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CEMENTATION: for sealing water leakages,
arvesting settlement of structures, remedying deterioration
of concrete or masonry works.

G U NITE ¢ jfor reconditioning defective concrete struc-
tures, encasing structural steelwork, lining tunnels, water
reservoirs and ofher works,

FOUNDATIONS: underpinning of damaged
property presenis little difficulty if FRANCOIS
BORED PILES are used.

SEMENTATION |

vongrneson serr4BENTLEY WORNS, DONCASTER.

ENGINEERS QUIZ

1. HOW MANY BRICKS IN A ROD OF BRICKWORK!?
-2, HOwW MUCH DOES A CUBIC FOOT OF FRESH WATER WEIGH?
3. WHAT IS THE WEIGHT OF A CUBE FOOT OF CEMENT?

FOR ANSWERS SEE——

THE CEMENTONE WALL CHART

For the assistance of those interested in the Butlding Industry
we are issulng free of charge an Estimating and Quantities gulde,
containing a wealth of technical information. Being in the form of
a Wall Chart it will be useful to hang on your office wall.

If you would like one of our Charts please write to

JOSEPH FREEMAN SONS & C€O. LTD.
CEMENTONE WORKS, WANDSWORTH, LONDON, s.W.18

M SERVICE

IT’S PART OF THE
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Banking . -

Jor the Army of To-day

“OX'S AND MING'S BRANCH ol

Lloyds Bank has for genera-
tions specialised in banking for
{MAcers of the Pritish Army.
Besides acting as Official Agents
fipr the lssue of pay and allow- 4
ances it provides amodern banking service dealing in every class of business.
The Manager will be glad to describe these services in fuller detail to any
Oificer who desires to optn an account.

LLOYDS BANK .......

(COX'3 & KING'S BRANCH) L3
ABMY &k ROYAL AIR FOECE AGENTS, & Pul MaN, 5.%.1
Ofces at or near alf Aotip and Raval Aér Force Centres in England and i¥ales
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‘gqL] ANVAWOD JUTNVIOIA dHl

Air main with ¥ictaulic Joints slmg on two st=al cablsa acrosa
the gorge of the Hikoncoge River. Japad, View shows a Tio-ft.

span of &-in, line.

PIPE LINES WITH VICTAULIC FLEXIBLE JOINTS FOR
SERVICE WORK. The ideal joint for emergedcy purpesss
The standard balted joint can ba Gtted by unskilted labour in vodet
two minutss per joint. The toggle joint, without toltg, is Auto-
matica11¥ fastened mechanically in a fow goconds.

Tha War (fice and lndia Stores Department hawve standardized
Victaulic Joints for mobilization work,
Copy of ¢ur Victaulic Catalogue will be 3snt o0 Tequest.

S LNAWASILUEATY
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The Burberry Lounge
Syit induces 2 welcome
sense of relaxation, con-
vaying comfort to mind
as well as body.

The suit pleases in its
perfection of fitting and
taxture of cloth as well
as general colouring and
design.

In addition, ene knows
that as tIme passes,
one's appreciation will
be increased by the way
it retalns its original
character.

BURBERRYS

HAYMARKET, LONDON S.wW.|

Telephone WhHitchaf! 3343

BURBERRYS LTD.
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CANADIAN MEMORIAL, WINDOW
AT
TEANSPORTATION TRAINING CENTRE PRE, LONGMOOR

AT a service on 25th April, 1945, the High Commissioner for Canada,
Mr, Norman A, Robertson, wnveiled, and the Lord Bishop of Portsmouth
dedicated, a Memorial Window presented to the Garrison Church of S,
Martin in memory of the ataff of the Canadian Natiopa! and Canadian Pacific
Railways who fell in the war 1959-44.

The window. of which an illustration is shown opposite, was designed by
Mr. Martin Travers, A R.A. and matches the existing ive windows presented
by the British main-line ralway companies and which were dedicated in 1939

The jarge congregation present inclwded many members of the staff of
the London affices of the Canadian National sud Canadisn Pacific Railways.

'The window has for its central feature a picture of 5t Lawvence holding
a hook of the Gospets in one hand and a grid {ror in the other to signify that
he was martyred.  Ht. Lawrence i not the patron saint of Canada, hut is
obvigusly a most suitable subject.

In addition to the saint, the other featares in the window are the arms of
Canada and those of the nine States.

The imscription at the buttom reads as follows :

"To the gloty of God and in grateful remembrance of the staff of the
Canadian National and Capadian Pacific Raibways who fefll in the war of
1048-45."

The present Garrison Church ar Longmoar was a forage barn prior to
19355, but on the mechanization of the local artillery unita the barn was con-
verted into a church and duly dedicated. Since then much has becn done to
improve and beaotify the building and, in addition 10 the six stained-glass
windows mentioned previously, a very handsome reredos and crucifix was
provided.

VISIT OF ENGINEER-IN-CHIEF TO U.5.A. AND CANADA

HE Enginecr-in-chief, Major-General Sir Fustace F. Tickell, K.B.E,,
C.E., M.C., recently paid a visit to America as a guest of the Drepartment of
the Army. He was shown round the H.€. of the Chicf of Enginecrs, the Eng-
incer Centre, Fort Belvedr, the graduation ceremonics at West Point and
NUMEroUs engineer projects in connexion with large building schemes, atrkelds
and the Wississippi flond control. The intensely friendly welcome and
houndless hospitality received throughout the tour were almost disconcerting,
The E.-in-C. paid a short visit to Canada, where he also received a very
great welcome and met many Canadian Sappers.
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WATER SUPPLY FROBLEME IN EGYPT DURING THE WAR 193945
By Cowoner 5. ] ArssTroNGg, OBE., M.C.

SOURCES
HE Biver Mile is of course the main source of fresh water in Egypt and
it probably provided over 85 per cent of the supply to the Allied Forces.
Other sources although small are of interest as they werc of great importance
to our troops in the Western Desert. These other sources were tube wells,
agueducts and birs. They will be dealt with first, prefixed by a few remarks vn
quantity and quality.
QUANTITY

FPotable water in the Western Desert was always in short supply and had to
be raticned to 14 gallons per head per day and at some periods to less than
this. Al troops had to be trained tw economize in every possible way., Our
armaured patrols who could only carry very little water with them brought
water econoamy to 4 fine art,

Quapry

The main difficuity is that all sub-soil water outside the Nile basin itself
i= saline to a greater or lesser degree,

ME, ¥Vol. VI, page 163, states that in Fgypt men could drink water
containing as much as 200 parts of sedium chloride in 100000, {e, 200
degrees of salinity, T'hat was in the first World War, In the Western Desert
during the sccond World War, water was safely used by the troops up to
400 degrees of salinity, provided the salinity was mainly due to sodiam
chloride, It is possible that the troups benefited to some extent by drinking
saline water as their health was generally good in the desert and the Incidence
of heat exhaustion may have heen reduced thereby. In some places, however,
Water containing substantial quantitics of the purgative salts (eodium and
magnesium sulphates) was found.  Such water was more or less uniit to
elrink.

Tuse WELL SUPFLIES

Several water diviners tried theit hand in deteeting supplies, but they were
generally unsuceessiul owing to their inability to judpe the degree of salininy.
There was never any difficulty in ohraining saline water, but it was nearly
always too saline to he of any use, Furtunately we had on the Divector of
Works' staff in Cairp, an excellent geclogist in Major ¥, W. Shotton, R.E.,
whose reports and advice were of great value, Pmabﬂ: water was only obtained
from tube wells in very few places. The usual trouble being that saline water
was tapped and on boving deeper; the salinity increased untd it eventually
approximated to that of sea water. Cutside the Nile basin, the most sueeessful
tube well supply was at Fuka in the Western Desert (see Dajor Shotton's
article on the Fuka Bazin in the R E. Fowrmal of JTune, 1%44). Great care had
to be taken not to overpump the wells and it was cssential o take regular
salinity teats and keep careful records.

AQUEDLCTS

These were intercsting and unusual. The torm “ aqueduct ™ is perhaps a
misnomer, but the best known were at Matrub sand were of Homan origin.
They were really horizontal wells or adits excavated in the soft sundstone of
the coastal dunes. A layer of comparatively sweet water was found in certain
parts of the dunes lying shehtly above sea level. This layer was only vne or
two Feet deep and below it lay water 30 saline as to be unfit to drink, These
waters of ditferent salinities. were only prevented from mixing by the sand-

75
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stone in which they lay, and it was most important not to excavate the ague-
duct a foot dvepur than necessary. The agueducts therefore followed the
water level and would often be 20¥) to 300 ft. long. Very careful pumping at
a slow rate was necessary, otherwise the salinity would increase owing to the
lower water being drawn up. Frequent salinity tests were necessary and if
overpumping occurred, as it often did, to meet a heavy influx of troops, &t
became essential to reat the agueduct a2 soon as possible to aliow it to recover
its. pormal salmity,

The maost important aqueducts were developed at Matruh and Bagush and
constant efforts were made to discover other places where these conditions
obtained, but very few were found.

The cwuse of this phenemenon {3 not known by the writer, whose theery
i that it is the result of dew condensing on the duncs. Jt should be noted
that dew is extremely heavy on the North African Coast at certain tines of
the year.

Brirs

“ Bir " is the Arabic name for well or cistern.  Large numbers of these bhits
will be found scattered over a large scale map of the Western Dresert, They
are artificial rock cisterns for collecting the scanty local rainfall and are used by
the local Bedouins, ‘They appear a8 mounds in the distance and formed useful
tandmatks in 3 countey practically devoid of villapes, trees, and prominent
hills. Many of the cisterns were Alled with drift sand and veory few
contuined water, Our atmoured patrols knew of those which had water in them
and wisely kept the information v themselves,

Some were userd 85 dugouts 7 and a few were cleaned out and repaired
and uszed as cisterns for the storage of water from our pipeline,

SUFPLIEE FROM THE NILE

L.ong before Italy came ine the war it was apparent that iocal supplies of
water in the Western Desert would he guite inadequate, and Nile water leofm
the Alexandria Waterworks was transported by rail, by sea and by pipe line.

The water supply for the Western Desert Ralway produced a problem of its
own. The local supplies being saline were quite vnawtable for locomotives,
The objectivns to using even slightly saline water in locomotives are scale
formation, the frequent need to blew down to avoid dangercus concentra-
tions, and, pethaps most serious of all, priming, which makes it difficalr
to rend the gauge plass, The Egpyptian engine driver, moreover, is used to
Nile water which is perhaps the best narwral boiler feed water ohtainable
anywhere and Transportation quite naturally took a very poor view of
saline desert supplies, Water for locomotives was therefore transported 1o
watering stations on the Western Desert line by tank wagons and aliu by the
pipe line which will be described later.

Water was also transported by sez from Alexandnz to Matruh in small
tankers, and the 18th Army Troops Company, K.Z.E., did excellent work on
mauny oceastons in taking water from Alexandria to Matnlh, Sidi Barrani
and Salom in water boats,

YWesTERY Diesert Prre Lixe

The first pipe line ran from Alexandria to Daba, and pipe of various types
and sizes from 6 to &in. was used, much of it was Mannesmann Steel pipe
with lead joines which Germany had sold to Palestine befote the wat. The
leadd joints were a liability as the local Arabs used to pick out the Jead, Some
was Yigtaulie Jnt!‘itﬁd steel pipe and some waa cast-iron spipot and socket. The
utiginal pumping stations contained centr:fugal pumps, belt driven by hon-
zontal oil engines. The pumping was done in five stages and the capacity of
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the line was 800 tons a day. The pumping sets at each pumping station were
duplicated and installed in separate engine rooms in dugouts. The pipe line
gz far az possible followed the alignment of the railway.

(n the whole, the plant was reliable, but there was constant trouble with
helz, and frequent dust storma caused excessive wear on the exposed cylinder
liners and pistons of this type of prime mover. Running and maintenance
was carricdp out by 18 Army Troops Company, . 2.E., assisted by Egyptian
divilians.

By deprecs demands for water imcreased and mwore suitable pipe and
pumping plant began to arrive from UK, and America. The pipe line was
extended by stages nearly up to the frontier and the capacity of the otiginal
scction From Alexandria to Daba was doubled by duplicating certain sections
4f pipe and inserting booster pumping scts in the line.

! The belt driven pumps were replaced by direct-coupled Caterpillar-Gould
dets, having a capacity of 24,000 gall. p.h. agwinst 300 ft. head. These sets
were excellent and worked most reliably under very severe temperature
conditions. In fact, the only drawback to them was the radiator cooling,
which made the underground pumping stations unbearably hot. By degrees,
the radiators were replaced by heat exchange coolers inscreed in the pipe line.

The pipe received from UK. and Americy was mainly plain-ended steel,
&-ip. and 10-in., with Johnson ot Dresser couplings,

These joints have no longitudinal strength and all bends, tees, cte., have
to he adequately supported with anchorages. Great trouble was caused owing
to couplings arriving it differenit shipe to the pipe and rubber tings petting
separated from the couplings. Ships containing couplings were sunk and we
were forced to fall back on welded joints. This caused difficulties owing to
shortage of welding sets.

Pire Laving

The pipe line was bured where possible. ‘This was advisable to reduce
temnperature variations. Moreover, If the pipe was latd on the surface, we had
trouble from lorries trying to drive over it

Mechanical ditchers were found valuable in some places but penerally the
ground was too hard and stotty, and in such cases rooters were used with one
tyne to loosen the ground before cicavation, Some trouble occurred due to
blockages. These were sometimes dus to careless laying with the pipes half
full of =and, and coccasionally alleged to be due to deiiberate sabotape by
certain locally recruited labour units,

The difficulty was to locate the blocks. One successful method was to insert
préssure gauges in the pipe line at regular intervals, plot the pressurc and
tiate where a heavy drop cecurred.

The * Go-devil " method was considered, but we had no pumps capable of
producing a high pressure and it was feared that the method might make
mattcrs worae, The ¥ Go-devil ¥ is used in ol pipe lines and is a contraption
which is inserted in the pipe line and forced along by the moving liquid clean-
ing the pipe an it goes. It was found best to reduce the number of sluice and
reflux valves ta a minimum and air valves were completely discarded as being
more nuisance than they were worth. There was 3 good deal of trouble due
to jointa being loosened by wandering Atabs in search of water,

The hydraulic conditions in the pipe line were always most carefully
calculated and considerable care was taken to ensure that the most was made
of the pipe and plant available,

‘There were always at least two pumping sets at each pumping station and
these were installed in separate, dispersed, underground pump tooma, Tt
was found best to weld the jointa in the pipe work at pumping stations,



WATER FROBLEMS IN EGYPT T03G-45 181

THE Axis ApvaNck To EL ALAMEIN

The final duplication of the pipe line was interrupted by the Axis advance
1o El Alamem. In spite of the rapidity of this advance, most of the pumping
sets were remaved in time to the rear. They were all overhauled in workshops
and replaced apain during the advance from El Alamein.

Mg WATER

The Nile was the source of all water suppliad to the whole of the base and
L. of C. areas and also, of course, of the water pumped into the Western
Desert pipe line. '

The usze of Wile water for drinking presented some difficulties. One of
them was that the river hae 2 large vanpe of levels, Erom high flood to low water,
and many of the canals arc liable to be closed at certain seasons for annual
cleaning. INile water is heavily laden with fine silt, which, in the Rood season,
is s thick as to make the river a deep chocolate colour, At other seasons, it
vonteins a considerable amount of algae, which is difhcult o remove by
filtration. Ewven in Cairo one's hath has a most unpleasant smell and a
green tinge at certaip seasons. In addition to all the usual waterborne diseasc
mkrebes, the molluacs which act as hosts 1o the Bilharza worm abound in the
Mile. The water is therefare unsafe for washing, as well as drinking, unless it
is efficiently treated.

Filtration with pre-sedimentation is essential, and was avoided only in a
tew places where tube wells could be suceessfully sunk.

We were very fortunate to obtain the ve-operation of Mr. Walton of the
Alexandria Waterworks, Mr. Walton probubly knows more about the puri-
fication of Nils water than anyone else. He designed a suitable filter plant
based on the Paterson filter and this was made in three sizes, 600,000 and
120,000 galls, per day in R.C.C., and a semi-portable type 40,000 galls. per
day in steel. Some of the latter were installed {n barpes and many wete sent
to [rag where they were found equally satisfactory for dealing with Tigtis
and Euphrates water.

The design is briefly as follows @

The crude water 1= first mixed with alum soluton in a flocculation chamber,
stirred by paddles and then passes into a circular sedimentation chamber with
a conical Aoor, whete the revolving scrapers sweep the sediment to a central
scout gutiet. From this chamber the water passes through a rapid sand filter
and is finally treated with chlorine by an automatic chloripator and passes by
gravity to an underground pute water ceservoir. The paddles and scraper
are aperated by a water-wheel turned by the incoming crude water. The
filter is back washed periodically with pure water from a high level cistern
or from 2 wash water pump,

These filter plants were most efficient, but a good deal of supervision was
necessary ta ensure that they were aperated pm{;erl}' and capeciaily to see that
the filter washing was carried out repularly. It will be noted that no com-
pressed air agitation of the filter bed was included in the design, as this would
have introduced a further complication and the necessary air compressors
would not have been available in the large numbers required. Various trials
were made to improve the system of back washing and several modifications
in the design were made from time to time,

Mzr. Walton very kindly agreed to carry out regular towrs of inspection of
all the filter plants, imstruct the personnel and submit reports. He alsa took
samples of the water and had these testod in his own laboratories ac the
Alexandria Waterworks and gave instructions as to the dosage of alum and
chlorine to be wsed.
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The advantage of having an expert available who enjoved the complete
confidence of both Medical Authotitics and Engineers at GUHL.Q, was very
great.  1f such matters as chlerine dosage had becn left to local medical
officers in accordance with the uwsual practice, the resoltant increase in
dermnand for chlorine gas would have been completely beyond our power to
supply.

More than twenty-five of the large size of filters wete installed in Epvpt

“alone. A complete waterworks layout for 2 hase camp included an intake from

the canal, a suction sump, raw water pamps, the blter unit, wnderground pure
water rescovoir, wash water cistern or pumps, high lift pure water pumps and
the nocessary rising main, sturage cisterns and distribution system.

All pumnps were installed in separate underground pump houses and were
duplicated. The pipework involved was quite complicated and much of the
juinting was carried out by welding., Pressed steel eisterns were used for high
level storape n camps in the first place and were replaced later by R.C.C.
structures,

As may well be imagined, the provision of the water supply installation was
the limiting Factor in the time it took to provide a large base camp or depot.

Destw anp Execvmon
The detailed designing of all water supply installations in Egypt, including

" the Western Llesert pipe line, was carfed out by the Director of Worke
. branch at G.H.QQ., Middle East. This centralization was necessary in order

to suit designs to the availability of stores which was only known at G.H.Q.
On the whele it worked quite satisfactorily as distances in Egypt wete not
very great and it was always possible for an officer from the hranch o visit
the site. There was, moreovet, a serious shortage of experienced E. and M,
officers and by concentrating the most suitable oificers in the DLW.'s branch,
it was possible to organize a really useful planning tearn and adupt 2 con-
siderable measure of standardizarion,

The work at site, in the Base and L. of C. areas, was carn&d vut by local
firma of contractors, some of whom became quite experienced in the
construction of R.C.C. filters and high level cisterns, The supervision was
carried out by the local C.R.E. and G E. The work on the Western Desert
pipe fine was carried out by engineer and labour unjts,

The operation and maintenance of water supply installations in the Base
and L.of . area was largely carred out by Egyptian civilians emploved under
the Garrisen Enginecr.

Later a Water Maintenance Company of South Altican Engineers took
over aome of this responaibility,

In the Western Dresert although some civiians were employed, the most
impertant Engincer Units on the job were —

18 Army Troops Coy., N.ZE,
A Water Supply Coy., S5.A. Engineeta.
A Geological Survey Section, $.A, Engineers,
and several Well Boring Sections, R.E,
Although scveral different units were employed on the gperation and

maintenance of varous sections of the Western Lresent pipe line, the tcam-
work was adimirable,



OPERATION CURZON—THE EVACUATION OF WAZIRISTAN
By Larvrerast-CoLonel H. E. M. Corron, O.BE, R.E.

THE evartation of treops from Wazitistan was announced in the British
Press on 19th December, 1947, To the many R.E. officers who have
served in Wagristan this announcement will ne doubt have caused surprisc
and tegret. It will also have brought back srany memories of past service in
thiz wild and mowuntainons but most interesting area on the MNerth West
Frontier of India, as also of varied associations with the hardy, wily, sometimes
friendly, sometimes hostile but always humorous, Pathans of the Bahsud
and Wazir tribes. Huch officers will no doubt be interested to read the story
of the evacuation which folluws. Cettain preliminary paragraphs have heen
inserted for the bencfit of readers who are not already acquainted with the
topography and history of Waziristan,

Waziristan is the name given to thar area of tribal territory on the North
Wiest Frontier of India lying between the admanistrative border and the
Drarand bine, which is bounded on the north by the Kurram Agency, and on
the south by the Zhob. The Waziristan Military Arca (known as District
prior to 1945} also inclades the civil administered districts of Bannu and Dera
lamail Khan, which lie between the administrative border and the River
Indus, These administered districts are largely flat and sandy deserr, but
certain parts, notably round Bannu, are irrigated and hence well cultivated.
The tribal terotory of Waziristan is, however, 2 mawe of barren hills inter-
sectec by natas, which have a trickle of water in them for most of the year
but are liable to spate in the rainy season. The tribes che out & precarious
vaistence i mud walled villages located m the valleys. The difficulty of
speuring a livelibood from their native bills has made them predatory, and
tribal raids on the fertile plains were a common feature of earlier days,
Feuds between the vatious sribes are also commen.  Every man carries 2
gun and tie villages are fortified with towers,

Since the sonexation of the Punjab in 15533, British authority over the
tribes whao inhabit these meuntainous arvas has been exercised through Poli-
tical Agents. "Uhis control has abways been rather loose, as owing to the difh-
culty of penetration into the hills it has not been possible to bring the tribes
under the administration of Indizn Law, The tribes have, therefore, con-
tinued 1o adiminister themselves according to their own laws and the Palitical
Agent's control has depended largely on his persenality, and on a systern of
subsidies to assist the tribes to obtain a livelthood in their own barren hills,
without having recourse, a3 formerly, to plundering the rich plains below.

Folinwing the Sceond Afphan War in 1578 a ** Forward Policy ** began to
be adopted on the North West Frontier, Roada were pushed into tribal areis,
a railway was huilt up the Bolan Pass to Quetta, and Poditical Agents exrended
and incressed theit influence. As a protest apainst this penetration, tribal
risings occugred throughout the Frontier in 1897, necessitating military
expeditions into the Malakand, Mohmand, the Tirah, and the Tachi valley,
The risings were suppreseed after bitter fighting and troops remained in
occupation.
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Photo 1.—Wana, showing the new wall dividing the camp with vwo=story piquet and gateway incomphete,

Operation Curzon-The Evacuation Of Waziristan



Photo 4.—Wana—1 500 gallon petrol mank being winched on rollers,

Phoio §.—Razmak —Brignde H.(). Mess.

Photo 6.—HRazmak from the nir on & — 1 day.

Operation Curzon-The Evacuation Of Waziristan 4-6



Photo 2.—Sararogha pumping station. Photo 3—Asad Khel pumping station.

Operation Curzon-The Evacuation Of Waziristan 2 & 3
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However, when Lord Curzon became Viceroy in 1889, the policy was
teversed. Lord Curzon was u staunch believer in the control of the tribes by
a few political ofhcers of strong personality rather than by the force of mili-
tary occupation. He withdrew the troops from the frontier and introduced
instead Cotps of tribal militia and levies to back up the moral authority of
the political agents. Thus the North Waziristan Militia, later renamed Toch
Seouts, was raised at Tdak, in North Wazinstan, in 120, In South Waziristan
the Wana Militia was also raised about the same tdme and was later renamed
the South Wariristan Militia. This *° Backward Policy " remained in force
in Waziristan 6ill 1923 ; but it began to fail before then. In 1513, at the time
of the unfortunate Thivd Afghan War, the trans-border element in the South
Waziristan Militia went wrong, A portion of the Corps mutinied, Wana
was evacuated and the Militia was virtually dishanded. The army had to be
dalles] in.  Protracted operations ensued during 1520 and 1921, at the end of
which a column reoccupied Wanz, It withdrew at the end of 1321, A new
Corps of South Waziristan Scouts was raised at Jandula in 1920 with a nucleus
of the disbanded Mohmand Militia from Shabkhadar and the loyal portion
of the South Warinstan Militia. They did not, however, reoccupy Wana,
which remained out of effective control till 1528, except for 2 couple of short
visita from the Manzai Brigade. Meanwhile, in North Waziristan there was
enmity between the Wazir and Mahsud tribes. The Mahzuds were encroach-
ing on Wazir territory and pillaging their villages, In 1922 the Wazirs appealed
to the British Government for protection. In response to this appeal, Brigade
columns penetrated into the disputed territory from Pardani in the north and
Jandala in the aputh, and effected a junction at Tauda China. After this the
first permanent camp wa3 established at Razmak in February, 1923, In 192%
gontrol was re-established over South Waziristan by a Brigade column from
Mauzal which inally reoccupicd Wana, Permanent roads followed the troops
in 2l these expeditions.

The ** Forward Policy ™ was now in full swing once more and was given
full rein in the hopes that it would not only control but alse civilize the
tribes. Based eon the twao Brigades at Razmak and Wana, supported by
additipnal strong forces at the railheads of Banne and Aanzai, the military
eccupation of Waziristan continued methodically, Military stations were builp
at Mirzali and Manzai, and the tented camps at Razmak and Wana were trans-
formed intn highly developed cantonments with permanent baildings,
tlectric power stations, water distribution systems, well-equipped hospitals,
cinemas and amusement parks. Roads were steadily driven into the hills to
opent up the area and strong Scout posts built at stratcgic points along them.
This road building pulicy was the cause of rnost of the frontier campaigns
which followed, as the tribes strongly objected to their arcas being opencd up.
The cost of this policy to the Indian vxcheguer was of course enormous, but
wag considersd to be justified as the tight coneral s0 obtained over the tribes
did ensure security to the settled districts. Indeed, from 1925 to 1935 there
were " ten golden years ™ of comparative peace, even in Waziristan itseif,
In 1835, however, the Bannu abduction case gave rise to the hostility of the
Fagir of Ipi, which has coloured the Frontier scene ever singe, Major
campaipgns in Wariristan took place in 1337, 1939, 1041 and 1%42. The
Forward Policy has had a high cost in lives, both Brivish and Indian, as well
as in mancy, The troope involved have of course obtained excellent training,
and the technique of frontier Aghting has developed into a fine ant. For R.E.
officers the MLE.S. in Waziristan have provided opportunities for large-scale
road-building, bridging, and E. and M. projects, which rarely occur in
peacetime in any other part of the world.
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The above is, therefore, the background to the evacuation which has
recently taken place. In October, 1947, there were four strong brigades of all
arms in Waziristan Area, including no less than nineteen infantry battalions.
By the end of the year every single soldier had been withdrawn from tribal
territory except one, Major Towers, R.E., the Garrizon Engineer at Miran-
shah, and Wazinstan Area had been reduced to one hrigage at Bannu. In
January, 1948, Bannu YBrigade was placed under command Peshawar Area,
and Waziristan Area, which had been for many years the most active area
in India, ceased to exist. 'T'he following 19 the story of its last operation,

Poricy DEeciasiox

Future policy un the North-West Fronticr came vp for consideration by
the Government of British India, after the end of the second Great War,
The long military occupation had not resulted in the civihsation of the tribes,
much less {n their pacification, and was a tremendous drain on the exchequer
ag well as on the manpower of India. There was general agreement on the
necessity of withdrawing the Army from tribal territory and leaving the
policing of that area to the Civil Armed Forces,  Fronvier defence troops
could then he reduced amd regrouped within the administrative border,
where they would remain avaituble for punitive expeditions in support of the
C.AF. when required. It will be seen that the pendolem had swung back in
favour of the ** Backward Policy.” In September, 1947, shortly after Partition,
the {Central (Government of Pakistan decided to implement the policy, which
had already been agreed tu in principle by the Govermment of British India,
and ordered the evacuation of all military furees from tribal territory in
YWaziristan. ‘U'he opération which was thereepon planned was given the name
of “ Operation Corzon,™ as it signified the return to Lord Corzon's policy
of 1395,

Factors

The decision to evacuate the Army from tribal territory was communicated
to the tribes by the Governor of the N.W.F.P., Sir George Conningharm, in
Jirgss held ar Wana, Tank and Bbliranshsh on 6th MNovember, 1947, The
attitude of the tribes was an important Factor. They had alwavs objected 1o
the presenee of the troops, but now that they were going they were likely to
realize the loss of income it would cause them, in employment of vanous
kinds and in M.E.5. and Sapply and Transport contracks,  Although the
Mahsuds in the south had reacted favourably 10 the creation of Pakistan, the
Faqgir of 1pi was still uncompromising in his hostility ta Government, and
he had great influence ameong the Wazirs and Daurs in the north, The
withdrawal of the Army woukd be their last opportunity to steal rifles apd
uther weapons, and they might be expected to make the most of it,

Another factor which complicated the lssue was the presence in Waziristan
at this date of large numbers of Sikhs and Hindu units and troops, and civi-
lians in military employ {including 1,600 M.E.5.) whom it had not yet been
possible 1o repatriate 1o the Union of India, The tribes would be likely to
oppose their withdrawal whatever their attitude to Mussalman troops might
be. (ne serious incident had in fact alréady vceurred in the Shatuar Tangi on
22nd Septemnber, 1¥47, when 4 convey, contsining Gurkha and Sikh troops,
wis attacked by Mahsud troups and suffered constderable cagualties. {This
incident occutrred at about the precise spot and in similar circumstances w
the dissatrous ambush of Sth April, 1937.) It was therefore decided that all
non-kMushim personnel rust be evacuated From tribal terntory before the
pperation proper began, In the event, and due 1o high grade staff work, this
was successfully achieved, the means used being a combination of air, road



186 THE ROYAL ENGINEERS JOURNAL

and rail. 'The non-Muslim M.E.S. civilians presented a peculiar problem and
were among the last to leave Razmak. About 1,200 men and families were in
Bannu till the beginning of December, when they were eventually evacuated
by rail. About 200 had previously been flown out of DLLK. on civil evacna-
tion aircraft. It is interesting to note that Hindus and Sikhs represented
B5 per cent of the strength of the M.E.B, in Waziristan prior to Partition.
The muajonity of those evacuated were never replaced, and the MLE.S
Waziristan thus had to cope with Operation Curzon at very reduced strength.
The deficiencies were specially marked in the E. and M. supervisory grades.
It 35 also interesting to note that whereas the M.E.5. Waziristan had hitherto
retnined 4 larger number of R.E. officers than any other area in India, and
actually had fifteen up to the end of Octoher, 1847, 23 a tesult of Scheme
 Biscuit ™ (repatriation of non-volunteers for serviee in Pukistan] there were
only four R.E. officers in Wazitdstan during Operation Curzon. There was
in addition one R.P.E. officer. The remaining W.E.5. officers and all the
subordinates were Pakistan civilians, the majority coping with jobs above their
own grades and frequently with tmere than one.

