14, Fine granular, 30
per cent; silky, 70
per cent.
........................... +10; Fine granular, 90
per cent; silky, 10
er cent.
1945 | .33 .97 | .210 | .054 .20, Silky.
1946 - 281 2867 IS 1006 1 08 | it el il S el ek smm | St o S o b
10871 583 L170F L 248 1049 | .04 o oo Ll s e et L e
1948 | .24 | .89 | .211 | .047 . 26% Do.
o TS BT T BT BT T (B P B RSO (R S D] L T IR Lt
1950 | .36 | 1.00 | .275 | .049 - 20, Do.
1951 | .33 ] LS8 008 80 b s e e R
1952 | .37 | 1.03 | .266 | .051 - 25%, Do.
1858 wea0 1 0001 . 985 | J046°] 048 | Ll s fin e sl pan e L L L
1954 | .31 o R B O PO e M TR B [N ) DR DRI TR
1955 | .30 | 1.06 | .248 | .051 . 28%, Do.
1956 | .41 | 1.00 | .245 | .051 .08, gilll](e granular.
.......... .16 ilky.
1957 | .30 | .87 2
1958 | .29 | .95
1959 | .35 93
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Cast steel from Watertown Arsenal steel plant—Continued.

ati 3 & E=|
Chemical composition. - 2, 4 S
4 o & o
- & o E S
E 5 b= gd . : g Appearance of frac-
: & 2
g 3 | B 8% | 8g || 8| &5 ture.
Eld|E|lg|E|E]| g 2 |8|8| &
- (=] B0 ° = % = = 80 g 80
5|22 |2 |5|€8(% |8 |5|8| &
= = 2 8 =
H |o| = @ a A ) & = o )
P.ct.|-Puctul Puetil Pkl Loeti ] i Lb. Brci P ot i, s
1960 [0.40 | 0.97 [0.376 [0.044 [0.044 [ 48 000 | 85 500 | 21.0 | 30.7 |0.23%,0.19 | Silky, with trace of
granulation.

1961 | .43 | .96 | .292 | .046 | .047
1962 | .44 | .98 | .224 | .045 | .046 e
1963 | .37 [ 1.00 | .274 | .048 | .047 | 50 000 | 86 000 | 22.5 | 27.4 | .28%, .17 | Fine granular, 40
per cent; silky, 60
per cent.

1964 | .33 | .95 |.210 | .040 | .040

1966 | .31 | .90 | .375 | .047 | 046 | 50500 | 86 500 | 19.5 | 24.0'| .19, .20% | Fine granular, 70
per cent; silky, 30

per cent.
45 500 | 78 000 | 13.0 | 16.9 | .13*, .13 | Silky, with trace of
1967 | .30 | .99 | .330 | .049 | .050 granulation.
43 500 | 74 500 | 28.5 | 43.3 | .29%, .28 | Silk

Fine granular, 90
e e el e et o }44 000 | 96 000 | 20.0 | 27.4 | .17, .23*{ per cent; silky, 10

per cent.
1970 | .28 | .92 | .244 | .048 | .049 | 40 500 | 75 000 | 24.5 | 30.7 | .22, .27* | Silky, 95 per cent;
granular, 5 per
cent.
Silky.

Do.

Do.

Do.
Silky, with trace of
granulation.
46.2 | .33%, .20 | Silky.
43.3 | .41%, .24 | Silky.
............................. 38 500 | 74 000 | 31.0 | 49.1 | .23, .39% Do.

oo | 281 o 2| o[t svoo0| 7300020403 .2, .35+ Do.

1991 | .35 | .77 | .210 | J052 | -049 | 50500 | 101 500 | 5.0 | o. .- ~05, .05 sm?y;t fractured at
fillet.

80 000 | 25.0 | 30.7 | .26*%, .24 | Silky.
72 500 | 20.5 | 30.7 | .21%, .20 | Silky: with bright

spot at center.
83 500 | 19.5 | 24.0 | .20, .19 | Silky.
78 500 | 22.5 | 34.0 | .27%, .18 Do.
77 000 | 26.5 | 34.0 | .32%, .21 Do.

93 000 | 16.0 | 20.5 | .17%, .15 | Fine granular.

84 000 | 12.0 | 16.9 | .11, .13* | Silky, 65 per cent;
granular, 45 per

cent.
....... ceeereceec]eacacafaneee] 50000 | 93 500 ( 18.0 | 20.5 | .19%, .36% | Fine granular, 90
. per cent; silky, 10
Per cent.

1999 | .35 | .89 |.200 | .049 | .047 | 45 000 | 78 500 | 20.5 | 24.0 | .21*, .20 | Silky.

2000 | .40 | .88 |.211 | .047 | .055 | 49 000 ( 87 000 | 13.5 | 13.2 | .14%, .13 | Silky, 20 per cent;
granular; 80 per
cent.

....................... 45 506 | 73 000 | 29.5 | 43.3 | .35%, .24 | Finesilky.

2001 | .33 | .85 |.185 | .050 | .055 | 40 500 | 73 500 | 27.5 | 46.2 | .34%, .21 | Silky.
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Cast steel from Watertown Arsenal steel plant—Continued.

Chemical composition. 8‘ ‘g & §
g & =
; = 2 < 5 q

g ; 2 g4 S =1

2 P 4 g ] o a a8 Appearance of frac-

z . A sl s o 23 ture.

Eldglg|a(B8|2]|s 2 Bed gk g

- 80 o < B ! M o B

slz|8|2|5|8|8& |§ |2|/38| B

0| S|2 |8 |a |~ | @ & 2|3 &

P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| Lb. Ib. |P.ct.|P.ct.| In In.
Silky, 15 per cent;

o008 |35 | -0 10- 232 10-980 1™ 020 [} 42 000 | 79500 | 18.0 | 20.5 0.19%,0.17 || granular, 85 per
cent.

2004 .86 | . - ; i rith

2005 | 135 | 190 | 1233 | S0ia | {04 |} 50000 | 90000 | 20.5 | 27.4 | .23%, .18 (ST, WIks race of

2006 | .38 | .90 | .295 | .047 | .056 | 54 000 | 96 000 | 15.5 | 20.5 | .15, .16* | Silky, 20 per cent;
grartlular, 80 per
cent.

2007 | .35 [ .90 |.eu...| . 050 | .047 | 48 500 | 82 500 | 13.0 | 16.9 | .14%, .12 | Silky, 70 per cent;
graxtmlar, 30 per
cent.

............................. 47 000 | 78 500 | 24.0 | 30.7 | .26%, .22 ]éull sillky.
ranular, 90 per

2000 | 36| Bl s 1048 [F 44 500 | 77500 | 25.0 | 34.0 | .30, .20 { %iy;tc;en’tsilky, 10

2010+ gL 111,024, .2 054 | .053 i 3 L

e i< G of i oo e }48 500 | 87 000 | 22.5 | 27.4 | .28%, .17 | Silky.

Fine granular, 80

i || 8 o) 08| 8 som | svom s awo | om 1s g G Sy

2014 | .34 | .79 |...... 049 | .047 | 48 500 | 89 000 | 15.5 | 16.9 | .17%, .14 | Fine granular, 60
per cent; p silky,
40 per cent.

_____________________________ 44 500 | 78 500 | 25.5 | 40.3 | .18, .33% Silky?

2015 | 36| .07 |...... 050 | .044 | 49,000 | 98 500 | 10.5 | 13.2 | .11*%, .10 | Finé granular, 85
fer cent; ’ silky,
5 per cent.

79 000 | 23.5 | 27.4.| .22, .25% Silkyl?

Silky, 15 per cent;

] 83500 | 14.0 | 13.2 | .13, .15% { gm%tlular, 85 per
cent.

85 500 | 10.0 | 13.2 | .10%, .10 | Fine granular, 80
p(;er cent; % silky,
2 er cent.

88 500 | 23.0 | 34.0 | .28%, .18 ﬂks}?

80 000 | 26.0 | 37.1 | .30%, .22 Do.

"100°500 | 9.0°| "9.5°| -10% .08 | Fine granular.

92 500 | 17.5 | 24.0 | .19%, .16 | Fine granular, 80
per cent; silky,
20 per cent.

2023

e 75 000 | 24.5 | 37.1 | .18, .31* | Dull silky.

2026 Silky, with trace

o 81500 | 21.5 | 27.4 | .23%, .20% { ity

2 86000 | 21.0 | 27.4 | .17, .25% Do.

G 79 000 | 23.0 | 30.7 | .26%, .20 Do.

2032 76 000 | 9.0 | 13.2 | .07, .11% | Dull silky.

2033 76 500 | 24.0 | 27.4 | .25%, .23 | Silky.

2034 86 000 | 15.5 | 16.9 | .14, .17% | Silky, 40 per cent;
graréular, 60 per
cent.

102 500 | 12.5 | 16.9 | .12, .13* | Silky, 10 per cent;
granular, 90 per
cent.

80 500 | 24.0 | 30.7 | .19, .20% | Silky.

i ' 79 500 | 21.5 | 27.4 | .16, .27 Do.

2037 X 73 500 | 26.0 | 27.4 | .24, .28% SﬂkDoiO i

y per cent;

g S B A G }50000 90 500 | 14.0 | 16.9 | .11, .17* graimlar, 90 per

3 e cent.

74 000 | 24.0 | 27.4 | .28%, .20 | Silky.

2040 Granular,withsilky

2041 82 500 | 11.5 | 13.2 | .11, .12*% ip&g 0:1: circum-
e] o

75 000 | 21.5 | 24.0 | .25%, .18 s
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Cast steel from Watertown Arsenal steel plant—Continued.

! e > 5} <
Chemical composition. 2 2 g S
b g 5 o
i A o Y - B4
{7} S = g4 2 =]
2 s 4 = L= | o= o Appearance of frac-
g =] g8 : g 25
g 7 e = %o el g o8 ture.
2] . g =2 o o’ 2ls g4
ol S (>3 g = 2 = = S| 8 &0
15 2 =] S [N 38 ] & g 5 =1
@ |8l & |=|3|a = g g 8 2
H |S| & ) @ ~ S & Al © =)
In..  In.

"10.13, 0.25% | Silky, 50 per cent;
fine granular, 50
per cent.

Silky.

Silky, with trace
of granulation.

0.

Silky, 20 per cent;
granular, 80 per
cent.

Silky.

Granular, silky
spot at circum-
ference.

Silky.

Silky, 40 per cent;
granular, 60 per
cent.

Silky.

Do.
Do.
Do.
Do.

Granular, 50 per
cent; silky, 50
per cent.

Granular.

Fine granular, 75
per cent; silky,

25 per cent.
Silky.
74 500 Do.
78 000 Do.
77 000 Do.

83 500 | 18.5 | 20.5 | .20%, .17 spot at eircum-
ference.

............................. 73 500 | 109 000 | 12.5 | 20.5 | .17*, .08 | Silky, 60 per cent;

granular, 40 per

cent.

72 000 | 25.0 | 37.1 | .29%, .21 | Silky.

Dull silky, 70 per
56 500 | 6.0 | 9.5|.03, .09* {

{Gran ular; silky

cent; spongy, 30

per cent.

70 500 | 28.5 | 40.3 | .23, .34* | Silky.

74 000 | 27.5 | 40.3 | .32%, .23 Do.
73 500 | 26.5 | 37.1 .23, .30% Do.
73 000 | 24.5 | 30.7 | .20, .29% Do.
74 500 | 23.5 | 34.0 | .17, .30% Do.
77 500 | 24.0 | 34.0 | .18, .30* Do.
70 000 | 26.5 | 37.1 | .22, .31* Do.
74 000 | 28.5 | 43.3 | .24, .33* Do.
69 500 | 28.5 | 37.1 | .27, .30* Do.
76 000 | 24.5 | 34.0 | .20, .29% Do.

74 500 | 22.0 | 24.0 | .26%, .18 Do.
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Cast steel from Watertown Arsenal steel plant—Continued.

Chemical composition.

Appearance of frac-
ture.

sq. in.
sections.

Heat number.

Manganese.

Silicon.

Phosphorus.

Elastic limit per sq
in

Tensile strength per

Elongation.

Contraction of area.

Elongation of inch

Do.
Do.

Do.

Do.
Dull gray amor-
phous; with
granular patches.
Silky.
Do.

Dull gray; amor-
phous.

Silky, 40 per cent;
granular, 60 per
cent.

Silky.

Do.
Gray amorphous.
Silky.

Do.
Do.

Silky; small silvery
spot near center.
Silky.

Do.

Silky; with light
colored patches.
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Cast steel from Watertown Arsenal steel plant—Continued.

Heat number.

Chemical composition.

Manganese.

Phosphorus.

2133
2134

2135
2136
2137
2138
2139

2140

2141

2148

. b o

g & 4 g

& p % =

& & 5 By

= a8 g & g Appearance of frac-

Ed | 55 | 4] 8 2 ture.

e @ = 5 b=R13

) 2 = & @

§ |3 [ 8|E| B

8 g 5} g 5

— 5} - (<] f~]

&3] ] = 4] 23]

Lb. Lb. P.ct.| P.ct.| In. Im.

Granular; sand spot
}34 000 | 66 000 | 9.5 |16.9 [0.08, 0.11% [ near circumfer-
ence.

43 500 | 75 500 | 22.5 | 27.4 | .20, .25% | Dull gray; amor-
phous.

__}40,000 70,000 | 29.0 | 40.3 | .35% .23 | Silky.
}42 000 | 70 000 | 26.0 | 46.2 | .30%, .22 Do.

47 000 | 68 500 | 29.0 | 46.2 | .33*, .25 Do.

53 500 | 76 000 | 16.0 | 20.5 | .14, .18% | Dull gray; amor-
phous.

48 500 | 76 000 | 11.0 | 20.5 | .08, .12*% | Amorphous, 40 per
cent; lamellar, 60
per cent, with sil-
ver spots.

43.3 | .33%, .28% | Silky.

34.0 | .31%, .19 Do.

46.2 | .38%, .16 Do.

46.0 | .24, .34* Do.

46.2 | .24, .37* Do.

49.1 | .23, .40% Do.

49.1 | .40%, .24 Do.

37.1| .24, .33* | Silky; oblique.

43.3 | .23, .32*% | Silky.

37.1| .07, .34* Do.

30.7 | 26%, .21 Do.

37.1.| .15, .32% Do.

43.3 | .35% .20 Do.

37.1 | .33% .20 | Silky; with silvery
specks.

40.3 | .20, .34* | Silky.

27.4 | .18% .12 | Gray; amorphous.

27.4 | .17, .25% | Silky.

43.3 | .17, .37* Do.

30.7 | .30%, .21 Do.

20.5 | .17, .22*% | Silky, 40 per cent;
granular, 60 per
cent.

64 500 | 33.5 | 51.9 | .22, .45% | Dull gray; amor-
phous.

75 500 | 30.0 | 43.3 | .83%, .27 | Silky.

79 000 | 24.0 | 40.3 | .33%, .15 Do.

73 000 | 29.0 | 43.3 | .34%, .24 Do.

83 500 | 22.0 [ 24.0 | .20, .24% Do.
Silky; with silvery

80 000 | 22.0 | 37.1 | .15, .29% { ot b

85 500 | 19.0 | 24.0 | .20%, .18 | Granular, 80 per
cent; silky, 20 per
cent.

80 500 | 122 000 | 10.5 | 16.9 | .08, .13* | Granular, with
silky spot at cir-
cumference.

72 000 | 107 000 | 11.5 | 13.2 | .18%, .10 | Fine granular, 70
per cent; amor-
phous, 30 per
cent.

42 000 | 84 000 | 11.0 | 13.2 | .12%, .10 | Granular.
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Cast steel from Watertown Arsenal steel plant—Continued.

g = : & 2
Chemical composition. g & 5 E]
8 g ]
1 e ) Sy
s} . ] =K1 S a
&8 & 8 E o g-—; o o 528 Appearance of frac-
E < : 5 B g | & | & S8 ture.
. - - pregv)
e ldl8glagl 3|4 e 2 5| 8 8=
s 2| 2l 81al&| 8 2 g | & g
A i e e S e g (B el |
H (o | = @ @» A = 13 =) o =
oot P.ol P.el.| Pict.]'P.ct. b. Lb. P.et. |'B.ol.| Ins T
SLIR TR L et S 70 000 | 103 000 | 11.5 | 16.9 [0.12%,0.11 | Fine granular, 50
per cent; amor-
phous, 50 per
cent.
............................. 65000 | 97000 | 9.0| 9.5|.09% .09 | Fine granular, 80

per cent; silky,
20 per cent.

85 500 | 25.5 | 43.3 | .28, .23 | Silky.

73000 | 28.0 | 37.1 | .22, .34% Do.

79 500 | 16.0 | 20.5 | .18% .14 | Gray; amorphous.

72 000 | 32.0 | 43.3 | .30% .34* | Silky.

84 000 | 18.0 | 43.3 | .27%, .09 Do.
83 000 | 21.0 | 34.0 | .15, .27* Do.
68 000 | 27.5 | 49.1 | .37*%, .18 Do.

88 500 | 23.5 | 61.9 | .31%, .16 Do.

79 000 | 28.0 | 87.1 | .32% .24 | Silky; with two
light spots.

77 000 | 14.5 | 40.3 | .25%, .04 | Silky.

72 000 | 16.5 | 20.5 | .12, .21* | Silky; with silvery
specks at ecir-

cumference.

75 000 | 26.5 | 34.0 | .20, .33* | Silky.

79 500 | 24.5 | 37.1 | .27%, .22 Do.

71 500 | 29.0 | 46.2 | .34%, .24 Do.

80 500 | 17.0 | 20.5 | . 20,% .14 Do.

76 500 | 24.0 | 34.0 | .19, .29* | Silky; with silvery
specks at center.

78 500 | 23.0 | 30.7 | .18, .28% | Silky.

79 000 | 25.5 | 34.0 | .33%, .18 Do.

Fine granular; silky

100 000 | 9.5 | 13.2 | .11%, .08 spot near circum-
ference.

90 500 | 14.0 | 16.9 | .13, .15% | Fine granular, 85
per cent; silky, 15
per cent.

85000 | 23.0 | 34.0 | .20, .26% | Silky.

- od 82000 | 25.0 | 37.1 | .22, .28% Do.

2200 | . 33 95500 | 9.0| 9.5]|.08, .10* | Finegranular;silky
spot at circum-
ference.

............................. 44 500 | 88 500 | 18.520.5 | .17, .20* | Fine granular, 70
per cent; silky, 30
per cent.

83 500 | 25.5 | 43.3 | .15, .36* | Silky.

85000 | 23.0 | 37.1 | .25%, .21 Do

87 500 | 21.0 | 43.3 | .32%, .10 Do,

80 000 | 28.0 | 46.2 | .21, .35% Do.

76 000 | 27.5 | 40.3 | . 33%, .22 l?,o

75 500 | 27.5 | 40.3 | .24, .31* 0.

78 000 | 27.0 | 49.1 | .35%, .19 Do.

8 000 | 3.0| 5.7|.03, .03 | Fine granular.

86 000 ] 50 ].....q .05, .05 | Granular;fractured
in threaded end
at 3 blowholes.

............................. 48 000 | 84 000 | 27.5 | 43.3 | .33%, .22 | Silky.
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Cast steel from Watertown Arsenal steel plant—Continued.

Chemical composition.

Appearance of frac-
ture.

Elastic limit per sq.
in.

Tensile strength per
sq. in.
Elongation of inch
sections.

Heat number.
Manganese.

Silicon.

Sulphur.
Phosphorus.
Elongation.
Contraction of area.

Lb. P.el. | P.ct.} In In.

97 000 | 17.5 | 24.0 |0.21%,0. 14

Fine granular, 70
per cent; silky, 30

per cent.

82 500 | 22.5 | 37.1 | .29%, .16 | Silky.

81 000 | 22.0 | 30.7 | .25%, .19 Do.

83 500 | 23.5 | 37.1 | .27%, .20 | Silky, with light
spot.

91 000 | 14.5 | 16.9 | .13, .16* | Granular.
93 500 | 18.5 { 27.4 | .17, .20* | Silky.

89 000 | 25.0 | 46.2 | .31%, .19 Do.

Silky; with light
89 500 | 20.0 | 24.0 | . 20%, .20* spot near ecir-
cumference.

