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HISTORIC AMERICAN ENGIMNEERING RECORD

Location:

CLEVELAND BREAKWATER

HAFR-OH-1

Waterfront Lake. Erie, Clewveland Chio
Cleveland, Chio .
Cuyahoga County

Date of ConstruqtiOn: 1875-1915

- Present cwners:

Present Use:

Significance:

Historian:

U.8. Amy Corps of Engineers
Breakwater

The Cleveland Breakwater is a significant
example of engineering technology.  the
construction of the breakwater is relatively
simple in concept, but demonstrated several
innovative engineering advances. The break-.
water created the Cleveland Harbor and thus
allowed for significant commerical developmment
on the waterfront of Cleveland..

Edward Pershey, 1978
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“Cleveland is growing so rapidly, and its trade and commerce are increasing
at such a rate, that it will soon demand the construction.of an outer harbor."
Major Walter McFarland.

~ In charge of Cleveland Harbor, 1870

“If the private enterprise of many of our citizens could be supplemented by
a little more disinterested public enterbrise and spirit we might soon

become a more respectable second to Chicago than we are.”

John H. Sargent

Hestern Reserve Historical Society-
(Cleveland)

1892

"This breakwater will add to the harbor a magnificent sﬁé]tered area. Is
this all that i§ necessary? w111 this suffice of itself to restore to Cleveland
its lost commerce, or even insure it of its fair share of the future increase
of business? Mo, mest emphatically no. The general government is simply
bqi]ding.a fence around vour farmm; it is for you to cultivate it with skill
and diligence if you desire a valuable crop.” |

feneral Dan €. Kingman

Chiet of Engineers, U.S. Army

In charge of Cleveland Harbor, 1901-05



2,2 HAcE-on-l

Cleveland Harbor

INTRODUCTION

Cleveland, Chio, has anm artificial harbor cfeated out bf Lake Erie and
protected from the lake by a man-made structure called a breakwater. U.S.
Army engineers constructed this wood, stone and concrete rebuke to the
lake between 1875 and 1915. 1t stands in 1978; with various repairs made
during the intervening years, essentially as it stood in 1913, a physical
symbol of the commerciaL and industrial development of Cleveland, which 1t
parallels.

The technology of breakwater construction is gimple when.éompared to ﬁhe
complexities of urban development, but the ﬁwo have a shared entropic
character which obviates their differences. The breakwater.dissipates the
force of natural wave action. This continual fight against the second law
‘of. thermodynamics reflects. the essence of tﬁe city. .Further, the two sites
are mutually dependent for their functional existence. Although'the city
could conceivably stand alome, without the breakwater Cleveland would be
more town . than city, and the breakwater cannot exist but as the physical
and economic boundary for a large commercial and industrial center. Their
histories, likewise, are coincidental,

This study of the history of Cleveland harbor's breakwater rests primarily
on the resources of the U.S. Army Corps of Engineers which built and maintains
it. The valuable assistance of the Corps,. in funding the project and pro-
viding access to the records, must be acknowledged.. Ellen Gummings of.the
Environmental Section of the Corps' BuffalO'Distfict served as liason énd a
source of information. At the Corps’' Cleveland office Caﬁtain'william Lucas

was most patient and agreeable during the ever changing requests for trans-
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portation out to the breakwater. John Wolfs, Directof of the Cuyahoga County
Port Authority, provided insight into the role of the breakwater and harbor,
as well as importgnt documentary sources. The photographs included in this
report ware copied from the Cleveland Picture Collection, History and Biography

Section, Cleveland Public Library, through the help and cooperation of Ms.

Margaret Warden.
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I; SETTING THE GEOLOGIC STAGE

In the latter half of the eighteenth century the Cuyahoga, a meandering
river in what was to become the Western Reserve Territory of the future
United States of American, cut across a sand bar and formed a new mouth into
Lake Erie about 1 1/2 miles to the west. The old mouth scon silted closed,
and the eastern opening into the old river bed, which ran parallel to the
.shoreline'for the mile and a half, was also closed by the freshets of material
carried by the swiftly moviﬁg river as it noﬁ took this new and shorter route
to the lake. The 0ld River Bed was turned into.a.low, marshy-lagoon. The
land just north of the lagoon, once contiguous with the east bank of the
river, was now a peninsual joined only to the west bank by the new sand bar

1 (FIG 1, BRW-2) These natural occurances of a rather

across the old mouth.
crooked river set the natural parameters for the development of Cleveland.
Harbor, Ohio, for the next 200 years;z

Moses Cleveland, the city's mis—namésake, arrived in 179 to fiqd_the
river already settled with its new mouth and marshy, abandoned lagooﬁ;, Apart
from the river, the eariy inhabitants found no natural harbor of any sort
along Cleveland's shore. From its beginning the citﬁ_had looked upon'théf
river as its central, most important natural_feature providiﬁg na&igéble
inland'passége and sheltefed docks for léke—borﬁ commerce. In a real sense, .
the development of Cleveland Harbor arose from a conscious respoﬁse to. make
maximum use of the river for commérce and industry.

Although the river, with its many bends, afforded several miles of

riverfront dock space, the lack of a natural lake harbor plagued Cleveland's

commercial development. The yearly freshets on the river threatened. to silt
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up the mouth to unusably low depths. Rough weather amplified the effect of
the freshets, the prevailing nortﬁwesterly and northerly winds prevented
the sandy material from being_carried out into the lake; as well as making
entrance into the river's mouth é hazardous experience for lake pilots.

The original idea for an artificial lake harbor at Cleveland cannot be:
pinpointed,but developed from the work dome by U.S. Army engineers to
artificially protect the mouth of the Cuyahoga, beginning in 1826, The
idea for an artificial harbor persisted as Cleveland grew into a city, and
it became . a necessity by the 1870's., For the first 70 years of urban habi-
tation, however, the river, the 0ld River Bed, and the Ohio Canal, which

terminated at the river,were the focus of harbor development.

| II. TBE CUYAHOGA RIVER AS HARBOR IN EARLY CLEVELAND

The Ohio Canal opened in 1826, and Cleveland began its.hectic history
4s a major commercial town. The canal entered the Cuyahoga River just south
of its mouth, on the first bend. Cleveland, on the eést bank, and Ohio
City, a sepafate municipality on the west bank, passed ordinances relating
to harbor master duties, dockage and river use. The latter muanicipality also
attempted to use the marshy lagoon of the 0ld River Bed by cutting a ship
channel through to the river proper, and by unsuccessfully opening up the
old mouth of the. river at the western eﬁd.of'the old bed.3 The city of
Cleveland passed ordinances in the 1840's to regulate public landings aﬁd
impose a tariff on goods landed at pubiic docks along the r:-iv_er._4
The tegulation of the river and its impfovement, including dredging,

was the work of the city for many years. Straightening the Cuyahoga River
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to eliminéte the many survés'and_bends has been a favorite topic in Cleveland
business.circles since the city was founded. No major channel cutting acfoss
any of thg various loops has ever been constructed, though sections have
been widered.