THE PLan
The plan covered the total withdrawal of the Army from tribal terntory,
i.e., from the Military Camps of :—

Northwwaz Soutlaz
Razmak : Wana
Gardal

Damdil

Mirah

Thia rendered necessary the withdrawal of the Scouts from the follewing
posts, which could no longer be supported after the military evacuation,

{Tochi Scouts) - {S. W, Sconts)
Latta Khel Ladha

Tut Marai Sararopha
Drozalli Eotkai

Boya Tiarza

In Noerthwaz the Tochi Scouts were to take over Mirali from the Army,
and in Southwaz the South Waziristan Scouts were to take over Wana,

It will be veen by a reference to the map that in Novth Waziristan the whoele

of the Upper Tochi Valley, aa well as the Bannu-Razmak road beyond Isha
Corner, was to be completely abandoned even by the Scouts, whereas in
South Waziristan the taking over of Wana by the Scouts would leave a large
part of the arca, including the whole of the Manza-Wana road, still under
cuntrel,
i Detailed planmmg started carly m October, but a5 the cvacuation was 4
clowe secret till the Governor's anncuncement to the tribes, no actual with-
drawal of tronps or material could take place hefore Gth November (D day).
Thereafter, it was essential to complete the whole operation before the
goming of the winter snows, with their probable delaying effcet. It was,
therefore, decided that the withdrawal of troops in Scuthwaz was to start on
1st December, 1947, and to be complete on 7th December, and the with-
drawal of troups in Northwaz was to start on 15th December and be com-
plete by 3lse December, The eegrouping of the Tochi and Seuh Waziristan
Seouts, Including abandonment of certain posts, was to precede the military
withdrawal of troops so that the Scouls could be available to assist in the
Army's withdrawal,
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Prior to the withdrawal of troops every cffort was to be made, within the
limits of tirme and transport available, to salvage as much as possible of the stores
and material of all kinds in the camps and posts that were to be abandoned. Any
stores that could not be salvaged were to be left intact for twibal benefit.
Sirmilarly plant and machinery that had to be left behind were to be left
intact and in working order.  Finally there was to be no destruction of
defences, walls, or buildings in any camp or post that was to be abandoned
by the Army or Scouts.

THE EvACUATION OF SOUTH WAZIRISTAN

The withdrawal of the South Waziristan Scouta from their outlying posts
af "l'tarza, Ladha, Sararogha and Kothai took place immediately after the
Governor's announcement on Gth November  In fact they nearly beat the
pistol.  All these posts except Kothal contained electric power and water
installations. One of the centrifugal pumps from Ladha had been pot out via
Razmak ¢arly on, 45 it was a standby. All the rest of the plant was rapidly
dismantled by the Jocal engine drivers and matea assisted by fitters despatched
from Wana and Jandola, and they all came away with the Scouts in MLE.S.
transport, except for the penerating sets from Sararogha,  Some of the
lorries had come dfrom Rawalpindi specially for the operation, and the
Funjabi drivers were a bit scared of the farewel]l party of Mahsuds who
came out to specd the Scouts from Ladha, They got away a lot of stores and
fittings in addition to the piant, but certain storex for which there was no
transport had to be locked up in a store. This was later broken into and the
lot stolen, although the post was supposed to be under the protection of
Khassadars. The A.G.E. at Wana was a Mahsud, and he later managed to
recover a certain quantity. The pencrating sets from Sararogha were re-
covered by the Bupt. EM, from Jandola, after the post wag evacuated. That
area was a pacticularly quiet one at the time,

The 5.3, Scouts were to take over Wana on 1t December, when the
Erigade was due to evacuate, and they began to artive in October, The first
thing they wanted was a wall built from north to south across the centre of
the camp, as they decided they could not hold the whole perimeter. The camp
was 750 yds, across and the height of wall required (after some beating down}
was 8 ft., boulders in mud.  There was to be a two-story piquet in the centre,
a sinple story piquet at each end, and the whele wall was to be electrified.
Altogether quite a forridable task. At one time the " Wana Wall ™" was the
chief factor in the planning, as its completion fixed the date of the Wana
Brigade’s evacuation, on which eversthing else hinged. However, in spite of
this, permission to start building was withheld for security reasons till 20th
{ctober. By then the date of evacuation had been fixed for lat December.
So exactly Forey days were left. Even 3o there was delay over contractor and
transport, and work did not actually start till 27th October.  In spite of this
the wall was complete throughout its lenpth and electrified by 30th November,
aithough the piquets were not finished 6l later. The wall building was
largely done by the Scouts themeselves under ¥.E.8. supervisian and became
known locally as ** Operation Balbus,” Certain buildings were demolished in
the western half of the camp {which is being oceupied %:u}-‘ the civil only) and
the Wana hlocks recovered from them were used in the upper half of the wall.
The Sappers who built Wana will be interested in the plan attached. They
will alzo be interested to hear that the BLACRUE. Mess 13 now the Scouts’ hess
in Wana, as they preferred it to the other meases. They have also taken on
the Bless Abdar, Allah Baksh. Mess fumniture was divided with the gunners
before the hand over, and the mese dining-table and chairs are now in the
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Mesa of the Roval Pakistan Engineers Centre at Sialkot. 'T'he mess hilliard
table was also sent there and the coloured prints of the ** Midnight Steeple-
chage,”

The Power Station and other Engineer services in Wana have remaioed
in sity For use of the Scouts. The PO L. Trepot was, however, in the wrong
half of the camp. The kerbside pump and 5,000 gallon petrol tank had to be
moved to the other half of the camp. ‘Ihere was no transporter available
at the time and the 15ft long and 8ft. diameter tank was winched 1,504) yds.
on rollers, including circumvention of the flagstaff merry-go-round—quite
an intricate plece of navigation |

The military evacuation of Wana was completed without incident, the
whole atea remaining very quict. The mules were marched down the road by
Khawssadars, and the men wete ferried back i Iorries,

ToHe EvacuaTion oF NortH WAZIRISTAN

As the evacuation had 1o he kept secret Hil the Governor’s annguncement
on Gth Movember (1) day}, and as the march out from Bazmak had been fixed
For 16th December {Z day), the total time for back loading stores and material
in MNorth Waziristan amounted in all o forty days.

In Razmak there were two power stations.  The ald power station con-
tained three Ruston sets (60, 40 and 30 kw.) and a 26 kw. Petter set.  The
new power atation contained two 60 kw. Kdirrleas sets. ATl were 440220
volts DLC. There were three water installations, all T ft. decp tube wells.
No. 1 well was aic lift, yiclding 4000 gall. p.h., and had two 54 bohop. electric
motars driving two double stage Sullivan compressors. Mo, 2 well was also
air lift, vielding 6,000 gall. p.h. and had two 114 b.hop, Rustun Diesel engines
driving two double stage compressors, There were also two motor driven
centrifugal pumps for %mnsting from this reaervolr to that at No.o 1 well.
No. 3 well had & fourteen-stage turbine pump driven by a 25 b.hup. electric
motor, and ylelding 3,50 gall. p.h.

The problem was how to salve as much of this equipment as possible and
vet keep water and light seevices poing to the end. The fiest step was to stress
the importance of recovering engineer plant to the General Staff. This was
done and Wagit Area issued the followmp instructions to Comd, Razmak
Bde, on 10th Movember, 1947,

® Owing to the value of the Engineer Plant and Machinery in Camps and
Posts to be abandoned, and the extreme ghortage of all such equipment in
Pakistan, it is essential that ail possible engineer plant should be dismantled
and cvacuated before the fnal withdrawal of troops,  As the work entailed
iv considerable and transport requiremnents heavy such evacuation caonot be
left to the end, and must be begun now. For this it is necessary to aceept
reductions in the present standard of lighting and also in the scale of water
consumption.”

Water rationing was immediately imposed by Razmak Bde. and the MLE.S.
were given authority to disconnect the electnic supply to certain parts of the
camp. The water problem was also eased by the departure of H0H) mules an
25th MNovember, which marched back to Bannw wnder escort, leaving only
the minimuem for column requirerments.  Ae a result of these measures the
water consumption in Razmak, which during the summer had been 245
lakha gall,, decreased to 90,000 gall. per dav. This made reduction in the
water installations possible. No. 3 well with the usefu! turbine pump was the
first to be closed down and the equipment dismantled. It was then found that
ane well could supply the whole utpthf reduced requirements of the camp |
g0 Mo, 1 well was closed down also and both motor-driven compressor sets
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were dismantled and back Joaded. Mo, 2 well waa retained as it was the only
on¢ which had independent prime movers, and thus did not depend on the
power station. One of its two Diesel-driven compressor sets was, however,
alse dismantled and back loaded as well a3 one of the hogaters,

The electric motots driving the compressors in No. 1 well had consutmed
76 amps. By their elimination and other reductions in power and lighting
the peak electric load, which had been 112 kw. on 31st October, was brought
down to 80 kw. on lith Movember and 67 kw, on Jth December. This
enabled both Mirrlees generating sets in the new power house to be dis-
mantled, and tweo gut of the four 2ets in the old power house, Al this equip-
ment was back leaded,

By 5th December, therefore, tetn days before 13 day, the bulk of the E. and
M. plant in Bazmak had alrcady been got away. There remained the last
Diesel-dtiven compressor sct in Mo, 2 well and the 60 and 30 kw, generating
scts i the old power house. The compressor set in Na. 2 well had to be left,
g5 the Khassadars, who were due to take over Razmak, had to get water from
gomewhere and there was no surface water for milea in the Razmak Plain.
But it was decided that nothing else should be left. There were a nurober of
senu-mabile generating sets in the area apd three of these (two Tilling
Stevens 28 kw. and one Caterpillar 25 kw.) were mounted in 3 ton lorrics
and sent up to Kazmak at the end of November to take over the load. The
30 kw. Ruston was first dismantled and sent back, but just as the 80 kw,
aet was to be dismantled the Caterpillar mobile set Railed, when there were
Four days te go. It had to be sent back to Banou and the Ruston kept in
gommission. However, a third Tilling Stevens mobile set was called up by
R'T and arrived very guickly. It took over the remaining load in time to
enable the last Buston st to be dismantled and back loaded on “Z2-27,
Switchboards, auxiliary machinery, and overhead cranes had already been
I»ack loaded and both power honses sermained completely stripped.  The

ctual day of the withdrawal bad been kept a close secret and during the last
night in Razmak the perimeter lights were functioning as uewal, and intetnal
lighting was also available till an hour before the withdrawal began, The three
mobile generating sets drove out of Razmak with the column,

Early in ™Movember, the E.-in-C, had made 30 M.E.5. 3-ton lorries, from
C.s R.E. Rawalpindi and Peshawar, available for * Curzon.” $ix of these were
allctred 1o the (3.E. Wana and the remainder were uzed on a constane shutele
service betweoen Bannu and Razmak. WLE.S. Badrapggas were used as escott
end hence these lorties were able o run every day irrespective of * Road
Open Days . Az a result it was found possible to evacuate considerably more
from Razmak than Engineer Plant and Machinery. T'he bulk of the better
K.E.5. furniture was evacuated, to a totat value of Rs. 245 lakhs. In addition,
kit boxes were handed over to units as packing material and enly charpoys
and the less expensive items were abandoned, T'hree hundred tons of cement
was also back loaded as well as B.8.J.s, C.G 1. sheeting, timber and other
building stores.

In addition to Razmak, considerable engineer plant was installed in other
posts, camps, and pumping statlons in North Waziristan, and it was also
necessary to recover all or as much of this as possible.

The Tochi Scouts evacuated Diatta IKhel and Boya posts shortly after I day.
ME.S. personnel from Miranshah went up with the supporting gashts and
brought away the engine-driven water elevator in each of these posts, They
also brought away tanks and piping. Centrifugal pumping sets also remained
in Ghariom and Biche Kashkai posts, although these were not at this time in
eceupation by the Scouts. The Scoute, however, sent gut apecial gasius with
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M.E.5. persounel and both pumps were recovered, as well as the pipe line
frorn the Ghariom pumping station to the poat.

Valuable water supply plant also existed in the pumping stations at Razani,
Gatdai, Dosalli, and Asad Khel on the Razmak L. of C. All these wers
spplying troops i s, Furthermore they would be required to supply water
to both * Razeol ™ and “ {arcol ™ during the withdrawal. The pumping
plant, therefore, had to be left intact and only certain standby sets could be
removed before Z Dray. In Dosalli Scouts Post there was alao 2 power station
with three generating sets. T'wo of these were cvacuated before 2 day,
but the largest I kow. sct could not be removed, as the only water pump was
electrically operated.  The evacaation of the remainder of this equipment on
the L. of C. could only be carried out, if at afl, during the withdrawal opera-
tion.

'The other services successbully carded out their back loading side by side
with the Enginects. But the R AS.C, transport, unlike the MES., was
testricted to ' Road Open Days.” Four of these, however, were held each week
and “ Road Protection ” troops got little rest, Apart from KMLE.S, vehicles,
250 odd lorries were on the road each ** R{3.1)." and tired troops sagerly
awaited © Roger Fox ™ who was always loudly cheered (the Red flag on the last

lor

'?he preliminary evacuation was not carried ocut without oppaosition,
*R.P." troops in the vienity of Gardai and Alexandra piquet were attacked
on three occasions and suffered casualries. Two trucks were blown up by
mines near Mir Ali. Camp piquets at Gardai were also aniped.

THE FINaAL BILITARY OPERATION

Owing to the peacefol attivude of the tribes in South Waziristan, it was
possible to withdraw the troops from Wana a2 in a normal peacetime maove.
In North Waziristan the tribal attitude was completely different, and there
had been muny hostile incidents which were tending to increase. Thus it
was decided that a full scale military operation would have to be staged for
the withdrawal from Razmak, The problem consisted in the withdrawal of
the Razmak Tde, Grm}), including six infantry battalions, and the Gardai
Bde. Group, including four battalions, which were divided between Gardaj
and Damdil along one main road seventy-three miles in length, by a combin-
ation of M.T. movement and march route, Owing to the short hours of day-
light, stages would have to be short, and camp sites were also governed by the
water problem. Fortunately transport was not a problem, as G H.Q). had made
sufficent reserves available, For aupplies, columna were to carry several days
with them in attached second line tranmsport, and dumps were placed in
position at Gardai and Damdi) from which units were to refill,

The Engineer troops available for the operation, in addition to the civilian
M.E.5. personnel who functioned nobly throughout, were as follows.

31 Aslt, Td, Coy., R.P.E, Razmak, arrived bth November, in relief of
9 Fd, Coy., R.LE., left for India 18th November.

62 Fd. Coy., R.P.E,, Bantu, arrived 3th November.

Prior to Z day these units were deployed as follows

31 Aslt. Fd. Coy., less two Pla,, under comd. Razmak Bde.

One PL 31 Fd. Coy., under comd, Gardai Bde. at Gardai,

One PL 31 Fd, Coy,, under comd, Gardai Bde. at Damdil.

One PL 68 Fd. Coy., Foree Reserve, Mir Ali, and in suppart Tochi Scouts.

68 Fd, Coy., less one PL, Force Heserve, Ba.nrm and in suppert Bapnn
BEde,
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ErGixzer PropLEMS

The vativus engineer problems will now be described,

()

(&)

Commpnieations

The main axiz of withdrawal was the road Razmak-Isha Corner-
Bannu. This was a two-way tarmac road in good eondition, which for
most of its seventy-three miles wound its way through mountainous
eauntey, The lowest classification of any bridge on this road was %, but
there were only ten bridges or celverts unsuitable for Sherman tanks
(Class 40, and round all these there were diversions,

Since st October, 197, five culverts on this road had been Blown
up by hostiles, and it was very possible that they would try to interfere
with the actual withdrawal in this way, However diversions existed
round most of the vulnerable bridges. Also, owing to the absence of
spute at this season, culverts if blown up could usually he speedily
filled in to make the road goad. There were, however, certain bridges in
hill seetions which it would be difficult to circumvent if blown up, As
a precaution a D-7 angle dozer, which had been working in the Razmak
ated, wa retained for the operation, and accompanied the M.T, column
throughout on a transporter. It was also intended to use the angle dozer
for spow clearing if necessary and for breaking ice which might form
after rain, as both were possibilities on the Razmak Narai in Decenber.
In the event, the angle dozer was only required once, and that was to
start its own transporter one cold moming when the latter's engine
proved refractory ! Only one cubvert was blown up by hostiles during
the withdrawal, and this was speedily filled in and the read made good.

Alexandra Piguet, built on the ridpe of the same name, commands
the Razmak Murai. Itis &0 {t. high and, T believe, the highest mih-
tary post in the British Commonweslth. The garrison of thia t_piquf:t
was brought up to a full Battation before Z day. In his plan for the
second day of the withdrawal the Commander Ragmak Bde. planped
for the piguet garrison, together with the whole mule column,
to withdraw straight down Alexandra Ridge and thence along the
feature known as Camel, to join the main road at about mile 60. This
was to avoid going back to Duncan's pigeet and thence along the
winding main road, To carry out his plan a five-mile mule track
along the whole ridge was made by 31 Asl. Fd. Coy., before Z day.
"I'his was very well done and enabled the Brigadier's intuntion to be
carried out successfully as planned.

Water Supply

Marching out strengths were as follows -—
Men Asngmals

Bazcol . . . .. Lo 4 1EE 521
Garcol (Gardai Garrison) . S 19 | T
Garcol {Damdil Garriaon) . .. L5 70
Tac H.Q). Wazforce .. .- . .. 110
Tochi Sconeg Dgsalli .- . . L)

Total .- .. .. TL730 a77T

At a ration scale of 2 galls, per man and & galls, per animal, this
represented a daily water requirement of 20,5876 galls., say 22,000
galls. to be on the safe side. There were, however, only two days when
the whele force was due to be concentrated, and that wes at Damdil
and Jdand Z 45



THE EVACUATION OF WAZIRTETARN 193

The water situation at camps which were due to be cocupied was 4=
follows = —

Camp Starage Capacity Supplied from
Machi Khel .. Nil Nala by blowing explosive
charge

Gardai . 54,000 Gardal Pumping Station

+ 050 at Razani Razani Pumping Station
Drasalli. . o 08, ) Well in Khaisora Nala
Damdil . TH,000 Asad Khel Pumping Station
Nar Wela MNarai 25,000 Asad Khel Punping Station
Tdak .. .. il Eand Algad
SHaidgi .. . Mil Tochi River
Deeghundan | . hejl I'ochi River

The places which gave cauge for anxiety were Dsalli and Noari
Wela.

Dasalii

The well in the Khaisora Iala had dried up during the summer.
Another temporary well had been dug, but this had fallen in duning a
spate. As a result Desalli Scouts Post had been without water since
August, and all water had had to be fetched in lorries from Asad Khel,
Attempts tu dig out the temporary well had had to be suspended
after a coolie had been killed by a distodged boulder.  Action was then
taken to ling the well with C.G.[L sheetimp. In the middle of November,
however, & well-buring rig was made availsble and with the aid of this
an 18-ft. long, 12-in. diameter strainet was driven into the bottom of
the dug well. FPumping recomnmenced on 215t November, but it was
found that the pump exhausted the water in the strainer in a few
minutes. The first day a total of onty 200 galls, was obtained. This was
serioes. The well, however, recavered slowly and it was found that by
pumping and stopping for fixed intervals a total of 6,000 galls. a day
cnuld be obtained.  'This enabled all storage tanks to be flled, though
replenishment was very slow. The aituation was thus considered
adequate for the two nights the camp was required.

Nari Wela Narai

There was an old 25,000-gall. tank here, fed by an S-mile pipe line
fram the Asad Khel pumping station, which also filled five other tanks
on the way. This tank was first cleaned and repaired and the sides
built up so that its capacity was increased to 40,000 galls. “1he pipe
line caused anxicty as it was subject to leaks and also to sabotage by
hostiles. "l'o fill the War Wela tank i was also necessary to shat off
the conacctions to all the intermediate tanks., The pipe line was cat
by hostiles five times between lst November and Z day. Fortunately
a]| the breaks but nne were op the section between Nari Wela and
Tal-in-Tochi. The tank was filled early in December and kept full
thereafter by daily inspections and pumping. Badraggas were located
on the site to prevent sabotape.

All the rescrvairs and tanks on the L, of €. were filled to capacity
in good time before Z day and pumping stations had orders to keep
them full till ng longer required, and to pamp twenty-tour hours a day
if necessary while camps were occupied. At the same time it was
desired to dismantle and evacuate the equipment froan the Ruzani,
(iardai and Dosalli pumping stations befors these places were aban-
doned. Frovided the tanks were kept full, a three-days’ reserve of
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water {at ration scales) was assured at Gardai (and three days’ more if
the Razani reserveir, three miles out and conneeted to Gardal by
gravity pipe line, remained avaifable) and also a three days' reserve at
Dosalh.  Pians were therefore made te dismantle and cemoyve all
equipment from pumping stations as follows -—

Razani Pumping Station Z + 1  Dayonwhich Razeol withdrew
o Gardai

Gardai Pumping Station Z + 2 Day before Gardai evacuated

Dosalli Well and Fower

Station .. .. .. Z +4 Day of evacuation of Dosalli

As there was always the posaibility of hostile action forcing camps
to be gccupicd longer than anticipated, orders to dismantle pumps
were not given till the last moment and after confirmation from ' (G 7
that the risk was negligible. In the event, the evacuation of sll pumps
and other cquipment from all these installationy, including the 14 kw.
generator at Dosalli, was carried out successfully,

At Damdil where there was no water shortage, both columns spent
a welcome day's rest and all troops were able to have a bath, On thus
day (2hh December) the military piquet was withdrawn from the
Arad Khel pumping station, tut the pumps were left intact for tribal
use, at the request of the political authorities.

The camp on the Nari Wela Narai was occupied by Dameol on
Z ¢ 6 and by the whole of Razeol on Z + 7. To easc the water
struation, however, only the minirmum number of mules accompanicd
the column. There was no shortage of water, the tank being nearly
as full on departure as on oconpation owing to the pipe line continuing-
to function.

At Idak, Saidgi, and Dreghundan camps improvised Aeld water
points were eatablished from the Kand Algad and the Tochi, and
water was available for all purposes,

Lighting

Electric light was supplied to Tac H.Q., Wazforce, at all camps from
Z—2 0 Z -+ 11, and also to H.Q, Razeol, from & + 2 t0 & + 11,
Thia was originally supplied from an American pattern 2 kw. lighting
set, This act gave a gotd deal of trouble and eventually canght fire
at Gardaion Z + 1. A potential tragedy was averted by a signalman
with 2 bucket full of earth. Thereafter light was supplied, rather
uncconomically, from one of the lorry-mounted 28kw. Tilling
Stevens generating sets which withdrew from Razmak on 2 day. The
clectric light in the evenings and dark early mornings was an incstim-
able bgon on the operation, and was only equalled by the unlimited
supply of old bullies for {irewood. Thest two amenitics contributed
greatly to the festive nature of Chtistmas, which was spent at Idak,
Demolitions, Mines, and Booby Traps

The Shora and Shandurai permanent two-storey piquets south of
Razmak were demolished by 21 Aslt. Fd. Coy.onZ — dand 2 — 1
respectively, so a3 to aveid provocation to the Mahsuds whose area
they overlocked, when Razmak was handed over to Wazir Khassadars
on & day.

Chatrges used were 400 b, of gun cotton at Shota and 200 b, at
Shandwrai.  This was considerably more than was theoretically
required, but it was cssential that the demolitions should be effective,
In hoth cases one guarter of the charge was placed in euch corner of
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the bottom storey of the piquet. The charges were fired electrically
and both were completely successful.

It was anticipated that hostiles would make use of mines and booby
traps, and both field companies {who had only recently arrived in the
area without full equipmwnt} were brought uwp to steength in mine
detectors before 2 day.  On the eve of the operation, however, all
detectors, except one with 31 Fd, Cay., were out of action due to dead
batieries. Replacements wers not fortheoming, 69 Fd, Coy. subse-
quently obtained further supplies, but 31 Fd. Coy. went through most
of the operation with only one servicealile detector,

INCIDENTE
The incidents which ocourred were as follows :-—

{1} 0n the night of £ + 4/Z + 5 a culvert at mile 3% was damaged
by an acrial bomb which was exploded under it by the usual tribal
method of lighting a fire under it. The culvert partially fell in.
The damage was diseovered by an M.E.S. overscer in a truck carly
on Z + 5 and was immediately filled in by the aid of Khassadars,
The following day Khassadars found a 104 1, aerial bomb on the
kbad side below this culvers. It is likely that this bomb was also
meant to explode in the culvere, but the other detonated first
and blew the secand out. “The Khaszadars carried the bomb down
the khudside to a place of safety, where it was later exploded.

{2)0n Z 4+ 5 a fired, but unexploded, € . HLE. mortar bomb was
found in Kazeol camp at Damdil. Tt was exploded ae site.

(3 On £ -+ &a booby trap consisting of & Pacific ration tin hiled with
picric acid exploded in the angle of a walled enclosure av Nar
Wela camp sitc, while the gunners were establishing a command
post therein,  The mine blew up a3 a man lifted up 2 boulder.
One officer and chree G.R.3 were wounded. Sappers then svarched
the camp with 2 mine detector and cwo more mines were found.
One was anothet Pacific ration tin Wled with piceic aeid and the
other was a buried &0 in. shell. Both were exploded at site.

(007 + 9adh in shell, illed with lyddite, placed under the berm
of the main road, about 3 {t. from the edge of the tarmac, at mile 25,
explnded and killed a local Pathan who trod on it The whole of
Rawcol was due to go down this same road on & +— 11, and the
precaution was taken of sending Sherman tanks dewn both berms
in frone of the-troops. They did not ateike any mines,

{5y On Z + 11 Khassadars reported suspected mines on the main road
cast of Khajuri post, about mile 19, as Razeol M.'T, was approach-
ing. A ring of stones had been placed round some carth in the
muddle of the tarmac. Sappers with the advance guard investi-
gated and absence of any mine was confitmed by mine detector.
This may have been a hoax. [t succeeded in holding up the whele
of Razeol ML'T. for ffteen minutes.

The whole military operation went according to plan, and thete was very
little appasition. This can be put down to v cauges -—

(1} The grest strengths of the withdtawing cofumns which were supported
by all medem weapons, tanks and aircraft, as well as by the Techi
Seouts,
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{2) The excellent work of the Political Agent, North Waziristan, Hc
accompanied the column throughour, and, through his tribal maliks,
wia able to dispetse many hostile gangs of whose presence inforima-
tivn was received from time to time.

By 27th December (Z 4 12) all troope were concentrated it Dreghundari
camp cutside tribal territory, and from there proceeded ot of the area by
rail or march route,

So ends the story of the evacuation, and the final chapter of the twenty-five
vears' military ocoupation of Waziristan.

CONCLUBION

A few fisures may be of gencral interest.

(&) I'he capital value of buildings and fittings which were abandoned in
Razmak and othet camps and posts in North Waziristan was approxi-
mately one crore of rupees (£ 790,000},

{8 The value of furniture recovercd frum Razmak was 245 lakhs of rupees,
consisting largely of the better tvpes of furniture.

fe) The value of furniture abandoned in Razroak was approximately the
same, nearly all charpoys, chairs, and ather common articles,

{dy The book value of engineer plant and machinery recovered from North
Waziristan was approximately 4 lakhs of rupees.

{e) The estimated annual value of the term contracts for buildings and
roads in tribal territory which have been cancelled s Ra, 3,153,640,

The demise of Waziriastan arca need not necessarily have meant the depise
“of the AL.LE.S. in Wazitistan. The BLE.5. have always been responsible for
Works for the Civil Armied Forees in addition to Military and Air Force
Works In Waziristan ; and the Civil Armed Furces, as explained before, are to
remain. Many of the roads have also still to be majntained. Ilowever it has
been decided in principle that all C.AF, Works in Waziristan and other
tribal areas are to be taken over hy the Provincial PW.D, Thus, although at
the time of writing (January, 1348) the M_E 8. divisions at Wana, Miranshah
{ex-Ragmak) and Bannu are still functioning under the C,R,E, at DLK,
the whaole of the MLUE.5. Waziristan is due to disappear, except for the GLE.,
_Bapmn, who is to be transferred to the C.R.E. Peshawar. So will end the
: gloty, the labour, and the fun, of the M.E.5. in Waziristan.

In view of this it is of interest to record that as recently as 28th October,
1947, no less than ten R.E. officers found themselves one evening in the
Banta Club.  This must constitute a record even for many years in the
past. On this particular evenng the (LE., Bannu, had hruught to the Club a
wooden shield painted with the R.E. Ln:st in order that it might be hung in
the Hall, where hang the crested shiclds of every regiment which has heen
staticned in Banpu in the past. Necdlesa to say the shield was hung with
tossts and aeclamation. It thus remains a small memorial to the work of
the Corps. The real memorial 13, however, the network of roads with the
bridges, posts, and piquets, which remain firmly imprnted on the hills and
valleys of Waziristan.



THE RIGHT EIND OF R.E. OFFICER

By Covrower D, Porewav, T.D., MA, AMILCE,
Masier OF BT, CATHARINE'S CoLLEGE, CAMBRIDGE

*FPHAT ould Brigader " in his intriguing article in the March K.E.

" L Fournal has adumbrated problems that ave engaping the close attention
of Engineers, both within and cutside the Corps, He claims that the primary
purpost of the articl: i to provoke others inte compitting their views to
paper. In this he will probably he more than successiul, as the subject is
bath important and enthralling and paper is, incidentally, scarce, The writer
of these few lines is cne who has never been a regular R.E. Officer, tut he
has been concerned with the tmining of the young Engineer throughout his
wotking life and hay incidentally, belonged to the Corps in one wav or
another continuously ever sinee be was a Sapper n the old London Electrical
Engmeuvrs, RE. (Vols), some forty-two yeats ago.

Before weiting anythng constructive, a few lines of critcism may be
exensed, aml the first 13 that the titde of the article—*"' The right fvpe of
RE. OMiicer ™ puts the subject at once in the wrong perspective, for it can
hardly be doubted that with the very varied duties required of the R.E.
Officer, a warfely of types is pecessary. Indeud, one of the weaknesses of the
E.E. Oificer in general of the pre-1%14 vintage wag that, with erifiing excep-
tions (the Kingston graduate, for example), they were all traines in the same
mould, all being products sf Woelwich, it being then impossible to get into
the Corps through a University. Luckily in those days the Institution of Ciwil
Enginvers demanded a three years' course of practical training over and
above an Engincering degree or its equivalent. They allowed one year's
officer training in the Corps to qualify fur this, and many Engineernng
graduates took Special Rescrve Commnissions under this scheme, and were
available on maobilization in 1914 to complete the officer cstablishment of
Supper feld units. It must be admitted that the Army gave no real encour-
agemnent to the project. Such pinpricks as a requirement of five vears in the
rank of second lieutenant put such officers many years junior te regular
officers of similar age and statu=— but in those days there was a genuine degree
of keenness for amateur soldiering and no discouragement effectively damped
down enthusiasm.  The tragedy was that when, after the 191418 war, the
Army threw open commissions in the Corps to University camdidates,
applicants of the right type wive pathetically few,

Y That ould Brigader ¥ makes a good deal of the difference between the
Chief Engineer type and the C.R.E. type in the search for the right kind of
officer, This is surely very academic, since it is impossible to predict the
future qualitics of the Sapper Ofheer recruit to this degree of refinement. If
one thing is more unpredictable than another, it is the degree to which the
voung man of twenty years of age or thereabouts will develop in the next
twenty vears, and anyhow the Corps will require an adequate supply of bath
types, and, indeed, of many others,

But he is dead right in his appraisement of the value of a high ethical
standard and a realization of the {mportance of morale and a high degree of
integrity. Whether it refers tn the * russet-coated captain ™ or to the man of
the highest hirth * men of conscience are wanted who know the cause for
which they live and fight and love the thing they know.” Unfortunately, modern
sefectinn technique is of little use in the appralsement of auch qualitiea. The
old method of testimonial and a delving into pagt performances still forms the
best meane of determining this,

187



198 THE ROYAL ENGINEERS JOURNAL

Incidentally, it may not be generaily known that during the war an inguiry
was set up’in one af the Sapper 000 TULs o compare the comparative .
merits of the public schools with those of other types of schools in producing
efficient B.L. officers.  Figures were available giving 0.C.T.U, passing-out
ratings, and numbers were sufficient to allow of statistical sipnificance. It
was found that the average results were roughly the same for both categories,
but the public schools produced in generzl the men ac the top and the men
at the bottum, the other schools providing the intermediate grades. It is
therefare fervently to be hoped that the best products of the public school
will continue to find their way into the Corpa in considerable numbers.
hlost college tutors will agree that those mwen who have made the moat of
their education at a public school are those whe have the best equipment in
tife for any profession,

" That ould Brigader ™ has indeed possibly not appreciated to the full the
importance of heredity, He writes that ¥ nearly every man has inhetited the
germ of these yualities (Le., leadership) and if they have not emerged, the
fault lies with his coviconment”  Many of the complex requirements of
leadership can be acquired by training, but others—notably intelligence—
are matters of inheritance.  lncidenially, scholarship seems o be inherited
more strongly than mest traits and such names as Darwin, Huxley and Butler
speak for themselves. 1t is the degree of inheritance that counts and no more
fuolish statement was ever made than that every soldier carrics the baton
of # ficld-marshal in his koapsack. Nuture is indeed in many ways mote
ipowerful than nurture, and every one of us has, very definitcly, a certain
iceiling. ¥When prorootion takes a man beyond that ceiling the trouble starts,
antel incidentally we also want to avoid the frustration caused by 2 man b&ing
unable to each his caling.

