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ENGINEERING IN CHINA

by

INTRODUCTION: China has gone a long way beyond pigtails, 6"
finger-nails, and wandarins even in most of her 450 millions Temain
primative gardemers. Yor at least 4,000 years the problems of river
floods and irrigation have been before the Chinese and there are his-
tarical records of unusnul engineering ability in controliing kivers and
Many of the old canals sill exist and do their job of
linking vp the Yangtse with other rivers and thus providing good
waterways in 2 couatry which is so mountainous that highways are al-
most impossible to construct between the centres of population which
ace in the main river valleys. Progress has been slow because of the
superabundance of hwinan labovr, the difficuldes of transpor, and the
philosophy of ancestor-veneration: with such a - philosophy a nation
fooks backwards @nd -remains Jaiatic, This article is based #n an 11
years' residence in’ Shanghai with travel within a 500 miles radius
« and on interviews and correspondence with engineers, many my own
graduates from a Iiritish Technical Institute where I was Dean of Engi-
nsering and Building. The Institute was at Shanghaf} which Is the in-
dustrial centre of Clina as well as its cbief port.
PRIMITIVE ENGINEERING: A short de-cription of engineering
achievements seen in travelling around the countryside reveals the nat-
ural ability of the Chinesz. In the hills of Shantung for example one
nceasionally cemes across a waterwheel driving a2 flour mill through
wooder: gearing; the wheel may be 15 in diameter, and nct one trace
ot metal is to be seen. This{absence of metal fastenings is very nodce-
able in primitive machinery. Home-made spinding wheels and looms
entirely of wood are common/in the small villages. In the rice fields
{whicli have to be flooded when the small plants have been ‘*trans-
planted to it) are ingenious paddle pumps driven either by ménpower
on an endless chain moving up a sloping rectangular channel by means
of sprocket wheels at the ends. The upper wheel is driven by 2 tread-
* mill with two people walking on it or by gearing frora the buffale-
shaft. Tisually a comical roof of siraw protects the tuffalo which is 2
valuable source of mechenical power but it is unusual to see protection
for the much-less-veuable human-beings. The efficiency of such =2
pump is quite high and in a few days the field is flocded by muddy
water from fthe irriation ditch or cveek. In the camals, vivers and
crecks one sees junks and sampans. The junk is a well-known Chinese
ship which has not changed in a minutg particular for many cenfuries.
Picces of junk have been fished uo from a 60C depth in the Shanghai
“mud” on waich the city s built-that junk ‘was safling the China Sea
quite 2 long time ago. Sampans are small boats for three or so pas-
sengers with a single geuller at the stern for propulsion. Both junks
and sampans have a spoon-slzped hull which makes them efFcient)
siips thovgh miler slow and travel in a sampon is like bobbing about
on a cork. On country roads and in cities too are carts, wheelbarrcws
ard open-sided trucks towed by men—not horses. These vehicles zme
an insolnble problem in city streets owing #o their very nasrow tres
and very high whecl-loadings. In the cities it is customary to have
Blosks of stone in lings at the correct spacing so that the coolies may
guide the wheels on to the stone track where there is less ‘woad-frick/
tion (and the shest asphalt sarface is pot cut into ever-deepening ruts).
Pickshaws came from japan, but are now very useful vehicles for the
peneral public in China, and a nuisance frr other street traffic. They
aze beantifully niade, for lightness, strength, balance and comfort and
the pueumatic tire has dove a great desl to make a rickshaw ride &
very plessant esperiencs sf one can, forget ahout the ouller -Rickshaws
afe used For canyying frvight as well &s persons and in the narrow
rough lanes between the fields a-e valuable means of transport. Chi-
nese well-drilling is still practiszd and for depths to 500" has advan-
tages over {oreign mecharical equipment. The method originated in
Shantung and all the well-drillers seem to be from that Province. The
hole ie drilled by a steel chisel Hit on the erd of s bamboo rpe made
of thin strips <lipped together. The top end of the rope is fastened
to the Lorizontal strings of a 20° bow made of perhaps a dozen more
bamboos. Just abova the ground] level is a wooden crossbar on which
two inen shove down to dig the hole; when they let go and the tension
v in the bowstring raises the bit for the next.shove. The hole is filled
" with meddy waler to prevent caving in and sometimes steel czsings ere
used nowadays. The bit is withdrawn (for' sampling or for other pur-
posss; by a 20° diameter bamboo wheel: two men walk on 2 treadmill
made of rungs near the peripher\of the wheel and the bamboo yepe
1z wound on the rim of the wheel. The similar Canadian method uses
a cantilever spring of course, instead of the bow.