87 500 | 21.0 | 30.7 | .17*, .25% | Silky.
76 500 | 30.5 | 46.2 | .37*, .24 Do.

Granular; silky
}63000 122 500 | 10.0 | 13.2 | .08, .12%

spot at circum-

ference.
Fine granular; silky
............................. 45 500 | 100 000 | 18.5 | 24.0 .15, .22* |1 spoi at circum-

ference.
o R :::---::::::::::::;52000 88 500 | 23.0 | 27.4 | .25% .21* | Silky, oblique.
234 fisant a0 RSB IEEN FER S .
ek G B i YRS . 42000 | 80000 | 26.0 | 37.1 | .34% .18 il.lky. et
2936 | .33 05 ; ine granular; si
Sl el olb 50 500 | 05 000 | 12.5 | 16.9 | .11, .14*{ spot at ciroum-
o B ] R e 43 500 | 82 500 | 22.5|30.7 | .26% .19 | Silky.

S0 | 5 | o |y e s | 8o 000|245 | 40317, s | Do,
- R 8 R s Uy AP } 43 000 | 83500 | 28.0 | 37.1 | .32%, .14 Do.
2508 oo e | W A }49 500 | 81 500 | 25.0 | 49.1 | .14, .36% Do.
2245 | .35 | .98 |.oioliiiiiliiiii Silky; with trace of
ol B Y Wi M wn et }45 500 | 84000 | 20.5 | 30.7 | .25% .16 { o
........................ 40 000 | 79 000 | 23.0 | 37.0 | .25% .21 | Silky.
2247 7857 TT00 |L I Il 65 500 | 101 000 | 20.0 | 51.9 | .10,” .30% Do.
oy 21 B sofeniees 151 000 | 115 500 | 7.5 | 9.5 .06, .09% | Granular.
i | 45000 | 111 000 | 9.0 | 9.5 (.10, .08 Do.
......................... 46 000 | 82 500 | 22.5 | 34.0 | .21, .24* | Silky; with trace of
granulation.
Sy }53 500 | 96000 | 18.0 | 27.4 | .14, .22% | Silky.
gggg gg }38 500 | 75 500 | 28.0 | 40.3 | .30% .26% Do.
gggg g“l’ }46 000 | 94 500 | 19.5 | 27.4 | .23% .16 | Silky, oblique.
gggg gg }35,000 72 000 | 20.0 | 24.0 | .21,* .19 | Gray amorphous.
2258 | .34 43 500 | 79 500 | 25.0 | 37.1 | .23, .27* | Silky; with trace of
granulation.
2259 | .34 | 103 |||l e s
-l N il ] A }49 000 | 87 500 | 22.5 | 34.0 | .22, .23* | Silky.

Silky, 40 per cent;
2261 | .33 | .94 ... ...l } 56 500 | 96 500 | 19.0 | 24.0 | .19%, .19 granulur, 60 per
. . cent
Silky, 60 per cent;
granular, 40 per
cent.
{Silky, 50 per cent;

2263|134 I vezi.. ol et %
St ieeio s }49 500 | 87 500 | 21.5 | 27.4 | .16, .27

fine granular, 50

coi || R B e s } 51500 | 91500 | 18.0 240 (.15, .21%
g per cent.

1 Elastie limit not well defined.
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Cast steel from Watertown Arsenal steel plant—Continued.

Heat number.

Chemical composition.

Manganese.

Silicon.
Sulphur,

Phospherus.

Elastic limit per sq.

in.

Tensile strength per
sq. in.

Elongation.

Contraction of area.

Elongation of inch
sections.

Appearance of frac-
ture.

o {Fine granular, 50

Silky.
Do.

Do.

Silky, with trace of

granulation.

Silky.

Granular, 80 per

cent; silky, 20 per

cent.

Silky.
0.

Silky, oblique.
Silky.
Silky, oblique.
Silky.

Gray, amorphous.
Silky.
Do.

Silky, oblique.

{Silky; with trace of
granulation.

Silky.
Do.

Deo.

per cent; silky, 50
per cent.
Silky; with trace of
granulation.
Silky, 80 per cent;
fine granular, 20
per cent.

Silky.
Silky; with trace of

granulation.
Silky.

1 Elastic limit not well defined.



86

STEEL CASTINGS FOR ORDNANCE WORK.

Cast steel from Watertown Arsenal steel plant—Continued.

Py R Ty e S [
AL R e e e
Do d| S ) PR W
S B R b et e

105 500
89 500

100 000

87 500

100 500

94 000

81 500
76 000

88 500
92 500

90 000
90 500

108 500

97 500

22.5

16.0

18.5

20.5
26.0

20.0
16. 5

21.0
22.5

20.0

18.5
21.0

27.4

20. 5
27.4

L18%,

.13,

.16,

.20%, .

.15,

24k,
.35%, .

LT,
L20%, .
L23%, .

.20,

.15,
. 20%,

1
a7,

.14

. 20%

. 20%
. 25%

Chemical composition. 9;‘ g % 'g
o 5 o
- to o Su
.§ ] "éd §-E s : ng Appearance of frac-
2 E = % o ) S =R ture.
g 1. g O - T - e SEE L E =3
18| & g | 4 g | 2 G el o
151825 |8|28 |8 |2|8| &
H|o| = @ @ A A I3 &) o =)
P.ct.| P. ct P.ct.| In.  In. - :
ine granular, 40
2329 10.34 | 1.06 * T
2330 | .35 5 34.0 |0.26%,0.27 { per cent; silky, 60

per cent.
Silky.

Silky; with trace of
granulation.

Silky.

Silky, 40 per cent;
fine granular, 60
per cent.

Silky.

Silky, 40 per cent;
fine granular, 60
per cent.

Silky.

Fine granular.

Granular.

Silky, 50 per cent;
granular, 50 per
cent.

Fine granular,
silky spot at cir-
cumference.

Silky; with trace of
granulation.

Fine granular,
silky spot at cir-
cumference.

Silky, 30 per cent;
granular, 70 per
cent.

Silky.

Silky, oblique.
Do.

Silky.

Do.

Silky; with trace of
granulation.

Silky.

Do.

Fine granular;
silky spot at eir-
cumference.
Silky, 50 per cent;
granular, 50 per
cent.
Silky.
Silky, 30 per cent;
granular, 70 per
cent.

1 Elastic limit not well defined.
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Cast steel from Watertown Arsenal steel plant—Continued.

< [ =]
. e & )
Chemical composition. @ 3, g E
g g 5 ¥
- i & Sugh 0 g
2 s 4 é g g 5, o o2 Appearance of frac-
7 : B ol %o S 2 o8 e,
- & . g ] e @ = B F=g-3
e it e o B 2 el 2 | 8 8"
- 2 & g @ 2 i o B =)
g 5|8 |=2|5125| 8 § |28 | B
H o | = @ | @ | M =) = & &) =]
Plet. [P ot | P ot | P.et| Poet. |- " Lbi Lb. |P.ct.|P.ct.| In. In.

Pl

Silky; with trace of
96 000 | 20.0 | 34.0 (0.14, 0.26* {73 Foks b

96 500 | 80| 9.5|.07, .09% | Fine granular.

Silky, 60 per cent;
92 500 | 21.0 | 30.7 | .20, .22% granular, 40 per

cent.
100 000 | 14.5 | 20.5 | .12, .17* | Silky.

100 000 | 16.0 | 20.5 | .14, .18* | Fine granular, 85
per cent; silky,

15 per cent.
83 500 | 24.0 | 40.3 | . 31*%, .17 | Silky.
82 000 | 24.5 | 34.0 | .27*, .22 0.
84 500 | 23.0 | 43.3 | . 33%, .13 Do.
89 500 | 21.0 | 30.7 | .16, .26% Do.

84 500 | 16.5 | 23.9 | .18%, .15% | Gray; amorphous.

Fine granular, 50

28006 233 b o8& ls il ena 2
& : 64 500 | 100 500 | 16.5 | 24.0 | .14, .19% |J Dper cent; silky,
DT T B N R S R } ” { 50 per cont. ’

94 000 | 12.5 | 20.5 | .14%, .11 per cent; silky,
40 per cent.

90 500 | 24.0 | 34.0 | .28% .20 | Silky; trace of

granulation.

90 500 | 20.5 | 37.1 | .14, .27* | Silky.

Silky, 60 per cent;
97 000 | 19.0 | 27.4 | . 23%, .15 graxgular, 40 per
cent.

JlSilky, 25 per cent;

{Fine granular, 60

granular, 75 per
cent.

96 000 | 17.0 | 20.5 | .14, .20* | Gray; amorphous.

93 000 | 20.0 | 27.4 | .26%, .14 | Silky.
91 000 | 12.5 |,20.5 | .15%, .10 | Gray; amorphous.

97 000 | 21.5 | 40.3 | .14, .29* | Silky.

Silky; with a streak
of  granulation
across the frac-
ture at center.

86 000 | 11.5 | 19.3 | .14, .09 | Silky; with trace of

granulation.
78 000 | 27.0 | 43.3 | .23, .31% ilky.
77 500 | 25.0 | 84.0 | .26%, .24 0.
99 000 | 24.0 | 46.2 | . 33%, .15 . Do.
81000 | 22.5 | 30.7 | .20, .25% | Silky; oblique.

98 000 | 16.0 | 24.0 | .20%, .12 {Sigzi,&;t&oﬁf’“ "

78 000 | 21.5 | 27.4 | .22%, .21 | Silky.

81 000 | 15.0 | 20.5 | .12, .18*% | Gray; amorphous.

Gray; amorphous,
} 44500 | 85000 | 21.0 | 27.4 | .24%, .18 || 60 per cent; gran-
ular, 40 per cent.

87 500 | 14.0 | 16.9 { .17%, .11

e e T R T el e
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STEEL FORGINGS FOR ORDNANCE WORK.

FORGED STEEL FROM WATERTOWN ARSENAL,

SMITH SHOP.

Elastic | Tensile | w, 0 | Con- |Elongation
Marks. limit | strength ation. traction| of inch Appearance of fracture.
persq. in.| per sq. in. 8aUOL. | 5t area. | sections.
Lb. Lb. Peret. | Peretil'In..  In.
221F 43 500 95 000 20.0 37.1 (0.11, 0.29* | Silky.
221F-2 41 000 90 500 23.0 37.1 | .34%, .12 Do.
231F 74 000 | 113 500 14.0 37.11.06, .22% Do.
237F 51 000 78 500 30.0 62.2 | .39%, .21 Do.
237F-2 60 500 | 100 500 18.0 43.3 | .08, .28%* Do.
271F 62 500 | 104 500 22.5 49.1 | .23*%, ,22% Do.
271F-2 88 000 | 114 000 21.0 54.6 | .29% .13 Do.
271F-3 93 500 | 129 500 18.0 49.1 | .18% .18* Do.
271F-4 | 119 000 | 135 500 16.5 46.2 | .18% .15% Do.
272F 56 000 79 500 26.5 59.8 | .20, .33% Do.
272F-2 000 86 500 24.5 66.9 | .39% .10 Do.
272F-3 78 000 99 500 21.5 64.6 | .35%, .08 Do.
202F 72 500 | 117 000 20.0 40.3 | .17, .23* Do.
292F-2 | 118 000 | 138 500 17.5 51.9 | .10, .25% | Silky; serrated.
293F 64 000 [ 101 500 22.0 51.9 | .10, .34* | Silky.
293F-2 | 120 500 | 137 000 17.5 49.1 | .28% .07 | Silky; serrated.
295F 83 000 [ 105 500 20.0 59.8 | .26%, .14 | Silky.
295F-2 | 107 000 | 129 000 12.0 51.9 | .02, .22% Do.
2957-3 97 000 | 113 000 15.5 51.9 .04, .27* Do.
295F-4 | 114 000 | 131 000 14.0 57.2 | .24%, .04 Do.
2096 F 73 000 | 104 500 22.5 49.1 | .12, .33* | Silky; cup shaped.
296 F-2 84 000 | 112 000 21.5 59.8 | .33%, .10 Silkir).
297F 71 000 97 000 20.0 57.2 | .33%, .07 0.
297F-2 | 150 000 | 175 000 8.0 27.4 | .14%, .02 Do.
298F 35 000 80 500 30.0 51.9 | .38%, .22 Do.
301LF 48 000 93 000 20.0 43.3 | .10, .30% Do.
304F 53 000 | 103 500 21.0 40.3 | .25%, .17 Do.
304F-2 51 500 | 104 500 17.5 37.11.10, .25% Do.
308F 118 000 [ 149 000 9.0 27.4 | .14%, .04 | Granular; silky spot at circumfer-
ence.
3085—% gg 000 123 000 13.5 i’;é 8’%, ég: gi%ky; in part granular.
308F- 500 | 113 000 14.0 8N 06315y ilky.
308F-4 83 000 | 108 000 16.5 46.2 | .08, .25% 0.
308F-5 72 500 97 500 21.0 54.6 | .09, .33% Do.
312F 71 000 | 120 000 21.5 49.1 | .14, .29% Do.
313F 72 000 | 125 000 14.5 34.0 | .21%, .08 Granular; silky center.
313F-2 66 000 | 107 000 21.0 57.2 | .09, .33* | Silky.
321F 78 000 | 122 500 11.5 23.9 | .16%, .07 | Granular; silky center.
321F-2 66 500 | 106 000 20.0 43.3 | .18, .22* | Silky.
325F 61 000 | 104 500 23.0 49.1 | .14, .32% Do.
325F-2 60 000 94 500 28.5 62.2 | .38% .19 | Silky; cup shaped.
325F-3 §4 500 103 000 2§g g%g 7 %g, g'g: gihlg; cup sgapeg; serrated.
32618 7 500 | 107 500 24. 2 16,58 ilky; cup shaped.
337F 74 000°| 107 500 22.5 51.9 | .22%, .23* | Silky.
338F 67 000 | 100 500 25.0 59.8 | .15, .35% Do.
339F 71 500 | 105 000 24.0 54.6 | .35%, .13 Do.
340F 66 000 99 000 25.0 62.2 | .37%, .13 Do.
341F 69 000 | 100 000 25.0 62.2 | .36%, .14 Do.
342F 73 500 | 105 000 24.0 59.8 | .35%, .13 Do.
343F 65 500 | 100 000 24.5 49.1 | .25%, .24% Do.
345F 68 500 | 133 000 13.5 24.0 | .09, .18* | Silky; with trace of granulation.
SoE | 7000 | iodoon| 63| 3r0|:30s (23 | Siney, penedsewmincenter
24. .6 | .36%, 2
377F 49 000 76 500 33.5 64.6 | .41% .26 | Fine silky.
386F 74 500 | 121 500 17.5 37.1 | .20% .15 | Silky.
388F 54 500 95 500 21.0 40.3 | .30%, .12 Do.
389F 117 500 | 136 000 15.0 54.6 | .04, .206% Do.
389F-2 72 500 | 101 500 27.0 62.2 | .40%, .14 Do.
390F 56 000 500 24.0 572 (Ve ll,e o3 (* Do.
391F 74 000 | 117 000 20.0 46.2 | .21%, .19 | Silky; cup shaped.
392F 48 500 76 500 27.0 64.6 | .42%, .13 | Silky.
392F-2 63 000 | 100 500 19.0 51.9 | .30% .08 0.
408F 78 500 lsg 500 12.5 20.g 1?*, lg* gilrlie granular; silky center.
408F-2 63 000 500 18.5 40. 11, .2 ilky.
418F 50 500 67 500 22.0 54.6 | .37%, .07 Do.
418F-2 51 000 84 000 26.0 49.1 | .38%, .14 Do.
418F-3 40 500 83 500 26.0 43.3 | .17, .35% Do.
418F-4 51 000 84 000 26. 5 672 |17, . 86F Do.
501F 35 500 63 000 34.0 54.6 | .34%, . 34% Do.
525F 35 500 64 500 34.5 54.6 | .40%, .29 Do.
557F 49 000 95 500 21.5 37.1 | .29% .14 Do.
559F 49 000 | 100 000 17.0 27.4 | .24%, .10 Fiéae granulgr, 10 per cent; silky,
per cent.
562F 53 000 97 500 21.5 43.3 | .12, .31* | Silky.
563F 46 000 500 30.5 59.8 | .43%, .18 0.
* L




STEEL FORGINGS FOR ORDNANCE WORK.

Forged steel from Watertown Arsenal—Continued.

Svitea SHoP—Continued.

Elastic | Tensile. Tlon- Con- | Elongation
Marks. limit | Strength ation traction| of inch Appearance of fracture.
persq.in. | persq.in. & * | of area.| sections.
Lb. Lb. Perct. | Perct
574F 70 000 | 114 000 20.5 49.1 (0.10, 0.31* | Silky.
588F 63 000 | 110 500 18.0 30.7 s 0 Do.
639F 64 000 95 000 24.5 54.6 | .12, .37* Do.
643F 35 000 71 500 30.5 59.8 | .43*%, .18 Do.
643F-2 57 000 | 101 500 18.0 37.1 11, 1::25% Do.
643F-3 53 000 94 000 23.5 49.1 ] .32% .15 Do.
647F 88 500 | 113 000 21.5 59.8 | .33%, .10 Do.
647F-2 | 141 000 | 159 500 13.0 49.1 | .10, .16% Do.
653 F 51 000 92 000 24.0 40.3 | .15, .33* Do.
653F-2 48 000 | 103 500 16.0 24.0 | .21% .11 Fi;z)e granultar, 60 per cent; silky,
per cent.
Goakd | G800 | 116500 | 165 | 08|t (1 | Sy Sk conter
- 3 . . 1 .
655F 51000 | 93000 | 21.0| 43.3].30% .12 Bo.
gggg—g lgé %8 igg g% l’gg %.5 21%, .1?5* Fim-’i) granular; silky center.
- 3 .5 (.04, .1 0.
655F-4 73 000 | 122 500 17.5 40.3 | .28%, .07 | Silky.
660F 46 000 | 102 500 18.5 24.0 | .15, .22% Fil%e granular, 90 per cent; silky,
er cent.
660F-2 74 500 | 120 500 20.0 40.3 | .26%, .14 Silk}g
667F 47 500 | 101 500 21.0 30.7 | .23%, .19 | Fine granular, 50 per cent; silky,
50 per cent.
704F 36 500 66 000 34.0 57.2 | .28, .45% Silk)g
’;81?—% lgg ggg lgg % %gg 53 g 0’2, .2;9: giﬁe silky; serrated.
- i 59. 3 .3 ilky.
GE,| mum) ) gl 0| | K s oo
— 19. 3 1 ilky.
729F 73 000 | 108 500 22.5 54.6 | .10, " 35 )Ji)o.
794F 62 000 87 500 29.5 62.2 | .43*%, .16 Do.
796 F 76 000 | 113 000 21.5 46.2 | .12, .31*% Do.
801F 74 000 | 121 000 18.5 49.1 | .29%, .08 Do.
802F 56 000 94 500 22.5 43.3 1.20, .25% Do.
859F 54 000 88 500 22.0 46.2 | .12, .32* Do.
867F 51 000 95 000 21.5 34.0| .16, .27* Do.
874F 40 500 68 000 29.0 59.8 | .16, .42*% Do.
874F-2 39 500 70 000 33.5 59.8 | .46%, .21 Do.
874F-3 41 000 75 000 28.5 59.8 | .42%, .15 Do.
874F-4 40 500 68 500 32.0 64.6 | .42%, .22 Do.
874F-5 73 500 | 104 500 18.0 51.9 | .08, .28% Do.
882F 44 500 | 102 000 16.5 27.4 | .22%, .11 | Fine gfranular; silky spot at cir-
cumference.
888F 71 500 | 117 000 21.0 46.2 | .16, .26* | Silky.
898F 51 000 87 500 22.0 43.3 | .14, .30* Do.
gggg § % ggg i;’; %8 %g :;g(l) %(1), .12: Si{lﬁy; with trace of granulation.
= > i . 26 i .
899F-3 | 130 500 | 149 500 14.0 37.1 10; .18* %o.
901F 90 000 | 112 000 13.5 46.2 | .03, .24* Do.
901F-2 | 130 000 | 144 500 9.5 30.7 | .03, .16% | Silky; seam in stem.
901F-3 | 121 500 | 137 500 14.5 49.1 23*, .06 | Silky.
904F 70 000 | 117 500 19.5 43.3 | .13, .206% Do.
905F 47 500 86 000 24.0 37.1 19, .29% Do.
905F-2 55 000 87 500 26.0 57.2 | .39% .13 | Silky; cup shaped.
916F 78 500 y 113 000 19.5 51.9 | .29%, .10 | Silky.
929F 81 000 | 115 500 21.0 49.1 | .12, .30% Do.
945F 116 000 | 135 500 14.5 34.0 | .11, .18* Do.
945F-2 78 000 | 110 000 21.0 49.1 11, .31%* | Silky; seam in stem.
962F 98 500 | 123 000 17.5 54.6 | .07, .28* | Silky.
963F 115 000 | 144 000 18.0 43.3 | .10, .26* Do.
966 F 51 000 84 500 24.0 51,9 [:12, <86 Do.
967F 45 500 86 000 23.5 49.1 11, .36* | Fine silky.
967F-2 65 000 96 500 4.5 6.7 .04, .05% Fix;e granular; opened seam in
stem.
967F-3 65 500 | 100 500 20.5 46.2 | .28% .13 | Fine silky.
972F 50 500 85 500 24.0 57.2 | .38%, .10 Do.
972F-2 76 000 | 119 000 15.5 40.3 , .25% | Silky.
972F-3 63 000 | 111 500 18.0 37.1 | .24%, .12 Si%y, 60 petr cent; fine granular,
. er cent.
g;gg gi % 18’; % gig gég 33%, .10)|= gillllt‘;f;“ky; serrated.
3 3 20, .48 ilky.
982F-2 39 500 64 000 24.5 64.6 40”“, .09 | Fine silky.
1018F 46 500 96 000 21.5 37.1 | .28% .15 | Silky; 1interspersed with fine-
anular.
10187-2 76 000 | 106 500 21.0 54.6 | .34%, .08 Silglrry; serrated.
[018F-3 | 101 500 [ 130 000 16.5 40.3 | .25%, .08 | Silky.
1019F 45 000 90 000 23.0 37.1 | .81%, .15 | Silky; trace of granulation.

