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OTPAWA 	October 5, 1946. 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No. 2119. 

Metallurgical Examination of a No. 2 Catalyst 
Steel Column Used for Ammonia Synthesis.  - 

PART I. - Mechanical Testing and Chemical 
Analysis. 

Orig3n of Material and Object of  Investigation: 

In °March, 1946, in the course of a visit, 

Mr.'A. H. W. Busby, Superintendent of Physical Research, 

The Consolidated Mining and Smelting Company of Canada Limited, 

Trail, British-  Columbia, requested a complete meehanical 

and metallurgical examination of a No. 2 Catalyst steel column 

which had failed in service while being used in the synthesis 

of ammonia. During the period from April to July, further 

information was supplied by  th  r company on the service 

conditions encountered by the column. 

The present report, Part I of this investigation, 

covers the mechanical testing and the chemical analyses of 

.samples cut from the column. 
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:Uterial Received: 

The company submitted three sections of eteel, approxi-

mately  14 inches  square  and 7 inches thick,  taken from the frac-

tured ammonia column. The location of these piecee with 

respect to the column flange is shown in Figure 4 G 1)  

Elf2elre 4 . 

MAI N BREAK OF AMMONIA COLUMN THROUGH 
ELECTRICAL LEAD-IN '20RT IN FLANGE, 

The square shown in Figure 4 as numbered 'l it and 

marked in white was retained by the Company.  The  next square, 

blocked  out in  white but not numbered, was sent  for Investi-

gation, together with two neighbouring  squares.  The third 

square had one edge ragged from the  fracture of the  column 

which appeared in  the column wall,  130=1  from the craeked 

electrical lead-in port, shown also  in  Figure 4, 

Thef?actured electrical lead-in port Is shown  In 

 Figure 5.  A small section of the diffused copper  and  steel 

(marked in  Figures 5 and 5) has also been submitted for 

investigation. 

(Figures 5 an  a- 5 
(  Text Is continued  on l'ae  1.   

• 

Figures 4,  5  and 6, shcwn in this report, were  made  by  the 
Consolidated Mining and Smelting Company  of Oanada,  Limited‘ 
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(Material Received, contld) 

FLANGE AND FP4,CTURED LEAD-IN  PORT, 
WITH PUSIM COPPER-STEW. ZONE. 

Showing  the  location  of sample. 

Fi'eure  6 

BROKEN SECTION THROUGH ELECTRICAL 
LEAD-IN l'ORT. 

Showing location of sample. 
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(Material Received, cont?d) - 

Figure 6 shows one-half of the electrical load-In 

port after :(b2 column had been opened out. 

The sample with tho diffused copper-steel zone, 

taken from the column as marked in F1gum)5 and 6,  ha  s been 

examined microscopically.* Romults,of that microscopic exam-

ination are to be even separately In Part 	of thls series, 

Investigation Report No. 2126, dated October 10, 1946. 

Description of uhe Columnr, 

The dimension  of tho column, given below, are taken 

from the  Companygs Drawing No. CFA-8 showing details of the 

forging, and Drawing No. CFA-23 showing the original assembly 

of the complete column. 

The principal dimensions of the column are as 

fellowsz 

Total length = 7,000 mm. (23 'eet) 

Tnside diam. of tha middle section = 850 mm. 
(35.47 Inchon). 

Outside diam, of the flange u; 1,670 mm. 
(65.75 inches). 

Inside diam- of the flange 	750 mm. (29.53 taches). 

Diam,of the electrical lead-in port = 
36 mm. (1,42'Lnchos). 

The normal operating pressure during the synthesis 

of ammonia was 230 atmospheres (3,275 pounde, per square inch). 

The catalyst temperature was about 600' C. The temperature 

of the steel column did not exceed 220° C., because the steel 

Walls of the column wore cooled by the flow of 'cold inlet gas. 