cutting canals,

Chiness bridges vary: considerably fiom a simple gravite slab to
marbl> arches. Long-span bridges are of bamboo—the Chingse have
uppreciated the valus of the suspension 'principle. {Suspension ‘bridges
of hamboo car: stil! be seen in Japan also). Small-span bridges of the
better type are ‘nvariably ciroular arches, but 1t seeme as though the
arch-prindipla has not been used and the bridge really consists of two
captilevers buiit ont from each abutment znd then finisbed' off with a
curved soffit. This it et true of every bridge though—many are cf
such dimeunsions as to be guite unstable igs two cantiievers. ‘The road
over the bridge ic ofren smail stone steps, making walking easy but
not assisticg the wheeled velicles very much. Since the appmaéheé
are only a few feet above warer level the bridgé rises in g big hump.

Lumber is also used ‘for bridges of cours¢ but generally stone is
preferred.  Bamboo has many applications in prmitive Chinese engi-
meeritg, Drain pipes aad water supply pipes of bamboo split longjtu-
(finall_v me very economical. Iu the hills one sees these pipes “running
fromn mouatain pools or streams to houses below where simple tanks
arg put into the grovnd for storage. The tank is allowed to woverflow
if sueply exceeds demand and the stured water remains pure. In
modern: bu#ilding the bamboo is used for scaffolding: at the top of each
pole is a sprig {from, a skrub to prevent unfriendly devils sitting on the
top and ~ausing accidents. Chinese roofs are well-known: the interior
details may not be though.+ Chinese did ' not discover the “fra;rxe"
principle and the roof truss is a combination of beams and struts. A
heavy beam is laid across the columns; then two short posts are
added to the beam at a smaller span and ancther ‘beam is laid across
them. Then two more short posts at’ smaller sp:u;, beam, posts, and
so on until the roof is completed. Light rafters ‘are added and the roof
is tiled with the npturned pitched eaves which ‘a.re so attractive. Even
in modem buildings, Chinese architects retain the traditional eaves
end heavy rocf although the building below is modem in design and
consbruction. Someffimes one comes across rhonstrosities in reinforced

concrete imitating ancieny designs of pasfilions or pagodas but such
things are quite rare. The usuval principle in dwelling houses has
been a stressed frame with light partiions. Formerly
ruembers (columns and beams) were of woed, occasionally of btoney
and nowadays reinforced concrete is often used instead. ’Btic]as and
tiles have been used for centuries—so have mud and straw thch are
still the building materials of millions of people.

Highways in China are still primitive, ard it should not be forgot-
ten that two hundred yzazs age (a very short period in Chiness ‘}LiS-
tory} roads in Engiand were mudtracks. But in recent yeags some
good roads have been buiit for military purposes just as ﬂ';ev were in
Europe. FPractically all the highways are earth roads. Shor*£ stretches
have been stabilised with portlund cement but were found to be in-
adequate against the pamow-‘ived carts although very good for auto-
mobiles. Tn mountainous regions where stone is available With()l.'l‘t ex-
tremely difficult transport, broken stone is used for waterbound maas
Labour is hired from the villages—men, women and children in ﬂ)Ou:

Professor F. J. Sanger

sands. Rclling is by stone rollers hauled by animals or by \men. Gun-
sowder is obtainable elmost anywhere—it will be rentembered that
% Chinese knew of gunpowder a Jong time before we did, but had
ot the sense (or otherwise) %ill one another wiith it, empioying the
new inveniion of firecrackers—Chinese 'still love a {big bany, and cele-
Lrate with firecrackers as often as possible. In 1937 one of my grad-
qates wag trying to build a ‘highway with kacliang straw. in North
China the natives grow tha kaoliang, a tall reed resembling sugar-can
in appesrance, for the graia whick is fed to ianimals. Kaoliang also
provides 2 very potent wine very like vodka buf more powerful still—
at a Chinese feast it hehoves the visitor to be on his guard when the
host says “Kan pei” {i. e. “bottoms up”). The roads in wet wea'thet
are muddy tracks; in dry weather piles of dust. In hotween times the
sarface is good. Near the towns an attempt is made #o stshilise the
rud by various means lincluding the rolling-iniof ashes and freatment
by salts. Nevertheless thd Burma road is a monurent to Chinz, gnd
oue can never forget the perfeot roed from Nanking to the Sun Yat
Sen Memorial or Purple Mouniain, in every way the equal of the best
western packways. ; :

Little can be said abont Chinese rallwey ecginecring. Railways
were .ntroduced against considerable Chinese opposition about a cen-
tuzy ago. Travel on the railways is interesting but hardly an engi
neering subject, and does not come in here. / locomotive driver has
guaint ideas on lubrication, in common with most Chinese. He seces
a0 point in ofling his engine when it runs so well without oil. The
way in which modern locomatives have been piled up and sbandored
sn the railways i§ almost unbelievakle.

