Stress measurements on Boiler Frames,
dated 18™ June 1969.

Applicable to 15™ Class Garratt locomotive No.411
operating on Rhodesia Railways

Notes to readers

The source document for this file was the Office Copy of the Report held in the
National Railways of Zimbabwe Drawing Office in Bulawayo. It was discovered, in
March 1998, while I was helping with searching for a complete set of drawings of the
15™ Class locomotives after No. 398 had been purchased by a private group in New
Zealand for eventual export to that country.

The original documents were duplicated copies and photocopies of hand written
calculations, hence the slightly indistinct type in some places. These were
photocopied (with permission) on to A4 size paper while in the Drawing Office and
the photocopies scanned when we were back in New Zealand.

The scanned files have been lightly “Photoshopped” to remove most of the artefacts
resulting from the photocopying and scanning processes and to increase the contrast
to make them more readable.

Any alterations, amendments or corrections done by hand have all been left in place
and this file is a reasonably accurate reproduction of the original.

The original copies of the graphs contained in the report were slightly larger than A4
size and some critical information at the tops of the pages is missing. I have assumed
that our copies are filed in the correct order and have marked them 1?, 27, etc.

I cannot answer any queries regarding the veracity of the tests or the accuracy of the
calculations given in this report.

Alan Bailey
December 2010
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CRACAING OF THZ 15, 15A CLASS LOUCOMOTIVE BUILKR FRAME.

N T & t + et
LOCUHOTIVE TRIAL No: 270,

1.0 Cracks appeared in the above locomotive boller frames
shortly after entering service. irevious attempts have
been made to prevent the cracking (fieference L.T. 238),
but have baeenwsuccessful,

lele This investization wuas carried out by first datermining
with strain gauges, the stresses which were causing the
frame to crack and then designing the new ends of the
frame so that they would be strong ensugh to withstand
these stresses.

20 INYLEAL LailsS.

Loconmotive No. 411 was selected a few days bhefore it entsred
the workshops for a Gene-al repair. GLtraln gauges ware
fitted to the right hand hind end (which are wore prcne to
cracking), and dynamic values were obtained biween Sulawayo -
Uwelo = Bulawayo. Three gauges were fitted in the region
where the cracks occur, as showa ih the apgpendix. Une on

the top surface, the second one directly below it on the
under surfsce and thke third one was on the side of the frame
and just next to the ssound gauge. Unfortunately the frame
hod a crack which was not visible when the gruges wera fitted,
it extended 2.,1/2" up from the lower surface. 1lhls crack
prevented the strain bheing transmitted to the two lower
zauges. A1l the calculations shown in the appendix were
therefore based on the results obtalned from the top gauge.
These calculations determined the dimensions for the new

ends which were fitted during the General repsir. The
drawing numbers of the new ends are: L-7628 and L-7629,
5imilar new ends were proposed and drawn in 1960 but were
naver implementad.

Hale AIM3 UF TUE DEIIGH.

Jale The depth of the frame where the cracks occur was deepenod
downwards to give additional strength and also to reduce the
large moment,whioch is producaed by the ,ull of the froat unit,
nnd the pivot centrebeing lower than the centre line of the
frame. The effects of thils morent wera clearly ssen on the
strain measuring bridge; producing negative rsadings st
position vo. 2 and positive at Nlo. 3.

3.2 The deepening of thas frame slso removed the stress concentration
.n the lower surface just where the moment in the above
paragraph is the largeat.

3.3, The lower horizontal stirfening flanges were omitted to enable
the framse to bend lateraly without causing high stresses. L.T.
238 showed that theze flanges would have to be!large,to be of
sugflicient strength to stop the lateral bending. Therefore, »
if it wante to flex, let it flex, but keep the stresses to an
acgeptable limit.

3,4, The small flats on the lower surface at the ends of the frames
are for the pedéstals in the workshopa.

2/0._0--0-0..



Hoile Chreling the design of the new ends with strain reuzes.

S$train gauges were Titted nt nine diflerent positions on
the new ends ns shown on the attached sletch.

hale static Tests.

ttatie resdings were taken as the hnile#f?owered intc the
frame. some of these readings were high aad aubsegyuent
tosts f.und three wire contacts to be faaulty. 4Lhe static
tests wsre reieatsd twice in the running shed b, plsclng
jsclks under the fraue below thea fire box a:ud 1lifting until
the plvot centre juct 1ifted free. These two readings
azree with sach other and gave more re«listlic figures.

b2, Lynamic Tratae

The dynamic tests betwzen Jwelo and Dulawayo clearly showed
that thecs wers three forees acting on the fraue, they werei-

l. IThe tractive effort from the front unit when the
logomotive pullede This was a stesdy pull.

2. vhen the !ocometive negotlated a bend ahd the voiler
canted over causing the weight to change on the frama,

e ihe out of balance eifects of the whoeols, f.2. the
swaying couple, hasmer blow etce., could cnly be seen
on the vsellloscope,&s the frequency at 32U mep.h. and
above was too high to be .icked up by the daaped
peedle on the strain wmeasuring bridge. 'These out of
balance forces ware always noticeable from alout
20 wepehe upwarda.