Early suggestions for a2 harbor in the lake came from various sources.
In 1837, a map proposing two plans for enlarging Cleveland Harbor showed
not only the use of the 01d River Bed mouth, but also the construction of
a 3,000-foot breakwater beginning just east of the river's mouth, about 1500
feet from shore and running parallel to the shoréline.(C7HB) Neither proposal
was enacted. In 1853, a citizen of Cleveland suggested a breakwater plan
approved by city council, The plan of J.D. Garrett called for wooden c¢ribwork
filled with stone, resting in 15 feet of Qater out in the lake a distance of
1000 féet. The superstructure of the breakwater was to have rgached six
feet above water, level and the whole breakwater was-to.have stretched from
a point Opp;site the east bank of the river mouth to a point oppo#ite Wood.
Street, on the city’'s eastern limit, or just a little over 3500 feet; The
plan was hailed as a "visionary scheme," but as with many such visions nothing
.was done about it.° In 1870 the Cleveland City Councll again considered
an artificial harbor with breakwater, but found the estimated cost of-$3,006,000
beyond the resources of the city.6 The magnitude.qf such an undgrﬁaking |
" surpassed the scope_of municipél governmen%or private enterprise in Cleveland.
Four years later the federal gbvernmenﬁ sqrveyed the lake for just such.a
plan and a year later construction began on the west breakwater of Cleveland

Harbor.7
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ITI. THE U.S. ARMY CORPS OF ENGINEERS & CLEVELAND HARBOR

Although harbor and dock development were a major concern of Cieveland‘s
business sector, the real story of the breakwater at Cleveland Harbor lies
with the United States Army Corps of Engineers. An act of Congress in 1825
provided $5,000 for the construction of two parallel piers, one on each side
of the mouth of the Cuyahogé, and for the divergence of che river into a
more direct line into the lake perpendicular to the shoreline. Corps
engineer Captain T.W. Maurice drew up the plans for the work, but the funds
were insufficient and work was done.8

Congress passed a larger appropriation of 310,000 in 1827 and the work
began. _Figure 2 (map 91-c-10, Buffalo District c2HB) shows the plan for the-
actual construction. A 255-foot dam was built across the chanmel of the
river immediately above the mouth, and the current of the river was used to
breach a low sand bar that ran across the proposed new mouth. By 1828 the
riﬁer had done its part and formed the new opening into the lake, the third
mouth for the Cuyahoga in a period of about 75 years.9 |

The divergence of the river bed had a long-lasting effect on municipal
growth in the area. By moving the mouth 700 feet east, the Corps effectively
transferred a plot of ground from. the east to the west bank, allowing Ohio
City to annex a portion.bf what was forme:ly Cleveland. Some local hiétoriéns
credit this act with providing the "bait"” by which Cleveland anmexed all of
Ohio City in 1854 creating the east-west polarized municipality which lingers
to this day.lo

The mouths of the river, old and new, offered a depth of only 3 to 4

feet, while the river channel and lake bed were approximately 15 feet deep
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on either side. _To increase the aétion of.the'river'current, the mouth was
nartowed by the building of the tWo.pile piers along Ehe banks of the mouth,
By 1828 the depﬁh acrosé the mouth had reached 6 to 8 feeﬁ.ll The aepth
increased from 10 to 11 feet by 1833,'and by 1839 the @ening allowed the
largest lake vessles of the time to use the river channel.12
| The piers aﬁ the new river entrance were initially wooden pile structuras
and were completéd in 1831. They stretched about 1500 feet into the lake,
and cost a little over $28,000 to build. From 1837 to 1840 the piers were
made permanent structures by reinforcing them with outer rows of piles,
inclined planes of loose stone, and topped with masonry stone. Total
appropriations by 1840 amounted to over $124,000 and another $67,000 was
the estimate for completion of the masonry work. Howéver,rsiqce_the piers:
had already functioned as planned,.i.e. the river current flowing through
the narrower man-made mouth, which widened out into the lake, had actéd-as
a natural dredge, no further work was authorized for the next four years.

Between 1844 and 1875 the west and east govermment piefs'(PllS, 119, HB)
at the river (c¢c6HB) entrance went through a series of repairs. 1In the years
1846 to 1851 and again 1855 to 1864 no appropriationé were enacted by Congress,
and at the end of each period the piers wefe found to be in terrible.shape
from the action of the lake waves and collision with siips entering the river,
though the real cause lay in the lack of maintenance over these yearé.
During the Civil War the east pier had been wholly appropriated by the -

Cleveland-and Pittsburgh (later Pennsylvania) Railroad for warehouses. This

" was a legal question of uncertain proportions, only haphazardly solved in

. : : : 4
1877 with the transfer of the portion of the occupied pier to tﬁe~raiiroadgl

($26HB)



Cleveland Harbor :
_ _ 198 HAE L-oH~1
In 1866, under the direction of Colonel Thomas Jefferson Cram, the
Corps elongated the west and east piers by approximately 500 feet, using a
.pile pler construction. Cram's successor, Major Walter McFarland, severely
criticized the stability of the conmstruction as compared to stone-filled
lattice cribwork, and introduced the use of iron tie~rods to reinforce and
strengthen the piers.ls
McFarland's successors, Colonel Franklin Harwood and Lieutenant Colonel
Charles E. Blunt, finished the reinforcement of the piers. Work continued
until the turn of the century, with an important point was reached in 1873.
In his annual report.for that year Harwood stated:
| It is probable that owing to the pile-pier constrﬁction,

so difficult of repair when once damaged, it will be

necessary to expend, at undetermined intervals, large

.sums in keeping the pier in order. As the damage is,

however, due in great measure .to vessels breaking the

pief whilé endeavoring to enter in stormy weather, and

as the item of damage would be almbst entirelyréliminated

should a harbor of refuge be constructed backward, as now -

proposed, no definite estimate can be made to meet thiS'

contingency._16

Thé proposed breakwater of 1873 was first and foremost intended as a
shield for the river entrance, (sl8HB) to protect the pile piers from the
collision with boats running before high winds and choppy lake conditions.
: In.1874 and 1875 the Breakwater itself became important in the creation of
fa lake harbor and Cleveland Harbor began to take the shape it has rétained

to this day..
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IV. "HARBOR OF REFUGE" AT CLEVELAND

"To coﬁstruct a harbof of refuge at Clevelaﬁd,_a breakwater .or system
of breakwaters would evidently be needed." This is the first statement in
the report of Major Franklin Harwood Sn'the survey made at'Cleveland, as
directed by an Agt.of Congress passed March 3, 1873.17 Harwood's.report,
dated December 31, 1873, predated by almost two years the start of actual
construction on November 30, 1875. The construction project resembled.
Harwood's proposal only in that the two were breakwaters. In the intervening
time major changes were made based on the view of the role that the break-
water was to play in the local industrial and commefcial £COonomy.

