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ANCHORING DOWN THE FLOOR OF THE GATUN LOCKS. 

The magnitude 'Of the pr'Oblems c'Onfr'Onting the en
gineers wh'O are building the huge l'Ocks at Panama, 
by far the largest w'Ork 'Of the kind yet attempted, 
is sh'Own by the nature 'Of recent experiments which 
have been carried 'On at the site 'Of the l'Ock f'Ounda· 
ti'Ons. The 'Object 'Of these experiments' is t'O deter
mine the best way t'O anch'Or d'Own the fl'O'Or 'Of the 
l'Ocks, and prevent it fr'Om being lifted b'Odily by the 
pressure 'Of the water. 

N'Ow, t'O the average reader the statement that the 
f1'O'Or 'Of this huge c'Oncrete structure has t'O be an
ch'Ored d'Own t'O the m'Other r'Ock bel'Ow, will c'Ome 
very much as a surprise; f'Or it has a unif'Orm thick
lless 'Of thirteen feet. M'Ore'Over, since the l'Ocks, 
when in 'Operati'On, will be filled with n'Ot less than 
f'Orty-five feet 'Of water, 'One would imagine that the 
pressures 'On the fl'O'Or w'Ould be alt'Ogether d'Own
ward. Yet, as a matter 'Of fact, pr'Ovisi'On has t'O be 
made f'Or maximum upward bending stresses up'On 
the fl'O'Or, which will 'Occur, n'Ot when the l'Ocks are 
full, but when they are unwatered f'Or inspecti'On. 
This upward thrust might bec'Ome S'O great that the 
weight 'Of the thirteen-f'O'Ot thickness 'Of c'Oncrete, plus 
its 'Own strength t'O resist bending and breaking 
stresses, w'Ould n'Ot suffice t'O prevent its being thrust 
up fr'Om bel'Ow and wrecked. 

N'Ow, since the flQ'Or 'Of a single l'Ock w'Ould weigh 
'Over 'One hundred th'Ousand t'Ons, it can be underst'O'Od 
that this upward pressure tending t'O burst in the fl'O'Or 
when the l'Ock is empty, must be 'Of en'Orm'Ous pr'Op'Or
ti'Ons. The questi'On will naturally be asked, What is 
the character 'Of a f'Orce which is capable 'Of 'lifting up 
and breaking apart a mass 'Of c'Oncrete 'One th'Ousand 
feet l'Ong, 'One hundred and ten feet wide, and weigh
ing 'One hundred and f'Our th'Ousand t'Ons? 

The answer is, that water seeping thr'Ough the sur
r'Ounding gr'Ound, and p'Ossibly f'Oll'Owing al'Ong the 
sides 'Of the l'Ock fr'Om the Gatun Lake, and c'Ollecting 
bel'Ow the fl'O'Or 'Of the IQck, might exp'Ose the latter, 
when the l'Ock was emptied, tQ a hydraulic pressure 
equivalent tQ that exerted by a c'Olumn 'Of water 
eighty-seven feet in height; that being the ' vertical 
distance or "head" fr'Om the under side 'Of the fl'O'Or 
of the l'Ock tQ the level 'Of the water 'Of the Gatun 
Lake. Th'Ose 'Of 'Our readers whQ are familiar with 
the principles 'Of hydraulics, will understand that 
sh'Ould such a seepage 'Occur, and a film 'Of water 
gather beneath the l'Ock when it was empty, and 
sh'Ould there be a clear cQnnecti'On between this film 
'Of water and the b'Ody 'Of water in the lake, a hydrQ
static pressure acting vertically against the under 
side 'Of the fl'O'Or 'Of tile l'Ock WQuid be established. 

The engineers have guarded against such seepage 
'Of water by sinking' a deep curtain wall thr'Ough 
the gr'Ound beneath the entrance - t'O the l'Ocks, ex
tending this wall d'Own the full length 'Of the l'Ocks 
against the 'Outside wall, and sinking it everywhere 
to the impervi'Ous underlying r'Ock. The p'Ossibility 'Of 
seepage past this wall is very rem'Ote; but such' is 
the extra'Ordinary care which has been taken t'O ren-. 
der the Panama Canal abs'Olutely secure against disas
ter, that it has been decided to c'Onsider the fl'O'Or 'Of 
the l'Ocks as liable to this seepage and this upward 
pressure, and take special steps f'Or anch'Oring the 
flo'Or d'Own t'O the r'Ock bel'Ow. Experiments have been 
made t'O determine the effect 'Of anch'Oring steel bars in 
the r'Ock underlying the fl'O'Or, f'Or the purpose 'Of ascer
taining t'O what extent they c'Ould be trusted t'O h'Old 
the fl'O'Or d'Own against upward pressure. A number 
of 'Old French steel rails were sunk in the r'Ock t'O 
depths 'Of from five t'O fifteen feet, and secured therein 
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by c'Oncrete. In the test 'On a rail put down five feet, 
the r'Ock began to crack under a pull 'Of 98,250 p'Ounds, 
and finally gave way under a pull 'Of 136,800 p'Ounds. 
The sec'Ond rail anch'Ored ten feet deep resisted all 
eff'Orts t'O pull it up, the - apparatus breaking under a 
pull 'Of 237,750 p'Ounds. 

