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INTRODUCTION

Among the pages of\the Engineering News for Nov. 28th, 1901,
there appeared the following brief note The Willlam Skinner
Ship-Building & Dry Dock Co., of Baltimore, Md., farmally opened
the second largest dry-dock in this country on Nov. 25. The dock
is built of timber carried on pile work and the entrance is granite
masonry backed By concrete I'he steel caisson-gate gives an
opening 80 ft. wide at the top with 22%% ft. of water over the
sill. The general dimensions of the dock are as follows: Length
over all 628 ft., length on keel blocks, 600 ft., width of entrance at
the bottom, 60 ft., at top, 80 ft., width of dock on the floor, 62 ft.,
width at coping, 125 ft., depth of water over sill at low water,

ft..”

The same journal in its issue of Jan. 9th, 1901 devoted one
page to a more extended notice of this work.

In the present paper it is proposed to give a more detailed
account of this dock as it actually is; the methods of construction
employed; the contract prices, quantities of material and cost
data; a comparison of this with the other large docks to be found
along the eastern coast of North America; and in conclusion, to




show what three years of operation has done to verify the judg-

ment of the designers and builders in their solution of the various

engineering problems which were presented to them.
GENERAL DESCRIPTION. ‘

the Wm. Skinner & Sons Co., is

The ship-building plant of
in Baltimore, Md. At the

located at the foot of East Cross St.,
time of building the new dry dock, this plant consisted of several
work shops equipped with compressed air machinery, and a marine
railway for the docking of small vessels.

The port of Baltimore could boast of several such plants and
20

in addition a timber dry-dock of small size, constructed some

years ago and at this time in a bad state of repair.
e of the larger vessels entering this port

The size and tonne
of its docking facilities, and

had . long since exceec the limits
whenever repairs were needed upon such ships they were com-
pelied to seek the larger docks at Néewport News, or New York
The “William Skinner & Sons Ship-Building & Dry Dock TCo,
The newly organized company

of Baltimore Md.,”” was organized.
of the old com-

secured additional property adjoining that

then
prepared for a modern timber dry dock of

pany, and had plans
The proposed site of the new dock was covered

large dimensions.
ras impossible to

by old brick warehouses and an old pier. It
secure sufficient property so that the proposed dock could be
constructed within the then existing shore line, and it
fore necessary to plan for building the entrance and about 175
ft., of the dock body, in the open waters of the harbor. The average

was there-

rise and fall of the tides at this point is about 18 inches, though

the maximum has been known to greatly exceed this amount,

when both tide and wind are
The water is brackish.

Borings were made to ascertain the probable character of the
after which the

favorable for exreme conditions

foundations, and soundings taken in the harbor,
plans and specifications were prepared by Messrs. Ritchie & Ruple,
Consulting Engineers of Cleveland, O. As finally agreed upon, the
plans called for a dock body built of timber, supported upon piles,
an entrance composed of concrete faced with granite masonry, and
a steel caisson gate.

The work was divided into four parts .as regards the letting
follows: 1st Dredging and removing the old

of contracts as
2nd. Construction of the protection bulk-

structures and piers.
heads and cofferdam. 3rd. @onstruction of the concrete and
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masonry of the entrance and power house foundations. tth.
Construction of the timber work and the main body of the dock.

A contract was signed on June 30th, 1899, with the Delaware
Construction Co.,” of Wilmington, Del., covering all the work in
parts 1 to 4, and they commenced operations a few days later.
The mechanical equipment, the caisson gate and the superstruc-
ture of the power house were arranged for by special contracts to
be noted later.

PETAILED  DESCRIPTION

Foundations.

The nature of the soil upon which the dock was built varied
considerably as shown by the materials encountered during
construction. In excavating one of the bulkheads, after the river
mud "had been removéd, there followed a layer of yellow clay some
8 or 10 inches in thickness; a few inches of vegetable matter
resembling peat; a stratum 4 feet thick, composed of coarse
quartzite pebbles and fine red sand merging into densely compacted
layers of pure sand; and beneath all extending to. some undeter-
mined depth, a pure white clay. Before water had reached it,
this clay was exceedingly hard, would take on some polish when
rubbed, and was sometimes used by the carpenters to chalk lines.
After standing some time im® contact with water it became softer,
resembling somewhat the texture of castile soap.

The concrete work about,the dock entrance was in all cases
placed directly upon this clay. It is doubtful if any of the piles
or sheet piles ever penetrated this material to any extent. In
fact those of the temporary work which were afterward pulled,
appeared as if they had landed upon a rock, and the whiteness of
their points was evidence enough as to what they had landed
upon. No actual rock was however, encountered at any point.

Protection Work.

The safety and efficiency of a timber dry dock depends in a
large measure upon the possibility of keeping water away from
the piles and foundations. In the work under consideration this
was a very important matter, for as has been mentioned above,
over 200 feet of the structure was situated in the waters of the
harbor.