In 1873 the U.S. Board of Trade had requested that.Congress.im@rove the
harbors 1in Lake Erie, especially at Cleveland, and this resulted in the Harwocod
survey work. The survey approached the éroblem as one of harbor improvement
for existing facilities, and at Cleveland this meant a refuge harbor opposite
the.mouth of the Cuyahoga to allow.ships calm Wéters near the_moﬁth and to
protect the plers at the mouth from rough weather.lg' Basic breakwater designs
were outlined including the Cleveland Board of Irade’s own sketch for #
completely closed harbor.19 All the Vafious proposals had taken the form
of two or more arms, east and west, separated by a gap of about 300 feet
opposite the entrance to the river, Hérwodd_objected to this form because
ships coming inté the harbor would necessarily be attempting to navigate a
narrow channel while fighting strong prevailing cross winds, a situation
not very different from‘the existing -case with the river entrance piers.

Also, such a design in any form, he argued, would be. ''nearly useless until

completéd, and constantly more_endangefed while in'process of ‘construction
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than a continuous work, starting at a point 3,000 feet perpendicularly
opposite the east pierhead, with two arms extending at an angle shoreward,
to a maximum length of 4,000 feet (see figure 3, below). The_design allowed
the work to form a lee quickly, and the arms could be built to any length,
in sections, as the commerce ofthe port grew. The angle éf the arms was
determined by selecting an end peint for the maximum length based on the

"prevailing incoming wave,'" and working towards that point. The average

depth along the arms would have been 34 feet.

Fig. &
&fﬁé&) N HARWOCON s
LLOSTEATION
ANNUAL REFORT 1873
[ bty q§§;h

N (AFPROK)

AN
™
RWER ENTRANCE
SHORELINE I

| |

For the breakwater itself Harwood proposed woodem cribwork, although
beyond projecting a cross-section of 40 feet, he specified a design only by
referring to work in progress at Buffalo harbor. The total cost he estimated
at $4,000,000.21

Harwood's major contributiom, however, was not his design but his study
of the nature of the lake bed on which the breakwater was to resti

", . . the bottom of the lake, all along the water-fromt,
consists of a loose deposit of soft blue clay, silt, and:
sand, uno rock or firm foundation of any character being

found within 25 feet of the upper surface at any peint
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«. « + This fact will seriously affect the cost of any

structure which'may be determined upon, nc matter where

located . . ."22
In determining the character of the lake béd Harwood had used an."ingenious
machine" of his own design which drove a hollow rod into the lake botton:
to obtain core samples.23 This core sampler had been used ar Buffalo, and
was used a_secbnd time at Cleveland for a survey under the direction of
Lt. Col. Charles Blunt inm 1874. Blunt's report confirmed the loose, silty
nature of the lake bottom, and concluded that the "cost of foundation for
this breakwater cannot, therefore, be forseen with certainty."za'

The 1874 survey for a Cleveland breakwater was a congressional reaction
to.Harwood's extensive and expensive olan. Two alternatives were requested,
_ both of smaller scale, in four and five fathoms of water. The basic concept
and shape of the breakwatetr remained identical.with-ﬁhat of Harwood's plan,
but fhe total costs were considerably less. At four fathoms, with the |
uncertainty of the bottom foundation as an unknown factor, Blunt estimated
that $434,000 to $564,000 would be needed to complete the breakwater. At
five fathoms the cost rose to a total of between $1,200,000 and $1,300,000,25

The Blunt survey went back to Congress late in 1874, and early in 1873
Can initial appropriation of $50,000 was made toward the construction of a
breakwater in five fathoms. _Blunt’S'proposed'rentention-of Harwood's design,
however, was referred to a Board of Engineers who were to ﬁeet in Cleveland
to make a final design selection. b

The Board of Enginesers convenediin-Cleveland on April 21, 1875 and by

~June 9 had approved a plan.  The new pian revereted in part to the original
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idea as suggested by the Cleveland Boafd of Trade: the breakwater to
gtart at the shore, about 700 feet west of the end of the 0ld River Bed,
and extend at a 68° angle into the lake to a length of 2,400 feet, thence
parallel to the shore for another 4,700 feet, to a point perpéndicularly
opposite the west pierhead. The west pier was to Be extended 600 feet
out inteo the lake, leaving an opening of approximately 300 feet betﬁeen
it and the end of the breakwater to form a closed harbor west of the river
entranc'e.27

This breakwater no longer served as a protection structure for the
river entrance, which stood outside the harbor in this plan, but ratﬁer
formed an alternate dock area to the riverfront. The Engineering ﬁoard
adopted this plan based on the cost estimate of-$l?373,000 which compared
favorably with Blunt's five—fathom.project, but which offered a protected
harbor area of over twice the siZe.ZB Also, Blunt's plan, as with Harwood's
earlier design, left the harbor open on both sides, while the Engineering
Board's brealkwater was essentially a closed figure with a small-entraﬁce
facing east. The west side of the river was chosen over the east shoreline
becéuse of the "now much useﬁﬁ 0ld River Bed and the fact that the fiver
emptied into the lake with a curreﬁt that flowed "mainly to the eastward"
and would have possibly silted closed any similar BbO—foot entrance in an
eastern harbor. The plan also assumed that of the 200 acres of protected
harbor, 10 acres along the shore would be suitable for wharves and slips,
leaving almost 190 acres of navigable harbor.

The Hangineering Board's project offered new possibilities.for Cleveland

and lake commerce, and was accepted by the Chief of Engineers, A.A. Humphreys,
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. who communicated tﬁe proposal tb the Secretary of War with one modification.
Since the original Congressional appropriation had been for a breakwater in
five. fathoms (30 feet), and the Engineering Board had planned for an depth
of oniy 27_feet, Humphreys extended the shore arm another 730 feet, and the
west pier 1,000 feet into the lake instead of 600. With this modification
the breakwater would sit in five fathoms of water and conform to the legal
appropriation.30

The shore~arm and lake-arm of the modified Board of Engineers' plan

of 18753 beqame what can now be walked on as the Cleveland west breakwater,
and formed the initial branch from which thé_whole breakwater system grew.
In 1884, before the west pier had been extended, the plans were-mﬁdified
again by the Board of Engineers to continue the breakwéter ségmeﬁt parallel
to the shore eastward, after a gap opposite the river entraﬁée, to form

. a mirror imagé- harbor east of the river.Sl By that time, however, the
construcﬁioﬁ of the west breakwater had been completed, and ﬁhesé'modifi~
cations can best be discussed within the context of breakwater.design:and_
construction.
V. CLEVELAND.'S BREAKWATER: FUNCTION, CONSTRUCTION TYPES & SCALE

The function of a breakwater, such as Cleveland Harbor, may seem simple

and obvious. (c4HB) It exists to dissipate the kinetic enérgy of the waves
into a.random spLash,'creating on its harbor side a body 6f'wateruwﬁose
moticons are independent of the movement'of the larger free quy'on the laké.
side, The effect of a breakwater, even on é calm day, ié,nOticeable. The
line separating the protected water from the open lake, the shadow edge
of the breakwater wall, is abruptly demarcated. Cruising aloﬁg the harbor

side and watching the waves break and spill over the top, one is not aware
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of the total effect until the end of the structure is reached, when quite
suddenly the surface of the water becoﬁes comparatively rolling and quite
rough, Experiencing this effect emphasizes the_importance of the break-
water in relation to the city shoreline which, in the shadow of the structure,
grows outward toward, instead of away from, the on~rushing waves of the
lake, which would otherwise pound and erode the shoreline.

