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APPENDIX A .

LIST OF ENGINEERS , EMPLOYEES , AND CONTRACTORS.
ENGINEERS AND COMPANY’S EMPLOYEES .

Name and Occupation .
George S . Morison , Chief Engineer ,

Time op Service .
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RESIDENT STAFF.

A. Noble , Resident Engineer ,
M. A Waldo , Assistant Engineer ,
J . M. Heiskell , “ «
W. E. Angieb, “
E . H. Mayne, “
D. A. Molitob , “
C. Vogel , Draughtsman ,
E. K. Babbett , Rodman ,
Geo . Reynolds , Inspector of Masonry ,
Joshua Dixon , “ “ “

Aug . T . Holmgben , Inspector of Cement , .

D. A. Kelsey , Clerk , .
Sanfobd Mobison , Clerk , .
H . C. Churchill , “ .
R. F . Thayer , Time-keeper , .
Julius Thompson , “ .

L . S . Stewabt , General Foreman , . . .
D. Leonard , Foreman of Pressure Work, .
D. Beophy, Master Mechanic , . . . .
C. H . Wilson , Foreman of Mattress Work ,
J . E . Griffin , Foreman of Carpenters ,
Geo . W . Fenton , Master of Steamers Bert

and Lincoln , . .
W. P. McNeely , Master of Tug Welcome,

bam

Oct. 1, 1888, to May 31, 1892.
Oct. 24, 1888, “ Dec. 31, 1892.
Oct. 22, 1888, “ Oct, 31, 1891.
Feb . 10, 1889, “ May 14, 1892.
Nov. 8, 1889, “ June 5, 1890.
Sept . 8, 1890, “ May 31, 1892.
Nov. 30, 1891, “ May 30, 1892.
Jan . 5, 1890, “ Apr . 17, 1893.
Aug. 15, 1889, “ Oct. 14, 1889.
Sept . 15, 1889, “ Apr. 30, 1891.
June 16, 1889, “ Nov. 28, 1891.

Feb . 8, 1889, “ Dec. 31, 1892.
Apr . 21, 1889, “ June 5, 1892.
Jan . 1, 1890, “ Sept . 19, 1890.
May 20, 1889, “ June 3, 1892.
Nov. 11, 1888, “ May 16, 1891.

Oct. 26, 1888, “ Apr . 25, 1892.
Nov. 17, 1888, “ Oct . 24, 1890.
Nov. 17, 1888, “ Oct. 25, 1890.
July 17, 1889, “ Jan . 23, 1891.
Jan . 25, 1892, “ Apr. 12, 1893.

Nov. 1, 1888, “ July 7, 1890.
Mar. 31, 1889, “ Mar’ 24,°1893.

NON-RESIDENT STAFF.

E . Gerbeb , Office Engineer .

K. M0DOTKi, i C“ 6, Dr,*̂ 1“ 8ma”. Apr. 30, 1890( Chief Inspector of Superstructure , Nov. 7, 1890, to Jan . 31, 1892

Irving Dickinson , Draughtsman .
O . E . Hovey , “

E . H . Connob, Inspector of Superstructure , . .
W. S. Macdonald, Inspector of Superstructure , .

( Rodman , .
( Asst. Insp . of Superstructure , .

i Rodman, .
j Asst. Insp . of Superstructure , . .

W. A. Hill , Asst. Inspector of Superstructure , .
W. L. Smith, Asst. Inspector of Superstructure ,

W. R. Edwards ,

R . Khuen,

F . H. Joyner , Inspector at Limestone Quarries ,
N. Joyner , Assistant Inspector at Limestone

Quarries, . .
O. T. Geese, Inspector at Granite Quarries , . .

Jan . 27, 1890, to Nov. 30, 1890.
Oct. 1, 1891, “ Dec. 24, 1891.
May 27, 1889, “ Apr . 14, 1890.
Apr . 15, 1890, “ Jan . 2, 1892.
July 16, 1890, “ Sept ,• 4 1890.
Jan . 1, 1891, “ Aug. 10, 1891.
Mar. 9, 1891, “ Dec. 28, 1891.
Aug. 10, 1891, “ Dec. 9, 1891.

May 1, 1889, “ Dec. 21, 1890.

May 19, 1889, “ Mar. 31, 1890.
May 13, 1889, “ Aug. 31, 1891.

CONTRACTORS.
,\

Lewis M . Loss , . . . .
Union Bridge Co ., .

Elmira Bridge Works , . . .
Lassig Bridge and Iron Works ,
Scaife Foundry and Machine Co .,
Keystone Bridge Co ., . . .
Pittsburg Steel Casting Co ., .
New Jersey Steel and Iron Co.,

A. & P. Roberts & Co., . . . .
Pittsburg Bridge Co., .
Baird Brothers , . . . . » . . .
Pennsylvania Steel Co ., . . . .

Cofrode & Saylor , . . . .
William Kelley , . . . . . . .
William O’Mara , .
James Saguin .
Speers & Freeman , .

Masonry .
Superstructure .

Sub-contractor .
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Superstructure .

Erection . -i
Viaduct Superstructure .

Sub-contractor .
Earthwork , West Approach .

a a tt

West Approach Trestle .
Sloping and Paving , East Approach .
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ACT

AN ACT TO AUTHORIZE THE CONSTRUCTION OF A BRIDGE
ACROSS THE MISSISSIPPI RIVER AT MEMPHIS , TENNESSEE .

Be it Enacted by the Senate and House oe Repbesentatiyes of the

United States of Amebica in Congbess Assembled , That the Tennessee and

Arkansas Bridge Company, a corporation organized and created under and by
virtue of the laws of the State of Arkansas , and the Tennessee Construction
and Contracting Company, a corporation organized and created under and by
virtue of the laws of Tennessee , be, and the same are hereby , jointly authorized «'
and empowered to erect , construct , and maintain a bridge over the Mississippi
River from or near Memphis, in the State of Tennessee , to or near the town
of Hopefield , in the State of Arkansas . Said bridge shall be constructed to
provide for the passage of railway trains , and, at the option of the corporations
by which it may be built , may be used for the passage of wagons and vehicles
of all kinds , for the transit of animals , and for foot passengers , for such rea¬
sonable rates of toll as may be approved from time to time by the Secretary
of War .

Sec . 2 . That any bridge built under this act and subject to its limitations

shall be a lawful structure , and shall be recognized and known as a post-route ,
upon which also no higher charge shall be made for the transmission over the
same of the mails, the troops , and the munitions of war of the United States ,
or for passengers or freight passing over said bridge , than the rate per mile
paid for the transportation over the railroad or public highways leading to the
said bridge ; and it shall enjoy the rights and privileges of other post roads in
the United States .

Sec . 3. That said bridge shall be made with unbroken and continuous

spans ; two spans thereof shall not be less than five hundred and fifty feet in
length in the clear, and no span shall be less than three hundred feet in the
clear . The lowest part of the superstructure of said bridge shall be at least
sixty-five feet above extreme high -water mark , as understood at the point of
location, and the bridge shall be at right angles to and its piers parallel with

.appendix B .

OF CONGRESS APPROVED FEBRUARY 26, 1885.
: A -A. l - 5

the current of the river . No bridge shall be erected or maintained under the
authority of this act which shall at any time substantially or materially
obstruct the free navigation of said river ; and if any bridge erected under such
authority shall , in the opinion of the Secretary of War, obstruct such naviga¬
tion, he is hereby authorized to cause such change or alteration of said bridge
to be made as will effectually obviate such obstruction ; and all such altera¬
tions shall be made and all such obstructions be removed at the expense of the
owner or owners of said bridge . And in case of any litigation arising from any
obstruction or alleged-obstruction to the free navigation of said river , caused
or alleged to be caused by said bridge , the case may be brought in the circuit
court of the United States in ‘which any portion of said obstruction or bridge
may be located . Provided further , That nothing in this act shall be so con¬
strued as to repeal or modify any of the provisions of law now existing in
reference to the protection of the navigation of rivers , or to exempt this bridge
from the operation of the same. A

Sec . 4. That all railroad companies desiring the use of said bridge shall

have and be entitled to equal rights and privileges relative to the passage of
railway trains or cars over the same, and over the approaches thereto , upon
payment of a reasonable compensation for such use ; and in case the owner
or owners of said bridge and the several railroad companies , or any one of
them , desiring such use shall fail to agree upon the sum or sums to be paid,
and upon rules and conditions to which each shall conform in using said
bridge , all matters at issue between them shall be decided by the Secretary of
War , upon a hearing of the allegations and proofs of the parties . Provided,
That the provisions of section two in regard to charges f6r passengers and
freight across said bridge shall not govern the Secretary of War in determining
any question arising as to the sum or sums to be paid to the owners of said

.bridge by said railroad companies for the use of said bridge .
Sec . 5 . That any bridge authorized to be constructed under this act shall

be built and located under and subject to such regulations for the security of
navigation of said river as the Secretary of War shaH"prescribe ; and to secure

■ ■

that object the said companies or corporations shall submit to the Secretary
of War , for his examination and approval , a design and drawings of the
bridge and a map of the location, giving, for the space of two miles above and
two miles below the proposed location , the topography of the banks of the
river , the shore -line at extreme high and low-water , the direction and strength
of the currents at all stages, and the soundings , accurately showing the bed of
the stream , the location of any other bridge or brigdes , and shall furnish such
other information ' as may be required for a full and satisfactory understanding
of the subject ; and until the said, plan and location of the bridge are approved

’ by the Secretary of War the bridge shall not be built ; and should any change
be made in the plan of said bridge during the progress of construction , such

’ change shall be subject to the approval of the Secretary of War .
Sec . 6. That the right to alter , amend , or repeal this act is hereby ex -

’ pressly reserved ; and the right to require any changes in said structure , or its
entire removal, at the expense of the owners thereof , whenever Congress shall
decide that the public interests require it, is also expressly reserved .

Sec . 7. That it shall be the duty of the Secretary of War , on satisfactory

proof that a necessity exists therefor , to require the companies or persons
. owning said bridge to cause such aids to the passage of said bridge to be con¬

structed , placed , and maintained at their own cost and expense , in the form
of booms, dikes, piers , or other suitable and proper structures for the guiding
of rafts , steamboats , and other water-craft safely through the passage -way, as
shall be specified in his order in that behalf ; and on failure of the company or
persons aforesaid to make and establish such additional structures within a
reasonable time, the said Secretary shall proceed to cause the same to be built
or made at the expense of the United States , and shall refer the matter without
delay to the Attorney-General of the United States , whose duty it shall be to
institute , in the name of the United States , proceedings in any circuit court of
the United States in which such bridge or any part thereof is located for the
recovery of the costs thereof ; and all moneys accruing from such proceedings

sh^ll be coyered into the Treasury of the United States .

J
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ACT OF CONGRESS APPROVED APRIL 24, 1888.
AN ACT TO AUTHORIZE THE CONSTRUCTION OF A BRIDGE

ACROSS THE MISSISSIPPI RIVER AT MEMPHIS , TENNESSEE .

Be it Enacted by the Senate and House of Representatives of the
United States of America in Congress Assembled , That the Kansas City and
Memphis Railway and Bridge Company, a corporation created and organized
under and by virtue of the laws of the State of Arkansas , its successors and
assigns , be and the same are hereby authorized and empowered to erect , con¬
struct , and maintain a bridge over the Mississippi River, from or near the town
of Hopefield in the State of Arkansas ; to or near the taxing district of Shelby
County , commonly known as the city of Memphis , in the State of Tennessee .
Said bridge shall be constructed to provide for the passage of railway trains
and wagons and vehicles of all kinds , for the transit of animals , and, at the
option of the corporation by which it may be built , for foot-passengers , for
such reasonable rates of toll as may be approved from time to time by the
Secretary of War .

Sec . 2. That any bridge built under this act and subject to its limitations
shall be a lawful structure , and shall be recognized and known as a post-route ,
upon which also no higher charge shall be made for the transmission over the
same of the mails , the troops , and munitions of war of the United States ,
than the rate per mile paid for the transportation over the railroad or public
highways leading to the said bridge , and it shall enjoy the rights and privileges
of other post-roads in the United States .

Sec . 3. That the said bridge shall be made with unbroken and continuous
spans . Before approving the plans for said bridge the Secretary of War shall
order three engineer officers from the Engineer Bureau to be detailed to the
duty of examining , by actual inspection , the locality where said bridge is to be
built , and to report what shall be the length of the main channel span and of
the other spans , Provided,, That the main channel span shall in no event be
less than seven hundred feet in length , or the other spans less than six
hunderd feet each in length ; and if the report of said officers shall be approved
by the Secretary of War , the spans of said bridge shall be of the length so
required . The lowest part of the superstructure of said bridge shall be at least
seventy -five feet above extreme high -water mark, as understood at the point of
location , and the bridge shall be at right angles to and its piers parallel with
the current of the river . No bridge shall be erected or maintained under the

authority of this act which shall at any time substantially or materially ob¬
struct the free navigation of said river ; and if any bridge erected under such
authority shall , in the opinion of the Secretary of War, obstruct such naviga¬
tion, he is hereby authorized to cause such change or alteration of said bridge
to be made as will effectually obviate such obstruction ; and all such altera¬
tions shall be made and all such obstructions be removed at the expense
of the owner or owners of said bridge ; and in case of any litigation arising
from any obstruction or alleged obstruction to the free navigation of said river
caused or alleged to be caused by said bridge , the case may be brought in the
circuit court of the United States within whose jurisdiction any portion of
said obstruction or bridge may be located . Provided further , That nothing
in this act shall be so construed as to repeal or modify any of the provisions
of law now existing in reference to the protection of the navigation of rivers ,
or to exempt this bridge from the operation of the same.

Sec . 4. That all railroad companies desiring the use of said bridge shall
have and be entitled to equal rights and privileges relative to the passage of
railway trains or cars over the same, and over the approaches thereto , upon
payment of a reasonable compensation for such use ; and in case the owner or
owners of said bridge and the several railroad companies, or any one of them >
desiring such use shall fail to agree upon the sum or sums to be paid , and
upon rules and conditions to which each shall conform in using said bridge ,
all matters at issue between them shall be decided by the Secretary of War ,
upon reasonable notice to the parties in interest and upon consideration of such
allegations and proofs as may be submitted to him. But the last foregoing
provision shall not be held to exclude the ordinary jurisdiction of the courts ofthe United States in such cases.

Sec . 5. That any bridge authorized to be constructed under this act shall
be built and located under and subject to such regulations for the security of
navigation of said river, as the Secretary of War shall prescribe ; and to secure
that object, the said companies or corporations shall submit to the Secretary
of War, for his examination and approval , a design and drawings of the bridge
and a map of the location , giving, for the space of two miles above and two
miles below' the proposed location , the topography of the banks of the river ,
the shore-lines at extreme high and low vrater , the direction and strength of the
currents at all stages , and the soundings , accurately showing the bed of the
stream , the location of any other bridge or bridges , and shall furnish such

other information as may be required for a full and satisfactory understanding
of the subject ; and until the said plan and location of the bridge are approved
by the Secretary of War , the bridge shall not be built or commenced ; and
should any change be made in the plans of said bridge during the progress of
construction , such change shall be subject to approval of the Secretary of War ,
and shall not be made or commenced until the same is so approved .