It was proposed to surround the entire dock, (excepting of
course the entrance way) with a single line of sheet piling
Commencing back some 65 feet from the shore line and extending
outward to the limits of the dock, this line was to be doubled, the




two lines being spaced 16 ft., apart Round piles of yellow pine
were driven every ten ft upon the outer sides of these were drift
bolted two parallel lines of 12 by 12 inch Southern pine waling
strips. One strip being placed at the level of the bulkhead top,
and the other below low water line. The lower waling strip was
omitted from the sheet piling within the shofe lines. ‘

Timber braces, 12 by 12 inch Southern pine were placed across
this bulkhead at every pair of the guide piles and a 1% inch iron
tie-rod beside each brace. The piles were slightly notched to keep
the braces in position

Along these guide wales was driven a continuous wall of
Southern pine sheet piles, tongue and grooved, and mostly 40 feet
in length. The sheet piles were 10 by 12 inches with a white pine
tongue 4 inches square Each pile was secured to the waling
strips by inch machine bolts.

Jetween the outer ends of these permanent bulkheads, a
temporary one of like character was driven, which formed the
cofferdam, and two single lnes of temporary sheel piles were
driven from bulkhead to bulkhead, enclosing that portion destined
to be excavated for the entrance foundations, and the pump well

Entrance

The entrance proper of the dock, is concrete foundations and
backing, faced with heavy granite masonry I'he outer apron is
12 feet wide, the middle apron 12, and the inner 20 ft.,, The surface
f each is level with the exception of the inner, which for a dis
tance of feet slopes downward to the cross drain in the main
body of the dock

I'he entire surface is bush-hammered to a smooth/finish. The

Ils, two in number, rise vertically from the aprons/a height of
IN inche he minimum width of entrance at the top of the innei
i 60 ft

The granite abutments are rock faced, with the exception of
the bush-hammered jambs I'hey e vertically from the inner
sill level a height of 29 feet and recede 10, thus making the width
of entrance at the coping level, 80 feet

Each stone in course is doweled to the stone below, with
two iron pins, each 1 inch square and 4 inches long.

leneath the aprons are 11 steel bands, 10 by % inch, by 22
feet, bent upward at the ends, which serve to bind the sill stone
I“."'}‘:'r

Behind the north abutment, the concrete backing is carried in
a solid ma to the protection bulkhead, and in the concrete back










ing behind the south abutment, are formed the pump well, and

engine pit, and drainage tunnel from the main dock body
Gate

When the dock is in use the entrance is closed by a steel
caisson gate whose general dimensions and construction are shown
upon the drawings accompanying this paper and the two photo-
graphs here shown,

The material specified was medium, open hearth, acid steel,
testing from 54 to 62,000 number in tension, per sq. in., and
containing not moré than .08% of phosphorus and not more than
049, of sulphur.

A 47 by 127 oak strip is fastened along each face of the keel,

stem and stern posts, to which is attached a 10” by %” gum gasket.
It carries a permanent ballast of u»llt'l»'

For filling the dock, it is provided with six 36” valves, and for
water ballast, four, 6” valves and one 8” centrifugal pump with
steam engine. Steam is supplied from the boilers in the main
power house.

The gate draws 13”-8” of water when carrying only permanent

ballast, and- at such times its displacement is 212 tons It was
buitt under special contract, by the Spedden Ship Building Co.,
of Baltimore.

Main Body of the Doek

The bottom of the, dock is supported by 13 longitudinal rows
of 20 ft., plles. The five center rows are spaced 4 ft. c. to c. longi-
tudinally and 3 ft., c¢. to c. transversely Upon these comes more
directly the weight upon the keel blocks. The other 8 rows are
spaced 8 ft., c¢. to c. longitudinally and transversely as shown on
the '"“Half Midship Section” on the drawings The sides of the
dock are supported by rows of 25, 30, 35 and 40 ft., piles, spaced

t and 8 ft., on centers. The piles are capped by 12” by 12”7 yellow
pine timbers, secured to each pile with 1”7 by 20” drift bolts. The
main cross timbers are spaced 8 ft., ¢. to ¢. They.consist of Oregon
(Douglas) Fir, 16” by 18” by 70 in length. Midway between each
of these on the center line of the dock, is a similar piece, 14 ft.,
in léngth They are secured to the pile capping with 1”7 by 30~
drift bolts. Along the sides of the cross timbers are spiked 4” by
10” floor joists, and from the ends of the 14 ft. cross timbers, 6”
by 10” floor joists extend to the foot of the side slopes Upon
these is spiked a flooring of 4” white oak plank. The first 80 feet
of dock floor adjacent to the entrance and the last 40 next the
head, is on a level with the tops of the cross timbers. The balance
is 4” below the level at the center line and slopes uniformly toward
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the sides, on a grade of 3" in 30 ft I'he floor rises toward the
head of the dock on a grade of 67 per hundred feet I'he siope
imbers are paced 4 ft., ¢. L0 , being alternately 127 by 14" and
N by 147 yellow pine timbel I'hey are framed into the cross
timbers at the bottom of the slopes, and secured to the slope pile
capping by “)” machine bo I'he yellow pine altar were cut
from a timber 10”7 by 14", so that when placed in position they
would have a rise and tread of ten inches