As given by the Compony, during the 14 hours of 

operation prior to tha column's being shut down for hydro-

static tests, the temperature of the wall of the forging 

ranged from 105' C. to 152° C. near the upper flange, and 

from 201'  0 , to 218°  0. near the lower flange  (1. e,  near the 
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(DesCription of the Column,  contîd) - 

mid-joint  of the  column). The last recorded temperatures 

after the shut- down  and  22 hourn beforo commencing the  criti- 

eal test were 22-25° C. and 60-64 C., for  upper and lower  flanges 

respectively. 

The  temperature  difference across the wall of the 

column is between 20  and 25 degrees C. under  normal operating 

conditions. 

The top half  of the No 2 catalyst column  failed 

under hydrostatic pressure at 5,500 pounds per square inch. 

It is a general practice to test the column at approximately 

1.5 times the designed pressure, i.e., 6,600 pounds  per  square 

inch. 

The design  pressure is  4,400 pounds  per  square inch. 

The working  pressure is  about 3,275 pounds per square inch. 

The  column was forged  and was manufactured by the 

English Steel Corporatien Limited, Sheffield, England,  in 

1931.  It had been  in continuous operation  up to  the time  of 

failure, on January 22, 1946. 

RESULTS  OF  INVESTIGATIONS. 

2:11_LMIPILAL16.11Ysis: 
Below are given the chemical analyses obtained by 

these  Laboratories  and, for comparison, the analyses of the 

Consolidated Mining & Sleelting Co.  and the English Steel 

Corporation: 

(Continued  on next page) 
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(Results of Envestisation, contvd) - 

Chemical  Anal-,Tsis  (In  Per Cent). 

C.71. (.., S. WETIng 	3ureau of Minas 
Division Chemical 	Chemical Laboratorz 	English Steel 
Analysis 9331 	Outside Centre  Inside Corporanen -- -- 

Carbon 	- 	0.31 	 0,28 	0.29 	0.30 	0.2852-0.30 
Silicon 	- 	0.21 	0.20 	0,20 	0,20 	0.226-0.23 
Manetnese 	- 	0.65 	0.58 	0.58 	0.58 	0.58-0.62 
Nickel 	- 	1.5 	 1.48 	1,51 	1,51 	1.47-1,49 
Chromium 	- 	0.60 	 0.73 	0,73 	0.73 	0.86-0.78 
Molybdenum 	- 	0,10 	0.06 	0.06 	0.06 	Not reported, 
Sulphur 	- 	0.03 	 0.029 	0.035 	0.010 	9 	0 

9 	n Phosphorus 	- 	0.04 	 0.029 	0.329 	0.029 

The chemical analysis shows that the steel examined 

is similar to SAE 3130 steel. 

From a comparison of the outside, centre and inside 

analyses at the BUreau of Mines, only sulphur shows a tend-

dency to segregation (as shown in the results,  3  = 0.029; 

0.035; 0,040). 

The chemical analyses determined at the three differ-
. 

ent laboratories agree closely, 

Mechanical Testing  of   the Column: 

Because  of the importance of  this work, it was 

decided to perform an extensive mechanical examination of 

the column. 

(a) Tensile  Tests - 

In the  tensile test,  0.505-inch-diameter bars were 

used.  The mechanical properties were determined on samples 

taken, in the longitudinal and transversal directions,  from 

t , e  outside,  centre and  Inside wall of the column. 	- 

The exact positions of  the samples are given In the 

drawings, Figures 1, 2  and  3, placed at the end of this report. 

The results obtained from  the mechanical tests are 

given in Table  I for the  samples taken  in the longitudinal 
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(iiiechanicel Teeting of the Column, contld) 

direution, and in Table II fer the transeeree samples. The 

results of the impact testa are given in  Tables III and  IV. 

The results of a mechanical examination .made on 

the column in 1951 by the English Steel Corporation Limited' 

are compared, below, with those obtained at these Laboratories 

in the longitudinal and transverse directions ,  It will be  seen 

that they are substantially the same 

Steel 
Corporation 

Longi-
tudinal 
Direction 
(average) 

Transverse 
Direction 
(average) 

■••■■••■••••■■■■••■•■■••■•••■••••••••••.... 

