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CHAPTER NO. 22
WELLS AND CAISSONS
SPECTFICATION NO..22 1—Open Welis

1. {1) - Scope.—This specification .deals with open wells and the
methods :of their :construction. - :

.o (@ Open Weills—-ﬂpm welis may be used for water supply
or for carrving foundations of structures to smitable strata. Wells for
foundations are akinto open calssodns, gOW CAlssOls, ete.

(3) Method of construction.— Wells may be either dug, bored
drilled, ‘or drivenr, - Large size openl wells which have to be lowered to
. shallow- depths throzgh comparatively soft- soils are usually dug by
‘manual labour or semi-mechanical medns; such as orange peel” or ‘clam
shall* buckéts attached to the boom of ‘2 comvertible crang. Bored wells
are those where the excavation is made by the use:ofeither hand or
power augers: ~Drilled wells are those where the excavation is made by
gither percussion o7 rotary drills and the excavated material is brought
to surface by means of bailer, and pump, suction bucket, hollow
drifl tools, or by hydraulic pressare. Driven wells are those construct-
ed by -driving a casing at the Jower end of which there is & drive
point.

(4) ‘Well finishing.—Open wells for water supply and irrigation
may be divided into the following types from the stand point of
finishing

(&) Unlined or Kutehz wells.—Such wells zre shallow pits 10
to 12 feet (3 to 3.5 metres) deep, dug in stable previons
soils where -the ground water table can be tapped within
this depth. S

(Er}-Pre\fini:r;'Iined wells —Such wells have: dry: - bricks or stone
lining or steiming with opem joints, resting .om 2 curb.
Such wells are also used for shallow depths. To avoid
flow -of sand surrounding the liming, the space behind
the fining should be ~packed with brick ballast of size
2 inch to 1 inch (20 mm. to 25 mm.)

(c).- Jmpervious lined wells :—Such wells have 2 comparatively
impervious lining of brickwork or stofie masonry i
cement or lime mortar, plain or reinforced comcrete,
or precast ‘coficrete blocks or sections. Such wells  2re

_ sunk to depshs ranging between 15 and 30 feet (5 and
25 metres) specially where water-bearing strata are
available in this range. Water seeps into the well either

Wells,
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_ _ thrﬁughihs opet bottem or through 2 pipe sunk to a
st 'gi,'-eaf&f depth- T Lo

Wellateluingand 2. “(1)  General.—These specifications shall apply to open wells
curks. used for water sepply, irrigation or foundations. Such wells consist of a
eurh and the well lining, wall or steining.  Curves for large size wells
-or where the-nature of soil demands dré also provided witha suitable’
cutting edge, e T

Unless otherwise indicated, shape of wells shail be circular.
(2) Well cucbs.—The cufting edge and the curb should be lzid
larger than the steining about {.inchito. 2 inches (13 mm. to 50 mm.)
beyond the outside diameter of the well steining to lesson the frictional
resistatice insinking, The thickness.of the curb and the cuiting edge
shonld be regulated by the nautre of the soil and the character of the
obstruction likely {0 be encountered. If boulders are probable, the
cutting edge shall be proportionately strong. The curb shall be of

chisel shape with vertical ourside.

Well curbs shall be made of wood, iron or reinforced comcrete,
and shall be as specified in the design drawings. Sketches of wooden,
iron and reioforced cement covcrete well curbs 2re given balow :—
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ALLORDING T0 DEOGH 1N ERCH INOWITUAL LASE

Wooden well curbs should be made of hard and durable wood,
such as kikar, ‘shisham, sal or tamarind, which would not rot due
to contimnous immersion in water. ' The wooden ourbs shall be made
of two thicknesses of wood for wells § fest (2 Metres) in diameter and
under, and of three thicknesses for large wells, strongly dove-tailed
and dwelled together and secured by iron bolts, as detziled in the
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design, or as ordered by the Ezecutive Engineer. When the
Tings cannot be made of one piece across the width, the copcentric

rings shall break joints, the upper 2nd lower courses to be alternately
one-third and two-thirds of the whole widih.