There is no aircraft industry in China. Like every other race the
Chinsse have specuigied about human flight and Jegends tell of flighte
made by men using home-made planing surfaces, but the storles about
the Chinese love of kites are not untraa. It is still possible to see
Lites more than 1007 long moored to stout posts. The top: is a big
dragon head in bamboo and paper; the body is made of sections fasten-
ed to the strings. This is pervaps wandering from the subject again,
and to mention the custom of puttiag flutes in the wings of doves 20
that they make pleasant noises as they wheel arovnd is eiso wandering,
but interesting perhaps, and is remotely sonrected with flying. Chi-
nese make good pilots incidentally.

To end this section on primtive engineering atfeation shculd be
called to the crippling effect of] the lack of metals. The superb craits-
manship of the Chinese ‘should be noted ‘two, and witl: modern metals,
machinery, and education, there is 10 limiz 1o their capabilities: Chi-
nese excel in manual skil), patience, hard work and ingepuity. The
pride in craftsmanship still exists and spizitval values are vewy ‘fm-
portant. When onc sees the poorest families living o rotting boats
with persoual possessions practically zero, lLiving from day to day on
garbsge and odds and ends, and playing and langhing in thelr rags—
they have somethicg whick we have lst.

MODERN ENGINEERINC: The Chinese have lco-operated with
foreigners and have picked up western techniques which they now
apply although the aumber of Chinese engineers is so small. Very llit-
tle steel is produced in China although the iron ove and coal are wait-
ing to be used. One Chinese steel mil .at Shanghai is producing re-
inforcing bars from pig iron ard serap in open hearth furnsces fired by
gas made in a producer. 1 have inspected the works and fhave tested
hundreds of bars for users in Shanghai with corsistently good fesults.
The steel is reliable and the slightly lower tensile strength and ductility
as compared with British structural steel is DOl drawback when the
properties are known. Works contrel of the pour i¢ as strict as in any

the streasedy

foreign steelvorks. The Chinese are excellent founders in ferrons and
in non-ferrous metals. Examples which icome fo mind are cast-iron
lipks for chain grates, cast-iron lathe-beds, phosphor-brenze “Drasses’”
for 3 steam engine and cast-iron pipes which I have beught aud tested
before acceptance with satisfactory results every tme. The chjn
grate links were compared with British made links for replacerients
when British supplies were cut off and proved themselves to be the
ecval of the homeside product. Other steel products tested euch as
Sands for cotton baling, spindles for textile machines, castings for
miscellaneous articles and welded flanges all show the same good ma-
terials and workmanship. There must be hundreds of smail workshops
in Shanghai, but the output is very small of course. Chroniuni-plating
works are kept very busy. 5,

Shipbuilding firms have progressed well beyond wooden junks.
The Government has a shipyard near Shanghai which has built Cus-
toms cruisers {on stocks and launched into the Whangpoo) complete
with engines but with the help of foreign advisers. Other priva.tea .firms
built ferry beats end launches however entirely withcut fou'eigq aid al-
though the men and, engineers have been hained by foreigners of
cocrse. There appears to be no reason why bigger ships should not be
built in time.

There are Chinese firms making heavy electrical machi.xery but

practically all of it is imported. At Hangchow on the coast of China
there is a big generating station entirely under Chineee control.
Speciul facilities are made for college students to!take a course at the
station in the summer vacations: these include the dormitories, public
rooms and, sports fields and gymnastum. A great deal of electrical
equipment is now produced ‘in China* lamps, fans, batteries, irons, ra-
diators, heaters, kettles and telephone parts,
« A maost important requirement in industrial development is ma-
chite tools. About 1938 a big demand arose for machine tools for In-
dia and Malaya where armies were being equipped for the coming war.
Shanghai engineers weve interested and several Chinese firms began
productior., copying existing machines at first but soon designing their
own. The Institute was recognized as the official inspecting body giv-
ing us a good insight into the industry. Our experience was that some
firms could produce machine tools capable of passing the accepted tests
with all that was required in quality and finish. Qihers wers not
capable of course, but the important thing was that nost could, make
those tirst-class machines. A big proportion oft the machines were
medium duty lathes, but later on more siaborate machines were de-
signed and produced including gear planers and milling machines,