The breakwater is essentially two gtructures. The foundatiom, or base,
rises to within three or four feeﬁ of the sﬁrface of the water. The base
is protected from decay and destruction by the envelope of water surrounding
it. The top portion breaks the water and rises 10 to lﬁ feet above its
surface. The top, exposed to the air, takes the brunt of the wave action
and major structural changes and repairs have been made to the Cleveland .
breakwater's top segments. The two portions may be two différent constructions,.
‘similar structures or two may be contiguous. The submerged foundation at
Cléveland is the original.32 “ |

Cleveland Harbor breakwater has four distinct segments with three
different comnstruction types: stoneFfilled ﬁooden crib.substructure with
concrete superstructure; stone-filled wooden crib with stone superstructure,
and "rubble mound" construction built entirelf'of gravel and quarry stone.
There are two forms of rubble moﬁnd breakwater: gravel and stomne pille
with laid masonry at the top, and a simpler gravel and stone pile with no
organized superstructure. The breakwater proper is of the first type of
rubble mound construction. The simpler coﬁstruction was used in.Cleveland
in dikes built around landfi;l areas.33

Each part of the various segments beginning with the wesgt breakwater in

1875 were bullt using the type of construction which was then standard for
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breakwaters, with modifications.based on the market price of materials and
labdr. The various types of discernible from water level, although only
the superstructures are visible. Construction methods observable in
Cleveland in.1978 differ only'slightlf from.the original work. The
laying of a quarry stone (P98, 101, 102, 104 ®B) (S1, 3, 4, 5, 8-=12, HB)
is currently being done on repairs to the east breakwater, and the buillding
up of rﬁbble mound (512 HB) dikes is occurring eaSt.of the breakwater's
eastern terminug at the shoreline of a newly created Ohio state park.
Pouring of concrete caps to repair the west breakwatef is scheduled but
was not in progress at the time of the HAER ﬁeam's_inspection-of the hérborr
No work has ever beeq done on the substructure foundations of the breakwater,
except for the removai of segments in 1895, 1909, énd 1934 and_the femoval
of the incomplete east shore arm, 1911-15.

'The scale of the breakwater canmot bé appreciated, nor even easily
observed, from the shore. The visible strucﬁure from thg western shoré'
terminus to the eastern lake terminus extends over five miles, with géps
of 201 feet along the west shore arm, and 750 feer at fhﬁ harbor entrance.
The eastern end is open to the lake. Two 1,250-foot arms protect the

harbor's entrance opposite the mouth of the Cuyahoga. The structure at

“water level varies in width from 30 to 40 feet. A cursory examination by

boat takes slightly over two hours. An everchanging sequence of missing,
delapidated, original and repaired“segments passes'alongside the obserﬁer*
The breakwater, somewhat unimpressive from shore, commands attention at

close range. The lake waves occasionally breaking over the top attest to

the dynamic function of this deceivingly static structure.
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' . VI. BUILDING CLEVELAND HARBOR BREAKWATER

b

In 1881 Major John Wilson of the Corps of Engineers, in charge of
Cleveland Harbor, described the construction of the new breakwater, which
had been underway since 1875: |

The method of construction of the work which is now
being built in water from 27 to 30 feet deep, upon a
soft bottom, is to first prepare a foundation of
rubble~stone 30 feet wide on top and 5 feet deep,

with natural slopes; uﬁon this, cribs 30 feet long

and 32 feet wide are sunk and connected by a super-
structure 8 feet high. The work is heavily riprapped
with stone weighing not less than one ton each, timber

12 inches square is used--hemlock under the water and
34

'_ | Michigan white pine above.
The method of'éﬁnstruction and the.si;e of the cribwork differ substantially
from an extant dréwing made by'Caﬁtain M.B. Adams, assistant at Cleveiand
Harbor during the initial year of construction, 1875 (fig. 4 Cl HB). The
cribwork in Adams' drawing measures 18 feet high on a base 30 feet wide
narrowing to a top section of only 14 feét. Thé mechanism pictured appears
to have a chain pully device for lowering the crib onto an extensive base
of rock foundatiom. UNo verbal description of this proposed method exists.

The method actually used more nearly coincides with a description of the

sinking of cribwork for the east breakwater in 1898:
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the crib when towed to position, will be held
firmly against the .end of the previous c¢rib and may -
sunk by filling or partly filling the compartments
. When the crib has been sufficiently.loéded to -
rest lightly upon the bottem, its position will be
adjusted . . .and the crib will then be filled,
distributing stone as nearly uniformly as possible
to insure even-setﬁlement.3 |
The method described was for that of cribwork of much largerldimensibns,
but the process was essentiallf the same.36”'The.work was performed éntirely
under contract to a local, c¢ivilian company, Sherwood & Geissendo;fer of
Clevéland, with three other Cleveland contractors supplying material, and
one Philadelphia company supplying timber and labor for construction -of
cribwork on- shore.

Once all the cribwork had been sunk, additional stone (rip rap)_ﬁas
placed on the lake side to a ehight of eight feet from a base of 16.féet,
and on the harbor side to.a height of 5 feet from a base of ten feet. A
severe storm in Novembef of 1884 caused appfeciable settling, about foﬁr
feet, along a large segment of the newly built breakwater, and additiomal
rip rép stone (See $34 HB) and foundation sﬁone was added.38

The harsh storms and winter weather experienced in 1884 promﬁted the
¢corps engineers c0_make tﬁo modifications to the breakwater. First, quarter—
inch plates of boiler-irom, 36" x 72", were bolted over the junction of-tﬁe
crib and superstructure, extending'well'below io&-water level, to protect

the wood from the scraping action of ice flow$;39' In 1885, a timber parapet,
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superstructure in width). The parapet addition was finished in 1888.
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4" x 16", running the length of the completed breakwall, was affixed to
the top lake-side edge, to provide additional height against the waves
(C9HB, top). This gave the cribowrk a total height of 39 feet, lakeside,
and 35 feet harborside (27-foot crib, 8~foot superstructure, and 4-foot
parapet runmning along the whole length but covering only half of the
40
The first 1,000 feet of the breakwater, the arm connected to the

shore, was built up first of pile-pier rip-rapped with stone. The shallower

water allowed this type of comstructiom. In 1934 this section was abandoned

in connection with a public works project imvolving landfill and the
development of a recreational marina for the city just outside the break-
water along the west shore of the lake.