I'hey are secured to the slope timbers by 12 inch boat spikes,
and abutting ends are doweled with 1 inch by 6 inch iron pins
Lhey are laid with the treads horizontal, which causes the lowest
course to disappear about every 170 feet, owing to the rise in the
dock floor

Four chutes are provided on each side for the delivery of
material, At these points the altars d¥e omitted and 6 inch oak
plank spiked upon the slope timbers

Across the ends of the long floor timbers and along the piles
in the slope rows are placed 6 by 12 inch yellow pine waling strips,

bolted to the pile with 75 inch machine bolts Between the

waling strips are placed 12 by 12 inch braces, making a continuous
line of bracing,from the outer row of piles to the foot of the slope

12 inch brace extends from the waling on the outer

Another
row of piles to the capping of the third row, and a 13 inch iron
tie rod is placed beside it This combination of braces and rod

forms a truss as shown on the drawing

'he head of the dock was ori

nally designed to be similar to

the les, that is approximately, a 45 degree slope. During construc
tion, however, an extension was built into this slope, forming a
box with vertical side thus gaining over 24 ft., in total do king
length

Drainage System

From the masonry of the entrance to the head of the dock
the floor rises uniformly 6 inches per 100 feet From the center

line to the foot of the side slopes the floor falls uniformly inches
in 30 feet This causes the water to flow toward the sides and
entrance of the docl Along each side the dock, for its entire
floor length, extends a drain some 5 feet wide and 3 feet deep,
built of 3 inch plank spiked to the piling as shown on the detail
drawings

The oak flooring covers this drain but is not spiked down and
the pieces are not fitted so closely together

Adjacent to the masonry is a 6 foot cross drain, into which the
side drains empty. The plans show this to be of a similar pldnk

e,




The Caisson-Gate (Shewing Construction)

wing the side slope timbering







construction, but as actually constructed, the foundations of the

wasonry aprons were extended into the body of the dock far
enough to build this cross drain in concrete

rom the cross dramm, a b6 oot square tunnel formed in the
oncrete foundations, run beneath the outh masonry abutment
to the pump well below the engine pit

-

I'his pump well is 23 feet Y inches long by ¢ feet deep and its
roof 1s composed of a layer of concrete 10 feet 6 inches thich In
1ts centre Is a b foot square pier to which ran 12 inch  (-beams
[rour the side walls, as a upport to the concrete roof and the
machinery Into this well extend the suction pipes from the

entrifugal pumps

Mechanica Equipment

For the emptying of the dock there are provided three 36

double section centrifugal pumps, directly connected to
imple, vertical, non-condensing engines I'o take care of the

eakage during use, an additional centrifugal pump, with 12 inch

lischarge, is connected to a small vertical simple engine This
machinery is located in a “pit” formed in the concrete which
backs up the south abutment The floor of this pit is 22 feet
below the level of the top of the dock, or 15 feet ¢ inches below
nean low water line. From each of the large pumps, two 28 inch
uction pipes pass vertically downward through the 10 feet 6
inche of concrete into the pump well below There is one
nch, horizontal d harge pipe for each pump

Steam | 1pplie from the viler hounse at 125 Ibs m ure
hree 350 H.P. Heine ifety  Water Tube boiler an auxiliary
vertical boiler, two fire pump and fan and engine for forcing

the draft, complete the equipment of the boiler hou

On actual test after completion, the average efficiency

of each

main pump was 358,250 gallons per minute The indicated horse

power of the engines varied from 185 at starting t

o about 300 at
the finish, giving an average efficiency for the pumps of 58¢ The
maximum efficiency noted

at any time during the test was 72%%.
'hese pumps and engines were built and installed by the Morris
Machine Works of Baldwinsville, N.Y

CoNSTRUCTION

General Scheme

Broadly speaking the proposedq plan of operation was as
follows After clearing off the existing structures and old wharves,
to dredge away the material to the approximate lines of the dock
bottom and side slopes; to drive the permanent protection work

\




while thi Iredging was in progre to drive the temporar)

cofferdam across the ends of the bulkheads, immediately the
dredaging was completed; to pump out the water and mud from the
basin thus enclosed; to drive a line of 207 permanent sheet piles
along the outer and inner face of the apron to further excavate

within this box to the white clay stratum and upon it start the

toncrete foundations for the masonry,; to build the masonry
abutment pump wel engine pit, powerhouse and main body of
the dock

This plan was -modified considerably as will appear from the

description to follow

Contra Wels gned in June 1599, and the contractors went
to work almost immediately By the following Spring the dock
ite had been cleared and dredged out to the required line and

the permanent protection work finished, exdépt that portion about

the head of the dock which was never completed I'hi will be
noted later when we come to consjder the hanges made from the
original plan when constructing the head of the dock