For larger diameter wells; zeinforced conmcrete or iron  curbs will
be more economical. - The dron curh shoud generally be  made of
§to § triangular frames made up of angle irons covered by 2ingh
to §inch (10 mm. to 12 mm.) thick plate. Incase of reinforced concrete
curbs, reinforced concrete shall conform ta the specification ne, 10.8,

The stesl reinforcement shall comply with specification mo. 3.20,
The concrete shallbe of 1 1 2': 4 mix

{3 Cuting edge,—The ' cuttin gedge shall be fabricated from the
steel sactions specified on the plans, Steel shall conform to specifica~
Honno. 3.19 for structural steel, The steel secfions shall not be heated
and forged into shape. “V*cuts may be made inthe botizontal portion
uoiformly throughout the length to facifitate bending. Such *V° cuts
shall not be less then 8 in number. The sections shall then ba cold-
bent and prassed to shape and “V* cuts -electrically welded together.

(4) Well steining or lining.—The steining shall be brckwork,
stone masonry, of precast concrete blocks or segments, or cast in situ
concrets as may be specified and will be executed to the relevaat
standard specification for the masonry specified.

Brick work for steining shall be first class burnt brickwork and
sball conform to specification mo.11.1.

In case of wells of 10 feet dizmeter (3 metres) and Iess, it is desirable
fo have specially moulded bricks for well steining. If specially mould-
ed bricks can not be made available locally, the edges of bricks shou Id
be aressed to avold wide and V-shaped joimts.

Unless otherwise stated, the steining in cement concrets shall be
of 1 13 : 6 mix_ and shall conform to specification no. 10.4. The con-
creting shallbe poured in the best manner possible and the building
up of the steining shall proceed in convenient lifts. The steining shali
be builtup equally around its -whole circumfersnce - vertically in one
- straight line from bottom to top. The hotizontal joints. between
succassive stageé of concreting shall be spade absolutely water-tight by
keeping {he top surface rough so as to bond the well to- the next
height steining. i
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{5} Tie-rods.—Where specifiéd, the curb will. be secured to the
steining by iron tie-rods or holding-down - bolts. . Tie-rods shall be
threaded at both ends ard secured. to  the well curb through hales
drilled in the centre of the corb by nuts and washers, Unless other-
wise specified, tie-rods shall be 1 inch digmeter- (25 mm.) and. in ten
feet {3 metres) length, Placed.not more than four f'eaﬁ (1.2: metres) apart
circurnferentially measured. It shall be sPeclfmd whether the-upper -end
of the tie-rods shall b threaded through iron plates or through a3 inch
(75 mm.) wide and £ inch (10 mm.) thick flat iron bond ring temporarily
secured to keep the rods vertical and immovable while the steining is
being built arouné them. .The upper nuts onthe te-rods should be
secured doWn to press against the top of the - stmmr;g

3. The following procedure for sinking open wells for foundations
or water supply shallbe adopted : -

Oper excavation in the form of acircular or rectangular pit shall
be carTied down to the ground water level ot to the bottom of clay or
non-water bearing strata whicheviéris higher ; before the well curb is laig.
The pit should be larger in diameter o1 ¢imension than the curb or stein-
ing, as specified by the ¢ngineer-in-chrage. Where the ground water
level is quite deep the depth of open excavation shall be fixed by the
Executive Engineer keeping in view the nature of the soil and the safety
of the workmen. After laymg the curb at the bottom of the  open
excavation and buileing'up the steining the well shall be sunk to the
grouné water level like mormal sinking. The smkma will, however,
be termed as dry sinking and shall be paid as such. Smkmg below the
ground water levél shall be termed and pald as ‘wef mnk.mg

Where it is'nécessary to sink well foundations in water unless other-

wise specified, an istand of earth sball first be formed at the well site,
the island should have a diameter of at least 10 feet (3 metres} mote
than the outside diameter of the well to be sunk., The soils forming
this island wnist be free from: ‘stones, bricks, or other hatd materials
which are liable to aneée Iowering of well. The island’shail be brought
up at least one foot (30 ¢m: ) above the water-level before the well curb

15 faid. - If so directed, the 151311:;1 slopes and sides; shall be adequately
pIotectsd agamst fro’mm ;i

Note.If wells other than. smgle citonlar are adopted, the islacd shall

have space notless than 10 feet {3 metres) beyand the hnes Joining the
extreme facas of the well,

Well-sinling.

