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IMPROVIIIENT OF COWNEAUT HAR30R OHIO
AND
D.SIGN OF A BrSAXWATER

The history of harbor engineering runs hand in hand,
through the same stages from origin to developmeat with
the history of navigation. Because of poor harbors
facilities, the first sailors were exceptionally fine
ones for they hsd to stand ready for a uuick run out to
sea to save their ship from destruction upon the shore,
by a sudcen svorme.

As these sailors incrsased in daring the boats
increased in size and sailing distances in length. The
steadily growing trade daemanded better protection for
the boats while loading and wiloading cargoes,

The national harbors of the world are few and often
off from the routes between established trading ccnters;
so man nad to construct harbors at locations to suit his
convenience., Some harbors consisted only of a protect-
ion wall or arm extending ous to sea, others coanected
the main lamd with an islaind, as at Alexandria.

(figure 1 and 2) No record exists of tne first arti-

ficial harbor.

In Yedieaval times we find a vast expansion in wartime
trade and a correspsonding increase in number and size

of harbors and boats.
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Ancient Harbor of

ALEXANDRIA

ELEUSINIAN

ALEXANDR\A

Nl‘trvpol's

This harbor was originated by the Conqueror of Tyre and was brought to
a svccessful conclusien under the first two Ptolemies aboul 200 B.c.

Immediately in front of the city ley the long, low rsland of Phares, which in itself, constitut,-

ed an admirable natural proteciion and opposite each end of this, two coastal promentories
Julted out, almost completely enclosing a large area of water. These projections were
extended by means of breakwaters, sothat an excellent anchorage was obtained, well sheltered
from the sea. A long narrow embankment, called the Heptastadium, constructed midway |
divided the strait inte twe almost equal portions, that on the West being known as the
Harbor of Eunostos, or the Happy Return, and that onthe East as the Great Harbon
At each end of the Heptastadium was a passage spanned by a bridge, forming a connect jon.

Figure Z
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A TYPICAL
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SECTION OF
QUAY WALL

This Lype of Harbor was developed qlong’ the sea coast where there were no
Islands or irregularities. T he. step on inner bhe faca of QUa.\/‘ wall woes used
93a road way to carry unloaded goods Inte the town., Proxisions were made
for vessels to tie to Lhe side of this wall.
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There is an agreement with Canada that no wrarships
nor ships of like cheracter shall be on eny of the Great
Lakes. Because of this agreement there is no need for
harbors for military defence. However, the nation &s a
whole does take a deep interest in the transportction
faocilities on the Great Lakes as goods from nearly all
of the northern states and produce from Canada is ship-
ped thru American ports.

To stimulate trcde the government will develop im-
portant harbors for commerce and where needed, harbors
for refuge.

If the harbor facilities of any port, either lake
or ocean approach obsolescence the trade thru that port
will speedily decline. It use& to be the procedure
years ago to collect a dockage fee from each boat which
tied up at a port, and with this fund, enlarge and im-
prove the harbor from time to time as the standards of
shipbuilding rose. But often thru mismanagement or
poor administration of fuuds or lack of funds, the port
fell behind the times and gredually became extinct.

A harbor is primarily a place of rest and refuge--
& place where safety and hospitality may be found--and
the design of such a harbor is founded largely on as-
sumptions and carried out by tentative measures. The
data at the disposal of the engineer is often obscure
and defective, There are always local interests which

should be catered to.
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-

It is impossible to disregard every reguest made and an
allowance made here calls for one there., The success of
\certain Plans in one locality does not mean similar
suceess in another. Each port has certcin definite
characteristics, peculiar defects, and special advant-
ages making the harbor entirely new and different from
all others. Generalization is therefore an impossibility.
and classification becomes difficult.

Yet there must be some solid basis on which to rest
the engineering of a harbor. Studies of various harbors
with similar winds, topographical features and amount
of commerce helps.