At the same time that the parapet was being added to the west breakwater

anqblans for the extensioﬁ of the west pier were being formed, the Board

of Engineers made the decision to enlarge the protected harbor. Rather than
confine the harbor to the west shore, with an entrance between the eastern
terminus and the extended pier,; the new harbor would cover areas on both

sides of the river entrance, with a harbor entrance from the lake directly

apposite the river mouth.41 In 1887 construction began on the modified

plans to build an east breakwater similar in shape to that of the west. The
1885_mddificétion was. a move back towards the Cleveland Board of Trade 1870
proposal for a completely enclosed harbor, symmetriéal about the Cuvahoga
River mouth. However, between 1887 and 1915, when the breakwater was
essentially completed as it stands today, several additional modifications
wefe_made which unbalanced this symmetry and created an open-ended harbor

to the east.
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Coﬁstruction of the initial eas;.breakwater lasted.from 1887 to 1893.
Stohe-filled wooden crib suﬁstructufe and wooden criB superstructure, similar
to the west brgakwater, was set in place using methods described above.

The gap left hetween the eastern endiof the west ﬁall and the western end
of the new east portion was 500 feet. The completed eést breakwater
stretched 2494.5 feet from the entraﬁce,.parallel to.the ghoreline.

As the new east breakwater was bging finished, the pollution pouring
out of the Cuyahoga, a problem since_dntebellum days, tended to flow
easterly into the newly created harbor area, as had Been'predictéd_by the
1875 Board of Engineers-wﬁo had selected the western harbor site.. To
partially alleviate thiS‘conditioﬁ, a 201-foot gap in tha shore afm of the
0ld west bBreakwater (P115 HB) (S35 HE}, approximately 700 feet from shore,
wag opened by rémoving.a section of-fhe structure. This work was completed
in 1896 and remains open today, protected by a stone~moqnd spur constrqcted

 in the 1930's by public works crews. |

The deteriorating condition of the wooden crib supefstructure of fhe
original west breakwater indicated in.the late 1890’31that-future-repairs'
of rotting wood sections would Be expensive and recurring. In 1897 the
Cofps proposed to modify the supérstructuré by remoﬁing the superstructure
to a level three feet below water and replacing it with poured concrete
masonry.éz' Exéept for pierheads for the support of terminal lightS'and
fog whistles, this is the only secﬁion of the whole Breakwater syé;em in
Cleveland to have a concrete cap (P112,113,114 HB) (S29 HB to $33 HB),

~although hoth east and west ‘plers at the river entrance also received such

superstructures. The concrete, of American Portland Cement, was poured .
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on shore into a wholé section form, and, when set, was carriled out to. the
breakwater and set in place In the same manner as solid Quarry stone. The
superstructure consisted of tﬁd segments: stone or concrete blocks as a
base, and a solid concrete parapet which resembled the cross section of

the wooden parapet and superstructure it replaced (C9HB, bottom}.

In 1898-99 the east breakwater was extended 864 feet, just_about to
the point where it was to break in at an angle toward shore. From l89§-
1902 this shore arm was partially completed. Cribs of 216-foot lengths,
instead of the 50-foot lengths previously used, we&e sunk in much the same
_ manner.44 Even as this extension was being started and contipmued, two
e#ents dfastically—changed the scope and nature of the breakwater. (C3 HB
shows harbor as of 190G.)

A storm in November of 1898 broke through a 450-foot section of the
west breakwater (Just west of the.harbor entranée) Before the new concréte
sﬁﬁerstruﬁﬁﬁre had been-installed. The break was repaired'immediately using
rip rap stone of'lérge sandstone Blocks,,dropped into position "without
special care." A year later, when the new superstructure was rteady for

replacement at that spot, the temporary jumbled rip rap patch was found

to have survived weathering very well. Coincidentally, a Board of Engineers, .

in a report.on Ashtaﬁlula Hatbor, Ohio (east of Cleveland on Lake Erie) had
recomended the use of stone-mound bDreakwaters as a less complex and more
durable form for breakwaters than stone~filled wooden cfibwofﬁ.. The
experience at Cleveland with this repaired section indicated that such a
construction type would be "fairly stable, even tﬁoﬁgh the top and slopes
be covered with stone of smaller size and lésé cérefully laid, than has |

. , 43
heretofore been considered essential.,””
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The west_breakwater teceived a completed comctrete superstructure by
1904 although.only a small portion had been replaced prior to. the storm,
~and the east breakwater extension, employing cfibwork,:confipueﬁ to 1902.
After this date, the Corps'of Engineers abandoned the use of woodeﬁ crib
breakwaters and plers at Cleveland and Begén using the typé of construction

called "rubble~mound" with a laid masonry stone cap.

- The development of the éll—quarryvstone Breakwater at Cleveland served
as an experiment in such design for thé'Corpé. When the rubble mound t&pe |
was first proposed in 1903, only two other such stone Breakwaters existed
on the Great Lakes, and there was‘little criterfa to judge the effect of
the wayes on various sized Stonés, The cross section of the néw'Breakwater
construqtion consisted of a core of sand, a layer of coarse gravel, then a
layer of small stones, covered finally wich large paving Blocks.46 The bBase
measgred 144 feet, and rose on the slant to a mound above the water level
‘with a profile of 10 feeﬁ on topiby about 30 feet at the watet, (Map 6B,
U.S.4.C.E.) |

In 1902 an Act of Congresé authorized the construction of a mew entrance.
to Cleveland Harbor, and the extension of the east breakwater to the city's
eagstern. limits., The new rubble mound conétructianmecﬁod was selected fdr.
the two new Breakwaters: a double'arfowhead_breakwater (819-23 HB) (P10O7,
108 HB) to protect the harBor entrance on.the lake side; and a separate
breakwater, Beginning 553Q feet east of the eastern end of the original
cribwork east Breakwater. Since bBoth of these projeCFS‘were experimental,

changes were needed in the rubble mound design during the early comstruction

period 1903-1907.
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Construction began on the new east breakwater late in 1903 using the
rubble mound design with a core of sand (C5 HB) at depths below 20 feet.

It was soon realized that 20 per cent of this core sand was being washed
out of the interior of the mound, allowing the upper layers of heavy stone
to settle appreciably. The design was changed to increase the coarseness
of the layer of stone and decrease the amount of sand coré. Furnace slag
from the éteel'mills was suggested for use in the larger secondary layer,
bﬁt that material was being used by the railroads for track ballast and
was not readily available, so shale stoﬁe was selected. Also, the cross
section was skewed towards the lake side so that ". . . the center of
pressﬁre, due to the.weight of thé structure and force of the seas striking
it, is better disﬁributed over the base, and the resulting slopes provide
greatef sfability and can be more certainly and easily constructed.'" The
cost.factor increased alse, but-only-bf about 13.47.

A storm duriﬁg October, 1906, caused major Seﬁtling in the first sections
of.the east bfeakwater extension, so much so that the Cérpé'eliminated entire~
ly the use of sand for the core filling, and substituted quarry stones. The
new design called for a minimum of 23% of the core stomes to be not smaller
than one ton. Tﬁe Corps, experiencing similar settling problems at other
rubble mound breakwaters under construction, notably at Buffalo, applied
this Cleveland modification to all similar work beding done in the district,
even though the protracted stability of the quarry-stone core design had

: 4
not been proven.