Sec . 6. That it shall be the duty of the Secretary of War , on satisfactory
proof that a necessity exists therefor , to require the company or persons own¬
ing said bridge to cause such aids to the passage of said bridge to be con¬
structed , placed , and maintained at their own cost and expense, in the form of
booms, dikes, piers , or other suitable and proper structures for the guiding of
rafts , steamboats , and other water-craft safely through the passage -way, as
shall be specified in his order in that behalf ; and on failure of the company or
persons aforesaid to make and establish and maintain such additional struct¬
ures within a reasonable time, the said Secretary may cause the said bridge to
be removed at the expense of the owners thereof , or may proceed to cause the
same to be built or made at the expense of the owners of said bridge , and in
that case shall refer the matter without delay to the Attorney -General of the
United States , whose duty it shall be to institute , in the name of the United
States , proceedings in any circuit court of the United States within whose juris¬
diction such bridge or any part thereof is located , for the recovery of the
amount so expended by the Government and all costs of such proceedings ;
and all moneys accruing from such proceedings shall be covered into the
Treasury of the United States .

Sec . 7. That if the construction of the bridge hereby authorized shall not
be commenced within one year from the time this act takes effect, and be com¬
pleted within four years after the same date , then this act shall be void, and all
rights hereby conferred shall cease and determine .

Sec . 8. That an act entitled “ An act to authorize the construction of a
bridge across the Mississippi River at Memphis , Tennessee ” approved
February twenty-sixth , eighteen hundred and eighty -five, be, and the same is,
hereby repealed .

Sec . 9. That the right to alter , amend , or repeal this act is hereby ex¬
pressly reserved , and the right to require any changes in said structure , or its
entire removal , at the expense of the owners, whenever the Secretary of War
shall decide that the public interests require it, is also expressly reserved .
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APPENDIX D.
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Whereas, By an act of Congress , approved April 24, 1888, entitled “ An
act to authorize the construction of a bridge across the Mississippi River at
Memphis , Tennessee ,” it was enacted that the Kansas City & Memphis Rail¬
way and Bridge Company, a corporation created and organized under and by
virtue of the laws of the State of Arkansas , its successors and assigns, be,
and the same are hereby authorized and empowered to erect , construct ,
and maintain a bridge over the Mississippi River from or near the town of
Hopefield , in the State of Arkansas , to or near the taxing district of Shelby
County , commonly known as the city of Memphis , in the State of Tennessee ;
and ,

Whereas, It is provided by section 5 of the act of Congress aforesaid,
That any bridge authorized to be constructed under this act shall be built and
located under and subject to such regulations for the security of navigation of
said river as the Secretary of War shall prescribe ; and to secure that object,
the said companies or corporations shall submit to the Secretary of War , for
his examination and approval , a design and drawings of the bridge , and a
map of the location , giving, for the space of two miles above and two miles
below the proposed location, the topography of the banks of the river , the
shore lines at extreme high and low water, the direction and strength of the
currents at all stages , and the soundings , accurately showing the bed of the
stream , the location of any other bridge or bridges , and shall furnish such
other information as may be required for a full and satisfactory understanding
of the subject ; and until the said plan and location of the bridge are approved
by the Secretary of War, the bridge shall not be built or commenced ; and
should any change be made in the plans of said bridge during the progress of
construction , such change shall be subject to approval of the Secretary of
War , and shall not be made or commenced until the same is so approved ;
and

Whereas, The original plans were submitted to a board of Engineer Officers

CONTRACT WITH WAR DEPARTMENT .
OJ

for examination and report , as provided in section 3 of the act of Congress
aforesaid ; and,

Whereas, The report submitted by said board was not approved by the
Secretary of War ; and,

Whereas, The Kansas City & Memphis Railway and Bridge Company
aforesaid has accepted the provisions of the act of Congress aforesaid , and
in compliance therewith has submitted to the Secretary of War for his ex¬
amination and approval a design and drawing of a proposed bridge across
the Mississippi River , the main channel span of which is not less than seven
hundred feet in length , and the other spans not less than six hundred feet in
length , and the lowest part of the superstructure is seventy-five feet above
extreme high-water mark , and has also submitted a map of the location
thereof ;

Note, therefore, I , William C. Endicott , Secretary of War , having examined
and considered the plans of said bridge , and the map of the location thereof ,
submitted by the Kansas City & Memphis Railway and Bridge Company
aforesaid , and which are hereto attached , do hereby approve the same, subject ,
however, to the following conditions , viz. :

1. That the Kansas City & Memphis Railway and Bridge Company
shall provide an independent roadway for wagons and animals on each ap¬
proach of said bridge , and, for the entire length of the bridge proper , a road¬
way of sufficient width for wagons to pass each other without inconvenience,
to be used by wagons and animals in common with the railroad .

2. That said bridge shall be open for the passage of wagons and animals
at all times except when trains are actually crossing .

3. That reasonable signals shall be given when trains are approaching
the bridge , and no train shall be permitted to enter the common roadway
until the wagons which are on the roadway when the signal is given have
passed off of said common roadway .

. • ; > - ‘V ‘ o : ■.

4. That whenever in the opinion of the Secretary of War the roadway
above provided for does not afford ample means for the passage of wagons and
vehicles of all kinds , and the transit of animals , the Secretary of War may
require the Railway and Bridge Company aforesaid to furnish a Ferry Train ,
consisting of such a number of large box cars with continuous floor, sides, and
top, as he may deem necessary for the transportation of said wagons and
vehicles , and the transit of animals across said bridge , and may require said
company to receive and larnj. said wagons, vehicles , and animals at such point
as he may designate on each side of said river ; and may prescribe the intervals
at which said Ferry Train shall cross said bridge for the accommodation of
said wagons, vehicles , and animals.

5. The right to require changes in said structure , if the public interest
demands them, being reserved to the Secretary of War in section 9 of said act.

6. That the Engineer Officer of the United States Army in charge of the
district within which the bridge is to be built may supervise its construction
so far as may be necessary in order that the plans herein approved shall be
complied with and the bridge built accordingly .

Witness my hand this twenty-third day of August , 1888.
Wm. C. Endicott ,

Secretary of War.

This instrument is also executed by the Kansas City & Memphis Rail¬
way and Bridge Company, by George H . Nettleton , its President , thereunto
lawfully authorized , this twenty-third day of August 1888, in testimony of the
acceptance by said company of the provisions of the act of Congress aforesaid ,
and of the conditions herein imposed .

Kansas City & Memphis Railway and Beidge Company .

In presence of | By Geo. H . Nettleton ,
F . H . Damon , j President .

- r
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APPENDIX E .

REPORT OF FEBRUARY 15, 1887.
New York , Feb . 15, 1887.

George H . Nettleton , Esq .,
Kansas City & Memphis JRailway and Bridge Co., Kansas City, Mo.

Dear Sir : At your request I went to Memphis on Nov . 23, 1886, accom¬
panied by my assistant , Mr. E . Duryea , Jr ., and made arrangements for Mr.
Duryea to begin work as early as possible in making borings on the location
of the proposed bridge across the Mississippi Eiver . I returned on the
evening of the following day, leaving Mr. Duryea at Memphis , where he still
remains . I again went to Memphis on the 28th of December , reviewed the
ground and examined specimens obtained from the borings . The borings
were continued until stopped by the flood of the present month . While not
as complete as I could wish to have them, they are enough to show in all
essential features what the character of the bottom is.

The place selected for the crossing of the river is near the foot of Broad¬
way, the axis of the bridge to be at right angles to the current , and the ap¬
proach from the east being through Alabama Street (Virginia Avenue), the
angle between the axis of the bridge and the street line being about 42°.

In our notes the point where the bridge line intersects the center line of
Alabama Street is called Station 100, the station numbering running westward
from there .

In this report I have assumed that the bridge would be so designed as to
give a clear head room of 65 feet above high water, the bottom of tie on the
bridge to be 70 feet above high water .

The ground on the Memphis side is a level bluff, the height of which
corresponds almost exactly with this required elevation : the track can be laid
on the surface of the ground almost as it now is.

The river at this place is practically 2000 feet wide, varying from 1900 feet
at extreme low water , to 2100 feet when bank full .

The ground on the west side is a low bottom land , the average elevation of
which is about 5 feet below extreme high water .

In our levels we have called the low water of the United States Engineer ’s
gauge zero ; high water is 35.15 feet above this gauge, and extreme low water
is 0.98 feet below this gauge. The elevation of tie on bridge would be 105.

The elevation of your tracks on the West side of the river is 37, so that the
West Approach must descend 68 feet. I should propose to make this descent
with a 1.25 grade (66 feet per mile), which will require a distance of 5440 feet,
all of which would be on a straight line. Of this , I have estimated on building

the 3200 feet next to the bridge in the form of a permanent iron viaduct , and
the remainder as a timber trestle to be subsequently filled, unless available
material can be found for building an embankment at once.

Although the West Approach is long, its construction is very simple.

All the difficulties of building a bridge at Memphis are concentrated in the
bridge itself , 2000 feet long.

The channel of the river is as well fixed here as it is ever found on the
Mississippi Eiver , and the work proposed by the Mississippi Eiver Commission
for the preservation of the harbor of Memphis , much of which is already com¬
pleted , will secure the permanency of the channel where it now is.

The long continuance of the channel in one place has probably reduced
the width of the river here to that actually required for its discharge , as is
always the case when the channel of a silt -bearing river remains fixed for a
long period . The main discharge oi the river occupies the eastern two thirds
of its width, the current in the western one third being decidedly lighter and
the depth of water less. The water is deepest and the current strongest
about one third of the way over from the east shore .

The east bluff is the east boundary of the alluvial delta of the Missis¬
sippi. It is composed of clay and layers of sand and gravel, with a thin
stratum of ferruginous sandstone , but practically is entirely without rock.
The material below water is generally well adapted to bearing the weight of a
foundation , but not wholly safe to resist the erosion of the river without arti¬
ficial protection . The location of the bridge , a few hundred feet below a pro¬
jecting point of the bluff, is one in which the necessary artificial protections
can be made very cheaply .

The first boring made was on the west shore . This boring found sand
to a depth of —52, when a hard blue clay was encountered . This clay
changed to a very light -colored clay at a depth of —72, which changed again
to a brown clay at a depth of —98, which brown clay changed to a blue clay at
—114.5, and this continued to —122, when the boring was abandoned . The
lower part of the cream-colored clay was sandier and softer than any of the
others . The second boring was made in the river 660 feet east of the first
boring , or about at the westerly limit of the strong current . At this boring
the upper clay was not found, the light -colored clay being found at —75.6
and the brown clay at —101, the material being evidently identical with that
found on the west side. The next boring was made 650 feet farther east , or a

little west of the strongest current . In this boring clay was struck at —84,
and resembled in character the softer and sandier portion of the cream-colored
clay. The boring was discontinued at —104, being then apparently on the
surface of the brown clay, though we were driven out by the flood before this
could be positively determined .

These clays are in all probability alluvial clays which have been de¬
posited by the river . The two lower clays are evidently continuous for a large
distance , and I believe are entirely safe for foundations . The upper clay
(found only on the west side) is probably a later pocket much less in extent ,
but safe for a foundation at the location of the west shore pier . These allu¬
vial clays probably meet the older formation of the east bluff about 200 feet
from the east shore , but I have as yet no facts to verify this probability . It is
possible that the lower clays are identical with strata which exist under the
bluff.

I should propose to found the piers of a bridge at this place on caissons
which should be sunk to the clay and a few feet into it, the caissons to be of
such size that the fatigue pressure on the base should not exceed tons per
square foot. I should also wish to place on the bottom of the river around
each pier a woven mat (such as is used by the Mississippi Eiver Commission
for shore protection ) about 300 feet square ; this woven mat to be sunk upon
the bottom of the river and to form the basis of a moderate riprap protection ,
the object being to prevent scour around the pier , and so give to the founda¬
tions the stability due to the lateral support of 40 or 50 feet of sand in addi¬
tion to that due to the bearing on the base .

The difficulties of building a bridge here would lie in the eastern two thirds
of the river . A pier could be built on the western edge of this two thirds
without serious difficulty. If piers are to be built in the eastern two thirds
there is not much choice of location . As a single pier in the middle of this
two thirds would make two spans of about 660 feet , which is not more than
an economical length of span , the choice would seem to lie between crossing
this portion of the river with two spans or with one. In the former case the
bridge would consist of three spans of about 660 feet each, spanning the whole
2000 feet of the river . In the latter case the bridge would consist of one main
span of 1300 feet (to be built on the cantilever principle ) spanning the eastern
two thirds , with anchorage arms extending over the east shore and the western
part of the river .

These two plans have been considered separately and estimates made.
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THREE SPAN BRIDGE .

The four piers of the Three Span Bridge would be numbered from east to
west. Pier I would be located on the bench at the foot of the bluff where the
elevation of the ground is about 8 and at station 104 ; Pier II would be at
station 110-|- 60, in the deepest water of the river ; Pier III would be at station
117-(- 25, or at the west edge of the strong current ; Pier IV would be at
station 123 -j- 85, close to the west bank and about at the low water shore line..
' I have estimated on sinking the foundation of Pier IV to —55, or about
three feet into the blue clay ; on sinking the foundation of Pier III to —79, or
about three feet into the light -colored clay ; and "on sinking the foundation of
Pier II to —105, or through the light clay to the brown clay. The borings at
the base of the bluff are not yet complete , but I have estimated on sinking this
foundation to the same depth as that of Pier IV.

The foundation of Pier IV offers no special difficulties, it being in very
shallow water and the depth being materially less than foundations I have
lately put in on the Missouri River . The same may be said of the foundation
of Pier I . The depth to which the foundation of Pier III must be sunk is no
greater than that of our deep foundations at Omaha , but the foundation and the
pier would be very large . At Pier II tfie difficulties are undoubtedly great ,
especially if it is found necessary to go as deep as I have estimated , namely,
to —105, which is deeper than any foundation I know of which has been car¬
ried to any hard material , though by carefully choosing the time of year it
might not be necessary to work in any deeper water than was done at the east
abutment of the St. Louis Bridge .

For the present I have thought it best to estimate on putting in all four
foundations by the pneumatic process , as I feel certain that this can be done.
It is possible , however, that after we have put in the foundations of Piers III
and IV and thereby learned more than we now know of the character of the
clays, a better and cheaper method of handling Pier II may be devised .

The great length of span which it is proposed to use will require large
masonry piers , and these piers will require foundations of correspondingly
large size, especially as they are to rest on clay and not rock. I have esti¬
mated on making Piers II and III 14 feet thick and Piers I and IV 12 feet
thick under the coping ; the piers to be of limestone and of the form which
experience has shown presents the least obstruction to the current and catches
the least amount of driftwood , the caissons for Piers I and IV to be of rectangular
form 36 feet by 82 feet ; the caissons for Piers II and III to be octagonal , the
area of base being 3936 feet in Pier II and 3357 feet in Pier III . In pneu¬
matic foundations of ordinary size it is usually desirable to get all the weight
possible to facilitate sinking . In foundations of the size we are now consider¬
ing the reverse will be the case, and it will be desirable to reduce the weight
as much as possible . I should propose to build the caisson entirely of oak, to
surmount this caisson with a cribwork structure which should terminate at

—31, on which the masonry should rest . The cribwork would be built of
timber and concrete , with three large wells, which wells would extend up into
the masonry ; these wells to be 'filled with concrete after the foundation is
completed . In this way the weight on the roof of the caisson and the weight
to be handled while sinking would be reduced to very comfortable limits .

Both Piers II and III should have protection mats around them , which
mats should be subsequently riprapped . The only protection required at
Piers I and IV would be the protection which must at any rate be given to the
shores . In my estimates I have provided for all these protections in one item
and at a liberal figure. ».