An Economic study should be made of the years passed
and a prophecy made for the future increase of commerce
‘which may r®ssonably be expected. And from this study
determine the cheapest kind of design or breakwater lay-
out which is suitable for the place and sufficient for
the class of shipping which has to be accommodated. Also
the smallest sizes of materials and thickness of break-
water wall that are admissible in its coanstruction.

Perhaps a few definitions at this point would not
be amiss, as the names applied to various kinds of
wharves and their parts are loosely used and vary great-
ly in different localities in this and other countries.

A wharf 1s a structure at which vessels may lie a-

long side and load or unload their cargoes and passengers.
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It may be either marginal or-projecting, but in most
localities the name is applied only to marginal
structure, thus distinguishing them from piers.--
A pier is a wharf projecting from the shore,
A quay is a marginal wharf. The name is common
in Europe, but is used scarcely at all in this country.

A dock is an artificial basin for the use of vessels.
The word dock is improperly applied to piers in some
places in this country, notably New York, and to mar-
g€inal wharves in other localities. On the Great Lgkes
and adjacent waters the word, dock, usually means only a re
taining wall.

A slip is the space between two adjacent piers, but

in some placés such spaces are called docks.

A bulk head wall is a name given in New York City to

a retvaining wall for a merginal wharf, and the use of this
name hes spread to other American ports. A bulk head line
is the line made by the shore end of the slips or the
springing line of piers.

A dock or quay wall is a merginal wall on a wharf or
pier.

The inner harbor is 2ll of the harbor on the land
side of the pierhead line. The outer harbor between that
line and the breakwater.

An important item in harbor design is fire protect-
ion. Room should be left for easy and guick maneuvering.
Land connections to the city fire mains should be con=

veniently located so fire tugs may connect to pump water.
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into them in case of a necessity.
Range lights should be provided to guide the boats
in at night. Breskweter heads should be illuminated.

And possibly the last major point #nd certainly tihe
most prominent thing about a artifiecisl harbor is the
breakwater.(figure 3) As the name implies, its function
is to break up and disperse heavy seas, preventing them
from exerting their destructive influence upon the area
inclosed for the reception of shipping. Therefore, a
breakater must be of great strength and stability. The
safety of helpless vessels and the efficiency of the
herbor as a plece of refuge are bound up in the essential
performance and immobility of the breakwater.

The determination of size is largely arrived at by
the number of vessels which must be berthed in winter
(figure 5) to provide sufficient raw materials for the
industries calling for such., The local industries
(figure 4) at Conneaut Ohio are loading and unloading of
ores, limestone and coal for tlie interior. Space must be
provided for maneuvering inside of the breakviater.

The depth of this harbor to be in conformity of otaner
Greet Lake harbors will be 22 feet.

The breakwater line is controlled by the depth contours
shown (figure 3). Breakwaters are always when possible run
on the ridges.

While piers and pier sheds do not directly enter into
this specific design they should be spoken of. The accom-

Paning illustrations (figure 6) shows good practice.
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The theory invol®ed is quick and direct handling of com-
modities. Commodities should never be moved by drays or
trucks when rails can be used.

Wood piles are used extensively on the Great Lak:s
because the fluctuation of water is never great. The
tide is negligible being only a few inches. The wind
causes more fluctuation, than any other medium. The
water level has been raised eight feet at Buffalo during
prolonged westerly wind storms. Coaneaut need not fear
any such rises of water. It is due to this la k of
fluctuation and absence of marine borers in fresh water
that wood piles have an indefinite life, as the wet sur-
faces of the piles are not exposed and allowed to dry.
Most piers nave a concrete cap or topping th:t bcgins
at low water level and this cap is designed to receive
the impact from vessels alongside. (figure 6)

When a wind blows over a body of water it imparts
to the particles on the surface an osculatory motion.
Where the depth is great, the particles nove in a circular
direction with the wind and a reverse motion below,
(figure 14)

In shallow water, (figure 15) the frictional resist-
ance of the bed retarcs the reverse flow of the particles
to such an extent that the particles movin: in the upper
portions of their orbits cannot adjust themselves to the
changed condiitions. Then the wave breaxs and the upper
portions flows as an auxiliary wave over the lower part.