The new breakwaters were completed using the modified rubble mound

type (813 HB); (See Corps of Engineers Drawing 6B for Cross Sections.}
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further changes involved removing 200 feet of fhe west terminus of the
original east breakwater to enlarge-tﬁe.harbor entrance in 1909, and a
153Q-foot section of the east terminus of the west_Breakwater was similarly
removed in 1934 (P111 HB). The wooden superstructure of the original east
breakwater was replaced with a stone cap in 1917-8 and 1926. (P99, 100 HB}
(SZ HB) Between 1911 an& 1915 the shore arm of the driginal east breakwatef,
a portion never completed as projected, was entirely removed, and the 550~
foot gap hetween the two east BreékwétErs wag bridges, unifying the whole
east section. (P105 HB) The same year, 1915, the éxtension wasfcampleted
to a lengﬁh_of 17,370 feet, thelpresent length of the breakwater, and in
1918 a concrete pierhead at the easterly end was installed as a foundation
for a market light. (S7 HB) FExcept for the placement of rip rap along the
west breakwater and annual maintenance repairs, the Corps.of Engineers hés
made no major changes to the breakwater proper, although extensive landfiil
areas along the shoreline (56 HR) (P103 H31 opposite the east breakwé;er:
have significantly changed the lakefront at Clef\;rﬁﬂ.and.ag
VII. THE.BREAKWAIER AND COMMERCTIAL DEVELOPMENT IN‘CLEVELAND

The Intriguing aspect of Clevelan&*s breékwater,,éonstructed and main-
tained by ﬁhe federal government thréughithe U.s. Arm? Corps of Engineers
for the_city, is thquparent la;k of harbor development as envisioned during_
the timé of its construction., What is even more puzzling is the fact tﬁat
the non-development 6f the harbor'ﬁy;private enterprise was considered a
critical factor in the initial coqsideration to enlarge the harbor easterly
as early as 1896. In 1902 Act of Coﬁgress that provided for the enlargement

appears to have been made in order to stimulate the use of the eastern shore-
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line in Cleveland for éommercial docks.so The only area which has been so-.
developed, however, has been the shore opposite the original east breakwater
which was completed, as it now stands, in 1900. The Cuyahoga River continues
to serve as a major docking. area, limited thdugh to its use by ships short
enough to navigate its curves. (P118,119 HB) (S16 HB) (C8 HB} The west
harbor has only one ore dock in operation, a vintage Hulett unleoader which
handles those ships not equipped Vith,éelf-unloading mechanisms. (P117 HB)
(S38 HB) (S37 HB) The east harbor, beyond East Ninth Street, opposite the
rubble mound extension of 1903-1915, has Been the site of major landfills,
recreational boat marinas, one commercial déck, and the Burke Lakefront
Airport of the city ofiClevelahd, whiﬁh_fearly has expanded onto landfill
created by‘the.Corps. The newest landfill dike at Gordon Park lies to the
east beyond the breakwater extension'entirely; The east breakwater serves
now, not so much as a harbor struccure; But as a prbtection against shore:
erosion of the eastern lakefront--a shoreline cfeated‘in large measure- as

a reflection of the breakwater itrself.

In 1897 such a plan of development could, or would, not be seen,
Correspondence between the Corps and the (leveland Chamber of Commerce
during that year reveals the importaﬁt rqle the breakwater was to play
in Cleveland's future, as seen by the city's leading capitalists. Colonel
Jared Smith, in charge of Cleveland Harbor 1892-1900, sent a letter of
inquiry to the Chamber of Commerce in conjunction with the passage of the
1896 Rivers & Harbors Act in Congress,.'The act questioned the advisability
of abandoning the prﬁjected shore.érm of the Cleveiand east breakwater

instead of extending the work parallel to the shoreline for the equivalent
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diétance. Smith served to present Congress's inquest to‘the.Cieveland
community.

Smith ppsed two limiting criteria. Fifst, the west breakwater protected
a harbor within which_”Up to the present time no wharf or piér for business
puiposas has been constructed . . ." (the Hulett ore unloaders were nét-
installed until 1912). Second, the real qﬁestion was noﬁ whether to re-—
orient the authorized construction.from a deflecting am to a paréllel arm,
but whether that re~orientation should not justify, in the end, the extension
of the breakwater beyond thé aﬁthorized length, possibly'to the city limits.52

In light of these two remarks, Smith asked five distinct questions.
First, what businesses were in existence along the land_opposite the pro-
posed extension which would directly benefit from the new breakwater?

Second, what new businesses would be encouraged By a new east breakwater?

Third, would all possible Benefits, added together, justify the expenditure
of puBlic_money in terms of investment and fﬁture groﬁth? |

Fourth, could the expenditure be justified om the-basis of future growth
when existing west harbor development had not resulted in an influx of private
enterprigse and capital expenditure in that area?

Fifth, if rhe expenditure could Be justifie&, either in 1897 or at any-
later date in the foreseeable future, should the extensioh be an addition
to the existing breakwater, creating a contiguous west-east harbor, or
should a separate én&'independent-breékwater create a harbor free from the
existing west harbor? (This option would have left the development and
maintenance of existing facilities, especifally fhe.west harbor, as a
distinctly separate problem with variables pecuiiar to the ecﬁnomics-of

the west harbor regidn.)s3
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Smith's letter to the Chamber of Commerce remains as the most thoughtful
and insightful assessment of the potential of the Cleveland breakwater ever
written, especially conéidering the critical point as which it appeared,sa
Cleveland in 1897 was in the midst of its prime expansion era, with the
period of heavy industrial and manufacturing expansion. in the first decade
of ﬁhé twentfeth century still t¢ come. The lengthy teply to Smith's
inquiries by the Chamber of Commer's Rivers and Harbors Committee reflected
the optimism felt by the city at the time,

The Chamber of Commerce heavily endorsed the extension of the east
breakwater along a line paraliel to the shore.ss Its-reasons-were quite
specific, and separated in context, though not in détail or spiric, frcﬁ
the direct replies to Smith's five questions.

The growth of shipbuilding on the Great Lakes, and the enlargeﬁent of
ship channels by the federal goﬁernment.had severely tazed the inner harbor,
as it existed in 1896 at Cleveiand. Tﬁg growth of Cleveland beyond service
as'é transshipment port to. that of a manufacturing center requiring tfans—-
portation facilities for. the inlet oﬁ Taw ma;erials and the ocutlet of |
produced goods demanded growth space along the shore; The Chamber of
Commerce found that space could only he located east of the river.

| The lack of a protected hérbor east of the Cuyahoga had lost Cleveland
"o several very important enterprises, the shipments and receipts of
which by lake would Be measured by hundreds of thousands of tons énnually

.. . " and one east éhore'manufacturer, in particular, was facing limited
growth since it could not construct docks in the unprotected lakefront,

The Chamber of Commerce letter did not specify either of these by type of

- 5
industry or by name. 6 The non-development of the west harbor was bBlamed -
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on the location, suitable only for transfer docks offiron.ore and coal, and
the problem of riparian land ownership, a problem generated by the railroad
companies, and one with which the Coxps was fully aware because of its
difficultieszwith the east pier and the Pittsburg and Cleveland Railroad.