Luckily or unluckily, inheritance, and particulatly the inheritance of ability,
15 tow comiplicated a matter to allow of its appraisement by a selecrion board,
Tt such boards have methods {the intelligence testa, for example) whereby a
crude indication of a man's ceiling can be determined, It is no doubt due to
-the fact that both physical and mental chzracteristics are inherited on
Mendelian lines that keadership hased an social prestige, which was in vogue
in England for many centuries, has on the whole not worked too badly,

But all this is rather theoretical, except that the Corps can il affard to lnse
the type with a considerable Service and traditional background. 1t is the
training to think for himself that is so important in the young R.E, officer,
Education in the best sense is what remains behind when everything that
was taught at school and college has been forgotten, The mere acquisition of
“knowledge—technical or otherwise— -is far less hnpottant, and it seems likely
that the Universities, with their long tradition of culture and learning, will
prove more powetful instruments in this respect than the Military College
of Science, even though the latter will no doubt produce net markedly inferior
technical gualifications, and, no doubt, st a cheaper rate. For the budding
Engineer, it is mind training on technical lines that is most wanted, snd itis
alnost ag important that he should have a culteral hackgronnd that 12 com-
parable with that of the more lterary professions. It is these qualities that
promote imagination and the power of looking ahead-both so essential
in the well-trained R.E. Oificer.

Yinece itz institution about five years ago, the Selection Board technique has
fully justified itself and has developed into a practical and sensible system
with some scientific background, and in any case, is far better than the old
** hit and miss "' interview. Personality is so complex an enlity that mistakes
will never be aftogether avoided, but, given the right material to work on, the
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boards can be counted on to select the right potential leaders. The main
source of regular officers for the Corps must always be the Royal Military
Academy graduate, and it is of the utmost importance that such propaganda
influences as the great prestige of the Corps should be used to the full to
secure that the pick of the passing-out Sandhurst men should enter the Corps
in the future as in the past, even though the financial inducemnents are now
almost negligible. The best recruiting agency for this is the general body of
R.E. officers past and present—and it is open to some doobt whether the
Corps as a whole is aware of the preat importance of this matter. Given
the buest of the Sandhurst entry, with subsequent training at the Military
Colloge of Beience and in some cases at a University, this entey of the Corpa
shoull then provide men of adequate quality for normal Corps duties, and
some will be men of sutstanding inteflectual qualities suited for specialist
and ather high grade purposes,

But more than this is required if men are to be found to complete the role
of a Bcientific Corps in a scientific age. It s surely desirable for an alternative
entry system to be started at an early date. ‘I'he Royal Air Force has been
given a flving start gver the Army in this respect, since their scheme of
University entrants—over and above the Cranwell graduate—is already in
full swing, whereas an alternative scheme of University entry for the Army is
merely under consideration. YWhen it comes about, it must pive enough induce-
ment to get the better type of Honours graduvate into the Ammy in general,
and the Corps of Royal Engineers in particular. This was definitely not the
vase before the war, At the present time and thanks to the further educa-
tion and training scheme, the Universities are quite definitely picking the
very cream of the nation. Refugals at the weitet’s own College for 1347 ran
into thousands, but at the present no attempt is being made to secure the
voung graduate for the Army, and very soon the tradition of Army entry from
the Universitiea will be loat.

Much water has flowed under the Thames bridges since 1939, and the
warfarc of the future is likely to involve nuclear and rocket technique, and the
Corps will have its part to play in this. Although the majority of its officers
must obviously be trained as Evginevrs, & proportion will be wanted with
whom a training in such subjects as nuclear physics, geology, and chemical
engineeting will be maore suitable. Tn Cambridee, For example, o School of
Chemical Engineering is being started which involves a high grade two yeurs’
course in chemical engineering for men whe have already gualified with
high honours in the first part of the natural scienee or engineering coursc.
Men of this training would make admirable R.E. officers for certain specialist
duties, but they are not likely to offer themsclves to the Corps unless full
aceount i taken of the four years thag they have already spent in such aca-
demic training. The Carps will never carry out its multiplex duties under
modern conditions with only one source of entry for it repular officers,
and it is high time that the alternative was instioeted so as to provide that
degree of versatility that will be wanted more than ever in the lutyrs,

* That puld Brigader ¥ made no reference to the non-regular offcer, but
this is likely to become a more itnportant consideration in the future than in
the past. With conscription in full force the matter deserves more attention
than it has so far reeeived. The Bme has surcly passed when consideration
of the future of the officering of the Corps can be regarded almost entirely
in terms of the repular officer only. In the next war it i3 highly unlikely that
the Army will have nine months of “ phoney warfarc ™ during which the
Territorizl Army can be propecly trained. Here again the Universities can
provide a great deal of help and 5o can the grest Enpincering Institutions if
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boards can be tounted on to select the right potential leaders. The rnain
poutce of regular officers for the Corps must always be the Royal Military
Acaderny graduate, and it Is of the utmost importance that such propaganda
influences as the great prestipe of the Corps should he wsed to the full to
secure that the pick of the passing-out Sandbmrst men should enter the Corps
in the future as in the past, even though the financial inducements are now
almost negligible, The best recruiting agency for this is the general bocly of
B.E. officers past and present—and 1t is open to snme doubt whether the
Corps 2% a whole is aware of the great importance of this matter. Civen
the beat of the Sandhurst entry, with subscquent training at the Military
College of Science and in some cases at a University, this entry of the Corps
should then provide men of adequate quality for normal Cotps duties, and
some will be men of outstanding mtellectual qualities suited for apecialist
and other high prade purposes.

But more than this is required if men are to be found to complete the role
of a Scientific Corps in a scientific age. 1t is surely desirable for an alternative
entry syitem to be started at an early date. The Royal Air Force has been
given 2 flying start over the Army in this respect, since their scheme of
University entrants—over and ahove the Cranwell graduate—is alreasdy in
full swing, whereas an aliernative scheme of University entry for the Army is
merely under consideration. ¥When it comes about, it must give cnough induce-
ment to get the hetter type of Honours graduate inte the Army in geacral,
and the Corps of Royal Engineers in particular. This was definitely not the
case hefors the war, At the present time and thanks to the further cduca-
tion and training scheme, the Universitics are quite definitely picking the
very cream of the nation. Refusals at the writer's vwn College for 197 ran
into thousands, but at the present no ateermnpt is being made to secure the
voung graduate for the Army, and very seon the tradition of Army entry from
the Universities will be lost,

Much water has flowed under the Thames bridges since 1930, and the
warfare of the future Is likely 1o invelve nuclear and rocket technique, and the
Corps will have its part to play in this, Although the maority of its officers
must obvigusly be trained as Enpgineers, a proportien will be wanted with
whom a training in such subjects as nuclear physics, gealogy, and chemical
engineering will be more suitable. In Cambridpe, for example, a School of
Chemical Engineering is being started which involves a high grade two years'
course it chemical enpineenng for men who have already yualified with
hiph honours in the fist part of the natural science or enpineering coutse.
B&len of this training would make admirable R.E. officers for vertain specialist
duties, but they are not lkely to offer themsclves to the Comps unles full
aceount is taken of the four yeurs that they have already spent in such aca-
dernic training, The Corps will never carry out its multiplex duties under
modern conditions with only one source of entry for its regular afficers,
and it is high time that the altemative was instituted so as to provide that
degree of versatility that will be wanted move than ever in the future,

*That ould Brigader " made no reference to the nen-regular officer, but
this is likely to become a more important consideration in the future than in
the past. With conscription in full force the matter deserves more attention
than it has so far received. The time hos surcly passed when consideration
of the Future of the officering of the Corps can he regarded almost entirely
in terms of the regular officer only. In the next war it 13 highly unlikely that
the Army will have nine months of ™ phoney warfare " duning which the
Territorial Army can be properly trained. Here again the Universitics can
provide a great deal of help and so can the great Enginecring Institutions if



THE RIGHT TYPE OF RE. OFFICER
By Cavyary T, G, LAYTON (Late RE)

5 an ex-officer, who has seen Sapper Service in the ranks, as an instructor

to YO clazaes, as a serving Engincer Officer, and finally as an observant
civilian, T can traly say that I have been privileged to know, think about, and
build up my vwn particular ideal of the right type of R.E. officer.

To my mind, the night type of R.E. officer must first and foremnost ** leve ™
hia jub, his men, and be able to live up to the tradition of being able to go
anywhere and do anything,

He st be able to work with, and inspire, those under his charge, to work
a2 a teamn—this last is all-important,

I usge the word ** love 7 in its finest sense—to he completely absorbed in---
and he a partaker of every facet of both his job and the men, who with him
create the finished service, no matter what that sepvice may hbe,

His character and make up, must include that which will enable him to
appreciate and use the latent possibifites of the moest lowly of his “ team,™
and to direet and control the conscious effort of every member of the same,
to the one end, ie., in getting the task completed.

All this, you will say, must necessanly mean, that your “ Right Type "
rmuat be a man of wide experience, beth in the practival and psychological
sense, This must be agreed, and so leads on to the necessity for the ©° Right
Type” to have lived, for some time at Teast, in the same social sphere, as his
lowliest ** team mate." To lead men, he must be of men, be respected by
them, and he accepted by them as a person of wide vision, trustworthy
decision and as being one of them~—always in the team.

Like 30 many E.C. officers, 1 have had the privilege, and T will say honour,
to have served with many Corps officers of the very finest type, and cn all
occasions | can say that ‘the one trait which picked out each and every one
of these Corps officers, was being human-—the type of chap in which one vould
sunse the humanity, who could mstantly put one at ease in a case of personal
difficulty, and just s casily ** shoot one down in flames”; should there be the
slightest inkling of 1nsincerity.

%o much for charscter and leadership—now for his overall outlock.
Twhat has your ** Right Type " to meet ¥ Firstly, his job may call for such
widely spaced activites as building a smull machine-gun post, and the
desu}m and provision of a complete scheme of water provision and reticulation
—-life is far too shore for one man to have had experience of all the types of
work which he will in all probability be called upon to carry cut. Experience
proved bevond all doubt during the 1929-45 war that the R.E. officer was
indeed expected to be able to cope with anything thrown at him and it is wo
his ¢redit that he did, in fact, cope to a very high degree. So it follows that
your “ Right Type " cannot be a specialist.  What he must have is the catho-
lic type of mind, which is interested in, 9nd is capable of grasping the ¢ssen-
tials of the elements required for, and the * know how,"” of getting the job
done. He must think in terms of things Anished and vet meet departmental
frustration with the knowledge that such things are but made to be avercome,

anl
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He must have a good working knowledge of that unwritten, unprinted
“haook "—" THE REGULATIONS and how te CIRCUMSPECTLY
CIRCUNVENT THEM."

In other words, he must use tact angd cheerfulness, in dealing with smaller,
but possibly senior ranking, minds,

Secondly, he most be ever ready to help out another, lecs well endowed
than himgelf, with ideas—ideas that work. He rust * see ™ the end of his
schemes at the time they are conceived, and once so conceived, get going on
them and complete them.

~ow where are we to find this paragon ? Ts he the product of the University,
or the barrack room ? T submit thar he is of neither. He can be found
from both sources equally. Ve have the case of one useful W.0.1 C"Whka,
who became, due to war emergeney, a very capable D.IDVW.(8), of 2 G.H.QL

Many ex-W.C.s, sergeants, and even corporals, given the chance created
by war emergency, pave, and stll give, excellent services as D.Cs R.E.
Cs R.E, C.E.s, and in a host of Civil Affairs Appointinents.

If, therefore, there is 2 dearth of the * Right Type " of R.E. officer, then
I submit that the fields for finding them have never yet been explored, since
from the very great number of E.C. officers, there remaing a nucleas of
experienced regular ex-W.0Ous who professionally, socially, and from an
integrity point of view are of thar class from which your * Right Type,”
from Sapper to E-in-C., could undoubtedly be found.

T'he character, background, and interest is there, ready for use, and among
the best cant be found thosc whe could be given the higher education, fitting
them for the highest and most honoured appuintments.

The Corps, and Britain, has | am afraid lost many 8 son, whose heart was
right for just this kind of service and all for the want of a tiny particle of
encouragement to aspire to these very heights, to which your * Right Type
of R.E. Officer ' has the right to desire and expeet.

Perhaps it will not be too late to give due consideration to this contention,
and with this my “ arrow ” 1 shoot a ™ possible ' ar the target, so bravely
held up for just that purpose by ** That (Ould Brigader.”

I find myself in agreement with much he puts forward, and while [ agree
with his contentinn that the " Right Twvpe ™ will say ** That is what [ am going
to be,"” I just as sincerely suggest that the ** Right Type " he given the right
to make his " Sapper " life—his " love "—once he has decided to embark
upon it

DEPAHTMENT OF SCIEWNTIFIC AND INDusTHIAL WESFARCEH

An interesting paper has just been issucd by HLM. Stationery Office,
rice Gd.
d It is eatitled Road Research Technical Paper Koo 10—A Review of
Available Information on the Significance of Roadstone Tests.

Much remams to be done in assessing the ygualitics of various types of
Boadstone, but the avalabie informatinn s, however, considered o be
sufficient to justify the adoption of gpproximate lower limits of crushing
strength, etc., as a general guide in the selection for waterbound, voncrete
and biturginous roads.



SOME FIELD SQUADRON PROBLEMS
By LienteNanT-CoLonen M. C. A. Henniker, D.5.Q., O.B.E, M.C., RE,

CERTAIN administrative problems have a habit of recurring for field
squadron commanders to anlve, They come round like circus horses ina
ring. The trainer cracks his whip ot gives sugar to 4 horse as it comes belore
him ; then it canters out of sight. A sccond, a third, and a fourth horse,
each comes in turn for correction or ¢ncouragement. Each then dieappears
after the first, But they all come back again: some needing the whip and
some deserving sugar. The trainer always has one of these horses in his eye.
The O.C. always has one of these problems before him. _

I saw the process before the war., 1 grappled with it a3 a squadron® com-
mander in the war and I watched a soccession of saquadron commanders tackle
it ; first in an airbome division, then in an infantry division, then as army
troops R.E., and, finally, with Indian soldiers in an Indian airborne division.

Each time the ring was totally different.  Each tiroe the horses were the
sate. Each titne they responded to the same treatment. From thie [ make
bold to say that the problems I refer to are endemic ; born with the dawn,
ever present and eternal.  They are therefore worthy of discussion, The
views [ give are not only the result of my own observation. They are the
results of discassions with many squadron commanders and with many
Cs R.E.

Let us congider them in turn,

EMrLovyMENT oF OFYICERS

When the unit has the proper number of other ranks and the full number of
officers there is no particular difficulty. Each officer fills a space on the War
Eatablishment. The squadron commandet has some latitude and he can
usually make adjustrnents to avoid a clash of personalities.

The difficulties begin when the 0.C. runs short of officers while atill up to
strenpth in OLRs. e ie torn between 2 desire to keep the administration
going, 1o keep his warks or training going, and to keep the human touch upon
his eoldiers,

The frst economy to make is to dispense with the HL.Q. subaltern. His
permanent duties—~M.T., signals or what have you——must be loaded on to
the second-in-command. His reconnaissance duties must be farmed out in
rotation to troop officers or N.C.0.s. "'ne troop officers muat be left wndis-
turbed as far as possible.

The next stage In retrenchment is to dowithout troop officers. The latest
W.E. allows two officers in eath troop, which gives a eertain amount of scope |
bt a time comes when, besides the QL. and the second-in-command, there
are only two officers for three troops. In theary, an attractive proposition is
to divide the squadron into H.Q., a right half and left half-squadron. The
second-in-command locks afier H.Q., and one officer attends to each hali-
squadron. In practice this does not work, The troop stores do you down,
Either you divide them, or you put one troop's stores in grease, 1f you dlivide
them the accounting gets out thaﬂ.d : if you put one troop's in grease, you
go short of stores,

* It was achually & field company. For convenience I gae the new name throvjbout.
H 1o}
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The only practical answer is to have ™ Squadron Officers " a5 apposed to
“ Troop Commanders.” Then you have 0.C,, seeond-in-command and one,
or two, " Squadron Officers.” The work of the ** Sguadron Officers ” is
apportioned on 2 geographical basis. That is to say, one supervises the soldiers
at [Japn : the other at Beershebah @ one is chasing storea ; the other is using
them. The Q.C, alots troops to each | and the second-in-command is glued
to his books in the office. (1t is wrong to give the 5.5.M. a troop. He is more
likely to =ink to troop sergesnt than rise to troop officer ;| and that is bad fur
mutale. It is not his fault, it is because he lives o the Serpeants’ Mess.)

The next stage is when there are only two officers all told.  The principle
then should be for the junior to run the office work while the O.C, runs the
works or training,

Finally you get the O.C. all alone. If he has not already doae so, he must
sutntmon his office staff and give them two orders.

(@) No letter is to be put oo the table without an answer that merely
requires sipnature. He will be surprised to find how many are correctly
done.

{41 The accoums cletk must keep a duplicate copy of the sccount books.
He must be present whenever the O.C. opens the safe and he must
make an cntry in his book similar to the one in the O.C book. In
this way the aceounts clerk is soon doing all the tedious work {adding,
balancing, erc.] without handling the tnoney. Vast savings in time
follow,

[ have known an O.C. take his squadron single-handed on a foor-day
exercist and send half of them on leave at the end of it. From the C.REs
point of view, the squadron was about B0 per cent efficient. The 0.C. told
me he was astonished at the vompetence of his N.C,.Ous. Of course, if the
officer strength remains low for long, efficiency will vanish. But for short
pericds, shortage of officers need cause no dismay.

In conclusion, three piBDES of advice - -

{a} However short uf officers a unit is, the suldlerﬂ must always receive

thelr pay from an officer, It is the only occasion when everyone is

" smoked out of his hiding place.” It is the last, though slender,
human link between officet and soldier,

(6 Lt iz more difficult to organize the supply of stores than to supervise
their use in works. If there is only one officer for both jobs, et him get
the stores and let K.C.0.s supervize the work, The exception is, when
the work is dangerous: then the officer has to be at the point of
danger.

. (e} Do not hesitate to send N.C.O.5 to battalions to give engineer advice
when short of officers,  They ave often more practical than officers
as they do not think en soch ambitious iines, It isas well, though, o
warg the battalion first, and to bricf the N.C.0. an the resources he
may otfer,

BHORTAGE OF OTHER Ranks

However many O.R.p you have, there are never enough, 50in a way there
is always a shortage. There are certain expedients which minimize its effect,
‘The first iz to go through the ' aquadron employed ™ with a tooth comb,
picking out all the non-essential men. This puts everyone ep in arms
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against you—the sccond-in-command, whe likes his fatigue men keeping
everything spotlesaly clean for vou! the S.5.M. who likes double scntvies
o do you honour : the 5.0.M.5. who likes his many storemen handy in case
you need them. Evervone, with the best possible intemtions, ¢onspires to
make the business of cotting down overheads difficule.

The facts appear to be as follows @ In the best circomstances (squadran
messing, urie vehicle park, adjacent barrack blocks, eta) the * squadron
employed ™' can be cut down to twenty-twao men for periods up to a week,
If you stick to this for longer periods everything begins to ger dirty. At the
other end of the scale you cannot have more than seventy men on * squadron
employ * daily without being wasteful,

The niext step is to have sick parade in the afiernoon, The docter seldom
likes it ; hut the alternative ia to have it carly i the morning, which he likes
lesa, Every day there are men who report sich, either for buresucratic purposes
—to get their documents right—or because there is no other way of getting
minor injuries attended. Something can be done by having a  First Ald
Centre " open after tea, so that men can get iodine, laxatives, or bandages.
Soldiers returning from sick parude (if numerous) must be got cut to the
work. If only a few men are concerned they should be emploved on 5.5.0M."s
fatigues after reporting sick. This frees fit men for works,

Thirdly, guard mounting should be dane in the evening. 1f it is in ihe
morning twoe guards miss & moerning's work. If it is in the evening they miss
an afternpon’s work which is often lesa important. This is an undesirable
expedient, (Guard mounting in the morning is better for discipline. It is;
however, sometimes unavoidable to have it in the evening.

The value of centralization of  services ™ [cooking, ete.) has been indicated,
The soldiers usually prefer ** troop messing @ they get more persenal
attention. It is not 30 aconomical in manpower {or food} a4 contral messing.

There is often a waste of men in the officers’ mess and quarters. This |
touch vn neat.

Runmisc THE OFFicERS” NMEss

There are five batmen and four batmen-drivers in a field squadron, There
is also an A.C.C. cook far the officers. For nine officers this is an ample staff—
too many in fact, The problem is to reconcile this large number of mouths o
feed, with the officers’ natural wish to have their batmen handy.

The best plan is for the five battnen and the A.C.C. cook to run the tness.
Between them they call the officers, cook and serve the meals, keep the build-
ing ¢lean and manage the drinks. For this, one of them must be mads a lanee-
corporal or corporal.  The four batraen-drivers merely clean the buots and
egquipment and manage the laundry of their own particular officers. Tn this
way only six soldiers feed in the mess, {In z static rdle this may be reduced
theee), The batmen-drivers’ time iz then properly divided between * bat-
ting "' and driving.

ExmpPLovymerT oF Traxsrort NC.Os

The problem is: How is the O.C. to pass orders regarding transport }
He can pass them to troop commanders to pass on to their own deivers threugh
their 4. T. corporals. Tf he does this the Transport N.C.0. at Sqn. [1.Q. may
feel neglected. If, on the other hand, he passes them to the Transport N.C.0O.
to p;is to the drivers, the troop officers may feel their authoriry is undet-
mined,



206 THE ROYAL FNGINEERS JOURNAL

The solution depends on personalities. I have known equadron com-
manders succeed with both methods—also 1 have known them fail with both
methoda. The best general rule is to pass the order through the officer
channel ; but occasionally to give orders for all drivers and MLT. * 10 be at
the disposal of the Traneport N.C.0." In thiz way the Transport N.C.O.
gets a run for his money and it enables the squadron commander to impose
hiz will upon the drivers for special cccasions.

Centralized squadron transport docs not seem to work in practice, though
the theory iz attractive.

THREE FINAL PoiNTs

Sgquadron H.O. Workshop.—1t iz a help for the squadron commander to
institute a squadron H.Q). workshop. The size depends on the employment
of the unit. In barracks it need only be two or three men to repair windows,
repaint noticeboards, etc.  For a construction job the workshop may be
considerable. '

Mormally this workshop should be under the squadron second-in-com-
mand. It should be near the H.Q. It gives the sccond-in-command a breath
of fresh air from his office.

Sguadren * 0" Group—The Officers’ Mess N.C.O. and the ACC.
corporal in the soldiers' mess should usually be included inan “ O group.
They have to begin packing or cooking at once and it s good to give them fair
warniing. {The full detail of an ¥ O " group i3 well known and I shall not
give space to it here.)

Addressing the Squadron.—Napuleon, in his maxims, says:—

“ It ia not set speeches at the moment of battle that render soldiers
brave. The veteran scarcely listens to them, and the recruit forgets them
at the first discharge. If discourses and harangues are usefil, it is during
the campaign ; to do away with unfavourable impressions, to correct
false reports, to keep alive a proper spirit in the camp, and to furnish
materials and amusernent for the bivouae,™

This applics to British majors as well as to the French penerals, about
whom it was written. There is, be it noted, a caution against vratory to
promote valour, and a positive injunction te speak to the scldiers on certain
subjects. Occasiunally one of these subjects " crops up ™ suddenly, Uneasi-
ness is caused throughout the unit: it may be the mistepresentation, in
orders or the Press, of some fact that vitally affects the soldiery: an order
may have been published about pay, whose implications the soldiers cannot
understand ; a rumour may have been started about 2 move, These, and the
Aike, arc what Napoleon refers to a3 ™ unfavourable impressions ™ and ' falae
reports ' that must be corrected. When an occasion such ag this ariees the
0.C. must immediately assemble his unit—every man, cooks and all—and
cxplain in the simplest English what the facts really are. He must, of course,
first verify his facts. He will find the fraits of his efforts rpen quickly.

Again, there are some subjects not of themselves worthy of a2 special
harangue but collectively important, The best plan is to make a note of
each as it o¢ccurs, and when a sufficient number has been accumulated o speak
to the soldiers. Such subjects arc @ the standard of saluting, the state of the
billeta or a compliment from the general. These are not usually 30 urgent
as ta demand immediate action. They are the things Napoleon calls ** keeping
alive the spirit of the camp.” Experience suggesis that there ia materia) for
zn address about once every three weeks,
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Whatever the redson for an address, the 03.C. must 1ake care not to cover
too much pround, or the soldiers get confused. All kinds of rumours are
started 25 to what he actually said. He must also speak simply, so that the
less educated men can fellow. He must stage-manape the business so that
everyone can hear. And, unless he has a gift for it, he must avoid oratory.
Only the very great can by oratory inspire the people ' to fight on the
beaches.”

CoRCLUSION

These are some of the horses in the ring. Perhaps other writers will
suggest vther horsea, Perhape they will not agree with the treatment 1 offer,
The R.E. Jowrnal secms a good show-ring to collect them all, to put them
through their paces, and to select the best. Their breeding and performance
can then be put on record for present and future generations,

1f thie paper produces that result, it will not have heen written in vain,

AN ALL-WEATHER TENNIS COURT FOR A DRY CLIMATE

An account of some experiments carried out in Jerusalem
By Bricapier H. A. Baxer, M.C.

1. The tennis courts in Jerusalem Sports Club are surfaced with a special
clay obtained fom the Jericho road. This makea an excellent surface in d
weather but the courts are always out of action from December to Apnl
during the rainy season. This is a pity because some of the best weather for
tennis oecurs in January to April when it is aot too hot and not 30 windy as
i the summer,

This led me to consider whether a satisfactory all-weather court conld be
made. There are, of course, concrete and tarmac courts in Palestine but, as
is well known, they are not nice to play on. The former crazes and cracks
especially in cotton soil districts and is very hot under foot in summer | the
latter tends to make the balls black and is rather alaw. It iz hable to become
slightly * tacky ™" in the hot summer sun, En fout cas, was not practicahle
since it requires water to bind it, and this was not available all che year
cound. The chance ansze 1o build two courts and it was decided to experi-
ment during the summer on & small scale with various types of surface and
then apply the best to the two new conrts which were to be ready for the
" winter ' season.  The results of the experiments are sat out below with
a full description of the type adopted and its playing qualities.

2. 'The Specification for the surface.

fa) Must be truly ali-weather and be fit for play halt an hour or so after
heavy rain. Nust not be affected adversely by continuous rain.

{5] Must not require watering or rolling.

(¢] Must not colour the tennis balls.

{d) Must he a good playing surface,

{e) Blust not be adversely affected by hot sun,



zo8 TEE ROYAL ENGINEERS JOURNAL

3. The first idea was an en towf cas court but this composition is 2 patent
proprietory brand and there was no local representative of the firm in the
country, We, thetefore, had to consider whether we could devise anything
on somewhat similar lines using any local materials which were available.
En tout car appears to be creshed atone of svme sort carcfuily graded and
bound together with water. Hence frequent watering and rolling are necessary.
Since water was not available in Jerusalem for this purpose, we tried various
methode of binding, such as clay in very small guantities, cement, hime and
biturnen, ‘The en touf car material was made fromn crushed, hollow, red
building tiles of the type so much used in France. These are extremely
hard, of exeellent colour, and do not degenerate into mud as dues ctushed
brick. They also dry very quickly, However, we found that with these
binding materizls it was cheaper to use crushed limestone chips and only use
the crushed tiles for the colouring of the surface, Limestone is not the most
suitable form of aggregate as it is so dusty and basalt would have been
better but was ruled out on account of expense,

Another line pursued was the type of hituminous macadam which gives
an upen textured, very porous surface.  Uhere sre two such courts at
Chathara 1.5, Club, and we made an attempt to copy these, using & dusting
of crushed tile chips to give colouring and counteract tackiness and dis-
colorution of the balls. We could not get coloured bitumen or soitable paint
for colouring. Other pigments were tricd but were fantastically expensive,
This was quute gond but expensive, and we evolved the idea of wsing cement
instead of biturnen, thus doing away with the disadvantages of bitumen and
considersbly cheapening the cost. One might call this ** cermnent-mac.”
Crushed tiles were used to colour the surface. No sand was used, thus
maintaining an cpen texture,

Other experiments were tried but failed for various reasons,

In all casea the subgrade was desined carcfully, and a basc course of
broken stoneg, 4 in. thick, was laid on this and wel tamped. The Anished
surface can be level as it is entirely porous.

The following experiments were actually carried out @ -

ExpERIMEST REsvnys asp COMMENTS

{#)  %in 1o} in. limestone chips in Rather sofi and tacky surface ;
equal propartions, thoroughly  water lies about in puddles. Too
premixed with 5125 bitumenlaid  small chips and teo much bitumen.
2 in. thick, Bitomen at rate of 75 This was the mix recormmended by
k. per m?, ) 2 local wil company. Cuolour bad,

Vatious atbempts to colour this were
not successful or fantastically ex-
pensive, No coloured bitumen was
available.

{89  #in, o 1 in, limestone pre- Thiz was excellent in every way
mixed bitumae carefuoily spread,  provided it was not over-rolled, It
lightly rofled to 2 in, thickness  was, however, expensive, It was so
and dusted with crushed red tiles  pood that it gave us the idea of
when stifl tacky. Bitumncn (8125)  doing the same thing with cement
&0 kg. per mk. instcad of bitumnen, thus saving

expense and avoiding ail possibility
..of & softening or dirty surface.



AN ALL-WEATHER TENNIS COURT

() A Y cement-mac " or no fines
concrete composed of § in, chips,
3 parts; § in, chips, 2 parts, inter-
mixed and washed free from dust
hefore mixing; 1 part cement,
miixed by machine with the abso-
luti: minimum of water. The mix
to be just workable, but so dry as
not o produce latence on tamp-
ing, Laid 2 in. thick and tamped
with wooden mmmers. “The sur-
face blinded with crushed red
tiles {4 in. to } in. gauge, free
fram dust and this lightly tamped
into surface of concrete fmme-
diately it is laid. This givesa per-
manent red colour.

Y in. to dust crushed tiles are
brushed over the court after zet-
ting to Al] interstices on surface
and irgprove colour, but it is not
desirable to leave s loose surface
as it 1= too slippery.