Exeavation.
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The curb shall be levelied truly, and _placed in exact position before
the steining is commenced. In Case ‘of “reinforesd” cement  comcrete
curbs, the inside forms carrying the weight of the curbshiall be removed
only after the expiry of seven days after laying “concrete. '

In order to obtain perfoctly ‘Vertical descent and to ‘enable the
direction of . the sinking of the well to’ be easily corrected, the first =
height of the steining shall be built up o a'much shorter height. The
first height shall not exceed € fest (2. metres) and the second height 8-
feet (2.5 meters). Subsequent height shall b builtto convenient heights
not exceeding the diameter of the well. The 'steining should be carried
up truly vertical and centeal over the’ “Girh-Teaving the outer I inch to
2 inch {13 s to 50 mm.) margin as. mentioned in patagraph 2. Thick-
ness of the steining shall be as specified.

If plastering of the outside face of the Lningis desired to faciitate
sinking, it shall be so specified.

Note—The baight of the steining. shall be marked continucusly from the
bottom of cutting edge in fest (metres) painted in black on the inzide
. toresord the well height a§ the steining wotk progresses.

After the Tining has been built'wp io a height meationed above,
atemporary loading platformshail be cofistructed on topof the steining.
This platform should be built after the ‘martatin the masinry of cemeat
concrete, as the case'may be, hias set and the steining is suf ficently strong
to withstand loading®and accidental sbock.  Load ‘may be applied
in the form of “gunsy bags filled with eaith "of in any other manuer,
subject to the approval of the Exéchtive Eaginesr. The load Should
be pliced on the outer edges of the platform, leaving sufficient . clear
space in the middis for lifting the excavated material by mesns of a
puﬂey}"_afraﬁ'ge:men;'. I DI A

Siiking ‘should be facilitated by excavation of soil imside the
welland below the curb.  Where possible, this may bedone by dige-
ing and scooping with ‘kassies’, sbovels, or spades, and Joading the

excavated soflin 2 big, basket which is, pulled ont by the pally arange-
ment. On large scale jobs, where the wells have 1o be lowered to
great depths and substential flow of water is encountered, exsavation
by a ‘Tham’ dredging, pumping or bailing may be vesorted to, if  per-
mirted ‘ot ordéred by the Executive Baginser. Where & boulder or pisce
of rock met with is st it 'shall proferably be brokea by a chisel made of
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cluster orrailsdropped from the top of lﬁg:-:'wcil. Where‘_bla.sr;iﬁg is absolu«
tely necessary, the type and extent of charge ased in gach case shall be
determined by the Executive Engineer.

The well skall e l.ept abschutely phumeb as far as possible during
sinking operatmns and in case tﬂlm.g OCCUTS, tl-u: same sha.'ll be szt right
immeciately by the contractcr before pmcwimg fiirther with sinking,
Three or four plumb bobs shovld be suspended around the intericr of
the well 1o ensure the accuracy of the sinking. - In the final position,
a tit of zot more than 1 in 200 shall be permitted.

If the well remaing tilted or moves out of position by any cause
whatsoever after the process of sinking, and any enlargement of struzcture

above, if itis necessary, shallbe doneat the sole expense of the contractor.

If the wells have to be sunk near existing structures and buildings
on yielding or loose 85ils all precaations asdirected shall be takea against
possible dzmages to the fouadations of structarss in the viclaity prior to
dredging out the materials from iaside the well

When two wells have to suak close to each other or where the dis-
tance between them is not greater than the diameter of the wells, they
should be sunk alternately, one sank, half diameter in advance, asthe
wells when they are being sunk simultaneously” tend 1o draw towards
each other, When two parallel rows have tobe sunk Yery near to
each other, say 2 or 3 fest (60 cm to ome metre) apart, one row should
be sunk befors the other, or they caibs stacted - 4t diffeteat eads, or
from the centre towards the ends, the object being to disturb as small
an area as possible of the soilin the locality of the wells atany one time.
Itis also advisable to sink the wells that are in.one |, line alternately Inpre-
ference to sinking the next adja.cent as the sand orsoil arcund the
well will be in 20 2gitated state under smkmg opera.non.s .and there will,
therefore, be a tendency to cant over and to become jammed. When wells
have to be sunk to considerable depths, the interval betweea them should
beasmuch aspossible,inorderto prevent contact caused bydeviation from
perpendicularity in sinking. -