(figure 16)
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ifhen a wave breaks perpendicularly on a sloping beach,
its upper part is driven up the beach until its energy is
exhausted, The water then recedes with increasing velocity
until it meets the next wave wnich Tlows over it and the
wave coantinues on &s an undertow,

This action causes erosion anc fill alternately. On
shore win@,beach is destroyed; off shore winds tends to re-
build it.

When waves approach the coast obliquely, their crests
after they brecak run along the shore and tineir waters
return to the sea by different paths. ‘nich causes a
movement of materials scoured along the shore in the direct-
ion the wind is blowing. If there is an obstacle along the
becach the movement of material is checked and piles up
on the winuward side. 3Beyond, erosion still coutinues and
the obstacle prevents thne replaccment of materisl,

(figure 7-13 iucl.)

A riv.r dischargiling, 1ts current elo ¢ with the move=-

ment oI water causcG by the prevairlias wind will cause

certain ¢eneral moveneats of suspended materials, Con-

[ 2N

Coring tals wovemsnt the entrancss to tne narvor must

]
=

be carefully lococtea so no ber will form to ninder the
enbrance or cxitv of sihips. (fizave 10)

AN

“hie erbronce saodle be rile cncusit Lo a boat neay

cone cnfely 1o daria ) LiLoVy soie Usuelly veed voberace
is plec. pewclle. vioo wii. cooveliloo i anl o width

of five hundred to six hundred feet at pier heads. This
is the general practice on all of the Great Lakes ports.

The Conneaut entrances (figure 3) is so pleced as
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Wave Action

Wave in deep water

Figure‘ |14.

Wave in shallow water
Fig’ure 15.

7

Inclination of wave axis
Figur'e 16,
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Wave deflection
Figura 17
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to conform witn the g&bove principles. The entrance arms

on the west entrance assist in keeping tne entrance channel
deep end preventing shoaling both in and out of the harbor
(figure 18) Tue east entrance is kept clear by the water
flowing out of the harvor. Tne east end of the harbor is
open to allow circulation of weter.

We have now to coansider the manner in which a wave
acts upon any fixed obstacle in its path, whether it be
beach upon which it is spent or an artificial barrier
which causes its abrupt collapse.

Figure 17 shows the directions of the particles of
water in contact with a vertical wall., The whole motion
in fact is the inversc of that which occurs in the un-
obstructed wave.,

Wnen, without meeting with any abrup} obstacle; the
wave aldvances into rapidly shoaling water, its cnergy is
communicated to smaller and successive by decreasing
masses. Consecuently there is a tendency to produce in
those masses an agitation of increasing violence., But
this effect is generally diminished, and sometimes en-
tirely counteracted, by the loss of energy due to friction
along t..e bottom, and to surging. The influence of con-
centration arising from funnel-shaped inlets is clearly
to invensify the agitation, and the same effect is produc~
ible by submergeC rocks with deep narrow gorges between,
in passing through whica the water is heaped up into messes

of considerable volume.
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When, however, the bottom friction has produced the
necessary retartetion, the crest of the wave falls forrard,
(figure 6) and the impact takes place at the precise stage
at which the forward motion of the particles has become equal
to the velocity of the wave, so that the stroke of the latter
is delavered with maximun effect.

Taking these diverse phenomena into consideration, it
is evident that the brecking wave result in the generation
of four separete and distinct forces acting individually
and collectively upon all obstacles and structures in their
path.

(1) A direct horizontal force, exerting compression.

(2) A deflected vertical force, acting upvards and
tending to shear off any projectious beyond the face line
of the obstacle, whether cliff or wall.

(3) A vertical dGownward force due to the collapse
of the wave, exercising a particularly disturbing effect
on mounds in shallow ater and on beaches.

