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(Mabterial Reselived, conbid) -

Pigure 6 phows one-pall of the electrical lead-1in
poard after tho celumn had been oponed oulb,

“ The gample with the diffused coppsr-stesl zonag,
taken from the column 4 marked in Plguresd and 6, has been
exsunined microscopically. Results of that mlcoroscople sxam-
ination are to be glven separabtely in Pert 1T of thls serles,

Investigation Report No., 2126, daved ODctobar 10, L1046,

Degeription of vhe CGoliumns

The dimensions of the colunn, given bhelow, are taksn
s &

from the Companyts Dfawiﬂg No. CPA-8 showling details of the
forging, and Prawlng Ne. CFA-E23 showing the origlnal assembly
of the complete columm,

The principal dimensions of the column &rs as
Lfollows:

Tetal length = 7,000 ma. (25 feet)

Ing]
(

1de dilan. of ths middle ascbtion = 850 mm,
b 47 inches

).

Outside dlam,. =f the flange = 1,670 mm,
(65,75 inches),

tnalda diam, of the Fflange = 750 mm. (29,53 luches).

Diawm,0f ths elecitricel lead-in port =
A8 mm, {(1.42 ‘inches),

The nommal operating prsssuce during the aynthesls
of ammonia was 250 atmesphares (3,278 pounds per aguars :'i.né.h)o
The catalyst temperstureo was aboul 600° €C. The temperabure
of the steel selumn did nobt sxceed 280° G., bocause the stgel
walls of the columa were coeled by the flow of cold inlet gas,
As given by the Company, during the 14 hours of
. operatica prior toe the coluwml bhelng shubt down for hydro-
static tegts, the btemparature ol the wall of the forging

ranged from 1089 ¢, to 132° ¢. near the upper fange, and

from 201° ¢. to 218° ¢. near she lower flange (i.s., near the

)
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(Mechanical Testing of the Column, contid)
2 2

investigated thoroughly. The positions of the impact samples
in the column are shown in Flgurss 1, 2 and 5.
The following bypes of samples have been usods:

Trod VfNOt@hS

Dimensicns of eample -~ 10 x 10 wmm,

Noteh data - 48° V,i 2 nm. deep; 0,25 mm.
root radius,

Charpy V-Neotohs

Dimensions of sample - 10 x 10 x 55 mm,

Nobtch data - - 48° V.; 2 mm. deep; 0.28 mm,
F. &
roobt radius,

Charpy Keyh ols Notehe

Dimensions of sample = 10 x 10 x 55 mm,
Notoh éata - 5 mm. deeps 1.0 mm, rootb
radlus,
The impact values obtainsd at room temperature
are low; for Chaerpy V-Nolch, they amount to 8.9 foot-pounds
on the inside of the column feor the longltudinal samples and
10,0 foot-pounds for the ftransverse samples.

{c) High Temperature Investigstion -

The high temperature tensils Sest was performed ot
300° ¢. The rasults.are ziven in Table V, on Page 16.

In Report po. 98 issmed by The Consollidated NMining
snd Smelting Company of Canads, Limited, Trall, B.C., 1t 18
mentioned that the specification called for en elastle limifb
of 28,000 p.s.i. in the stesl at 300° C. The values obtained

in these Laborahories weres for 0.1% proof stress, 32,700

and 37,400 p,s.i.; for 0.01% nroaf stress, 26,000 and 21,500
posoic
The high temperature impact results are given in

Table IV, on Page 15. They are much higher as compered with
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{(Hoshanleael Pesting of the Column, contid) -

ths room temperasture

It dis %nmwn that for this kind of steel we should
expect a low rangs of Impsch values at reom temperaiture and
a high rapge at elevated temparatures,

Por the kind of steel uwnder consideratlon, the
impactetomperature relation may be divided into three
panris:

1. Low level of imject values ab lover tempora-

¢
8

ures, with granvlar, bright fractures and
C‘l’
{VIN

mall daforwmetions,

2, MTeansition, or acabtering, sone with wmixed
fractures {bright and watte), with impact
values betwoen the low and upper levels.