The B'Oard 'Of Engineers having the investigati'On in 
hand f'Ound that , the maximum thrust t'O be resisted 
ab'Ove the intermediate gate sill is that due t'O eighty
seven feet 'Of water. This thrust WQuid 'Occur in case 
the l'Ock and f'Orebay sh'Ould be pumped dry f'Or exami
nati'On, and a full head sh'Ould devel'Op under the entire 
area 'Of the fl'O'Or. It has been decided that this can 
be resisted by a fl'O'Or thirteen feet in thickness an
ch'Ored d'Own t'O the )mck bel'Ow by rails spaced six 
feet apart 'Over the wh'Ole fl'O'Or 'Of the lock, each rail 
having a resistance 'Of 128,000 p'Ounds. The depth 'Of 
the anch'Oring rails in the r'Ock will be increased to fif
teen feet in the middle part 'Of the l'Ock floor. 

FAR-SIGHTED POLICY OF IMPROVEMENT. 

When the early railr'Oads 'Of the United States were 
pr'Ojected, the scarcity 'Of capital made it necessary 
t'O build them 'On the cheapest p'Ossible pla,l. In 
l'Ocating the new lines, care was taken t'O interfere 
with the natural' c'Onfigurati'On 'Of the gr'Ound as little 
as p'Ossible. Deep cuts were av'Oided. When the engi
IJeer enc'Ountered a bluff, he l'Ocated his line ar'Ound 
instead 'Of through the 'Obstructi'On; and if his survey 
was being made al'Ong the flanking hills 'Of a t'Ortu'Ous 
valley, he made the line c'Onf'Orm cl'Osely to the c'On
figurati'On 'Of the gr'Ound, using many and sharp 
curves, in the eff'Ort t'O av'Oid c'Ostly w'Ork 'Of excava
ti'On with pick, sh'Ovel, and dynamite. 

Sharp curvature and steep grades, h'Owever, th'Ough 
they may secure f'Or the railroad c'Ompany a line that 
represents but little first c'Ost, inv'Olve a very heavy 
cost 'Of 'Operati'On. The resistance 'Of sharp curves and 
grades of tw'O per cent and 'Over limits the number 'Of 
cars that the individual l'Oc'Om'Otive can pull. T'O m'Ove 
a given t'Onnage 'Of freight 'Or number 'Of passengers 
'Over a cr'O'Oked and hilly r'Oad, may call f'Or tw'O 'Or 
even three times the number 'Of loc'Om'Otives and train 
hands that are necessary t'O haul the same traffic 
'Over a r'Oad that is fairly straight and reas'Onably 
level. 

As the years went by, it began to be evident t'O the 
railr'Oad c'Ompanies that it w'Ould pay t'O spend a c'On
siderabie Bum 'Of m'Oney in straightening 'Out curves 
and reducing grades; since the interest 'On the capital 
thus invested w'Ould be m'Ore than offset by the re
duced expenses 'Of 'Operating the impr'Oved r'Oad. C'On
sequently, the railr'Oads, as s.o'On as their finances 
w'Ould permit, began t'O eliminate the w'Orst features 
'Of these hastily and cheaply c'Onstructed pi'Oneer r'Oads. 
The w'Ork 'Of revisi'On has been carried 'On m'Ore 'Or 
less steadily thr'Ough'Out the seventy-five years that 
'Our railroad system has been in existence; and dur
ing the past tw'O decad"ds, the sums 'Of 'm'Oney that 
have been spent in rel'Ot:ating and rebuilding the lines 
have been en'Orm'Ous. 'I'he Uni'On Pacific Railr'Oad ex
pended a feW" years ag'O between thirty and f'Orty 
milli'Ons of d'Ollars in cutting d'Own grades and 
straightening the line 'On its ROCKY M'Ountain divi
si'On; and m'Ore recently the Pennsylvania Railr'Oad has 
laid 'Out an even greater sum 'On its cr'Ossing 'Over the 
Alleghany M'Ountains. 