The superstructure of this bridge would consist of three spans of 656 feet
each (200 metres) between end pins , the trusses to be 77 feet deep and 33 feet
between centers , and to be built entirely of steel . While these dimensions are
greater than those of any trusses yet built , they are entirely within practicable
limits and not so great an :undertaking now as 400 feet spans were twenty
years ago. I have estimated on simple trusses with straight chords , though it
is probable it would be expedient to use a curved upper chord . The details of
one of these spans have been studied rand a careful estimate made of the
weights , showing that the weight of such a span will not exceed 3 600 000
pounds , or a little more than 5000 pounds per foot.

To connect the east end of the bridge with the top of the bluff will require
a short iron viaduct 240 feet long, the details of which will be similar to that
of the longer viaduct on the west side.

The estimated cost of this bridge complete will be as follows :

Pier I .
3 000 c. y . Masonry at $20. . .

70 000 c. ft . Cribwork “ 40 cts
60 000 “ “ Caisson “ 80 cts

Sinking .

Pier II .
4 200 c. y . Masonry at $20. . ;

163 000 c. ft . Cribwork “ 40 cts
70 000 “, “ Caisson “ 80 cts

Sinking .

Pier in .
4 200 c. y . Masonry at $20. . .

80 000 c. ft . Cribwork “ 40 cts
67 000 “ “ Caisson “ 80 cts

Sinking . .

Pier IV .
3 000 c. y . Masonry at $ 20 . . .

70 000 c. ft . Cribwork •‘ 40 cts
60 000 “ “ Caisson “ 80 cts

Sinking . . . . .

Outfit for Foundation Work . . . . .
Protection Work , including Mats and B

and III , and Shore Protection at Piei
Total Substructure .

Three 656 ft . Spans, 10 800 000 lbs . at 6 cts . $648 000
Floor and Painting . 15 000

663 000

Total Bridge Proper . $1 546 800

East Approach .
240 ft . Iron Viaduct . $12 000

West Approach .
2 400 000 lbs. Iron at 5 cts . $120 000

3 000 c. y . Masonry at $ 10. 30 000
Floor and Painting . 20 000

3 200 ft . Iron Viaduct . 170 000
Wooden Trestle . 25 000

195 000
207 000

Total Bridge and Approaches . . $1 753 800
Add 10# for Contingencies . . . . . . 175 380

: i :: . ■ •:;•r $1 929 180
sn non

jf u

f ■! $ 1 979 180

This is the entire estimated cost of the bridge ready for rails from the
edge of the bluff at Memphis to the foot of the grade on the west side of the
river. It includes nothing for real estate damages , and I do not think these
ought to amount to anything . It is perhaps entitled to a credit for tracks , as
the amount of track which will be required is very much less than that now
used in the connections with the transfer landings .

The prices used for caissons and cribwork are those for which experience
has shown me this work can be done on the Missouri River . I think there
should be a large reduction in these prices at Memphis . The same may be
said of the cost of the masonry, but I have not yet examined any stone quarries .

The price for the superstructure (six cents per pound erected ) is at least
20 per cent higher than this work could have been contracted for a year ago.

I should hope that the item of contingencies could be saved, and the actual
cash cost of the bridge could be kept within $1 800 000.

If your company should decide to build on this plan the matter of time is
an important one. The foundations for Piers III and IV should be put in dur¬
ing the low water season of the present year . These piers should be finished
during the Spring of 1888.

The foundation for Pier II should be put in in the Fall , during the low
water season of 1888. Pier I can be put in at almost any time. The masonry
of Piers I and II should be finished in the Spring of 1889.

The west long span should be raised in the Fall of 1888 and the other two
spans in the Fall of 1889.

The approaches should be built in the Spring of 1889.
The bridge could be opened for traffic before the end of 1889.
It might be possible to save one season in the construction of this bridge ,

but in view of the time required to make preparations for a work of this mag

.iprap of Piers II 1
rs I and IV .

$60 000
28 000
48 000
15 000

CO 000
65 200
56 000
40 000

4*00 000
32 000
45 600
35 000

$60 000
28 000
48 000
15 000

$ 151 000

245 200

186 600

151 000
50 000

100 000
4rrs son
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nitude I do not think it would be wise to attempt to do so. It must be remem¬
bered that the season which can be depended on for working in the river at
Memphis is only five months long.

CANTILEVER BRIDGE .

The main span of the Cantilever Bridge would occupy the portion of the
river spanned by the two easterly spans of the Three Span Bridge , the length
of this span being 1300 feet . This is one half greater than the span of any
railroad bridge now in existence, but 300 feet less than the East River Suspen¬
sion Bridge and 400 feet less than each of the two main spans of the Forth
Bridge now building in Scotland .

I have estimated on making the cantilevers 150 feet deep at the ends and
building them with curved upper and lower chords , the masonry to finish ten
feet above high water . This arrangement is not strictly in accordance with the
requirements of the charter hitherto granted ; it gives the required height (65
feet) for a distance of about 400 feet at the center, but this height is reduced at
either side. It would, however, accommodate the navigation interests of the
river perfectly , as there is abundant room in the center for the upper works of
large boats and abundant width for tows which are never high . There can be
little doubt that if this design should be decided on there would be no difficulty
in getting the authority to build it.

To secure lateral stability I have proposed to put the cantilever trusses 75
feet apart at the base and to build them in inclined planes , these planes to be
put 15 feet apart at the highest point . To avoid concentrating too much weight
on one point I should put the support of the anchorage span 75 feet from the
support of the main span . The result of this arrangement would be that the
cantilever structure would be supported on each side of the main span by a
group of four piers , these piers to occupy the corners of a 75 feet square . This
arrangement is similar to that adopted for the Forth Bridge in Scotland .

In the structure I have estimated on, the center of the easterly group of
piers is placed at station 104 -f- 12.5, and the center of the westerly group of piers
at station 117-f- 87.5, the length of the span, measured from centers of piers next
to the channel being 1300 feet , the distance between centers of towers 1375 feet
and the distance between centers of piers including towers 1450 feet. The
design provides for shore or anchorage arms 375 feet long, which places the
east anchorage 240 feet back of the edge of the bluff and places the west
anchorage at station 122, or about 150 feet from the low water shore line. It
would probably be economical to shorten the east shore arm and to lengthen
the west shore arm . With the arrangement as it is now designed , a 225 foot
span will be required to reach from the west anchorage to the end.of the iron
viaduct .

The substructure of this Cantilever Bridge will consist of (1) the east
anchorage pier , (2) the group of piers under the east tower, (3) the group of

piers under the west tower, (4) the west anchorage piers and (5) a small pier
under the west end of the approach span .

The east anchorage pier will be of the simplest kind, being merely a piece
of masonry built in the bluff and of sufficient size to give the weight required
for the anchorage . I have estimated on 1200 yards of masonry , but of less
expensive character than that of the piers in the river.

The group of piers under the east tower would consist of four piers , each
16 feet in diameter under the coping, resting on caissons 36 feet square and
founded at the same depth (—55) as Pier I of the Three Span Bridge .

The group of piers under the west tower would be similar to those under
the east tower, except that the caissons would be 40 feet square and the foun¬
dations sunk to — 79.

The west anchorage pier would be founded on a caisson 35 feet by 75 feet
at a depth of —55, and though of considerable dimensions would offer no special
difficulties in construction .

A small pier would be required back of the shore line to support the heavy
bent at the end of the trestle , which would sustain the shore end of the 225 feet
span.

The same shore protection would be required for the east tower as for
Pier I of the Three Span Bridge , the same protection around the west tower as
around Pier III and the same amount of protection on the west shore as with
the other design, the total cost of protection being perhaps two thirds of that
required in the Three Span Bridge .

A general plan and strain sheet have been made for this structure , and an
approximate estimate of weights . This design , however, has not been worked
out with the same degree of detail as the design for the Three Span Bridge , and
the estimates , though probably ample, are not as accurate .

The estimated cost of this bridge complete would be as follows:

East Anchorage Pier . . . . . $20 000
East Tower :

750 c. y . Masonry at $20. $ 15 000
16 000 c. ft . Cribwork “ 40 cts . . . 6 400
26 000 “ “ Caisson “ 80 cts . 20 800

Sinking . 7 500

$49 700
Group of 4 Piers . 198 800

West Tower :
910 c. y . Masonry at $20 . 18 200

32 000 c. ft . Cribwork “ 40 cts . 12 800
32 000 “ “ Caisson “ 80 cts . 25 600

Sinking . 10 000

$66 600
Group of 4 Piers . 266 400

West Anchorage Pier :
3 300 c. y . Masonry at $20. 66 000

27 000 c. ft . Cribwork “ 40 cts . 10 800
52 000 “ “ Caisson “ 80 cts . . . 41 600

Sinking . 12 000
130 400

West Approach Pier . . . 5 000
30 000
70 000

Outfit for Foundation Work . .
Protection Work .

Tot AT, STrRfiTRTTrTTTTiir.. . .
$720 600Cantilever Superstructure .

One 225 ft . Span .
.14 000 000 lbs.

400 000 “

Floor and Painting . . .
14 400 000 lbs. at 6 cts . $864 000

Total Supebstbuctube 879 000
Total Bbidge Pbopeb . .

$1 599 600West Annroach as for Three Soan Bridge . .

Total Bbidge and Approaches .
$ 1 794 600Add 10 per cent for Contingencies

Engineering , etc .
‘ O '-. --

$ 1 974 060
50 000

$2 024 060

This is the entire estimated cost of the bridge ready for the rails from the
bluff at Memphis to the foot of the grade on the west side of the river . Com¬
paring it with the estimate of the Three Span Bridge , there is but a slight
difference in the cost. The main cost of this bridge is the great cantilever
superstructure , the accurate weight of which can only be determined after
working out a careful design in detail . While I fully believe that the estimate
now made is ample, I think the chances of saving the 10 per cent contingency
allowance are much less in this last plan than in the former , and that it is
probable that the Cantilever bridge would cost $200 000 more than the Three
Span Bridge .

In the matter of time the cantilever structure could probably be built
a little quicker than the Three Span Bridge . The foundations for the east
tower and anchorage could easily be put in this year and the east half of the
structure erected during the Spring of 1888. The foundations for the west
tower and anchorage could be put in in the low water season of 1888, the west
half of the superstructure erected immediately thereafter and the bridge
opened for traffic in the early Summer of 1889.

CONCLUSION .

Comparing the two structures when once completed , I think the Three
Span Bridge would be the better one for the railroads . It would be a per¬
fectly simple structure , the expense for maintaining which would be a mini¬
mum. It would involve no complicated details , and as it consists simply of
straight trusses resting on masonry piers , would be subject to a minimum
degree of disturbance should any slight settlement occur in the foundations .
In brief , it would fulfill the universal requirement that the simplest structure
is the best .
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The Cantilever Bridge , though not conforming to the present requirements
of charters , would be the better for the interests of navigation . Both bridges ,
however, are good enough . The spans of the Three Span Bridge would be
nearly 640 feet clear , which is greater than the entire width of many important
navigable rivers .

The chief difficulty in building the Three Span Bridge is in the foundation
of Pier II . This must be handled at the proper season of the year and handled
by men who thoroughly understand their work : that it can be put in satis¬
factorily admits of no doubt . The next difficulty is the erection of the three
great spans . There are several solutions of this . The first is to erect in the
usual way on falsework, simply having more powerful machinery than is com¬
monly used . The difficulty of maintaining falsework here during the low
water season of the fall months is no greater than at some other points where

£ dll!-.
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great bridges have been erected . Another method of erection would be to
erect the trusses on floating falsework at a low elevation and then lift them
up by hydraulic power into position . I have looked into this matter enough
to satisfy myself that it can be done without serious difficulty. Under any
arrangement the sinking of the foundations of Piers II and III and the erection
of the three long spans must be done during the low water season .

The only real difficulty in the building of the Cantilever Bridge is the
manufacture and erection of the superstructure , and the difficulties of this are
simply questions of magnitude ; the material will have to be handled in very
large pieces, requiring powerful machinery and skillful men. As this work
will be self sustaining as it goes on, it can be done at any season of the year .

I have directed Mr. Duryea to make careful observation of the high water
and should recommend that he continue at Memphis for the present . When I

■

have more full reports of the borings at the site of Pier l and other data con¬
cerning the action of floods, I shall have a further communication to make to
y ° u - <r ~ > ,

Mr. Duryea in a letter dated Peb . 11th advises me that the west shore on
the bridge line has been cutting rapidly , this being apparently due to the
action of waves and surface water rather than !a deepening of the bottom . I
think it might be expedient to build a short and inexpensive piece of dike
work a little above the bridge line very soon, this being designed to prevent
further cutting and to form a sand bar at the site of Pier IV .

I hope to visit Memphis again within the next three weeks and shall try
to see you very soon thereafter .

Very respectfully ,
Geo. S. Mobison.

S '
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REPORT OF AUGUST 2, 1888.

New York , Aug . 2, 1888.
Geo. H . Nettleton , Esq .,

President Kansas City de Memphis Railway & Bridge Co.
Dear Sir : On February 15th, 1887, I made to you a report on the pro¬

posed bridge to be built by your Company across the Mississippi Eiver at
Memphis , Tenn .

In this report it was assumed that a bridge might be built according to the
requirements of the charter then in existence , which allowed the construction
of spans of a less length than appeared economical and provided for a head
room of 65 feet in the clear above high water .

The Act of Congress approved April 24th, 1888, repeals the charter above
referred to and authorizes your Company to build a bridge at Memphis on
somewhat different conditions , there being three important changes in the
requirements .

First . The minimum length of the channel span is fixed at 700 feet , sub¬
ject to a report to be made by three officers from the Engineer Bureau , such
report to be approved by the Secretary of War .

Second. The height in the clear above high water is fixed at 75 feet instead
of 65 feet ; and

Third . The bridge must be constructed to provide for the passage of
wagons and vehicles of all kinds and the transit of animals .

The three engineer officers detailed for this purpose failed to agree, the
senior officer recommending a clear span of 700 feet and the two junior officers
of 1000 feet . All three agreed that the channel span should be next to the
Tennessee shore , that the height should be 75 feet above high water and
that the location described in my report of Feb . 15th, 1887, was a satis¬
factory location . The Secretary of War has added a long indorsement to the
report of these engineers , the substance of which is covered by the last para¬
graph but two, which is as follows :

“ Plans may be submitted by the Railway and Bridge Company, giving a
main channel span on the Memphis side of the river 730 feet long in the clear
at low water , and two other spans 600 feet long in the clear at low water ;
the end piers to be placed at low water on either shore so that the three
spans will cover the entire width of the river at low water . All the neces¬
sary aids to navigation in passing under the bridge cannot now be deter¬
mined ; but the Railway and Bridge Company may consider the question of a
guiding pier with proper guards to the bridge pier on the Memphis side for
protection to navigation , or that of placing the pier on the Memphis side in 9
feet of water at the highest stage , making the long span 770 feet.”

For the present , therefore , we will assume that the conditions thus pre¬
scribed by the Secretary of War are those under which the bridge will be built .