['he temporary cofferdam was driven into place and the basin
wa then eady for pumping out Mganwhile a pile Iriving

machine, mounted upon a scow, had been floating about within the

enclosure  and riving the outer row of ype piles along both
t | Why these pile Were iriven at this time
not quite ear to the writel mnle was thougl that they could
be driven more ea then, than by using a land machine at a later
¢ 1 ¢ ¢ 1 1 n ¢ t 1 ¢
n ) [} ) 1 1 W ! t )
O )y B e of ¢ n¢ | 1S Nece 1 to pn
then 1 W ther ft and d ¢ the | LV ¢ )
extra claim on the par of the Contractor who maintaineg
that having once driven them to the lines given by the Engineer
Ny nece 1 I'e Vil ho he paid for as extra worl If the
\ ter memol ¢ [ nrm I'¢ th ( na 1Ty wa
lone under rotest from the fie Inspector, and the claims for
\ 1 vere never entertained
Pumpir t enclosure hegar A he water level within
ank a few feet, those portions of the permanent bulkheads extend
ng bhevond the original hotre line tarted nward toward the
nten f the 1sir rowdir before them the indredged pes
ind the pile vl had just been driven

Pumping was hastily discontinued and the basin permitted to

1




Shewing hrogees of e \ { from 11N 1N Y 108

Shewing condition of slope piles, driven before dock was pumped

out. The sides slid into the dock bottom, carrying

many of the piles with them







mentioned above, which had been left inside, then drove more
piles, upon which were placed the 70 foot Oregon ‘Fir floor timbers,
80 as to form a transverse set of bracing from bulkhead to bulk
head across the dock This system of bracing was continued
shoreward, at 20 foot intervals, as far as any motion of the bulk
heads had been noticed or could be expected Then, where it had
been planned to drive 20 foot sheet piles along the faces of the
aprons (as mentioned above), after the dock should have been
pumped out, the water machine drove rows of 34 foot piles, thus
preventing what material was left about the foot of the cofferdam
from moving into the dock

Pumping was again started and continued until the bottom
of the basin was laid bare A small centrifugal pump and later a
pulsometer, took care of the leakage, which was noticeably greater
at high tides

ENTRANCE
Excavation.

Within the box like enclosure formed by the bulkheads and
the two rows of 34 foot sheet piles, excavation was started for the
foundations of the masonry work and the engine pit The more
material removed, the greater became the need of temporary
bracing to keep the sides of this box from collapsing. Complete
sets of bracing were placed in position for every 6 or 8 feet of

excavated depth and as the 12 by 14 and 8§ by 14 inch slope timbers
’

were used for this work it was important that they should be cu
as little as possible

Each set placed made it more difficult to place the next below,
until the time came when the long timbers could not be landed in
horizontal positions and had to be placed wherever a suitable
opening could be found

So thickly were these timbers placed, that at the time the

stones were lowered into the pit, there was but one

first
opening to be found of size sufficient to admit them.

Excavation was carried to the stratum of hard white clay. In

doing this it was found that the sheet pile protection had nnt
penetrated this clay to any appreciable depth, as in many cases the
excavation laid bare the points of the piles More bracing was
the order of the day, and that immediately

I.eaks at high tide had always necessitated regular pumping,
but now the water began to find its way down the sides of the
sheet piles and through the gravel stratum at their points, in
quantities that became alarming. The original idea of driving a
stop water cut off wall of 20 feet sheet piles along the front and
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Engineer

Sand must be clean, coarse and sharp, free from loam or
earth matter, and screened or washed if required The stone
used for concrete must be broken into pieces as nearly cubical as
possible, and not more than 2%” in its longest dimension it
must be kept free from dirt and rubbish of all kinds, and just
before being used must be drenched with water.” Granite is

to be preferred for this material.”
I'he concrete was made in accordance with the specifications,

using “‘Dragon Portland cement and crushed

anite, and was
mostly machine mixed The “machine” was of the gravity type,
an invention of a local Engineer, who put it on the work as an

experimental trial The result was copsidered so satisfactory, thwft
we believe this machine, or one along; similar line an now be
purchased in the open market as a patented invention

As the accompanying \photograph shows, the mixer consi

a light wooden frame wotk supporting two cone shaped hoppers,

one vertically above thelother, and above these, four pyramidal

hopper the combined capacity of which, equalled either of the

two cones, and at the top, bins for sand and broken stone
For work in a pit this machine was exceedingly handy It

could be picked up

)y a dredge boom and placed in any desired
location, and raised as the concrete work reached the lower hopper

In operation it required the service of four men, two to fill
the four upper hoppers, and a man at each of the others to regulate
the gates A scow load of sand and another of broken stone would
be hauled along side the bulkhead and from this a bucket dredge
would keep the sand and stone bins constantly filled

The men at the upper hoppers would empty

a sack of cement
in each, and then by opening g

in the bottom of the bins
above, allow the necessary amounts of sand and stone to flow in,
marks having been previously made on the sides of the hoppers
to show the correct proportion of each of the ingredients. The
amount of water found by experience to be necessary, would then
be dashed into the hoppers, and the charges allowed to run into
the first cone hopper below