91




STEEL FORGINGS FOR ORDNANCE WORK.

Forged steel from Watertown Arsenal—Coptinued.

SmitH SHOP—Continued.

Elastic Elon- Elongation
Marks. limit, gation traction| of inch Appearance of fracture.
persq. in. c sections.
Lb. Per ct e | In.
1020F 88 500 17.5 0.08, 0.27* | Silky.
1024F 52 500 19.0 - 20%, .12 Silky,SOI'J;ercent; fine granular, 50
er cent.
fosor |68 060 20| .80 12 | Hhesily, somted
2 5 .2 . y.
1030F-2 85 500 18.5 h .26*: 11 Do.
1038 F 48 500 21.5 1 33%, .10 Do.
1040F 67 500 22.0 : 09, .35% | Fine silky.
1042F 49 500 24.0 46.2 | .12, .36* | Silky.
1046 F 50 000 23.0 40.3 | .16, .30* Do.
1048§ 3 109 000 %go gg% 06, .24% gine Sillll?’; cup shaped.
1048 F- 70 500 .0 5 .40%, .10 ine silky.
1052F 68 500 23.0 | 40.3 | .31%, .15 Do.
1052F-2 76 000 18.5 27.4 | .14, .23* | Silky.
1665F 58 500 14.5 24.0 | .19%, .10 Fil%e granular, 90 per cent; silky,
per cent.
1055?—2 109 500 iég 27.4 | .10, 53: Eiue grﬁm{nular; silky center.
1055F-3 64 500 s 27.4 .10 0 ine silky.
1058F 60 500 23.0 43.0 131 33 | Silky.
1060F 126 500 11.5 27.4 | .17*%, .06 Do.
1060F-2 | 111 500 18.5 51.9 | .30%, .07 | Silky; serrated.
1060k | 98 000 15| 374|107, o | Tmphenoter silky center
| X 5 0.
1078F 49 500 23.5 | 40.3 | .10, .28* | Silky.
1103F 48 500 25.5 43.0 | .19, .32% Do.
1128F 58 000 17.0 30.7 | .24*%, .10 | Silky, 70 pez cent; fine granular,
30 per cent.
1129F 53 000 27.5 49.1 | .18, .37* | Silky.
1151F 94 500 23.5 57.2 | .15, .32* | Silky; serrated.
1152F 55 000 16.5 34.0 | .10, .23* | Silky, 90 pe€ cent; fine granular,
10 per cent.
lgggg 49 500 égg 242 gg:, ;i Si}\éy; trace of granulation.
1 45 000 3 4, ilky.
1322F 40 500 25.0 59.8 | .11, ’ .39% | Fine silky.
1322F-2 66 000 23.0 51.9 | .35%, .11 Silky.
1336 F 55 500 18.0 24.0 | .12, .24* Do.
1336 F-2 46 000 24.0 SL.O |- 115 8Tk Do.
1337F 150 000 12.0 49.1 | .02, .22% | Fine silky.
1337F-2 | 141 000 14.0 43.3 | .23*%, .05 Do.
1338F 129 000 15.5 57.2 | .11, .39* Do.
1339F 75 500 23.5 57.2 | .35%, .12 Do.
1342F 75 500 21.0 51.9 | .10,  .32* [ Fine silky; enp shaped.
har | n | g2l i) Tyl serted
3 A o.
1347F 83 000 19.0 27.4| .06, " 3ok Silky.
1347F-2 91 500 6.5 9.5 (.05, .08 | Silky; oblique.
1347F-3 83 000 16.5 34.0 | .24%, .09 Do.
1349F 95 000 ggg g%g .30%, .10 gine si{ﬁy; serrated.
1352F 60 500 . 5 39%, .14 ine silky.
1352F-2 | 110 600 16.5 | 50.0 .’ .27% | Fine silky; serrated.
1353 F 47 500 25.0 37.1| .28*, .22 | Silky.
1353%—2 47 500 21.0 34.0 16; 26 gi}g; trace of granulation.
1355 55 000 25.0 54.6 1 .32%, .18 ilky.
1357F 55 500 12.0 16.9 14*: 10 | Lamellar, 7(2 per cent; granular,
30 per cent.
1357F-2 41 500 2.5 5.7 | .01, .04* [ Granular. i 'y
1357F-3 66 000 13.5 20.5 | .16%, .11 | Fine granuflar; with silky spot
at circumference.
1357F-4 70 500 16.0 30.7 | .14, .18* | Fine granular; silky center.
1358F 50 500 17.5 24.0 | .21*%, .14 | Fine granular, 80 per cent; silky,
20 per cent.
1358 F-2 70 500 16.0 34.0 | .22%, .10 | Fine granular; silky center.
1359F 68 500 18.0 27.4 | .23%, .13 | Lamellar; opened a seam along
the stem.
gg(})g 71 000 lgg gig %g, 24: gine granular; silky center.
85 000 16. 3 19 ilky.
1362F 138 000 9.0 16.9 125‘, 06 Do.
1362F-2 | 119 000 14.5 43.3 | .06, .23* | Silky; serrated.
1363 F 127 000 9.5 24.0 | .04, .15% | Silky.
1363F-2 | 129 000 12.0 37.1| .04, .20% Do.
1363F-3 | 125 000 13.0 37.1 | .20%, .06 | Silky; serrated.
1364F 48 000 21.0 37.1 | .27%, .15 | Silky.
1365F 116 500 8.0 16.9 | .09%, .07 Fine granular.
1365F-2 75 000 23.5 59.8 | .24%, .23 | Silky.
1367F 40 500 24.0 49.1 | .12, .36* Do.
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Forged steel from Watertown Arsenal—Continued.

Smita SHOP—Continued.

Elastic | Tensile Tlon- Elongation
Marks. limit | strength | o050 of inch Appearance of fracture.
persq. in.| persq. in.| & ? sections.
Lb. b. Perct Im. - In.
1367F-2 52 000 96 500 23.0 0. 30%,0. 16 Sﬂklv).
1384F 43 500 87 500 23.0 .21, 5% 0.
1384F-2 54 500 96 500 22.0 .30%, .14 Do.
1405F 76 000 [ 108 000 22.0 .34%, .10 | Silky; serrated.
1407F 49 500 96 500 18.5 .10, .27* | Silky, 30tpel' cent; granular, 70
per cent.
1441F 106 000 | 132 000 16.0 4 07, .25% | Silky; serrated.
1443F 68 500 91 000 22.5 g 18, .27* | Silky.
1443F-2 76 000 | 103 500 20.0 s il, . 3* Do.
1443F-3 58 500 88 000 21.5 A .34%, .09 | Finesilky. "
1444F 60 000 | 118 000 21.5 i .30%, .13 | Fine granular; silky center.
1445F 53 500 85 000 30.5 54.6 | .41%, .20 | Silky.
1448F 131 500 | 153 000 12.5 27.4].07, .18* Do.
1463 F 45 500 87 500 19.0 49.1 | .28%, .10 Do.
1463 F-2 45 000 89 500 23.0 34.0 .21, .25% Do.
1463F-3 52 000 | 101 500 20.0 37.1 | .26%, .14 | Silky, 60tper cent; granular, 40
per cent.
1532F 53 500 85 000 23.5 37.1 | .24*%, .23 | Silky.
1532F-2 76 000 | 103 500 18.0 54.6 | .31*, .05 | Silky; cup shaped.
1F 49 500 80 500 26.0 54.6 | .39%, .13 | Silky.
1F-2 49 000 84 500 27.5 49.1 | .32%, .23 Do.
1F-3 50 500 87 000 27.5 54.6 | .17, .38* Do.
1F-4 65 500 99 500 23.0 59.8 | .11, ..35% Do.
69F 49 500 | 100 500 i7.b 37.1 | .27%, .08 Do. 3
78F 105 000 | 142 000 11.5 27.4 | .05, .18*% | Fine granular; silky eenter.
78F-2 | 108 500 | 145 000 12.5 27.4 | .18%, .07 | Silky, 60tper cent; granular, 40
er cent.
78F-3 89 500 | 132 000 12.5 80.7 |07, .18% Fi11)1e granular; silky center.
78F-4 | 116 000 | 152 500 5.0 9.5 | .04, .06% | Fine granular; silky spot at eir-
cumference.
78F-5 96 500 | 137 000 11.5 20.5 | .15%, .08 | Fine 1;%ranular; silky spot near
center.
78F-6 99 500 | 141 500 9.0 20.5 | .14*, .04 Do.
79F 48 500 71 000 30.0 51.9 | .40%, .20 | Silky.
80F 41 500 75 500 31L.5 54.6 | .26, .37* Do.
115F 109 000 | 138 500 14.5 43.3 | .06, .24% Do.
115F-2 82 500 | 110 000 21.0 59.8 , - 33% | Fine silky; cup shaped.
117F 47 500 89 500 26.0 51.9 y <12 Silkjv).
117F-2 74 000 | 110 500 19.5 43.3 | .26%, .13 0.
126F 45 500 3.5 57.2 | .25, .38% Do.
128F 48 500 96 500 17.5 37.1 | .26%, .09 Do.
177F 45 500 92 500 21.0 40.3 | .10, .32* Do.
201F 44 500 86 000 17.0 43.3 1 .08, .26% Do.
201F-2 50 500 90 500 22.0 37.1 | .31%, .13 | Gray; amorphous.
206 F 57 500 84 500 29.5 62.2°| .23, .36* | Silky; cup shaped.
8514F 56 800 [ 101 100 22.0 46.7 | .23*%, .21*% | Silky.
8515F-3 61 500 | 106 500 24.0 49.1 | .32%, .16 Do.
8518F-3 68 000 | 107 500 22.0 49.1 | .22%,  22% Do.
8516 F 55 500 99 000 23.0 49.1 , .25%, 2% Do.
8520F 54 500 | 104 500 20.0 43.3 | .30%, .10 Do.
8521 F 58 000 | 110 500 21.5 43.3 | .29%, .14 Do.
8757F 56 000 | 103 000 23.0 49.1 .13, .33* Do.
8758 F 58 000 | 105 500 24.0 54.6 | .36%, .12 Do.
8522F-3 98 500 24.0 54.6 | .14, .34% Do.
8523 F-3 56 000 | 101 500 21.5 46.2 | .12, .31* Do.
8524F-3 64 500 | 107 500 21.5 46.2 | .30%, .13 Do.
2321 82 500 [ 105 000 23.5 59.8 | .36%, .11 Do.
2321 71 000 96 500 25.5 64.6 | .12, .39% Do.
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STEEL FORGINGS FOR ORDNANCE WORK.

Forged steel from Watertown Arsenal—Continued,

SmiTH SHOP.

EXPERIMENTAL TESTS.

Elastic | Tensile Con- Eloneas
Marks limit | strength | Elon- | trac- ton ofign oh
3 k c})elrn g cfeirn gation. t{l:;gaof sections, Appearance of fracture.
Lb. Lb. Perct.| Perct.| In. In.

A123 91 500 [ 121 500 19.0 46.2 | .19% .19* | Finesilky.

A123-2 91 000 [ 118 500 18.5 51.9 .09, .28 | Silky.

A123-3 104 000 [ 129 000 14.0 40.83 | .17%, .11 Do.

A123-4 125 000 | 134 500 19.5 57.2 1 .30% .09 | Silky; serrated.

A123-5 75 000 | 108 500 25.5 57.2 | .30% .21 | Finesilky; cup shaped.

A123-6 83 500 | 110 500 21.5 57.2 ] .19, .24* | Fine silky.

A123-7 80 500 | 109 500 21.5 54.6 | .22% _21* Do.

A123-8 110 500 | 129 500 20.0 57.2 1 .09 31* | Silky; serrated.

A123-9 70 500 | 113 500 19.5 40.3 | .29%, .10 | Fine silky.

A123-10 116 500 | 135 000 17.5 51.9 | .06, .29* | Silky; serrated.

A123-11 76 000 | 107 000 25.0 59.8 | .18, .32* | Fine silky.

A123-12 65 000 | 106 500 23.0 49.1 .15, .31* Do.

A123-13 75 500 | 105 000 22.5 62.2 | .08, .37* | Finesilky; cup shaped.

Al123-14 79 000 | 108 500 23.0 59.8 | .33%, .13 Do.

A123-15 72 500 | 111 000 25.0 51.9 | .28%, .22* Do.

A123-16 80 500 | 110 000 22.0 57.2 | .12, .32*% | Fine silky.

A123-17 78 500 | 110 000 22.5 54,6 | .35%, .10 | Silky; serrated.

A123-18 80 000 | 110 500 22.0 54,6 | .32%, .12 | Silky.

A123-19 75 000 | 106 000 21.0 59.8 | .36%, .06 Do.

A123-20 83 000 | 106 500 20.0 51.9 | .24%, .16 Do.

A123-21 79 000 [ 109 000 | 22.0 | 59.8| .10, .34* | Silky; serrated.

A123-22 79 500 | 109 000 22.0 57.21 .10, .34* Do,

A123-23 67 500 | 111 500 18.5 37.1] .15, .22% lezlsy, 80 pez cent; fine granular,

per cent.

A123-24 66 000 | 105 000 22.0 43.0 | .21%, . 23% ilky.

A123-A 96 000 | 121 500 24.0 51.9 | .30%, .18 | Silky; serrated.

A123-A 71 000 | 116 000 18.5 37.1| .25% .12 | Finesilky.

A123-A-2 89 000 | 118 500 18.0 49.1 | .27%, .09 | Silky.

A123-A-3 106 500 | 185 500 | 12,0 | 37.1|.12% .12 | Silky; cup shaped.

A123-B 75 500 | 109 500 21.0 49.1 | .32%, .10 | Finesilky.

A123-C 72 000 | 104 500 23.5 51.9 | .33%, .14 Do.

F.S8.1 50 500 73 500 26.5 51.9 | .17, .386% Silk%.

F.8.2 50 500 73 500 27.0 54.6 | .40%, .14 0.

F.8.3 56 500 75 000 28.5 54.6 | .18, .39% Do.

I8 65 500 98 000 22.5 40.3 | .16, .29% Do.

F.S.2 67 000 98 000 23.5 43.3 | .16, .31* Do.

F.8.3 69 000 99 000 23.5 43.3 | .14, .33* Do.

BN as] 81 000 | 110 500 20.5 57.2 | .08, .33% Do.

F.8.2 76 000 | 107 000 21.5 57,2 |1.10, . 33* Silk%; cup shaped.

F.S.3 77 000 | 108 000 20.5 57.2 | .09, .32% 0.

Gun steel 54 000 | 107 500 17.0 27.4| .14, .20* | Silky, 90tper cent; granular, 10
per cent.

967A 59 500 90 500 26.0 59.8 | .12, .40* | Finesilky; cup shaped.

967B 55 500 | 110 500 17.5 34,0 | .14, .21% | Silky, 70tper cent; granular, 30
per cent.

929A 67 000 88 500 26.0 46.2 | .28%, .24 | Finesilky.

929B 65 000 86 000 28.5 51.9 | .35%, .22 Do.

A 67 500 99 000 25.5 49.1 .21, .30% | Silky.

B 30 000 59 500 17.5 27.4| .13, .22% Slllfy; glllnengd oblique checks
along the stem.

A-2 113 500 | 137 000 13.5 43.3 | .23%, .04 | Silky.
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Tensile