3, Upper level of impact values at elevated
temperatures, The fracture is Librous and
wito, and the sample will show more
plastie deformation avound the noteh.

The upper level of the impact value ls st the worke
ing Gemperainrce range. Thls inereases the saflety factor of
the column,

A study of the lufluence of temperature on the
impact propsrties, in the range of 0° to 300° ¢,, will
form Part TIL of this investigation series.

A final, fourth report, Part IV, will contala the
resvlts of lupact tests on small samples, the resulis of
microtensile tests, and e discussion of stress analysls and

the safoby factor of the falled colum,

{(d) Dynemic Bramination of Material -

Because of the inpoertance of this investligation,
gtrenssd by the Consolideted Mining and Swmelbing Company,
fatigue tests were perforwed on plain and notched samples,
For comparison, the endurence limibs were determined for
this steel under raveraed bonding leading.

Also for comparison purposaes, the endurance 1limiits
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(flechonienl Testing of the Column, contld) -

for pepeated streszes {il.e,, for a lead range egual Lo twices

.- the meém load) have been calewlated from the resulte obalned,
waing the medifled Goodman leaw. The calouleted endurance
Limite for prepeated tenalon lesding, namely from O to 53,000
P.9,1, for pleln samples and O Lo 30,000 p.s.i, for netched
samplea, mark opn o very axaggerabted scale the maximum
dynenice load whnleh thisg mebterial can stend.

Dyneamic fuveatigstiona were perfovmed on a largs
scale baecauvsa 1t was generally sxpscted that this metverial,
bacause of the slow cooling rate from‘thm enusaling tempora-
ture, mlght show btemper brittleness,

I Table VI are given the resulte of fatigus Teats
on samples from the colum, Rigurss 1, £ and 3 show the
Locations Ffrom which the samples wore btaken,

The results obtained firom the unnotched fatlgue
gowples ghow a very good homogsnelity of the materisl, sinecse
the longltudinel and transveorse samples have shown a differ-
ence of only L.000 p.s.i, throvgheout the material, €.4.,
38,000 p.s.l, in longlitudineld and 57,000 p.s.i. 1o trans-
verass direction. It is seon that the materlal may be loaded
dynemicelly in tensien-compreasion nsarly up o 0.01 per oent
proof streas withouh fallure,

Xh tension~compresalon loading on nebtohed ssmples, the
regulta woprs: for the longltudinal dilrection, inside 183,000,

cenbtra TOR2,000, end outglde T23,000 p.s.i.; for the transversse

divection, inside 18,000, centrs I18,000,and outside 120,000
) b »
- p.8,1. Heres, becauzss of different noteh sensitlivity, the

inhomogenelty was larger than for wmmetched materlal.
The highest stress concentration factor (dynamic

noteh sensitivity) obtained abv these Laboratorles was
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{(Mechanical Testing of the Column, conhid) -

38,000/1.8,000, that is, spproximately 2, which is comparabla
with venuvlia obtalued In other shesls of averags gquallty.

{0) Mochenicel Examinatlon
of Heat-trented Waterial -

ERpere ey

FPor additional informetion, the machanical propam-

R

tien of & gectlon of steel, 13" x 4" = ¥", taken Lrom the
column werwy checked afber a specisl heat btreabment,
The heat treatmeni applied whsgs

. - Slow heating up to 840 C.;
Two hours at 8407 C.;
Gooled to 400° ¢, at a rate of 17° G,
per hour; and alftevwards cocled in
the furnace fto room bamperaturs. e

The resvlits of tensgile and lmpact tests cbtalned
after this heat treatment are glven in Table VII.