The “lines ™ were made of
wood fillets, This was net sue-
ceasful as they cause bad hounds
whenever a bal! hits them. Itis
suggested the court be painted
with white road-paint or white
chips substituted for red in the
colnured coat,

Y.ead strip [ines arc rather out
of the question now.

(€Y  Sawdust, 8 parts by volume;
1 in. limestone chips, 4 parts; lime,
¢ parts.

¢} Sawdust, & parts by volume ;
zea sand, 2 parts by volume ;
cement, 1 part by volume.

ffy  Sawdust, # parts by volume:
} in. limestone chipe, 2 parts by
volume; cement, 1 part h}r
volume.

fg)  Wood shavings, 6§ parts by
volurne; crushed building tiles,
3 parts by volume; cement, 1}
parta by volume,
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This was the specification finally
adopted. It has proved most swee-
cessful in play with certain reserva-
tions—see below. It dries immedi-
ately and is perfuct in this respect,

It is most tmportant, in fact vital,
to success, to pet the texturc right.
It must be open and even—ae
lstence most appear,  Great care
must be taken in laying the surface,
[t is moat desirable to lay the whole
playing part in one day or, at the
mast, two days with a construction
joint aleng the net hoe.  If screcds
are wsed to divide up the playing
surface elsewhere unevenness and
difference in texture will almost
certuwinly result.  Level peps are
quite sufficient. It is more important
to have the court smooth than ab-
golutely dead correct for level. 1t
is so porous that puddies cannot
form.

The court is rather hard an shoes
and balls.

There were no signg of cracking or
crazing after four months use ard
very heavy rains.

Initially a good surface but, on
drying out, becomes logse, [Not
suitshle 21 requires water,

As above, Crages on drying out.

Wery good sucface but requires
watering to keep it together. “The
cement does not rezily bind the
sawiust,

A good surface, The crushed tiles
give red colouring ; Fairly zbsorbent
but not 2 good wearing sutface,

. In conclusion, I should like to thank Major Mooroe, R.E. and the staff
of 283 R.E. YWorks Section who spent much time and ingenuity on the
expetiments and on the Full-sized courts, which gave sa much pleasure

during the winter.

Anyone faced with 4 similar problem may find these notes useful and will

perhaps be able to make itnprovements.



IMPROYVISATION IN NORTH RURMA
By LuwuTEnanT-CoLoNer P A, Baston, O.BE., R.E.

THERE are many officers of today, who, having fought in Euvropean

Theatres, have come to believe that warfare in modern times will always
be fought with modern equipment, Unfortunately this is not always the case
and operatinns take place in undeveloped countries, whert for various reasons,
modern equipment 18 very limited or completely unavailable.

Such a country was North Burma in 14, 1t was developed to the extent
that there was a railway and a certain amount of damaged relling stock. The
Japanese occupied most of Burma south of Myitkyina. The road from India
had not been completed and communications other than by air did not exist.

This aceount is of the work carried out by the engineers, British and Indian,
of 36 Div, from the time of ita arrival by air in Myitkyinz in July, 1944, until

_its arrival in Maymyo in April, 1945, during the whele of which time it was
under the command of the American formation, first kiown as ' Chinese
Armies in India ™ and later as “ Northern Combat Area Command,™

A few factors to be considered before the © fiy-in "' may he of interest,
Owing to the faet that the Ledo Road was not ready, transport wes restricted
to jeeps with trailers and the total allowed for the division was sixty. The
artillery problem was solved by the loan of threc Chincse batteries already
at Myitkyina. This scale of transport allowed one jeep and one trailer for 2
field company. Scales of equipment had to be reduced on acocunt of limited
plane space, with the result that 2 field company was allowed approximately
one-third of its equipment and the voquipment for the field park company was
on extremely limited scales. The nearest engineer durap was at Moran, in
Assamn, 190 miles away. Personal equipment consisted of what could be
carried on the man.,

These factors gave a good deal of foed for thought., Improvisation was
going to be the order of the day and ** all those little things that the C.0QLM.5.
thinks might come in useful " had to be very firmly left behind. Nevertheless,
despite these preliminary ** shocks ™ and their consequent worrying moments,
units could move, stores were available when wanted and waork was carcied
aut.

Not even the sincerest admirer of Burma would select Myitkyina as a
place for ¥ camping out 7 during the monsoon, the season in which the divi-
sion was fiown in. Apart from the cffect of monsoon conditions on heatth,
there was the result of these conditions on the engineer aspect of an operation.
Roads, a eupherism, for many miles had hecome marshes or draing for the
surrpunding country : chaungs were several fect deep with fast flowing water :
paddy land had tumed into a serics of lakes and tanks, and the jungle, as well
as forming little cover from the rain, stank of rotting vegetation. These were
the rather cheerless conditions at the time of the concentration of the division
near Mogaung, and which persisted until the end of August, slowly clearing
unti] the ¢nd of December and finishing with three wecks of good winter
rain at the beginning of January, 1945, when really good weather began.
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Owing to the fact that thete would be no Corps or Army Troops in rear of
the division, an engineer battalion LE. was placed under command. The
engineer order of hattle in the division then became :—

236 Fd, Coy. RE,
a0 (R.B,) Fd. Coy. LE.
324 {K.B ) ¥d. Pk. Coy. LE.
15 Engineer Bn. LE.

With the arrival of & third brigade proup at the end of the year, 58 (Madras)
Fd. Coy. LE. thade a welcome addition to the strength of divisional engineers.

LExGINseER ‘TAsES

The following comprised the main engineer taske of the division (—

Communicattons : roads, tracks and railway.

Brdging : chiefly timber trestles for road and railway.

River Crossings.

Fair-weather air-strips for Drakota and light aircraft,

Track cutting, dropping zones.

It is not proposed ko enter into detadis, but to give examples of major tasks
that called bor a senae of tmprovisation on the part of all concerned.

Roaps amp Treaves

UIntil the diviston arrived on the Burma Read, east of Mayma, no road
worthy of the name was encountered, Except for 2 hill read in the Northern
Shan States, the ' road 7 along which the division passed consisted of an
earthen cart truck, which, vwing to lack of maintenance during the three
monsenns of Jap occepation, had either fallen into complete disrepair or had
hecome a main drain for the surrounding country, Depressions had become
quagmires and drains had practically ceazed to exist, The wisdom of re-
stricted transport could be appreciated by the sapper, unpleasant as it was
for his own administrative comnfort.

Dlespite demolitions it was possible 2 use the railway frum Myitkyina to
Katha as the main L. of C.; using the road as a secondary and a3 a feeder
to units not actyally in touch with the raitway, Hoad construction consisted
in getting divisional transport and attached artillery through in the first
instance and in keeping the road open for limited transport for supplies. Sup-
ply being by air-drop, no long lenpth of road had to be kept in a passable
state for any great length of time,

Enpineer resoyrces being very limited, the anly method of road repair was
by the rapid construction of rough cordurcy. Seldnm was there any lack of
timber und considerations of time and labour did nat permit the construction
of diversiony. The track from the aidfield at Myitkyina served as a good wam-
ing as to " things to come.” This track lay through faw-lying ground with
no possibility of drainage and eovered with secondary jungle and vegetation,
Jeeps, in low gear and with Iuck, could eover the distance of two miles in
forty-five minutes, Work consisted of laying light corduroy and brushwesd,
relaying wnd then layving again, On fitst sight this does not appear to be a
very skilled operation, but it is interesting to note how few sapper officers
and men really understand how to [ay brushwood,

These conditions, althaugh not universal, persisted nver a very great pro-
portion of the 150 miles to the Irrawaddy at Katha. On occasions low level
bridges, framed trestles or timber cribs, were used over more swampy por-
tions of the “road.” Later, for a chaung crossing, a prefabricated slecper
causeway in sections was used with success,



arz THE ROYAL ENGINEERE JOURNAL

RAILways

From Myitkyina to Katha the railway formed the main axis of supply. The
Burma rilways are of metre gauge track, and a single way ran from Myitkyina
to Nabha Junction, a distance of 140 miles, where a branch ran east to the
Irrawaddy at Katha, the main ling continuing south through Indaw. East
Fromm INabha, due 1o air bombing, sabotage, operations of the Chindits and
demclitions by the retiring Jap forces, this line had sufercd considerable
damage and a very high proportion of the rolling steck had become ' base
workshop cases.” However, with repait, the line was operable and, being
metre gaupe, was of the correct gaupe for jeeps. Rail whecls were con-
structed in Calcutra and a certain amount of rolling stock was put into fair
running order. Twelve jeeps were allotted as * locomotives ™ and relable
B.O.R. drivers were selected from other arma. To the sappers fell the lot of
repairing line, constructing bridgea and operating the railway. A description
of this line was published in the December, 1946, K. E. Fournal,

Much time could be spent in dilating on the worries meurred in runaing
a single-line railway with rolling stock of doubtful reliability on lines, which,
although parallel, hardly fellowed the rules regarding curves, packing and
securing. The faces of two scnier sapper officers should have been seen when
news came through that a specially chartered rail-jeep, laden with four senior
Chineae officers, was speeding north and the evening train with bread and
mail had set out south. The loss of ' face ** should a eollision oecur was too
horrible to contemplate. Luckily a quick-witted subaltern spotted the danger
and all was well. Responsibility 2gain sat heavily on sapper shvulders when

" the month’s ration of beer for the division was lpaded an to two very special
trains.
¢ Lengths of track, aver which the railway was operated, seldom exceeded
forty miles.  In the area occupied by the forward brigade, operation of the
tailway had to conform with any operation that might be in progress. Accord-
ingly a small allotment of trains and drivers was made to the forward brigade
who operated its portivn of the milway according to the tactical situation,
Qperation of the milway under divisional control extended from the rear
station of the {orward brigade, fruquently an improvised station, through
three ar four intermediate stativns o a terminal at the most rear extanc
divisional dropping zone or air-strip.  Here the Tlnited States enpineers
“took gver ' and drove * through-trains 7 at breakneck specd to Myithyina,

Both rail-jeeps and serviceable rolling stock were limited in numbers.
Aceordingly the utmost care in maintenance and operation was casentiul. The
normal jeep train consisted of a rail-jeep and two ten-ton Four-wheel trucks,
loaded to half capacity. This, 28 a rule, ensured that not mare than seven tons
were carricd in vach truck, although there were some monstrous cxceptions.
Later I E.M.E. contrived twe cxeellent locomotives by gearing tractor engines
to two box-cars, so providing locomaotives capable of drawing trains of six or
goven fully Jaden truchs.

Rail ropair, consisted of raplaring damaged lines, straightening bent lines
and improvising points and switches from the mangled remains of several
damaged switches found on the site. Dwing to their weight, the fying-in of
spares was nut of the questivn and successful repairs depended cootirely on
what could be found and extemporized on the spot. It was not atall abnormal
for even the divisional commander hirnself to give the location of where he
had luckily tripped over some lengths of rail or piles of fshplates in the jungle.
An itemn of construction, in which divisional sappera weee particuladly proud,
was the divisional type of portable turntable, This consisted of a light timber
frame, equal in length to one and a half times the whecl-base of a jeep and of
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the same width as the distance between the rails. Enda of the two longitudinal
meiribers were chamfered. Thie frame was placed on to the hines, the centre
distance piece being bored theough at its centre, A hlock of timber with a
counter-sunk hole was placed below the centre distance piece and & peg was
paszsed through the centre distance piece into the block. A jeep was run up
on tq the frame and could be turned round with the aid of its driver and one
man. Metal frames were tricd out, but were not sufficiently [ight to be operated
by a couple of men. ““Well,"” as an officer, late of the Burma railways, remarked,
*the railway works.” An officer of the divisional staff was not so kind, He
called it "' old-fashioned.”
BRIDGING

Consideration of weight prevented the flving-in of Bailey Bridge or any
heavy biridging components. However, teak trees and a first cousin of teak
abounded, which, although green, provided the material for bridges. lre-
quently logs were found, that had been felled before the Jap oceupation and
which had been Hoated down chaungs and left. A supar factory at Sahmaw,
‘that bad suffered damnage from air action, proved a valualie dump of .5 Js
This wealth of equipment was not appreciated by some on first artival in
the area. A young afficer, fresh from England, where he had been engaged
in much bridping, declared that he wazs absolutely * au farit ™ with bridging,
but remarked that he had not se=n & dump of bridging stores. This was tng
much for the adjutant, who pointed to 2 very excellent teak forest, in which
divisional headquarters was sttuated. This was too much for the new boy,
who turned 2 delicate shade of green and apologetically remarked that he did
not mean *this type”

- Single bent framed trestles formed the normal type of pier. The carsful
levelling of double bent trestles for the railway took too much time. Whers
depths were too great for single bents, a crib base was constructed and filled
with boulders and a single bent was placed on this base. Being of a very tem-
porary nature, there was no objection to the obstruction of waterways | speed
in constructicn being the predominant factor.

Pilea were tried without success, Not only was the pround too soft, oné
test pile was still moving well at 28 ft,, but the time taken in selecting a tree,
felling, lopping branches, hauling to site and driving tock far too loeng,
‘although this method was ¢mployed on a few cecasions when short and light
piles were used. Field pile drivers were then improsized.

Over 8,000 ft, of timber bridges were constructed, neglecting all Lridges of
spans less than 20 ft. The longest bridge, constructed by the division, was
‘huilt by 15 Engineer Bn. across the Shweli River and was 752 ft. in length,
in two sectiong, s an istand intervened. This bridge was construeted in seven
days by the battalion less one company, totalling approximately 800 men in
all. The average depth of water was T it with g current of two ta three knots,
‘Quicksands, which shifted during the building of the bridge, caused same
trying moments. The construction was of framed trestles at 14 ft. centres.
Every timber including decking was felled and cut to shape during these
sci::ven di:_x}rs_ Other than this, bridges averaged 120 {t. with a normal maximumm
of 200 ft.

To give reasonably accurate estimates of the time required to construct
bridges, was often g tricky matter under these conditions. Moat officers had
theii own methods of caleulation. Qoe method, which worked with tolemble
accuracy, was to divide the length of span in feet by twenty, thirty or forey
according to the depth | the quotient giving the answer in company-days,
This time included time to collect and cur martertal= and also the construction
of spikes and dogs. : - : :
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sternation to saome Amenc:m engmLers who “ just den't figure how the dog-
gone thing works.” 'This expression possibly was correct in the case of a
flying ferry ot Mogaung, which was constructed from dereliet petral drums,
bits of housts and a steel wire rope * stolen " from another theatre. However,
-the ferry worked, although much debriz in the river made a most uneven
current for maneeuvring the raft.  Jeeps were passed sucesssfully over a gap
of some eighty yards.

The second fAying ferry was of a mare robust nature and was located at
Loilaw, three miles south of WMogaung. Here a 200-yd. gap and a current of
three to four knots, with good banks, made an almost ideal site for a fiyin
forry. The trouble was to find material for ¢ raft. For the first time, the rea%
worth of the Jap was discovered, Half 2 dezen Japanese pontoons in an almost
undamaged condition were dizcovered at Sabmaw, eight miles away, and
were moved by raill. It was not very long before a class 4 flving ferry waa
improvised and it was a proud day %r a Naik of 15 Engineer Bn, when he
ferried over no less a V.LP. than Supremo, himsclf.

River Crossiwes
The two main rivers to be crossed during the advance of the division from
ina to Meiktile were the lrrawaddy and the Shweli rivers, By the
¢nd fy[}erernher a third brigade, divisional artillery and reduced scalvs of
M I, had armived.
Inkawiony

It was decided that one brigade group would cross the Irrawaddy at
‘I'ygaing and that the rest of the division would cross at Katha, Some time
prior to the cressing, the N.C.A.C. headguarters had promised certain
supplivs of rafting equipment for this crosamng. At the last moment, when the
fprward Reld company was almost on the west bank of the fiver, a message
wae recetved that no equipment was available. This time, the divisional
commander’s remark that he had every confidence in his sappers, seemed to
fall rather fiat. Luck held. Fiftecn miles from Katha on the airfield at Indaw,
sections of )ipanese pontoons were found in sufficient quamtity and in
sufficiently serviceable condition to make three class 9 mfts. Pontoons were
cecaulked and superstructure and decking was improvised from locelly
" found ™ timber. Two piers were conatructed at the Katha crossing, while
at Tygaing approximately a quarter of a mile of ** beach-roadway ™ was
impiovised over a sandy beach from timber from demelished houses, from
reeds aneg grass,

Unlike the crossings by the Fourteenth Army further aouth, the crossing
of the Irtawaddy by 36 Div. was unopposzed ; a fortunate fact in more ways
than one. Craft were mixed. At Tygaing the brigade group was passed over
the river using one class 5 raft {a last-minute loan fgmm the Americana) ;
two rafts, improvised from country boats, used for stores and a small flatilla
of country boats for men. The whole operation took only two days.

The crossing of tht Irrawaddy at Katha was a bigger affair.  In addition
to the M.T". and anillery of the divizsion less one brigade, several lnndred
mulea had to he passed ¢ver the river. Owing to a sand bank, the crossing

m Katha was downstream, giving a length of 2,300 yda.
rTThe division had scquired @ number of ranger boats and a few %8 h.p.
outboard motors. Personnel and light stores crossed in ranger boats and
copntry boats, while vehicles, gunas and a detachment of American aitheld
engineers with mechanical equipment crossed on the improvised Japanese
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rafts, Paddling of ranger boats was a lugubrious operation, to say the least
aof it, 50 a number of " ranger-boat-tugs ' were improvised, uzing 93 hop,
guthoard motors attached to a frame, each towing two other loaded ranger
boata. (hitboard motors of 22 h.p. were obtained for the rafts; 2 round
trip, including lozding and unloading, cceupied forty-five minutes.

The crossing by the mules formed a novel and exciting problem in these
mechanized days., Normally small parties of mules were ““ Taunched,” albeit
reluctantly, and were " persuaded *° to swim over to the isiand by a driver
in the stern of a renger boat holding out a tempting nose-bag of corm.  Per-
suading mules to take to the wakter was no easy matter. Few people really
understand the necessity for absolute quiet and that uncontrallable laughter
is not permitted, even if the C.R.E. himself is giving manual agsistance in
* launching ' mules.

SHWELL

For the crossing of the Shweli, sapper resvutces in ¥ shipping ™ were a
little more liberal. Three rafts and forty edd ranger boats formed the bridging
train. Reports indicated that the south bank of the river was iizhtly held wnd
an assault crossing was planned and put into execution, but before complete
cogineer reconnaissances had becn possible. Two companies of infantry
crogsed 8 350 yds. pap to the south bank in ranger boats, but nat without
casualtics to men and heavy casualtics to craft. Jap reinforcements were
rushed Forward and the two companics were evacoated by night. In response
to signalled ** ¢ris de capr " made buth to ALFSEA and to N.CALC, the
heavens almast rained assault craft, Fach headquariers seemed to compete
with the other in sending more craft more quickly than the other, Never in
the history of the advance of the division had sapper eves been so gladdened hy
such an abundance of equipment. A fortnight later an assault crossing was
accomplished and the Irrawaddy fleet of improvised rafts was once more
put into commission.

DrorrinG Zomes ann AIRSTRIFS

During the advance of 35 miles from Myithyipa to Maymo, the division
relicd on eir entirely for its supplies, ammunition and engineer stores. On
attival, stores were flown into Myitkyina and moved forward on the railway,
but as the divisien advanced, ¥ air drop ™ becamne the normal method entil che
land had dried suffictently to allow airstrips to be conatructed. "L'hroughout
the whole advance intrepid American pilots landed and tuok off in L 5's and
similar craft from very improvieed air strips for the purpese of evacuating
casualties and carrying out reconnaizsances.

Drudng the * aic-drop ' stape, the first job of a field company commander
was to reconnvitre and to clear Y ThZs. ™ in the jungle close to his brigades,
Ar first zight this was an easy matter, but during the monsoon in Nerth
Burma the ideal site frequently turned out to be a concealed swamnp.

The commanding general of the T1.5, Air Force had been most genetous
th his allocation of light aircraft and it was up to the divisional sappers to do
their best fur pilots, who secmed all too ready to land in pouring rain on a
roughly macadamed road, a grass verpe or un quickly cleared wet paddy.

When the monscon had cleared amd paddy land had dried out, supplies
were hrought in by Dakota, and Hlght planes carried on a3 before in rather
better cunditions.  For the construction of strips for Dakotas, a detachroent
of American airfield engincers was loaned to the division. Aflotment of tasks
was light strips to divisional sappers and Dakota strips to the Americans.
‘T'his, however, seldom oconrred in fact. On arrival at a site, where there wore
to be both light and Dakota strips, the sappers with bolldozers would start
on the light strip, which with luck would be completed in four or five hoyrs,

[T
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Shartly after the start of work, an American officer would arrive to ** recee ™
the main strip, in the company of a divisional sapper officer. With the American
usually came the welcome news that his autopatrel was just behind, By the
time that the sutopattol had arrived, the main strip would be ** recced ™ and
the sapper bulldozers would go on to the main strip, leaving the autopatrol to
finish off the light steip. It was not at ail a rare matter to sée an Ametican
livutenant having tea with two or three 5ikh operators of the field park
company ot to sec a conple of Indian sappers on the autopatrol learning how
to drive a new machine. The beat time for completion of a Dakota strip on
dry paddy by this allied effort working by day only was twe days.

ENGINEER STORES

No account is complete without a word, regarding the provision of engineer
stores.  Considerations of weight and bulk forbade any large stocks in North
Burma itself. Had large dumnps of stores been brought, there would have
bevn no transpott to liftthem. An engineer dump was established in Assam,
under the administration of a B.AM.O. and operuted by a sapper detachrnent.
One field engineer was placed in sole chatpe of the stores side and attended
the daily © 0 " mueetings at which bids were made. Demands were signalled
to the British Advanced Base at Ledo and teleprinted to RADM.O. With
reasonable luck demands were met within forty-eight hours. ‘The whele
essence of efficient management of very limited resources in enginecr stores
lay in three factors ; a small mobile reserve of bare essentials, the dropping
or landing of stoees oo the tnost advanced D.Z. or strip and the strictess
economy 10 isses.

Luckily the supply of Engineer stores was not entirely dependent on what
was hrought in. The carelessness of the Japs in not destreying or evacuating
ugefiel stores was moat remarkable. Pontoons, mild steel fit for spikes, imber,
aithorne mechanical equipment abandoned by the Chindirs, were all found
in repairable or serviceable condition. Only én voc occaaion did there appear
to be any attempt to burn perfectly dry timber.

CoNCLUSION

Agcounts of campaigna usually end with a lesson. The lesson, learned in
this campaign was that of improvisation, Not only did methods in construe-
tion have to be improvised, but alse methods of organization and adininistta-
tion had to be adapted to various citcumstances and sitestions. Fven a
language had to be fmprovieed in HUQUR E. where British manks from the
Highlands, Gloucestershire and London conversed happily and freely with
Mahrattas, Sikhs and Madrassis.
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The activities of 2 Chindit Detachment on the waters of North Burma,
June-August, 1944,

By Major K. M, Roperts0M9, R E.
InTRODUCTION

BY the cod of May, 1544, the Japanese army (0 Burma was on the verge of
collapse, Nevertheless there was stll some hard Aghting to be done and
the monsoon was about to hreak, The battles of Kohima and Imphal had
reached their climax and were in their final stages, Meanwhile, in the north-
cast, (eneral Stilwell’s American and Chines® forces had debouched from
the Hukawng vailey and were within striking dJistance of Kamaing, having
also included in their drive an attack on Lonkin on their right fank. Here the
Jzpanese garrison had been routed and isolated parties were stragpling south-
ward,

3 (West African), 14 and 111 Brigades of the Chindits were among the hills
of the Mangin Range south of Kamaing. Their task was to harass the Japanese
in the Pinbaw-Taungni area and to prevenmt reinforcements reaching the
12 Japanese Division opposing General Stilwell, Dwur brigade was 14 Brigade
and was the southemmost of the three.

As most people are aware, the organization of the Chindits was pecualiar,
their role resembling that of submarines in naval warfare. Infilcration by
stealth, followed by ambush, was the method adepted by bath for fulfilling
their tasks,

In each bripade there were four batrabions. A battalion found two self-
contained colemna which, in addition to the brigade beadquarters celuran,
made nine altogether in the hrigade.

T'he column was the operational entity on which everything was based, and
at full steength consisted of sume 400 men with sixty mules and horses for
transport. Machine-pun, mortar and engineer platoons ; signals, medical
and R.AF. detachments were all petmanently attached and incorporated in
this body, Al supply and heavy-fire support came From the aie. Evacuation,
when it took place, was by light plane. Columns, air bases in lodia and Fotee
Headquarters were linked by wireless only.

The rile and organization of an engineer platonn with a column deserves
further mention. It was commanded by a Captain, with a Subaltern as a
second-in-command, and consisted of four scctiens, each ten men strong.
Three of these were sapper sections, while the fourth was found by the pioneers
of the hattalion to which the platoon was attached. Platoons, although held
on the War Estabiishment of the Field Company, were seldon together, Thia
the Ficld Company commander, who travelled with Brigade Headquarters,
had to be 2 very active man with cxtraordinary powers of persuasion over
column commanders !

Briefly the tasks envisaped for the engineer platoons were :

Dernolitions,

Sabotage,

Booby trapping,

Technical direction of river crossings,

Construction of light plane strips,

The improvement of more than ysually tortuous jungle trails,
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The lighting of fires to gwide aupply dropping aircraft atso eventually became
the job of sappers, as no one else really cared for getting a damnp fire going
by burning gun-cotton !

Engineer stores which accompanied a platoon were limited to those which
could be carried on six mules, They conzisted mostly of explosives and 2
few hand tools. Qther types of stores supplied ffom time to time by air were
determined by the weight and size which could be landed by parachute,
Outboard motors and rubber * Ranger ™ buats were included in this category,
but nothing rmuch larger. If hesvier material were needed it had to be obrained
locally, or in special cases landed by glider or atreraft. Improvisation thus
became the order of the day, Parachute rope and bamboo were the main
materials, with elephants on accasions taking the place of mechanical piant.

The aceount which follows principally concerns the problams which arose
over the evacuation of sick and wounded. Those problems increased with
the intenaity of the monsgon as it descended in all its force and grew more
serious, a3 sickness, fever and the rigours of the campaign took their toll,
Yery soon all ground on which light planes could be landed became water-
logged, and the numbers requiring evacuation steadily mounted.

PHask I—Ixpawsysr Lake

Once the monsoon really set in, the plan we had often speculated upon was
put into aperation. Evacuation was to be carried out by two Sunderland
flying boats, which were to land at the two stations of ** Dawlish ™ and
“ Plymouth " on Indawgyi Lake. T'he story of Gert and Dafsy, as the planes
wure called and how they operated from Dibrugarh, on the Brahmapuera, and
flew through fearful weather over the forbidding Patkai hilis, has been told
more than ance elsewhere, We were only concerned with one of them, the one
which flew int to * Blymouth," at the southern end of the lake, and evacuated
casualties from J (West African) and 14 Brigades,

Indawgyi lake is sixteen rmiles jong and five wide at its broadest peint.
The eastern shore is marshy, while the western cne has good shelving pebble
beaches. The depth [s legendary and we never aacertained . The normally
calm and placid surface 13 somctimes violently disturbed by wery sudden
squalls. Then the waves are mountainous and foam crested, 2nd any smail open
boat that is caught by them is usually swarmped.

The Litde village of Mamonkai was selected for * Plymouth ¥ because it
stood on a dry knoll and possessed 2 pebble beach hidden from view from
above by a row of hupe trecs at the water’s edge, The landward side was all
marshland, over which we had good abservation and the risk of being aur-
prised was small. The anchorage, known as * Plymouth Sound,” allowed the
flying hoat to come within 150 yards of the shore, There was adequaté water
closer in, but there was also the risk that 4 sudden squall might put her ashore,

The technical details of receiving the flying boat were entrusted to the
Field Company commander of 14 Brigade with the agsistance of one of the
E.AF, officers in the Force, Six engineer platoons, which latet rose to nine,
were withdrawn temporarily from their columns and put under his commanid
to organize the station.

York started by indcnting for a large supply drop. Ammunition, food,
medical supplies, petrol and R.E. stores landed in clouds of spray and mud
in the marsh. Among things coliceted, or rather salvaped, were buoys and
anchors to mark the landing strip, ten rubber “ Ranper ' boats and five
o8 h.p. Johnson outhoard motors.
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The work to be done conaisted of the following :

{a) charting the landing strip and anchorage,

(8) marking the Janding strip, 2,000 yda. by 100 yda,, with buoys,

(¢] constructing jetties for embarkation of casualties into boats,

{d) constructing hospital accommodation in the village, in the form of

bunks, eookhouses and latrines,

f¢} stting and prepating defences,

(f) careful camouflage throughout,

The charting was simple and was done by parties in boats working from
vompass resections. The anly feature worthy of comment was a storm which
swamped a party working from a local country canoe.  The officer concerned
nurtowly missed losing his life and had 2 long walk home in his hirthday suit
{why he discarded everything was never quite discovered),

The landing strip was a perpetual svurce of anxiety regarding security. The
station on the shore was well camoufaged, but the plating yeliow bucys off-
share were a big give-uway., After the Sunderland had been in ante we
EOt permission to remgve them,

Two jetties were made; one was a trestle affair made from jungle timber
and bambeo lashed with parachute rope, the other was a haff-Avating bay
supporied on local canves. A squall swamped and sank the latter right in
the middl: of the first embarkation, and sfter that trestles were used through-
cut. We considered that vmbarkation straight from the hrach was not a good
thing. Such a method nearly ahways resulted in s lot of shoving and pushing
to_get the boats ungrounded when loaded, and there were the motors to
think of ton,

The hospital accommedation was the pride of a West African Sapper
Platoon. Experts in the use of bumboo they soon had a very creditable
casualty reception station organized in the buildings of the viliage.

Defences were normal and require little comment. There was nio wire but
the deficiency was made good by the use of bouby traps and gharpened bam-
boos {panjis) instead. (A panji inflicts 2n ugly wound in the foot or leg which
dows not heal easily.)

Camouflage was all importat and was carefully carried out from the first,

The erganization of the boats requires explanation. A * Ranger " boat
has plenty of buoyancy but [ittle rwom inside it, especially for lying cases,
Conscquently four rafts were made, each supported on two buats and powered
by one motor. In this way, excluding a crew of two, fourteen sitting or six
lying cases could be placed on a raft. Speed when iozded was two and 4 half
to three knoes,

All the abave work was campleted twenty-four hours after the supply drop,
Six of the plataons were then released for other duties and the operation of
the bage entrusted to the reratning three,

All was ready for the reccption of the flying boat on the 1st June, but the
weather was bad and we were disappointed.  However it gave us the chanee
to rehearse again the drill which we had worked out for loading, as emphatic
instructions had been received not to delay the flving boat longer than neces-
saty since it would be a sitting target on the water, -

+ During the day a boat on patrol discovered a nwmber of large submerged
trees and logs had drifted inte the landing strip. They must have been washed
down the streams into the lake during the recent heavy rain and were a most
disturbing factor. The smaliest of them was capable of sending the flying
boat to the bottom like a stone, and they were not easy to detect, Towing
them. clear proved a very laborious business and we were never sure, from
then on, that the strip was frec of them, no matter how often it was patrolled.
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Bright and early on the 3ed June, the {lying boat appeated through a break
in the clouds. She circled the strip once and then came down to Jand. For
a few breathless seconds she skimmed along the surface hefore settling down
in the water and coming to rest safely.