The Chamber of Commerce was adamant about the.inadaptaﬁility of the wéét"
harbor, and stated emphatically ;hat . . . ag a lake receiviﬁg.and shippiﬁg'
- port, Cleveland has reached a-point at which,enlargeﬁent-is absolutely re-
‘quired for the accommodation of existing bﬁsiness, which can only be obtained

by the extension of the east breakwater."57

The extension requested by the
Chamber of Commerce was an addition to the existiﬁg structure so as not to
"prevent its extension as a continuous whole a considerable distance farther
than is provided for."58 
| The replies to Smith's five point inquiry-subStantially:repeated ﬁhe
foregone reasoning, only further emphasizing_Cleveland_as—the ideal.tiaﬁsﬂ'
shipment facility and the new east breakwater harbor afea=és the optimum

place within which manufacturing establishments could Build. The tone of

this part of the letter resounds with the public_relations work of the
Cleveland Growth Association in the late 186(0's-—""Cleveland. The best location
in the nation." |

| The report of Colonel Smith.in 1898, in which this cofrespondence'is
included, conclnded with a réjecﬁion of the proppéed.extension beyond the

- authorized 1imit, and a recommendation that the deflecting arm be retained

to protect the harbor and wharves from northeasterly winds. Within three

years, however, the inéreasing flow of freight, principally into Cleveland



Cleveland Harbor
20 28 HABKE -0
in the form of iron ore and coal, caused a reversal of the 1898 decision
by Smith, and in 1902 Congress authordized the finél extension of the east
breakwater to the city's eastern li'mit.Sg
Initially, 4n independent breakwater was constructed, 1eaviﬁg the
shore atm in place until the new extension was completed. In his report
for 1902, Major Dan Kingman, successor to Smith, expressed the new attitude
toward the east harbor: |
.1 believe that as the east breakwater is extgnded to
its full length advantage will be taken of the fine
. facilities that it will offer?_and that docké will
be'built under its shelter, the land approaches
changed to conform to the new-conditions; and the
lake business of Cleveland will be done to a very
large extent in the new harbor , . .60
Kingman's.only‘correct3prbphesyiwas the rearrangement of “1and,approaches?
for the east breakwater protects basically only landfill and the docgs-of]_

 the Corps itself at the extreme western edge of the east Barbor extension..

(P120 HB)
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Opening quotes:\
General Dan Kingman, as quoted in E.B. Thomas, "Cleveland Harbor Problema,”

| s :
. Journal of the Cleveland Engineering Sogiety 8(1915): 11.

'Majo_r'Walter McF-a.'Lr'land "Annual. Report Upon the Improvement of Cleveland Harbor, :

Oh:u.o, for the Year Ending June 30, 1870," Annua.l Report of the Chiefl

Eng:.neer of the United States Army 1870, p. 178

John H., Sargent, The Development of Clevelsnd's Harbor, Western Reserve Historical

SGcij‘tﬁ ‘Tract 82 {Cleveland: Western Reserve Historical Society, 1892), p. 29§

1. Sargent, pp. 287-88; HAER photo-copy BRW-2 (Fig, 1)..

2, "Cleveland Harbor, OHio" is the nmme used by the Corps of Egnineers to designate
e . the location of their work in Cleveland, This report w:.ll- adhere to that :
. _ use, "01d River Bed! an unofficial.ﬁut lbng used and accepted name fc%r o
| the 18th century river channel w1il be retalned also. ”
3 ‘Sargent,.p. 289; "An Ordinance to provide for the opemng and excavatinn of the |
"~ Ship Channel, and for the improvement of the 0ld Rlve_r Bed, and the-
streets and public ® landings sbutting theréupon and parallel thex.-ewith,",_ -
passed May 18, 1854 in the City Council of ohio City, Ohio.
L, The follwoing city ordinences were passed by the city co.ﬁnc'i.l of Cleveland:
; . '-"To.prohibit.certai_n Nuisences, Sec_ti@_n'A, Harbor Mast.er_ to grant permi__asion' '
- ‘. to land cefﬁain article s herein named,” Mey 8, 18k, "’_Thig ordinance
| "..‘,li;st'ed wood, tf_imber; 1_1_meer;. stone, at_oné coel, bri{ck' and éand. and clay.
"To Regulate Carriages, Veasels, aad-'steambo_at.a',-' at .ﬁbe. Pier 'in-front..-o-;f
B;th_Street-in the City of 01eve1ana,'-"_ March -10; 1846, -
l "Po Establish Rate of Charges on the Public Docks and -f.o Procure  for the e

. Collection of the same,” July 10, 187,

5, Willism G. Rose, Clevelsnd: The Making of & City (Cleveland: World Publishing,

1950), p. 273,
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. Sargent, p. 288.

. ‘Annual Report 1880, p. 2135;

. Ivid., pp. 2136-7.

. Tbid., p. 2137. |

. Ibdd,, pp. 2139, 214l; elso Charles E. Blunt, "Repasirs of the East Pler,

L iS.,Annual Report 1868, po. 155-177;-

HAER-oH~(

James Kennedy, Hisgtory of Cleveland {Cleveland: Imperiel Press, 18%6), p. W12,

Tvid., p. 413,

“Imbrovement pf Cleveland Harbor Ohio: History of the Work,™ Annuel Report of the

Chief Epgineer of the United States Army 1880, p. 2135. These anouel

reports, in the-19th and early 20%th century, are inveluable sources of

information, composed priﬁarily of the individual reports of the harbor
i.pfficers and EXx distriét commanders. The reporte are 6ftgn'detailed.anﬂ_ =
'_uiively; with correspondence, maps snd photographs. There arerindices-fori -

:i the reports, which were first issued in 1866. ‘Hereafter simply Annual Report

gdateg -

Cleveland Herbor, Ohio," Annuel Report 1877, ii, p. 965.

" Annual Repor£318?3,‘p.'338. . "' i 4 ~

. .19'_

Ibid.; Charles E. Blunt, "Examinetion for Breskwater at Cleveland, ofyp, "

Major Frenklin Herwood, "Harbor of R;fugeiat‘Cleveland, Ohio," Anoual Repoft'187&
|  P. 233. | | | |
Ibid.  The ﬁhole.rgpo:t runs six psges plus & map.
Ibidt,lp.'23h. | | |
Tbid., p. 236. | :
Tbid., p. 238. Herwood estimated/a cost of $273 per linesl foot, but eniafgedj,f;
“that figure to $500 per liﬁea; foot for "contingencies.” | 7

Ibid., p. 233.

.. _Annuel Report_1875, p. 304,
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Blunt, Annusl Report 1875, p. 30k.