The latest, and in s'Ome respects the m'Ost striking 
enterprise 'Of ,this character, is a cut-'Off which is be
ing made by the Delaware, Lackawanna & -Western 
Railr'Oad, by which it will sh'Orten a f'Orty-mile stretch 
'Of its line between New Y'Ork and Buffal'O by eleven 
miles; reducing the grades fr'Om sixty feet t'O the mile 
t'O a maximum 'Of less than thirty feet, and reducing 
the t'Otal length 'Of the curves fr'Om thirteen miles 
to less than five miles. Yet, alth'Ough the t'Otal length 
'Of the, cut-'Off will be 'Only twenty-eight and 'One-half 
ruiles, its c'Onstructi'On will c'Ost $13,000,000, which is 
equal t'O an average 'Of about $450,000 per mile. 

The principal 'Object 'Of this cut-'Off is to enable the 
railr'Oad t'O haul its heavy c'Oal traffic by a sh'Ort and 
easy r'Oute acr'Oss the divide between the Delaware 
and the Passaic and Raritan rivers. The present line 
runs t'O the s'Outh 'Of a direct line, making a det'Our 'Of 
f'Orty miles, in which, as menti'Oned ab'Ove, the grades 
reach sixty feet t'O the mile, and there are 'Over thir
teen miles 'Of curvature. The new line extends fr'Om 
r,ake H'Opatc'Ong n'Orth t'O And'Over and t'O the Dela
ware River in an appr'Oximately straight line. In 
'Order t'O eliminate curvature and grades, it became 
necessary t'O make s'Ome 'Of the deepest cuts and the 
l'Oftiest and l'Ongest embankments in existence. One 
cut thr'Ough the s'Olid granite is 'Over 'One hundred 
and fifty feet deep at the p'Oint 'Of greatest maximum 
depth, and is 'Over a half a mile in length. Out 'Of this 
cut al'One must be blasted 'Over half a milli'On cubic 
yards 'Of r'Ock. Beyond the cut is being built the 
greatest railr'Oad fill in this c'Ountry, if n'Ot in the 
w'Orld. It will be ever three miles in length,. and 
fr'Om seventy-five t'O 'One hundred and ten feet in 
height. Int'O the embankment, when it is c'Ompleted, 
there will have entered 'Over six and 'One-half milli'On 
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cubic yards 'Of material. This is about one and 'One' 
half times as much material as was taken out 'Of the 
two huge excavati'Ons in New Y'Ork city for the new 
Pennsylvania and, New Y'Ork Terminal stati'Ons. 

THE WRIGHT AEROPLANE INFRINGEMENT S UIT. 

A suit in equity has been br'Ought by Orville and 
Wilbur Wright against the Aer'Onautic S'Ociety 'Of New 
Y'Ork, t'O prevent further exhibiti'On and use 'Of the Cur
tiss aer'Oplane owned by the S'Ociety, 'On the gr'Ound 
that' the machine is an infringement 'Of the Wright 
patents. If the suit is br'Ought to a final hearing, it 
will result in the first c'Omplete review 'Of the state 
'Of aer'Oplane art in patent law, and will settle 'Once 
and f'Or all wh'O sh'Ould be legally ackn'Owledged as the 
invent'Or 'Of the balancing ' devices which are n'Ow em
pl'Oyed in many aer'Oplanes. 