Con-

Elastic Elongation
Marks. limit per strength | Elon: trac- of inch Appearance of fracture.
S per gation. | tion of | o5 0
G 1 Bg in. area. g
Lb. b. Perct. | Perct. | In. In.
1732 FRA-1 54 000 95 000 26.0 49.1 | .35%, .17 Silky.
1732 FRAA-1 51 000 95 500 24.5 46.2 | .29% .20 Do.
1732 FLB-1 53 500 98 000 19.5 43.3 | .30%, .09 Do.
1732 FLBB-1 53 500 96 500 25.0 49.1 | .16, .34% Do.
1732 FRAA-2 55 500 90 500 25.0 43.3 | .17, ..33* Do.
1732 FLBB-2 56 000 93 000 23.5 46,21+ 15; 1< 32F Do.
1732 FRAA-3 52 000 95 000 21.5 46.2 | .12, .31%* Do.
1732 FLBB-3 54 000 98 000 22.0 46.2 | .32%, .12 Do.
1732 FRA-2 46 000 88 000 24.0 871} «81* 11T Do.
1732 FLB-2 47 000 91 000 22.0 40.3 | .14, .30* Do.
1732 FRA-3 49 500 87 500 25.0 49.1 16, 1 .86% Do.
1733 FRAA-4 56 000 89 500 25.0 49.1 36%, .16 Do.
1732 FLB-3 49 500 88 500 22.0 46.2 | .13, .31* Do.
1732 FLBB-4 59 000 91 500 24.5 49.1 | .14, .35% Do.
1733 FLA-1 64 000 99 000 21.5 43.3 | .31%, .12 Do.
1733 FRA-1 71 500 98 500 25.0 49.1 15, . .35*% Do.
1733 FLB-1 58 500 98 000 22.0 46.2 | .32%,..12 Do.
1733 FRB-1 56 500 99 500 22.5 47.4 | .22% | 23* Do.
1733 FLC-1 57 500 98 000 20.5 43.3 | .31%, .10 Do.
1733 FRC-1 54 000 | 101 506 20.0 40.3 | . 20%, .20% Do.
1733 FRD-1 54 100 98 700 21.0 47.4 | .30%, .12 Do.
1733 FLD-1 55 000 | 101 000 20.5 43.3 | .11, .30% Do.
1733 FLA-2 50 500 92 000 22.5 40.3 14, .3i* Do.
1733 FTRA-2 50 500 92 500 26.5 40.3 | .19, .34% Do.
1733 FLB-2 52 000 91 500 23.5 37.1 24%, | 23% Do.
1733 FRB-2 54 500 92 000 24.5 40.3 | .31%, .18 Do.
1733 FLC-2 54 000 91 000 23.5 43.3 | .30%, .17 Do.
1733 FRC-2 54 500 94 000 22.5 37.1 15,  .30* Do.
1733 FLD-2 53 500 93 500 24.0 43.3 | .20, .28% Do.
1733 FRD-2 51 000 91 500 25.0 43.3 [ 30%, 20 Do
1733 FLA-3 60 500 97 000 250 46.2 | .35%, .15 Do.
1733 FRA-3 56 000 94 000 25.0 49.1 | .31%, .19 Do.
1733 FLB-3 58 900 96 300 23.5 47.4 15, .32* Do.
1733 FRB-3 56 000 97 500 4.5 46.2 | .15, .34% Do.
1733 FLC-3 60 500 99 000 25.0 43.3 | .34%, .16 Do.
1733 FRC-3 60 500 96 500 24.5 46.2 | .35%, .14 Do.
1733 FL.D-3 59 500 96 500 24.0 46.2 | .35%, .13 Do.
1733 FRD-3 55 000 96 500 27.5 46.2 | .35%, .20 Do.
1733 FLA-4 71 000 | 111 000 19.5 46.2 | .28% .11 Siiky; flaw in specimen.
1733 FRA—4 74 000 | 116 000 19.5 43.3 | .13, .26% | Silky.
1733 FLB-4 76 000 | 115 500 20.0 46.2 | .10, .30% Do.
1733 FRB-4 76 000 | 113 500 19.5 46.2 | .10, .29% Do.
1733 ¥LC~4 76 500 ! 119 000 17.0 37.1 | .08, .26% Do.
1733 FRC—4 73 500 | 115 500 19.5 46.2 | .09, .30% Do.
1733 FLD-4 74 500 | 118 500 18.0 34.0 | .18%, .18 Do.
1733 FRD-4 76 500 | 119 000 17.0 37.1 08, .26% Do.
1733 FLD-5 81 000 | 119 500 1.6 43.3 | .24%, .11 Do.
1733 FRD-5 87 500 | 127 500 13.5 34.0 Bl s 2 Do.
1733 FLA-6 77 200 | 114 600 15.0 51.0 | .05, .25% Do.
1733 FRA-6 76 400 | 112 300 18.0 54.4 | .28% .08 Do.
1733 FLB-6 72 000 | 109 400 20.0 53.3 | .10, .30% Do.
1733 FRB-6 92400 | 131400 | 12.0) 39.9|.19% .05 | Silky,90 %ercent;granular, 10
er cent.
1733 FLC-6 80 400 | 121 800 13.0 43.7 | .04, .22% Si{J X
1733 FRC-6 90 000 | 127 400 12.0 19.8 . S 15 Finlekgrait(l)ular 90 per cent;
si er cent.
1733 FLD-6 78 800 [ 121 800 | 16.0 | 47.4 | .22% .10 ik_v'.y’ ¥
1733 FRD-6 90 000 | 125 000 15.0 39.9 | .23*% .07 Do.
1733 FRA-7 76 400 | 108 300 21.0 51.0 | .27%, .15 Do.
1733 FRB-7 78 000 | 119 500 17.5 40.3 | .26%, .09 Do.
1733 FRC-7 79 500 | 115 500 19.0 46.2 | .29% .09 Do.
1733 FRD-7 75 000 | 115 500 18.0 43.3 | .22% .14 Do.
1733 FLA-7 73 500 | 109 500 20.0 49.1 | .10, .30% Do.
1733 FLB-7 69 500 | 105 000 23.0 49.1 33*, .13 Silky; cup shaped.
1733 FLC-7 73 200 | 113 100 21.5 47.4 | .2T%, .16 ilky.
1733 FLD-7 81 500 | 121 000 17.5 40.3 | . 26%, .09 Do.
1733 FRA-8 54 500 85 000 28.5 57.2 | .18, .39* Do.
1733 FRB-8 55 500 86 000 28.5 54.6 | .28%, .20% Do.
1733 FRC-8 60 500 90 500 26.0 59.8 | .14, .38* Do.
1733 FRD-8 56 000 88 500 28.0 51.9 | .18, .38* Do.
1733 FLA-8 57 000 91 500 28.0 62.2 | .20, .36% Do.
1733 FLB-8 56 000 87 500 24.5 54.6 | .12, .87* Do.
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EXPERIMENTAL TESTS FOR STUDENT OFFICERS—Continued.

: Tensile Con-
Elastic Elongation
Marks. limit per strength | Elon trac of inch Appearance of fracture.
sa.m per gation. | tion of Sections,
G405 e gin area. ;
Lb. Lb. Per ct. | Perct. | In. In.

1733 FLC-8 56 000 86 500 27.5 54.6 | .39%, .16 | Silky.

1733 FLD-8 000 87 500 29.5 57.2 | .41%, .18 Do.

1733 FRA-9 55 000 84 500 29 5 6221017, " 42 Do.

1733 FRB-9 56 000 82 500 30.5 59.8 , .37% | Silky; cup shaped.

1733 FRC-9 55 000 83 000 30,0 59.8 | .32%, .28 | Silky.

1733 FRD-9 53 000 90 500 26.0 49.1 33, .19 Do.

1733 FLA-9 56 000 88 500 23.5 49.1 | .13, .34* | Silky; cup shaped.

1733 FLB-Y 56 000 90 500 26.0 1199 8T TS Silky.

1733 FLC-9 54 500 84 500 29.0 57.2 | .40%, .18 Do.

1733 FLD-9 56 000 85 000 29.0 54.6 | .40%, .18 Do.

1733 FCA 64 000 99 500 23.0 43.3 | .13, .33* Do.

1733 FCB 59 000 97 500 24.0 46.21 .15, .35% Do. .

1733 FWC 61 000 97 500 24.5 49.1 34%, .15 Do.

1733 FWD 61 000 97 000 23.0 51.9 | .34%, .12 Do.

1733 FCA-1 54 000 85 000 26.0 46.2 | .20%, , 23% Do.

1733 FCB-1 55 000 84 500 26.0 46.2 | .20k, .23% Do.

1733 FWC-1 54 500 84 500 26.0 46.2 | .18, .34* Do.

1733 FW D-1 52 500 85 000 26. 5 43.3 | .20, .33* Do.

1733 FCA-2 79 500 124 500 13.5 27.4 | .07, .20% | Fine silky.

1733 FCBC—2 90 000 | 135 (5)88 27.8 20.5 (2)(2;‘( .12* Fiff% granular; silky center.

1733 FWC-2 80 000 | 115 1. 51.9 b%, .l ilky.

1733 FWD-2 85 500 } 116 500 18.5 51.9 | .09, .28%* Do.

1733 FCA-3 113 000 | 133 000 16.0 49.1 27%, .05 Do.

1733 FCB-3 88 500 | 117 000 15.5 51.9 | .03, .28% Do.

1733 FWC-3 113 500 | 132 000 16.0 51.9 | .05, .27* | Silky; serrated.

1733 FWD-3 105 000 | 128 500 15.0 43.0 , .24% | Silky.

1733 FCA-4 84 200 | 124 500 16.0 45.4 | .07, .25% Do.

1733 FCB-4 82 100 | 125 500 15.56 42.3 )" . 25% Do.

1733 FWD-4 121 900 [ 143 900 11.0 29.6 | .05, .17% Sill_ry; with trace of granula-
ion.

1733 FCA-5 62 500 90 500 29.5 57.2 | .37%, .22 | Fine silky; cup shaped.

1733 FCB-5 65 000 92 500 30.0 62.2 | .18, .42*% | Fine silky.

1733 FWC-5 65 000 93 000 28.5 62.2 | .39% .18 Do.

1733 FWD-5 74 000 | 100 500 25.5 62.2 | .37%, .14 Finesilky:; cup shaped.
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BRONZE FOR ORDNANCE WORK.

BRONZE FROM WATERTOWN

ARSENAL FOUNDRY.

Elonga-
Tensile Contrac-
Marks. | strength Eéionga- tion of mti%n of Appearance of fracture.
per sq. in Oae area. oh e
A ‘ tions.
Lb. Per cent. | Per cent.| In. In.
299 71 000 22.5 34. 15, .30% | Light yellow.
300 70 500 23.0 40.3 | .33% .13 | Light yellow; oblique.
20| | ws | e | e
1327 56 000 9.5 13.2 " 110% | Light yellow and lavender.
1335 60 500 23.5 27.4 22, .25% L%ght yellow.
ggg gg % lgg égg ﬂ;, (1)3 nglg yellow and lavender.
! ! s 0.
1359 58 500 15.0 20.5 16%, .14 Do.
1381 55 000 8.5 16.9 10%, .07 Do.
1384 58 500 12.5 16.9 | .12% .13* Do.
1388 57 500 16.5 16.9 15, 18% Do.
1392 57 000 13.5 20.5 J14%, (13 Do.
1396 22 (5)% 17.5 20.5 .2()::, .15 | Light yel}ow; oblique.
1472 2 20.5 24.0 22%, .19 | Light yellow.
1542 69 000 36.5 34.0 | .34, .39% | Light yellow; oblique.
1543 67 500 36.5 34.0 34, .39*% | Light yellow and lavender; oblique.
1572 58 000 16.0 20.5 15, .17*% | Light yellow and lavender.
1658 65 500 36.5 40.3 | .32, .41* 1 Light yellow and lavender; oblique.
1659 65 500 39.5 37.1 | .41% .38 | Light yellow; slight lavender; oblique.
168% gg ;88 12.8 39‘71 10:‘< .1%* LighIt yellow and lavender.
169 23. ‘s 25 2 Do.
1785 57 500 14.0 30.7 | .13,” .15% | Light yellow.
1822 56 000 13.0 16.9 11, .15% | Light yellow and lavender.
Y15 | Goom | doo | s |k 4o | Lignyamow
i & b ight yellow.
1933 59 500 26.5 24.0 27*: .26 | Lavender.
1944 62 000 22.0 20.5 22, .22% | Light yellow.
1996 67 000 38.0 34.0 36%, .40 0.
2016 67 500 42.5 40.3 50%, .35 | Light yellow; oblique.
2036 54 500 16.0 16.9 19*, .13 | Lemon, lavender, and yellow.
2047 63 000 17.0 13.2 20%, .14 | Light yellow and lavender.
o4 | oo | o | a0 | R | TiEntYenew oM
2104 66 500 26.5 7.4 |25, o8¢ | Do
210% % 500 44.2 37.1 44%, 44* Lighlg yellow; oblique.
2131 500 42. 40.3 .45 0.
2162 67 500 34.0 30.7 32; . 36% Do.
2166 69 500 41.0 37.1 41%, . 41% Do.
2190 67 000 40.0 40.3 40%, .40* | Light yellow.
2222 65 000 22.0 24.0 23*, .21 Do.
2226 68 500 39.5 37.1 43*% .36 | Light yellow; oblique.
2330 66 000 44.0 46.2 | .51% .37 o.
2346 62 000 19.5 24.0 21%, .18 | Light yellow and lavender.
2374 68 000 41.0 37.1 41%, . 41* | Light yellow; oblique.
B | s | g el
i ¢ . 0.
2410 65 500 19.0 24.0 184‘, .20* {:ight yeﬁow and lavender.
2437 64 500 21.0 24.0 19 23 ight yellow.
2443 69 500 24.5 24.0 23: 26 Do.
2473 68 000 34.5 30.7 34*%, . 35% Do.
2479 65 500 29.0 27.4 30%, .28 Do.
2509 67 500 31.5 37.1 37*, .26 Do.
2517 57 500 12.5 13.2 favn ] Do.
2538 66 000 37.0 30.7 39k, .35 Do.
2545 59 000 19.0 20.5 19%, (19% Do.
2567 67 gOO 38.5 33.0 35&*, . 39: ilgg% yeﬂow ; oblique.
2575 59 500 12.5 16.9 1 .14 i ellow.
2596 67 000 38.0 0.3 |38k, lase| Do,
2601 68 500 31.5 30.7 31k, .32% Do.
2610 62 500 22.5 20.5 22K, 23 Do.
2686 64 000 21.5 20.5 21%, 22% Do.
2708 gi 800 40.0 42.3 STy 43: %igg% yeﬂow; oblique.
2712 000 28.5 27.4 28%, .29 ight yellow.
2724 64 000 29.0 30.7 20%, | 20% Do.
2812 69 000 33.0 34.0 33*, .33% Do.
2816 64 500 32.5 30.7 30, .35% Do.
3220 66 000 40.5 434 3 36, . 45: Ligth yellow; oblique.
30 66 000 29.0 34.0 20%, 1. 29 0.
2839 64 500 24.0 30.7 26%, .22 | Light yellow.
2843 66 500 37.0 34.0 38%, .36 Do.
2846 64 500 23.0 27.4 25%, .21 Do.
2850 68 000 36.0 37.1 36%, .36% Do.
2854 67 500 35.0 37.1 40%, .30 Do.
2858 67 500 35.0 34.0 35%, . 35% Do.




BRONZE FOR ORDNANCE WORK.

Bronze from Watertown Arsenal foundry—Continued.

& Elonga-
Tensile Contrac- s
Marks. | strength E%;)gg;‘a tion of ix?c%nszg- Appearance of fracture.
per sq. in. area. R
Lb. Per cent. | Percent.| In. In.
2861 60 500 33.0 34.0 | .33%, .33* | Light yellow.
2875 66 000 40.0 40.3 | . 40%, .40* Do.
2882 61 000 27.0 34.0 | .24, .30* Do.
2904 65 500 27.0 30.7 | .24, .30% Do.
2907 60 000 31.5 30.7 | .29, .34% Do.
2960 61 500 41.5 40.3 | .46%, .37 Do.
2995 66 000 24.0 27.4 | .22, .26% Do.
00|  Goo00| 0| 07| 3k 30 | Lisht yellow. o mvender
: 3 = ight yellow.
S000 |  03500| ako| b |a0% 58 | Lishtyelow o Bvender
d A e . 1 eliow.
3043 62 000 8.5 9.8 |, 10*: .07 g Dgf
G| T000| 30| 371|136 i34 | Lisht yellow. o avender
lih 5 . ight yellow.
IR R R
- K i ellow.
3091 64 500 41.0 40.3 | . 40*: 42% & Do? i
3094 56 000 13.5 24.0 | .12, .16% Do.
3122 67 000 43.0 46.2 | .39, .47* Do.
3125 68 000 35.0 37.1 | .40%, .30 Do.
3128 64 500 38.5 37.1 | .41%, .36 Do.
3132 67 500 33.5 34.0 | .30, .37* Do.
3136 60 500 11.5 16.9 | .13%, .10 Do.
3156 66 000 35.0 37.1 .32, .38% Do.
gigg gg ggg égg %;i . %3*, éi* Lighs yellow and lavender.
. . . . 0.
68 500 26.5 30.7 | .24, .29% | Light yellow.
24|  70000| 58| B4 | a7k (3w | Light vellgw. o avender
3 BT, . ight yellow.
3240 63 000 19.0 27.4 | .21%, .19 » Dg., g
3262 61 000 10.0 16.9 | .09, .11* Do.
3291 67 500 23.5 27.4 | .25%, .22 Do.
3295 62 500 1.5 169.] .18%, .10 Do.
3320 67 000 33.0 34.0 | .35% .31 Do.
3325 64 500 26. 5 80.7 | .27*, .26* Do.
3339 65 000 27.0 27.4| .26, .28* Do.
3361 69 000 35.5 34.0 | . 85%, .36% De.
3366 65 000 24.5 27.4 | .27, .22 Do.
3371 69 500 27.5 27.4 | .30%, .25 Do
3373 69 000 33.0 807 | <815 < 85% Do.
3391 68 000 3L.0 27.41.29, .33* Do.
3395 52 500 7.5 16.9 | .05, .10* | Light yeléow, 90 per cent; lavender, 10
per cent.
3410 63 000 14.5 13.2 | .13, .16* | Light yellow.
3418 62 500 13.5 16.9 | .12, .15*% Do.
ggg 2(73 ggg %,1, g %g g 3 ﬁ.*, s ?Z* ng% yellow and lavender.
2o 0.
3446 52 500 5.0 5.7 |.04 .06* Do.
3455 63 000 18.0 16.9 | .20%, .16 | Light yellow; oblique.
00| 0000 (B0| 8|06k 104 | Lich yellow. L avender
3 . 5 F ight yellow.
3637 59 000 1.0 16.9 | . 12*: .10 | Light yellow and lavender.
3665 59 000 14.0 20.5 | .15%, .13 | Light yellow and lemon.
gggg gg (5)88 lg: g lg. g . (l)g:, ; (l)g Ligh]g yellow and lavender.
3 . . 0.
3756 59 500 9.5 13.2 | .10%, .09 | Light yellow.
3822 59 500 10.0 13.2 | .11%, .09 Do.
3840 69 000 30.5 34.0 | .35%, .26 Do.
g%g ggs 888 ig‘ g %gg g ig},ﬁ . g* Lighl% yellow and lavender.
.5 . 0.
3881 59 500 10. 5 9.5]. 12*: .09 Do.
3886 57 500 14.0 13.2 | .15%, .13 Light yellow.
3906 57 500 9.0 132 |07, <~11* Do.
3922 65 000 11.0 13.2 | .12%, .10 Do.
3g§g g? 288 13.0 %6. g 5 %g:, ¢ }1 L!gth yellow and lavender.
3 1.5 6. ’ saL 0%
gggg g? ggg %2 8 %gg : {%:: . (l)g Ligl% yellow, coarse granular.
5 .16 0.
4000 57 538 iL.5 16.9 | .10, 13 Ligtg yellow and lavender.
59 0 14.0 16.9 | .12, .16 0.
4021 61 000 16.0 24.0 | .20% .12 | Light yellow. .
283? g% 888 %7. 5 %g. g s %g:, s %6 nglﬁ yellow and lavender.
3.5 3 v .12 0.
4066 62 500 16.0 20.5 | .15, .17* Do.
4088 60 500 11. 5 18.2 | «18%, . 10 Do.
4106 60 500 10.0 13.2 | .09, .11* | Light yellow.
4111 62 500 21.0 24.6 | .19, .23* Do.
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Bronze from Watertown Arsenal foundry—Continued.