(4) The suction Gue to back draught or after tow.
This also produces its most noticeable results on found-
ation beds, whether natural or artificial.

Applying these facts to breakvater design, it will
be recognized that the phenomena t: wiich they give rise
are as follows:=--

(1) A powerful momentary impact, combined with

(2) Hydrostatic pressure continuous for some period,

however minute, after the firs. shocxk.
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Attending these principal- effects there will be sev-
eral subsidiary results, such asi=--

(L) A vibration of the whole structure, tending to
weaken the connections at various parts.

(2) A series of impulses imparted to the water con-
tained in the pores, Joints, and interstices of the
structure, producing internal pressures in various direct-
ions.,

(3) The alternate condensation and expansion of the
volumes of air which are confined in cavitives and which
may be unable to escape freely or in any waye.

The exact determination of these stresses is pract-
ically impassible.

The difficulties attending a determination of the
precise effort of a wave are &ue to several causes. In
the first place, there is the incompressibility of the
water combined with the extreme mobility of its particles.
Arrested suddenly in the course of motion, it produces all
precissive effecté of a solid body in an infinite number
of directions. In the second place, the wave stroke is
both abrupt and continuous. Its first action is a blow,
sharp and decisive of high momemtary intensity. This is
succeeded by a statical pressure during a small but per-
ceptible interval of time, dispersal time of the wave.

So there are two points to be considered (e) initial

concussion and (b) subsequent pressure.

According to principles of dynamic. reaction of a
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surfasge subjected to continuous impact is mcasured by the
rate at which momentum is destroyed. Let w be weight of
unit volume of waterywv is mass oa unit surfuce in unit
time, and Exzis at ra;i at which momentum is consumed.
If p be prégsure on unit surface, we have p = ﬂxz (a)
Referring to Rankine "Civil Engineering" f%th edition,
the speed (1 = length of wave) v, =72g L = 2.2570
Assuming the wave to be cycloidal4z; form (figure /4 )
the height bears to the length 1 = TTh
or v, sf2g h = 4Tn
and substituting this v4for v in (a) above

D 316@:@
g e

which says that the intensity of pressure of a wave in deep
water is eaual to a column one half as high as the amount of
free fall requirecd to generate specified velocity in particles
of whicii wave 1s cowmposede
Darwin states in his paper on "The Tides" (page $4) that
v = 5.7544
which substituted in (a)
p =w (52.84) or p = wd approximately
so when depth of wa%er equals three tiges the height of wave
the pressure will equal three times the unit weight times the
height or wnen 4 equals h, p ecuals whe
Some authorities place a coastant k into the ecuation

snd assign it different values. p = kwh, This value of k

may vary from 1.25 to le9o.
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Based on these theories the following table is pre-

sented.
Height Velocity Pressure of Impact
fg/éec lbg/%q. ft.
b5} 7 512
10 22 1,029
20 %2 2,048

This of course is in a certain sense only a approxi-
mation as it is founded on assumptions. However, the
pressure in pounds per scuare foot is ebout one hundred
times the height of the wave.

Waves at Conneaut seldom exceed four feet so by as-
suming a pressure, normal to breakwater, of six hundred
pounds we &re within the limits of safety.

There ere three main types of breaxwaters as shown
in figures 18 - 22 incl., The cost of various types de-
pends on local materials and conditions: at Conneaut
the notes on the figures govern.

Cheap construction and maintenance are points to be
carefully weighed.

Mounds may be constructed by a relatively cheep
erew. The Masonry wall recuires skilled labor and timb-
er crib, medium labor.

The side slopes one vertical on one and a half .
horzintal for lake side &nd one on one and three tenths for

harbor side have been found by the Corps of Zngineers

U. S. Army to be the most satisfactory of slopes. The
size of stone showu in figure 2¥ will assume this slope

with but little help. The table (table 1) on costs



Quanities am Costs *= Lineal foot ** Preakwadter .

pepth| capping |ripra [e)

PlTore |Steae |7%NC |Tomailons | mete-l
feet.|| tons tons tons dollars.