At first it appeared to me that the wiser method would be to build a 730
feet span and the “ proper guards ” on the Memphis side of the river . This
would require a span of 750 feet between centers of piers on the east side of
the river and two spans of 620 feet between centers further west. The ar¬
rangement of superstructure which then seemed most advisable was a fixed
span between the two central piers, with cantilever arms projecting eastward
from Pier II and westward from Pier III , the space between the west end of
the west cantilever arm and Pier IY (the west pier) to be occupied by a span
of about 400 feet. A similar span would extend eastward from the east end of
the cantilever arm east of Pier II ; but the east end of this span , instead of
resting on Pier I , would be carried on the west end of a cantilever arm project¬
ing from Pier I , this cantilever arm being balanced by an arm east of Pier I
held down by an anchorage on the shore.

After laying out the plan , I found that this would involve either the con¬
struction of an unnecessarily long shore arm for the East cantilever , or the
placing of the anchorage pier on the slope .of the bluff, where its construction
would be expensive and its security imperfect . It appeared , therefore , that the
second alternative provided by the Secretary of War , namely, the 770 feet
span , would not only relieve your Company of the necessity of building the
guiding pier and guards , but would make the construction of both Pier I and
the anchorage pier much less expensive than they would be if the 730 feet span
were used .

I have, therefore , prepared a design of a bridge of this character , the east
anchorage pier being located at the top of the bluff and a safe distance back
from its face. The east pier (Pier I) is located so as to stand in nine feet of
water at the maximum stage ; that is, at station 103-)- 30 (stations being the same
as those used in my report of February , 1887). Pier II would be 790 feet west
of Pier I , or at station lll -f-20, Pier III 620 feet farther west or at station
117-(-40, and Pier IY 620 feet farther on, at station 123-f60 , which is practi¬
cally the west edge of the river . This arrangement places Pier I 70 feet farther
east than Pier I of the three span bridge covered in report of February , 1887,
which will somewhat reduce the cost of the pier . Pier II will be 60 feet far¬
ther west than Pier II of the former plan , which gives very slight advantage in
construction . Piers III and IV are virtually unchanged .

Piers I , II and III will carry the equivalent of over 700 feet of superstruct¬
ure each ; but the weight of this superstructure would be concentrated on the
axes of the piers , so that the piers may be made of minimum thickness . Pier
IV will simply carry one end of a 450 feet span , or 225 feet of superstructure ,
and may be made thinner than the other piers . I have therefore estimated on
making Piers I , II and III 12 feet thick , 36 feet between shoulders and 48
feet long over all under the coping, and building them with a half inch batter

throughout ; Pier IV to be 10 feet thick , 38 feet between shoulders , 48 feet long
over all and built with the same batter . It has seemed to me best to start the
masonry of Piers II and III below the ordinary bed of the river , the model
form of pier having a minimum scouring effect. The result of this change of
plan is to increase somewhat the amount of masonry in Piers II and III and
to reduce the amount of masonry in Piers I and IV. After our experience at
Cairo it has seemed best to build caissons with vertical sides, surmounted by
cribwork of the same dimensions and similar construction . The foundations of
Piers I and IV present no special difficulties. I have estimated on making the
caisson for Pier I 30 feet by 70 feet and 60 feet high , including cribwork ; this
caisson to be sunk to elevation —45 (the zero being the U. S. Engineer ’s
Gauge), stopping in a substantial clay. The caisson for Pier IV would be 26
feet by 70 feet and 70 feet high, including cribAvork, and would be sunk to an
elevation of —55. Piers II and III require larger caissons and much deeper
sinking . The caisson for Pier II .would be 45 feet by SO feet and 55 feet high ,
including cribwork , and would be sunk to an elevation of —100, and that of
Pier III , 40 feet by 90 feet, 50 feet high, including cribwork , and sunk to an
elevation of —83. In the estimate given hereafter the same prices have been
used for this work as in my report of February , 1887.

Pier I would contain 2650 yards of masonry ; Pier II , 5400 yards ; Pier
III , 4800 yards , and Pier IV, 2100 yards , besides which there would be about
750 yards in the Anchorage Pier , making the total amount of masonry 15 600
yards , which has been carried into the estimates at $20 per yard , though I
think Ave could undoubtedly save one dollar and probably two dollars on this
price .

It Avill be observed that , the changes in the plans have somewhat increased
the cost of Piers II and III , while diminishing that of Piers I and IV .

Approximate estimates have been made of the weight of the superstruct¬
ure . In these estimates no provision is made for the weight of highway
traffic crossing the bridge , as it is assumed that the bridge will be closed to
highway traffic while trains are crossing , but the Aveight of the floor will be 300
pounds more per lineal foot than that of a plain railroad floor. The approxi¬
mate estimates show that the weight of the entire structure from the anchorage
to Pier IV will not exceed 11 000 000 pounds . This is but little more than the
weight of the three independent spans of 656 feet each ; but being of a more
complicated character , the cost of the shopwork would be perhaps a little
higher . On the other hand, erection becomes more simple , as no falsework will
be required in the channel span . At present prices the cost erected could be
safely estimated at 5T6T cents per pound, but I have carried it out at the same
price as before ; namely, 6 cents.

The matter of the arrangement of the highway which you are uoav required
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to provide can be settled most economically by putting it on the same floor
with the railroad ; making this floor wide enough for two teams to pass , pro¬
viding a substantial railing on each side and excluding carriages , teams and
animals when trains are crossing . This arrangement is recommended only on
the score of economy, but as the highway travel will be exceedingly light it is
not thought that it will give you any serious trouble . I am not at all clear but
what the requirements would be met by running a ferry train , but have not
thought best to estimate on this . The total estimate shows that the cost of
a timber floor adapted to highway traffic, with railings , etc., will be $10 per
foot, or just double the cost of a roadway floor, besides which there will be the
additional 300 pounds per foot added to the dead weight of the bridge .

In the matter of approaches , the East Approach , which was formerly very
simple, being on the surface of the ground , is rendered much more troublesome
and expensive by raising the grade ten feet. The difficulties, however, will
principally relate to street crossings and the purchase of the property , the
grade being generally about eight feet above the surface of the ground . As I
am unable to estimate the value of the real estate required for this approach ,
the entire cost has been placed , as you suggested , at $100 000.

The West Approach has , as before , been supposed to be built on a grade
of 11 per cent (66 feet per mile). The elevation of the top of the stringer at
Pier IV is 114, or 80 feet above extreme high water at the bridge site . I have
estimated on using an iron viaduct 4 800 feet long, the grade at the west end
of it being 54, or 17 feet higher than the grade of your level track across the
bottom land . West of this trestle the approach can be made in the form of an
earth embankment and would connect with the present line of the Kansas City,
Et . Scott & Memphis Railroad about two miles from the end of the viaduct .
At present I should advise building this viaduct in spans of 30 feet, the con¬
struction being of the simplest possible kind . For foundations I have esti¬
mated on using small masonry piers four feet square at the smallest place, the
top of the masonry to be at the elevation of 39, resting on blocks of concrete
nine feet square , the bottom of the concrete being at elevation 24 and being
farther supported by nine piles under each pier . The estimated cost of each
of these little piers , including iron anchor rods passing from concrete to top, is
$285. When the piers are finished I should propose to fill around them to a
uniform elevation of 37, or two feet above high water, so as to protect the foun¬
dations , piles , etc., from the action of frost and water . This would amount to
building an embankment 40 feet wide and averaging perhaps eight feet high
under the whole of the trestle .

The roadway approach on the east side would amount to little . On the
west side, however, it will be necessary to rise from the level of the bottom
land . It seems wise to do this in the cheapest possible way. This would be
on a timber trestle , which, if built with a grade of six per cent ., need not be
more than 1200 feet long, and its cost would not exceed $10 000.

On this basis the following estimate has been prepared of the cost of the
bridge as now proposed , this estimate being as nearly as possible in the same
form as the estimate accompanying the report of February , 1887:

Pier I .
2 650 c. y . Masonry at $20 . .

42 000 c. ft . Caisson “ 80 cts ,
84 000 “ Crib work “ 40 cts

Sinking .

Pier II .
5 400 c. y . Masonry at $20 . . .

81 000 c. ft . Caisson “ 80 cts
141 750 “ Cribwork “ 40 cts ,

Sinking .

Pier III .
4 800 c . y . Masonry at $20. . ,

72 000 c. ft . Caisson “ 80 cts ,
108 000 “ Cribwork “ 40 cts

Sinking .

Pier IY .
2 100 c. y . Masonry at $20 . .

31 200 c. ft . Caisson “ 80 cts
78 000 “ Cribwork “ 40 cts

Sinking .

$53 000
33 600
33 600
15 000

$ 108 000
64 800
56 700
40 000

$96 000
57 600
43 200
25 000

$42 000
24 960
31 200
10 000

Outfit for Foundation Work .
Protection Work , including Mats and Riprap of Piers II

and III , and Shore Protection at Piers I and IV .
Anchorage . . . . . j .
Sloping and Finishing .

Total Substructure . . t .

$ 135 200

269 500

221 800

108 100
50 000

100 000
16 000
2 000

11 000 000 lbs . steel at 6 cts .
2 200 ft . floor “ $ 10.

Painting .
Total Superstructure

$ 660 000
22 000
6 000

Total Bridge Proper .
East Approach . .
West Approach :

3 400 000 lbs. of iron at 5 cts .
320 Piers “ $285 .
4 800 ft . floor " 5 .
Painting . .
75 000 c. y . Embankment at base .
Earthwork , 2 miles of road.

Total Approaches .

Highway Trestle on West side , 1200 ft . at $8
Four miles of Track . .

$ 170 000
91 200
24 000
9 600

15 000
15 000

$ 100 000

324 800

Total Bridges and Approaches

Add 10$ for Contingencies .
Engineering .

$902 660

688 000

$ 1 590 660

424 800

9 600
20 000

$ 2 045 060

204 506
50 000

$ 2 299 566

This estimate is $320186 more than the estimate of February , 1887, or,
without providing for contingencies , $291 260 more.

Under the present plan the bridge proper reaches to the east anchorage , and
its length includes the east approach viaduct of the former plan , so that the cost
of the bridge proper as now estimated is $31 860 more than the former estimate .

The former estimate was from the edge of the bluff at Memphis to the foot
of the grade on the west side of the river . The present estimate is from a
connection with the Kansas City, Fort Scott & Memphis Railroad track in

Fifth Street to a Connection with the same railroad on the west side of the
river , the present estimate including the following items which were not in the
former estimate :

East Approach . . $100 000
West Approach : Two miles of Earthwork . 15 000

Four miles of Track . 20 000

Total . $135 000
Add 10$ Contingencies . . 13 500

Total . $148 500

So that the cost of the bridge as now designed , including all allowances, is
$171 686 more than the former estimate . This practically represents the addi¬
tional cost of the requirements which Congress and the Secretary of War now
insist upon .

I have prepared a revised plan of the bridge which I expect to submit
personally to the Secretary of War on Friday the 3d inst . A copy of this
plan accompanies this report . Of course you will not be ready to begin work
until this plan has been formally approved , and it will then be too late to do
much work in the river this season. If , however, you have determined on
building the bridge , I would ask you to give us the , authority to put in the
foundation of Pier IY this year, and to purchase the steamer Bertram , now
furnished with a complete pneumatic outfit, which has been used at Rulo and
Nebraska City Bridges . The total amount which would be expended for this
foundation and the steamer would be less than $100 000. My idea would be
to sink this foundation to the final depth and then sink a test pit within the
caisson (as was done at Rulo) and thus determine the character of the lower
clays on which the river piers are to be founded . The result of this examina¬
tion might lead to a very material saving in the cost of the river foundations ,
as this proved to be the case at Rulo .

If this authority is given, I should propose to do no other work at
Memphis until 1889, but to prepare the plans of the two river piers with the
utmost possible care, and to put in these two foundations during the low water
season in the latter part of 1889. The foundation of Pier I could then be put
in at any time and the masonry completed by the summer of 1890. The
central span (from Pier II to Pier III ) should be erected during the low water
season of 1890, and the remainder of the work would be independent of stages
of water . I should hope to open the bridge in the early part of 1891.

As to the conduct of the work, my present judgment is that it would not
be wise to put in any of the foundations by contract , as the contingencies (that
is, in the matter of cost) are so great that any contractor would feel obliged to
make his estimates on a basis which would leave him very large profits should
everything work well. After the completion of the foundation for Pier IY , it
may appear wise to do the work by contract , but my impression is otherwise .

All other parts of the work, including both masonry and superstructure .
I should advise letting by contract . Yery respectfully yours ,

Geo . S . Morison .



39

The Kansas City & Memphis Railway & Bridge Co. is now constructing a
bridge across the Mississippi River at Memphis , Tenn. The construction of
this bridge was authorized by an Act of Congress approved April 24, 1888, and
the bridge is being built in accordance with plans which were approved by the
Secretary of War in the same year.

The bridge crosses the Mississippi River with three spans , the span next
to the Tennessee shore being 770 feet long in the clear and the other two spans
600 feet long. The actual length of the spans between centers of piers is 790
feet and 5 inches and 621 feet. These spans are without precedent for rail¬
road bridges , except in the single case of the Forth Bridge in Scotland and the
Suspension Bridge across the Niagara River, both bridges constructed under
circumstances so unlike those of the Memphis Bridge that they cannot be con¬
sidered as precedents . The long span of 770 feet in the clear is about 100 feet
longer than the National Capitol at Washington .

The charter requires this bridge to be 75 feet above high water, which is
22 feet higher than has ever been required for any bridge previously built
across any of the western rivers , the greatest height being the requirement for
the Ohio River , which is 53 feet above high water .

The four piers of the bridge are now in process of construction . The
shore pier on the Tennessee side is begun. The caisson for the first channel
pier (the deepest foundation ) Fas been sunk more than 84 feet below low water
to the hard clay which underlies the alluvial deposit and is now within 12 feet
of its final depth . The caisson for the second channel pier is completed and is
now being sunk , being already 50 feet below low water . The foundation of the
fourth pier near the Arkansas shore is finished and the masonry has been built
above high water .

No objection is raised to the length of span required . The plans of the
superstructure are nearly completed , and the work has been contracted for on
the basis of the length of spans named above. In spite of the extraordinary
length of these spans and the consequent additional cost, no attempt will be
made to have the lengths reduced . The condition of the foundation work is
conclusive evidence of this .

The height of 75 feet above high water seems, however, to be an unneces¬
sary requirement , and it is earnestly desired to have this height reduced from
75 to 65 feet, which last height it is believed will accommodate the river traffic
as well as the greater height now required .

The Kansas City & Memphis Railway & Bridge Co. therefore desires that
the following amendatory act should be passed :

APPENDIX Gr.

ARGUMENT FOR AMENDMENT OF CHARTER .

AMENDATORY ACT.

An Act amendatory of an act to authorize the construction of a bridge
across the Mississippi River at Memphis , Tenn ., approved April twenty-fourth ,
eighteen hundred and eighty -eight.