Refilling would begin at the top while the men were caring for
the first charge in the lower hoppers The process was thus
continuous, and the product as regards thorough mixing was first
class, especially where the mixture was dropped from the lowest
hopper directly into barrows. The capacity of a single charge was
approximately

cubic feet of concrete, when rammed into place
The record for a days run (10 hours) was 110 batches, making
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labor charge for a cubic yard of concrete in

about 3¢

Masonry

Upon a seven foot layer of this concrete as a foundailon were

erected the masonry aprons and abutments

I'he stones were massive foliated granite from quarries near

Port Deposit Md. The ll stones, 3 and 6 feet thick, were bound

together with steel bands) set on beds of mortar and the joints

flushed with Partland cement grout

It required) careful work to place these 15 ton blocks with

their top surfacg truly, level and their bush hammered faces to an
§

exact transit line

The course stones of the abutments are doweled on the beds

with two iron pins, 1 inch square and 4 inches long. For setting

the jamb stones a batter board was used which had been obtained

from the ship building company who made the gate. Thus the

gate and the recesses in tne abutmeénts were built to the same

pattern, and there could be little chance of a misfit.

Jehind the north abutment as the masonry work progressed

the concrete backing was filled”in solid to the bulkhead Behind

the south abutment, in the concrete backing, was formed the

nnel from the ¢k, the pump and

engine pit

Funnel, Pump Well & Engine Pit

I'he tunnel from the main dock passes under the corner of the
masonry and into the pump well behind the abutment In cross
ection it is 6 feet square At the point of junction with the
pump well, a pump pit 6 by 6 feet and 2% feet deep is constructed
in the floor of the tunnel Into this pump extends the suction
pipe from the 12 inch centrifugal pump. It is the lowest point of
the drainage system, intended to take care of leakage while the
dock is in use I'he pump well itself is 6 feet deep and has a floor
area of approximately 300 square feet.

In the centre a 6 by 6 foot concrete pedestal serves as a

support for the 12 inch I beams which are built into the roof as a

upport to the weight of the suction pipes, engines and pumps
Above the pump well is 10 feet 6 inches of concrete, which forms
the foundation of the engine pit The heavy suction pipes were
supported on wooden blocking while the concrete was being placed
about them and the blocking left until the completion of the work.

Anchor bolts for the engine bas were about 7 feet long, set

within a length of 4 inch gas piping, with heavy cast iron base

plates at the bottom
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After the engines had been aligned these gas pipes were 1{1
full of cement grout

There had been plenty of evidence at hand to conclusively
demonstrate that a mixture of 1-2-5 concrete was not water proof
when subjected to much hydraulic pressure

As the roof of the pump well would be, at high tide, some
30 feet below the level of the water outside the dock, or subject
to a pressure of some 1900 pounds per square foot, it was necessary
to provide some means of preventing water leakage into the engine
pit When the concrete above the pump well had reached a point
three feet below the finished level of the engine room floor, a 3
inch course of Portland cement mortar (cement 1 part, sand 2
parts) was spread evenly over the surface and extended on all
sides a distance of 2 foot 6 inches beyond the finished wall lines
of the pit. This 3 inch mortar course was carried up parallel with
the walls of the pit to the top of the dock, being back in“the
concrete 2 feet from the face of the walls. Even with this precau
tion, the walls appeared to sweat at times, though the moisture
did not accumulate in amounts sufficient to run

This mortar course not having been specified or shown on the
original plans became a Subject for “extra’” charge It cost in
labor and materials a total of $745.00 and the results obtained
justified the extra expenidture

The engine pit is 26 by 42 feet It is provided at the top with
a four foot wide platform, extending around the entire pit, from

which stairways lead down to the engines and pumps

Power House

I'he power house is built of brick, set in Rosendale cement
mortal It was constructed under special contract by C. H. Fath
& Son of Cleveland, O., for the sum of $5,750.00

A 13 inch brick wall separates the boiler room from the engine
pit, and is continped through the roof Six, 36 inch steel plate
girders, support the roof rafters, which are 2 by ¢ inch timbers,
spaced 18 inches on centers

The roof covering is 1%, inch matched lumber covered with

tin The total floor area figured from the outside dimensions of

the stone footing course would be nearly 3274 square ft. which

would make the contract cost of the building a little more than
$1.75 per square foot of floor a

1 Figuring the cubic contents

from the floor level to the underside of the roof boards, would
give approximately 74685 cubic feet, and a contract cost of 73
cents per cubic foot




Iinds among i 1oLt reterring Lo Lhe powel

00U cublce teel, the

house, that the 1bie content of the walls was T
nuni 0 1 1 16,000, which would give an average ot
2 ks per b 10«
I ering the boilers is located

That porton of power house cov

within the lines of the main dock FFor the foundations of this
and the boilers, piles were driven and covered with a g
10 by 12 inch timber (old shee piles removed from temporary
work) upon which was placed a layer of concrete Y feet thick

Air ducts were lail in the concrete for the forced draft.