P. 1£ 	R. L. 

Yield Point at 
0.1%, ps.i. 	- 

Tensile Strength, 

Elongation, per 
cent 

Reduction in 
aree, per cent 

The average tensile  reeults given in Tables I and 

11  show  that the material . is  homogeneous  and  that no defects 

in the  steel have been located. The cylindrical surfaces of 

the samples have not shown eny  visible discontinuity, cracks, 

or segreations. 

The  differences between the  samples taken from the 

outside  and inside area also  in  the  longitudinal and  trans-

verse directions of the column are such  as are to be expected 

In  this kind  of  forging. 

The ratio of the 0,2 per cent proof  stress  to the 

ultimate teneile stress is about 50 per cent, It is low,  as 

would be expected for  large  foreings cooled very slowly from 

the annealing temperature. 

(h) impact Examination - 

The impact properties of the forging have been 
...m.........■■•■•••■ ■••••■•■■■••• 

Information  supplied by ConeeTidated Mining and Smelting 
Company of Canada, Limited. 
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(Mechanical Testing of the Column, cent d)  

investigated thoroughly, The positions of the :Impact samples 

In the column are shown in Figures 1, 2 and 30 

The following types of samples have been used 

Izod V-Notçhg 

Dimensions of sample - 10 x 10 mmo 

Notch .  data - 45° V.; 2 mm, deep; 0,25 mm. 
root radius. 

Charpy,V:Noy:h 

Dimensions .  of sample - 10 x 10 x 55 mm, 

Notch data. - 45° V.; 2 mm. deep; 0.25 mn. 
root radius, 

Charpy_Keyhole . Notch: 

Dimensions of sample - 10 x 10 x 55 mm, 

Notch data - 	5 mm. deep; 1 0 0  mm,  root 
radius. 

The impact values obtained at room temperature 

are low; for °harpy V-Notch, theY amount to  89  foot -pounds 

on the inSide of the column for the longitudinal samples and 

10.0 foot-pounds for the transverse samples, 

(c) Itleyemperature_jnvesti ‘gatlo,n - 

The' high temperature tensile test was performed at 

300 °  C. The results are given ln Table V, on Page 16. 

In Report 11:), 98 isexed by The Consolidated Mining 

and Smelting Company of Canada,Limited, Trail, B.C., It is 

mentioned that the specification. called for an elastic, limit 

of 28,000 p,s›I. in the steel at 300 °  C. The values obtained 

in the;ie Laboratorio2 woro 	for 0,1% proof sress, 30,700 

and 37,400 p,s.i.; for 0,01% oroof stress, 26,000 and ?1,500 

Pes.i. 

The high temperature impact results are given in 

Table IV, on Page 15. They are much higher as compared with 
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(Mec )ianical Pesting of the Column, contd) - 

the room temperature taste. 

it Is known that for this kind of steel we should 

expect a low range of impact values at room  temperature and 

a high mage at elevated temperatures. 

For the kind of steel under consideration, the 

impact-temperature relation may be divided into three 

parts 

1. Low level of imjact values at lower tempora-
tunes, with granular, bright fractures and 
smell deformtions o  

2 0 Transition, or scattering, zone with mixed 
fractures (bright and matte), with impact 
values between the low and upper levels. 

3 0  Upper level of impact values at elevated 
temperatures. The fracture le fibrous and 
matte, and the  sample will show more 
plastic deformation around the notch. 

Ttio upper level of the impact value Is at the work-

ing temperature range. This Increases the safety factor of 

the'column. 

A study of the influonce of temperature on the 

impact properties »  In the range of 0° to 300° C., will 

form Part 	of this investigation series. 

A final, fourth report, Part Iy, will contain the 

recuite of Impact tests on small samples, the  recuite of 

microtensile teats, and a dIscussion of stress analysis and 

the safety factor of the failed column. 

(d) Dynamxamination_of Material - 

Because of the importance of this Investigation » 

 stressed by the Consolidated Mini% and Smelting Company, 

fatigue tests were performed on plain and notched aamplos. 

For compantson, the endurance limits were 'determined for 

this  steel  under reversed bending loading. 