In sinking groups of wells jotnted mgeﬁhe.r the excavation in alf the
wells of ome cluster should be camad on smultaneausly an.d equallyto
facilitate sinking avenl}r

Completion when the carb w:th. stmmng rea.ches the prescribed lewvel
or strata, the space around the steining should be filled with clay puddle.
The clay should be consslidatés by ramming and watanng in suceessive
leyers of about one foot depth.
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$f the stoining splitsduring the sinking operation o within 6 months
sfter completion, and jn the opinion of the Executive Engineer bounssund,
it shall be dismantled 252 whote or in parts :according o CITCUTMSIANCES
and then properly reconstruceed and repairedy S

Foundation wells and these that are accessible fo flocd ‘waters shall
Aot be left pariially sunk during the rainy of flood scason,

When the well:has been sunk to the gesiced -depth and before itis
sealed, The depthto whichit has beensunk willbemeasured bythe snginger-
in-charge and entered into-the - measuremeni-bock, . :and, coniragtor
will sign the measurement book as a token of this correctness. The final
lovel at which the weliis o rest shall be determined by the engineer-in-
chaige. Any further ingreaseor decrease in the well depth shallhaveto be
carried out by the contracior and payment made asper Scfiedule of Rates.
The well will be Plugged only after the same has been finally examined by
the engineer-in-charge. The engineer-in-cherge will approve of any well
peing plugged in writing. o

In the case of foundation wells, wherever and as specified the wells
should be plugged with concrete at the _bottori:l..' Asg fresh concrete
particles will ot ctand under hydrostatic préssure, it is mecessary that
the water levelin the well should be brought to the normal conditions t0
be in level with the oirtside water level before plugging is started. - '

The concrete of spewified mix and conforning 0 specification. no.
10.4 shall be deposited In st water, unléss otherwise spesified,” by
specially designed water-tight - collapsible of emptying buckets' of by
tremie consisting not Jess than g-inch, (20. ‘cms?} ‘In diameter and baving
ahopper of sufficient cize at‘top. The' placiag aperations shall be
continued without break il the full - thickness of the plug. is formed to
affectively seal the’ Snterior without 1aminations. After -depositing.
concrete shall be allowed to set for ‘14 days or 23 specified ; - the watet
shall not be pumped nordistarbed during this period. _

The plug shall then be tasted by pumping the wel dry or as directed ;
if much leakage be found during the pumping, O™ conerete shall be
-deposited untl 2 safe height is reached 1o effectively seal the teakage of
waterinto thewellatthecostof 1he contractor i the defect.is proved 1o
be due to pooT workmanship and Executive Engineer's decision in this

reeant shalibe final n L |
Notes.—In very deep wells the depth of depression of Watel jevel should

. be limited to safe h:_;rdrostaﬁchmd t}'_:é.tth: lug height should permit.
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After the bottem plvg l_mé "'l:c:en' Jaid * and' tested by pumping the
well shall be filled up with clean coarse sand and compatted up to the

level of the top plugging, flocding w»ith water as layers are builtup.

Unless-otherwise - specified; sop-plugging shall be of cement concrets
1:4:8 preportions by volume. ’ : :

Unless otherwise Lspe_dficé, foundation well shall be capped with a
reinforoed Concrete siab. ' ST AR )

5. “Thoitem of well siaking shall bé paid on the basis of votume dis-
pleced. For calculating the volume, the gross eross-sectional area enclosed
within the external edge of edges of the 'steining Will be multiplied by

the depth through which the bottom - of cutting edge of well curb has

6. Unless otherwise specified, the rates for well sinking cover the
cost of pulsomneter, gentry and kentledge, etc., as well as lcading and un-
loading of Rentledge anc bailing or pemping of water Where required,
- Including removing the excavated-soil to adistance of 200 feet (60 metres).

Cost of ¢t tting edge, curb, steining, tie-rod s, sand filling, phugzing and plas-
tering, if [any, shall be paid extra. .

Messprement.

Eate.



Crovr-caissons,

 hlcagoopen
well Method.

540

SPECIFICATION NQ. 22.2—Specia]l Wen Fomndztiong

1. These specifications shall apply to spedial open cafsson fonp-
dations for heavy loads, suitable whete strata.of clays and other cohesive
impervicus seils Heabovethe hard strataon whichitis proposed to rest
the foundatior. Also, there shonld net ke any substantial flow of water.
There are two standard types” the Chicago open-well method and the
Gow cafssan. C .