Alth'Ough we have n'Ot .c'Omplete data bef'Ore us, it is 
safe t'O say that the Wrights will und'Oubtedly base 
their chief claims f'Or infringement 'On their method 
'Of warping the planes. Whether or n'Ot this meth'Od is 
new with them must, 'Of c'Ourse, be determined by a 
c'Ourt. T'O understand just what warping the wings 
means, we must first understand s'Omething 'Of the prin
ciples 'Of an aer'Oplalle's flight. An aer'Oplane may be de
fined as a surface pr'Opelled h'Oriz'Ontally in such a 
manner that the resulting pressure of air fr'Om be
neath prevents its falling. Such a plane runs 
'On the air like a skater over thin ice, t'O �mpl'OY 
a simile invented by the late Pr'Of. Samuel P. 
Langley. The m'Ost familiar example 'Of an aer'Oplane 
is the kite 'Of' 'Our b'Oyh'O'Od. 'We all remember h'Ow we 
kept it elevated even in a light breeze by running 
with it against the wind. The c'Ord may be regarded as 
the resultant' 'Of tw'O f'Orces acting at right angles-the 
cne the pressure 'Of the wind, the 'Other the weight 'Of 
the. kite. Substitute the pull 'Or the thrust 'Of a pr'O
peller f'Or the h'Oriz'Ontal c'Omp'Onent (presBure) and an 
are'Oplane flying machine is created. If this were aU, 
the pr'Oblem, 'Of artificial flight would have been s'Olved 
l'Ong ag'O. There remains the extremely difficult art 'Of 
balancing the plane S'O that it will skate 'On an even 
keel. Even birds find it hard t'O maintain this stability. 
In the c'Onstant eff'Ort t'O steady himself, a hawk sways 
fr'Om side to side as he s'Oars, like an acr'Obat, 'On a 
tight r'Ope. Occasionally a bird will catch the wind 
'On the t'Op of a wing, with the result that he will 
capsize and fall s'Ome distance bef'Ore he rec'Overs him
self. If the living aer'Oplanes 'Of nature find the feat 
of balancing so difficult, it is n'O w'Onder that .men 
have been killed ill endeav'Oring t'O disc'Over their 
secret. 

A sailing canoe in a stiff breeze aff'Ords a striking 
example 'Of, what this task 'Of balancing an aer'Oplane 
really means. As the pressure 'Of the wind 'On the 
sail heels the can'Oe 'Over, the can'Oeist must climb 
out 'On the 'Outrigger, S'O that his weight will c'Ounter
balance the wind pressure and S'O that the m'Oment 'Of 
gravity will c'Ounterbalance the m'Oment 'Of air pressure. 
In a can'Oe the feat is c'Omparatively easy; in an 
aer'Oplane it may demand c'Onstant and flashlike 
shifting 'Of the b'Ody, because 'Of the incessant 
variati'Ons 'Of the wind. Ott'O Lilienthal, a pi'Oneer 
experimenter with the aer'Oplane, met a tragic- death 
after he had succeeded in making 'Over tw'O th'Ou
sand sh'Ort flights in a gliding machine 'Of his 
own inventi'On, simply because he was n'Ot quick 
en'Ough in S'O thr'Owing ' his weight that the centers 
of air pressure and gravity c'Oincided. Pilcher, an 
Englishman, came t'O a similar vi'Olent end f'Or a simi
lar reas'On. Octave Chanute in the United States c'On
tinued the w'Ork 'Of the ill-fated Lilienthal. Realiz
ing the inherent danger 'Of a glider in which the 
'Operat'Or must adapt himself t'O the changing' center 
cf air pressure with acr'Obatic agility, Octave Chanute 
devised an apparatus in which the center 'Of air pres
sure was mechanically c'Ontr'Olled, S'O that there was 
n'O l'Onger the peril'Ous necessity of indulging in aerial 
gymnastics. In his machine, the tips 'Of the planes, 
when struck' by a gust 'Of wind, w'Ould f'Old slightly 
backward, thus c'Onsiderably curtailing the tendency 
of the center 'Of air pressure to shift. The Wright 
br'Others warp the ends 'Of the planes f'Or the same 
purp'Ose. In his earlier machines· Curtiss, instead 'Of 
warping the ends 'Of the planes, empl'Oyed wing tips, 
which were m'Oved up 'Or down. The effect was the 
same. In the new Curtiss machine acquired by the 
Aer'Onautic S'Ociety and inv'Olved in the present in
fringement suit, n'O attempt whatever is made either 
t'O pr'Ovide the main planes with m'Ovable tips 'Or t'O 
warp them. Instead, the balancing planes are car
ried between the main supp'Orting- planes. These in
termediate balancing planes are r'Otated ab'Out h'Ori
z'Ontal axes, in 'Order t'O balance the entire machine. 
The c'Ourt will' theref'Ore be called up'On t'O decide 
whether 'Or n'Ot these intermediate planes 'Of Curtiss, 
entirely unc'Onnected with the main supp'Orting planes, 
are the mechanical equivalents 'Of the Wright br'Oth
ers' plane-warping devices. If they are, the c'Ourt will 
further have t'O pass up'On the. questi'On whether Cha
nute's wing tips were an anticipation of the Wright 
br'Others' plane-warping inventioll. 


	scientificamerican08281909-138a