“elde Straln gauge Nos. 8 aad 9 were in 2 rosette, ti measure
the shear stresses.

Salda iResulta.

Phe results of the static and tkree dynamic readings were
ylotted on the attached graphs, &nd thzir ro.ultsots were
obtained for the foodm-n fatijue gra hs. (he factor of
st fety is showh on e:zch graph.

The strain gauges at positicas 5, € and 7 were to see if
the frame bent lateraly in an even curve and did not have
a "hinging" effect at a point. Yhe rosults showel that
there is slightly more bending near~r the firebox than
towards the pivot centre, but the stress from this bending
is ncceptable.

6.0 Conclusion,
The results show that the atres:zes in the new ends are
acceptable and that the factors of sifety are in the order
of two, which was what they were dasigned for.
The tractive effart stresses will be slightly higher when
bauling a fu.l 1024 us the lozd Lruled during the test vas
only 484 tons x 52 aud the full losd is 1UGO x 20.

further strain gauge tests will bs conducted later as the
locomotive wesnrs.

3’/.0...0.!.



7.Ce  Geeommzndations.

7.l. Llocomotive Noe. 411 should be fitted with the wmodified
rounded brick arch (Ihe "Rees" brick arch), Some 9th Clase
locorzotive brickas have been cut which will give the
desired shape. J<his locomotive should then be put on a
12, or if possiblae, 15 day tube blow perlocd so that the
maxizmum number of wiles per month can be obtained.

7.2. when the "Star Jet' blast pipe cap has been made; also
fit it to this locomotive in order to determine what
benafits can be achieved by introducing these modific-
ations and then assess whether thelr ex-eneea are
Nnacessary.

(A0 o .

ASSISTANT MUCHANICAL ENJINEUR.
{DISISN AND DUVELOLHTNT).

Refi M.b.

18th June, 1969,

AMED/ jd
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RESULTS OBTAINED FROM THE STRAIN

GAUGES . A
INITIAL TESTS BEFoRE GENEpaL. REPAIR
BRIDGE READING. STRESS REMARKS .
-1-0 - 30vo pol STARTING,
-a-8 -840 psi Pociime 20 wpd.
t+t1's 4,500 peoi v "
- 30 ~9,000  pa 30 0a 36 ‘
~ 2§ ~Z800 pei “ .o
t+1Is “S5o0o L. CoAsTiNng -~ g
~2-0 ~60 00 psi - 35 .
* +3-0 9,000 ps. BRAKING 20 w,(l. a
-5 —~ 4500 pg CoastiNGg IS ~ph. o
¥ -4.0 ~i29%0 pel. Pocuimve (S mpk. QO
-36 ~loco  podl Poccime 20 pl.
\IF
Y
STATIC TESTS IN ARUNNING SHEDS.
PosiTion . BRipae READNG. STRESS .
Tesr ! TesT 2 Testl |Test 2
[ -0-s +0-6 ~1500p5i.| 1800 psi.
2 —-0-5 to-§ - 1500 pga. IS 00pci.
3 -0-7 +o-¢§ - 2100,s54 2400 pgy.
4 -39 +4-0 - {17004 fz,@oo,s.'-
5 -o-8 to0-8 ~2400p51 | 240D pgf
'3 -26 +t27 ~ 78004 8100 psi.
7 =3-g +3-8 ~1lg00psi| 11400 psi.
8 -0'6 to's ~ 1800 pu 1Soopss .
5 +07 ~0-§ T 2i0Dpy{ | = IT00, .
TesT 1. \were STReEssEs RewEved By JAcking Up The Borcen
TEST 4. \WERE " IMmposed By REWUEVING THNE Thcks, W
DY NAMIC TESTS. Tamun Fup. Loap 4¥G x$2. 10/6/s9. é
PesiTion TRATTIVE EFFolT.| BAnks LCosves.| \Wnege Our OF Bawqnce ,
' 1§00 pei. t 1900 poi. 1 600 psl.
2 3300 pee T 180D pei. 2ISoD sl \}
3 4200 pui 21800 pei. 2 15°0pes <
4 1200 pgi tisocopyl T 1200 ,u
s 4200 poi 2 1900 pi T )Roopel
¢ 21700 pul *1Sco pel t 18oo,u
7 I8eo pad 2 120ppes T 1 voo ped
& ! I1sov e Y 1Soo .
9 2 /500 pe ¥ 1500 pai, V

Max/muoar SHEAR STREss Ar Ber 9

2 2100 + IS

3¢00 ped. Aecaplble




STRESSES RecoRDED On locomoTive N°® 4] PRICR

7o Tihe BowerR Frame MobiricATION . Tramn Sue. Leap 780 x 8O,

Maximum STRESSES REcomrpED AT PosiTion A"
- 12,000 ps«.
+ 9,000 psi.