2. This type of foundations may be specified where heavy concan-
trated loadshave to be carried through 2 maximumof 40 to 50 feet (12 to
15 matres) of clay strata. to rock'or other suftable formation,

A setof removable telescoping welded steelshestovlinders 7to 8 feer
{2 to 2.5 metres) long shonld be ready atthe site, the number and sizes
being as predetermined in design. The cylinders shonld be marked and
arranged fn the oxder i which they have to be lowered, the largest  dia-
meter cvlinder being lowerad firse,

A shallow starting pit should be excavated at the destred location,
and the first cylinder placed in . The "cylinder should then be forced
Into the ground, truly phimb, Bydrivitg and excavating inside _ the
cylinder and below thelower edge ofthe cylinder. Afterthe first cylinder
has been installed with its top close to the ground surface, 2 second
cylinder, usually 2inches (50 mm.Ysmallerin diameter than the first unit,
shall be placed inside thefirst one and forced into the ground by driving
and excavating untilitsupper end Is approximatelyflush with the lowsr
end of the first cylinder, This process shonld be continued with cylinder
after cylinderuntila stratom of hard gtound fsteached. Ifspecified, the

diameter of the lower end of caisson should be increased byihe excavation

of a chamber generally callad a “bell®,

Afterexcavation has besn completed, concrete of an approved
quantity should be poured into the caissont. The steel cylinder ssctions
should be withdrawm as the concrete is pouted.

5. This method may be specified where soil conditions are Similar
tothose suitable for Gow caissons, but whare depths greater than 50
feat {15 metres) have to be penetrated, Alsy the clay shomld b2 stiff
tnaugh to permit unsupported excavation of wells in about 4 fest (1.2
metres} deep sections, These wells may varyfrom 3 to 12 fest {one tc
4 metregy in dizmeter,

At the specified location, a hole about 4 foet (1.2 metresydeen and of
the ' desired diameter slould be dug snd  the sides should then
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be sheatsa with 2 inch » 6 inch (5 cm. X 15 em.) or 3 fnch X6 inch (75 cm.
%15 cm.) wood planks in 4 feet (12 metres) length. The sheeting
or lagging shovld be fmmediately braced by two or three heops, com-
posed of stecl bars, angles o channels.  These hoops should be made
in semi-circnlar shape, with the end's bent inwards to form flanges that
are to be Dbolted together. Assoon asthe bracing of one section
is completed, the next section should beexcavated and the lagging for
the later should beplaced abutting against the lagging for the  section

above,

These wells are usnally exacavated by manual labour using shovels

or spades. The number of men why should work in the well should
be determinad in the field, and 1t will depend upon the diamster of
the weli and the natare of the scil. Proper care should be exercised
to fit the lagging tightly against theclay tfo prevent lecal failures -of
flow of soft material. The spcil way bte remeved from the well
by buckets operated by 2 windlass or pully arrangement. ‘Where
specified, the lower pottion of the well should be excavated and
enlarged in the shape of a bell at an angle of 45 degrees.

As soon as the excavation is compleled and the speil  removed,
concrete of desired consistency should bepoursd or chuted into the
wall. Where theclay isstiff and stable, the lagging and bracing may -
be removed asconcrete ispoured but where the clay is at all soft, the
Iagging and bracing should beleft inside the weil
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Coutrol. 1. Caissons for foundatiops of brid ges, building and nt]wr heavjr
structures, can be divided info three general types; caldsons, open caissons,
and preunatic caissops. These specifications shall apply to box and
open cajssoms only, pncumatic caissons bemg treated separate.ly in spem~
fication no. 22-4. o

All caissons have one characteristic in coinmon vnth each other
and with foundation wells; they form a pecmanent shell for, :md 2n
mtezral nart of the foundations.

Caxssans may be made ofhm’uer mafal or concrﬁtﬁ:

Definifions, 3, A ‘box calsson’ is open at the top and closed at the’ bottom,
while an ‘open caisson” is open both at the top and bettsm. An open
-catsson i very similar to a foundation well, but it may be bigger,
cellular in strucutre, and rectahgular in shape as compared toz ~ well
C'atzsons diffar from foundation wélls in that they are built away from

the site, then towed orfloated to the exact position and snk in
olace. . :
Box calssons. 3. A box caisson should be nsed where no excavation is requ:red
or where the cafsson has to be placed on piles.