During the War a big bicycle industry grew up in Shanghai. The
bicycles are heavy because solid drawr tubing was (and still is) un-
available and welded tubing had tc be used but the bicycles Jook just
Jike the British machines and give good service. The chain'is the diffi-
colt part in bicycle-manufacture, but here there are two good ' firms
producing excellent chains with case-hardened working parts, made on
quantity-production methiods. The bicycle id a very popular machine
in the Yangtse valiey, not only for passengers, as it were, but also for
They are used for towing rickshaws in an interesting cocm-
bination known as a pedicab, developed during the ‘War. Another
thing for which our War was responsible was the small gas-burner us-
ing hardwood, charcoal coal or anthracite. The producez was attach-
ed to the rear of the car or just behind the cabilin 2 truck. Contrary to

xpectations the engine did not suffer serdously from tar and other
things distilled ulthough no scrubber was provided. The producens
were made in little one-room factories. The War stimulated the pro-
dustion of automobile spares and in Yunnan one factory at least was
engaged in making fuel pumps, for high speed compression ignition
engines in trucks, some of the most exacting] accessories to make. It is
known too that factories at Chungking and slsewhere made small arms
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and machine-guns,

Carpentar Trisects|

Circle, Claims 384
Not 360 Degrees

from Montreal Daily Star.

San Antonio, Tex.—In these days
of trisecting angles, it’s not surpris-
ing whea someone comes up with a
trisecHon of a circle—but it is eve-
tifting when Tom F. Black claims
his trisected circle contains 384 per-
rect degrees, not the 360 which has
served for many, many years.

A  carpenter by ‘trade. Black
claims that the 360 degrees is a
nathernatical monstrosity — und this
is his proof. :

Halving 360 degrees and each re-
sulting figure one gets 180, 90, 45—
and then the trouble begins with the
final figure, some hard-to-calculate
fraction.

Black’s trisected circle of 384 de-
grees is divided thusly: 192, 08, 48,
94 12, six and three—the final
figure representing one each of his
trisecting points.

His forma! education consisting of
the first six grades ouly, Black also
dizeredits the mathematical term of
“pi*® which is commonly used as
8.1416.

Actually “pi,” used to determine
the circamference of a circle, is
3.141592 Black says.

Exectly, minutely and perfectly
to measure the circumference of a
circle Black submits a graduating
geale of “pi” ranging from 8.141302
for a one-inch circle to 3.141598 for
a nine-inch circle.

Armed with compass and pencil,

Black is ready to preve his theor-
ies and had already invented, he
says, a protractor to go with his 384
degree circle.
*I have found,” says Black, “what
mar: has searched for more than 8.-
000 years, the perfect way to mea-
gure the circumference of a circle.”

LIFE
Baby’s heads have po hair
Old men’s beards are just as bare
Between the cradle and the grave
Lies a haircut and a shave.
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right now your grades
are good...
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but life holds harder lests

Harder indeed! Life was never a lenient school-
master. And making the grude in life demands all
a man can muster in the way of knowledge,
ability and forethought.

Especially forethought! The sort of forethought
that prompts a man t> start chariing a life insur-
ance program early in youth. The sort of fore-
thought that enables a man to realize that what-
ever #he experiences life holds for him — earning
a living, getting marvied, raising a family, having
earning power cut off — he is better equipped to
meet them and enjoy them when he has behind
him the security and protection provided by life
insurance.

Talk to a Mutual Life of Canada representative and
get the benefit of his special raining and ovr long
years of experience in adapting life insurance to
the varied desires and responsibilities of people of
ali ages and all incomes.

Ask him what policy or combination of policies is
best suited to your particular circumstances. Let
him show you the special features of Mutual low-
cost life insurance.
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low cost life insurance since 1867
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small factories making plestic arti-
cles, fountain-pens, vacuum bottles, aluminum and sheet metal articles
of all kinds, kitchen ntensils, hand tools, flashlights, etc. The output is
quite high but generally the lack of inspection giv&s'unreliability. Sev-
eral chemical works have been in operation for many years and Shang-
hai was well advanced i nthe manufacture of the sulpha drugs and hor-
mone compounds as well as in commercial chemicals.

CIVIL ENGINEERING: Retuming to civil enginecring after the
discussion of production engineering we might first note the modern
buidings in Nanking, Kiangwan Civic Centre (just outside Shanghai)
the new wharf for Kiangwan, and the air-conditioned cinemas in
Shanghai designed by Chines= architects and engineers and built by
Chineses contractors. Reinfarced concrete is a very popular material
owing to the cost of structural steelwork but Chinese engineers use
steel frame structures where necessary. The bridge at Hanchow on the
Ch'ien T'ang River (which has the biggest bore in the world) was an
internatiorfal project, designed by American engineers from data sup<
plied by the Chiness government; the foundations were by a Danish
contractor, superstructure by a British firm and erected by the found-
ations contracter, approach work by Clkinese Contractors, and all
superviced by Chirese engineers with a British adviser. The super-
structure was in chromador steel and the foundations gave troubla
in the swift river wich a scour at the cofferdams. All the labor and
much of the supervision was Chinese of course. Soon after the, bridge
was opened a peer and iwo spans were blown up by the Chinelse
advance in 1937.