Meanwhile one of the boats had put out hastily towards the strip. Recog-
nition signals had heen interchanged by Aldis lamp, and a smoke flare cast
adrift on a petrol tin to give the direction of the wind,

After a brief consultation with the Captain of the aircraft, embarkation
started. Rafts were called forward, each to a particular hatch for toading, To
emplanc a party of troops through one door in an aircraft causes confusion
enough ; to do it through four simultaneously prodoces a result inside like
Piceadilly Underground in the resh hour ! One unforeseen snag accurred, in
that the improvised streteher were just too long to be slung through the bomb-
baye where lying cuses were taken . This caused some very awkward hand-
ling especislly as there was a squall blowing at the time. As has been mun-
tiuned before, vne of the jetties sank which also slowed up embarkation.

The flving boat's capacity was forty men and when these were on board she
left. She made two more flights to** Plymouth * during the next week and took
off forty each time. With practice the rate of embarkation increased until,
on the last Hight, only eightecn minutes elapsed between the time the motars
wert stopped till they were started agam for take-off. Since on this oceasion
nearly a ton of stores were unloaded as well, it was not too bad.

On vach oceasion the flying boat was given an escort of Mustangs, whose
wild gyrutions over the lake made it quitc obvious that they resented any
delay.” However, huck held, and although the enemy must soon have cealized
what was going on 8o cluse ut hand, they never succeeded in being able to
intercept a sortie or attack vitler leke-side station from the air. Fur this we
were eternally grateful o the superiority which the British and American Air
Forces had established over Burma, a superiority which had invalved fying
through apalling weather conditions over a most treachertus range of moun-
tains.

While these operstions were in progress, achivities on the lake had been
extended in another dircction. Hitherto casuvalties had been brought o
“ Plymouth " either on horseback or in bullock carts. 'T'his had involved a
twelve-mile journey over a very rough track which was steadily getting worse.
A ferry service was therefore statted between ** Plymouth ™ and Lepon o the
eagtern shore, which reduced the laod journey to four miles. Likewrse two
of the columns in 14 Brigade had been sent to Nyaungbin, at the northern
end of the lake, znd zo the ferry service develnped into the circuit, Plymouth-
Nyaunghbin-Lepon. The daily ** packet boat,” as it came to be called, proved
crtremely wseful for liaisen visits, the carrying of mail and the interchange of
routing messages, besides the carrying of casualties. She was equipped with
a Mo, 22 wireless set, which, apart from safety reasons, allowed her to be re-
routed if necessary while still ™ at sea.” Had a similar clreuit been attemypted
by land it would have mieant a journey on fout or horse-back lasting faar to
five days, so wide were the detours required to get round the lake and sur-
rounding marsh,

Inn the middle of June, 3 {West African) and 14 Brigades moved northwards
towards Kamaing. It way, therefore, decided to close ** Plymouth " and com-
bine both stations at ** Dawlish.” the command of which was to be taken
over from 111 by 14 Brigade. The latter thus became responaible for the.
evacuation of all casualties from the lake area.

For vatiows reasons the fying boat's operations had been temporatily sus-
pended, 3o that the combining of the two stations was able to take place with-
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out prejudice to the evacuation by air. [t required six twenty-two mile tops
by all availabie craft to clear  Plymouth ** of men and steres and the move
had to be cartied out a5 Guickly a5 possible, Boats and motors were in use
almost ccaselesaly and crews were worked in shifts,

It waz hoped that lecal country canoesa, powered with outboard motors,
would be of some use. Admittedly they were very fast, but they were too
small to be of much value as load carriers and also the torque and strain of 2
tuotor soon opened up the seams at the stern.  We, therefore, oniy kept one
or two of the best ones.

A series of storms caused delays, but we managed to get the move com-
pleted in four days,

In stormy weather it was an advantage to ren tafts in pairs, lashed side
by =side znd held by & quick release knot. Each raft thus got the benehir of
two motors and should one be swamped, both rafts were still under power
util the storm abated, enabling the flonded carburetter to be dismantled,
dried out and got going again, It was found too, that the chances of the lee-side
mtor being swarmnped were remote if the pair of rafts faced the weather at an
angle.

%‘L"ith the end of the move each boat or raft had travelled close on 200 miles,
The only motor not in running order was one which had caught fire and burned
out some two miles from ** Dawlish,” Forrunately it was one of a pair and the
officer in charge maneuvred the rafts, both fully loaded with men, so that the
motor burned out upwind and not much hatm was done. It is to the credit
of the sapper running the motor that he got the filler cap undone which
probably prevented the tank from exploding. It is one of the snags of the
motors that, should they catch fire, it is almost imposstble o get at the screws
to unhitch and jettizon then.

As most already know, the secret of keeping outhoard motors running lies
in meticulous maintenance. Each motor was allotted te a pair of sappers who
were responsible for munning and maintaining it. Overhaul and repairs were
entrusted solely to one Scrgeant, a first-class fitter by trade, with a small
téam to help him. We had asked for more motors at the time of the move;
these and the enes aniginally dropped at “*Dawlish,”’ brought our number up to
twelve which allowed for a working reserve,

By now quite an esprt de corps had grown up arcund the * fieet.” All boats
were christened and a friendly territovial rivalry flourished between Thames,
Tyre, Tweed, Mersey, and Severn,  All vied with one apother to set up some
new record and all were justly proud that, in spite of storms, no boat or raft
had pot into difficelties and had to be reacued.

Fuaase II—TaE Tunaw CHauwNG

In the middle of June, (eneral Stilwell's American and Chinese forces
captured Kamaing. This meant that the only enemy now between Stilwell
and ourselves were isclated and scattercd partics from Lonkin and Kamaing.
Meanwhile, for variovus reasens, the operation of the fying boats had again
been postponed, this time indefinitely, It was therefore decided to evacuate
all casualties remaining in the lake area to Kamaing, by way of the Indaw
Chaung. Further casualtivs from the brigades were to be sent either direct
to Kamaing by land, or via Lakhren to the banks of the Indaw Chaung, from
where they would be collected by boat,

The situation at Kamaing was net fully known, but it was understood that
# hospital was being established there and it was presumed that further
evacuation would be carried out under General Stilwell’s arrangements,
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Tt thus became anr immediate task to clear the lake ares of 48 casualtics,
which were all that were to be allowed to collect there.  Already © Dawligh '
was becoming waterlogged dee to the monseon and was so overcrowded that
ane hundred casualties were taken to Nyaungbin instead.

‘The Indaw Chavng flows in a tortuous course from the north-eastern
cother af the lake down to Kamaing. As the crow flics, the distance is only
thirty miles, but by the Chaung it iz a pood fifty. The teach from the Like o
Chaungwa is sluggish and often choked with weeds. The surrounding: land
15 all marshy and towards the end of the monscon goes below water to such
an extent that it is possible to poie a boat frotn Chaungwa to the lake without
entering the main channel at all. At Chaungwa the Indaw and fast flowing
Namting Chaungs join and How together in a swift and ever-broadening stream
to Kamaing, where, a5 a stream some seventy yards wide, they join the Mogaung
River, Below Chaungwa the course is fraught with numerous obstacles in the
form of partially submerged trees and roots, regether with a fair share of
jagged rocks in places. Tt ig no place for 4 fmail hall in those reaches.

A column was dewiled o picket and patrol the likely appreaches to the
route and give protectien from any major enemy threat. However, the route
was 5o long that a possible encounter with Jap stragglers had to be reckaned
withl aflways, It was tactically desirable that the maove should be made 21l in
One I,

In order to control such a large party as 40€) and to economize in crews,
we decided to build what we called * dreadnoughta.” These were large calts
primartily intended for ferrying mules over broad and fast fivers and their
main advantage lay in the fact that all their esstntial components except one
could be dropped from the air. The one exception was the frame, which in
any <ase was to be made from bamboo and timber obtrined Tocally.

Bricfly the construction details were as follews :

{a) Two similer flat bainboo frames were made, and between them were

laghed five ' Ranger  hoats,

{5 The hull was wrapped in 2 40 by 20 fi. tarpaulin to give it a better

** Streamline *' and a little extra buoyancy.

(<) A deck wus made from bamboo matting, such as abounds in North
Burma, where whole villages are principaliy made of it.

{d} Bevween two and four 22 hop, Johnson outboard motors were fastened
to the stern by a frame designed to tuke their weight, thruse and
tordgue.

fe} A timber ctit-water was desirable to cot down excessive bow wave and
to strengthen the blunt inflated bow.

{f) Any superatrecture, in the nature of a corral for mules, or canopiea
were added as required.

When finished a dreadnought was 37 ft. overall and 12 ft. in the beam.

Draught when fuily laden was about 15 in.

The minimum crew was four men ; Captain, two motor-men and a deck-
hand.

In addition any of the following loads could be carried

fu) 6 roules, their loads and muleteers,

{&) 35 men fully cquipped.

() £ loaded jeeps.

The following table gives an idea of the speed in still water, when the hull

Wan new . " unfoaded loaded
with 2 moters & knots 3% knots
with 3 motors f knots 41 knots

with 4 molors &} knots 54 knots
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Consumption of petrol and oil mixture was two gallonz per hour per
tnotot, which was 2 big item on a long run,

Construction of our fleet, * The Indawgyi Grand Fleet,”" took place at
Nyaunghbin towards the end of June. 'T'en dreadnoughts were laid down and
stores were delivered to us in three successive supply drops @ fifty * Ranger ”
boats, twenty motors, tarpaulins, petrel, oll and food. For reasons that were
never discovered the pamchutes on the first seven motors o be dropped Fatled
to open. One of these even failed to leave the static line and we had the
chagrin of watching the plane circle out over the jungle and cut the motor
away, for it to be lost for ever. The matter was taken up at Air Rase in India,
and, from then on, motors were dropped on mep’s parachutes, which were
known to be sound. O the seven motors that smashed un'landing, thres were
eventually made o go. 'Fhis feat reflected the highest credit on the Sergeant
who ran the repair team.

Tarpauling too, fell short of requirements, in that most of them were
nothing like 40 ft. Jung, although all were stamped 40 ft., the shortest was only
84 ft. It caused us a 1ot of trouble with a great deal of extra sewing of odd bis
and pieees,

The work of building the wvessels was undertaken by three engineer
platoons, while infantry from the columns at Nyaungsin collected in the
gtores from the dropping zone and delivered them to the beaches, The making
of the bamboo matting decks was entrusted to the local inhabitants. No one
else could have done it so well or so quickly, (Throughout the whels campaign
the loyatty we received from the local inhabitants was beyond praise. On
more than anc occazien they paid dearly for it after we had passed on.) Each
dreadnought had 2 canopy crected over it, while over the stemn a latrine was
neatly positioned between the propellors! One dreadnought even had
twelve bunks built into it for the benefit of the mest serious cases.

It was known that theee would be difReultics over inter-atlied recopnition,
and General Stilwell's forces had a reputation for being remarkably quick on
the trigger. To make neatiers worse pattics of Jap stragglers had already been
caught drifting down the Indaw Chaupg, We therefore received in our lase
bupply deop ten glorious Union Jacks, which we took great pleasure in
flaunting from our wastheads when we eventually appruached the allied
cutposts,

The flect was organized nto three squadrons, each of three dreadnoughts,
and was controlled from a Hagship. The latter was fitted with wireless to keep
in touch with the cacorting column ﬁmd required yet another mast forit L)
Each squadron bucame the responsibility of one engineer platoon and, as
hefore, all vesscls were named. Ark Boval, Vindictive, Valtant, and Vanpard ;
Hevenge, Renoren, and Resolutron: Barkam, Benbaw and Blenheim all took their
station in the “ Grand Fleet .

While the Rect was building, reconnaissance parties had been sent down
the Indaw Chaung as far a3 Chaungwa. The reports they brought back were
conflicting, The first said the way was clear and ¢asy, the second said only
a very narrow channel existed between blocks of weeds, The thivd came back
early and zaid the way was completely blacked, Further observation showed
that petindic blocks, 300 to 300 yards leng, formed and disappeated according
to the whim of the current as it was influenced by heavy rain in the hills. The
weeds, resilient and teparvious, defied all our attempts to remove them.
Explosive merely blew holes which closed up again in a few minutes. Any
small boat that tried to work 113 way through either failed to get in ar all or
got hopelessly enangled and took ages to disenpage. 'The local inhabitants
were the most successfrl and with much effort managed to pet their own
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canoes through, They would lie cut on a broad plank chopping away with a
knife and before the gap could ¢lose they would draw the canoe up into it,
This was all right for cances, but unfortunstely not so fur our much targer
craft, There was nothing fet it but to hope for the best.

On 23th June, all the dreadnoughts were ready. One squadron and all the
small craft sailed for Chaungwa with elements of the eacorting column, the
bulk of which had already set out on foet, Nyaungbin was closcd that cvening
when the remainder of the fleet took all that was left and sailed uver to
* Diawlish,"

The squadron sent to Chaungwa made good time and retucped to “ Dawlish '
early next day, In the afternoon “Dawlish' was cleared in one big inal embarka-
tien and by the evening the entire ** Grand Fleet,” with 40 aboard, assembled

“at Chaungwa. 1t was an imposing review and was the last occasion on which
it was- massed in all its strength, The headguarters of the ezenrting column
was present as well, so that accommedation in Chaungwa was at a premium
that night, Se far E\:Lr}thmg had gone perfectly. Even the weeds had co-
gperated by not asserting themselves.

That night everything was altered. We heard that Kamaing could not
teceive ot full numbers and that the Sonderland was to fiv again, Accordingly
on Ist Tuly, only Barhiam, Benbore, and Blenhaim went on o Kamaing while
Vindictive, Valiant and Fangruard returned to Nyaunghin, The remainder
stayed at Chaungwa to await developments, The turn of events had annoyed
the escorting columnn, who had locked forward to an early release and a more
profitable occupation hunting down Japs with the rest of the brigade. MNow
part had to return to Nyaunghin to protect the place.

Meanwhile a few casualties had already collected at Lakhren as otiginally
planned. Revewpe and Resofution were sent down to hring seventy of themn
back to the lake, On the way back progress against the current was slow and
the journey took two days, navigation at might being too dangerous to be
allowed. On arrival at Chaungwa the party had grear tales to tell of a six-hour
struggle to get through a block of jammed timbers and weed.,  Apparently
much of the credit was due to a party of West African soldiers, who although
stricken with fever, had not hesitated to plunge over the side to haul the
timbers out of the path of the dreadnoughts. It was interesting too to know
that the dreadnoughts, with their extra weizght and womentum, were able
to plough a way through the weeds, snorting, turning and charging, Far all
the world like some stranpe amphibious bulldozers,

The weeds between Chaungwa and the lake now reappeared and anocther
classic struggle took place invelving Ark Reyal and Vindictive, These two
were making routine runs between Chaungwa and Nyaunbgin for the
column when they met either side of a block 200 vds. deep. It was Ui)hrs,
when they started working towards cach other and by nightfall each had
only penctrated seme 60 or 70 yds. Here the weeds seemed to thicken and
further progress appeurcd impossible.  An unpleasant smell which had
steadily prown more persistent, eventually revealed the bloated corpses of
two buffaloes and a Jap immediately ahead of Avk Royal. This was enough.
Hoth dreadnoughts decided to withdraw for the night. However, this was not
to be. Whereas getting in had been just possible, getting out, broad stern
first, was out of the question. To make matters worse, nne of dek Roval's
motors failed. There both dreadnoughts were, firmly stuck in the block with
no immediate prospect of release. Taking stuck, petrol and foood were Found
to be limited, and ironically encugh there was only a little drinkable water on
board. As darkness fell mosquitoes came cut in their millions, leaving no
aleernative but to pack vup and seek refuge under nets. During the night a
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heavy storm solved the water problem by filling the bulges and folds in the
averhead canopies. If the water had been precious mercury, it could not have
been drawn off with more care,

The prospect at dawn was still not very bright. There was still no sign of
the block breaking up, while the Jap and buffaloes grew even more offensive
as the sun rose, However, Findirtive redoubled her exertiona and by a magni-
ficent effort not only managed to reach the erippled Ark Roval, but also to
tumn round. Both crews worked Lke slaves,  Motor-men feverishly swung
the vessels to and fro while the rest hacked away madly with knives, matchets
and bayonicts at weed clinging to the hulls. With Findictive ]eadmg the way
and Ark Roval bollowing immediately in her wake, both dreadnoughts slowly
bt surely fought clenr. Exactly twenty-four hours after entering the block,
both broke free and satled for Nvaunghbin,

During the next fortnight the flying boat made another theee trips 1o the
lake and ¢leared 120 casunalties. However, since Hevenpe and Resoluticn had
brought ancther seventy into the lake from Lakhren, and a number more
had collected again at ** Dawlish,” the situation was not changed a grear deal.
There were still roughly 100 un the lake and 200 at Chaungwa. Further
flights by the Aying boat were then definitely cancelled and we heard with
tegret, a little later, that she had been sunk at anchor during a squall on the
Brahmaputra. One of ber floats had been remaved for repair and the wind
caught her while she was unstable.  Therefore the plan to evacuate casualties
to Kamaing was again put into effect.

The journey down the Indaw Chaung was not particularly eventful. We
left Nyaunghbin at dawn for the last time znd reached Chaungwa just before
nogn, The weeds were still in evidence but recent very heavy rain had raised
the level of the Chaung to such an extent that it was possible to leavs the
main channel and pole roun:d the blocks through the flooded marsh. Chaungwa,
too, was going under water and everybody was glad to leave. Durng em-
barkation a supply-dropping aireraft shightly misjudged its mark. Great bags
of fodder came burtling down free and landed amang the closely packed troups
and dreadnoughts, 1f anything was needed to speed s on our way, thiz was
it! We made Manwe by dusk and staged ther: the night. The next morning
we bade farewell to the escorting column, but before doing so two of the
dreadnoughts were uvsed in the réle for which they were originally designed.
The whole column was fertied over the Chaung and set on their read to rejoin
the brigade. At Kohka we met the Chinese outposts and all but ran feul of
g steel wire boomt they had thrown across the Channg, Tt steuck us as odd
that they should have put it there, since they knew we were coming. but
apparently it was intended to catch Jap stragglers, some ol whom had already
been caught drifting downstream on previous nights, At Kohka too, was a
race from which a number of ugly rocks and tree roots protoeded, Navigation
was a nightmare, and once through there was ne chance of return excepl in a
faster and smaller boat. With the reaching of Kamaing in the afternoon, the
primary task of the dreadnought was ended. Othet casualties did come down
the Indaw Chaung but net in lrge numbers, They were brought from
Manwe and Lakhren i smaller boats based on Kamaing.

Prase ITI—Kamarxo
Evacuation of casualties did not stop at Kamaing. est of them, being
sickness cazes, could anly be properly cured at base-hospitals in India, under
far better climatic conditions than existed in Burma during the monsoon.
This was why evacuation by flying beat, cperating from India, had proved
to be =0 valuable and had been kept going as long us possible.
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At the end of Tuly, Kamaing was 260l principally supplied by air. As far as
land commueications went, the famous Ledo road had only reached Warasup,
forty miles to the north. Between Warazup and Kamaing only 2 very rough
track cxisted and this had been completely washed out, and communication
between the two places was maintained by a water L. of C. operated by an
American engincer unit. It was along this route that casualties had to he
cyacuated to Warazup., From there, or from Tinkawk, not far away, they
could be flown out to India from air strips serviceable for Dakotas in nearly
all weathers. As the American resources were not sufficient to cope with our
numkbers, we were requited to supplement their efforts and to take our share
in bringing stores and supplics down to Kamaing by water.

The Mogaung River cesemnbled the lower teaches of the Indaw Chaung in
all respects except that it was broader and swifter. The wese of dreadnoughts
was 0o lonpger considered profitable owing to the time and fuel required for
a laborions upstream journey, so we collected from Warazup ten boats and
motors of the pattern used by the Americans, These wers the ype known
as M2, and were somewhat similar to British Mk, VI ponmaons, only 4 lintle
smaller and completely undecked. They have one great advantage in that
they are made to nest one inside the other so that transport of large numbers
over land is easy. The motors used were 22 hup. Johnsons.

1t was found that, with a bit of luck, each beat could just make the journey
up ta Warazup and back in daylight, navigation at night being forbidden as
hefare. 'Twelve men, in addition to the crew of two, were carnied in each
boat on the upstream trip and, durng July and August, 1,800 of our casualties
passed through Kamaing and were taken up to Warazup in this way.

Boats were still made to travel in pairs, lushed topether side by side. This
method, as before, saved time when a motor had to be stopped, either to be
refuclled or For a shear-pin to be replaced. The Jatter frequently occutred in
the upper reaches of the river, which were more than vsnal(y full of snags.
By now there were sufficient motors to enable bwa to he allotted to each boat
and to be used alternately. Thus there wag ample npportunity for maintenance
and serious stoppages seldom occurred. COwnly one motor was lost, due to
another fire,

Among the cargoes brought down from Warazup were a number of jeeps
and trailers for vse on the road, which was still passable beyond Kamaimg.
Each jeep and trailer was shunp betwten two buats from long bearcrs resting
acrass the gunwales, Jetties, sloping down into the water, and just the width
of.a juep, were constructed at cach end of the route s that boats for leading
could be brought either side, the vehicles hitched to them and driven down
the: jetty till the boats in the water took the full load ; while, for unloading,
the process could be reversed. These jetties were an csaential part of the
method, otherwize the boats would either have become firmly grounded, ar
it would not have been possible to hoist the vehiclea clear of the water. This
methad of transport was preferable to using decked rafts, which would have
needed extra work and material to conatruct. Moreover, for such a long
journcy, two boats, with a jeep and trailer shung low between, were casier to
handle in the current than a decked raft with vehicles perched high up in the
are.

The method became populat and was adopted by 36 Inf. Div., who even-
tually relieved us and who transported censiderable numbers of their own
Jeeps down ta Kamaing in this way,

Meanwhile what had become of the dreadnoughts 7 Faliast, Vindiciive
and Revenge were permanently detailed as ferries at Kamaing and were ysed
by parties of men and mules who managed to strugple down the track from
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Warazup on their way to the forward area.  Resofution and Remomwe bocame
floating jettics and Beebow a floating residence for wvisiting V.I.Ps. ! The
test were dismantied and serapped.

One dreadnought, Revenge, tried to make the journey to Warazup as an
experiment. But her hull was then old and full of mcks and foilds, so that
even with four motors she did not make much speed. However, having
started at daybreak, she got within eight miles of her destination by the
afternoon, when an accident occurred which put & sudden end to the experi-
ment. She was just breasting one of the many swirls and races of the up-
stream reaches when one of the motors faltered. It was only fora second, bue
in that moment the current tosk charge, thrusting her up againat a pardy
submerged tree and canting her over at an angle. Two of the remaining motors
were submerged and she was completely helploss, wedged Fast, pattly under
- waker with 4 vicious carrent swirling by. The passengers, mostly Gurkhas,
sought refuge in the upper branches of the tree while the crew did what they
conld to save kit and equipment. In the end the whale party was rescued by
M2 boats, and Revenge, less her motors, was abandoned. Even then she did
not beeome 3 total loss, but eventually floated free and was reclaimed as she
drifted Forlornly past Kamaing. There was neither the need nor the oppor-
tunity to try the experiment again.

By the end of August the main L. of C. was fitmly established by air to
Myitkina, and by rail from there to Mogaung and the south, o0 that traffic
by our river route practicaily ceased. Also, with the artival of 38 Inf. Div.,
the Chindit Bripades were relieved and we were flown back to India from
the same air strips which had gerved our casualties so well in the past. Our
last act was to hand over the ferries, Findictive and Revenge to the Americans
at Kamaing. They were very gratefiud, but 2 little suspicions and alarmed.
Mo Amcrican likes playing with an improvisation, however good he knows it
to be,

CoKCLUDING NOTES :

It may be thought that the evacuation of casualties and the running of a
water L, of C. in the rear of Kamaing was no job for sappers attached 1o a
forward brignde. Under normal circumnstances it would not have been so, but
on this cceasion it happened that the current operations were chicfly in the
nuture of forays and skirmishes with no major enginecr wark involved, so it
was possible to spare three of the sapper platoons in the brigade for this task,
It should be remembered too that these platoons catered For not only their
own brigade but also for 3 (West African), and to a small extent for 111
Bripade as well.

The evacuation of casualtics from the Chindits was always a problem and
had g tremendous effect on morale. Ve? often casyalties had 1o be dragped
along with their columns for days befors they could be evacuated, and
columns always regarded it as one of their main daties to Iook after their
own 3ick and wounded til} they could be finally evaruated by air.

%With regard to watermanship there is fittle to add which has not been
mentioned already in text books and training pamphlets.  However the
following points are imporant and worthy of further mention :

1. Meticulous maintenance of motors, which meluded the careful filteting
of petrel, paid pond dividends.

2. Two motors were lost through fires and there were a number of others
which fared up, but were got under control just in time. A Tiberal supply of
fize extinguishers is desirable,

3. In strong currenta we were scverely handicapped by motors having no
clutches, S
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4. A Johnson motor is designed for & small fast craft and there 13 a big
loss in cfficiency when it is attached to 3 heavy cumbersome raft. Fer this
work the pitch and rate of revolution of the propellor need to be redesigned.

8. Where boats are equipped with only one motor each, there is a diatinct
advantage to be guined by lashing them together in pairs so that both get the
benefit of two motors.

6. Towing a Jumb raft or rafts in a strong current is not casy, especially

when taking up or casting off the tow, It is recommended instead that the
rafts be lashed together, either side by side or end to end and the g or tugs
made fast alongside,
_ 7. From the shortcomings of our dreadnoughts we learned that when de-
signing an improvised raft for use in a strong current, too much attention
cannot be paid to the underwater aspects. For this reason the mft should
derive the required rigidity from a framework braced and stiffened entirely
on top, leaving the underwater lines as clean w9 possible, It may be more
cumnbersome and difficule to baild like chiz, bue it wilt he well worth ir,

THE DEMOLITION OF ETAPLES RAILWAY BRIDGE
By Capramx R, A, Lixtoy, R.E.

IN writing the story of the demwolition of this bridge, I am sticking as
closely as I can to the military style of writing, That 15 to say I am statipg
the facts as they oceurred, and giving my actions and reasons for them as
gecurately as T can. But I know very well that it was not purely on the reasons
given that I based my actions, I was guided at that time far more by instinet
than reason. It so happened that it was lefe to me to 1ake decisions far outside
my responsibility ws a subaltern. For the bridge had not been inclueded in
any dernolition programme, and I had neither the time nor the means of
gommunicatian to find oue if it had been intentionally omirted. As the fol-
lowing -account shows I took a gamble which fortunatcly for me came off
all right.

The old Etaples Railway Bridge was a solid brick-arch bridge of thirteen
arches, carrying the double track line from Boulogie to Paris over the estuary
of the river Canche. It was a Fairly big demolition, and even now, eight yeats
fater, the bridge has not been rebuilt, The R.AF. were chiefly respensible
for keeping the bridge broken, but the engineering difficulties were consider-
able due to the shifting sands in the estuary,

‘The importance of the bridge can be judged from a glance at the map of
Morthemn France. The main line from the Channel ports to Paris runs down
the coast From Calais via Boulogne, Etaples, Atniens and thence on to Paria, IF
this line is eut only a fraction of the normal daily traffic can be filtered through
the subgidiary lines via Montrenif and Arras et¢, Thewse of thiz line, nimning
as [t does down the coast, was fater to prove itzelf of constderable importance
to the Germans for building up installations and troops along the coast.

On 11th May, 1040, I arnved for attachment to C.R.E. Bovlogne Sub-
Ares and was sent out to an Arfisan Works Company stationed at Etaples,
Thizs company was one of the hastily recruited Works companies raised in
England at that time and sent to France with not very much military training.
They were emploved on the construction of hospitals at Etaples, so that they
were not undergoing any military training at the time, and a3 yet the O.C.
had not made up the zenior N.C.0.5. Inthe few days I was with the company
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before the German advance began to threaten us, my only duty was to put the
unit through a brief range practice, g0 [ had noopportunity of petting to know
any of the men well. But being able tospeak French fairly fluendy T got to know
the interpreter well, and we spent mast evenings tegether in a bar in Le
Touquet discussing the rapidly deteriorating situation. It seemed to us then
that the German break-through would reach the coast just about at Etuples.
During these days I had begun to make plans in my head for the Blowing of
the railway and the road bridge, for it had begun to seem probable that this
would be our job before leaving Etaples,

Cn about the 20th May, the situation suddendy worsened, The Aow of
refugees from Belgium and the north was now added to by refugees and dis-
organizred units of the French Army coming From the cast. The Luftwafle
subjected Etaples to a series of bombing raids, which added to the confusion
in the town. At about teno’clock that evening a Lieut, -Colonel, whom we had
never seen before, came and grdered us to prepare certain bridpes for demo-
Btipn. I was assigned the big road bridge and a little girder bridge {marked
on Fig. 1) which takes the milway over the road from Montrewil "The
Colone! produced sketches of the girders and some rough data of how 1o
place pressure charges on the road bridge. The ucplusuc was HI arrive next
murning.

Needless to say T was staggered that no effort was being made to blow the
main railway bridge; because T was under no delusions as to its importance,
having warched the tmaffic over it in the last few days. But the Colonei had
made his plans and it was no use arguing. [ was ordered to destroy one 2rch
of the concrete road hridge by a pressure charge, and this order overlpoked
the fact that the pters had exposed steel stanchions abviously put in to ensble
it to be easily demolished. There was no doubt in my mind that this Colonel
was taking over 2 number of jobs in a hurry, and he had had no time to recee
them properly ; so that these bridges were going to fall into enemy hands due
to the disorganization caused by the speed of the cnemy™ advance. Wy O.C,
as fac a3 I knew, had no experience of demelitions and T hesitated to involve
tim it a4 decision that was hardly in his power to make. T made up my mend
that night that it was up to me to find some plausible reason for blowing both
bridges properly, but they were very big bridpes and [ could asee that if T
failed or did the wrong thing, I was not going to have a leg to stand on.

I would like to point out here, what a difference comradeship makes to all
forms of human activity. ¥When you know your 0.C, as * George 7, and your
C.R.E., whilst he is called " 5ir,” plays games with you, and is the kind of
senior officer you can talk to, then you are in good company and you can
share many of your problems. More important soll is the comradeship of
the sappers, who can often give you the soundest advice chtainable in their
trade, when they know you. But this story ta a very lonely one ; none of the
people concerned had hardly ever scen me before to sprak to, and none of us
knew at all the capabilitics of exch other. Furthermaore it took place during
a period of such unegualled disaster, that even now, cight years later, the
urgency with which one had to do things, still stands out vividly in my
memory,

You can therefore underatand my feelings on the momning of the 2lat May,
1440, when T went down to Etaples with a Corporal and ten sappers to in-
vestigate the situation more closely. The explosive had not arrived, so the
only job I could do was to prepare the pirders af the little railway bridpe.
This T hesitated to do because it was a waste of time if T was to blow
the big bridge. The sight that met our ¢ycs was guite unexpected, the road
bridge was piled high with scething humanity ail jansned solid. There wers
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pieces of heavy French artillery with troops sitting astride, and odds and
ends of carts, cars, bicycles, people and even the odd French tank. Apparently
the refugees were now coming north as well, and all these columns had con-
verﬁud on the bridge, Dwur ten sappers fixed bayonets and eventually suc-
veeded in clearing the bridge and regulating the flew of traffic. But one thing
was certain, I could not hold these crowds back with ten sappers and lay
pressure chatges on the bridge until the very last minute before the hridge
was to be blown.

I decided therefare to have a lock at the stanchions underneath, and Pierre,
the interpreter, went to the Railway (Officials to set if he could find out if there
was an easy means of blowing the main railway bridge. I tried to get under-
neath the road bridge in a boat with the Corporal, bat the current was tou
strong for ua, as the tide was in [oll ebb. 1 did not continue my effores becauvae
the Corporal revezled 1o me that neither hie nor any of the sappers had ever
done any demwlitions at atl. It was therefore going to he an ardunus task
placing puncotton charges against vertical stanchions with men whe had
never placed a charge before, 1 devided o go and see how Pierre bad got on
with his recee of the radway bridge belure making up my mind as to what [
was going to do.