The box calsson should be constructed on the river bank or
water-edge, then towed totheproposed site and sunk, Sinking can be
facilitated by letting semewaterinto the box, and also loading 1twith
ballast, masonryorconcrete as desired. Box calssons shall notbe used
where the depth of water is greater than 40 feet (12 metres? orthe waters

areswift and turbulent, or where properly trained operators and workers
""ate rot availatle for thiskind of specialized work,

Open cafssons: 4, Open caissons shall generally be specified foruse where exaca-

vating isto be done throughsubaquecus seil.  Open calssons canbe
further classified as(z2) grgle-wallepen calssors, (B) ovlinderical open
caissons, and (¢)open calssons with dredging wells.  All open caissons
should beprovided with proper entting edges.

Whers little or no sinking is required or whare the materdal to be
mak through is vary o, resxangalar single-wall cafesyqs mede of
thoroughly cauTked timber framework of 12inch x 12inch (3% cm. ¢
30 cm,) timbers should beussa, Material from within the caisson should

te rereved Py any svitalle means ard where necessary, water-Jets
skould te used to facilitate sinking. After the cafssop resches Its
final positior, concrete shovld be depesited through the water, if
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necessary, 1o 4 depth of atleast 4 feet (1.2 metres) to harden and form 4
pltig at the bortom.  The caisson should then be dredged -or pumped dry
and filled with conorete or masonry; &S specified. (If iris desired that
rhe caisson should not extend above low water, & coffer~dam shaould be
built o1 10p of the caisson to keep the flood waters out of the working
5. Details of caisson design, construction, apd sinking, etc. shall
be specified for each pasticular job, and the Chief Engineer’s approval
shall be obtainsd before a typical kind of caisson is specified for founda-
tions - of 2 structure. :

Dretails,
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i. A caisson open at the boiom and closed at the top, in which
compressed  air is urilized to keep water and mud from coming. into
the box, is called a pheumatic caisson. Thase caissons shall gengrally .
be specified for pier foundarions, where iris not practicable  to dig
throngh wet ground in the open in order to Teach rock or other suit-
able stratum below the main excavation.

On amo.mf, of its greater cost, the pasumatic method shall not
be used when some other method is possible provided - the work could
be dote by such other method with certainly and without hazard to the
suceess of the endertaking. '

2. The pneumatic caisson generally consists of @ working chamber
Gto7 feet high (1.8 to 2 metves), surmounied by 2 ¢rib 2nd coffer-dam,
the crif  being filled with concrete except for the working ‘shafts’. The
working chamber shoild de aic and warer tight, the shafis with suitable
air-losks being used as ialets and outlets for men and  materials, The
caizson should aiso be firted with a suitable cutting edge. Posumatic
caissons shall be made of timber, concrete, or steel, according to the
designs supplied.

3. The site should be clearcd of mud and soft deposits and levelled,
In swirt streams with soft deposits, the bed on the upstream of the cajsson
should be properly protected against scouring and undsrmining by
paving with sand bags, as deemed necessary by the Executive Engineer.

Caissons should usually be sunk a little below water level before
compressed air is applied excepr when these 2re placed in open water.
The waisson should be loaded to have just enongh weight to keep it sink-
ing as fast as the materials are excavated from under the cutting edge.
Excavation should be carried o continuously without letting the caisson
stop at oDe elevation. Material should be excavated 2boutafoot (30 cm.),
somowhat  desper in clays, below the cuttiog edge, leaving one foot
(30cm.) wide birm along the cutting edge. Ths material under the cutting
sdge shonld then be removed, and the air-pressure reduced emough to let
the caisson settls to the bottom of the excavation. When passing through
bard strata or boulders, it is impoctant that ths excavation should be
made amply wide so that the caisson will not jam.