¢ Elonga-
Tensile 5 Contrac- -
Marks. strengt.}l; Eé;’;ﬁa tion of i&%nsgé_ Appearance of fracture.
per sq. in. area. 608,
Lb. Per cent. | Percent. | In. In.
gl B as| R0 | ey and e
R & . .06 i ellow.
4151 66 000 24.5 24.0 .23, .206% g D(Z
8| 30| dbs| 65 |:00 D1 | Light vellow. o avender
. %100, ight yellow.
4193 64 000 23_. 0 24.0 | .20, .26* | Light yellow and lavender.
g% gg ggg é(ljg %82 s ég:, s %3 nghIl; yellow; oblique.
5 5 . «23%, . 0.
4262 59 500 14.0 16.9 | .12, .16* | Light yellow and lavender.
4271 66 000 23.0 20.5 | .25% .21 | Light yellow and lemon.
4277 60 500 15.0 24.0 | . 1.§, .15 L!ght yellow and }aveuder.
g mmo @t e e Hi ey chies
. . . ellow.
4300 62 500 16.5 260 [ 14, 19¢ | “Do.
M omm mt B m e wdnn
5 20. N i 5 i ellow.
4398 66 500 1.5 43.3 | . 41%, . a2* i
ﬁ{g 66 00008 43 (5) 37(1) LA2K ) 4% Lighlg yellow; oblique.
66 3 4. L41%, | 38% 0.
4421 66 000 29.0 30:7 | .26, .32* | Light yellow.
4422 69 000 35.0 34.0 | .37%, .33 Do.
4423 66 000 25.5 807 | . 23; . 28% Do.
4433 64 000 3L.0 34.0 | .29, .33* Do.
4492 68 000 35.0 57.1 | .39%, .31 Do.
4501 64 000 27.0 80.7).25, .29% Do.
4534 65 000 25.5 27.4 | .28%, .23 Do.
4537 67 500 21.0 24.0 | .22%, .20 Do.
4221; g; 83(0) 43 8 iQé 5 50:, .36* %ig]};t ye}}ow; oblique.
4. 4 3. 42%, | 42 ght yellow.
4581 68 000 20.0 27.41.19, .21% Do.
4601 70 000 30.0 30.7 | .28, .32% Do.
4606 64 500 23.0 20.5 | .23%, ,23* Do.
4607 61 500 19.0 27.4 | .22%, .16 Do.
4611 68 500 3L.5 30.7 | .29, .34* Do.
ﬁég g(l) 888 %:11(5] %(7) 5% 12; J é?* II:}g;n: yehlow and lavender.
3 L4 ] .22% .20 ght yellow.
4629 61 000 17.5 20.5 | .19%, .16 Do.
4641 67 000 39.0 37.1|.38, .40* Do.
4644 62 500 16.0 20.5 | < 17%, M5 Do.
466; 51 500 10.0 ;0. Gul 0058 13}: Li[.:hlg yellow and lavender.
466’ 60 500 16.5 4.0 | .14, .1 0.
4682 58 500 | . 13.0 20.5 | . 11; .15% | Light yellow.
4688 65 500 23.0 27.4 1 s20,' .26% Do.
4703 60 500 10.5 16.9 | .09, .12% Do.
4711 60 500 17.5 24.0 | .15, .20% Do.
4723 65 500 17.5 27.4 | .19%,..18 Do.
4738 62 500 18.0 80,7 | L 17*, .09 Do.
4746 61 000 AL 2015 | <10, < 18* Do.
4762 54 600 11.0 22.41.09, .13* Do.
4767 60 500 22.5 30.7 (.21, .24% Do.
4787 58 200 16.0 26.0 [ .18%, .14 Do.
4793 56 000 10.0 20.5 (.09, .11% Do.
4807 64 000 19.0 27.4 | .20%, .18 Do.
4813 60 000 11. 5 20.5 | .14%, .09 Do.
4830 59 000 17.5 20.5 | <15, .20% Do.
4836 54 000 10. 5 13.2 | .12%, .09 | Light yellow and lavender.
mo| man) el llom ey
i ) 0.
4867 58 11.0 16.9 | .09, .13* Do.
4876 60 000 18.0 1659 el 19: iigm yeﬂow and lavender.
4887 61 500 24.0 27.4 | .22, .26 i ellow.
4912 61 500 26.0 24.0 | .26%, .26% = Do}t
4924 62 500 22.5 20.5 | .25%, .20 Do.
4933 62 500 8.5 16.9 | .10%, .07 Do.
4938 57 500 9.5 13.2 .08, .11* Do.
4941 62 500 16.0 20.5 | .16%, .16% Do.
4962 61 500 19.0 HOB 1T, S Sk Do.
4950 57 500 20.5 20.5 | .17, .24*% | Light yellow and lavender.
wn| wm) mEl B ) Dyl
4995 57 100 11.0 18.8 | .10, .12% Do.
5007 57 500 14.0 16,9 |\ ig*, .13* %igﬁ% yeﬁow and lavender.
5024 59 000 14.0 16.9 | .12, .16 ight yellow.
5038 56 500 13.0 16.9 | .14% .12 Do.
5048 58 500 16.0 20.5 | 15, .17* Do.
5065 63 000 14.0 16,9'1 "18, - . 1% Do.
5062 61 000 13.0 16.9 | 11, ' .15% Do.
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Bronze from Watertown Arsenal foundry—Continued.

3 Elonga-
Tensile Contrac- ’
Marks. | strentgh F‘%ﬁiﬁa’ tion of i&%nsgfz- Appearance of fracture.
per sq. in. area. fions:
Lb. Per cent. | Percent.| In. In. | Light yellow.
5071 58 500 13.5 16.9 | .11, .16* Do.
5081 58 000 11.0 16.9 | .12%, .10* Do.
5084 50 500 4.5 13.2 | .06%, .03 | Light yellow; dark spot at circumfer-
ence.
5089 57 000 11.0 16.9 | .13*%, .09 | Light yellow.
5091 59 000 15.0 16.9 | .16% .14 Do.
5095 57 500 11.5 16.9 | .13% .10 Do.
5097 57 500 11.5 16.9 | .14% .09 Do.
5100 63 500 18.5 20.5 | .19% .18 Do.
gﬁg gg % %118 %3 %g:, ?(2) Lighlg yellow and lavender.
R . ¥ 0.
5119 54 000 9.5 16.9 | .07, T 19k Do
5137 58 000 16.0 16.9 18,: . 16w Do
5142 64 500 25.0 24.0 | .26%, .24 Do.
5153 60 500 18.5 20.5 | .18, .19%. Do
5158 62 000 24.5 27.4 | .22, .27% Do
5171 65 500 13.0 16,91 < 13% . 13 Do.
5187 64 000 23.5 24.0 | .25% .22 Do
5195 45 500 17.5 20.5 | .19% .16 Do.
5196 49 500 10.0 9.5 | .08, .12* | Lavender and lemon yellow.
;5)3(1)% 251; % ggg 3;2 %(3)*, gg* ngl}tj yellow.
5 A 23, & 0.
5240 58 500 16.0 20.5 | .18% .14 | Light yellow; dark spot near circumnfer-
ence.
5245 62 500 A0 20.5 | .15, .19* | Light yellow.
5248 65 500 16.5 16.9 16, A7* Do.
5279 59 500 19.5 20.5 18,0 L 21 Do
5306 60 500 21.0 24.0 | .23% .19 Do
5317 60 000 24.0 27.4 | .22, .26% Do
5348 64 500 21.5 24.0 | .21, .22% Do.
5358 60 500 17.0 20.5 | .15, .19% Do.
5388 55 500 11.0 16.9 | .12%, .10 Do
5396 62 500 25.0 24.0 | .25%, | 25% Do
5406 60 500 28.0 24.0 | .26, .30% Do
5419 62 000 26.0 27.4 | .26% .26 Do.
5428 59 500 33.0 30.7 | .36%, .30 Do
5443 60 500 30.5 30.7 | .29, .32% Do.
5474 61 500 3L.5 30.7 | .36%, .27 Do.
5478 57 000 16.0 20.5 15, JAP* Do.
5482 64 000 18.0 20.5 17, .19% Do
5502 64 500 23.0 24.0 | .25% .21 Do
5518 65 500 16.5 20.5 | .17%, .16 Do
5536 69 000 24.5 24.0 | .25%, .24 Do
5538 60 500 29.0 27.4 | .31% .27 Do.
5546 66 000 16.0 16.9 | .14, .18%* Do.
5561 63 000 11.5 16,0']...10,.  JI8% Do.
5573 65 500 22.0 20.5 | .23%, .21 Do
5585 62 000 19.0 24.0 | .21%, .17 Do
5597 64 500 18.5 20.5 17y = Do
5617 64 000 20.0 24.0 | .20%, .20% Do
5625 62 500 15.0 20.5 178, .13 Do.
5631 55 000 10.0 9.5 | .09, .11* | Light yellow; dark spot near circumfer-
ence.
ggg gg %g gg 24.0 | .22% .24*% | Light yellow.
: 24.0 | .24%, .19 Do.
5654 65 000 24.5 24.0 | .23, ’ 26% Do
5680 60 500 23.0 20.5 | .21, .25% Do.
5685 60 000 21.0 20.5 .19, .23% Do
5698 65 000 20.0 20.5 | .19, .21% Do
5706 60 500 17.0 20.5 | .19%, .15 Do.
5710 61 500 14.0 20.5 14%, | 14% Do
5724 60 500 14.0 16.9 | .15% .13 Do.
5730 58 500 14.5 20.5 15%, .14 Do
5734 59 000 14.0 16.9 165,112 Do
5738 61 000 21.5 20.5 | .21, .22% Do.
5742 62 000 17.5 20.5 18%, .17 0.
5746 62 500 13.0 16.9 | .12, .14%* Do.
5750 62 000 11.5 16.9 3l Ut £} Do.
5760 63 000 12.5 16.9"..14%, 11 Do
5570 62 000 21.0 24.01 .19, .23% Do.
5776 60 500 23.0 24.0 (.21, - .25% Do
5783 63 000 25.0 24.0 27% Do.
5790 63 000 18.5 20.5 19%, .18 Do.
5796 64 500 26.0 24.0 | .23, .29% Do.
5801 59 500 13.5 16.9 | .15% .12 | Light yellow and lavender.
5806 63 000 28.5 27.4 | .31% .26 | Light yellow.
5811 60 000 10.0 9.5 | .12%, .08 | Light yellow and lavender.
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Bronze from Watertown Arsenal foundry—Continued.

Elonga-
Tensile Contrac-
Marks. strength E%f;}fa' tion of iégﬁls‘gf,’ Appearance of fracture.
per sq. in. . area. tions.
Lb. Per cent.| Percent.| In. In.
5821 60 500 11.5 13.2 | .11, .12* | Light yellow.
5826 56 000 10.5 13.2 ;i:, ig Light yellow; dark spot at circumfer-
» 2% Iy ence.
5831 61 000 19.5 20.5 Light yellow.
5839 62 500 22.5 24.0 | .21, .24% Do.
5846 62 500 18.5 20.511 .20%,. 17 Do.
5851 61 500 10.0 13.2 | .08, .12* Do.
5856 59 500 8.5 9.5 (.07, .10% Do.
5864 57 500 15.0 20:51 13,0 . 17* Do.
5869 65 000 14.0 16.9 | .12, .16% Do.
5876 59 500 11.0 18,2/ <11, «11* Do.
5881 64 500 20.5 24.0 | .21%, .20 Do.
5882 58 083 18.5 24.0 .23:, %g iiz};t yegow and lavender,
9: o . o 2 ight yellow.
25 &7 000 2.0 0.5 5% 1 | Do,
5904 63 000 18.5 2067 «20%, .17, Do.
5909 62 500 11.0 13.2.] .09, .12% Do.
5914 62 500 20.0 24.0 | .22%, .18 Do.
5923 62 000 27.0 80.7 | .25,  .20% Do.
5928 61 000 19.0 20,6017, 21 Do.
5933 62 500 25.0 24.0 | .26%, .24 Do.
5948 57 500 17.0 20.5 | .19%, .15 Do.
5952 60 500 23.5 27.4 | .26%, .21 Do.
5957 60 500 19.0 D o iy SRR g Do.
5962 59 500 20.5 24.0 | .21%, .20% Do.
5966 54 000 10.5 16.9 | .09, .12 [ Light yellow; dark spot at circumfer-
ence.
5974 64 000 16.5 16.9 | .18*%, .15 | Light yellow.
5979 64 500 25.0 24.0 | .27%, .23 Do.
5985 64 000 16.0 16.9 | .18%, .14 Do.
5990 65 000 14.5 16.9 | .14, .15% Do.
5995 63 000 22.0 24.0 | .23%, .21 Do.
6003 63 000 16.5 20.5') .15, .18% Do.
6008 65 500 17.0 20.5 | .16, .18% Do.
6015 66 000 16.5 20.5 | .18%, .15 Do.
6023 43 000 - 4.0 5.7 | .05% .03 | Lavender.
6023-2 34 500 3.0 1.8 | .02, .04* | Light yellow and lavender.
6029 51 500 7.0 13.2 | .06, .08*% | Light yellow; dark spot at circumfer-
ence.
6033 65 000 19.5 20.5 | .20%, .19* | Light yellow.
6037 60 500 18.5 24.0 | .16, .21* | Light yellow and lavender.
an | gl oawa) ouiw on) o
i L TR0 o.
6071 60 000 9.5 9.5 (.09, .10% Do.
6093 61 500 13.0 16:901.12, -14F ] Do.
6111 60 500 18.5 24.0 | .20*%, .17 | Light yellow and lavender.
oh | gm) o mh) ), e
s L0116 0.
6179 67 000 11.5 13.2 | .13%, .10 Do.
6205 61 000 18.5 20.5 | .17, .20% Do.
6235 65 500 21.0 20.5 | .20, .22* Do.
6243 45 500 6.0 9.5 | .08% .04 Do.
6271 65 500 37.5 37.1 | .36%, .39% Do.
6307 63 000 18.5 20.5 | .20%, .17 Do.
6341 41 500 ; 5 19. 5. (l)g:, 8? Ligl% yellow and lemon yellow.
6341-2 44 000 .0 3.2 | .00%, 0.
6367 59 000 1.5 20.5 | .10, .13* | Light yellow.
6395 61 000 16.5 20.5 | .15, .18* | Light yellow and lavender.
6415 43 000 6.0 9.5 8;},# gg* iigﬁ% ye}}ow and lemon yellow.
6415-2 43 000 vl 9.5 | .08%, ight yellow.
6441 58 500 13.0 20.55(F. 12, 14: Lig]% yellow and lavender.
6470 59 000 14.0 20,60l 12, L 1Gk s 0.
6490 53 000 6.0 9.5| .05 .07 | Light Yellow
6516 60 000 14.0 16.9 | .15%, .13 | Light yellow and lavender.
o T I R R e
i .9 | .14, 0.
6618 60 500 12.0 18.2|F.18%, 11 Do.
6638 62 500 18.0 20.5 1 .15, .21% Do.
6680 59 000 14.0 16.9 | .10, .18%* Do.
6702 60 500 14.5 20.5 | .15%, .14 Do.
6732 59 000 12.5 18, 981110, e ST 15 Do.
6756 60 000 7.5 18-211.00%,5.06 Do.
6784 59 500 7.0 13.2 | .08%, .06 Do.
6810 57 000 13.0 16.9 | .10, .16* Do.
6834 60 500 14.0 16.9 | .13, .15% Do.
6908 61 500 16.0 16.9 | .18%, .14 Do.
6936 65 500 12.5 13.2 | .10, .15* Do.
6976 50 500 3.0 9.5 | .04%, .02 Do.
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Elonga-
Tensile Contrac-
Marks. strength Eg;)gga- tion of h?c-%nsgfe- Appearance of fracture.
per sq. in. : area. tions.
Lb. Per cent.| Per cent. | In. In.
7024 39 000 5.0 9.5 | .07*, .03 | Light yellow and golden yellow.
Tod8 0| Ghoon| 13| log|iie 1 | Ligntyellow. o conYelow
% 9] ek, o, ellow.
7084 59 000 12.0 16.9 | .12%, .12* b D(Z
7110 62 500 17.5 20.5 | .19%, .36 Do.
7148 61 000 19.0 20.5 | .20%, .18 Do.
7172 62 000 23.5 30.7 | .25%, .22 Do
7202 64 500 19.5 20.5 | .21%, .18 Do.
7228 54 500 5.0 13.2 | .04, .06* Do.
7260 61 000 Yeb 13.2 | .09%, .06 Do.
70 | eon| os| 3| id (08 | henrvegw oo
29 . 5 3 e i ellow.
7320 60 500 16.0 20.5 16*: .16* ngt X
7345 61 500 14.0 16.9 | .12, .16* Do.
7371 58 500 11.0 16.9 | .09, .13* Do.
7397 58 500 13.5 20.6°F 1L, . 16% Do.
7425 60 500 18.0 24.0 | .19%, .17 Do.
7449 ~ 59 000 17.0 24.0 | .20%, .14 Do.
7461 64 500 13.0 16.9°] 13,1 .19 Do.
7490 60 000 13.0 16.9 | .14%, .12 Do.
7511 62 500 17.5 20.5 | .15, .20* Do.
7539 62 000 15.0 16.9 | .16%, .14 Do.
7563 54 500 10.0 16.9 | .08, .12%* Do.
7591 60 500 15.0 20.5 | .14, .16* Do.
7617 64 500 19.5 20.501F .18, .21 Do.
7645 60 500 19.0 24.0 | .21%, .17 Do.
7671 61 000 11.5 16.9 |~ 11, .12% Do.
7700 59 000 15.5 20.5 | .17%, .14 | Light yellow and lavender.
7722 48 000 6.5 13.2 | .06, .07 | Lightyellow and lavender, with silvery-
s e s oiol ow 4 Lgr};a.y mﬁtal at circumference.
7 5 23. G - 20%. ight yellow.
777 61 500 22.5 24.0 | .25%, .20 Do.
7782 59 500 17.0 20.5 | .16, .19¥ Do.
;812 53 888 %gg gfl)g S ig*, 5 li* iig}l:;% yeHow and lavender.
838 5 . < 5 o2 i ellow.
7868 59 500 15.0 169 | .16%, .14 “Da.
7895 45 500 5.0 9.5 | .06%, .04 Do.
7931 60 000 18.0 20.5 | . 20%, .16 Do.
7958 61 500 17.5 24.0 | .19%, .16 Do.
7984 62 000 16.0 20.5] <15, .1P% Do.
8020 62 000 8.5 16.9 | .07, .10% Do.
8051 62 500 18.0 24.0 | .17, .19* Do.
8076 gg % :i}gg %gg :138*, .159: Eni}{c;nn]}ight yellow; oblique.
y 5 .10, .14 ight yellow.
8116 62 500 13.5 20.5 | .16*%, .11 Do.
8140 62 000 19.5 24.0 |'.18, . .21% Do.
8170 61 500 22.0 24.0 | .25%, .19 Do.
8194 64 500 10.5 9.5 100 10 Do.
8222 62 500 18.0 24.0 | . 18% .18%* Do.
8250 61 500 18.5 24.0 | .21%, .16 | Light yellow and lavender.
a7 | 0| 28| ona iy oo | ERIO™
! .5 1.19, . 0.
8304 60 800 22.5 21.8 | .20, .25% Do.
8324 60 200 26.0 23.9 | .27*, .25 Do.
8330 60 400 24.0 23.0 | .22, .26% Do.
8345 61 200 14.0 16.8 |11, * . A7* Do.
8367 61 400 26.0 25.2 | .23, .29% Do.
8373 64 400 11.0 11.6 | .10, .12* Do.
8388 64 000 19.0 18.6 | .20%, .18%* Do.
8410 62 000 18.0 20.8 | .16, .20* Do
8416 62 600 13.0 14.0 | .12, .14% Do.
8430 63 400 26.0 25.2 AR Do.
8451 59 800 32.5 29.5 | .30, .35% Do.
8477 64 400 25.0 25.2 | .27%, .23 Do.
8487 62 200 13.5 16.3 | .12, .15* Do.
8517 58 400 13.(5) ﬁi Bl s. 100 <16 Eg{;t yeﬂow and lavender.
8546 53 800 9. .6 J12W t yellow.
8580 63 000 15.0 14.0 | .17%, .13 e
8610 60 400 15.0 14.0 | .18%, .12 Do.
8646 63 000 15.5 11.6 | .16, .15 Do
8€78 62 000 24.0 23.0 | .21, .27*% Do
8688 61 800 22.5 18.6 | .23, .22 Do.
8711 60 600 22.0 27.4 | .23% .21 | Lavendar and light yellow.
8730 62 400 38.0 33.6 | .36, .40* | Uniform light yellow; oblique.
8744 62 800 31.0 25.2 |..28, .34% | Light yellow.
8765 62 600 43.5 37.7 | .45%, .42 | Uniform light yellow; oblique.
8769 56 800 15.5 18.6 | .13,  .18* | Light yellow.
8788 62 000 26.0 25.2 | .29%, .23 Do.




104

BRONZE FOR ORDNANCE WORK.

Bronze from Watertown Arsenal foundry—Continued.