Be it enacted by the Senate and House op Representatives op the
United States op America in Congress assembled , that Section 3 of the Act
entitled “ An Act to Authorize the Construction of a Bridge Across the Missis¬
sippi River at Memphis , Tenn.,” approved April twenty-fourth , eighteen hun¬
dred and eighty -eight , be, and the same is hereby amended by striking out
the words “ seventy-five,” and substituting the words “ sixty-five,” so as to makesaid section read as follows :

“ Sec. 3. That the said bridge shall be made with unbroken and con¬
tinuous spans . Before approving the plans for said bridge the Secretary of
War shall order three engineer officers from the Engineer Bureau to be
detailed to the duty of examining by actual inspection the locality where said
bridge is to be built , and to report what shall be the length of the main
channel span and of the other spans : Provided, That the main channel span
shall in no event be less than seven hundred feet in length , or the other spans
less than six hundred feet each in length ; and, if the report of said officers
shall be approved by the Secretary of War, the spans of said bridge shall be
of the length so required . The lowest part of the superstructure of said bridge
shall be at least sixty-five feet above extreme high water mark, as understood at
the point of location , and the bridge shall be at right angles to and its piers
parallel with the current of the river. No bridge shall be erected or main¬
tained under the authority of this act which shall at any time substantially or
materially obstruct the free navigation of said river ; and if any bridge erected
under such authority shall , in the opinion of the Secretary of War , obstruct
such navigation , he is hereby authorized to cause such change or alteration of
said bridge to be made as will effectually obviate such obstruction ; and all
such alterations shall be made and all such obstructions be removed at the
expense of the owner or owners of said bridge ; and in case of any litigation
arising from any obstruction or alleged obstruction to the free navigation of
said river caused or alleged to be caused by said bridge , the case may be
brought in the circuit court of the United States within whose jurisdiction any
portion of said obstruction or bridge may be located : Provided further ,
That nothing in this act shall be so construed as to repeal or modify
any of the provisions of law now existing in reference to the protection

of the navigation of rivers , or to exempt this bridge from the operation ofthe same.”

Sec. 2. The right to amend or repeal this act is hereby expressly reserved .

OBJECTIONS TO 75 FEET HEAD ROOM.

Besides the increased cost involved, there are two very serious objections
to the requirement of 75 feet clear head room.

The first of these lies in the fact that it involves the lifting of the entire
traffic which will cross the bridge ten feet higher than a head room of 65 feet
would require , and that this represents so much increased expenditure for
power and fuel, with a corresponding increase in cost, which must ultimately be
borne by the shipper and producer .

The second objection , which is a more serious one, lies in the fact that this
height will bring the eastern approach to the bridge about ten feet above the
level of the bluff on which the city of Memphis is built , which will interfere
with the existing arrangement of streets , and also require a grade on the
approach up which it will be necessary to work engines in a manner which
is objectionable and disagreeable within a city, and is a source of danger to
frame buildings , of which there are many in this part of Memphis .

If the height of the bridge could be fixed at 65 feet instead of 75 feet, all
these difficulties would be entirely avoided.

FIRST MEMPHIS BRIDGE CHARTER .

The first charter for a bridge across the Mississippi River at Memphis was
granted by an act to authorize the construction of a bridge across the Missis¬
sippi River at Memphis , Tennessee , approved February 26th, 1885. This
charter fixed the length of the channel spans at not less than five hundred and
fifty feet and required the height of the lowest part of the superstructure ' to be
at least sixty-five feet above extreme high water mark.

Section 3 of this act reads as follows :
“ Sec. 3. That said bridge shall be made with unbroken and continuous

spans ; two spans thereof shall not be less than five hundred and fifty feet in
length in the clear , and no span shall be less than three hundred feet in the
clear. The lowest part of the superstructure of said bridge shall be at least
sixty-five feet above extreme high water mark , as understood at the point of
location , and the bridge shall be at right angles to and its piers parallel with
the current of the river . No bridge shall be erected or maintained under the
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authority of this act which shall at any time substantially or materially
obstruct the free navigation of said river ; and if any bridge erected under such
authority shall , in the opinion of the Secretary of War, obstruct such naviga¬
tion, he is hereby authorized to cause such change or alteration of said bridge
to be made as will effectually obviate such obstructions , and all such alterations
shall be made and all such obstructions be removed at the expense of the
owner or owners of said bridge . And in case of any litigation arising from any
obstruction or alleged obstruction to the free navigation of said river , caused or
alleged to be caused by said bridge , the case may be brought in the circuit
court of the United States in which any portion of said obstruction or bridge
may be located : Provided further , That nothing in this act shall be so con¬
strued as to repeal or modify any of the provisions of law now existing in refer¬
ence to the protection of the navigation of rivers , or to exempt this bridge from
the operations of the same.”

Had the Kansas City & Memphis Railway & Bridge Co. built its bridge
under this charter , the longest span which it would be required to build would
have been fifty feet shorter than the shortest span in the bridge it is now
building , and the head room of the bridge would have been ten feet less than
the height now required .

REPORT OF BOARD OF ENGINEERS UPON GENERAL
BRIDGE LAW.

A bill was introduced in the Fiftieth Congress known as “ Senate Bill 275,”
to authorize the construction of bridges across the Missouri between its mouth
and the mouth of the Dakota or James River, and across the Mississippi River
between St. Paul , Minn., and Natchez , Miss., and across the Illinois River
between its mouth and La Salle, Ill . This bill was referred to a Board of
Engineers who made their report on February 23d, 1888. This report is
printed , being Senate Executive Document No. 120, 50th Congress, 1st Session.
It is also printed in full in the Report of the Chief of Engineers , U. S. A.,
for 1888.

In this report (page 9) they say :
“ The Board feel well assured that , by the use of well known appliances ,

the upper portions of steamboat chimneys can be lowered to the level of the
pilot houses, and as the clear head room they have recommended will pass the
pilothouses of the largest boats on the river , they consider that the slight
delay which may accompany this operation of lowering the chimneys will be
far less onerous to navigation than the great danger and difficulty which must
of necessity attend an attempt to pass through a narrow draw opening at high
stages of water .”

In other words, the Board recognized the fact that smoke stacks can be so
easily lowered that it is unwise to insist on bridges being built so as to give the
height necessary for boats to pass without lowering their smoke stacks .

In the same report three lists of boats are given (pages 36, 40 and 41) in
which the heights of pilot houses and of smoke stacks are noted .

The first is a list of Ohio River coal tow boats . In this list the greatest
height of pilot house is 55 feet, the greatest height of chimney 88 feet . These
boats pass through bridges 53 feet above high water, and though complaints
have been made of the length of spans , no complaints are made of the height
above water .

The second list is a list of the St. Louis and New Orleans Anchor Line
boats , the largest passenger packets now running on the Mississippi River.
The highest pilot house is 65 feet and the highest smoke stack 92 feet. As a
matter of fact the height of the pilot house would be reduced to 60 feet by the
removal of unnecessary ornamentation , and the smoke stacks are only four feet
higher than the smoke stacks of boats on the Ohio River which pass under
53 feet bridges .

The third list is a list of the tow boats of the St. Louis & Mississippi
Yalley Transportation Co., the highest pilot house being 52 feet and the
highest smoke stack 75 feet. These boats are among the most powerful boats
which ever ran on the Mississippi River.

The Board of Engineers returned the proposed General Bridge Law with
certain amendments , Section 18 of the bill as recommended by this Board
reading as follows :

“ Sec. 18. That all bridges authorized by this act over the Mississippi
River between the mouth of the Ohio River and Natchez , Mississippi , shall be
high bridges with unbroken and continuous spans , having at least one channel
span of not less than six hundred and fifty feet clear channel way, all other
spans over the water -way to have a clear channel way of not less than five
hundred feet ; and all said spans shall have a clear head room of not less than
seventy feet above high water mark .”

It appears to have been the conclusion of this Board that a height of five
feet more than the height of the highest pilot house of which they had any
record was ample for any portion of the Mississippi River. The Report of
this Board of Engineers was based on a height of pilot house measured to the
top of ornamentation instead of to the top without ornament , which is the
correct measurement . This discrepancy probably occurred from the fact that
the Board of Engineers , having a limited time at their command , took the
heights as .given by the steamboat owners instead of having them specially
measured , and the character of the upper five or six feet was thus overlooked .

OBSERVATION OF HEIGHTS OF STEAMBOATS .

"With the view of obtaining the most recent information , a special agent
was sent down the Mississippi River from St. Louis to New Orleans and return
with instructions to examine every boat on the river and report upon her prin¬
cipal dimensions . This trip was made in November and December , 1889.

While the report of this special agent only covers those boats which were
in actual service at the time of liis trip , it practically includes every boat now
running on the Mississippi River except the Ohio River boats , all of which pass
under bridges only 53 feet above high water .

A list of the boats measured by this agent with their principal dimensions
is given in the Appendix , the boats being arranged in the order of the height
of their pilot houses without including ornaments .

The pilot houses of the western river boats as now built are surmounted
by a wooden ornament of absolutely no use, several feet higher than the flat
roof of the pilot house . The smoke stacks are also ornamented on top , the
ornamentation being often in the form of an open work resembling the feath¬
ered head dress of an Indian . In some instances this ornamentation is of solid
form, and may be considered an extension of the smoke stack ; generally it is
only ornamental .

The results of this agent’s examinations show that there are only about six
steamboats on the Mississippi River whose pilot houses including ornamen¬
tation are more than 60 feet high, and that there is not a single boat on which
the pilot house without ornamentation is 60 feet high, while there are only six
boats in which the height of pilot houses without ornamentation is more than
55 feet .

COMPARISON WITH REQUIREMENTS ON TRIBUTARY RIVERS .

The laws under which the two bridges at St. Louis have been built require
a head room of 50 feet in the clear above high water , which high water has
been interpreted as the height of the St. Louis City Directrix , with an allow¬
ance in the case of the new Merchants ’ Bridge for the slope of the river . The
St. Louis City Directrix is 7.6 feet below the extreme high water of 1844, thus
making the actual requirement above extreme high water 42.4 feet.

The bridges on the lower Ohio River were built under the provisions of an
Act supplementary to an act approved December seventeenth , eighteen hundred
and seventy-two, entitled “ An Act to authorize the construction of bridges
across the Ohio River and to prescribe the dimensions of the same. Approved,
February fourteenth , 1883.” The closing part of Section 2 of this Act reads as
follows :

“ Provided further , That in lieu of the high draw prescribed above, bridges
over the Ohio River below the Covington and Cincinnati Suspension Bridge
may be built as continuous bridges with a clear height of fifty-three feet above
local highest water, measured to the lowest part of the channel span .”

The bridge across the Ohio River at Cairo within four miles of the mouth
of the Ohio River, under which every boat passing from the Ohio River to the
Mississippi must go, is built in accordance with this law. It .is 53 feet above
high water , and the range between high and low water at the site of the bridge
as determined by the Chief of Engineers is 52.2 feet, making the total height
of the bridge 105.2 feet above low water .

At Memphis the range between low and high water is 36 feet, and the
requirement of 75 feet head room is not only 22 feet more than is required at
Cairo above high water, but corresponds to 5.8 feet more than is required at
Cairo above low water.
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CONCLUSIONS.

Tlie general conclusions which may be drawn are :
First. It is an established fact that the lowering of smoke stacks is a small

matter, which is so easily accomplished that it is unjust to require bridge com¬
panies to raise their bridges to a sufficient height to enable boats with high
stacks to pass through without lowering.

Second. The boats on the Ohio River are now fitted with hinges for lower¬
ing their stacks, and the boats on the Mississippi River could easily adopt the
same appliances.

Third. The greatest height of pilot houses is ten feet less than the height

required for the Memphis Bridge ; and the greatest height of pilot houses with¬
out ornamentation, which is the only proper measurement, is fifteen feet less
than the height now required.

Fourth. The Kansas City & Memphis Railway &Bridge Co. is building a
bridge which from length of its spans and the other general features will form
less of an obstruction to navigation than any bridge yet built on any westernriver.

Fifth. The plan of this bridge in the matter of spans meets the conditions
of the General Bridge Law recommended by the Board of Engineers in their
Report of February 23d, 1888. The requirements of the act under which the
bridge is being built call for five feet more head room than was deemed neces¬

sary by such Board of Engineers, and the Report of this Board of Engineers
was based on a height of pilot house measured to the top of ornamentation
instead of to the top without ornament.

Sixth. A height of Sixty-Five feet would meet all reasonable requirements
of navigation and remove from the bridge certain features which are very
objectionable both to the bridge company and to the residents of the adjacent
portion of the city of Memphis.

GEO. S. MORISON,
Cli. Engr . K. C. & M. R. & B. Co.

Chicago , Jan . 4th , 1890.

APPENDIX .
TABLE OF STEAMBOATS ON LOWER MISSISSIPPI RIVER DEC. 1889, ARRANGED ACCORDING TO HEIGHT OF PILOT HOUSE.

ALL HEIGHTS ON BASIS OE BOATS BEING LIGHT.

Name of Boat. Port Line.

Oliver Bierue.
City of St . Louis.
City of New Orleans. .
City of Baton Rouge. . .
Jesse K. Bell.
City of Vicksburg .
Arkansas City .
City of Providence.
Pargoud .
Paul Tulaue .
Belle of Memphis.
City of Monroe .
Guiding Star .
City of Cairo .
Crystal City .
James Lee . . . . ; .
Kate Adams.
Warren .
New South . i .'. . . .
Jay Gould .
Laura Lee . .
H. M. Hoxie .
T. P . Leathers .
Chickasaw.
Belle of the Coast.
La Famche . . .
St. John .
Rosa Lee.
Future City.
De Soto.
Lady Lee.
Golden Rule . . .
Mary Z. Comeaux.

New Orleans. . . -
St. Louis.

Plan . & Mer. Pk . Co.
Anchor .

“ . (i
n

New Orleans. . . . Plan . & Mer. Pk . Co.

« .
<< t(

New Orleans. . . . Plan . & Mer. Pk . Co. . . . . .

<( tt

Cincinnati. U . S. Trans . Co.

<c
Lee Line .
The Mem. Pk . Co.

New Orleans . . . . Mo. & A. Pk . Co. .

St. Louis. St. L. & Miss. V. T. Co. .

St. Louis.
Cincinnati.
Memphis.
New Orleans . .

St. L. & Miss. V. T. Co. .
The N. & N. O. Pk . Co. .
Mem. & White R. Pk . Co

<<
Shieldsboro.

Lee Line .
St. Louis.
Cincinnati.

St. L. & Miss. V. T. Co. .

Memphis.
Cincinnati .
St. Louis.

When
Built .

Kind
of

Wheel . Tonnage. Length .

FEET.

Height ofStack
without

Ornament.

FT. IN.

Height of
Stack
with

Ornament.

FT. IN.

Height of
Pilot

House
without

Ornament .
FT. IN.

Height of
Pilot

House
with

Ornament.
FT. IN.

Name of Boat. Port . Line. When
Built .

Kind
of

Wheel.
Tonnage. Length.

FEET.

Height ofStack
without

Ornament.

FT. IN.

Height of
Stack
with

Ornament.

FT. IN.

Height of
Pilot

House
without

Ornament .
FT. IN.