Sluice Way

t was originally planned to construct a buried sluice way in

the south bulkhead, through which the discharge

the outer end of

from the pumps should flow into the harbor I'he sluice way is
hown on the general plan drawing accompanying this paper, but
was never constructed Instead, the end of the bulkhead was
never closed, and the pumps were allowed to discharge into it
I'here wa ome question as to whether the rush of water from
the d harge pipe would not scour out the material from around
the feet of the sheet piles, and cause the destruction of the bulk
head But at present writing, the evidence does not show that

great extent

1 action has taken place to any

Vain Body of Dock

lacing the transverse braces to keep the

['he nece f p
1 1 place material hanged the general scheme of
1 iction, in so far a ipplied to the work on the main body
of 1 dock I'he presence of e5¢ race made t impossible to
a pile driver on the dock floo vel, and by the time work had
actually teted here, there had accumulated from flve to ten feet
of mud, gravel and oyster shel in the bottom of the basin
I'he pile drivers were placed on run-ways laid on top of these

from tl elevation, the pile for the

Meanwhile excavation wa weing ympleted to the final eleva

t as a portion could be cleared, the
the 70 foot cross floor timber

from the elevation of the

1 in position The “M driven
ten 1 brace hown above, were found to be badly out of

Illy out, that it was

them off a foot lower

iny bearing

obtain




Driving pile from the

Shewing

feet of piles, driven from temporary bracing, before
excavation had been completed to point of cut off







|5,

The nu'xil bulkhead had given such evidence of instability
that it was thought inadvisable to trust entirely to the earth
back filling for security, so before the temporary bracing had
been removed, a mass of concrete was packed in behind the altars
and. slope.timbers, -whtch, starting at the point of the first angle
of the dock (80 feet from the abutments), was gradually increased
in thickness, until it met the bulkhead some 20 feet back from
the masonry, from which point the entire space behind the slopes
was filled, until it reached the concrete backing of the masonry

I'he «cross drain was originally designed to be of plank
construction similar in characéter to the side drains, but was
constructed in concrete, the foundation work of the aprons being
extended into the body of the dock for the purpose.

When sufficient flooring had been placed, a traveller was
arranged, which had a derrick on the two forward corners, the
booms of which could reach the surface level on either side of the
dock. This was used in landing the heavy cr floor timbers and
side slopes, and proved to be a very useful affair.

It was originally planned to face the side slope timbers with
one inch white pine boards, over which the altars would be spiked,
but after facing a small portion, these boards were entirely omitted
from the remainder g

Their use necessitated hewing the entire back surface of the
altars, in order to keep the front surfaces to the required lines,
and it was also thought that these boards would serve to retain
water behind the slopes, after the dock had been pumped out, and
t}

f

1e gradual drainage of this into the slopes would keep the alfars

muddy and slippery most of the time

'he soft mud and gravel removed from the bottom of the dock,
was placed or rather dropped from buckets behind the slopes, as
fast as altars could be placed to retain it It would haver been
much preferable to have carried this material entirely away, and
provided a better kind. Many times this semi-liquid mass broke
through temporary retaining walls and came pouring back onto fhe
dock floor. s use caused a considerable inward bow in the slope
timbers at gne point, and at another near the first angle in the
south side, When the filling had reached nearly to the coping, the
pressure was sufficient to force the slope timbers from the piles,
and seriously threaten to overturn that portion of the slope
Heavy iron tie rods

were immediately placed so as to fasten the
slope timbers back to the bulkhead, and the addition of filling
was stopped until that portion already placed had entirely dried
out.
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I'he north bulkhead at one point for a distance of some fifty
feet had crowded so far into the dock that i1t was within the
nnished coping line As it was impossible to get it back again,

the top was sawed away and the nnishing timbers laid upon it,

instead ol the plle cappling It seems to have kept to this position

ver since, so no harm has resulted from the compromise

When construction work had progressed to the point where the
I

original shore line was located, the most difticult portion of the

WOork was ovel I'he hydraulic pressure against the bulkheads

had nd longer to be reckoned with, and the temporary braces

having been taken down, a free field was left for the pile drivers

and the traveller

I'he drivers were now landed on the dock bottom, and the
rows of pile from this point became more satisfactory

I'he excavation was mostly in the gravel strata above the
white clay, and a number of springs were encountered, which for
a time sent water and filling up through the crevices in the flooring,
mt gradually ceased to flow, or found their way into the lTower
evel of the side drain

A\t the extreme head of the dock, however, a very serious

pring was encountered, which it was impossible to check The
flow from th ource would approximate that from a 5 inch pipe
nder moderate head After various attempts to choke it back
with concrete and cement, all of which were unsuccessful, the
eam was piped into the nearest side drain and allowed to run
I'l vill be referred to a little later, as the owners of the dock
ifter they came to operate it, tried their hand at controlling thi
tream
About the head of the dock, the sand and gravel soil became
o compacted that it wa ractically impo ble to drive the lope
! I'he top row was driven, after a fashion, however, through
the surface soil, and from this point to the foot of the lope, the
hant were cut to slope of the ide timber As the altars wers
placed, concrete wa rammed between them and the bank, in

It was or o have the head of the dock, a
ope, similar to the side but this was modified in part, and a box
like projection constructed, which gave an additional 24 feet 2

inches to the effective working length of the dock

The driving of the protection sheet piling about the head of
the dock was abandoned, owing to the hard subsoil, and in its
place was constructed a masonry retaining wa to support the

city street which passes close to the head of the dock, but at a
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By this time the keel and bilge blocks had been placed and
the dock allowed to slowly fill by leakage. The cofferdam was
pulled, and the entrance dredged out to the level of the aprons.