Elonga-
Tensile Contrac-
Marks. | strength Etli);:;]g‘a- tion of irﬂgfsgg- Appearance of fracture.
per sq. in. area. tions.
Lb. Per cent. (Per cent. | In. In.
8821 64 200 23.5 23.0 | .21, .26* | Light yellow; oblique.
S omam| mp) o memhow ) Lo
. . . 0.
8910 64 200 41.0 39.6 | .41%) .41% | Light yellow; uniform.
Sois | Gooy| 60| ook |:iw cier| “Epao™
o . . . 0.
8985 61 000 26.5 25.2 .28”", .25 Do.
9009 61 000 16.0 16.3 | .16, .17% Do.
9041 60 200 21.0 20.8 | .23%, .19 Do.
9079 60 600 22.0 23.0 | .20, .24% Do.
9097 63 000 17.5 16.3 | .20%, .15 Do.
9127 60 000 15.0 18.6 | .18%, .12 Do.
9154 61 000 15.0 11.0:1 .16, . .14 Do.
9164 60 800 18.5 20.8 | .21%, .16 Do.
9170 65 000 40.0 37.7 | .41*%, .39*% | Light yellow; uniform; oblique.
TR T S e
9232 58 200 7.5 9.3 | .06,” .09* Do.
9262 57 000 12.0 L [ R Do.
9293 61 600 9.5 11561 . 10%;, .09 Do.
9321 61 000 14.0 14.0 | .14%) . 14% Do.
9359 64 000 40.0 37.7 | .40%, .40* | Light yellow; uniform.
mRA| Bo| ) ) e
i s . 0.
gﬁg gg 600 io.g 154;.:3 13%, .08 ]L‘iéﬁi yeHow and lemon yellow.
800 T . .18 17 ellow.
9473 61 000 16.0 18.6 | . 19”“, 13 Dgt
gggg gili % é(l)g 11.6 %(2); %3* Light yellow and lavender.
£ 20.8 8 0.
9567 54 000 16.5 18.6 | .14," .19% | Light yellow.
9599 48 000 1.6 11.6 | .14%, .09 | Light yellow and lemon yellow.
9641 60 400 16.5 16.3 | .15, .18* | Light yellow.
13| oo | 138| in6|iie; 15 | LASht vellow. c lavendar
; . i ellow.
9745 61 400 16.5 18.6 175‘, 16% : D(X
9785 64 600 12.5 14.0 | .11, .14* Do.
9809 64 600 27.0 25.2 | .26, .28% Do.
9835 64 200 22.0 23.0 | .22%, .22 Do.
9857 63 800 24.0 20.8 | .27%, .21 Do.
9881 61 000 19.5 18.6 | .22% .17 | Light yellow and lavender.
b | meo| oo el | MEBIO™
9954 €3 600 11.0 1.6 | .10, .12* Do.
9975 63 600 38.0 35.7 , .41* | Light yellow; uniform.
| g Bl el ) Dt
10017 60 000 28.0 27.4 | .30,” .26 Do.
10030 62 800 21.5 23.0 , .23% | Light yellow and lavender.
10060 61 200 22.5 23.0 | .22, .23* | Light yellow.
ma| g o) | | L yley sad lmon sl
. ; L i ellow.
10081 61 400 12.5 14.0 15’,*, 10 & Dg
10085 54 400 6.0 6.9 5T Do.
10107 63 600 12.5 iS00 L Do.
10122 61 000 19.5 6.9 | .17, .22% Do.
10136 56 400 7.5 6.9 | .09%, .06 Do.
10158 61 000 24.5 23.0 [ .25%, .24% Do.
10166 64 600 26.0 25.2 | .26%, .26* Do.
10182 63 200 21.5 23.0 | .23%, .20 Do.
10198 64 000 23.0 23.0 AN Do.
10215 63 000 16.0 18.6 | .14, .18%* Do.
10234 66 800 19.0 16.3 | .19, .19% Do.
10248 64 400 18.5 18.6 { .17, . .20% Do.
10268 60 400 15.5 18,61 .14, ' .17* Do.
18%798 234 200 38.5 33.6 | .37, .48: LighI‘g yellow; uniform; oblique.
1 000 39.5 35.7 | .40%, .3 0.
10300 63 400 37.0 31.6 | .40% .34 Do.
10309 64 200 38.5 35.7 | .42%, .35 Do.
igg}g 23 3008 36.0 33.6 | .41%, gé* Egﬁt yeHow; uniform.
29.0 29.5 26, ght yellow.
10370 62 800 40.5 35.7 | .38, .43* | Light yellow; uniform; oblique.
10377 63 000 20.5 18.6 | .21%, .20* | Light yellow.
10422 60 800 17.5 20.8 . .15 | Light yellow and lavender.
10430 64 200 22.0 23.0 | .23% .21 | Light yellow.
10446 65 200 40.0 33.6 | .40%, .40% | Light yellow; uniform.
igﬁgg g% g&) ég(s) %gg gg:, {g Lighlg yellow and lavender.
! ¥ X 0.
10489 60 000 13.0 16.3 13*: 13* Do.
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Bronze from Watertown Arsenal foundry—Continued.

Elonga-
Tensile Contrac-
Marks. strength E'l:;)(:lng'a- tion of i;ﬂgfsgg_ Appearance of fracture.
per sq. in. area. tions.
Lb. Per cent. | Per cent.| In. In.
10511 64 600 15.5 16.3 | .16%, .14* | Light yellow.
10539 55 700 12.0 11.1} .14%, _10* Do.
10551 60 800 12.0 14.0 | .10, .14* Do.
10566 65 400 23.5 23.0 | .23, .24* Do.
10578 61 400 16.5 16.3 | .14, .19* Do.
10596 54 200 17.0 18.6 | .18*%, .16 Do.
10601 58 800 15.0 14.0 | .17%, .13 Do.
10605 60 600 12.5 11.6 | .15%, .10 Do.
10610 59 800 15.5 4,01 17%," .14 Do.
10614 58 600 14.5 16.3 | .16% .13* Do.
10619 59 400 12.0 16.3 | .10, .14% Do.
EXPERIMENTAL TESTS.
p Elonga-
Tensile Contrac- :
Marks. | strength E%g‘?nga- tion of iﬁﬁ%ns‘éﬁ- Appearance of fracture.
per sq. in. § area. Fion
Lb. Per ct. Per ct. In. In. B
%ggg:; g’; % %gg % g 0. gg:, 0. (l)g Liglg yellow and chocolate.
i X : 0.
1896-3 24 000 18.5 30.7 | .24%, .13 Do.
1543-1 63 000 16.0 20.5 | .14, .18*% | Light yellow.
1543-2 65 500 20.0 27.4 | .18, .22% Do.
1543-3 60 500 12.5 20.5 | .10, .16% Do.
Tobin-1 62 500 32.5 49.1 | .32%, .33* Do.
Tobin-2 62 500 32.5 49.1 | .41% .24 Do.
Tobin-3 64 000 34.0 49.1 | .42%, .26 Do.
Copper-1 44 500 14.5 37.1| .06, .23* | Salmon color.
Copper-2 45 000 15.5 40.3 | .21%, .10 Do.
ch)per—:i 44 500 15.0 40.3 | .08, .22* Do.
AB1 90 500 2.0 1.8 | .00, .04% | Light yellow; with hole at center.
AB2 86 000 2.0 1.8 | .02, .02 | Lavender.
TENSILE TEST OF TOBIN BRONZE FOR WATERTOWN ARSENAL.
Tensile
Marks. | strength | Elongation in 2 in. ﬁsgr:)t{:‘féa Appearance of fracture.
per sq. in. y
Lb. In. Per ct Per ct.
1 57 800 0.95 4 5.3 | Light yellow; oblique.
1-3 2-2 24 400 152 Jin s vibin o ol ol T L L IRIOE S B Lightt yellow, 30 per cent; lemon, 70 per
cent.
2-4 3-1 40 800 Light yellow, 30 per cent; lemon, 70 per
cent.
4-3-6 35 800 Lavender and lemon yellow.

68604°—H. Doc. 1089, 61-3——S8
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Warte METAL FROM WATERTOWN ARSENAL FOUNDRY.

. Elonga-
Tensile Contrac-
Marks. | strength E‘I;?;:f.a’ tion of igz‘;ﬂ“s‘;g_ Appearance of fracture.
per sq. in. area. tions,
Lb. Perct. | Perct. | In. In. .
%1 17 500 ig ig 0. 83),“ 0. 02 Lig}g silvery; amorphous.
2 23 000 . . . 4 0.
M3 14 300 ig 12 .03*; .00* Silv%'y gray; amorphous.
M4 12 750 . 5 .00, .03 0.
M5 12 500 1.5 1.8 | .03% .00 Do.
M6 11 625 1.0 1.8 .00, .02* Do.
W5 9 750 2.0 1.8 | .04%, .00 Do.
W6 10 200 3.0 1.8 | .04%, .02 Do.
W7 14 280 1.0 1.8 | .00, .02* | Silvery gray.
W8 14 790 1.0 1.8 | .02%, .00 Do.
W9 14 790 3.0 1.8 .02, .04* Do.
W10 15 300 3.5 1.8 .02, .05* Do.
WM 73 500 10.0 13.2 | .09%, .11* | Silvery gray; amorphous; dark spot at
circumference.
1 20 400 2.5 5.7 .OZ{‘:, 8(2) Silvgy gray; amorphous.
2 34 700 .5 2.8 01, & fuly
1F 13 770 1.0 1.8 | .00, .02% Do.
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CAST IRON FROM WATERTOWN ARSENAL FOUNDRY.

Tensile
Marks. strength Remarks.
per sq. in.
Lb.
29 800
2787-2 30 500 2
2788 29 100 | Defective.
2789 34 000
2789-2 34 000
2799 29 300
2799-1 34 700
2799-2 34 600
2799-3 34 400
2800-1 29 600
2800-2 24 100
2800-3 24 700
2 29 600
2801-1 34 600
2801-2 31 300
2802-1 31 600
2802-2 30 500
2807 29 800
2808-1 29 400
2808-2 29 400
2825 - 30 900
2826-1 36 000
2826-2 34 500
2827-1 31 100
2827-2 31 200
2832 32 500
2833-1 28 900
2833-2 30 500
2834-1 31 000
2834-2 30 500
2835-1 30 200
2835-2 30 500
2836-1 34 900
2836-2 31 100
2838 32 500
2839-1 29 900
2839-2 29 500
2840-1 35 200
2840-2 32 500
2841-1 25 900
2841-2 27 500
2841-3 26 400
2841-4 29 300
2842 26 000 Do.
2844-1 34 700
2844-2 38 300
2845-1 23 500
2845-2 21 500
2845-3 21 400
2848 30 200
2849-1 27 700
2849-2 27 700
2849-3 28 100
2849-4 27 100
2851 19 900
2852-1 22 700
2852-2 23 100
2853-1 25 500
2853-2 26 600
2853-3 24 800
54 30 600
2855-1 25 500
2855-2 25 800
2855-3 24 200 | Spot in metal.
2855-4 28 600 | Blowhole.
2855-5 28 500
2856-1 30 300
2856-2 31 000
2863 31 900
2864-1 31 600
2864-2 29 600
2865-1 29 600
2865-2 29 600
2866-1 30 500
2866-2 29 500
28664 31 000
2892 31 600
2893-1 34 100




Cast iron from Watertown Arsenal foundry—Continued.

CAST TRON FOR ORDNANCE WORK.
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Tensile
Marks. strength Remarks.
per sq. in.
Lbd.

2893-2 32 400
2894-1 28 600
2894-2 27 500
2894-3 28 600
28944 27 500
2895 32 200
2896-1 27 700
2896-2 30 200
2896-3 30 200
2897-1 31 600
2897-2 29 100
2898-1 34 700
2898-2 34 400
2899 36 500
2910 30 700
2911-1 29 600
2911-2 30 100
2912 35 700
2913-1 30 000
2913-2 30 500
2914-1 31 500
2914-2 34 600
2915 30 500
2917 29 800
2918-1 29 600
2918-2 29 800
2919-1 28 200
2919-2 29 200
2920-1 26 500
2920-2 28 600
2920-3 25 500
2920-4 26 300
2921-1 32 600
2922-1 32 000
2923 32 100
2924-1 26 000
2924-2 26 500
2924-3 27 600
2924-4 28 500
2925-1 34 300
2925-2 30 500
2927 500
2928-1 32 100
2929-1 32 100
2930 30 200
2931-1 28 700
2931-2 600
2932 30 600
2933-1 30 200
2933-2 28 600
2934-1 28 800
2934-2 31 500
2935 30 400
2936-1 30 600
2936-2 29 500
2937 29 000
2938-1 28 200
2938-2 27 400
2938-3 29 300
2939-1 31 200
2939-2 31 100
40 28 400
2941-1 24 300
2941-2 25 900
2941-3 26 900
2941-4 27 600
2941-5 28 500
2942 27 200
2943-1 25 700
2943-2 28 300
2943-3 25 800
2943-4 26 500
2943-5 22 400
2043-6 29 400
2944 21 500
2946 27 400
2947-1 24 100
2947-2 27 000
2947-3 28 000




110

CAST TRON FOR ORDNANCE WORK.

Cast iron from Watertown Arsenal foundry—Continued.

Tensile
Marks. strength. Remarks.
per sq. in.
Lb.

2947-4 27 600
2048 26 700
2049-1 25 000
2949-2 25 300
2949-3 25 200
2049-4 25 400
2951 29 500
2952-1 28 500
2952-2 27 400
2952-3 27 300
2952-4 26 800
2052-5 29 500
2961 30 500
2962-1 29 800
2962-2 31 600
2963-1 27 500
2963-2 27 500

TENSILE TESTS OF CAST-IRON SPECIMENS, FOR THE AUGUSTA
ARSENAL, AUGUSTA, GA.

Marks. Diameter. Seg;;gt.ml s;l;igsgltlﬁ' Appearance.
Tiag | 5™ %000 | Fin 1
: e granular, y.
1.129 1 24 200 Do. i
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TENSILE TESTS OF STEEL SPECIMENS FROM WATERVLIET ARSENAL.

Elastic limit. Tensile strength. Conimaat
Marks. Dimensions. Segﬁg;"ml Elongation in 2 in.| © hﬂggf:;;g_s 8% | “tion of ﬁ?ﬁlg:g?gngf
Total. |Persq.in.| Total. |Persq.in. g
In. In. | Sgq.in b. Lb. Lb. Lb. In. Per ct. In. In.| Perct. | In, In.
0.533 x 0.298 0.158 12 500 79 100 23 80C | 150 600 0.19 9.5 0.50 x 0.28 11. 10.08, 0.11%
.535 x .300 .160 12 600 78 800 23 300 145 600 21 10.5 B0, X =20 15.6 1,07, .14%
1.333 x .374 .498 29 100 58 400 63 000 126 500 .28 14.0 1.23 x .34 16.1 2,14% [ 14%
. 505 diam. .20 10 700 53 500 25 500 | 127 500 .20 10.0 .47 diam. 13.2 2.10% .10%
Appearance of fracture: ! Fine granular; silky spot near circumference. 2 Fine granular.
FraT SteeL BARs FOR ORDNANCE DEPARTMENT
Nos. 1, 2, and 3, tested as soon as planed.
No. 4, rested 24 hours.
No. 5, rested 20 hours.
No. 6, rested 5 hours.
Dimensions. Elastic limit. Tensile strength.
Sec- e Contrac- Appear-
Markon | tional Elongationin | 4,05 gt fracture. | tion of Elongation of inch sections. ance of
specimen. | Width | pp o1 | greq i, area. fractur
diam- |~ HE * | Total. |Persq.in.| Total. |Persq.in. 2 ey
eter. 2
In. In. | Sq.wm. Lb. Lb. Lb. Lb. In. | Perct. Per ct.
1.50 | 0.370 | 0.555 24 100 43 400 33 900 61 100 2.56 25.6 | 1 x 0.23=0.243 56.2 | .17,.17,.18,.19,.20,.20,.22,.25,.31, .67* | Silky.
1.50 .374 - 561 24 100 43 000 34 200 61 000 2.56 25.6 [ 1 x = .248 65.6 | .17,.17,.17,.18,.20,.21,.22,. 26, . 69*, . 29 Do.
1.50 .372 . 558 24 100 43 200 33 900 60 800 2.67 26.7 1 X = .248 8550117, -19, B b5 LR ,.26,.41, .59% Do.
1.50 .372 . 558 24 100 43 200 34 000 60 900 2.50 25,011 x = .256 54,1 1.1%,.17,.17,.18, .19,.20,21, . 24;. 27, .70% Do.
1.50 .375 . 562 24 100 42 900 34 100 60 700 2.53 25311 x = , 246 56,2 |217:.1%, .18, 18,+19, . 20,:20,.25,:39; - 60% Do.
1. 50 .375 . 562 24 100 42 900 34 000 60 500 2.54 25.4 11 x = , 248 55.8 | .17,.17,.18,.18,.20,.20,.21,.25,. 32, .66% Do.

(91
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TENSION TESTS OF FLANGE STEEL FOR WATERTOWN ARSENAL.

Dimensions. Elastic limit. Tensile strength. Dutr;ggsllggs at
Sectional i Contrac- Appearance
Marks. Area. tion of | Elongation in 8 in. of
ares area, fracture
Thick- | wigth Total. |Persq.in| Total. |Persq.in| LRCE | width 1 j
ness. : i Ly = Q-1 “ness. %
In. In. Sq. in. Lb. Lb. Lb. Lb. In. In. Sq. in. Per ct. In. Per ct.

0. 061 1 0. 061 2 750 45 200 3 880 63 600 0. 035 0.915 0.032 47.5 1.38 17.3 | Silky.
.106 1 .106 3 980 37 600 6 020 56 800 042 . 890 . 0374 64.7 1.34 16.8 Do.
.150 1 .150 5 810 38 800 9 280 61 900 100 .74 .074 50. 6 1.87 23.4 0.
.172 1 .172 7 140 41 500 9 380 54 500 105 Sl .075 56. 4 2.13 26.6 Do.
.195 1 L R R 11 000 56 500 .125 .73 .091 53. 4 2.08 26.0 Do.

. 254 1 . 254 9 490 37 400 16 000 63 000 162 12 .116 54.4 2.09 26.2 Do.
. 306 1 . 306 11 000 36 000 20 400 66 700 195 .73 .142 53.6 2.75 34.4 Do.

TENSILE TESTS OF MANGANESE STEEL BARS FOR THE QUARTERMASTER AND DISBURSING OFFICER, WEST
POINT, N. Y.

Bars were 48 in. long and 1.5 in. square, with a reduced section 8 in. long at the middle.
Bars were not straight, and were rather rough at reduced section.

Elastic limit o
e e approximate’. Tensile strength. o et Diameter| :
Marks. e e:rég]‘m oix:lgg il!‘z)f] # a‘% lf]rl_ix;:- oo o Elongation in inch sections. Appearance of fracture.
Total. |Persq.in.| Total. |Per sq.in. gies
In. Sq. in. Lb. Lb. Lb. b In Perct In. Perct. |In. In. In. In. In. In. In. In.

R et Ll 118 1 0936 58 700 53 700 | 133 800 | 122 300 3.20 40.0 0.97 32.4| .38, .38, .38, .37, .58%.37, .37, .37 | Silky.

RS 1.12 . 9852 48 800 49 500 | 110 900 | 112 500 3.42 42.7 .94 29.6 | .40, .39, .42, .41, .62%,.39, .41, .38 Silk%, in part seamy.
A A 1.14 1. 0207 51 600 50 500 | 110 100 | 107 800 3.14 39.2 .90 37.7 | .34, .54%,.50% .36, .40, .39, .36, .25 0.

Ao oenss 1.10 . 9503 48 400 50 900 | 109 700 | 115 400 3.12 39.2 .94 27.0 | .32, .34, .36, .36, .43, .63%*,.35, .33 Do.

Baasiacts 1.13 1. 0028 52 500 52 300 | 118 600 | 118 300 3.30 41.2 .93 32.3| .28, .36, .41, .41, .51%,.53% .40, .40 Do.

MYOM HONVNAYO 904 TAALS SAOANVITIOSIIN
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114 MISCELLANEOUS STEEL FOR ORDNANCE WORK.

No. 9008.
Marks, A.

Cast-steel bar, not welded.
Diameter, 1.129 in.
Sectional area, 1 in,
Gaged length, 10 in.

In gaged length.

Applied
]oa(})s per Remarks.
sq. in.

Elongation Set.

Tensile strength.

Elongation after fracture, 0.10 in. in 10 in. = 1 per cent.
Elongation of inch sections, .01, .01, .00, .01, .01, .02%, .00, .01, .01.
Diameter at fracture, 1.12 in. Area, 0.985.

Contraction of area, 1.5 per cent.

Position of fracture, 3.20 in. from neck.

Appearance of fracture, fine granular, amorphous center.



MISCELLANEOUS STEEL FOR ORDNANCE WORK. 1 £

No. 9009.
Marks, B.
(ngst-steel bar cut in two and then burned with molten steel to form
weld.
Diameter, 1.129 in.
Sectional area, 1 in.
Gaged length, 10 in.

n d length.
Applied LO¢aKoaInELD
loads per Remarks.
5Q.10.  Ipjongation. Set.
Lb. In. In.
1 000 0. 0.
5 000 . 0010 0.
10 000 . 0030
20 000 . 0063
25 000 . 0081
30 000 0100
35 000 0117
36 000 0122
37 000 0127
0132
38 000 { 0380
39 000 0430
40 000 0475
41 000 0510
42 000 0580
43 000 08 4
437800 1ooas criennn Tensile strength.

Elongation after fracture, 0.10 in. in 10 in. = 1 per cent.

Elongation of inch sections, .00, .01, .01, .01, .02, .02, .01, .02%,
.00, .00.

Diameter at fracture, 1.12 in. Area, 0.985 sq. in.

Contraction of area, 1.5 per cent.

Position of fracture, 2.90 in. from the neck.