Fierre had done very well for he had noticed that the bridge had two piers
thicker than the others. He had gone on the bridge and scraping the stones
away with a shove] he had discovered a wooden manhole cover. I arrived on
the acene just as he was about to Nilt it up, and sure enough it covered a
vertical shaft, about 3 ft. in dhameter, disappearing down inte the murky deptha
of the middle of the pier. These plers were well out in the wet gap and
separated by five arches in the middle. There was no doubt, therefore, in
ity mind that in the case of this bridge, given enough explosive, T could do 2
thorough jab, even with unskilled men,

I decided therefore that I could justify my action, for my wisest course was
first to make certain of the mmn ratlway bridge, using the ammonal supplied
for the road bridge, Then I conld prepare the road bridee using the gun-
votton slabs, pravided for the little girder bridge, to cet the stanchions uniler-
neath. As a precagtion I would order up more ammenal 1o use as a presaures
charge if the guncotton charges proved unsuccessful,

It was two o'clock in the afternoon before the explosive arrived and we
were able to start work, By that time I had rested the men, collected my
stores and ordered up the additional explosive, T had also been dowan the
shafts inte the piers, The shafts went down about 25 to 30 ft. and ended in
what had vnce been a small chamber down below the high tide level ar least,
and probably going dewn nearet the low tide level. The chamber had howe
ever filled up to within about 3 ft. of the top with slimy sand ; the dimensions
of the space were roughly as shown in Fig, 2,

The piers themselves were 30 to 33 ft. across and 16 fe. thick. I cal-
cilated that to hlow the whole pier down I needed 500 ib. of explosive in each
pler, 1 was carrying MLE. Vol, IV with me and on page 78, you will find an
example which I took to be similar. As T had half 2 ton of ammenal I decided
ko put a quarter of a ton in each pier. The Corporal detuiled a sapper to
work at the bottom of the shafi—not a popuiar job—and we all lowered him
down. The Corporal and ore sapper carried on lewering explosive down the
shaft, and the other vight men curried the vxplosive from the truck, a carry of
about 20K yds. some of it up steep banking.

Thete was fortunately practically no traffic aver the bridge to interfere with
the work, I think the bomb damage in the station was holding up traffic, But
the first interference we had came from the station master and the railway
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workmen who tried to turn us off the bridpe. T rezsoned with them, explaining
that we were ooly prepanng the bridge For detnelition in case it had to be
blewn ; but T acem to remember I put two men on guard and I think it was
the sight of the mevitable bayonet that evenhuzlly persuaded them to leave
us alone,

The only sericus interference with the work came from enemy raids on the
ratlway station. The station adjeins the bridge, and we were working only
150 yds. from the centre of the target arca. Thuere was a dead French work-
tnan lving all day by the bridge where he fell 3 and it only shows how de-
moralized the people of Etaples were that no one even teied to move him all
the time we were there, The men working on the bridge were exposed w
bomb splinters and [ told ther when the raids were on, to run to the side,
climb over the railings and hang on to some convenient telepraph wire sup-
ports (Fig. 3) fixed on to the sides of the bridge.  Like that they were zafe
from bombs faliing near and on the bridge, and if a bomb fcll into the river
on their side, it probably would not go off in the water and soft sandy bottom.

We had one big raid while I was on the hridge and in ruaning For the
telegraph poles, the sappers all came for the pole T went to, As a result there
[ was with four or five sappers all crowded on to the small metal pole and
its yupporting bruckets. This particular raid was accompanied by a Henachel
reconnaissunee plang, and he was Aying Iow over the station and the bridge.
He must have seen usz go for the pole and thought we were up to some
preuliar teick, for he Aew along not a hundred vards from us peering at us, 1
thought he was going to fire his machine gun at us, end 1 1old the sappers if
be did 1 was going to drop inta the river and swim ashore, But Le never fired,
pussibly by was short of ammunition or maybe he had a sense of humour,
because we raust have leoked pretty funniy all wound round a telegraph pole.

The raid kated some time, and when we got back to the shaft, we found
the sapper at the bottom was suffering from elaustrophobia, o we had to
pull him up. I went down next, and found the cases in a jumble, and not
stacked in a neat pyramnid as I had ondered. The sapper had probably heen
sulfering from claustrophobia all the time. In the confined space, the ting of
ammonal covered all the open floor area ; so I had to stick my legs in round
the sides in order to stand wp, and there simply wasn’t room to work properly.
I did my best to tidy the pile up, by pulling tins out here and restacking them
there to get proper contact between themn, Then seddeniy the sappers’
Leads disappearad from the top of the shaft, and the bridge began o shake. I
lost my precaripus balance, the ting shifted, and T found myself in such an
awkward position that I could not move, My shoulder being below the ceiling
of the chamber I could not get myself uptight. It is not plessant being in 2
hule at any time, but when you can't move, and your mates might get spirited
away, leaving you there, it is not at all pleasant. 1 consoled myself as I had
tricd to console the other sapper with the thoupht that one could not wish
for a better alr-raid shelter,

The sappers eventually returned o the top of the hole and lowered the
rope, with which I pulled myself upright, I stacked the rest of the cases my-
self, and then shouted up for F.L.I), and primers. Sheuting up a long shait
your voice puts badly distorted, and the sappers had forgotten iy brief lesson
on demolions. After a useleza argument in which most of my language was
indistinguishable, I yelled, * Lower everything down.” They managed t
make this ont after T had yelled it several tinres, so everything was fowerel
idown, except primers, I made several avtempts to describe primers, but it
was useless when only one word in eight was decipherable. So eventually 1
got them to pull me up.

I
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the first grey light of dawn began to appear, dhout 0400 hra, the deathly
hush all about began to arouse my curinsity.  Something must have hap-
pencd to stop all the flow of refugees. T got up and went duwn on to the
road and I heard someone running from the east along the road, Presently
a very excited French poilu appearcd and running up to me he broke into
a torrent of hysterical French, The st thing T gathered from him was that
he had a wife and four children, he supported this statement by predusing
photographs  of them.  The trouble apparently was, that the Cameios
in which he was travelling had broken down, and would 1 please mend it
T'here were thousands of Cermans in BMontreuil, he said, and they were
advanting up northwards on Boulogne, I was very interested in this state-
ment, becanse [ thovght semething of this surt would happen, and T had
recoed the possibilities of evaceating my little party By {ishing vessel from
Etaples.

Iprca.ssurcd the okl poile that Tile in Etaples was not as bad as it looked,
and that @ there was nwowhere 10 2o he would be better off staying in Etaples,
than jeining refuges columns, In any casc 1 had no facilities for mending
Lis truck. So he wandered off into the wawn.

I had just got back to the bodge snd was delating what to do, when
Picrre suddenly arrived in lus car.  He was olviously very excited ; he
shouted at the top of his voice from a hundred yards away, ** Make your twa
hangs and come back v Boulegne quickly,” Then he jumped back into his
car and dashed off.

Tliia was not the sort of order 1 had expected for Blowing the bridge, and
I was very conscious of the fact that on a very flimsy order, 1 was blowing
the main railway bridge to the south, which was not scheduled for demodition
in the first place. Soll I had made up my mind to hlow the bridge so T went
off to light the fuses,

I had allowed forty-lve aeconds extra safety fuse on the Far pier, so L
lighted the fuse whilst looking at the sccond hand of my watch, "Fhen [ ran
ta the nearar picr and waited for the full forty-Ave seconds from the lighting
of the first charge. In iy excitement T broke the mateh so T was a few soo-
onds late Hghting the second charge. T then ran and lay down under a mil-
wauy truck on a siding near the bridge. T watched the seconds hand of my
wutch and was relieved to hear the first charge po off, and the second charge
go ol five seconds bater,

I jumped up to look a hit too early, and was narrowly missed by a falling
brick. But there was nothing to see, just a heavy cloud of thick dnst that
hung all round ww like a pea soup fog. We started to move our belungings
duwn to the truck and we were all ready to go and still the duest hung over
the site. Eventuaily the sappers pot restive to be gone on gur way to Bonlogne,
but I had to report the damape anyway. And then at last in the first red rays
of the moming sun T caught a glimpse of my handiwoerk. It was the most
stageering sight 've ever seen, almost like a dreamn. 1 hed expected to see
the two piers missing and with them, the two arches vn each side of them,
But the whole bridge over the wet gap had gone, It was no more than 4 heap
of rubble blocking the dver. (Jut of the thirteen brick archea al] the seven
arches in the middle were gone and the others were cracked, and the ane
this end looked very precarivus. On the far side a plect of railway track was
sticking up i the air, but most of the track just lay across the gap on top of
the rubble. Te wy excitement I jumped up and down like 2 small boy, and
I could have stayed there hours drinking in every detail of this atnazing
spectacle. The strong tide at this part of the estuary had begun to sweep the
debris away in parts, and 1 wondered how anyone would start to rebuild
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such a bridge on shifting sandbanks and with such a strong current. T wan
braught to my senses by the men shouting from the truck for me o get amove
on. Ho reluctantly I turned away from the bridge and we started on our
Journey to Boulognes,

When I at {ast found the sompany again, near Boulogne, I reported the
demolition to the O.C. He was busy with other things at the time, and did
not attach much importance to my report. Obviously it was going to be of
lmportance to someuhe 5o, 43 everything was very disorganized, [ decided to
go to G.H.(Q). at Boulegne and report the demolition myself.

At GILOL T found they did attach a great deal of impottance to it, and [
wag ushered in to the Genera] himsel. I was covered in mued and slime from
head to foot and I had 2 day’s growth of beard on me, s0 I must have been a
very scruffy looking object. But in spite of the fact that G.H.{}. had been
bumbed out twice, and that the General mast have been working continu-
ously all night, he treated me with the same courtesy as he woold have
trezted a well-dressed visitor in his own drawing-room. " You've comwe to
repart a bridge demalighed,” he said. " Which one 7 ' The railway bridpe
al Emaples,” [ eaid. * Who gave you the order to blow it 7 ™ T had made up
my mind to take the responsibility myself, so T said ** 1 pot no order, T was
ordered to fall back to Boulogne, so, as I had prepared the bridge for demoli-
tion, I presumed I was to blow it.”" “ [ se¢,” said the General. ** And how
leng do you think it will take to rebuild it 7 " You can imagine how 1 felt
when he said that ; my head just recled, and I thought I had committed some
ghastly ertor which was going to prejudice the whole campaign. [ felt that
it was guing to take years to rebuild the bridge for I had dene my best o
wreck it completely, and I had succecded Far bevond my expectations. At
last I pasped out, It will take a very long time, sir, all the middle arches are
pone.’’ *Oh|" said the Gencral. ** Well it's poing to be 2 job for the sappees
rebutlding all these bridges when we want to use them sgain.” Then he
dismissed me and he said "' Well done anyway,” as I went out of the room.
I didn't feel it was well done at 21l and I thowght that if he ever pot wind of
the extent to which I had departed from my orders, [ was poing to spend the
rest of iy days in the Tower. | was told to wait outside, and for half an hour
I indulged in the most gloomy thoughts of the consequences of my action,

Then the Colonel of the might befure temned up. ™ We'll have to go back
and blow the road bridge," he zaid. “ I'm going to get some more explosive,
mect me here at 08,30 hrs, and we'll go back and blow the bridge.” T felt
therv was 3 lot of rushing about going on, to very little purpose @ better plan
for the future than toy to retrieve the past, [n any case, ih my opmen, the
only damage we could deo to the road bridge would be very temporary unless
we couid get a platoon of trained sappers. If we blew one span—the heat we
could hope for with pressure charges--it would leave an casily bridgeable
pap: and if, as I believed, the Germans had crossed the river at Montreuil,
the bridge had ne immediate tactical importance. Stll, orders are orders and
it would be a pood thing if we could wreck the road bridge; we might be
hucky, you never know. I went off in search of food which I had difficuliy in
tinding, and I returned at 09.30 hrs. sharp finatead of five minutes before
time, as ontis taught at the 8. MLE.). The Colonel, | sebsequentty discovercd,
had turned up a few minutea hefore and, characteristically, he couldn't waita
rainate, 50 he dashed off without me, T waited a2 wheole howt and a half before
my tmpatience got the better of me, then, fecling certain 1°d missed him, 1
raced back to the company to collect explosive and safety fuse etc. The
company had moved, so it was eventuaily about three hours later that I set

off for Etaples.
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About half-way there I saw two vehicles up on a hill to the left, crossing 2
field about a mile away. When 1 was about half 2 mils off I pot very suspicious
of them. I went on 4 few hendred yards closer and there was no mistaking
their hostile nature. 5o T turned round and went back to a bridge about half
a mile back, where a gunner Major was waiting with a French 75, “Has
anyons gone down to Etaples to blow a bridge {7 T asked. " Yes,” he said
consulting his notebook, " a Lieut.-Colenel, LI, went down and has
returned. He reported the railway bridge has been blown, and the conerere
bridge s damaged.” A very pood effort on the part of the Colonel. T was
very relieved be had got hack, so my part in the demolition being vver, 1
retumed to the company,

Beturning to Etaples six years later I found the place terribly changed
from the Bourishing little fshing village it was when T left it Both bridges
were tmissing, and that had much dwindled the town’s assets. But the people
were very friendly and gave me all the information they could. The following
is & summary of the measures taken to rebuild the btidge : the information
came from the 5.N.C.¥. enginecring offices at Boulogne, '

1. Early in 1941, after working for nearly & year, the Germans established 3
single-teack bridge on piles. This was immediately beoken by an R AF,
vaid ; it was not very satisfactory anyway, owing to the tendency of the piles
to shift in the sand. It was therefore, presumably, decided to build a morn
solid bridge, The Germans being rather sensitive about this Failure placed
@ guard round the area, and the French engineers were allowed nowhere
near It

2. Early in 1943, after two years' work, # conetete bridpe was completed.
Mo traffic mmn over it however, for in six heavy raids, the RAF. smashed
it. This was a light bridpe compared with the ofd structure, which was a
more massive and nobler bridge.

3. In 1944, a single-track detour was made two kilometres upstream where
the civer is quite narrow and easily bridged.

4. In 1945, after the war, 5.00CF. inereased the detour o double track,
and that is how the matter stands now. No plans to repair the old bridge have
yet been made.

80 the demolition achieved ita object, and kept the main line cut for the
greater part of the war, I don’t think the R.ALF, in 1940 conld have broken
the old bridge by itself. But once the wound was made, it was the RAF,
that kept it from healing. And during the main crisis of the war, when the
Goermans needed- to concentrate quickdy their material for the invasion of
Britain, the use of that important main mailway down the coast was denied
them. It was certainly a great satisfaction to me to hear from the French
railway engineers that I had caused the enemy an enormous aracunt of treuble
and greatly increased the difficulties of rail transpart in the Pas de Calais area.



TOURIST ON THE ALCAN HIGHWAY
By Majer J. M. Govows, R.E.

HE loss of the American fleet at Pearl Harbour on Tth December, 1941,

had far-flung conscquences, One was that all coastwise shipping on the
western seaboard of the American contnent wae now, theoretically at least,
open to attack by the japanese Navy. A steond was the sudden cruation uf
3 very real threat to the American mainland viz the Aleutian chain of islands,
and in fact the Japanese pot mere than a footing there before they were dis-
lodged. There were tWo gther reasons why it was imponant to hold and
develop the Canadian North-¥West | Lend-Lease fighter aircraft for Russia
in farge numbers wers being ferried over 3 chain of airfiehds, which eventually
crossed the Bering Strait ; without a fleet in being, the shortest Y land ¥
route for a counter-offensive against the japanesc hormeland by through the
North-West and down the Alcutian chain.

Apart from a few winter trails used by trappers and prospectors when the
ground was frozen hard, and a few smalf strips used by hush pilots supplying
small mining enterprises, the main communications in Yukon and Alaska
were by sea and by river for the three or four months when these were ice-
free, INarrow gauge railways ran from Skagway on the North Pacific to
Whitehorse in the Yukot, and from Anchorage on the Notth Pacific 1o
Fairbanks in Alaska. The Continental broad-gauge stopped at Dawson Creck,
1,000 miles from the Alaska horder, which was also roadhead for normal
wheeled traffic.

From these compelling congiderations of war sprang a group of larpe-scale
engincering projects, of which the three main and inter-related schemes were
the North-West Air Staging Routc to Russiz, the Alean Highway (Alaskaf
Canada abbreviated) and the Canot (it Project.

‘Ihe North-West Air Staging Route called for a chain of airflelds, con-
pected by radio buams, from the factorics in the United States up to the
delivery points where Russian Ferry pilots taok uver at Fairbanks and Nome,
with & series of emergency strips between.

The Canol Oil Project involved sinking new wells to a field discovered in
1420, at Norman Wells on the Mackenzie River, pumping the crude oil over
600 miles of virgin territory to a refinery at Whitehorse, then distributing the
spirit by pipeline to the ports and aicfields and to transport using the Highway.

The Alcan Highway ealled for 2 class T0 road, 20 ft, wide, from the Cen-
tinental highway system to Fairbanks, which should link the airfields and
also carry a three-pair telegraph line with repeaters every hundred miles,

Thus there would eventualiy be 2 strong spine through the whole of the
territory, from which large-scale offensive or defensive operations could be
launched, under the protection from the sca of an almost continucus coastal
mountain Tange.

Construction started Teom four headings in March, 1942, inwards from
Diawson Creek and Fairbanks and eutwards from Whitchorse in both direc-
tions. Winter trails of one sort or another already existed over about onc
third of the fength, and the “tote road™, of path of the leading bulldnzer,
sended to follow these where they existed, The © design line ¥ for the finished
road had been worked aut by the Armerican Highways Department, a U.5.
Civil organization, but it hecame clear after fifty to sixty miles had been banlt,
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that strict adherence to the desipn line was going to be toa slow, and so the
finished highway suffers from being an obvious compromise in 1I-Ia-:ves between
the design line and the ** tate " road. Sixteen hundred miles of highway were
driven in eight months by American engineers and Canadian contractors,
with a total labovr force which reached the 30,0 mark nd going by any
standard. ‘The Canadian section of the highway was bu:gﬁ by Canada as a
going concern and handed over to the Canadian Army to maintain,

The maintenance organization is headed by 4 serving Cunadian Sapper
Brigadier, with Headguarters in YWhitchorse, where are also the main in-
stallations connected with the year-round operation of the highway -
haspital, workshups, supply depot, base seores ete, Spread along the highway
ac about hundred mile intervals are maintenance camps staffed by civilians
responsible For routine upkeep. Local resources are limited to firewood and
witer  everything else that they require to aupport life and do their work
must reach them along the highway, They have their familivs with them ;
costa of living are high on account of freight charges for the enormeus dis-
tances, but so are wages, For the most part they are fit and contented, and
the biggest administrative problem ia to keep them so.

Superimpozed on the whole road s 2 unique vnit known az 2 *F Road
Maintenance Company, Royal Canadian Enpineers ™ which uwndertakes
major realighment and major bridge reconstruction,  This unit is entirely
military, and provides a first-class training machine for young Lngineer
ofticers and soldiers in road problems in the sub-arctic,

Here, as everywhere, the highway enginser's main probleny is water, but
here he has to deal not only with the liquid, but with frost in the ground
which never thaws {"* Permafrost '), frast which breaks up the subgrade,
ice which creepa over the highway, ice building up against embankments
and pushing them over, ice-foes in the spring thaw which batter his bridges,
snow as fine and dry as granulated sugar which buiids impassable drifts in
amatter of minutes ina hlgh wind, and twa big floods every year—one at the
spring thaw in early May, and a second when the high snows melt in July,
Adld to this that there s little or no vepetation ta bind the z0il, which 1=
mainly placial silt 2and valcanic ash, and you have a very pretty series of scour
prablems. Keeping the highway apen i3 a full-time job. In places the hizh-
way rups aver muskeg swamp, similar in conststency o a peat bog @ rthis also
has problems peculiarly its own.

From October to April all is frozen solid ; the surface is kept praded down
to abwut two inches of hard packed snow cover and a cruising spued of o
r.p.h. s possible. Alf vehicles using the road age fitted with double-windows,
windshiuvld defrosters, and interor heaters. The odd blizzard may drift the
snow up, but this is soen cleared by a rotary snow-plough which screws its
way inte the doft Bke a tinging muchine wnd fings the soow through a
nozzle thirty or forty feet clear of the road, follvwed by graders to re-smooth
the surface, With only three to four hours daylight in mdwinter, much of
this work must be done by floadlight.

In early spring the troubles begin,  With all bridges and culverts still
frozen sclid, the sun melts a little ive and snow on the cxposed slopes ; the
water trickles down towards the road, meets ice in the shaded ditch and
freezes again, setting solid the following night. The next day a littde more
comes down, Hows stickily over the top of the ice and freezes again. 8o you
may get ice building up fect above the highway and running 2cross it, blocking
traffic, while ice pressuec may move the whole bank sideways. The ice on
the highway must be melted off by heat, usually from a fiee it on top, blew-
lamp, or steam jet. The pressure at the bottom of a considerable mass of ice
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is usually sufficient to liquefy the bottom layer, and unless this can be run off
it will seep into the foundations of the ruad and soften them. Se culverts and
bridges have to be steamed open and kept open. Culverts are now bein
fitted with steam pipes which are dtied and plugged in avrumn. Te meg
aut a channel the pipe is unplugged and steam blown through, whose heat
melts a water channel through the ice, As soon as the flow is steady and
appreciable, it becomes sufficient to maintain itself and not freeze up again.

Many galvanized iron culvert pipes were originally put in. The winter
frost causcs the subgrade to heave, and so many culverts are buckled and leak,
eventually causing a complete washout. All such culverts are in process of
replacement by monobloc timber culverts made in one piece, of box or
harrel-section. ‘'hese * give ™ to the ** heaving ™' of the frost and swell up
to seal leaks as soon ag the flow starts, Such a culvert js put in by three men
in about thirty minutes using an excavator and a crane, provided no rock is
encountered. Many new culverts must be added each scason as streams shift
their courses and unusually rapid thaws bring down more water. Calcalation
of culvert area is nearly impossible, as maps are poor and precipitation data
incomplete, and the thaw pattern varies from year to year. It is a matter of
hard experience.

The further advance of the spring thaw causes tvery stream and gully o
run with flood water and the ice in the main rivers to break up and go ovt.
This i3 probably the severest testing time for the side-ditches and culverts,
ag the whole countryside down near the road is running with melting snow.
Minot washouts are frequent and the maintenance camps are at full stretch.
‘I'he ice in the rivers is first white and solid with snow en top. When the top
layer thawe in the sun and freezes again at night, it turns a ginister bloe-preen.
When the ice starts o rot and et water into it, it turns black and is then
ready to break up. In a gradual thaw it honeycombs vertically and crumbles
at the edge into cigar-shaped fragments wlich float and lie on the surface and
do little harm. In a sudden thaw however the rivers tise and run very fast
carrying large floes which may smash a brid%e. At the Deonjek River in May,
1046, the writer 2aw lumps of ice the size of dining-room tables travelling at
1% to 12 m.p.h. in the coffec coloured flood. Every so aften une would hit
the piles of a bridge and cause the whole structare to tremble,  Piles are
frequently sheared ¢lean through, The spring thaw also brings down entire
uprooted spruce trees, At all river crossings at this time: there is the danger
n? ice and driftwood forming a jam against the bridge—particularly a short-
span pile bridge, of which the highway was made and of which many sl
remain. 1f such a jam iz not guickly cleared with axc and explosive, it uilds
up with terrifying rapidity and takes the whole hridge out. The only remedy
is adequate waterway with long steel spans on slender reinforced concrete
picrs. This is slowly being achieved.

The spring thaw also indicates the cerrent season’s scour problems, which
rmust be attended to before the July floods. Neatly all rivers here are of glacial
origin, and run in a hed, one to three miles wide, within which the channels
change from month to month, The otiginal choice of a crossing place has
sometimes been justificd by events and sometimes not. The Slims River
{Mile 1055} runsin a single channel, 200 ft. wide in a bed about one and 4 hall
wiles across. When the writer saw it, it was ttving to go through the bank
well to the west of the bridge, and was boing held by shect piling.  The
bridge is on piles which were driven 90 ft. into glacial silt without Anding
firm bottom. They are held by skin-friction alone, and as a result the bridge
deck *“ waves.” The Donjek river {¥ile 1130) runs in seven channels in a bed
about a mile wide, In 1946, beforc the bridges could be steamed open
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and held open, the ice built up 3 ft. ashove the highway level on the upstream
side, and pushed the bank on which the highway rests several feet down-
streams It s planned to put three 200-ft. steel apans over the mafn chatnel
this vear. The ditfeulty 1= to know which is going to be the main channel!
From the ground it looked as though the main ice accumulation was above
Channel 1, though Aying over a couple of daya later it looked as though Channe!
T would continue to carry the main run-off.

Evurything up here is bone-dry and the five risk is very serious. In thirty-
six hours spent in the neighbourhood of Ladd Field, Fairbanks, Alaska the
writer saw the fire engines turned out no fewer than three times,

The matn problemn in early summer is keeping the grave] surface on the
highway and keeping the dust down, 'T'he former 1s done by continucus auto-
patrolling, scraping the gravel Back from the edges, where itis flung by the
traffic, to the centre. To the latter no answer has yet been found. Itis a
fincly-clivided * face-powder ™ dust, similar to that found in the Western
Dieaert of Epypt, and penetrates ¢yes, ears, nose, and throat and clings tena-
ciously. It [s necessary to keep about one mile between vehicles, and even
then one gets the dust of traffic going the aother way, '

Most of the muskeg swamps thaw out and some cause trouble, There are
various ways of treating muskeg. One 19 to cut ample ditches ten feet hack
from the prade and lead them right out to a peod run-off. This will let the
bank dty out and solidify, during which it may contract as much as sixty
per cent, IF drainage is impassible, 2 double cordurey of logs as a foundation
will usually hoid the road up. Where there iz permafrost near the surface it
can sometimes be encouraged, by insulating with moss, to come up into the
subgrade and held it set like concrete, Tt is a mistake to try and ditch in 2
permaltost area, as it renders it softer than it was before by assisting thawing.

The big problern of the year cotnes in July when the high snows melt.
This affects the main rivers and their bridges rather than the culverts. A
10ft, rise in the lovel of all rivers is normal, and it may reach 20 ft. and some-
times 30 ft. with & racing current and plenty of driftwood., This places a
tretnendous strain on the bridges, both dircetly and thiough stour round the
piers and abwitments, and behind the abutments, Scour s countered by sheet
piling, spruce logs dogged together, and walls of quarried rock, Even in
spite of all precautions, it is 4 lucky year when somathing does not go,

In October winter closes down again.

The Alecan highway is at present a strategic road pure and simple. No
considerable volume of traffic passes over it from end to end.  Aloog its
Iength is not to be found a single hote! or petrol flling station dedicated to
civilian needs. The odd prospector wishing to drive the highway in search
of gald is subjected o a rigid inspection at the Rear Ileadquerters of the
North-West Highway System in Edreonton for roadwotthiness of hia vehicle
and arctic survival kit, before he s turned locse. Wany come tr grief, and
become a burden on the overloaded road maintcnance system. Thepe ape
ne gich farmlands here—the growing season s too short, and many things
will not grow at all. The great mineral wealth of the North-West can only
be opened up i the three ar four warm months, and fur muat be aoughe far
from the highway. The road therefore seems unlikely ever to become an
economic proposition, and, if UNO succeeds, may well revert to the wilder-
nesz from which it was hewn.

MNete—5inee the clozing words above were written, the writer learns that half e dowen
hotels arc already under construction along the lengeh of the highway, with Glhng
statinng ta metch. The enteepriging pioneering spirit of Canads clear]yﬁves an—good
tuck to them !



LIGHT ALLOYS

By R. P, Hames, AMILCE., AMILStRUCT.E., E-ix-C. Deer.,
War OEFICE

LUMIKIUM alloys have served useful engineering purposes during

the War and indeed modern development in the strength properties of
this metal together with the expansion of the industry is claiming for it in-
creasing recognitian as an alternative to steel and other materials for certain
structural and general engineering purposes.

In the early days of its production, aluminium was regarded as a precious
metal and was employed in the pure unalloyed soft condition for making
arpaments and jewellery, The advent of the acroplane, however, created a
demand for materials of high strength weight ratio 2od led to the develop-
ment of the special alominium alloys which possessed this quality to a matrked
degree and outrivalled the specially selected timbers in this field. The mul-
tiplicity of standard specifications produced to satisfy the requirements of the
aircraft indusiry is somewhat overwhelming and for the purpose of ordinary
structural work a very reduced range is required. On the Continent and in
the United States great attention has been paid to the use of certain of the
alloys in structural engineering and investigation tn this country on the
wider use of z short list of alloys is now in prugress.

Facrons GOVERNING THE ECONOMICAL Use oF ALeMINus ALLOYS

The outstanding property of aluminium alloys as compared with other
metals is their exceptional high strength in relation to their low weight. On
the other hand the material is costly and its choice in 2 structure can only
usually be justified if the weight saving results in cconumics elsewhere

Aluminium alloys are only about one third the weight of steel, being 1T01b.
per cu, fr. compared with steel at 489 lb. per ew. ft. The best heat-treated
alloys have ultimate tensile atrengths in the regton of 32 tons per sq. in. and
compare exteemely favourably with mild steel at 28-32 tons and high tensile
atructural stecl at around 40 tons per 5q. in, or 2 little berter. The other
stresses bear relatipnships of roughly the sume order.

On the face of it, assuming the use of an alfoy with a working stress equiva-
lent to mild steel, a weight saving of sixty-six per cent should be possible
over a steel structure of equivalent strength. In practice a figure of ]I;e’tween
fifty per cent and fifty-five per cent is the best that will be realized. This
1i1.-¢rgencg,r is mainly due to the low value of Young's Modulus of Elasticity

hich averages about 10,000,000 b, 2q. in. as against 30,000,000 for steel,
thus invelving three times the strain or deflection in 2 loaded member com-
pared with a steel member subject to the same stress.

In beamns, although not in all cases essential, quite often it will be neecssary
to counterct the excessive deflection by increasing the moment of inertia of
the alloy aection.

The mament of inertia T is approximately proportional to the area of the
flanges and the square of the depth. 'Thercfore in order to restrict the de-
flection of a light alloy beam to that of 2 steel beam it would be necessary to
increase the flanpe area to three times that of the steel or alternatively to in-
crease the depth by seventy per cent (1°7°—3 nearly), Using a combination
of the two an increase of thirty-three per cent in the flange arcas in con-
junction with a fifty per cent increaze 1n depth over the steel beam would
provide equal deflection, the resulting section showing ahout a fifty per cent
saving in weight over the steel. Obviously if deflection i the criterion no
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advantage exists in wsing the higher strength alloys as the stronger section
already dictated by deflection considerations will provide the necessary re-
sisting moment to bending using a lower strength alioy. Thus a section whoase
flange area and depth is increased as above to give a moment of inertia of
three times the steel section which it replaces will have its section imodulea

automatically doubled thereby {Z — 13.;37 ~ 2;) In this casc an alurminium

alloy with a greater ultimate stress than 16 tons per sq. in, would be unneces-
saty if compared with mild steel.

For members functioning as ties the full weight saving of sixty-six per cent
would be realizud.