Also for comparison purposes, the endurance limit e  
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(Mcc-harrical Tasting of the Column, contid) - 

for roPoated }3tresos ii.e., for a load range equal to twice 

thc mea)  loci)  have been calculated from the results obtained, 

using the modified Goodman law, The calculated endurance 

limits for repeated tension loading, namely from 0 to 53,000 

p,s,i, for plain samples and. 0 to 50,000 ps,i, for notched 

samples, mark on a very exaggerated scale the ma:Juisauni 

dynamic load which this material can stead. 

Dynamic investigations wore performed on a largo 

cal e  because It was generally expected that this material, 

because of the slow cooling rato from th  e annealing  tempera

ture might show temper brittleness. 

In Tabla VI are given the results of fatigue tests 

on samples from the column, Figures I, 2 and 3 show the 

locations from which the samples wore taken. 

The results obtained from the unnotched fatigue 

samples show a very good homogeneity of the material, since 

the longitudinal and transverse samples have shown a differ-

ence of only 1,000 p,a 0 i, throughout the material, o,L4. , p 

 3B4 O00 pos,10 in longitudinal and 57,000 pos,i  in trans-

verse direction. It is soon that  th  o material may be loaded 

dynamically in tension-compression nearl y  up to 0,01 per cent 

))roof stress without failure. 

Xn tension-compression loading on notched samples, the 

results wore:for the longitudinal direction, inside ÷25,000, 

centre t22,000,and outuddc t25,000 p,s,I, for the transverse 

direction, Inside r18,000, centre 2:18,000,and outside t20,000 

Here, because of different notch sensitivity, the 

inhomoganelty was larger than for unnotched . material, 

The highest stress concentration factor (dynamic 

notch sensitivity) obtaîned at these Laboratories  mas  
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(Mechanical Testing of the Co).umn,  con l) 

38,000/18,000, that Is, approximately 2, which is comparable 

with results obtened in other steels of average quality. 

(o) Mechanical Ex-and:nation 
of - Heat-treatod Material - 

For additional information,_ the mechanical proper-

ties of a section of steal, le x 	x 77, taken from the 

column were checked after a special heat treatment. 

The heat treatment applied wass 

Slow heating up to 840 °  C.; 
Two hours at 840" C. 
Cooled to 400'  C.  at a rata of 17' C. 
per hour; and afterwards cooled In 
the furnace to room temperature. 

The results of tensile and Impact tests obtained 

after this heat treatment are given in Table VII. 

The values which were obtained for ultimate ten-

sile strength, yield strength e  elongatlone  contraction and 

impact strength ara similar to those obtained on the original 

material e  which Indicates t;hat the heat treatment applied 

was simellar to that applied by the English Steel Corporation. 

CONCLUS:LONSs . . 

As a result of a very extensive mechanical-

metallurgical investigation, it was found that the steel 

used In the fractured column was a good homogeneous material 

showing rather low Impact values at room temperature. The 

failure originated In the cracking of a fused lead-in port, 

and was caused by local overheating, melting of the copper-

lead„ and subsequent cooling of this part. 

The discussion on impact properties of this material 

will be included in the report comprising Part III of this 

investigation series. 

(Tables 1 to VIII and ) 
(Figures 1 to 3 follow,) 
(on Paeos 12 to 21. ) 



TABLE I.  - Mechanical Properties of Longitudinal Samples, S.A.E. 3130 Steel Ammonia Column. 

Location:Ultimate:0.2 per cent :0.1 per cent :0.01 per centor:a.- :Per Cent:8rinell : Izoct 	:Charpy :Charpy 
of 	: Stress,:Proof Stress,:Proof Stress,:Proof Stress, nbent :àaduction:Hardness:V-notch,:V-notohc Ke YhŒle  Notch, Specimen: p.s.i. 	p.s„i. 	: p.s.i. 	 p.s.i. 	: in Ats. 2n 	.e:Nliaber:ft-lbin ir.. ,:ft 	 . ... 