Appearance of fracture, fine granular 70 per cent, amorphous 30
per cent.



116 MISCELLANEOUS STEEL FOR ORDNANCE WORK.
TENSILE TESTS OF WELDED STEEL TIRES. SCARFWELD.
The specimens as received were about 5 in. wide by 17 to 18.25

in. long. Each was cut longitudinally to form two specimens about
2.25 in. wide, as the original specimens could not be tested readily.

Dimensions at weld.| Tensile strength.
Marks. oy Seg:lgnal Remarks.
ke 3
Width. Tiess, Total. |[Persq. in.
In. In. Sq. in. Lb. Lb.
2.25 0.62 1.40 59 500 42 500 | Parted along the scarf.
2.356 .63 1.48 74 000 50 000 Do.
2.25 60 1.35 69 400 51 400 Do.
2.35 61 1.43 78 800 55 100 Do.
2.27 60 1.36 64 300 47 300 Do.
2.33 61 1.42 79 200 55 800 Do.

COMPRESSION TEST OF A PIECE OF I BEAM FOR WATERTOWN
ARSENAL.

Length of beam, 5.57 in.

Depth of beam, 15.12 in.

Thickness of web, 0.66 in.

Width of flange, 5.53 in.

Thickness of flange at web, 1.40 in.
Thickness of flange at edge, 0.55 in.

In gaged length.
Applied
loads, total ompres. Remarks.
sion. Set.
Lb. In.
500 0.
7 560 .02
15 120 .03
20 000 .03
25 000 .03
30 000 .03
35 000 .03
40 000 .03
45 000 .04
50 000 04
55 000 04
60 000 04
65 000 04
70 000 05
75 000 05
80 000 05
85 000 05
90 000 05
95 000 05
100 000 05
105 000 06
110 000 06 Elastic limit.
115 000
117 000 16 Ultimate strength.

Web deflected sidewise, to east.



MISCELLANEOUS STEEL FOR ORDNANCE WORK. il g

TENSILE TESTS OF BOLTS.

Diameter u Tensile strength.
Marks. | at root of g?‘g;:f Appearance of fracture.
thread g
Total. |Per sq.in.
In. Sq. in. Lb. Lb.
1 0.625 0.306 22 100 72 200 | Silky.
2 .625 .306 23 200 75 800 | Fine granular, 90 per cent; silky, 10 per cent.
3 . 625 .306 22 600 73 900 | Silky; with trace of granulation.
4 .625 .306 22 000 71 900 | Silky, 95 per cent; §ranu1ar, 5 per cent.
5 .625 .306 21 500 70 300 | Silky; with trace of granulation.
6 . 625 .306 22 600 73 900 Do.

Three of these bolts were 4% in. long and three were 413 in. long.
Length measured from underside of head to the end of bolt.

The nominal diameter was % in.

The specimens were tested by means of a special fixture to take the
bolthead and the other end was screwed into a threaded socket about
the length of the thread.

All specimens fractured at root of thread.

STANDARD TENSION SPECIMENS TURNED FROM HUB BOLTS.

Elastic | Tensile | Elonga- | Contrac-
Marks. | limit per | strength | tion in 2 | tion of Appearance of fracture.
sq. in. |persq.in. in. area.
Lb. Lb. Per ct. Per ct.
1 46 000 64 500 33.5 64.6 | Silky; cup shaped.
2 54 000 65 000 35.0 66.9 | Silky.
3 49 000 64 000 34.0 66.9 0.
4 50 000 67 000 33.5 62.2 Do.
5 46 000 62 000 35.5 66.9 Do.
6 50 500 64 500 34.0 66.9 Do.
0 45 500 64 000 34.5 62.2 | Silky; cup shaped.
8 42 000 63 000 32.5 64.6 | Silky.
9 45 500 63 000 3.5 64.6 | Silky; cup shaped.
10 44 000 63 000 33.0 64.6 | Silky.
11 44 000 62 000 34.5 64.6 0.
12 42 500 61 000 35.5 66.9 | Silky; cup shaped.
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TENSILE TESTS OF CRUCIBLE STEEL WIRE FOR THE UNITED STATES NAVY YARD, BOSTON, MASS. E‘
(=)
Elastic limit, ap- Tensile strength.
proximate. . Diam- | Contrac-| Appear-
Mark on Diam- | Sectional Elongation in s
specimen. | eter. area. 10 in. I:;gzuﬁ. tg;ga(‘)f ég&%}’é Location of fracture.
’ Total. | Persq.in.| Total. | Persq. in.
In. 8q. in. Lb. Lb. Lb. Lb. In. P.ct In. Plick
0.091 0. 0065 449 69 100 1 836 282 500 0.11 sl 0.08 23.0 0.35 in. outside ga%fd length.
091 0065 440 67 700 1 700 261 500 14 1.4 L 41.5 Inside gaged length.
091 0065 700 107 700 1 836 282 500 16 1.6 .07 41.5 Do.
091 0065 612 94 200 1 815 279 200 10 1.0 .07 41.5 1.60 in. outside gaged length.
091 0065 439 67 500 1 836 282 500 20 2.0 .07 41.5 1.10 in. outside ga%f,d length.
091 0065 867 133 400 1 836 282 500 21 2.1 .07 41.5 Inside gaged length.
091 0065 739 113 700 1 754 269 800 15 L5 .06 56.9 Do.
091 0065 714 109 800 1734 266 800 10 1.0 .09 3.0 At gage mark.
091 0065 816 125 500 2 019 310 600 10 1.0 .07 41.5 .| 0.65 in. outside gaied length.
091 0065 653 100 500 1 938 298 200 13 1.3 .07 41.5 Inside gaged length. m
091 0065 816 125 500 1 836 282 500 01 e ! .09 3.0 .1 3.30 in. outside gaged length. H
091 0065 857 131 800 1968 302 800 07 T .09 3.0 At gage mark. =
091 0065 765 117 700 1 836 282 500 11 1.1 .07 41.5 .| 2.10 in. outside ga%]ed length. =
091 0065 663 102 000 1 826 280 900 20 2.0 .07 41.5 Inside gaged length. E
091 0065 612 94 200 1 876 288 600 14 1.4 .07 41.5 Do.
091 0065 653 100 500 1 938 298 200 12 1.2 .07 41.5 Do. . €
091 0065 612 94 200 1 836 282 500 14 1.4 .07 41.5 Do. 5
091 0065 755 116 200 1 866 287 160 31 3.1 .07 41.5 Do. =
091 0065 683 105 100 1 876 288 600 11 1.1 .07 41.5 Do. .
091 0065 842 129 500 2 040 313 800 14 1.4 .07 41.5 Do.
.091 . 0065 765 117 700 1938 298 200 .31 3.1 .07 41.5 Do.
.091 . 0065 714 109 800 1 836 282 500 .14 1.4 07 41.5 Do.
091 . 0065 816 125 500 1877 288 800 .29 2.9 .07 41.5 At gage mark.
.091 . 0065 714 109 800 1 836 282 500 .13 L3 .07 41.5 Inside gaged length.
.091 . 0065 714 109 800 1 836 282 500 w11 g .08 23.0 At gage mark.

The elastic limits were vague and indefinite.
The total elongation was measured on the wire after testing and shows the permanent set which the metal received.
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TENSILE TESTS OF SQUARE STEEL WIRE.

Dimensions. Tensile strength.

Marks. Sectional Elongation in 10 | Dimensions Contrac-

tion of
Wwidtn| Thick-| %% | oy | Persq. et oS

ness. .

In. In. Sq. in. Lb. Lb. In. | Per cent. In. In. | Per cent.
5 . . 32 3.2 0.09 x 0.09 48.0
475-1 .125 125 L0156 | 3 300 [ 211 500 .34 3.4 09x .09 48.0
482-1 .125 125 L0156 | 3 500 | 224 400 .29 2.9 .09x .09 48.0
575-1 .125 .125 L0156 | 3 200 | 205 100 .23 2.3 .09x .09 48.0

Appearance of fracture silky in all cases.

Elongation in gaged lengths of 10 in.

Applied 460-T. 475-1. 482-T. 575-1.
loads.

Elonga- Elonga- Elonga- Elonga-
tion. Set. tion. Set. tion. Set. tion. Set.

2 000

88888

888838

CO 0O RO B B B DO BD B DO 2D

THERAITI Tl S i1 B RO o) 8 i

' 68604°—H. Doc. 1089, 61-3——9
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TENSILE TESTS OF GALVANIZED ARMOR WIRE FOR TORPEDO
STATION, FORT TOTTEN, N. Y.

Sample No. 1, 8 pieces.

Tensile strength.
Sectional :
Diameter. area.,

Total. Per sq. in.

In. Sg.in. Lb. Lb.
0.138 0.0150 1 730 115 000
.141 . 0156 1 840 118 000
.138 . 0150 1 840 123 000
.141 . 0156 1 940 124 000
138 0150 1 630 109 000
138 0150 2 040 136 000
138 0150 1 730 115 000
141 0156 1 840 118 000
5.5 L R e e e 120 000

Sample No. 2, 8 pieces.
Tensile strength.
Sectional
Diameter. area,
Total. Per sq. in.

In. Sgq. in. Lb. Lb.
0.135 0.0143 1 020 71 400
.130 .0133 820 61 600
135 .0143 1210 84 600
.134 .0141 912 64 700
.133 .0139 1 080 77 800
.134 .0141 840 59 600
.134 .0141 850 60 300
.130 .0133 1 010 76 000
AVIEAER. < o|iovnsronssne]asevonsmanss 69 500

TENSILE TESTS OF WIRE CABLES FOR CORPS OF ENGINEERS, UNITED
STATES ARMY, FOR ISTHMIAN CANAL COMMISSION.

Length Numb T
Nominal | Actual | between | - WIIDer ofal
No. | Giameter.| diameter.| jaws of str:lids ngélnsélteh Parted.
machine. i i
In. In. Ft. In. Lb.
1 1 1 3 6 L] 28 900 | 2 stﬁgmds 12 in. from jaws of testing ma-
chine.
2 i} 1 10 6 6 28 200 | 4strands at jaws of machine.
3 1.5 1.55 4 11 6 89900 | Fractured the bail of socket. Rope not
fractured.
4 1.5 1.55 1 11 6 75 100 0.
8 ilsradenil 1.56 2 8 6 | 179 900 | 1 strand at middle.
6 0 1.03 4 8 6 90 100 | 2 strands 16 in. from end of sockets.
7 1 1.03 3 5 6 86 400 | 3 strands 5 in. from socket.

Samples prepared for testing with closed sockets at the ends.
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TENSILE TEST OF CHAIN FOR WATERTOWN ARSENAL.

Appear-
No. of Length of | Width of | Thickness | Tensile
links. nks links. of wire. | strength. Parted. it
In. In. In. Lb.
7 1.69 1.18 0.37 9 600 3 links from end........ Silky.

THREE LiNks oF WroueHT-IRON CHAIN FOrR ENGINEER CoORPS,
WiLmingTON, N. C.

Diameter of iron, 1 65 in.

Sample prepared for testing with end links welded in. On first
test the maximum load reached was 166 200 pounds tension. An
end link fractured, the three links of chain remaining unbroken.

The fractured end link was replaced and test resumed. At the
second test the end link again fractured under a reduced load.

The triplet was returned to the testing machine, using special
loops to secure the same in the machine. At the third test one of
the outside links of the triplet fractured in the quarter on the oppo-
site end from the weld under a tensile stress of 161 000 pounds.
Appearance of fracture, fibrous.
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TENSILE TESTS OF STEEL SPECIMENS FOR COM;%;%%OLJX 0]@ TIEJSTING’ MACHINE OF NEW YORK CAR WHEEL CO.,

Elastic limit. Tensile strength. Con
Marks. | Diameter, | Sectional Diameter | 4 tion | Elongation in 2 in. Appearance of fracture.
area. at fracture. of area,
Total. Per sq. in. Total. Per sq. in. &
In. Sq. in. Lb. Lb. Lb. Lb. In. Per ct. In. Perct.
3 [ SRR 0. 500 0. 196 15 100 77 000 16 600 84 600 0.34 54.0 0. 36 18.0 | Silky, cup shaped.
. . 500 198 15 300 78 100 16 600 84 600 .35 510 .36 180 Do.
3 . 501 .197 15 100 76 600 16 600 84 300 .35 51.3 .34 17.0 Do.

961

*SENTHOVIN DNILSHL 0 NOSIIVAWOD YO0d THILS
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TENSION TESTS OF SPECIMENS FOR COMPARISON OF TESTING
gléisoq%%\fE AT WORKS OF THE A. & J. M. ANDERSON CO., SOUTH

No. 9203.
Marks, 2.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
Alziplie a In gaged length.
loads, per Remarks.
8410 glongation.|  Set.
Lb. In. In.
1 000 0. 0.
5 000 .0002 0.
10 0CO . 0005 0.
15 000 . 0009 0.
20 000 .0013 0.
25 000 .0016 0.
30 000 .0020 0
35 000 . 0024 0.
40 000 .0026 0.
41 000 .0027 0.
42 000 .0028 0.
43 000 .0029 0.
44 000 150 W SRy e
45 000 . 0680 0644
46 000 0138 oo caatonil
47 000 D198 Noi acccuins
48 000 Q8T a5 s anis
49 000 0023 §.:-soloseaen
50 000 0978 0957
{11 L SRR e Sh i, S Tensile strength.

Elongation after fracture, 0.73 in. in 2 in.=36.5 per cent.
Elongation of inch sections, .36%, .37%*.

Diameter at fracture, 0.32 in. Area, 0.0804 sq. in.
Contraction of area, 59.8 per cent.

Position of fracture, in the middle.

Appearance of fracture, silky.
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No. 9204.
Marks, 4.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
ADad In gaged length.
loads, per Remarks.
5¢-10.  Ipjongation,|  Set.
Lb. In. In.
1 000 0. 0.
5 000 -0002 0.
10 000 -0005 0.
15 000 -0008 0.
20 000 ~0012 0.
25 000 ~0015 0.
30 000 10018 0.
35 000 10022 0.
40 000 -0026 0.
41 000
42 000
43 000
44 000
45 000
46 000
47 000
48 000
49 000
50 000
64 000 Tensile strength.

Elongation after fracture, 0.74 in. in 2 in.=37 per cent.
Elongation of inch sections, .37%, .37%.

Diameter at fracture, 0.32 in. Area, 0.0804 sq. in.
Contraction of area, 59.8 per cent.

Position of fracture, in the middle.

Appearance of fracture, silky.
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No. 9205.
Marks, 6.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
A nibled In gaged length.
loads, per Remarks.
5¢.I0. Igionpation.  Set.
Lb. In. In
1 000 0. 0
5 000 . 0002 0
10 000 - 0005 0
15 000 -0008 0
20 000 -0011 0
25 000 -0013 0
30 000 -0017 0
35 000 -0020 0
40 000 .0023 0
41 000 O 124312 0 DN e
42 000 T o e e
43 000 T B
44 000 E11,000 - Tl (TSR S s
45 000 £ 0655 20621
46 000 y
47 000
48 000
49 000
50 000
63 000 Tensile strength.

Elongation after fracture, 0.72 in. in 2 in.=36 per cent.
Elongation of inch sections, .37, .35%.

Diameter at fracture, 0.32 in. Area, 0.0804 sq. in.
Contraction of area, 59.8 per cent.

Position of fracture, in the middle.

Appearance of fracture, silky.
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TESTS OF TENSION SPECIMENS FOR COMPARISON OF TE:S'TING'
MACHINE AT THE WORKS OF THE HALCOMB STEEL CO.

No. 9206.
Marks, 1-2.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

Applied In gaged length.
loadls)Z per Remarks.
SQ-10.\Blongation.|  Set.

_| Elastic limit.

_-| Tensile strength.

Elongation after fracture, 0.52 in. in 2 in.=26 per cent.
Elongation of inch sections, .37%, .15.

Diameter at fracture, 0.27 in. Area, 0.0573 sq. in.
Contraction of area, 71.3 per cent.

Position of fracture, 1.20 in. from the neck.
Appearance of fracture, fine silky; serrated.
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No. 9207.
Marks, 1-4.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

In gaged length.
loads, per Remarks.
Elongation. Set.

=4

E8s
£888888888838888888888¢8

-.-| Elastic fimit.

R RRERB38E 558888 anly

106 500

-| Tensile strength.

Elongation after fracture, 0.53 in. in 2 in.=26.5 per cent.
Elongation of inch sections, .13, .40%.

Diameter at fracture, 0.27 in. Area, 0.0573 sq. in.
Contraction of area, 71.3 per cent.

Position of fracture, 1.20 in. from the neck.

Appearance of fracture, fine silky; serrated.
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No. 9208.
Marks, 1-6.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

Applied In gaged length.
loads, per Remarks.
54-10. Ipjongation.|  Set.

gsgeses”

B8R BISBHBEEBEanly
(=3
8

gs8sg g 8
£8888 g 8888888888

Elastic Himit.

_| Tensile strength.

Elongation after fracture, 0.54 in. in 2 in. =27 per cent.
Elongation of inch sections, .15, .39%.

Diameter at fracture, 0.27 in. Area, 0.0573 sq. in.
Contraction of area, 71.3 per cent.

Position of fracture, 1.20 1n. from the neck.
Appearance of fracture, fine silky; serrated.
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No. 9209.
Marks, 2-2.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

In gaged length.

loads per Remarks.
Elongation. Set.

=]

BEBEBE oy
g8888888

»

Elastic limit.

sea582E
gg88sss

888

CERE
g

‘| Tensile strength.

Elongation after fracture, 0.75 in. in 2 in.=37.5 per cent.
Elongation of inch sections, .44%*, .31.

Diameter at fracture, 0.26 in. Area, 0.0531 sq. in.
Contraction of area, 73.4 per cent.

Position of fracture, at middle of stem.

Appearance of fracture, fine silky; cup shaped.
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No. 9210.
Marks, 2—4.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

In gaged length.

ed g
s per Remarks.
8¢ 0. | glongation.|  Set.

o

§88888888888888888

Elastic limit.

W
SO OTIEEEREEEEE8 S anly

53
8

Tensile strength.

Elongation after fracture, 0.76 in. in 2 in. =38 per cent.
Elongation of inch sections, .48%, .28.

Diameter at fracture, 0.27 in. Area, 0.0573 sq. in.
Contraction of area, 71.3 per cent.

Position of fracture, 1.40 1n. from the neck.
Appearance of fracture, fine silky.
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No. 9211.
Marks, 2-6.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

length.
Applied 1o.gaged’lengii)
loads per Remarks.
8410, Iglongation.|  Set.
Lbd. In. In.
1 000 0. 0.
5 000 .0003 0.
10 000 . 0005 0.
20 000 BOLO S ol e
30 000 .0017 0
35 000 . 0020
40 000 .0023
41 000 . 0025
42 000 . 0025
43 000 . 0025 :
44 000 .0025 .| Elastic limit.
45 000 .0130 -
46 000 . 0545
47 000 . 0555
48 000 . 0585
49 000 0622 .
50 000 0680 3
(g WSSO RS ot Tensile strength.

Elongation after fracture, 0.75 in. in 2 in.=37.5 per cent.
Elongation of inch sections, .44%, .31.

Diameter at fracture, 0.26 in. Area, 0.0531 sq. in.
Contraction of area, 73.4 per cent.

Position of fracture, at middle of stem,

Appearance of fracture, fine silky.
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TENSION SPECIMENS OF COLD ROLLED-STEEL FOR COMPARISON OF
TESTING MACHINE AT THE WORKS OF THE HEPPENSTALL FORGE
& KNIFE CO., PITTSBURG, PA.

No. 9216.
Marks, 2.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
n gaged length.
Apgiisg J i T usind jng
loads per Remarks.
8- - Iglongation.|  Set.
Lb. In. In.
1 000 0. 0.
5 000 20003 0.
10 000 L L e
20 000 w0010 |11l
30 000 20019 0.
40 000 20026 0.
50 000 £0036 0.
51 000 20037
52 000 20039
53 000 20040
54 000 20045
55 000 . 0045
56 000 20047
57 000 20050
58 000 . 0052
59 000 20055
60 000 20057
61 000 . 0060
62 000 20063
63 000 20064
64 000 £0067
65 000 20075
66 000 10085
67 000 0085
68 000 0091
69 000 0095
70 000 0100
71 000 0110
72 000 0125
73 000 0130
74 000 0144
75 000 0150
76 000 0162
77 000 0180
78 000 0210
79 000 0244
80 000 0330
81 000 0400 :
821000 1. asusadioly Tensile strength.