} D¥YyNAMIC OmnLYy,

' >

T

ja— 21" caacx

"

17

RieHT HAnp Sipe, HinD,

CALCULATIONS 7o DETERMINE THE DEPTH OF

THE NEW FRAME, SO THAT IT WILL GIVE A FACTOR
OF SAFETY OF 2. AT THE SEcTIoNS WHERE
THE FRAMES CRACK.

ExISTIiNG FRAME.

i n
EFFECTIVE DEPTH OF CRACKED FRAME = I8"-2% = 15§

2 .«
I - | _x 15§ 5 373 e -
[ R

Fuee Beam WitH No FaAawngE.

T = P x 127 z soo %

22

DynAamic Banpina Moments To PRroDUcCE The RECORDED STRESSES,

Max. = _ 3723 » Irooo = L T & - 258 Ton ~n~s.
775 K 1240 ,
Min. = 4+ 3?23 x 9000 + 1932 Ton cinn.

7275 X 2240

" -

THESE B.M. (Dovep PRoDuckE Tue Fouowing STRESSES [[¥]
A 17" FrAme.

STRESSES I~ Fucl FRAME + _ 258 x 8'S . = 44 ‘-’_ans/t-:.sl
soo —~ 9860 psd -

: + 1932 x8¢
oo

3-28 T/t

: 7350 ps4.
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As SHowN.
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17210

(- ‘?360) + (7350)
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THE AVERAGE
335 Ton «w.

IncREASE
pst
12740
85 » 2240
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T
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14,000 - 1260
127 4 O

Now Tiwese Frames Po CRACK’ . THE STATIC STRESSES”
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BM. From AvEeErRA«E DywmAamic STRESSES.

=  §oo x (1240 = 33 Ton 1,
8¢ X 21%o -
Torae AvERAGE B8BM. = 335 + 33 = 3€8 7omww.
Noeww M . £ - 2mMm . 2f
b 7 I 3 o

£ fhékn.al»(wnzﬂ-{a.
,,mu,évapwz;,fsaﬂat’aza

C)-‘F‘ PIOOOP‘;"'

U dr 2 12 x 3¢s8 . &
potan e T : '}:0704—-—\

2 x Q000

A = 2¢-§ -

Now Twis 26'S” DePrw Lt Acso PECREASE THe RANGE

STRESs Anp IncrREASE THE FACTOR OF SAFETY GREATER

THAN 2, Anp Is Nor NECESSARY.

Tay o = 235"

- (]

3
T - I x 23§ " (OB & .r..-..'.....q
2
? = ¥ I’?S t..n:—.
AveErAGE BM. = 368 Ton .

368 x2240 X (I'75 . 8940 psi
log 4 -

AVERAGE STRESS =

To Finp RAnNGe STREsses Wuen BMs* +258 7o L L
~ 1932 7o s,

270 '
) P S

o MAar, STREsS = 258 KniLygo x [2F8 <
logg

Min. STrReSs +<193-2 X224o x (175 . —~4,630 psi. -

/o84

¢270 ~(~46%0)

10950 psi.

S RANGE STRESS

!

THESE WERE Puotrep On Te Grarn N°I!. To Give A Factor Or

SAfFETY OF 1'65. \WHicH By REPUCING THE STREss ConcEnTRATION,
SHouvLD PRODUCE A VALUVE oF 2,



L

BM. Frorm AveErasE DymAmic STRESSES,

: §oo x 1240 = 33 Tom ~—y o
8¢ X 2140
Terae AvERAGE 8M. = 335 + 33 = 3€8 7omwe—m .
Neww M . F . zm - 2f
I y I x o3 A
A% = 12 M lare A <, Eta Cﬁy\.ﬂ.f&g

L f 4t aw
4mﬁvap@f%7a

‘_3_ Fl’- 2000?;(

. odt 2 12 x 368 C a2
2 »®x 2000 7‘070

"

Now Tris 265" DePrr Lhwe Acse PecrRease Tie RANGE

STRESS An~p INcREASE THE FAcTorR OF SAFETY GREATER

THeAN 2., Anp Is Nor NECESsARY.

Tay o = 235"

L |

3 ,
T = ! x 23§ 108G wie’,
Iz
q - < 1175 .
AveraGge BM. = 3€8 Ton e
AVERAGE STRESs = 368 x240 x (I'?5 . 8B40 psi

low &

+258 7o ;_,.f..

To Finp RANGE STREsseEs Wuen BMs=

W MAR, STREss = 258 Xitl4o x 128 _ 6,270 ps.
~ _’-
legg
Min. Stress +=193-2 X2 4o x 1175 . 4,680 psi.
1084

1]

¢270 -(—46‘60)

o X
10,2 50 psi. -

. RANGE STRESS

o

THESE WERE Piotrep On The Grarn N°I!. To Give A Facior OF

SarFeTy Of 1165, \WHicH By ReEpucing THE STREss ConcEn rRATION,
SHovLDP PRODUCE A VALUVE oF 2|
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