45,500 
44,800 
49,000 

Outside 	93,000 	46,500 
Outside 	92,100 	46,500 
Outside 	90,500 	52,700 

	

44,000 	27.0 	53.0 	179 	(16,6 	16  . 	19 

	

45,000 	 25.0 . 	53.,0 	174 	12.3 	11 	16 

	

28,000 	 21,0 	40.5 	183 	13.8 	17 	20 

Average 	94,900 	48,600 	 46,400  

Centre 	93,100 	46,800 	 45,400 

Centre 	93,500 	47,300 	 45,700 
Centre 	96,500 	49,500 	47,000 

Averaee 	94,400 	47,900 	 46,000 

Inside 	92,700 	47,200 	 45,700 
inside 	92,300 	46,500 	 45,700 
Inside 	96,800 	50,000 	 47,700 

Average 93,900 	47,900 	 46,400 

	

38,300 	 24,7 	48.8 	179 	14,6 	147 	19 
(123 

	

41,000 	 21,0 	53.0 	174 	(14,5 	16 	17 

	

43,000 	 25,5 	52,0 	179 	15,8 	12 	14 

	

37,000 	 23,0 	47.5 	179 	11,3 	18 	14 

40,300 	 25,2 	50,3 	177 12,9 	15,3 	15 
----1105 

43 9 500 	25.5 	55.8 	179 	(10,8 	7 	14 
41.000 	 25.5 	52.5 	179 	95 	11 	17 

41,000 	 22.5 	47.0 	179 	11,8 	8 	16 

41,800 	 24,5 	51,1 	179 	10.7 	8,9 	15,7 



Tl^BLE II. - I+^echaxiicAl Properties of Transverse Sammples, S,A,E. 3130 Steel Ammonia Column.

Locat on:IIltimate:0.2 per cent : 0.,1 per cent :0.0 per cont:L onga- :Per Cent :drine^ Iz^^ :CharF.y :Charny

of : Stress,:I'roof Stress,:Proof Stress3 roof Stress,;ti°ri; :Reduction:i3ardness:V-natch,:V-noteh,sneQ^h^s

Specimen: ^s^i, s,1. p.s^l . ; .s.l. :Per t^Rnt:in Area :rtum.bPr s ft-lb. r t--lb.
L

0,'N. 91,900 49,000
0, N. 92,000 46,500
O.W, 96,700 49,500

47, OOO
45.9000
47, 500

4,5,000 24.0
44,000 23.0
42,000 22,0

A^tera^e t.1500 48,400 4.6, 500 43, 700 23.0

Centre 92,100 46,300 45,000 44,000 26.0

Centre 93,000 46,200 44,900 42,000 23.0

Centre 96, 000 49j600 47)1500 41,900 21.0

44^0 174 14,3
45,0 174 16,3
43,5 179 15,0

44,

18
18
13

14
?0
14.

176 15 ; 2 16,3 12,7

45.0 174 10.0 14 15

36.0 174 9.3 14 16

45.0 179 11.^ 8 17

Average 93,700 48,400 46,500 42,600 22,3 42.5 176 10.2 12 16

I. W:, 93.0000 46,300 44, 900
T. V`1., 93 â 300 45,900 45,90C

I.W.c97,000 50,700 48,600

Average 94,400 47,600 46,500

44,000
44, 000
44,000

44, U00

23,0 45,0 ;.70 l0, 0 12 12

24,5 46^0 174 9,3 11 12

24.0 40,5 170 11.,3 7 15

23,8 43,.8 171 10,2 10 13

0.0l, = Outside wall. T.":1. = Inside wall.
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- TABLE J'npact Pr op4.,.; rt 1 o 53 of S0A0E .  $130  Steel   Ammonia 
C °limn 	In ;r od o6poui p or sample 

LONG I  TUDINAL SA MI" r_ifilS TRANSVERSE SAMPLES 

Notch No tell Notch Notch Avor. ", Notch Notçb Notch Notch Aver. 