Ibid., pp. 305-306,
"Letter of the Chief of Engineers Brig. Genersl A.A. Humphreys to Hon. W.W.

Belknap, ‘Secretary of War, June 23, 1875," Annual Report 1875, pp. 307308,

"Report of the Board of Engineers [ponvened at Clevelané} " Annual Report 1875, p

Blunt's flve-fathom plan produced & harbor of 92 scres, while the Baard of

.Englneers plen offered a harbpr of 200 acres. “Letter," Annusl Report 1875,
“pp. 307-308. ' o

"Report of the Bosrd " Annual Repert 1875, p. 309.

"Letter," Annual Report 1875, pp. 307 308; and Annual Repprt 1880 p. 211,

Annual Report 1885, p. 2235

Drilling samples taken in 1977 along the west breakwater indlcated an extant
“ - wovd & stome crib of 27 feet in-helght, and & total structure from-thg R
.leveling course & to the level bf the concrete cap of sbout 38 feet.
Drilling logs, Herbert & Associates for the Corps of Engineers, November,
1977, holernas. CDUT7-5 ana CDUTT—G; also "Plan of Exploration andaGgologic
Profile," Sheet 16}'Rehabilitation of West Breakwater, U.S. Aiminorps

;0§ Epgineers,'Buffalo District,'1978.

The breekwater (see map 6 by the Corps, dated 1971) west of the Cuyehoge. bas a

concrete cap over wooden cribwafk; the first portion of thg-ea3£:bréﬁkwatéf,'
' to ¥x sbout East Ninth Street, bas a stone cap over wooden cribwork. The
east breskwater from.East'Ninfh-Street out .to the eastern férﬁinus, and théf
arrowhead breakwaters at the harbor entrance are rubhle mnupd'with_stone
masonry cap. The term rubble mbund was used originelly to designate éﬁy'_
'type of breskwater cﬁnstruction using g pile of stone and gravel for the
‘substructure in place of wooden cribwork., The term now is used only for-?_'f
those breakwaters and ¥k dikes whlch lack the laid masoary top and 1ook |

therefore, like Y mound of ruhble stone
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34, Major Jphn Wilson, "Improvement of Cleveland Harbor, OHio,” Annual Report.1881,
p. 2312, | | R

u 35, "Aévertisement,.Instructions for Bidders. Specificetions mnd Form of Proposal for
Constructing Part of West Pier, Removing Pert of 014 West Pier, Dredging,
and Completing East Breakwater_at'Clevelanﬂ Harbor, Ohio," U.S5. Army
Corps of Engineers, June 23, 1898, p. 10,

1ﬁ; 36, No photographic record, sketches or engineering drawings have yet to .
...'J appear illustrating there early steges of construction, 1875 188k,

37. Annusl Report 1880, pp. 21&5-21&6.

38. "History of Cleveland Harbor," u.s. Army Corps of Engineers, ‘Buffalo Dlstrict

(19h5), p. 6. (Mlmeograp hed. )

: 3{“39 Lewis C. Overman,"lmprovement of Cleveland Harbor, Ohio," Annual Report 1885, p. 2

hO."Hlstory," (1945), p. 7.

41. Tbid.; Annual Repart 1885, p. 2235,

k2, Photographs of the work sppear in Anaual Report 1892, p. 3057 and 1000, p. kobk.

‘The design of the concrete work was that of Colonel Jared Smith, in charge .

‘of the harbor. George Cushing, "The Stone Breakwater at Cleveland, OHio,"

~ Engineering News 57(1907): 565,

43, Annuel Report 1900, pp. 4063-%067. Thie report, with photog?aphs and_ﬁhps.is the :
best description of breakwater construction at Cleveland. "Advertisement,;;ﬂ

' 1898; Sections 46-58 snd 61-70, giveS'the“details.for coatractor's_Specificgt_
including concrete mixtures and tensil strengths. | )

bk, “"Advertisement...,” 1898, Sections 61-63.

: #5.,Annual Report 1900. p. L06S. and accompanying map; BRW-5 is a photo-copy of thaffi
| map from this report. | | ) _? :
-h6. "Cross Section of Rubble Mound Breakwater,“_engineering drawing 91-C-he, ﬁ{S;

- Amy Corps of Engineers. Buffua District (190%) is a good 'scnemtic of

- ‘an intermediste design, but not yet the final form.
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u7 Ibid.; Annual Report 190k, pp. 3176, 318L-5; also Cushlng, p. 566.

}‘1::&8. Curtis Townsend, "Improvement of Cleveland Herbor, Ohﬁo," Annusl Report 1907,k}
S ;pp. 2080-2081: The use of stone to build breakwhtera was prompted by the
_ increasing cost of wood timber mnd concrete. | Stope is preferable to conérete
 :§;:. - 35 _s1nce it will weather better against dissolution and wechanical breakdown L
; | ':;by tnpounﬁing waves, A However, a relatively tloge source of quarry stonei‘

‘is needed, or transportatlnn costs enter Y as 8 signiflcant factor ‘In‘ N

N

‘water over 30 feet deep, the use of concrete which can be poured into
‘consiStently uniform shapes and sizes‘proyes to_be_slightly less
':expensivefthan gtone, which works ﬁell in water shallower ‘than 16 feet,
‘.r!For depths_in between, the two materials are comparable. The-laying.of
masonry stone is incressingly being lost as mn art ﬁd ﬁhe.passing_ o

generations. See "Experiences with Breskwater Design on the Great

Lakes," Engineering News-Record 89(1922): cover,'68u5688'for'state?fo-the
art copstruction methods and types. Also. Cushing, passim. The stone for
1 Cleveland's breakwaters came from inland guarries st Beree and Amherst,

'lanﬂ on the Leke Erie islands at Sendusky, Ohio.

i*'i_;i:-ug ”History" (1945), pp. 12-26; and "preliminary Report on Section ITI Stuﬁy of .~

" Cleveland Harbor, Ohio," U.S. Army Corps of Engineers, Buffalo District, - = -
March 28, 1977, pp. 2-h, 8-9, (Mimeographed.) | :

s 50, House Doc. 118, 56th Congress, 2né Session. (Citation only, I have not used the. doq

51;‘Annua1 Report 1898, . Pp. 2727 30

52, Ibid., p. 272T.
53. Ibid., pp. 2727-2728.

*;‘ *5h. A later article by E. B Thomas (R1vers & Herbors Englneer for the Clty of ‘

[}

- Cleveland), "Cleveland Harbor Problems,“ Journsl of the Cleveland Engineering

Society 8(1915)’_5f30 presents e very gqu‘summagy.bf.harbpr:aevglopnynt,”b?E
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coming ag it did in 1915, it was a de facto massessment 1n many ways.

W

Annugl Report 1898, pp. 2728-2730. ' ' . .

Tbid., p. 2729.
Thid.

Tbid.

Annmual Report 1901, pp. 277—299, contains & full description of the -extensior plans

Annual Report 1902, p. 2270.
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