Height of
Pilot

House
with

Ornament .
FT. IN.1886 Side. 1117.78 267. 78 10 83 10 59 9 64 9 Whisper .. . New Orleans. . . . 1878 Stern. 362. 180 9 67 11 69 11 46 3 51 31883 <( 1565.17 300. 84 2 91 2 59 7 62 7 Danube . n 1877 250 32 175 1 61 6 64 6 46 1 49 11881 “ 1586.28 290. 83 1 90 1 58 5 62 5 Coahoma. Memphis. 1876 249 51 205 2 71 2 75 2 45 1 50 11881 “ 1603.96 280. 83 3 90 3 57 2 62 2 Bald Eagle . St. Louis. St. L. & C. Pk . Co. 1879 Stern. 454. 202. 50 7 55 7 44 10 47 101879 tt 921.60 219.4 82 6 86 6 56 6 65 6 Idlewild . ti St. L . & Miss. R. Pk . Co. . . 1879 520.36 207.6 58 2 61 2 44 7 51 71881 t ( 1356.52 273.7 79 2 86 2 55 10 60 10 New Orleans. . . . 1875 238 41 150. 63 10 65 10 44 6 48 o1882 it 1236.99 273.7 79 5 86 5 54 8 57 8 Louisville. . 1871 329 69 180 64 4 66 4 44 6 47 G

1880 it 1303.81 273.1 79 3 86 3 54 8 57 8 My Choice. St. Louis. St. L. & Miss. V. T. Co. . . . 1872 (t 462.23 183. 63 0 66 0 44 0 47 0
1884 Stern . 711.94 242. 70 11 77 11 54 4 59 3 City of Florence. tt St. L. & Tenn . R. Pk . Co. . 1882 11 358.31 165. 59 6 63 6 43 9 45 91888 617.03 210. 68 4 73 4 54 3 58 3 Cherokee . . . it 1888 t i 631 20 57 4 62 4 43 6 53 61880 Side. 1222.80 267. 80 9 87 9 54 3 57 3 John Gilmore. « ,_ St. L. & Miss. V. T. Co. . . . 1871 it 593.09 183. 63 1 68 1 43 4 45 41887 ** 1038.25 275. 79 0 86 0 54 0 57 0 Gus Fowler . Paducah . . . . . . . . P . & C. Pk . Co. . . 1880 <t 309.62 160. 54 1 58 1 43 3 46 31878 Stern. 1121.97 304. 70 10 74 10 53 1 56 1
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APPENDIX H .

ORDINANCE OF THE LEGISLATIVE COUNCIL OF THE TAXING DISTRICT OF SHELBT COUNTY , TENNESSEE ,
PASSED MARCH 23, 1891.

Whereas , the Kansas City and Memphis Railway and Bridge Company , a
corporation created , organized and chartered under the laws of the State of
Arkansas , has petitioned the Legislative Council of the Taxing District of
Shelby County, Tennessee , for the right to construct and maintain its tracks
and railroad and operate the same with its engines and cars thereon with steam
or other motive power across certain streets and across , over and along certain
alleys in the said Taxing District , as specified and described in a petition and
map filed by the said Kansas City and Memphis Railway and Bridge Company,
now on file in the office of the Taxing District of Shelby County , Tennessee ;
said railroad and tracks being for the purpose of furnishing an eastern
approach to the bridge now being constructed by said Kansas City and Mem¬
phis Railway and Bridge Company, under an Act passed by the Congress of
the United States and approved by the President of the United States , April
24, 1888, pages 92 and 93, Acts of Congress, 1888 ; and for the right to con¬
struct and maintain an incline for an entrance to the wagon way of said bridge ,
as set forth in said petition and map. Said railroad tracks and approaches are
to be located across certain streets and across, over and along certain alleys,
as shown by the petition and map aforesaid as follows :

“ Beginning at Pier No. one (1) of said bridge near the east bank of the
Mississippi River , the said east approach runs southeasterly through said
Railway and Bridge Company’s property to the north line of "Virginia avenue,
west of Delaware avenue ; thence in the same direction at an angle across the
extreme west end of said Virginia avenue into Block No. two (2) ; thence curv¬
ing to the left it runs across the extreme northeast corner of said Block No. two
(2) to the west line of said Delaware avenue ; thence in like manner at an angle
across said Delaware avenue into Block No. 3 ; thence across said Block No.
three .(3) to the west line of Indiana avenue ; thence across Indiana avenue into
Block No. five (5), the curve terminating about forty (40) feet east of the west
line of said Block No. five (5) ; thence east to the west line of Arkansas avenue ;
thence across said Arkansas avenue, at right angles, into Block No. twelve (12) ;
thence east through said Block No. twelve (12) to the west line of Louisiana
avenue ; thence east across Louisiana avenue, at right angles , into Block
No. thirteen (13) ; thence east across said Block No. thirteen (13) to the west
line of Pennsylvania avenue, upon which are located the tracks of the Citi¬
zens’ Street Railway ; thence east across said Pennsylvania avenue, at right
angles, into Block twenty-two (22) ; thence across said Block No. twenty -two
(22), and the alleys intersecting the same to the west line of Kansas avenue ;
thence across Kansas avenue to the west line of Block No. twenty-three (23) ;
thence into and across said Block No. twenty-three (23).

The said approach from Block No. three (3) to Block No. twenty-three (23)
inclusive to consist of four tracks . Also a connection line beginning in Penn¬
sylvania avenue near the west line of Block No. twenty -two (22) and curving to
the north through said Block No. twenty-two (22), and across the alleys inter¬
secting the same, to the south side of Virginia avenue ; thence across the said
Virginia avenue to Block No. twenty-one (21) ; thence across the southeast
corner of said block No. twenty-one (21) to the west side of Kansas avenue ;
then across and along said Kansas avenue to a connection with the tracks of
the Kansas City, Port Scott and Memphis Railroad in said Kansas avenue near
the centre line of Broadway , the said connection line to consist of two tracks .

Also a second connection line, beginning in Block No. twenty -three (23)
near the east line of Kansas avenue and curving to the north through said
Block No. twenty-three (23) and across the alleys intersecting the same, to the
west side of Kentucky avenue ; thence across and along said Kentucky avenue
to a connection with the tracks of the St. Louis , Iron Mountain and Southern
Railway in said Kentucky avenue, the said second connection to consist of two
tracks . Also a third connection line, connecting with the connection line first
aforesaid in or near Virginia avenue and running thence northeastwardly across
Kansas avenue to a connection with the tracks of the Kansas City, Port Scott
and Memphis Railroad , east of and near said Kansas avenue, the said third
connection line to consist of two tracks .” All situated , lying and being in the
Tenth (10th) Ward of said Taxing District , commonly known as the City of
Memphis .

Now, therefore , be it enacted and ordained by the Legislative Council of
the Taxing District of Shelby County , Tennessee , as follows :

Section 1.—Be it enacted and ordained , That the Legislative Council of the
Taxing District of Shelby County, so far as it has the legal power to do so,
grants to the said Kansas City and Memphis Railway and Bridge Company the
powers , rights and privileges above named and hereinafter set forth upon the
express condition and agreement that the charges and tolls to be charged other
railroad companies desiring to use said approaches , connections and bridge
for their trains and cars may be fixed and established by the Secretary of War,
under Section four (4) of the said Act of Congress, authorizing said Company
to build and construct and maintain said bridge for the transportation of
freight cars, passenger coaches or trains , foot passengers , etc., over said bridge
and over all tracks or approaches thereto as shall be occupied by said Bridge
Company, and that the right thereto shall be granted by it to every railroad
company now or hereafter entering the Taxing District of Shelby County with¬
out discrimination in favor of or against any such railroad company. The

word “ approaches ” shall include all tracks used or owned by said Bridge
Company in gaining access to the bridge proper , whether included in the terri¬
tory covered by the above grant or otherwise .

That in the event the Secretary of War should decline , after a lawful and
apt application has been made to him under said Act of Congress by any rail¬
road now or hereafter running into said Taxing District , to fix the rates of tolls
over the bridge for the reason that he has no jurisdiction over said approaches ,
or for any other reason declines to act, or in case the Circuit and District
Courts of the United States for the Western District of Tennessee , or the Su¬

preme Court of the United States , or the State Courts of record of competent
jurisdiction in Tennessee and having jurisdiction in Shelby County , shall
decide that said Act of Congress is inoperative as to the approaches , then this
Legislative Council shall have and hereby retains the right to regulate tolls
from time to time over all such approaches to said bridge upon a like applica¬
tion by any such railroad .

And for the further consideration of the materials to be furnished , labor

performed , work done, and the considerations and obligations agreed to be per¬
formed on the part of the petitioner , the Kansas City and Memphis Railway
and Bridge Company, as hereinafter set out and specified, and in consideration
of the promotion of the public welfare, especially that of this Taxing District ,
resulting from the construction , maintenance , use and operation of said bridge
and said approaches thereto , and the public welfare requiring it , the said Tax¬
ing District doth hereby grant , so far as it has the legal power to do so, to the
Kansas City and Memphis Railway and Bridge Company , its successors and
assigns , for thje period of ninety-nine years , or so long as said bridge shall re¬
main where it is now under the sanction of the United States Government , the
right and privilege to construct , maintain and operate with steam or other
motive power across the streets and across , over and along the alleys above
named and shown by said map, and along the route or line above and thereon
described , its said railroad tracks and connecting lines, and to operate the same
for the purposes stated above and as designated in the petition and map of
petitioner now on file in the said office of the Taxing District .

Sec. 2. Be it further enacted and ordained , That said Railroad and Bridge
Company shall pave the incline approach to the wagon way of said bridge for
vehicles and general traffic with stone placed upon Tishomingo gravel the
whole length thereof , being about 150 feet long and to a width of 30 feet, and
maintain the same. It shall pave all crossings of streets over which its Said
tracks pass , between tracks and 18 inches on each side thereof , with not less
than three -inch white oak plank to be full width of each street and maintain



the same, and shall furnish to the Taxing District free of cost, Tishomingo
gravel sufficient to cover from 10 to 12 inches deep, as the Taxing District
Engineer may direct , the following four streets : Delaware , Arkansas , Indiana
and Louisiana avenues for a width of 40 feet on each from the south line of
Virginia avenue to the nortli side of Iowa avenue or Jackson street , all of
which are crossed by said tracks , and also furnish all necessary wood curbing
for said distances on said four avenues. All material necessary for the above
shall be furnished by the said company at its own cost under the direction and
supervision of the Taxing District Engineer , and all work to be done by it
under this paragraph shall be under his supervision and direction .

Sec. 3. Be it further enacted and ordained , That the Taxing District is not
to be chargeable or liable in any way for any of the expenditures necessary to
the construction and operation of these lines of railroad , whether the same be
for grading or changing of the street , drainage of the same or for other work
or cause whatever in connection therewith . All expenditure , as well as dam¬
ages, if any, resulting therefrom to property owners by changing , filling or
cutting streets , failure to furnish and provide proper drainage or otherwise ,
shall as between said Taxing District and the Kansas City and Memphis Rail¬
way and Bridge Company be assumed; by said Railway and Bridge Company,
and the said Railway and Bridge Company agrees and hereby obligates itself
to hold harmless and indemnify the Taxing District against all damages and
expenditures whatever , if any shall accrue therefrom .

Sec. 4. Be it further enacted , That the Kansas City and Memphis Railway
and Bridge Company in laying its tracks on and over streets shall so construct
and maintain the same as to offer the least possible impediment or obstruction
to the use of such streets by the general public .

Sec. 5. Be it further enacted and ordained , That it appearing that the
entrance to the wagon way of said bridge is directly in front of Virginia
avenue and near to the west end thereof , and that to construct a wagon road
for an approach to such entrance , which will best accommodate the public , it
is necessary to permanently close said Virginia avenue west of Delaware
avenue ; and said Railway and Bridge Company, which owns all the land on
both sides of that portion of Virginia avenue, having asked that the same be
closed, therefore , so far as this body can legally confer such authority , the per¬
manent closing of said portion of Virginia avenue, for the construction therein
of said approach and the occupation of said avenue thereby , is hereby author¬ized.

Sec. 6. Be it further enacted and ordained , That it appearing to be for the
convenience of the public and of said Railway and Bridge Company in the
construction , use and operation of said wagon road and other approaches , that
they occupy a portion of Delaware avenue as now located at and just south of
the crossing of Virginia avenue, and that the course of Delaware avenue be
changed at that place by turning it northeasterly across the northwest corner
of said block three (3) in the manner shown on said map and by said petition
filed by said Company as aforesaid , therefore , said Railway and Bridge Com¬
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pany is hereby authorized , so far as this body can legally do so, to occupy said
portion of Delaware avenue and to change the course thereof for said ap¬
proaches , all as shown by said map and petition and as above set forth , upon
its first having conveyed to said Taxing District in fee for the use of the public
for a street that portion of said block three (3) to be covered by Delaware
avenue when changed as aforesaid .

Sec. 7. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally do so, to construct and maintain a bridge or viaduct
over said Delaware avenue as it now is and as hereby changed , where its rail¬
road tracks cross said avenue , for the purpose of carrying said tracks , which
bridge or viaduct shall be at least twelve (12) feet above the grade of said
avenue as established by ordinance , and to which the surface of said street is to
be depressed as hereinafter set forth .

Sec. 8. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to grade and depress the present surface
of said Delaware avenue where said viaduct and tracks will cross it so as to
conform to the grade of said avenue as heretofore established by ordinance .

Sec. 9. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body has the legal power to grant such authority , to construct and
build an embankment of earth , eight (8) feet high at the highest point and
forty (40) feet wide, where said bridge lines of railway cross Indiana avenue,
sloping back north to the south line of Virginia avenue and south to the north
line of Iowa avenue, so as to conform to the grade of said Indiana avenue, at
the point of said crossing , heretofore adopted by said Taxing District ; said
embankment shall be of uniform width and constructed so as to give an easy
incline from said highest point north to said Virginia avenue and south to
said Iowa avenue.

Sec. 10. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it , to occupy the south alley (there being
two) running east and west through said Block No. 5 with one of its four (4)
lines of railway hereby authorized , and may build and construct an embank¬
ment or trestle therein so as to conform to the grade of said alley heretofore
adopted by said Taxing District and so as to conform to the grade so adopted
on Indiana and Arkansas avenues .

Sec. 11. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to construct and build an embankment of
earth , four and one half (4f) feet high at the highest point and forty (40) feet
wide, where said bridge lines of railway cross Arkansas avenue, sloping back
north to the south line of Virginia avenue and south to the north line of Iowa
avenue, so as to conform to the grade of said Arkansas avenue, at the point of

said crossing , heretofore adopted by said Taxing District , said embankment
shall be of uniform width and constructed so as to give an easy incline from
said highest point north to said Virginia avenue and south to said Iowa avenue.

Sec. 12. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it*is hereby authorized , so far
as this body can legally authorize it , to build and construct an embankment or
trestle , not less than four and one half (4£) feet , nor to exceed six and one half
(6£) feet high , across both of the alleys running north and south in said Block
No. 12, so as to conform to the grade of said alleys heretofore adopted by the
said Taxing District and so as to conform to the grade so adopted on said
Arkansas and Louisiana avenues .

Sec. 13. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to construct and build an embankment of
earth , six and one half (6£) feet high at the highest point and forty (40) feet
wide, where said bridge lines of railway cross Louisiana avenue, sloping back
north to south line of Virginia avenue and south to the north line of Iowa
avenue, so as to conform to the grade of said Louisiana avenue, at the point of
said crossing , heretofore adopted by said Taxing District . Said embankment
shall be of uniform width and constructed so as to give an easy incline from
said highest point north to said Virginia avenue and south to said Iowa avenue.

Sec. 14. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it , to build and construct an embankment or
trestle not to exceed six and one half (6f) feet high across both alleys (there
being two) running north and south through said Block 13 so as to conform to
the grade of said alleys heretofore adopted by said Taxing District and so as
to conform to the grade so adopted on Louisiana and Pennsylvania avenues .

Sec. 15. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it , to intersect and lay its said four (4) tracks
across the Citizens’ Street Railway , now laid along and over Pennsylvania
avenue, and across said Pennsylvania avenue , and put down all necessary iron
or wooden structures in said avenue to effect said crossing, which shall be
made on the grade upon which said Citizens’ Street Railway is laid and hereto¬
fore adopted by said Taxing District .