	

1 	2 	5 	4 	 g 	1 	2 	5 	4 
0 

0 II TS ID E ;NALL- 	 . 

	

. 	. ..„, .,... .,.... .,,,. ..... ..,„ — 	.... .... .._. ___. 
g 

8 e29 1, e 	 * 

	

fa 17 	14 	16 	16 	15, 8 g 	.. 	14. 	20 	9 	14, $  

	

11 2 18 	12 	18 • 18 	16,, 5 g 	17 	18 	18 	12 	16 , 3 

	

1/5 14 	10 	13 	12 	12 ,, 3 g 	15 	18 	12 	_ 	15,0  
#4 11 	15 	13 	16  138  

Aver, 	 14. 6 

O 

CENTRE 

Samol e 

	

#1 10 	14 	9 	16 	12.3 g 	9 	9 	9 	8 	88  

	

17 	16 	13 	12 	14,5 2 	19 	19 	20 	11 	17,3 

	

11 3 12 	15 	13 	15 	13,8  g 	18 	16 	16 	12 	15, 5 

	

#4 	8 	1 e7 	8 	12 	1103 

	

A.ver. 	 12,9  g 	 Aver, 	139  

INSIDE WALL 

pariple 

	

--el 	10 	14 	10 	1O5  g 	9 	9 	7 	15 	10.,, 0 
#2 10 	12 	8 	13 	10„8 g 	10 	9 	9 	9 	903  
#3 	8 	10 	12 	a 	9, 5 g 	11 	10 	12 	12 	11,3  
#4 10 	12 	13 	12 	118  g 

	

Aver ° 	 10,7 g 	 Aver „ 10,2 

DImens ono of the s ampl g 10 Dç. 10 mm „ V Notch, 0,25  mel „ • root 
radius, 2  mm,,  de e p , 



LOUGIMTWIT. SAMPUS 

V- Notch 	Kovb.ole 

OUTSIDE WilL L 

TRANSVERSE SAM.PLE3 

V- N t eh 	Keyhole 
!?, 

o 

9  a 

19 
18 

16 
11 
17 

Samplo 

#2 
18 	14 
18 	10 
15 	14 

59 	• 	55 	47 
63 	60 	51 
ro 59 	47 

Sample% #1 
#2 

ea 

e-a 
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TABLE IV Impact Pr ope r .i;f1e 3  of S 	3130 St eel Aromonïe. 
Column. ( n 	o ob-poun 	p el El a rap ) A) ' 

Aver. g  Aver, 16.3 	12,7 
O  

le .7 	19 . 

g 
CENTRE 	 g 

g 
S UM° 1 0 	 Z; 

	

#1 	16 	17

• 	

• 	14 	15 

	

#2 	12 	14 8 	16 0 0 

	

#3 	10 	14 	 14 	17 

	

Aver. 	15.3 	15 	g 

• 

Aver. 12 	16 

g 
I N 3 I. D E. 	 . 

	

.,3_a_1.210.1c.  i 	 . 	. . 

	

7 	• 14 	. O 12 	12 

	

#2 	ri.. 	17 	. . 11 	12 

	

#3 	8 	16 	0 . 7 	15 

Avert, 	8.9 	15,7 	g Aver., 10 

•. 	Werl 	 -̀ =" 	e. 	;<''a 17"-ereZè7.",..7..̂.W.7-"ZZle 	Z-7 `;. 	 7,-= 7=7.er.'..7====2:1 

Impect Proportion of LortirttucUrial Sample of Above 
Colulln at 300 )  T np1 'EJ ) • - 	- 

Outolde Wall Centre Inside Wall 

Average 	 8103 	57 05 	48,3 

Dimonsiolls of Charpy Samplesg 

V-Notch - 10 10 x 55  mm.  notch 2 mm. deep; 
rot radtus, 0,25 mm„ 

Koyholo - 10 x 10 x 55 mm.; notnh b mm0 deep; 
root radint3, 1.0 mm. 



Ontsie 

	

wall 	87,300 

	

Centre 	36,800 

43,700 

49 ,500 

39,700 	26,000 

21,500 

21,0 

21,0 ,71.-.1 Inn 

56.0 

-isp 5 

ART,77. V. — Mechg.nical P -noerties, at 300° 0,„ of Longitudinal -- 
SE,  3150  Steel  Aiumonia  Columr. 