Chinege contractors are as good as any in the world and know
as much about “Extras” and other devious means of increasing the
value of a job. Sub-letting and sub-sub-letting etc. is custcmary ko
that the work is carred out by a large number of small contractors
employing half-a-dozen men or boys.. It is amusing lo walch #nail
boys brick]ayin.g, laying a thin line of mortar arcund the edges and
Jeaving the middle of the joint empty (unless the clerk-of-vyorks is
around). Rubble may be used to help put concrete in a column.
Measurements for payment need careful checking. It has been dis-
covered that sloppy concrete is easier to wheel and to pour. These
are uncommon details however. The fact remains that the Chinese
contractor.and his men can do a perfect jcb. At the extension of the
Shanghai Generating Station and Amesican Superintendent and Resi-
dent Engineer were astonished at what the contractors could do. Out-
standing feats which come to mind are the concreting of 1,000 cubic
yards in one continuous operation, the raising of a 50-ton| steel girder
to support some breaching 150" in the air using poles, puileys, ropes
and mer. on the nearby boiler house roof. A big steam drun of about
the same weight was dextrously steered through steal columns
beams into its place in the boiler house again with the most primitive
equipment where modern appliances would have been of little use.
In the Institute a squad of coolies unloaded three crates of the parts of
a big boring machine and erected the machine with the help of three
poles, rope and pulleys—and hvman muscle.

Excavation is almost entirely by hand using pick and shovel with
bamboo baske‘ts for carrying spoil. Contractors often use modera sur-
veying instruments in setting out baskets but some still prefer ancient
instruments, like the water-evel I saw in use in 19385, The level is
simply two cylinders connected by a flexible hose. Marks on the cy-
linders indicate levels. About 10 years ago, Dr. Terzaghi invented a
very precise instrument called a misrometer hosz level for measuring
settlements inside buildings; it uses the same principie as the cruder
instrument of the Chinese.

There is little to be said about foundations or I may be accused of
trotting out King Charles’ Head. For a very long time the Chinese
have nused short poles for strengthening poor ground. Foochow poles
about 10 to 12 feet long and 6 inches in Jdiameter are driven at close
spacing and in some cases are beneficial, but, as an eminent British
engineer once said, it is impossible to consolidate butter by sticking |
pins in it, and the ‘Shanghai mud often resembles butter in consis-

All around Shanghai there are
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Sunday 6.20 P. M. — CENB
A House in the Country
* is presented by
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510 Queen Street Fredericton, N. B.
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JEWELLRY FROM BRADLEYS."

tency. so that quite a good deal of lumber has been wasted.
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Chinesc idehs on sewerage are interesting and unusual pexhaps.
it seems as thongh every effort is made to preserve ithe natnral nitrogen
cycle. Only the most important houses ' and bunildings have septic
tanks draining to the nearest water course; for mast of the porulation
carts pass along the streets every morning to collect the “might-scil”
which is taken to a central station and loaded into hoats vrhich, takel it
to the fields where after storage in earthenware kongs it is thrown
back to the soil by long-handled dippers. Shanghai has main drainage
for a good part of the city and two ‘dispocal plants ' (bio-aexation
method), but that is essentially a foreign provision.

Water supply is normally primitive but in most towns water is
availakle at a tap, even if several houses have to share one supply
point. Inl the countryside the houses age mnear a stream and that
serves for everytiiing, water-sunpoly, washing food and clothes (in the
stresm direct) and sometimes as the sewer although liitle valvable
fertilizer is wasted: by farmers.

Chinese professional engineers have two big
they may belong.

societies to which
The Engineering Society of China is an internak
tional body with headquarters at Shanghai, and there is a purely Chi-
nese Eagineering Society.

CONCLUSION: China is developing rapidly. By foreign assistance
ot in China and by the education of studerts abroad, 2 body of engi-
neexs is being huilt up capable of bringing Ching up to a modem in-
dustrialized state but they have a very long way to go. And while the
present political and economéc condilions persist, everything is retard-
ed stll more, The War very seriously hampered this development 4o0.
Chinese workmen have all the ckill required: Chinese engineers are as
good as any in the world. The matericls are there and China has a
oreat future—but when will engtheers be allowed to work in peace?