Elongation after fracture, 0.30 in. in 2 in.=15 per cent.
Elongation of inch sections, .06, .24*.

Diameter at fracture, 0.38 in. Area, 0.1184 sq. in.
Contraction of area, 43.3 per cent.

Position of fracture, 0.95 in. from the neck.

Appearance of fracture, silky.
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No. 9217.
Marks, 4.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
ngth.
Mtinied In gaged lengt.
loads, per Remarks.
54-10. I Flongation.|  Set.

Lb. In.

1 000 0.

5 000 -0003

10 000 £0006

20 000 0012

30 000 0020

40 000 0027

50 000 0040

51 000 0040

52 000 0042

53 000 0045

54 000 0045

55 000 0048

56 000 0048

57 000 0052

58 000 0055

59 000 0058

60 000 0060

61 000 0063

62 000 0065

63 000 0070

64 000 0075

65 000 0078

66 000 0083

67 000 0090

68 000 0095

69 000 0100

70 000 0106

71 000 0116

72 000 0124

73 000 0135

74 000 0144

75 000 0156

76 000 0175

77 000 0197

78 000 0225

79 000 0260

80 000 0325

81 000 0365 3

BLBO0 |- s iseeaant Tensile strength.

Elongation after fracture, 0.34 in. in 2 in.=17 per cent.
Elongation of inch sections, .15, .19%.

Diameter at fracture, 0.38 in. Area, 0.1184 sq. in.
Contraction of area, 43.3 per cent.

Position of fracture, 1.20 in. from the neck,
Appearance of fracture, silky.

68604°—H. Doc. 1089, 61-3——10
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No. 9218.
Marks, 6.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
0 :
Gaged length, 2 in.
n .
A%plie a In gaged length,
loads, per Remarks.
8410 | glongation.|  Set.
b, In. In
1 000 0. 0
5 000 -0003
10 000 -0005
20 000 -0015
30 000 10023
40 000 . 0030
50 000 -(040
51 000 J0044
52 000 <0045
53 000 -0047
54 000 20048
55 000 - 0056
56 000 -0055
57 000 -0055
5% 000 -0057
59 900 -0059
60 000 . 0063
6L V00 0067
62 000 . 0070
63 000 -0072
654 900 -0075
65 000 +0080
66 000 - 0085
67 000 0090
68 000 0095
64 000 0102
70 000 0110
71 000 0115
72 000 0125
73 000 0135
74 000 0144
75 000 0158
76 000 0175
77 000 0192
78 000 0218
79 000 0248
80 000 0290
81 600 0370
81500 o s oitacs Tensile strength.

Elongation after fracture, 0.33 in. in 2 in.=16.5 per cent.
Elongation of inch sections, .22%, .11.

Diameter of fracture, 0.38 in. Area, 0.1184 sq. in.
Contraction of area, 43.3 per cent.

Position of fracture, 1.20 in. from the neck

Appearance of fracture, silky.
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No. 9219.
Marks, 8.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
T, .
Ap(})lie a In gaged length
loads per Remarks.
5¢-i0. | giongation|  Set.
Lbs. In. In
1000 | o 0
5 000 0003
10 000 20005
20 000 .0011
30 000 20018
40 000 20025
50 000 20035
51 000 20037
52 000 20038
53 000 20039
54 000 L0041
55 000 . 0043
56 000 10046
57 000 20048
58 000 20050
59 000 . 0053
60 000 20059
61 000 10062
62 000 -0064
63 000 0066
64 000 20070
65 000 -0076
66 000 £0080
67 000 -0085
68 000 20090
69 000 20095
70 000 20106
71 000 .0115
72 000 .0123
73 000 10133
74 000 . 0140
75 000 20160
76 000 20178
77 000 10195
78 000 .0215
79 000 10275 .
80 000 .0315 s
800D e s il Tensile strength.

Elongation after fracture, 0.34 in. 1n 2 in.=17 per cent.
Elongation of inch sections, .23%,

Diameter at fracture, 0.38 in. Area, 0.1184 sq. in.
Contraction of area, 43.3 per cent.

Position of fracture, 1.10 in. from the neck
Appearance of fracture, silky; cup shaped. .
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TENSION TESTS OF STEEL BARS FOR COMPARISON OF TESTING
MACHINE AT THE WORKS OF THE BETHLEHEM STEEL CO.

No. 9220.
Marks, AW1, %, L.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

d length.
Apdplie 1 In gaged leng
loads per Remarks.

4. 1. |glongation.|  Set.
Lb. In. In,
1000 | o 0
5 000 20003 | o0
10 000 TO0RG . Tl e
20 000 A1 S PR R e
30 000 20023 |70

35 000 0028 et s

40 000 . 0030 0.

41 000 HO0 R e

42 000 W e

43 000 0032 [1111111INI

44 000 20035 |l

o0 | O ks Elastic limit.

_| Tensile strength.

Elongation after fractute, 0.69 in.in 2 in.=34.5 per cent.
Elongation of inch sections, .28, .41%*,

Diameter at fracture, 0.31 in. Area, 0.0755 sq. in.
Contraction of area, 62.2 per cent.

Position of fracture, 1.25 in. from the neck.

Appearance of fracture, silky; with small hole at center.
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No. 9221.
Marks, AW2, 1, L.
Diameter,-0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.
In gaged length.
Applied £e gt
loads per Remarks.
S¢-10.  |glongation.|  Set.
b, In. n
1000 | o
5 000 20003 | 0
10 000 20005 [evooieeenn
20 000 fonia gl M aiase
30 000 20020 |70,
35 000 -0023
40 000 -0027
41 000 20028
42 000 -0029
43 000 £0029 E
aa000 {000 Elastic limit.
45 000 10260
46 000 0810
47 000 0445
48 000 0460
49 000 0485
50 000 0515
51 000 0545
52 000 0600
53 000 0650
54 000 0690
55 000 0720
56 000 0790
57 000 0860
58 000 0910
59 000 0980
60 000 1050
61 000 1100
62 000 1190
63 000 1250
64 000 1580
65 000 1480
66 000 1600
67 000 1750
68 000 2000
69 000 22
70 000 29 [
TOB s s o wvnnsnms Tensile strength.

Elongation after fracture, 0.69 in. in 2 in.=34.5 per cent.
Elongation of inch sections, .22, .47%*.

Diameter at fracture, 0.31 in. Area, 0.0755 sq. in.
Contraction of area, 62.2 per cent.

Position of fracture, 1 in. from the neck.
Appearance of fracture, silky.
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No. 9222.
Marks, BW1, 1, L.
Diameter, 0.505 in.
Sectional area, 0.20 sq. in.
Gaged length, 2 in.

| .

Aemiliod In gaged length,
loads per Remarks.
5410 Iwlongation.|  Set.

Lb. In. In.

1 000 0. 0.

5 000 . 0004 0.

10 000 R0008 N et e s

20 000 A0 F R PR SR ER

30 000 . 0020 .

35 000 0027

37 000 0028

40 000 0029

41 000 0030

42 000 0030

43 000 0030

44 000 0030

45 000 0031

46 000 0033

47 000 0033 A

sow {030 Elastic limit.

49 000 0525

50 000 0550

51 000 0572

52 000 0625

53 000

54 000 0710

55 000 0790

56 000 0860

57 000 0895

58 000 0940

59 000 0995

60 000 1130

61 000 1200

62 000 1340

63 000 1420

64 000 1515

65 000 1615

66 000 1800

67 000 20

68 000 24 o

69 000 28 3

70 000 35 Tensile strength.

Elongation after fracture, 0.74 in. in 2 in.=37 per cent.
Elongation of inch sections, .28, .46%.

Diameter at fracture, 0.30 in. Area, 0.0707 sq. in.
Contraction of area, 64.6 per cent.

Position of fracture, 1.20 1n. from the neck.
Appearance of fracture, silky.
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BUILT I COLUMNS.
GENERAL.

The sectional area was computed from the total weight and length
of the column after deducting the estimated weight of all rivet heads.
Columns with flat ends were tested by compression blocks having
glane surfaces. One of these was provided with a ball and socket
earing which was adjusted to secure uniform loading over the milled
ends of the column.

Columns with pin ends were tested by special fixtures shown in
figures 9 and 10, two being used for each specimen. The one shown
in figure 9, however, was not used for any of the tests contained in this
report. The pins, 3 inches in diameter, were placed with their axes
vertically in the plane of the web.

Columns marked 60 000 or 70 000-1b. steel were made of material
having approximately that ultimate strength.

The longer columns were counterweighted at the middle to neutral-
ize the weight of the column which would produce an initial deflection,
due to the horizontal position of the column during the test.
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Built I column.

STEEL COLUMN PROGRAM.

Figure 2. Nickel steel.
Length of column, 3 ft. 5.10 in.
Weight, 160.5 1b.
Sectional area, 13.13 sq. in.
Gaged length, taken on edge of web plate, 20 in.

No. 2089.

145

Flat ends. .
Applied loads. In gaged length.
c Remarks.
ompres-
Total. Per sq. in. Sl Set.
Lb. Lb. In. In.
13 130 1 000 0. 0.
65 650 5 000 . 0010 0.
131 300 10 000 . 0038 . 0002
196 950 15 000 .0078 . 0007
262 600 20 000 L0112 . 0005
328 250 25 000 .0167 .0012 | Rested under initial load over night.
341 380 26 000 ORES locusiiaiaai
354 510 27 000 £ Lo ey O S
367 640 28 000 1111 S s SR
380 770 29 000 SRR cloinc e i e
393 900 30 000 . 0207 . 0028
407 030 31 000 A S RS e
420 160 32 000 Ao ) | R
433 290 33 000 . 0240 . 0030
446 420 34 000 . ot 08
459 550 35 000 . 0250 .0031
472 680 36 000 c02B7 lescaiaiialen
485 810 37 000 0264 | aescocmn
498 940 38 000 . 0269 . 0031
512 070 39 000 S | R A
525 200 40 000 . 0283 . 0029
538 330 41 000 0289 [..coieoea...
551 460 42 000 JOBON: L Fela ST
564590 43 000 .0312 . 0032
577 720 44 000 e M| R e
590 850 45 000 . 0335 . 0036
603 980 46 000 SOBE6 L. oo iecen
617 110 47 000 <OBBE il il iang denis
630 240 48 000 .0371 . 0046
643 370 49 000 <0898 |.. . ...t
656 500 50 000 . 0415 .0057 | Elastic limit; approximate.
669 630 51 000 D400 = | on st ccn e
682 760 52 000 0680 |-sccsnenpsoe
695 890 53 000 . 0640 . 0263
709 020 54 000 O, . . e Ske s
718 500 SR Lo o bbbl o s s s s Ultimate strength.

- The column failed by buckling the flanges and web plate.

68604°—H. Doc. 1089, 61-3——11



146 STEEL COLUMN PROGRAM.

No. 2090.
Built I column.
Figure 2. Nickel steel.
Length of column, 3 ft. 5.05 in.
Weight, 162.5 1b.
Sectional area, 13.32 sq. in.
Gaged length, taken on edge of web plate, 20 in.
Flat ends.

Applied loads. In gaged length.
o Remarks.
8 ompres-
Total. Per sq. in. o Set.
b. Lb.
13 320 1 000
66 600 5 €00
133 200 10 000
199 800 15 000
266 400 20 000
333 000 25 000
399 600 30 000
466 200 35 000
532 800 40 000
546 120 41 000
559 440 42 000
572 760 43 000
586 080 44 000
599 400 45 000
612 720 46 000
626 040 47 000
639 360 48 000
652 680 49 000
666 000 50 000 Elastic limit; approximate.
679 320 51 000
692 640 52 000
705 960 53 000
719 280 54 000 .
725 800 54 420 Ultimate strength.

The column failed by buckling the flanges and web plates.



Built I column.

STEEL COLUMN PROGRAM.

No. 2091.

Figure 2. Nickel steel.
Length of column, 3 ft. 5.10 in.

Weight, 161 1b.

Sectional area, 13.17 sq. in.
Gaged length, taken on edge of web plate, 20 in.

147

Flat ends.
Applied loads. In gaged length.
% Remarks.
s ompres-
Total. Per sq. in. i Set.
Lb. Lb. In. In.
13 170 1 000 0. 0.
65 850 5 000 . 0022 0.
131 700 10 000 . 0057 0.
197 550 15 000 . 0093 . 0002
263 400 20 000 0129 . 0002
329 250 25 000 0165 . 0002
395 100 30 000 0201 . 0002
460 950 35 000 0238 . 0004
526 800 40 000 0280 . 0008
539 970 41 000 10 o] SRR
553 140 42 000 SO207 TS i
566 310 43 000 . 0304 . 0010
579 480 44 000 s 3 el (APPSR
592 650 45 000 0323 . 0015
605 820 46 000 40885 |.oesuitioedul
618 990 47 000 JOBE0 feiessommmiss
632 160 48 000 0358 . 0028
645 330 49 000 0378 s aihe Elastic limit; approximate.
658 500 50 000 0391 . 0044
671 670 51 000 JOA24 Gl g L s S
684 840 52 000 1722 o PR e
698 010 53 000 0570 0201
711 180 54 000 (177 (1 e e
716 300 fie . ) (O] LS e g e S e e Ultimate strength.

The column failed by buckling the flanges and web 14 in. from end.



148 STEEL COLUMN PROGRAM,

No. 2092.
Built I column.
Figure 4. Nickel steel.
Length of column, 2 ft. 7.95 in.
Weight, 88 lb.
Sectional area, 9.06 sq. in. s
Gaged length, taken on edge of web plate, 20 in.
Pin ends: Figure 10.
Length from center to center of pins, 3 ft. 4.95 in.

Applied loads. In gaged length.
# Remarks.
: ompres-

Total. Per sq. in. sion. Set.

Lb. Lb.

9 060 1 000

45 300 5 000

90 600 10 000
135 900 15 000
181 200 20 000
226 500 25 000
271 800 30 000
317 100 35 000
362 400 40 000
371 460 41 000
380 520 42 000
389 580 43 000
398 640 44 000
407 700 45 000
416 760 46 000
425 820 47 000 Elastic limit; approximate.
434 880 48 000
443 940 49 000
453 000 50 000
462 060 51 000 &
471 120 52 000 g
474 700 52 400 Ultimate strength.

Pins vertical. The column deflected sidewise (to west) at middle
of length.



STEEL COLUMN PROGRAM. 149

No. 2093.
Built I column.
Figure 4. Nickel steel.
Length of column, 2 ft. 7.97 in.
Weight, 88 1b.
Sectional area, 9.05 sq. in.
Gaged length, taken on edge of web plate, 20 in.
Pin ends: Figure 10.
Length from center to center of pins, 3 ft. 4.97 in.

Applied loads. In gaged length.
& Remarks.
: ompres-

Total. Per sq. in. Slon. Set.

Lb. Lb. In.

9 055 1 000 0.

45 275 5 000 .0028

90 550 10 000 . 0063
135 825 15 000 . 0100
181 100 20 000 0135
226 375 25 000 L0174
271 650 30 000 .0210
316 925 35 000 . 0250
344 090 38 000 L0277
362 200 40 000 . 0297
371 255 41 000 . 0310
380 310 42 000 .0322
389 365 43 000 . 0334
398 420 44 000 . 0352
407 475 45 000 . 0367 Elastic limit; approximate.
416 530 46 000 . 0395
425 585 47 000 . 0420
434 640 48 000 . 0470
443 695 49 000 . 0565
452 300 49 950 ~locsi e caninis Ultimate strength.

Pins vertical. The column deflected sidewise (to west) at middle
of length.



150 STEEL COLUMN PROGRAM.

No. 2094.

Built I column.

Figure 4. Nickel steel.

Length of column, 2 ft. 7.92 in.

Weight, 88 Ib.

Sectional area, 9.07 sq. in.

Gaged length, taken on edge of web plate, 20 in.
Pin ends: Figure 10.

Length from center to center of pins, 3 ft. 4.92 in.

Applied loads. In gaged length.
P Remarks.
i ompres-

Total. Per sq. in. Sion Set.

Lb. Lb. In In

9 070 1 000 0. 0.

45 350 5 000 0008 0003

90 700 10 000 0037 0007
136 050 15 000 0070 0005
181 400 20 000 0107 0007
226 750 25 000 0146 0009
272 100 30 000 0188 0010
317 450 35 000 0235 0015
344 660 38 000 0268 0023
362 800 40 000 0297 0030
371 870 41 000 (1553 52 Ll IR S
380 940 42 000 i R
390 010 43 000 0338 0047
399 080 44 000 (17T (G ot
408 150 45 000 .0370 0059
417 220 46 000 i (SRR R Elastic limit; approximate.
426 290 47 000 L0 3 e
435 360 48 000 0451 0125
444 430 49 000 DTS s e e
453 500 50 000 0595 0250
462 570 51 000 7t it R o
471 640 52 000 0890 0533
471 900 GO0 0:0) T s = B SO o s e Ultimate strength.

Pins vertical. The column deflected sidewise (to west) at middle
of length.



STEEL COLUMN PROGRAM. 151

No. 2095-1.
Built I column.
Figure 3. Nickel steel.
Length of column, 11.40 in.
Weight, 32 1b.
Sectional area, 9.24 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.40 in.

Applied loads. In gaged length.
i Remarks.
: ompres-
Total. Per sq. in. sion. Set.
Lb. Lb. In. In.
705 900 0 e I ALy S ROP ST Ultimate strength.

The column failed by buckling the flanges and web plate.

No. 2095-2
Built I column.
Figure 3. Nickel steel.
Length of column, 11.48 in.
Weight, 32 1b.
Sectional area, 9.17 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.48 in.

Applied loads. In gaged length.
. Remarks.
: Jompres-
Total. Per sq. in. Sion: Set.
Lb. Lb. In. In.
722 200 T8 T AL o e e e L Ultimate strength.

The column failed by buckling the flanges and web plate.

No. 2095-3.
Built I column.
Figure 3. Nickel steel.
Length of column, 11.40 in.
Weight, 32 1b.
Sectional area, 9.24 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.40 in.

Applied loads. In gaged length.
i Remarks.
< ompres-
Total. Per sq. in. S Set.
Lb. Lb. In. In. :
- 710 100 i) R AP e A - s R Ultimate strength.

The column failed by buckling the flanges and web plate.



152 STEEL COLUMN PROGRAM.

, No. 2096-1.
Built I column.
Figure 3. 60 000-1b. carbon steel.

Length of column, 11.40 in.

Weight, 31 Ib.

Sectional area, 8.93 sq. in.

Pin ends: Figure 10.

Length from center to center of pins, 20.40 in.

Applied loads. In gaged length.
Remarks.
Total. Per sq. in. Cosrir:)%r'es- Set.
Lb. Lb. In. In.
495 300 554084, 15 Lol i wma S vl Ultimate strength.

The column failed by buckling the flanges and web plate.

No. 2096-2.
Built I column.
Figure 3. 60 000-1b. carbon steel.
Length of column, 11.40 in.
Weight, 31 1b.
Sectional area, 8.93 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.40 in.

Applied loads. In gaged length.
& Remarks.
. ompres-
Total. Per sq. in Sion Set.
Lb. Lb. In. In.
496 700 [ [ R R S e BN P Ultimate strength.

The column failed by buckling the flanges and web plate.

No. 2096-3.
Built I column.
Figure 3. 60 000-1b. carbon steel.
Length of column, 11.42 in.
Weight, 31.5 lb.
Sectional area, 9.06 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.42 in.

Applied loads. In gaged length.
. Remarks.
2 ‘ompres-
Total. Per sq. in. slon. Set.
Lb. Lb. In. In.
490 400 L O R S FE S Ultimate strength.

The column failed by buckling the flanges and web plate.
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STEEL COLUMN PROGRAM. 153

No. 2097-1.
Built I column.
Figure 3. 70 000-1b. carbon steel.
Length of column, 11.42 in.
Weight, 32 1b.
Sectional area, 9.22 sq. in.
Pin ends: Figure 10.
Length from center to center of pins, 20.42 in.

Applied loads. In gaged length.
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