For struts where the load capacity, at lesst for slender eolumns with a
high value of LK, is & funetion of the elastie modulus the saving in weight
would average out in the region of forcy-five per cent,

Thus if an aluminium alley of the same strength as steel is used an overall

saving on a complete structure of around fifty per cent is a fairly realistic
figure. The exact figure will of course depend on the relative proportions of
the different types of member in the atructure,
. The foregoing comparizon not only assumes that the two metals are of
equal strength but that they are called upon to take equal load, whereas in
Fact the light alloy would gain an advantage on account of its lower self-weight
which would permit a further additional cut in the sections, The amount
of this would depend on what proportion of the total stress was due to the
live or pay load and what proportion was due to the structore’s self-weight.

To illustrate this, the self-weight of a steel bridge may account for from
twenty per cent up to eighty per cent of the total stress, so that taking the
higher figure of eighty per cent a fifty per cent saving in the bridge weight

would reduce the total [oad to be carried to 100 — ﬂ? = f) per cent of that to

be supported by the steel construetion. A further saving of around twenty per
cent might reasonably be cffected showing a total weight saving of ahour
eighty per cent for the structure fabricated in aluminium alloy as compared
with steel. This weipht saving will alzo reault in reductions in the supporting
piers and abutments,

The type of static structure which lends itself to the use of light alloy is,
therefore, cne whose self weight i= appreciable as compared with its load
capacity, Also, especially where such strugturss are of a portable natuwte, the
weight saving can be reflected in further economies in handling, tranaport
and erection.

With mechanical equipment and gantry ctanes the use of light alioy for
suck items as deagline hooms, excavator buckets, ete, will result in increased
running efficiency, which in the course of the life of the equipment can
justify the higher first cost.

The production of the hipher strength allovs with the exacting heat treat-
ment required is costly and the cost of sections will be of the order of six to
ten times that of rolled steel when based on weight. The cost of fabrication
wauild not be in the same ratio although for obvious reasons more fabrication
will be involved on a ton of aluminium alley than a ton of sieel,

In the example shown zhove the bridge structure itzelf might be expected
to cast roughly one and a half times that of an equivalent steel construction,
¥ar iower weight capacity ratios the compadson would be leas favourable.
Lower handling and erection costs would however operate to make the
figures more compettive.
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M AGHESTUM ALLOYS

Some mention here should be given to these alloys which, consisting of
from ninety to nincty-eight per cent magnesium alloyed with small quantitics
of manganese, zing or 2luminiam, are the lightest structural metals, althouph
not 25 suitable ws the aluminium alleys for fabricated structoral work. At
118 Jo. per cu. ft. they are sixty-eight per cent the weight of the aluminium
alloys, and it is on account of this extremely light weight that they have
received recopnition for certain classes of work.

The ultimate tensile strength of the best wrought alloy is of the nrder of
twenty tons per sq. in. giving a strength weight ratio nearly comparable with
the aluminium alloys with an ultimate tensile strength of thirty-two tens per
8q. in.

Their resistance to corrasion is about equal to that of structural steel and
infedior to aluminium alloy. In addition their thermal expansion i3 in the
region of two and 2 quarter times that of stecl,

They also suffer from a low shear resistance and have rather low com-
pressive proof atresses (7 to 14 tonz per 5g.in.), and an clastic modulus, which
at 6,700,000 1b. per 9q. in., leads to deflections of fuur and a half times that
of steel,

On account uf these unfavourable features and the tendency to work
harden when cold formed, in addition to the slightly higher cost, wrought
magpesium alloys seem unlikely to have wide application for fabricated
strugtures.

The mechanical propertics of cast magnesinm alloys with ultimate tensile
strengths of Up to seventcen tons per sq. in. are, however, comparable with
the high strength aluminjum alloy castings and it is in this field where their
light weight to strenpth can be exploited to advantage that the maximum
development has taken place and the bulk of production directed.

It is, however, with the aluminium alloys that the srructoral enginect will
e ptincipally concerned.

FPRODUCTION

Aluminium is contained in all clays and is present in the earth’s crust in
quantities excecding that of iron. The chief source of the mineral, however,
is from bauxite, a claylike mineral consisting of hydrated aluminum oxide
from which pure aluminium can be won in sufficiently high percentages to
make its extraction a commercial proposition. Depostts of bauxite are found
near the surface and after removal of the overburden are mined in open
excavation,

The earthy substances associated with the orc are mechanically removed
by washing after which the residual impuritics are removed by reducing the
alurpinium oxide to 2 solution in het caustic sode i which it is soluble. This
lagt treatment leaves the impurities separated out of the solution as solids,
thus facilitating their removal. The aluminfutn hydrate is reclaimed from
the solution and calcined to a powdered aluminium oxide.

Finally pure aluminium is produced by an electrolytic refining process
whereby the aluminium oxide is melted with an clectrolyte and reduced to
pure¢ aluminium by the passage of a current through the bath of mmctal which
causes the aluminiutn to collect in a molten lager at the bottom. The alloying
clements are added to the metal by a separate melting process after which it
i5 cast into ingots or billets.

Approximately four tona of bauxite will praduce two tons of aluminium
oxide which reduces to ane ton of pure aluminium.

Dhue to the method of refining used, succeasful commercial manufactuse
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will depend on the availability of cheap power and this factor is more
tmportant than the accessibility of the are in dictating the areas of production.

Aluminium czn be cast, forged, stamped, rolled or extruded. The latter
process (s used in the manufacture of sections, so that a greater choice of
shapes is possible than with rolled steel. For instance, hollow sectinns impos-
sible tor produce by the ralling process can casily be extruded.

The extrusion process is & single operation and merely consiats of forcing
the metal, when in a hot state, to dow through a die of the reguisite shape
and aubsequently allowing it to cool to room temperature. For the operation
z billet 13 preheated and loaded into the container of the extrusion press, Tt
i3 then broeght up against and forced through a die fitted at one end by a
powerful ram operating at the other.

Since the special tools required for extrusion are comparatively cheap the
range of shapea is not lmited to standard sections as is dictated Dy the ex-
pensive stepped rolls necessary in processing steel, However a list of sections
that have hecome standardized by usage in the various branches of engineer-
ing has heen published by the British Standards Institution under Britsh
Specification 1181,

A physical limitation is imposed in extrusion and the largest scetions at
presented marketed must be contained i a eirele of 14 in. diameter. This
factur which reatricts the largest joist section to 12 in, by 6 in. means that built
up sections will have to he resorted to 1o a much larger extent than [z necessary
with stee! where rolled steel joists of up 10 24 in. depth are standard mann-
facture and up to 36 in. will, in the future, be a guoite cotmon supply.

Aluminium alloy sheets are rolled from preheated billets to a maximum
thickness of § in. and to a maximum size of 4 ft. by 18 {t. or 6 ft. by 14 {1,
Generally beam work will therefore be of Jatticed construction rather than
solid web,

Castings ate notrmally appreciably Inwer in strength than the wrought
alloys {extrusions and rallings). They are cast in sand or dies in the nomal
way except that risvrs are provided on a rather mere generous scale than for
cast iron, to ensure soundness,

HeaT THREATMENT

Pure aluminium is comparatively soft and of poor strength and the higher
strength gualities can only be induced by the addition of small quaniites of
suitable alloying elements and by substquent heat treatment or strain hap-
dening after manufacture of the section, “The addition of the alloys has little
effect on the weight of the metal which in the case of wrought allovs will
contain ninety per cent or more of pure aluminnm.

Aluminium alloys are divided into two groups. Those that are non heat-
treatable and rely for their strength propertices on strain hardening by cold
working and those that rely for thetr high performance on heat trestment,
The best of the former group pive maximuem ultimate tensile strenpths in
the reginn of twenty-three tons per sq, in, as compared with thirty-two tons
per sq. in. for the heat treated alloys.

Uncontretled rebeating after heat treatment in forming or welding during
Fabrication will result in a losa of strength, reducing the alloy to its soft or un-
heat-treated condition and a3 the metal can only regain its original strength by
further heat treatment, which may result in yndesirable distortion of the
manufactured member, reheating is to be avoided.

For an appreciation of the effect of these factors it should ke noted that
whereas pure aluminium has a tensile strength of from  five to six tons per
5. in., the addition of suitable alloys can increase the strength to the region
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of fifteen tons per sq. in. in the annealed condition. The strength ia further
improved to about twenty-six tons per sq. in. after solution heat treatenent
and reaches a maximum tenscity, after srrificial ageing, of thirty-two tons
Per $q. in. or thereabouts depending on the alloying clements vsed.

The heat treatment consists of raising the temperature of the metal ta a
specified point, usually around 500 degrees C., and then rapidly quenching it
so that the conutituents taken ints solution at high ternperature are maintained
in solid solution when cooled.

Aluminium alloys have the peculiar property of natural age hardening which
further improves their mechanical properties and this natural process is
azsigted with zome alloys by low temperature heating after the solution treat-
ment.

It iz with the high tenaile heat treated alloys that the structural engineer is
principally concerned although for certain purpose where high corrosion
resistance is required the work hardened type, which have a rather better
petformance against corrasion, may be preferred, The natyral resistance
ta corrosion can be further improved on rollings by the application of a
thin coating of pure aluminivm prior to the rolling operavion.

Btructural steels gencrally are used in the * as rolted ” condition and do
not rely on heat treatrment for their strength properties, this then is one of
the main points of difference between thery and the high tensile alloys,

Built-up sections in tic higher strength aluminivm alioys will therefore
usually be riveted to avoid the loss of strength occasioned by the annealing
effect of welding,

ATmospaEric ColirosioN

Aluminium alloys have a satisfuctory performance under the action of
atmospheric corrosion to which they are more resistant than steels, The meta]
is naturslly protected by the formation of a atrong thin adherent oxide film
which once formed serves to protect the surface against further attack. The
maintenance againgt the effects of aimosphere is therefure less than that
required for steel although when embedded in cement, or plaster which is
damp, 2 protective coating is required to pievent attack, 1t can be argued
that the adoption of a minimum thickness of metal, usually § in, with stecl,
to allow for reduction of section due g corrosion, is not as essential when
using aluminium alloys.

For greater corrosion resisting propertics the natural oxide film can be
artificially thickened by a prucess cailed anoddizing, In this precess additinnal
OXYEEN s caused to combine with the surface aleminium by clectrolytic
action in which the aluminium forms the anode of the cell. On toilings, a
thin ¢oating of purc aluminium can be added to enhance the corrarion resis-
tance. Duespite the good performance against coreosion of the aluminium
alloys, painting of structural work in these mmetals i abways recommended.
The preparatory work required will be [ess than with stect, laborious scraping
and wire brushing is unnecessary, the only preparation required being a
simple treatrent of the surface tu ensure sound zdhesion of the naint.

For marine use the lower strength non-heat-treated alloys give the better
performance in withstanding the action of sea water.

ELESTROLYTIC AcTIun

When dissimilar metals are in association with an electrolyte such as water
the tendency is for a current to How between the lower potential metal, the
anode, and the higher patential, the eathade, causing the anode to be eaten
away and deposited on the cathode. This is illustrated in the simple voltaic
cell and is the principal upon which electroplating is based.
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Pure aluminium has a lower potential than most other metals and when in
contact with them in the presence of moisture will suffer preferential attack
under electrolytic action unless the mweting surfaces are insulated by an
unbroken protective coating.

Aluminium alloys ure not 30 subject to attack and very little action takes
place between aluminium alloys and stainfess, and to 2 lesser degree, mild
steels, but direet contact with Jdissitilar metals showld be avorded wherever
prossible to avold the possibilities of corresion.

MEcHA®ICAL PROPERTIES

A preat number of standard specifications for lipht alleys exist, devized
peincipally For aircraft construction, but a short list of the aluminiem alloys
mwost suitable for application to structural engineering is in course of pre-
paration.

For comparative purpeses the table below gives: the specified minimum
mechanical properties of a representative group of alloys suitable for use in
structures and the comparable values for mild and high tensile structural
steels. Non heat-treated az well as heat treated alloys have been inclided to
illustrate the range of strength,

Typeand Condi-{  Materlal | Proprictary ! 1", proof yltimate ten=! Elongation %
uan af Material | Speciticatian MNeme ! abress (ons |sife stress lonslon &, gatge
[pl:l.‘ 3q. in! per sy, i:l.‘t lenigth
Extruzion [MNan| BSS, 144 |I - 11 s
heat-treated) . |
3 DTD.287 MG 7(swft) | g 20 1 It
Extruszion (heat- !
treated) BSR.GI.1 [Norl IT 5 - .
Durghemin B 15 a4 1 13
ar DTG4 (Durslumin St i a0 . ]
" DTDLIESA [Noral © 775 33 8% | E
RR B8 | I
———— —_ e |
Bheet and Plare| B35 14d MNaral 4 5
{(Non  heat- Hirmabrighe I
treated) LI - | 11 i8
Hindumii - |
wum i
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Sheer and Plate] !
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Hives (oo [ i
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M : I
" DES5.IL37  |Norml 17T 5 . y -
Duralumin ]ﬂ} B 28 -
AMild Structursl BSS.15 "Yicld PoinfLinyiting |
Syl | l 18} |Range 26-23 21
1 {approx) | (approx)
High  Tensily B55.648 o he-nd LY R R+
Bteel | | {(approx.) | (approx.}
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More cxpetience has been gained with DTI) 36% during the period of the
‘Wat than with the stronger and more recently developud alloys, and it
may therefore be Favoured until confirmatory cvidence i available on the
pehaviour of the newer types.

Tt cun be scen that this alley has an ultimate strength about the same as
mild steel. [t can be argued that a higher workiug stress 15 justificd with the
heat treated alloys owing to the fact that no definite yield puint ocours as
dues with steel and the proof stress, which approgimates to the yicld in steels,
is much nearer the wtimate stress of the metal, If the safe working stress
fullows the usual practice of being fixed as a percentage of the wltimate then
a greater factor of safety ubrains since deformanion of g structure commences
anly when stresses are raised to the neighbourhooit of the yigld and on this
vakue a larger Tiatgin exists.

1f working stresses for D'TD 364 and aild Steel are assumed as nine wons
per #q. im. it is apparent that the furmer, with a proof stress of twenty-six
fons per sq. in. is in a much more favoursble position than the latter with a
yield of cighteen and a half tons persq- in. The tollowing stress strain diagram
clearly shows this point i—
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"T'he following comparison of the approximate strength characteristica of
DT 364 and mild steel gives 2 rough guide as to the stress relation :—-

Tonakan '. {omprosaitn | Sheer
—_— _— s — — ) —— e —— .
) i . % witie Etom- 1% ulu- - 1%, | uli- el
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' Sbreaged B tons per . in,
DTD. %654 [heat ! _ persa —— -
rreated | 26 | 30 | Iow 27 | 18 ig] [FERILR-IEIRTT

15 lurolled 1wy 80| 25| 19 3, 13 | b 1ae 30,000,000

The guality of high strain 1o stress and the consequent increased resilience
or ability to absorb cnergy renders the material particularly favourable in
repisting impact forces.
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FapRICATION

Alaminium alloys do not present any difficultica in machining and present
a finished clean neat appearance with a good surface but some modification
may be desirable with cutting tools and a higher speed is possible than with
steel, Heles should not be punched but either drilled full diameter or punched
undet size and reamed out to avoid upsetting the surrgunding metal, Flame-
cutting is not suitable nor is smithing recommended owing w the difficully
of proper temperature control.

Lrae to the high elasticity of the material cold forming and bending are
not casy owing to the tendency of the work to spring back, and, in the case
of the natural ageing alloys, this operation is hest done immediately after the
solution heat treatment and hefore ageing has aperated to harden the metal,
Dlowever, the artificially aged alloys will be more favoured on account of
their higher working stresses and these will usually be preferred delivered
in the fully heat treated condition to avoid the nocessity of installing expensive
furnuees and introducing special operations im the assembly shops. For this
reason design in aluminmm alloy will nermally aveid details which itvolve
furming wherever possible or abternatively a softer alloy will be preferred
and the lower allwable stresses associated with them aceepted.

Crenerally the lighter weight of the construction will permit the prefabri-
cation of farger assemblies in the shops and result in economies in the erection
due 1o the smmaller number of site cononexions,  Connexions can be made
by welding, bolting or riveting the later operation cartied out’ with steel or
aluminium alloy rivets being the most favoured, The smaller size aluminium
rivets can be driven cold and can consequently be of a higher strength afloy
than the larger hot driven rivets which must of necessity be in the soft con-
dition when cooled after driving.

Hot driven rivets do not afect the surrounding metal bur thia canngt be
sald of welding which undoes the heat treatment in the vieinity of the weld
tu reduce the strength of the metal to the soft condition. Welding, therefore,
is uenglly inadmissible unless restricted to the lower stressed portions of
members,

T'RANSPORTATION

A light alloy structure may be only half the weight of the comparable
steel strdcture though it rnost cases it will be of greater total bulk with longer
individual assemblies, The much higher belk weight ratio, possibly of the
arder ¢f three 1o one aa compared W!t%‘l steel, should not affect normal lotey
loading in which weight will nearly always be the criterion and an economy in
transport of about ﬁ%ty per cent i a possibility. This factor is particularly
important where long hauls are involved or in the cases of mechanical equip-
raent and portable constructions where the effect can be acewnmilative,

Shipracot will be more txpensive on transport since shipping freight for
structural parts is gquite often more dependent on the volume than the weight,

The lagger units possible with light alloy will cffect economies in the hand-
ling times and cosls, or alternatively the use of amaller units comparable with
steel can permit the use of smaller capacity Inading and erection aids,

THermaL I'ROFERTIES

The coeficient of expansion, 00003 per unit length per degree centi-
grade, is about twice that of ateel 0.000012 degrees centigrade and wher
structurcs are subject to a wide range of lemperature greater attentmn will
need to be paid to temperiture stresses or provision made to minimize theit
elfect by the inclusion of adequate ¢xpansion joints. Although temperatyre
streasea are more likely to be set up in aluminium alloy structures than in
steel, their effect is not 30 marked sinee 4 larger movernent can tzke place
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without overstress, Stress = E 3 strain, so that comparing a light alloy strue-
ture with 4 similar structure in steel wnder the same temperatuts variation
light alloy would give stress £ = 10,306,000 x 0000023 (L. ot { = 237TL 47
againet steel — 30,000,000 » 0.000M2 (L. t*) or [ = 380L t°, so that the
stress will be only 2/5 of that induced in the steel,

This high expansion has an unfavourable effect in welding where the local
heating in the region of the deposited weld metal tends to cause distortion
and possibly cracking unless the work is adequately held in jigs duting the
ﬂperatmn,

EXAMPLES OF ALGMINIUM AiLoy ConsTRUCTION

The following example of a rucent work carried out m the United States
gives an indication of the weight-saving that can be realized. The structure,
an all sluminium slloy railway deck pirder, bridge span, was gonstructed over
the Grasse River near Massena, N.Y., and showed 2 weight saving of ffty-
eight per cent over a comparable girder span in steel, The fabrication was
carrice] out in high strength alloy with an ultimate tensile strength of thiny
tons pet 3q. in. and an ultimate shear strength of 1875 tons per &q. in.,
the respective working stresses adopted being 9.4 and 5.6 tons per s In.

The rivets used were 1-% dia., the bulk being drivin cold by pneumatic
squeeze riveter, The cold driven rivets had an uitimate shear stress of 14,75
tons per 5q. in. and working stress of 4.5 and the hot driven rivets an ultimare
shear stress 1017 tons per sq. in., working stress 3.6,

An example of the use of small extrusions and sheet in meeting the present
urgent demand for rapid house production iz dimnenstrated in the mass
produced prefabricated aluminium house made in four units, the buthroom;
Tiving-room/kitchen unit which is iliustrated. {5ee Photo 6.}

(ine of the earliest applications of the use of light alloy is that of the Smith-
field Stroct Bradge at Pittsburgh. The substitution of aluminium alloy for the
existing wrought iron deck in this bridge enabled a weight saving of one ton
per fout run to be made and thus permitted the bridge, which would have
atherwise needed total replacement, to compete successfully with heavier
modern traffic.

Tue SurrLy PHOBLEM

As comparcd with steel the world preduction of alominium is small.
Adequate supplies of bauxite exist and methods whercby the extraction of
aluminium from commun clay can be operated commercially may be 2 future
development, :

During the past war the bulk of available supplies was diverted to the con-
struction of mretaft. o times of emergency manofacturing capacity might
be expectcd to impose 2 severe limitation on the widespread use of the
naterial for other constructional purposcs in which its peculiar properties
are not o vital. However, the saving in manpower and machines effected
hy the reduced weight for handling and overland transport is an attraction
which might challenge the higher initwl price of the material for certain
equiptients, although, of course, availability will abways be the over-riding
factor,

In conclusion a great deat of literature has heen written on the subject of
aluminium allovs to which the author hag referred in compiling these niotes.
No special originality is claimed for this article which merely attanpts, in A
condensed form, to prescnt the possibilities af the material for use in con-
structional work. |

Acknowledgment is made to the Aluminium Development Association
for their assistance in making avatlable the various photegraphs used to
illystrate this paper. :
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Photo 1,—Bauxite mines in Brivish G

Photo 3.—Extrusion coming from the press

Light Alloys 1 & 2



Photo §.—Crane Jib.

Light Alloys 3 & 4



Light Alloys 5 & 6



ASMARA WATER SUPPFLY
By Ligrrenaxt-Coloxen Y. B, Syvres, RE. (T.AL)

IT will be recalled that Asmara, the capital of Eritrea, fell to the British,
Indian, and Suedan forces on Aprii-Fools® Day, 1941, daring the carapaign
which actually started in Sudan with the recapture of Kassala and ended with
the liquidation of the complete [talian East African Colonies, inclusive of
Eritrea, Ethiopin and Ttalan Somaliland.

The population of Asmara had grown considerably since the Ttalian-
Ethiopian War of 1933 346, due to it being the main base for all the Italian
operations. It grew still further in the 1M1 campaign owing to an influx of
native population, whese apriculturs] lands had been destroyed, in addition
to Italians taken and held prisovers in Astoars and alzo owing to the Ttalian
pupulation of Ethiopia haviog fled from the Ethiopian Patriots Army.

Not long after Asmara’s fall, it was reputed to have a population of over
LW, D00 Matives and 26,000 Lralians, in addition to the British Garnson, which
at that time, although small for its responsibilities, wdded to an alrcady over-
crowded population.

The Water Supply of Asmara was tnoa critical condition due to five
ICISONE & —

{i) Over Population

(1) Lack of Storage

(i) Bad [Hstribution

fiv) Rainfall below normal in 1940-1%1
{v} Sabotage and War Damage

The sources of water were as follows :—

(11 Reservoirs

(11} Belesa and smaller adjacent lakes
(i) Scmbel, an underground tunnel collecting system
{iv} Guuelwif ¥Wells, wich pumping station and storage
{v} Various local wells.

The water from Buelesa and adjacent [akes ran in a pravity agueduce to a
central pumping station, where it was pumped to 2 higher level ;| Asmara
receiving 1t by gravity inta a piped service for which no true records existed,
being u typical Italian system, and no pipe exceeding 3 in. dismeter was
found during the writer’s time there,

Pumping had to be carried our in cycles at the Central Pumping Stabion,
as required off-take from the Crravity Concrete Tank was always greater than
intake, due to the [ow level in the reservoirs and lakes. Practically only six
hours' supply existed vut of cach twenty-four hours.

Sembel provided an underground collecting tunnel systein, partly con-
structed prior to the War, It served a local huspital area, whiclh when
increased by & Britsh bospital of 600 heds failed to meet their needs, On
other oocasinns it did send a reserve to the near-by Godaif Pumping Station,

Godaif Pumping Station obtained itz supply dircet from wells, which
proved fairly successful, but loog queuss of Brtisle military velicles were
always evident, being the main source for the British, Indian and Sudanese
Garrison, and after meting their needs Little was left for the Italian popula-
tion, most of which could only be supplivd by mule drawn vehicles.

Local Wells, which althoupgh numerous, only supplicd small guantities
and, after a proclamation was issueid compeiling everyone to declare wells, it
was not considered that they were of any seriouws value, although they did
assist the [ocal natives and Ttalians,

253
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Wells were reconditioned and installed with pumps to add to the supply
for military needs in the outer areas, as far as fourteen kilos from Asmata.

Water transport, ¢ven with Italian civil and military vehieles, was in short
supply, as was peneral everywhere in those days in 1941,

‘The positinn was critical, and the siteation required special attention. It
was discovered with some difficelty, soon after the occupation, that various
Italian schemes existed for improving the supply. These plans, after many
threats, were obtained from the Italian Water Distobution Company and
the equivalent to our Borough Surveyor, whe finished up shorily afterwards
ina P.O.W. Camp.

The scheme selected was a Dam across the narrows of Valley Gnechi,
adjacent 1o the [talian Pumping Station which coliected the water from Belesa
and smaller lakes.

The dam had been provisionally desipned by the itzlians a8 2 mass concrete
structure and this design, subject to amendroents, was finally adopted. It
was altered in many ways to suit the British Code of Practice for Reinforced
Concrete, a5 also were structural details.

An Ttalian Contractor was engaged and the actual dem was built by Italian
labour, hoth Civil and PO, under B.E. supervision, with the D.C.R.E.
in control and a resident W.0.I. on the site.

Progiess in many ways was not pood, duc to the laboor engaped, lack of
matetials and suitable plant, but the many difficultics were eventually over-
come, resulting in the dam shown in the photograph,

Cement was obtained from an Italian factory in Massawa, which was
badly sabotaged, and before any concrete couid be placed the cement factory
had to he got into operution, which meant British personnel being engaged in
a factory located in the Red Sca coastal area with a climate of great humidity
and often with a shade temperatute of 120°F,

Sand was obtained from a source sbuut twenty miles away, und a local
quarty was started giving a respectable granite ageregate. Reinforcing Rods
were in plentiful supply, and exploeives of Italian origin were easily obtained.

Wark commenced in May, 1941, approximately six weeks after occupation,
and there was a desperate race against time in grder to catch the rains, which
only occur ance per year, in September, and are of equatorial severity. Very
minor raing de oocur ¢atly in the year, but they are of almest negligible valye,

The reinforced concete dam, in addition to spanning the neck of the valley,
penetrated well into the sides, which involved considerable excavation with
the use of compressed air and explosives, and it was at this stage that extremely
difficult decisions had to be made.

Fenetration into the sides of the neck began to exceed structural necessi
and still the face of the excavations presented ™ flssures,” or layers of soft
matetials, which would have zllowed serious leakages to accur frum the
reservoir and pencteate behind the dam, Excavation was stopped and * cement-
gunning ”' was resocted to, the plant being home-made on the site. Mo less
than 230 fubes were driven into the rock for ' cement-gunning * purposes.

It was alzo realized that this would not be 2 complate remedy and it was
decided at a later date to apply similar methods to the rock faces of the neck,
both on the water side of the dam and behind it. This will be referred to
later,

Much better rock was found on the bed, or floor, of the neck far the footings
which were of considerable depth, :

Excavation first, and then the placing of the concrete were carried an twenty-
four hours per day for seven days per week, with arranpements for aceommo-
dating and feeding the men on site. The gquarry was working at full
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pressure and an organized (ransport systern was in operation for incoming
sand and cement.

Site wsts tock place, with improvised equipment, for cement, which did
not come up to British Standard Specification, and efficient apparatus was
conatructed for the proper grading of the apgregate.

The dam itself was in mass ceinforced conerete, with a shell of 1 20 4
mixand 2 ¢oreof 1: 24 &, The photograph shows the type of steecture, which
contained two vertical shafts with built-in steel ladders, Ieading down to two
horizontal chambers, containing the cutlet valves and which afforded per-
manent means of inspection of the dam structures. The chambers also took
away a good proportion of unnecessary concrete,

Expanswon of the concrete was allowed for, with joirts into which were
ingerted a series of bronze bafBle plates to stop any leakape,

A spillway was constructed in the centre of the dam and extended down the
inclined foce at the back, to enable any overflow to be controlled and the force
of the spill was broken by baffe walls at the base of the dam.

The offtake of the water received special consideration and three separate
valves were provided at varying levels, The offtake valves were controlled from
the chambers inside the dam and warer was fed by gravity to & small sub-
sidiary 120 cu. metre capacity concrete tank, where electric pumps took it to the
Central Pumping Station, which already accepted water from Belesa and
adjacent lakes.

Additional pamps were installed at the Centrel Pumping Station. Flocu-
lation and sedimentation tanks were buailt and all the water was chemically
treated and purified.  Many difficuities were experienced due to lack of
chlorine gas and other water purifying agents. When the installation was com-
plete the dam itself was approx. 214 fr. long, 72 fe, high and the width at che
base 56 f1,, tapering to § fr. at the wp,

The concrete contents of the dam, inchusive of spitlways, baflle walls, pump
house snd various ether incidental work was 12,500 cu. yds. and the amount
of steel used was 125 tons.

The dam and incidental works were not completed by the arrival of the
rains, and the final concreting up to the spiliway was actvally in operation
when the heavens opened for the annual tropical downpour. Luck was with
the Sappers and we had the pleasure of seeinyg the reservoir gradually fll and
the dam behave inn the manncr it was expeeted to.

Various leaks were evident through the tock strats, these were noted snd
when the teservoir lowered, ** cement-gunning " operations again took place,
which in the end, and with the aid of organic matter which percolated into the
fissures, reduced the leaks and losses to a minimum.

The area which the water covered was never correctly surveyed, due talack of
staff and instrements, and estimates of the contents varied between 960,000
o, metres and LI0VK) cu, metres. [t did, howewver, add to Asmam’s etitical
water supply by nearly 5,00 tona per day, which meant the difference between
the critical position that existed and a supply which, although still not ade-
quate, made & wonderful difference,

The completion of the final works was celebrated by the Sappers on the
dam with Ttafian Spumanti, which had been kept for the oecasion, and an
inscription incised in the concrete of the dam marks still another work where
the Corps harnessed the forees of nature for the use of man, and lelt zome-
thing behind for the benefit of humaniey,

Furnther improvements were still needed to complete Asmara's water supply,
including the laying of new supply mains, but these were left to 2 later admini.
stration (0. E. T.A ) to carry out.
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MEMOIR

ERIGADIER-GENERAL R. I'. SORSEIE, OB, C.8.1., C.LE

OUERT FOX BOR5BIE, who died on 2%th April, 194K, was the son

of the Rev. R, Sorsbic, Precentor of Rochester Cathedral, and he was
born at Kochester on [ March, 1866. He was educated at Sutton Valence
Schoal and Woolwich and was gaeetted into the Corps in 1885, and after
campleting the nommal course at the S.0LE., he was posted to India in 1887,
where he joined the Madras Sappers and Miners, going to Burma as Assistant
Field Enginecr with the Burma Field Force, after which he held appaintments
as Company Officer of “ K ” Coy., Adjutantand O.C. “ K * Cov.,™ A " Coy.
and 2nd Coy. respectively, between the years 1587 and 1894, bring promoted
LCaptain in [E94,

In 1896 he returned home and was posted as DO, Limerick, Two years
later he was appointed Adjutant of the Znd West Riding of Yorks, RE.,
which he held unti} 1900, when he was appointed O.C., 38 Coy., and Assis-
tant Adjutant at the 5.M.E. The foltowing year he went with the 58 Coy,
to Salisbury Plain, and in 1902 he was posted as D.O. (Reconstruction) at
Shorncliffe and was promoted Major.

Tn 1305 he returned o India as Asst. CLR.E, at Debra Dun, and n 1908
was Asst. C.R.E. at Bangalore, The following year he came home to the UK,
to attend the Indisn Class at the S M.E. On completion of the course he
retumed to India a5 Asst, C.RE. Southern Brigade, at Madras, and was
promoted Lieut.-Colonel. In 1913 he was promoted Culonel and appointed
C.R.E. 9 Div. at Ootacamunad.