The dock was completed and formally opened on the 25th of

November, 1901, thus making the total time of construction a
trifle less then 2 years and 3 months. There had been used in the

i work an amount of material approximately as follows

) Yellow Pine Sheet Piling.. .. .. .. . «. «o 1,100,000 ft. B.M.
Yellow Pine Timber.. .. .. .. .. . . . 1,028,000
White Oak Planking : 5 e o 112,000
White Oak Timber.. . .o GO o0 82,000
Oregon Fir Timber. R . o 114,000 *
White Pine Boards. . . 4,600 ** M

b Steel Bands.. : 4,100 Ibs.

£ Steel I beams. Lo oo 2,600

i Iron Tie Rods .. .. .. : o e 52,000

% Cut Granite Masonry.. . 22,000 cu. ft

E Concrete.. .. .. sy e ; 180,000 “

' Round Piles.. .. .. o TR 933,000 lin .

And in addition there had been 30,000 cu. yds., of Excavation
and 60,000 cu. yds., of Dredging.

CosT DATA
The contract for this work was let on the basis of unit prices

for material in place, and labor performed, as per the following
schedule

Dredging. . . . 32¢ per cu. yd
Excavation 37« . "
Sheet Piling.. .. .. .. .. . oee .. .. $ 53,25 ‘“ M. bft
Yellow Pine Timber 37.60 ==
White Pine Boards 35.60

Oregon Fir Timber : 26.00

White Oak Plant . 38.00

Round Piles ; 16¢. * lin.. ft.
Tie Rods . . : oy fc. “ 1b
Steel Bands . 5e

I Beams. . 43 ¢

Concrete. . i 21c¢ cu, ft
Cut Granite. .. - : 3 1.09

The total cost of the complete dock was $430,000.00.
Aside from the carpenter force which was more or less skilled

labor, the working force consisted of negros and foreigners,




principally Bohemians. It is the writer's opinion, that the ordinary
colored gentlemen, when viewed from the standpoint of reliability
a workman, is a failure Pay days on this job were twice a

month, and after each one, the personnel of the laboring force

of unfamiliar faces. Two weeks steady

would contain about
work was about the limit

i Wages for a ten hour day's work were approximately as

follows: 5
Foremen.. .. .. .. .. . . $3.50
Carpenters. . S . 2.25
Carpenters’ Helpers 1
Engineers,. : s s ws s W e A g se @ 2.00
Firemen.. .: o o5 o5 s : 1.76
Common Laborers.. i3 G @ % s 1.50

The contractor’s claims for ‘“extras” on this work reached an

enormous total. Unfortunately, in the specifications, no provision
had been made for the possible need of temporary bracing. When
the protection bulkheads started into the dock, temporary bracing
became ;n».\nlulw]_\. necessary, the placing of which the contractor

be outside the scope of his contract. A

ol' course claimed to
compromise was effected whereby the contractor was to place and
remove all needful bracing, using therefor timbers that could later
be placed permanently in the dock. For this labor the contractor
was to charge extra time, and for the material be allowed a certain
percentage of its contract value, until such time as it should be
placed in final position in the work ‘

No one could have foreseen the great amount of time that

would be necessary to accomplish this, or the consequent extra
cost.

It is seldom that a work of this extent does not cost human
life as well as money, and the writer would be pleased were it

ible for him to state that this was an exception to the usual

rule, but sucl was not the fact. Two workmen were killed Of
narrow escapes there were several, such as when a pile overturned,
¢nd a hoisting bucket full of mud fell back among a gang of
hovellers Of the less serious accidents, we might mention that
of a member of the Engineering staff, who stepping off a timbkr
one day, found himself up to his shoulders in the rich black ooze
at the dock bottom
CovprarisoNn Witn Orner Larare Doct

It may now be of interest to record the finished dimensions of
this dry dock, and compare it briefly with the other large structures
of similar nature to be found along the North Atlantic seaboard
|

1 looking over the published literature bearing upon this
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ibject, it is at once evident that there is needed a more systematic

method of recording the dimensions of docks, whereby measure
n 14 [ [ y ¢ on V1L 1 le ribing

L structure will note that *'tl on the floor, head to inner
abutment is 516 feet” while tate that “extreme length

at bottom on keel blocks is 588 feet”

The purpose of a dry dock is to dock vessels, therefore the first
principal dimension of a dock, should be given as that of the
longest possible boat which the structure would be able to accom
modate, ol in othe words, the greatest horizonta listance,
measured along the level of the tops of the keel blocks, from a
vertical line tangent to the inner face of the caisson gate, to the
corresponding point in the head of the dock Next in importance

.

is the minimum depth of water over the entrance sills, after which

hould be given the width of entrance at the level of the top of

the highest the vertical distance from the top of this sili
to the coping level, and the width of entrance at this level In
the body of the dock, ions should be given as follows