7,'Dcatio-clUlt'imateg0,2 pe-:,  cent ,>0,1 per cent :0,01 per centElongation,zfieduction 
of" 	g Stress,,1Proof Stress,e:rroof Stress,gProof Stress',: Per Cent :. in Area, 

Sgeoimon f p.soi, g 	pflssi. 	V 1 M 4: ; 	sr.o.o.o.,0 	
„ 
0 	

M. 	et 

	

"Pe 	 :in 2 inchesgFer Cent _  

Sample;  



25,000 
25 9 000 
24,000 
2$,000 
22,000 
20,000 

339,000 
605,000 
837,000 	463,000 
▪ 107 	410,000 
± 10 , 	 + 107 

7-re -1- 'of 

837,0 000 
-4- 10 7 

 :ï 517 

(Page 17) 

TABLE VI. - Fatirue Tests Usinv Moore Rotatlry Beam , 	 Tr.) 9 . 	.0.. 

. 	 , 0ycles to Failure 
Stress, 4.3,1, s-A ttnolde) ,*, B (centre s G out&...a0 

n n A Jnnotched Longitudinal Samplee - 

50,000 
45,000 
42,000 
40,000 
59,000 
58,000 

252„000 

	

2,271,000 	737,000  

- 1,870,000 	1,622 9 000 
. 2,940,000 	1,877,000 

	

10 9 568„000 	5,121,000 	5,431,000 
± 107 	 + 3_07  

ta. 

"An Unnotched Transverse, Samples - 

45,000 	 2e9 » 000 
40,000 	 1,986,000 
39,000 
30,000 	 2 9 782,000 
37,500 
57 0 000 	 ± 107  
36,000  

B" Notched Longitudinal Samples'" 

438,000 
920 9 000 

3,202 9 000 
6,370 9 000 
5,317 9 000 

107  

408,000 
1,073,000 
1 9 416,000 

4r 107  

"B n  Notched Transverse Samp1pe 

25,000 
23,000 
22,000 
21 9 000 
20,000 
19,000 
18 9 000 
17 9 000 

16,000 

510,000 
484,000 

2,774,000 
1,227,000 

	

2,774.000 	5,547,000 

	

2009,000 	e 55P 000 

	

+ 3.07 	+ 107  
4.  10 i  

107  

522,000 
- 

-1- 107  

• 107 

Staadard 0,2-in.-diem. specimen. 

0.4-1,11.-d'iam. specimen with 0.05-in.-radiva notch. 

No break. 

eib 

111., 



24.5 24.0 
49.0 45.0 

TA3LE VII. - Summary  of Endurance Test  Results  on  Samples  
3130 Steel Ammonia Column. 

(Teste to  107  cycles.) 

Stress ;  tp.e,i. 

Unnotched 	Notched 
Section 	Location 	 Sarele* 	Sample•* 

Loné;itudinal 	Outside wall 	 38,000 	23,000 
9 	 Centre 	 38,000 	22,000 
tl 	 Inside wall 	 38,000 	23,000 

Transverse Outside wall_ 	 37,000 	18,000 
Centre 	 38,000 	18,000 
Inside  wall 	 37,000 	20,000 

Standard  R.U. loore 0.300-in. diameter. 

fee 0.400-in. dianeter with 0.050-!n.-radius notch. 

alo 

TABLIf. VIII.  - 	echanical  properties of 	S.A.E. 3130 Steel   
Ammonia Column After Heat Treatment ,  

	

Sample 	Sample 

	

No. 1 	 No. 2 

Ultimate Stress, p.s.i. 	90,300 	90,300 
Yield Stress, p.s.i. 	 46,300 	46,500 

Elont;ation,per cent  in 
2  inches 

Per Cent  Reduction  in Area 

Brinell  (3,000-kg.  load) 	170 	 170 

Impact T3sts,  Charuy  foot-pounds: 

Keyhole  Notch "V" Notch 

17 	 13 
18 	 17 
16 	 8 
20 	 14 
18 	 18 
18 	 15 

Average - 178 	 14,2 

(F16ures 1 to 3  follow,) 
(  on Pages 19 to 21.  	) 

TWIN :NI3  :LB. 
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