T™he values which wore obtained for ulitimate ton-
sile strengbh, yiesld strengbh, elongation, conbraction and
impact strengith are similar to those obbeined on the original
s

material, which Indicates that the hoat tresatment epplisd

was similar to that epplied by the BEnglish Stessl Corporation.

essTatnaay

CONCLUSTONS s

As a result of & very exbtensive mechanical-
metallurgical inveatigation, 1t was Lfound that the steel
uwsed in the fractured column was & good homogenecus material
showing rather low lmpact values at roowm temperature. The
failvre originatsd 1n the cracking of a fused lead-in pori;
and wos couded by local overhesting, meliting of the copper-
lead, and subsequent coollng of this part,

The discusaion on lapact properiles of This material
will be included in the report comprising Part TIIT of this

invastipgation series,

000OCICOGOTO
0O00C . g :
600020}9 (Takbles I to VIIT and )

(Pigarea 1 to 3 follow, )
fon Pages 12 to 21, )

TWWsNR:LB.







TABLE II. -~ Mechanical Properties of Transverse Samples, S.A.E. 3130 Steel Ammonia Column.

Tocatlon:Ultimate:0.2 per cent : 0.1 per cent :0.01 per cent:klonga- :Per Cent :Brinell : Izod  :Charpy harpy
of : Stress,:Proof Stress, :Proof Stress, :Proof Stross,:Pégnb nt:Reduction:Hardness:V-notch,:V-notch, etgﬁie
Specimen: p.s.1. : p.8.4, Ps8.1% 3 BaBsle T in 23 :in Area :Number : ft-lb, : ft-1b. ? D ¢
O.W. 91,900 49,000 47,000 45,000 24.0 44,0 174 14.3 18 14
0.W. 92,000 46, 500 45,000 44,000 23.0 45,0 174 16.5 18 10
O.W. 96, 700 49, 500 47, 500 42,000 22,0 43,5 179 15.0 13 14
Average 93, 500 48, 400 46, 500 435,700 23.0 44 .2 176 15.2 16.3 12,7
Centre 82,100 46, 300 45,000 44,000 25.0 45.0 174 10.0 14 15
Centrs 93, 000 46,200 44,900 42,000 235.0 56.0 174 9.5 14 16
Centre 96, 000 49, 600 47,500 41,900 21..0 45,0 179 11,3 8 g
Average 93,700 48, 400 46,500 42, 600 22.3 42.5 176 10.2 12 16
I.W. 95,000 46, 300 44,800 44,000 23,0 45,0 170 - 300 12 ) 5
I.W. 93, 500 45,900 45,900 44,000 24.5 46.0 174 9.3 11 12
I.W, 97,000 50,700 48, 600 44,000 24.0 40,5 170 11.3  § 15
Average 94,400 47,600 46,500 44,000 25.8 43.8 171 30.2 10 13
0.#. = Outside wall, I.i:i. = Inslde wall, 9




=  Tmpazt Propsribles of S.A.E. 130 Steel Ammnonia
Golumn {Ta Teod foot-pounds per semple)®

EEAer v

LONGITUDINAL SAMPLES TRANSVERSE SAMPLES

2¢

Nofteh Neoteh Noteh Noteh Avar, Noteh Noteh Noteh feteh Aver.
2 3 4 S 1 2 3 4

AP AP U DTN OIEIAE AR SRR yAos

)UTYS IDE WALL -

Fru emn et ewm sy e

eI

25 9

Samplo
B R 14 18 1.6
42 18 12 18 - 18
43 14 1.0 15 12
##4 11 15 15 16

- 14 20 9 14,3
17 18 18 12 16.3
15 18 12 - 15.0

W oo

‘e 9 = o

I el o
s e e

(o>}

Aver. 14, Aver. 18,82

CENTRE

Mo emn wmm wne The o

43 53 23 ©9 Do Qe peEs B9 ©9 ac Oe DO 32 &y 09 AP

Sample
#1 10 14 9 18 12,3 9 9 9 8 8.8
#o 17 186 13 12 4.5 1.9 19 20 11 17.3
ﬁs 12 15 13 15 13,8 1.8 16 16 12 18,5

4 8 17 & 12 1.3

Avei. 12,9 Aver,. 13.9

<2 02 G2 D& 02

INS ID

et enzr ower e ene

1=

¥aLb
;:s\rm.&a
TR 8 10 14 10 10,5
#0 1.0 12 8 13 10.8
s 8 10 12 8 9.5
ﬁ 10 12 13 12 11.8