/0 &0 .2 .4 / 28.70
/ / 2 90 /.8 6.9 {38960
& 30.0 3.4 8.5 /189 3 (D
/] 3] 70.9 4.6 /0.3 /6540
!4} 31,6 J.6 72T / 76.60
-] 7.3 /4.2 ;] 89.20
[6] 325 8.8 /64 20180
L7y 2 a /05 /8.7 2 /440
/8| 32.8 / £0 b - A Ao
/9| 22.8 /4.5 Z3.8 24 2.40
20| 728 / 6.6 Z26.6 25680
¥ | J 2.8 / 8.6 29 57,20
221 -3 2.0 2 0.6 g 2.é 286.00
2. 92D 22.6 35.8 301/,00
24 2298 24.6 J 9./ 3/ 380
V- H 2 6.6 4 2.6 33 2.20
26] J2.0 287 4 6.3 34850
271 72.8 9307 S 0.0 J 6440
28| 3290 T LT 54,0 J& /.70
Z9| 32.8 34.7 580 39860
0] 32.8 26.7 62.2 47 6,/]0
L S EF R J 8.8 66.6 43 4,860
Y41 .3 20 408 p 2% 45 3,20
331 220 4 2.8 75.8 471,70

4] F2.0 448 8 0.6 49 090
%J‘ J 2.0 A 6.9 65.5 g/ 0,60
6] 32.8 4 89 90.6 3 0,30
271 PZD 5 0.9 95.8 J4 9,20
78] 328 529 201 .2 F6 9,50
79| 5206 549 [/ 06.7 S 9 0,30
40| F2.8 STO . J T2 670,00
g/ J 2.8 5 3.0 /08.2 63 4 40
£ 2] 928 6/.0 /242 65 6,20
/3] 32.8 830 /30.9 679,/0
4 4 I LD 65.0 /3 6.6 70 7.20
45| 328 67/ /429 72 4.4 0
46| 328 69./| /#3.5 74 8.20
471 3290 b 3 /562 221,70
48] 3290 73./ / 63.0 73 3.0
4 9 J 28 e i /7 0.0 820,20
so| 728 WS AR\ TE L
s/ 328 79.2| /844 87 020
a2 J28 8/.2 /9 /.8 89 5§20
3| J 28| 832 /994 9/ 220
41 F2.8 852 207./ 947301 7 ,

c low ew Water / v 4
g:g:n; Sa{.rncr;c FC‘»‘;:OOb‘per tonL, Riprap 3.50 Pcrfon. Stone Fill %2.50 ur{o:égjﬁ;é;{/ﬂ?;.
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per lineal foot is gverage costs for stone from Kelly Isle,
Ohio.

The mound type is chosen for Coanneaut because it re-
sists suffieiently the heavy seas of that region and be-
cause of the cheapness of coynstruction and low maintenance
costs,

For mound construction no dredging is necessary. The
material is deposited directly on lake bottom, and it as-
sumes the natural . angle of repose and sinks into the bottom
until a firm substrata is reached. The rubble or rip rap
may be deposited in three different ways.

(1) Discharging from scows or barges.

(2) Discharging from temporary over head staging.

(3) Discharging from wagons, trucks, railroad cars
in advance from the top of the finished mound. The road
being continuously extended as the work proceeds.

The capping stone is set by the use of a diver if
necessary in position shown (figure 24), and is so layed
as to best resist the normal pressure of the waves upon it.
Draw bars and hooks are used to lower the stones to place.

A breskweter constructed as & rubble mound has with
normal up keep unkown life, the limiting load is also un-
known and can be figured only approxim:tely on many

assumptions.




The Stone Fill is fiest deposited
on bottom.
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“The heavy Riprap, first class is then
some what regularly placed, mahking certian
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tha tbe. capping has a 5511'01 bearing and
the Capping Stone is then placed with help of
a diver.
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