Maximum width on floor level and at the level of the top of tie
keel blocks, maximum width at coping level between the inside

faces of the coping timbers, and horizontal distance at coping

level from vertical tangent to inner face of caisson to inner
face of the coping timber at the head of the ¢l
Following th method, the finished dimensions of the Balti

more dock are as follows
The horizontal distance at level of keel blocks, from a vertical

tangent to the inner side of the caisson, to the vertical face of

box in the head is 599 feet {1 inches re is over the inner

water, and at high tide, 25% feet has

at any low tide, 22 feet of

)een recorded. The width of entrance at
the inner sill is 60 feet, and at the coping level, 80 feet. The top
of the inner sill is 29 feet below the coping level. The maximum

width of dock body is 60 ft. at the floor level, and 69 feet at level
of tops of the keel blocks. The maximum width at coping level

ft. between inner faces of the coping timbers The over
all v!z[:.vli ion at coping level, from tangent to the caisson, to
inner face of coping timbers at the dock head is 604 feet 7 inches

The other large docks along the Atlantic seaboard are located
at the following points St Johns, Nfld., Halifax, N.S.;
Portsmouth, N.H Boston, Mass.; Brooklyn, N.Y.; League Island,
’a.; Newport News, Va.; Norfolk, Va.; and Port Royal, 5.C

In the following table, the writer has compiled, from various
sources, the principal characteristics of these. The indefiniteness
of the two leading dimensions will emphasize what has just been

stated regarding the desirability of a more uniform system







By a study of the table, it is seen that in maximum length
f docking facility, the Baltimore dock is only exceeded by dock

al Newj News, do number 2 at Boston, and the

United States government dock at Portsmouth

The Portsmouth and Boston docks were still under construction

at the time the Baltimore Dock was completed, so that at the time

of opening, it could rank as the second largest dock on the coast
When w consider the erious mishaps that have attended

the construction of some of these docks, and the length of time
required for their completion, we find that the Baltimore dock
was built within a reasonable time, at a not excessive cost, and
was practically free from misfortune.

I'he timber dock at Port Royal was under construction for a

period of four years, during which time the cofferdam gave way,
hydraulic pressure, and the dock

of August 1893

the dock floor was lifted by the

was flooded by the tidal wave

Though the contract price given in the table is only 418,915
lollar it has been stated that the dock has cost the U.S. govt
upwards of one million dollars, including site and repairs, and a
recent report states that it is to be abandoned entirely.

In the new Boston dock the cofferdam failed twice duriag
construction, at one time a length of 200 feet giving way, and at
inother time the docl flooded and all work stopped, due to a

ettlement and overflow of the clay banking at the sides

I'he two timber docl at Brooklyn have been the cause of

many anxious moments on tl part of the officials in charge
I'here ha yeen leaks which were estimated at 10,000 gallons
minute

per

Dock number 2, after nine years or so of use, failed so seriously

that in 1900 it was almost completely rebuilt in concrete and

masonry, and can hardly be classed at this

time as a timber dock
CONCLUSION

The Baltimore dock has now

been in operation for nearly
three and a half years, and it may be of interest, in conclusion,
to see what the result has been

I'hrough the concrete backing and the joints of the granite
abutments, at the time of completion, there were several places
where small streams of water had found entrace into the dock
It was thought at the time, that these

streams of muddy water
would gradually deposit enough silt to choke back the flow, but
1 has not been the case The leakage through the
remains about the at

11( concrete,

same, no worse than first

and

no better




[he 3 inch mortar course about the engine pit has proved

effective There are several damp places, but at no point can
running water be seen, and what dampness there is, shows in
orizontal lines around the engine room, and is evidently caused
by an incomplete bond between one day's work on this fnortar

course, and the next

I'he concrete placed between the altars and the north bulkhead,
has served to keep the bulkhead in place, but at this point there
is more leakage through tihe altars than at others Since  tue

filling has become compacted, been no visible signs of

movement either in the bulkheads or the slopes of the basin

The large stream of water at the head of the dock, (mention

of which has been previously made gave considerable trouble,
I > )

in that it brought with it quantities of fine sand which choked up

the side drains After various attempts to control it, a test well
was I, which showed that at a depth of 65 to 80 feet below
the coping level, there existed a t im  of coarse gravel, and

rock at a depth of 132 feet ten inch pipes were driven to

the rock, and perforated where they passed through the gravel

hese wells are pumped by compressed air and the work has

to go on constantly whenever the docl being used
At the outlet of the pumj where the sluice way was omitted,
there has been no evidence of scour about the feet of the sheet

piles. The drainage system has proved of ample size for the work
intended

test time in which the dock has ever been pumped

ree pumps running, is 70 minutes. With two pumps

going, as is usually done, it can be emptied in 90 minutes

There is no doubt that in the designing and building of this
dock, many thing would have been done otherwise, could fore
ight only have been as keen as hindsight But after all is said

and done, can there be a better test of the success of an engineering
work, than that it satisfactorily performs the functions for which
was designed?
The writer concludes this paper with the words of the Pre-
sident of the Company, who in a recent letter to the author took

occasion to s: In our three years operating the dock, we have

made but one change, and that was to lengthen the smoke stack
50 as to cut out forced draft, otherwise if I had another dock to

build, T would not make any change whatever.”
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