Roulders or rosks may be drilled and blasted Inthe working  cham-
ber im the ordinary maansr but the men must be taken out of the
working chamber at each blast. Ths exeavated matarial should be
removed by buckets working through air-locks, or by ablowout pipe.
Sandy materials can beeconomically removed through the Dblowous
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pipe . when air Pressure excesds Iﬂ Ibs -per. sq.. inch (D 7 kg.fsq. ::‘.m}
but clays, rc-cks boulders alwuld e re:maved I.w bucksts,

qum:nt checks Shoulﬁ ba ma.de to see If the caisson Iz s:mkmgh
vertxcally If any cant is discovered, the caisson shoula be mrree’tad
pIumb b}r undercuttmg ﬂl& higher s:tde ami banking the other side: = '

4, «Wheia the caissun reanhcs bedrock or other suitable strata, mmw
“the working chamber and. shafts shonld be™ “cleared of equipmert~znd— and shefie,
loose-materials, and then filled with concrate of  specified quahﬁr -Fhe

pier or other supersiructure should be started within  the coffer-dam at

the {op of the czib, the coffer-dambeing removed when the Skenciure

is coruplete. The caisson and erib  zemain as integral parts of #he.per-

mancnt ﬂ::-nnﬂanons. - .

f

%:. The pneumatic caissons shall not be used for depths of over mn&

110 feet (34 metres) below water or ground water level, nor shall air
pressure grezter than 50 pounds per square inch (3-5 kgféq. om.}
employed. Because of the rapidly increasing costs at the greater depihs,
itisnot advisable to use this m&thaﬂ to & depth of more than 90ft,
{28 :metma) : - ' -

"6, As the dir prussurc in a _r;:alsson is increased, the fluids of =~ Calsson Diseasse.
i‘heﬁ-c::&y absoth Increasmg guanﬁhes of “the air in acmmanoe with”
Dalton’s Law of solition’of gases In fluids,.” Ifthe air pressure Is reduced
tao’ ra;ndlz,r w‘hen “lochng out’, theabsarbed gases are th.mwn out of |
solution more rapidly than the‘bady can ehmmatc them’ ami ‘bubbles
are formed In the blood, tissues br ‘joints’ - “The decrpase in pressufe -
allows the entrained gasesprincipaliy aitrogen to expand,’ Thisezpansion
may cause the blood vessels to burst. The formatiog of thess bubbles in .-
the joints produces the *bends’, Paralys;s Tesults whea bubbles are |
formed-in‘the spinal ﬂord“. Vcrjr severe” mm ma_? resals in” mllapse
folfumdbydeath : e E o

. - - T ' ' .
e J . - s P v - - L LAl

= owd

Pollowing prmautmns shm:ld he tn.l::en to IIimit the Erccurrr.an'wd of '
tha- dmser; . . -

{I} Each wotkman should be examined by a physician -before
heiizg em_pTaye:I and at Tritervals not ciceeding two months, The man
should bé young, of “ pare build, and with Jow blood pressitre,
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{2} The houvrsofworkshould be limited, and should beless at the
hizgher pressures. The New York State Repulatioms (1921} specify
hours of Izbout per man in any 24 hours asfollows :—

Gange pressurs 1stpetiod of Period of 2nd pericd
in Ibs.fsq, in, wotk in Testin of work
compressed  Normal in compres-
air-hours air-hours sed air-
Bours
020 - 40 - 05 4
2128 30 10 30
30—34 20 20 24
3539 15 30 1-5
40 .44 19 40 1-0
45—49 0-75 50 0-75

——

(3) Decompression should beata slow rawe, and the fime allowed
for detompression should be iacreased with higher pressares. The fime
required may be reduced by adopting ‘stage-decompression’, in which
the pressure is first reduced to halfits originzl amount at the rate not

exceeding 51b. (0-35kz.) per minute and then reduted to nermel at

a much slower rate. For prassure under 20 Ibs. per sguare inch
(1-4 kg.fsq. cm.), the rate of decompression may be fairly rapid. For
higher pressures, the sotal tims reqairad shyuld be about one misnte for

each pound (D07 kg) of gauge pressure.’

{(4) Care shonld be taken to avoid  ¢hill daring and after desom-
pression as noted sbove,

(5) The menshould be required to remain near the work for at least
one hour after decompression, as it has been found that a large proporion
of cases of the disease occur within that time. The men should also bo
rdvised not to go to work with an empty stomach.

For the treatment of caisson dissases—hospital compression Jock

shall be provided on all such construction.

7. Deiails of cafssons, air-locks, buckets, floating and hauling equip-
ment, and the allied procedures, shall be subject to the Chief Epgineer's

approval,

14_1,