Q 9
10 9
11 1.0 L

20 © ~3

2
0
@

Aver, 10.7 Aver. 10.2

3> ©8 2o €5 by GO 6¢ 4T 53 9> 0O

o
Dimensions of the sample: 10 x 10 mm.; V Notch, 0.25 nm. roob
radiuvs, 2 mm, decp.

s
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TARLE IV~  Dapact Prepertlas of S,A.0, $130 Steel Ammonis

5.
Golunm,  (in Chavpy foot-pounda per somple)w.

LONGITUDINAL SAMPLES THANSVERSE SAMPLES

V=Nolch Kayhaol e

V-Noteh Keyhole

e s,

&2 OB 49 OO

=

OURSLDE WALL

Sauple
FL 1.6
#e 11
#S 17

18 14
18 10
13 14

W=
Ol Ww

Aver, 14,7 1

o)
o
o
R
Y]
~&

Aver, 1

0o 53 i6E OU O3 08 BO 0% 20 2% Lo

CENIRE

Sample, s
. 16 19 5 14 1.5
fi2 12 14 : 8 1.6
I3 19 1.4 : 14 17

Aver, 15,3 15

eV
=
[

Avaer, L

o D . wsme

IN3IIDE

iy &mm rrve  Ses wa wan

Sample

T, 7 14
#2 11 17

Jos e
~3 D
fond
av

S0 %0 22 93 OC 4a 6% 09 B8

#3 8 15 H 18
Avar, 8.9 15,7 2 Aver, 10 13

Impact P?OpquiOq of Longltudinal Sample of Above

Colvan_at 300° ¢ (In Charpy foolt-pounds per Samply )@

e

Dutalde Well  Cenire - Inside Wall

Sample #L = 59 : 53 47

e - 85 80 51,
5 - 52 59 47

Average 61.3 87,3 48,5

et s e s ann s . = ety ~ces sxouram
v R i e p=t LD

®
Dimensiong of Cherpy Ssmpless

loteh -~ 10 x 10 x 55 mm,; noteh © mm, deep;
voot rediug, 0,25 ma,

P

Keyhols -~ 10 x 10 x 55 nm:; nobtoh & wm. deep;

oy ralfa s anno e

root radiuws, 1,0 .
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TABLE VI, ~ Fabligue Tesbs Using Moore RoGabing Beam

AT e 2em

Fatigne Hachines (10,000 r.p.m.).

oz

Gyoles to Fallurs

64 €o

Stress, tp.s.i.

¢ (outside)

A ineideY 8 (esubre)

AN Unnotehod Longitudleal Samples® -

50,000 252,000 -
46, 000 2,271,000 737, 000

42,000 . - 1,870, 000
40, 000 o 2,948, 000

39,000 1.0, 568,000 5,121, 000
58,000 + 307 + 107

[}

AT Ummotched Tranaverse Samples®

45,000 249, 000 408, 000
40, 000 1,986,000 . 1,075,000
59,000 - 1,418,000
58, 000 R, 782, 000 + 107
57, 500 - |
57,000 + 107

56, 000 FroT

TB" Notched Longlbudinal Samples®® -

25,000 539, 000 -
25,000 605, 000 -
24,000 857,000 463, 000

2% 000 + 107 £ 410, 000
e g M
22,000 . 307 * 107

20, 000 O EE N

RN Nofched Transverse Samplea®?® -

25,000 520,000 C
23,000 484, 000 -
22,000 - 2,774, 000
21,000 1,287,000 -
20,000 2,774,000 3, 6547, 000
19,000 2, 009, 000 4,552, 000
18,000 + 207 * 207

17,000 - T i
16,000 + 107

o

1:.622,000

1,8%7,000

5,431,000
+1.07.

T s

438, 000

920, 000
5,282,000
&, 578,000
5, 317, 000

+ 307

e

en

837,000
e L0

507

OB IAL RN

522,000
+_ 107

+ 107

®
Standard 0,2-Lun,-dlam, spoacimnen,
BB

Q,4~in.~dilam, specimen with 0,08-in,~radiug

£ No break.

notach,
