Sec. 16. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to lay its connection line, which curves
northwardly out of the main line and consists of two (2) lines of railway in
Bloc No. 22, across the alley running east and west through said Block No. 22,
and across Virginia avenue just west of Kansas avenue, and into and across said
Kansas avenue so as to intersect and connect with the Kansas City, Fort Scott
and Memphis Railroad and to put down all necessary iron or wooden structures
to effect said connection in said Kansas avenue : all of which shall be done so
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as to conform to the grade of said alley and avenues heretofore adopted by said
Taxing District and upon which grade said Kansas City, Fort Scott and Mem¬
phis Railroad is now laid and constructed upon said Kansas avenue.

Sec. 17. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to construct a second connection line
curving northwardly out of the main line in said Block No. 23, which shall con¬
sist of two (2) tracks , across the alley running north and south in the eastern
part of said Block No. 23 (there being two (2) such in said block), and across
the alley running east and west therein , and across Virginia avenue where it
intersects and crosses Kentucky avenue, into and across said Kentucky avenue
so as to intersect and connect with the said St . Louis , Iron Mountain and
Southern Railway laid in and along said Kentucky avenue, and to put down all
necessary iron or wooden structures to effect said connection in said Kentucky
avenue : all of which shall be done so as to conform with the grade of said alley
and of Virginia and Kentucky avenues heretofore adopted by said Taxing
District , and upon which grade said St. Louis , Iron Mountain and Southern
Railway is now laid and constructed upon said Kentucky avenue.

->■ Sec . 18 . Be it further euacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it , to construct the third connection line, con¬
necting with the first connection line herein authorized in or near Virginia
avenue, and running thence northeasterly across Kansas avenue to a connection
and intersection with the tracks of the Kansas City, Fort Scott and Memphis
Railroad east of and near Kansas avenue, which third connection shall consist
of two (2) lines of railway tracks , and to put down all necessary iron or wooden
structures to effect said connection : all of which shall be done so as to conform
with the said grade of Kansas avenue heretofore adopted by said Taxing
District .

Sec. 19. Be it further enacted and ordained , That said Kansas City and
Memphis Railway and Bridge Company be and it is hereby authorized , so far
as this body can legally authorize it, to construct all four (4) of its railway

tracks on its main line across both of the alleys running north and south
through said Block No. 23, which shall be done so as to conform with the
grade of said alleys heretofore adopted by said Taxing District , and upon
which grade said Kansas City, Fort Scott and Memphis Railroad and said St.
Louis , Iron Mountain and Southern Railroad are constructed and built .

Sec. 20. Be it further enacted and ordained , That the said map filed by
the said Kansas City and Memphis Railway and Bridge Company in said office
of said Taxing District be and the same is hereby accepted as showing the true
line of the tracks for permanent right of way, four (4) in number on the main
line and the connection lines aforesaid each consisting of two tracks , for all
which rights are hereby granted , and the same is hereby adopted and made
part of this ordinance . And it is the true intent and meaning of this grant to
give to said Railway and Bridge Company, but only as far as this body has the
legal power to do so, and subject to the limitations and restrictions herein set
forth , the right to construct , maintain and operate with steam or other motive
power said lines of railroad and connections over and across the streets and
over, across and along the alleys as shown on said map so referred to and made
a part hereof.

Sec. 21. Be it further enacted and ordained , That no sufficient reason or
objection having been found or made by any person for rescinding , repealing ,
amending or modifying the ordinance passed and approved by the Legislative
Council on the 12th day of February , 1891, adopting the grade as established
by the Taxing District Engineer on Virginia , Delaware, Indiana , Arkansas ,
Louisiana , Pennsylvania , Kansas and Kentucky avenues and alleys thereby
shown at the points therein and thereby designated , and the plat or map or pro¬
file of said grades so established and adopted having been on file for more than
thirty (30) days in the office of the Taxing District Engineer , and in the office
of said Taxing District for the said period of time, all of which was published
for more than 30 days in the “ Evening Scimitar ,” a newspaper published daily
in the said Taxing District and having a general circulation therein , said grades
on said avenues and alleys are now finally adopted , approved , established and
made binding .

Sec. 22. Be it further enacted and ordained , That the Taxing District
makes the grant and confers the powers and privileges herein specified only so
far as it has power to do, and no further , and the Kansas City and Memphis
Railway and Bridge Company takes all the risk of the questions of power and
agrees to be responsible therefor and to indemnify and hold harmless the Tax¬
ing District against all claims against it arising out of the privileges herein
granted , if there should be any.

Sec. 23. It is further enacted that said Railway and Bridge Company
shall at its own cost, whenever so directed by an ordinance of said Taxing Dis¬
trict , put up at any one or all of the street crossings hereby contemplated , an
electric light or railroad gate, or station a flagman, and maintain the same at
its own cost, but said Taxing District shall not require any two of the above
precautionary measures at any one of the said street crossings . This clause
shall not, however, be construed as a release of any of the police powers of the
said Taxing District now authorized by law, but said police power is by it re¬
tained expressly over the entire grant hereby made .

Sec. 24. Be it further enacted and ordained , That as evidence of the
assent of said Railway and Bridge Company to the terms of this ordinance it
shall execute a contract with said Taxing District embracing the provisions of
this ordinance , which contract shall also be executed by the officers of said
Taxing District in duplicate , one copy to be held by each of the parties thereto .

Sec. 25. Be it further enacted , That should the said Kansas City and
Memphis Railway and Bridge Company fail to comply with all or any of the
terms and conditions imposed upon it in this ordinance , then the rights , grants
and privileges herein given may be at the option of the Legislative Council of
the Taxing District declared cancelled and inoperative and thereafter cease to
exist .

Passed March 23, 1891.
J . T. Pettit ,

Vice President .
Attest :

Henby J . Lynn , Secretary .
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TIME, COST AND MATERIALS USED IN FOUNDATIONS .

■ • PIER I. '

Date . Principal
Foreman .

Night
Foreman .

Sub -
Foremen .

Lock
Tenders .

Pressure
Men .

Coffee
House Men . Coffee . Sugar . Candles . Coal for

Heating .

Sacking Out
and

Clay Hoist
Men.

Master
Mechanic

AND
Day

Engineer .

Night
Engineer .

Pomp
Men .

1890. Days Amt. Days Amt. Days Amount. Days Amt . Hrs. Amount. Days' Amt.
1

Lbs. Amt. Lbs. Amt. No. Amt, 200-lb.
Boxes. Amt, Hrs. Amount. Hrs. Amt. Hrs. Amt. Hrs. Amt.

Jau. 9 1 5 .00 1 4 .00 i 3 . 00 1 3.00 96 24.00 i 1 .50 i .26 1 0 9,8 20 4 . 00 15 4 80 1° 8 60(< 10 1 5 .00 1 4 .00 3 9 . 00 2 4 .00 328 82 .00 2 3 .00 7 1. 82 4 0 .26 12 0 .29 2 0 .56 88 17.60 15 4 .80 12 3 .60
.

11 1 5.00 1 4 .00 3 9 . 00 2 4 .00 336 84 .00 2 3 .00 7 1.82 5 0 .31 2 0 .04 2 0 . 57 78 15.60 15 4 .80 12 3 .6012 1 5.00 1 4 .00 3 9 .00 2 4 .00 332 82 .80 2 3 .00 7 1 .82 4 0 .26 3 0 .07 2 0 .56 78 15.60 15 4 .80 12 3 .6013 1 5.00 1 4 .00 3 9 . 00 2 4 .00 336 84 .00 2 3 .00 9 2 .34 5 0 .32 3 0 .07 2 0 .57 78 15.60 15 4 .80 12 3 .6014 1 5 .00 1 4 .00 3 9 .00 2 4 .00 344 86 .00 2 3 .00 9 2 .33 5 0 .31 2 0 .56 69 13.80 15 4 .80 12 3 .60
tt 15 1 5 .00 1 4 .00 3 9 .00 2 4 .00 336 84 .00 2 3 .00 6 1 . 56 5 0 .32 2 0 .04 2 0 .57 78 15.60 15 4 .80 12 3 .6016 1 5 .00 1 4 00 3 9 . 00 2 4 .0C 324 81 .00 2 3 .00 10 * 2 .59 5 0 .31 2 0 . 56 66 13.20 15 4 .80 12 3 .60it 17 1 5 .00 1 4 .00 2 6 .00 2 4 .00 240 60 .00 2 3 .00 6 1.56 5 0 .32 2 0 .05 2 0 .57 50 10.00 15 4 .80 12 3. 6018 1 4 .00 2 4 .00 2 3 .00 15 4 gp 12 3 .60tt 19 1 4 .00 2 4 .00 17 5 6̂0

Feb. 14 1 4 .00 2 6 .00 2 4 .00 220 55 .00 2 3 .00 7 1.82 1 0 .06 3 0.07 1 0 .28 43 8 .00 15 4 .80 12 3.60 24 4 .8015 1 5 .00 1 4 .00 2 6 .00 2 4 .00 376 94 .00 2 3 .00 6 1.56 6 0 .38 1 0 .02 2 0 . 56 92 17.85 15 4 .80 12 3 .60 24 4 .8016 1 5 .00 1 4 .00 3 9 .00 2 4 .0C 336 84 .00 2 3 .00 6 1.56 3 0 .19 2 n 57 92 17 85 17 5 60 12 3 60 24 4 804 17 1 5 .00 1 4 .00 3 9 .00 3 6 .00 423 105.40 2 3 .00 7 1 .82 3 0 . 19 2 0 .04 2 0 . 56 92 17.85 28 8 .80 24 7 .20 24 4 .8018 1 5 .00 1 4 .00 3 9 .00 3 6 .00 492 123.00 2 3 .00 9 2 .34 4 0 .26 1 0 .02 2 0 .57 85 16.85 28 8 .80 24 7 .20 24 4 .80(4 19 1 5.00 1 4 .00 3 9 .00 3 6 .00 520 130.00 2 3 .00 7 1.82 4 0 .26 2 ft 5fi 85 16 85 28 8 80 9/j 7 9ft 24 4 804 20 1 5 .00 1 4 .00 3 9 .00 3 6 . 00 528 132 .00 2 3 .00 7 1 .82 7 0 .44 2 0 .04 2 0 . 57 139 26.15 28 8 8̂0 24 7 .20 24 4 8̂021 1 5.00 1 4 .00 3 9 .00 3 6 . 00 532 133.00 2 3 .00 7 1.82 6 0 .38 3 0 .07 2 0 . 56 92 18.45 28 8 .80 24 7 .20 24 4 .8022 1 5 .00 1 4 .00 3 9 .00 3 6 . 00 512 128.00 2 3 .00 9 2 .33 7 0 .44 2 0 .05 2 0 .57 92 18.45 28 8 .80 24 7 .20 24 4 .8023 1 5 .00 1 4 . 00 3 9 .00 3 6 . 00 500 125.00 2 3 .00 7 1.82 6 0 .38 1 0 .03 2 0 . 56 92 18.45 30 9 .60 24 7 .20 24 4 .804 24 1 5 .00 1 4 .00 3 9 .00 3 6 .00 512 128.00 2 3 .00 7 1.82 6 0 . 38 1 0 .02 2 0 . 57 87 17.45 28 8 .80 24 7 .20 24 4 .8025 1 5 .00 1 4 .00 3 9 .00 3 6.00 472 118.00 2 3 .00 6 1.56 7 0 .44 2 0 .04 2 0 .56 92 18.45 28 8 .80 24 7 .20 24 4 .8026 1 5 .00 1 4 .00 3 9 .00 3 6 .00 504 126.00 2 3 .00 7 1 .82 5 0 .31 3 0 .07 2 0 .57 92 18.45 28 8 .80 24 7 .20 24 4 .8027 1 5.00 1 4 .00 3 9 .00 3 6 .00 264 66 .00 2 3 .00 7 1.82 6 0 .38 3 0 .07 2 0 .56 92 18.45 30 9 .60 24 7 .20 12 2 .4028 1 5.00 1 4 .00 3 9.00 3 6 .00 288 72 .00 2 3 .00 7 1.82 5 0 .31 2 0 .04 1 0 .28 104 21 .85 28 8 .80 24 7 .20
March 1 1 5 .00 1 4 .00 3 9 .00 3 6.00 492 123.00 2 3 .00 6 1.56 5 0 .32 1 0 .02 1 0 .29 92 18.45 28 8 .80 24 7 .20 24 4 .802 1 5.00 1 4 .00 3 9 .00 3 6 .00 520 130.00 2 3 .00 9 2 .34 7 0 .44 2 0 .05 1 0 .28 92 18.45 28 8 .80 24 7 .20 24 5 .403 1 5.00 1 4 .00 3 9 .00 3 6 .00 520 130 .00 2 3 .00 9 2 .33 7 0 .44 3 0 .07 1 0 .28 92 18.45 28 8 .80 24 7 .20 24 5 .404 1 5 .00 1 4 .00 3 9 .00 3 6.00 504 126.00 2 3.00 9 2 .34 7 0 .44 1 0 .03 1 0 .28 26 4 .90 28 8 .80 24 7 .20 24 5 .405 1 5.00 1 4 .00 3 9 .00 3 6 .00 520 130 .00 2 3 .00 6 1 .56 3 0 .19 1 0 .02 1 0 .29 28 8 .80 24 7 .20 5 40

44 6 1 5.00 1 4 .00 3 9 .00 3 6.00 528 132 .00 2 3 .00 7 1.82 4 0 .26 1 0 .02 1 0 .28 28 8; 80 24 7 .20 24 4 .907 1 5.00 1 4 .00 3 9 .00 3 6 .00 492 123.00 2 3 .00 9 2 .33 7 0 .44 7 0 .16 1 0 .28 28 8 .80 24 7 .20 24 4 .908 1 5.00 1 4 .00 3 9 .00 3 6 .00 496 124.00 2 3 .00 9 2 .34 7 0 .44 2 0 57 28 8 80 91 7 90 24 4 .90<4 9 1 5 .00 1 4 .00 3 9 .00 3 6.00 464 116 .00 2 3 .00 9 2 .33 7 0 .44 4 0 .09 1 0 .28 16 5I20 12 3 .6010 1 5 .00 1 4 .00 3 9 .00 3 6 .00 488 122.00 2 3 .00 7 1.82 7 0 .44 1 0 90 28 8 80 24 7 90 24 444 11 1 5 .00 1 4 .00 3 9 .00 3 6 .00 488 122.00 2 3 .00 10 2 .59 4 0 .26 1 0 .03 1 0 .28 60 10.95 28 8 .80 24 7 .20 24 4 .8012 1 5 .00 1 4 .00 4 12 .50 3 6 .40 495 181.80 3 4 .50 9 2 .34 6 0 .38 4 0 . 10 1 0 .28 96 16.90 28 8 .80 24 7 .20 24 4 .8013 1 5 .00 1 4 .00 4 13 .00 3 7 .20 540 216 .00 3 4 .50 6 1.56 7 0 .44 1 0 29 96 16 90 28 8 80 9/f 7 90 24 4 8044 14 1 5.00 1 4 . 00 5 15 .75 2 4 .80 567 226 .80 3 4 .50 6 1.56 7 0 .44 2 0 56 192 28 70 28 8 80 7 90 24 4 8044 15 1 5.00 1 4 .00 5 15 .75 2 4 .80 555 222 .00 3 4 .50 9 2. 33 8 0 .50 4 0 .09 2 0 .57 144 25 .30 28 8 .80 24 7 .20 24 4 8̂0
4 16 1 5 00 1 4 .00 5 15.75 2 4 .80 552 220 .80 3 4 .50 10 2 .59 8 0 .50 2 0 56 199 22 70 28 8 80 24 7 90 24 4 8044 17 1 5.00 1 4 .00 5 15 .75 2 4 .80 516 206 .40 3 4 .50 9 2 .34 8 0 .50 2 0 57 15S 9,7 40 28 8 80 24 7 .20 24 4 8044 18 1 5.00 1 4 .00 4 13.00 2 4 .80 537 214.80 3 4 .50 9 2 .33 8 0 .50 2 0 .04 2 0 .56 192 34.30 28 8 .80 24 7I20 24 4 !8019 1 5.00 1 4 .00 4 13 .00 2 4 .80 539 215 .60 3 4 . 50 9 2 .34 8 0 .50 6 0 .14 2 0 .57 192 34.30 28 8 .80 24 7 .20 24 4 .8020 1 5 .00 1 4 .00 4 13 .00 2 4 .80 528 211 .20 3 4 .50 7 1 .82 8 0 . 50 6 0 .14 2 0 . 56 192 34.30 28 8 .80 24 7 .20 16 3 .20