In 1314 he was granted leave to the UK. and was at home when the war
started in August. He returned to India and was appointed C.R.E. 7 Div.
at Meerut. In 1917 be was made Chief Engineer, Northern Command,
India, with the rank of Brigadier-General. In 1921 he was D.D.W. Southern
Command, Tndia, and Officiating Director of Military Works 2t Sunla in
1322, He retired In 1923,

Daring the 1914-18 War he had 2 most strenuous time on the Nocth-
West Frontier in India and on the outbreak of the Afghan War, in 1913, he
was Chief Engincer to the Northern Army under General Sir Asthur
Barrete. Itwas a great blow to Sorshie that he was not sent overseas with the
expeditionary force to Mespot, as he was not considered to be sufficiently fit.

In actual fact, although he had to be carefol with his diet, none could have
Ted a more strenuous life touring his large arez on the North-West Frontier
all the year round, including the hot weather, when nnthing sezmned to tire
him, For these services he received the C.LE. in 1917, the C.5.1. in 1515,
and the C.B. in 1920,

He was a delightful man to work under and was abways most kind to hiz
subordinates, At the end of the 1914-.18 War when accommadation in India
was very difficult be and Mrs. Sorsbie threw open their doors and shared
their bungalows at Rawalpindi and Murree with several other officers and
their wives, and thanks to the wonderfol kindness of General and Mrz. Sorabie,
these combined hovseholds ran on oiled wheels,
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PW L. B-5. writes, " Sorsbie was an enthusiastic and practical engineer ;
he had indefatigable energy, was alwaya full of ideas, and gave marked atten-
tion to detail. His early treatise on Blacksmith’s work was a standard in its
time, and his Geology for Mititary Engéneers, 1 am told by Col. A. H, Bel),
whose firm are its present publishers, has in dater years been in considerable
general demand, as being valuable and unique of ity kind.

¢ Sorsbic appreciated rhe efforts of his subordinates. When T was diccet'
under him in Simla {or very much so, with the approval of the Deputy}, he
gave tue quite « free band, and in continuation of my previcus personal
experiences with hirn, when he used to stay with me in Peshawar and inspect
my activities tn Peshawar IMstrict, I found it a pleasure to work under him.

“Gorshie did not have an oppartunity of making much of a mark as DML,
a5 he was only holding the helm for Atkinson whilst the lattar was on leave
Fending sanction te hiv E.-in-C. organization (in the cvolution of which it

ell to my lot to play 4 faic part}. The E.-in-C. organization which was intree

duced in April, 1923, retrieved and greatly improved the position of the
Sappers as a whole in Tndia, and finally rescued the Military Works Services,
us the Military Engineers Hervices, fromn the state of frustration into which
they had been plunged in 1920 by uninformed and biased criticism in the
aftermath of the first World War: in November, 1920, the I,(. 3. ¥ had been
reduced to DU W, under the QUALG, and divorced from controd of Engineer
Troops. .

“SBorshie loyally carried on for Atkinson in this difficult interim period, when,
tnorenver, much was afoot on the MN.W. Frontier, where the Razmak roag,
notably, was started, in pursuance of the pelicy of the military accupation of
central Waziristan.”

After he retired " Boli 7 Sersbie went to live 2t Boutnemouth, where be
threw his heart and soul inlo many [ocal organizations. He was for some time
Scout Commissionet for Bouwrnernonth and alse Governor of Pokesdown
Lud's Tnstitute, hut perhaps his greatest work was in conmexion with the
Disabled Soldiers and Sailors Workshops, on whaose behalf e collected larpe
suma of money by his strenuoua cfforts.

Dunng the 193543 War he ron a Bureaa at Bourhemouth for the enter-
tainment of service men, tany hundreds of whorn were grateful to him for
the excellent arcangements made fur their entertainment while staying there.
ITe slso took a great intereat in Toc H., the Overseaz Leapue, the Faitbridge
Farm Schonls and Tndia Church Aid.

In 1903 he published a baok entitled Notes on Mlacksamiti's work and in
1911, Geolagy for Engineers, which for along thoe was wsed as a text-book
on geolagy for Military purposes. A second edition was published in 1938,

Bath these bonks are refepred to above by B L. B-5,

In 1800 he marricd Augusta Helen, the daughter of Licut,-Col. Ridout of
the Scottish Rifles (Camcronians} and aister of the late Major-{enerl
Sir Dudley Ridout in the Corps. He had two sons, Licut-Colonel B W,
Borsbie, R.A., and Julian Sorstae.

C.CP.
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Pt by Novana Fandy
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BOOE REVIEWS

BRITISH MILITARY ADMINISTRATION IN AFRICA, 1941-47
By lorp Remnery or Ropp, K.B.E, C.B.
(His Majesty's Stationety Office. 17 6d.)

This record of the achievements of the British Military Administration
of Dccupied Territories in Africa is ot one of the planned series of Official
Military or Civit Ifistories of the War, Nﬂerﬂ'ﬂﬁss. the author has had
access to official documents and it is hard to imagine that the same ground
<ould uscfully be covered again, so that for zll intents and purposes this is
the official story. Lord Renncll is well qualified to writc it, as he had served
in the O.E.T.A. under Lord Allenby in Syria, and joined Sir Philip Mischell's
Polrtical Branch at G.H.€). Middlc East in Febroary, 1541, Hec became
Chief Political Officer for Middle East and East Africa Commands, and later
Chief Civil Affairs Officer for the campaigns in Sicily and Iraly,

Reduced to its simplest terms the story is the answer to this question :
" How did the British discharge the responsibility placed by the Hague
Convention upen an occupying ammy 7 How did they sct about dispensing
Justice, safepuarding eneroy property, evacuating and repatriating civilians,
forming police forces, fosterng the health and eduvcational services, main-
taining supplies, and reviving trade, and with what success ?

Although the British had had some cxperience of these problems, it was
nowhere collected in accessible form ; in other words, there wasn't 2 manual,
which provoked the cynical suggestion that the British Army was not expected
to occupy enemy tettitory | Thiz was undovbtedly a handicap at first, even
thaugh it meant freedom from too much planning. But the unexpected may
happen again and, if so, Militaty Commanders and Administrators will be
Eratefuf for the care and clarity with which these African experiences have

een set aut, The organization of Pulitical Branch Headgquarters would be
of particular value, together with the copies of actual Proclimations, Agree-
tnents, and Policy Instructions ; but the whale record is so readable that its
appeal will not be confined to those who have heen, or may be, employed in
Military Gavernment.

Is variety the spice of life ! Consider for 2 moment the astonishingly
varied conditions with which the Military Administration was faced.

First, Ethiopia, where the Enperor, never having accepted the Italian
conquest, regarded himself, with some justification, as merely resuming his
throne.  But the British had reconquered the country and were clearly re-
sponsible for the safety of Italian people and property. In the adjoining
colony of Talian Somaliland the inhabilants were inclined to be warlike and
had plenty of arms and ammunition. A4 gendarmeric had to be raised and
disarmament enforced. Resettlement of farms was another major problem,
yet in 1842 the eountry was self-supporting in food,

Eritrea had also been an Italian colony, but the " more than usyal
lethargy of the remaining officials made it useless to cmploy them, Food,
currency, and rebief presented urgent problems, but when the Germana
captured Crete a regular “ gold rush ** began of branches and services from
Egype, who saw the advantages of a recarward echelon in Eritrea. Then came
the American Aid scheme and 4 rapid growth of the military popuoiation. Trade
flourished, nevertheless 5 stimulated, pethaps, by instreetions from London
to pay partictlar attention to Latvia, Switzerland and the Philippines |
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The reoceupation of British Somaliland was a different matter, For here
the lawg and forms of the previcus administration were reatored by Order
in Council. The change of T.. of C. to a line through Berbera in March, 1941,
gave a stimulus to trade and activity generally, and it is remarkable that the
finanvial position of Dritish Somaliland was more prosperous in 1941-43
than at any other previous time in its history. In Madagascar we found enough
French officials willing v help us at Diepgo Suarez, with a potentially hoatile
Vichy government everywhere else. In due course a High Commissioner
was appointed by the French National Comittee, and thereafter British
Military Jurisdiction remained in force only in the extreme north.

Cyrenaica, after the falsc starts in 1940 and 1941, presented the problem
of & wholly native country which had suffered grievously. The underlving
difficulty was how to continue a latent Ttalian sovereipnty until the Peace
Treary. Tripolitania, a country which had been materially endowed better
than its economic capacity warranted, was Unigue in one iMportant respect ;
narely, that an adequate staff with sufficient trangport was available at the
outzet | Then there were the Dodecanese Islands, helopging to Italy and
peopled very largely by Greeks.

Tt i3 true that no two problems are exactly alike, but it iz obvious that in a
record of achievements of such a varicd natere thete must be pleaty of useful
guidance for the future, and this is cqually true of the more specialized
chapters un Law, Finance (in¢luding Banlung und Trade) and the Custody of
Enemy Froperty.

Treating this volume as the first of those on ' Civil Affairs,” tne can safely
say that the scries has started well.

L5.0.F.

WAR BETWEEN CONTINENTS
By F. O, MuscHE and E. CoMBarx
{Faber & Faber Ltd., London, 13s 0d.)

The Ceechoslovak Colonel Miksche is the author of the books BEisérew
and Paratroops. Colonel Combaux is a French officer.

Their anafysis of the economic and political conditions obtaining al the
tine of the second World War emphasizes the gulf that separates the interesta
and ideals of the Soviet and the capitalistic sphetes. On the supposition thae
war between the Ruassian and the Anglo-Sazon groups comes within the next
few years, they examine the probdble battlegrounds, tactics and technicues.
They consishee that medern seience, far from making short sharp work ot the
next war, would greatly increase its feroeity and the extent of its devastation,

The results of a clash would be fearsome 1ndeed, but the avthors do not
admit that it is inevitable. Dhagnesing the dismembered scraps of Europe
s " corpuscles floating in a polatization field penerated by the two masses of
Eazt and West ' their prescription is ©° Unite or die.” At first there should be
five federations ; a Western, a German, 8 Scandinaviat, a Danubilan, and a
Balkan. ‘These should then range themselves under a higher authority ot
say, Geneva. European pations cannet, in the name of their feeble 40 mil-
liuns, play at being great world powers at a time when vast new empirzs as
big as continents are being formed.

Logival as all this is, the solution is & disquieting one. Can the European
nations display the vision, unanimity and self-disnpline eszential o such a
programme ¥ The authors think they can, and must, o0 .., LSOPp

R0 N
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COENWALL'S ROYAL ENGINEEERS
By Lieut-Cor. C. J. H. Mrap
(Published by Underbill {Flymouth) Ltd. Price 31s. Od.)

This is a history of Cornwall's Royal Engineers (Auxiliary Forces) whe
started as Volunteer Submarine Minets in 1888, with headquarters at
Falmouth, The author describes in detail the career of the regiment dunnp;
its three periods of existence * Volunteers ™ fmm 13588 w 1ROE, ** Alilitia ”
from 1883 to 1807, and fnally as © Territorials *' from 1908 to 1940,

He explains the main features of cach type of unit and his remarks are in
the main applicabie to the Auxiliary Forces of the country generuily duning
the perivd under review,

He goes fully into the tvpes, characteristics and qmluf’catmns ol both
officers and men and describes the crganization, discipline, pay and conditions
of service, and uniforms.

Although the history will naturslly make the greatest appeal to Cernish-
men, those Regular R.E. officers and other ranks who have served with the
regiment from time to time as Adjutants and Instructors will find the re-
miscences interesting. They are all mentioned by name and any outstanding
chamcteristics and achtevements are given dus prominence.

The heyday of the regiment was no doubt dering the Voluntecr period, The
ugit formed a pleasant association and the musical and pageant-loving
Cornishmen were evidently very fond of full dreas uniform and ceremenial.
‘The cfficers naintained, at their own expense, o good military band which was
naturally much in demand for social functions. Unforwunately, however, the
Volunteers were not able to devobe sufficient time to maintain 2 high cnough
standard in the technical shill required for submarine woining and this led
to their disbandment in 1252 and their replacement by Tilita.

Few of the Volunteers found it possible to undertake the greater obligations
involved in joiping the Militia, and the regiment thes losk its county aspect
as both officers and men had to be recruited largely from sther parts of the
country.

The Militia proved ta be excellent submarine miners but they lacked the
electrical and mechanical knowledge required to handle Searchiights, which
were introduced in 1894, and soan became an important BLE. responsibility
in the defence.

When, therefore, in 19046, submarine mining was taken over by the Royal
Mavy, this naturally led te the disbandment of the Militia Submarnne Miners.

About this time the Haldane Schieme abolished all # Militia ™" and ** Volun-
teers * and replaced them hy °° Bpecial Reserve ™ and ** Territorials,” In
this reorganization the Cornish R.E. Auxiliary Forces hecame the Cornowall
R.E. {T.F.) which compriscd both Works and Electric Light Companies and
every man was rcquired to be a tradesman. (In the vld Voluntcers two-thirds
only were tradesmen). The repiment maintained this designation until con-
verted to a unit of the Territorial Army by the Act of 1521,

The author concludes with an interesting survey of the Auxiliary Foroes
of the country from 1883, to the present time. His remarks are applicable to
the nation as a whole and provide much food for thought. He supgests that
a revival of the name “ Volunteers  instead of ** Territonials ** would have a
beneficial effect on recruitment for the Auxiliary Forces on a voluntary basis,

The boek is a weleome and timely addition to the History of the Corps and
we ghould be grateful to the author for his painstaking rcscarches in official
and press records for the wealth of facts and incidents he relates, It has
evidently been a labour of love, as his family were intimately connected with
the Cornish Engincers for many years.

Any profits from the sale of the book are being devoted to the REO.C.A.
and certain other chatities,

WML
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LORD KELVIN _PHYSICIST, MATHEMATICIAN, ENGINEER
By A, P. Young, OLB.E., MIEE. Is. 6d,

JAMES CLERK MAXWELL—A MATHEMATICAL FHYSICIST OF
THE NINETEENTH CENTURY

By R. L. Swore-Rose, DnGe, PhDh., M.IEE. 1ls 6d.

These books, published by Longmans Green & Cn., for the Eritish
Council, are two of 2 series of some two dozen books to date, entitled
Scienee fn Dritain, and are intended to provide a survey of acientific activity
in Britian. Bome of the volumes, as these, are biographical, and some relate
to a varicty of scientific and industrial activitics, such as Plastics, the Royal
Institution, Sea Surveys, Patonts, ete.

The two uncler review have each eight fill-page llustrations,

Lord Kelvin (William Thomson} (1504 ta 190T) was Professor in the
University of Glasgow in the Chair of Natural Philesaphy, which be cccupied
for fifty-three vears and in which he influenced the scientific approach of
many penerations of students. He wias o seientific investigator, particulatly
in establishing the second law of thermodynamics, and in work on electrical
nscillations, which contributed to the development of wireless ete. Ile was
alse an enpincer and inventor,

He took a leading part in laying the first successful transatlantic cable_,
Convinced that the progress of science depends on precise measerement, he
invented a number of precise measuring instruments where none had existed
before. As owner of a large sailing vacht he became interested in navigation
and invented the marinet's compass 23 now known, and the medern sounding
machine,

He was founder and director of Meassrs. Kelvin, Bottomley and Baird Ltd.,
scientific instrument makers, and made a large fortune through this and his
nurmerous directorships and patents,

James Clerk Maxwell (1831 to 187%) was a different character altogether,
Probably the greatest theoretical physicist of the ninetcenth century, he did
nat turn his talents to practical account.

He held professorships and fellowships at Cambridge, the Marischal
College, Aberdeen, and at King's College, London. In the newly founded
Chair of F.xperlmental Phyaics at Cambridge, he decided on the In].n:uut and
equipment of the famous Cavendish Labaoratories, and laid down their futurs
use as 4 place, not only of instruction, but of uriginal tesearch.

His achicvements in physics include picneer work on the tings of Satarn,
on colour perception, on maolecelar physics, and the kinetic theory of gases,
on the electro magnetic theory of lpht, and on the constitution of alastic
golids.

* Alaxwell's Law of Distribution,” developed i connexion with the kinetic
theory of gases, but applicable to many other aciences, ia the foundation of
the science of statistical mechanics and leads up o the quantum theory.

The system koown as ** Maxwell’s Equations " first established the mathe-
matical connexion between static electrical figlds and magnetic ficlds of force,
and his noxt step was to conncet the electro-mapnetic system with light and
the veloeity of light. All this was done in a comparatively short life of forty-
vizht years,

Both great mmen, here reviewed, had the inestimable advantage of being
brought up in a family of considerable intellectual activity, —EKelvin's father
having been professer in the same Chair at Glaagow before him, and Maxwell's
much interested in practical mechanics and connected with the Royal
Socicty of Edinburgh.

Buth books under review are admirably sompact and give a elear and read-
able pictyre of two great men, and have led this reader to want toénﬁwfmcnm,
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MILITARY CUSTOMS
By Majon T. J. Epwaros, M.BE., F.R.Hisr.S.
{Crale and Polden, 10s. 6d.}

In this slim volume the young RE. officer will find, compressed into 2
small space, a mass of information on a variety of regimental customs and
peculiar distinctions of the British Army ; from military musie, the " bloody
sownes " of Chaucer's Canterbury Tules, o moustaches as a form of fright-
fulness ; from *“ grace before meat ™ and ** the Loyal Toast ™ to the suspi-
givus habits of the Cameronians at Divine Service ; from reginental mascots
to red tabs. But he will fnd unfortunately no reference to the Corps of Royal
Engineers except an illustration, wrongly rawn, of the R.E, Grenade. ‘The
Corps is perhaps too distinetive to require peculisr distinctions in manner or
dress, too practical o need to be picturesque, Or is the emission and the
crror due to the fact that in the published volumes of the history of the Corps
the auther could find no reference to the dress and badges or to the fighter
and more personal aspects of our Corps history. This is a gap in out records
which, it is to be hoped, some future Corps historian wil fili.

As a compendium of army peculiarities—of those customs at which, as
the anthor says, the uninitiated may scoff as useless anachronisme but which
are the basis of that potent driving force, esprit de corps—rthis inle volume
makes interesting reading and containg much that il be new to most of us,
It is well printed and well itlustrated with s number of coloured plates, which
tnay account for the price but which make it 2 very suitable birthday gift to
a budding soldier from " 2 polished female frend.” L.V.R

BRIEF HISTORY OF TIIE K.G.V'5. 0. BENGAL SAFPPERS AND
MINERS GROUP, RLE (AUGUST 1939 ‘I'D JULY 1548)

{Published at Roorkee, Price Ra 7 or 10z, 0d.)

‘This brief history compiled by Lient, 3. Pearson, is, as he states in his
Preface, ** intended to serve as 2 base for a later and more accurately informed
history."

He 18 to be congratulated on producing such a very interesting book in so
shovt 2 tie. “Lhe writing of any history entails an immense amount of work
and the reading and sifting of very large nambers of diaries, reports cte.

‘The History starts with the rapid expansion and training of the Corps at
Roorkee and cuntinues with the story of the ever-increasing activities of the
Corps in the many countries where they were employed.

Then foliows the early days in the Western Desert in 1939 and 1940, and
the first advance to Benghazi and subsequent retreat and the Joss of Tobruk,
when a considersble proportion of the 4 Ind. Div. were captured, after they
had returned from their vietorious campaign in Eritrea and Abyssinda, Ta
1941, the 8 Ind. Div. and part of the 1% Ind. Div. were protecting the il
fields in Persia,

Then follows the story of the campaign in Malaya and the retreat from
Purma. The part played by the Bengal Sappers in the substquent war in
Burma s well described in later chapters.

Between these chapters arc others, in more or less chronological order,
dealing with the El Alamein eampaign, Tunisia, Italy and the final cleating
up in Greece,

The book contains very geod and clear maps of the various campaigns and
a few photos. C.CP.
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TIMBER CONNECTORS
(The Journal of The Furifiution of Structural Engineers, May, 1948)
“T'imber Connectors ™ are used to improve the efficicney of a normal
* bolted foint in # timber steucture. The bolt pasees through the centre of the
connecter, which s of metal, and 15 cimbedded in the contact faces of the
connected timbers. Ineressed bearing area for transmission of [oad is thus
ultained.

This paper details the various types of connectors, which were
developed during the war to improve the efficiency of holted joints and effect
a great%r economy in the use of timber.

Of the diMerent jeinting medivrns, sdhesives are stated to give a joint
efficiency of 100 per cent, thinber connectors up to B0 per cent, and nails,
screws and ordinary holted joints as low as 13 per cent, tn the worst cases,

Constructions using connectors can be carried out at site, but adhesives
require factory contrel. The low efficiency of bolted connexions s ascribed
to the physical difficulty of sccommodating sufficient bolta in the contact
areas of the members to be joined, and to the low shear strenpth of timber
parallel to the prain and the bad distributivn of stress along the length of the: bodr,

Of the connectors described, the most efficient is a circular split-ring type
requiring a groove pre-cut in the faces of the two members to be connscted,
A less efficient toothed-ring type, requires no preparation of the timbers:, and
is fixed by locating it butween the contact faces, the teeth being embedded
in the surfaces by drawing the Himbers together using a hiph tensile ateel
bolt and ball-beanng assembly operated by a ratchet spanner.

A spiked grid type of connector to provide an efliclent means of connecting
round timbers is illustrated for use on such structures as piled piers and
trestle bents.

'The author has tabulated the preliminary test results of a number of load
tests carried out by the Forest Praducts Ruesearcls Luboratory on 2 in. and
3 in. diameter connectors,

Sugrested working loads and design recommendations are also included
in the paper,

BOLTED CONNEXIONS IN STRUCTURES
{Engineering, dated Tth May, 11445)

The authar shows that the hitherto ignored frictional resistance of a tight
balt in connecting steel members has a large influence on the rigidity of a strue-
tire, and is as important a factor as the bearing and shear,

He hias shown that the friction set up between the surface of the head and
nut and the connected plare is in many cases sufficient to develop the warking
Inad in the Joint, without any creep taking place, to bring intn play the
shear and hearing for which the joint is conventionally designed.

The climination of creep peomits the structure to act elastically up to the
limnit of the design load, and for structurcs where creep must be avaided
renders the provision of tightly fitting turncd bolts, in muny cases, unnccessary.

Tests carried out on galvanized, weathered, wearing surfaces gave an
average static co-efficient of frictinn of 0425 thus a 1 in. diameter bole
tengioned to 9 tons per sq. in. would exert a pull of § tons and induce a
frictional restraint of 4+2 tons for normal deuble-contact surfaces. This s
neatly equal to the single shear capacity of the bolt {&+1 tons) and the bearing
capacity on g in. plate of #7 s, The suthor has concluded that where
holts used are thres or four times the plate thickness in diuneter, the friccional
grip will exceed the maximum bearing capacity which would otherwise
determine the strength of the connexion.
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In addition, the friction helps to alleviate the Tnss of metal from the drifled
hole by transferring stress theough the bolt.

Dependence on friction would require control of the bolt tunsion, and sorme
form of hand or pneumatic spanner incorporating a torque control device
would be required.

NAVIGATION
{ Journal of the Insiitute of Navigation}

The recently founded Institute of Navigation now publishes a ggarterly
Journal.

Inn the first number { January, 1948), Sic Robert Watson Watt conttibutes
a brief account of the various ** Radio Aids to Navigation.” Some of these
aids may have applications for navigation in desert or steppe vountry as well
as in the air of on the sca. There is also a more detailed article on ' Lonsol.”

I'he Astronomer Roval writez in the second number {April, 1348}, on
“Time Determination and Time Keeping.” He gives the limitations of
Shortt clocks and quatts clocks and describes the photegraphic zenith tule
for the determination of time by sstronomical chservation.

“ The Devclopment of Shipbotne Navigationa] Radar " refers to the radar
used for the invasion of Europe and goes on to deal with subsequent develop-
ments and future trends. 'The developments depend mainly on applications
of Plan Position Indicatur {P.P.1.) technique. In P.P.L. radar the indicator
trace which appears un the screen of the cathode ray tube is radial and its
dircction correspunds to the direction of the acral heam. As the aerial
rotates, the truce rotates correspondingly. Hence a map-like display is pro-
duced which shows at onve the relative positions of all objects in the vicinity
which are detected by the radar set. "Lhe question of very shurt-range radar
is touched on. It scems that a P.P.L system might be developed which could
be of use in river crossings in fog or at night, but * the realization of such a
proposal is not within sight in the near future.”

ALUMINIUM SPAN FOR RAILWAY BRIDGE
(The Engineer, dated T¥th March, 11H8)

‘T'he latest development in the use of aluminium alloys for bridge con-
struction is the installadon of two all-aluminium deck-plate girders to form
one N ft. span of a scven-span raibway bridge over the Grasse River,
Masscna, N.Y., U.5.4. This bridge consists of ane 00 fr. span, four of 100 f1,
and two of 75 fr. Three of the 104 ft, spans arc of steel and one of aluminium
alloy, and all are identical in length and design requirements, so providing
2 cumnparison between aluminium znd steel for bridge construction for heavy
railway service. The complete 100 ft. alioy span weighs 53,000 ih., as against
a comparable weight of 123,000 Ib. for a steel span. No price comparison is
availablc,

This articte gives construction detatls and comparative design data.

A RAILWAY PRECAST-CONCRETE DEPOT
{ The Engineer, dated 10th March, 1348)

The use of precast concrete units on railways has developed rapidiy duoring
the past twenty yeats, This article gives some interesting particulars on the
layout and productinn methods at the precast concrete unit-making depot of
the former Londan, Midland and Scottish Railway Company ar Newton
Heath, Manchester, :
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ALUMINIUM SHEATHED POWER CABLES
{The Engineer, dated 23rd April and 30th April, 1248)

Since the carly days of ¢lectricity supply, lead has been the traditional
sheathing material for power cables, although it is by no means ideal for
the purpose,  Lead i3 comparatively easy to apply in the form of a cable
sheath, joints can be made without difficulty, and the sheath is impervious
to air and moisture, On the other hand lead is heavy and its mecharical
properties are generally poor o its ductility, which makes it easily handled, is
often an embarrassment withont the complementary property of clasticity.

Aluminium iz an attractive substitube, but its use before the war was
delaved by its high price, and by the technical difficulties associated with the
high remperatures and pressures required for aluminium extrusion, in the
abscnce of any alternative practical method of applying a sound sheath, Ttis
now announced that the application difficultics have been surmoudted with
the introduction of power cables sheathed in commercial guality alominium,
Sheathing is effccted by threading the insulated core of the cable inte pre-
extruded sewmlbess aluminium tube, and then sabjecting the tube to a shrink-
ing or swaging process to form a closely {itted sheath,

The main advantages claimed include light weight, high tensile strength
and creep resistance, good fatigue endurance and resistance to vibration. An
appropriate jointing and terminating technique has been developed, and the
cables are proofed apainst corrosion,

UNTSBUAL YIADUCT RECONSTRUCTION METHODS
(The Hatfioay Geageite, dated 9th April, 194%)

T'u double its power ontput, the Decew hydro-clectric plant near St
Cathering's, Ontario, has been enlarged recently, and Twelve-Mile River,
whicl; forins its tailrpee, has bad to be widened and deepened, As the Humil-
ton-Niagara Fails main line of the Canadian National Railways crossced the
valley of this river on a double-line viaduct with shallow foundations, the
viaduct bas had to be rebuilt. The structure as originally built and as now
reeongtructed ¢ shown by diagrams. The superstructere, dating from 1802,
was i good arder, and up to the present day has carried high-speed heavy
loadings ;. and this fact, coupled with the necessity for maintaining the
uninterrupted fow of trathic, dictated the policy pursucd. This cntailed the
retention of the 85 ft. and the three 100 ft. spans on the original alignment
(though they were moved along it longitudinallyy and alse one of the abut-
menta ; and the constraction of four new deep-foundation piers of unusual
design under the spans, and the provision of 2 new 48 ft. span and one new
abutment. Details of the design of the piers and of the work involved will be
found in the article deseribing the reconstruction, which had to be planned
with cven more than normal care and 15 of unusual interest,

RCREWCRETE FOUNKDATIONS FOR BRIDGES AND FIERE

{The Raifiway Gazetie, dated 23ed April, 148)

The old type of screw pile methed of constructing bridge piers and jetties
or wharves in deep wuater has been largely superseded by the Scrowerete
systemn of foendation, described in this article, which has many advanrages.
The Screwcrete cylinder s capable of supporting a heavy concentrated load
by reason of its large helix, and will withstand violent hotizontal shocks
without any enderwater bracing.
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THE modern trend In jewellery Is to place the
emphasis on adornment rather than on osten-
eation. Fine examples are shown in the Diamond
Collet Necklet, Ear Clips and twin brooches

illustrated.

THE GOLDSMITHS &

SILVERSMITHS COMPANY LTD
112 REGENT STREET

one one acoress | ONDON, W. |




	The Royal Engineers Journal SEPTEMBER, 1948 
	CONTENTS
	ADVERTISEMENTS
	THE COUNCIL OF THE INSTITUTION OF ROYAL ENGINEERS
	ARTICLES
	CANADIAN MEMORIAL WINDOW AT TRANSPORTATION TRAINING CENTRE R.E. Longmoor
	Transportation Training Centre RE Longmoor

	WATER SUPPLY PROBLEMS IN EGYPT DURING THE WAR 1939-45 By COLONELS. J. ARMSTRONG,O.B.E., M.C.
	OPERATION CURZON-THE EVACUATION OF WAZIRISTAN By LlEUTENANT-COLONEL H.E. M. COTTON,O.B.E., R.E.
	PLAN OF WANA CANTI
	Operation Curzon-The Evacuation Of Waziristan
	Operation Curzon-The Evacuation Of Waziristan 4-6
	Operation Curzon-The Evacuation Of Waziristan 2-3


	THE RIGHT KIND OF R.E. OFFICER By COLONEL D. PORTWAY, T.D., M.A., A.M.I.C.E. MASTER OF ST. CATHARINE'S COLLEGE, CAMBRIDGE
	THE RIGHT TYPE OF R.E. OFFICER By CAPTAINT. G. LAYTON (LATE R.E.)
	SOME FIELD SQUADRON PROBLEMS By LIEUTENANT-COLONEL M. C. A. HENNIKER, D.S.O., O.B.E., M.C., R.E.
	ALL-WEATHER TENNIS COURT FOR A DRY CLIMATE An account of some experiments carried out in Jerusalem By BRIGADIER H. A. BAKER, M.C.
	IMPROVISATION IN NORTH BURMA By LIEUTENANT-COLONEL P. A. EASTON,O.B.E., R.E.
	INDAWGYI The activities of a Chindit Detachment on the waters of North Burma, June-August, 1944:. By MAJOR K. M. ROBERTSON, R.E.
	 INDAWGYI
	 INDAWGYI  LAKE & THE RIVER  ROUTE


	THE DEMOLITION OF ETAPLES RAILWAY BRIDGE By CAPTAIN R. A. LINTON, R.E.
	ETAPLES RAILWAY BRIDGE
	ETAPLES RAILWAY BRIDGE 1

	TOURIST ON THE ALCAN HIGHWAY By MAJOR J. M. GUYON, R.E.
	LIGHT ALLOYS By R. P. HAINES, A.M.I.C.E., A.M.I.STRUCT.E., E.-IN-C. DEPT., WAR OFFICE
	Light Alloys 1 & 2
	Light Alloys 3 & 4
	Light Alloys 5 & 6

	ASMARA WATER SUPPLY By LIEUTENANT-COLONEL W. B. SYKES, R.E. (T.A.)
	Asmara Water Supply


	MEMOIR
	BRIGADIER-GENERAL R. F. SORSBIE, C.B., C.S.L, C.LE.
	Brigadier General R F Sorsbie CB CSI CIE


	BOOK REVIEWS
	TECHNICAL NOTES