41 21 1 5 .00 1 4 .00 4i 14 . 12 2 4 .80 438 175 .20 3 4 50 9 2 .33 8 0 .50 8 0 .19 2 0 .57 192 33.70 15 4 .80 12 3 .6044 22 1 5 .00 1 4 .00 5 15.75 2 4 .80 426 170 .40 3 4 . 50 9 2 .33 4 0 .26 1 0 .02 2 0 .56 192 33 .70 15 4 .80 12 3 .6023 1 5 .00 1 4 .00 5 15.75 2 4 .80 423 169 .20 3 4 .50 9 2 .33 6 0 .38 1 0 .02 2 0 .57 192 33 .70 15 4 .80 12 3 .604t 24 1 5 .00 1 4 .00 5 15 .75 2 4 .80 414 165 .60 3 4 .50 7 1.82 6 0 .38 5 0. 12 2 0 .56 192 33.70 16 5 .20 12 3 .60>4 25 1 5 .00 1 4 .00 5 15 .75 2 4 .80 420 168 .00 3 4 .50 7 1.82 5 0 .31 3 0 .07 2 0 .57 192 33.70 15 4 .80 12 3 .60

Firemen . Coal
Passers . Coal for Boilers . Black

Oil .
Cylinder

Oil . Waste . Totals
FOR

Each
Day .

Feet
Sunk
Each
Day .

Material .

1
Water
Pump. Rev.

of
Air

p’ps.
Remarks .

Hours
Run. Rev. Pres.Hrs. Amt. Hrs. Amt. Tons. Amount. Gals. Amt. Gals. Amt. Lbs. Amt.

24 3 .60 18 2 .70 2 .97 8 .54 i 0 .05 3 1.11 2 0 . 12 69. 56 2 .54 Sand , gravel , clayit tt tt
6 .16 41 45 36 Started air comp , at 10.45 p .m .24 3.60 24 3 .60 10 .74 30 .49 2 0 .22 3 0 .18 174 .02 0 .03 22 . 16 38 61 42 Started water pumps at 1 a.m .24 3 .60 24 3 .60 12 .18 34 .56 2 0 .22 3 0 .18 177 .90 0.46 if 1« it 22 .00 38 81 3624 3 .60 24 3 .60 12 .03 34 .13 2 0 .22 2 0 .12 176 .18 0 .31 it tt it 23 .00 35 83 3524 3 .60 24 3 .60 12.03 34 .14 2 0 .22 3 0 . 18 178 .04 0 .47 tt tt tt 22 .33 46 86 3024 3 .60 24 3.60 8 .44 23 .99 2 0 .22 3 0 . 18 167.99 0 .10 it tt it 23.75 43 90 30

24 3 .60 24 3 .60 13 .33 37 .80 2 0 .22 2 0 .12 180.83 1.33 « it tt 23 .83 49 86 2524 3 .60 24 3 .60 13.47 38 .20 2 0 .22 3 0 . 18 176.86 0 .50 it tt tt 23 .50 46 82 2524 3.60 24 3 .60 11 .60 32.92 2 0 .22 3 0 .18 143.42 1 .58 tt tt tt 14.92 41 91 2624 3 .60 24 3 .60 4 .70 13 .43 2 0 .22 2 0 .12 40 a? 0 48 2524 3 .60 24 3 .60 3 .40 9 .75 2 0 .22 3 0 . 18 30 .95 0 .13 it it it 26 Air pressure taken off at 2.45 p .m.
24 3 .60 24 3 .60 7 .43 21 .14 2 0 .22 , . . . 4 0 .24 124.23 Sand and gravel<< ft tt

14.50 38 99 34 Air pressure applied at 3 p .m .24 3 .60 24 3 .60 iy .55 55 .66 2 0 .22 3 0 .18 212 .83 0 .47 22 .50 34 99 3424 3 .60 24 3 .60 11.64 33 .03 2 0 .22 4 0 .24 183.86 0 .08 tt tt a 24 .00 36 97 31 Sacking out gravel .48 7 .20 48 7 .20 20 .66 58 .52 2 0 .22 3 0 .18 246 .98 0 .69 It u tt 39 .25 36 93 3448 7 .20 48 7 .20 17 .50 49 .58 2 0 .22 3 0 .18 255 .22 0 .31 tt it tt 35 .33 37 93 32 Put on one clay hoist .
48 7 .20 48 7 .20 19.08 54 .05 2 0 .22 3 0 .18 266.14 1.50 tt tt tt 47 .33 38 93 34 [a.m .

Started comp , on Lincoln at 7.2048 7 .20 48 7 .20 16 .06 45 .52 2 0 .22 3 0 . 18 269.14 0 .64 tt tf tt 38 .82 41 94 36 Sacking out gravel .48 7 .20 48 7 .20 15 .34 43 .48 2 0 .22 3 0 .18 260 .36 0 .53 tt tt tt 48 .00 37 88 35 Started clay hoist .48 7 .20 48 7 .20 26 .41 74 .76 2 0 .22 4 0 .24 287 .26 1 .93 ft tt a 46 .75 40 85 3748 7 .20 48 7 .20 24 .40 69 .08 2 0 .22 3 0 .18 278 .72 1.62 <« tt tt

[pan
Sand , gravel , hard -

47 .00 40 78 39
48 7 .20 48 7 .20 19.08 54 .05 2 0 .22 3 0 .18 264 .89 0 .62 22 .58 38 71 4048 7 .20 48 7 .20 19.94 56.48 2 0 .22 3 0 . 18 258 .13 1.43 Fine sand 11.25 43 75 3848 7 .20 48 7 .20 22 .24 62 .97 2 0 .22 3 0 .18 272 .79 0 .57 Sandy clay or sedi- 46 .33 43 80 3748 7 .20 48 7 .20 14.05 39 .85 0 .22 3 0 . 18 188 .13 1 .23 ment 13 .41 41 80 38 Stopped sinking to catch up with48 7 .20 48 7 .20 20.52 58 .12 2 0 .22 3 0 .18 212 .22 0 .21 4‘ 16 .91 39 85 34 planking .
48 7 .20 48 7 .20 19.94 56 .48 2 0 .22 3 1.11 4 0 .24 263 .89 0 .58 it 40 .24 37 77 35 Water pumps started in night .48 7 .20 48 7 .20 23 .39 66 .22 2 0 .22 3 0 .18 280 .98 1 .32 tt 47 .58 40 88 3848 7 .20 70 11.05 26 .56 75 .18 2 0 .22 4 0 .24 293 .86 1 .88 t * 46 .'82 36 84 3748 7 .20 70 11 .05 15.92 45 .13 2 0 .22 4 0 .24 246 .23 0 .20 ft 47 .00 41 84 3348 7 .20 70 11 .05 17.07 48 .37 2 0 .22 3 0 .18 247 .48 2 .39 11 44 .92 41 81 34
48 7 .20 70 11 .05 22 .67 64.21 2 0 .22 3 0 .18 265 .14 0 .24 Sandy clay or sedi - 46 .75 40 85 2648 7 .20 70 11.05 21 .09 59 .73 2 0 .22 3 0 .18 252 .49 1 .74 ment 45 .25 38 88 2848 7 .20 70 11.05 18 .94 53.65 2 0 .22 3 0 .18 247 .55 0 .98 tt 43 .58 37 84 17 Caisson completed .24 3 .60 24 3 .60 12 .18 34 .56 2 0 .22 3 0 .18 197 .10 0 .53 it 27 .25 34 82 19 Finished concreting caisson .48 7 .20 48 7 .20 15 .48 43 .88 2 0 .22 3 0 .18 231 .03 2 .29 it 41 .66 38 78 25 Began laying masonry . Put on
48 7 .20 48 7 .20 23 .11 65 .43 2 0 .22 4 0 .24 264 .20 0 .37 it 43 .83 42 85 25

second clay hoist .
48 7 .20 48 7 .20 16.35 46 .33 2 0 .22 3 0 .18 316 .13 0 .36 tt 47 .92 37 86 3348 7 .20 48 7 .20 17.93 50 .80 2 0 .22 3 0 . 18 355 .29 0 .93 it 45 .62 39 85 2948 7 .20 48 7 .20 18 .07 51 .20 2 0 .22 3 0 .18 383 .91 2 .26 tt 48 .00 44 82 3348 7 .20 48 7 .20 17.21 48 .76 2 0 .22 3 0 .18 369.20 1 .17 tt 48 .00 41 85 31
48 7 .20 48 7 .20 20 .09 56 .90 2 0 .22 4 0 .24 384 .76 1.46 if 48 .00 43 86 2948 7 .40 48 7 .20 18.36 52 .01 2 0 .22 3 0 . 18 359 .07 0 .81 tt 46 .33 47 87 2848 7 .20 48 7 .20 20 .09 56.90 2 0 .22 3 0 .18 376 .33 0 .18 ft 46 .01 44 80 3148 7 .20 48 7 .20 17 .93 50 .81 2 0 .22 3 0 . 18 371 .16 1.24 tt 44 .84 40 85 3048 7 .20 48 7 .20 15.20 43 .09 2 0 .22 3 0 .18 356 .91 1 .16 Hard clay 12.00 34 86 82
24 3 .60 24 3 .60 8 .15 23.17 2 0 .22 3 0 .18 284 .08 0 .04 ft it 3324 3 .60 24 3 .60 4 .41 12 .61 2 0 .22 3 0 .18 269 .93 0 .79 11 tt 3624 3 .60 24 3 .60 9 .16 26 .02 2 0 .22 3 0 .18 282 .27 0 .80 tt tt 10.75 41 76 2724 3 .60 24 3 .60 10.59 30 .07 2 0 .22 4 0 .24 282 .76 0 .01 11 tt 24 .00 43 76 2824 3 .60 24 3 .60 12.32 34 .95 2 0 .22 3 0 .18 289 .47 0 .03 tf tt 24 .00 45 77 31
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TIME , COST AND MATERIALS USED IN FOUNDATIONS .

PIER I —Continued .

;k

Date . Principal
Foreman .

Night
Foreman .

SUB-
Foreman .

Lock
Tenders .

Pressure
Men .

Coffee
House Men . Coffee , Sugar . Candles . Coal for

Heating .

1
Sacking Out

and
Clay Hoist

Men .

Master
Mechanic

and
Day

Engineer .

Night
Engineer . '

Pump
Men . Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil .

1890. Days Amt, Days Amt. Days Amount. Days Amt. Hrs. Amount. Days Amt. Lbs. .Amt. Lbs. Amt. No. Amt. 200-lb.
boxes. Amt. llvs . Amount. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Tons. Amount. Gals. Amt. Gals. Amt.

<< 26 i 5 .00 i 4 .00 5 15.75 ' 2 4 .80 411 164 .40 3 4 .50 10 2 .59 7 0 .44 2 0 .05 2 0 .56 192 33 .70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 11.03 31 .31 2 0.22 !. . . .■
27 i 5 .00 i 4 . 00 5 15.75 2 4 .80 414 165.60 3 4 . 50 9 2 .33 6 0 .38 5 0 . 12 2 0 .57 192 33.70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 13.18 37 .38 o 0 .22 | . . .
28 i 5 .00 i 4 .00 5 15 .75 2 4 .80 410 164 .00 3 4 .50 10 2 .59 8 0 .50 8 0 .19 2 0 .56 192 33 .70 17 5 .60 24 7 .20 12 2 .40 36 5 .40 36 5.40 19.22 54.44 2 0 .20 . . . .
29 i 5 .00 i 4 .00 4 12.50 2 4 .80 393 157.20 3 4 .50 9 2 .33 6 0 .38 2 0 .05 2 0 .57 120 21 .00 28 8 .80 24 7 .20 24 4 .80 48 7 .20 48 7 .20 21 .81 61 .77 o 0 .18
30 i 5 .00 i 4 .00 5 15.75 2 4 .80 417 166 .80 3 4 .50 11 2 .85 6 0 .38 1 0 .03 2 0 .56 96 16.80 29 9 .20 24 7 .20 24 4 .80 48 7 .20 48 7 .20 18.22 51.62 .) 0 .18

<4 31 i 5 .00 i 4 .00 6 20 .25 2 4 .90 520 257 .50 3 4 .50 11 2 .85 8 0 .50 4 0 . 10 2 0 .57 96 16.80 28 8 .80 2.4 7 .20 24 4 .80 48 7 .20 48 7.20 27 .29 77.24 o 0 .18

April 1 i 5 .00 i 4 .00 6 21 .00 2 5 .00 420 263 .00 3 4 .50 13 3 .37 9 0 .57 3 0 .07 2 0 .56 134 23 .45 28 8 .80 12 3 .60 36 5 40 36 5 .40 12 .90 36 59 2 0 .18
i< 2 i 5 .00 i 4 .00 6 21 .00 2 5 .00 410 256 .75 3 4 .50 14 3 .03 9 0 .57 8 0 .19 2 0 .57 172 30 .80 22 6 .60 ‘24 7 .20 48 7 .20 36 5 .40 8 .73 2^ .81 2 0 . 18
tt 3 i 5 .00 i 4 .00 6 21 .00 2 5 .00 408 255 .50 8 4 .50 11 2 .85 9 0 .57 4 0 .09 2 0 .56 192 33 .70 28 8 .80 12 3 .60 5 .40 24 3 .60 11 .75 33 .35 2 0. 18
II 4 i 5 .00 i 4 .00 6 21 .00 2 5 .00 r»1E 245 .50 3 4 . 50 11 2 .85 8 0 .50 7 0 . 17 2 0 .57 192 33 .70 16 5 .20 12 3 .60 24 3 .60 24 3 .00 9 .30 26 .42 2 0 .18
It 5 i 5 00 i 4 .00 6 21 .00 2 5 .00 4l 1 '•57.25 3 4 .50 11 2 .85 8 0 .50 7 0 . 16 2 0 .56 192 33.70 16 5 .20 12 3 .60 24 3.60 24 3 .60 12 . 04 34 16 2 0 18

f 4 6 i 5 .00 i 4 .00 51 19 .25 2 5 .00 392 745 .50 3 4 .50 10 2 .59 6 0 .38 2 0 .04 2 0 .57 184 32 .50 16 5 .20 12 3 .60 24 3 .60 24 3 .60 12.61 35 .77 2 0 .18
44 7 i 5 .00 i 4 .00 6 21 .00 2 5 .00 406 254 .25 3 4 .50 11 2 .85 7 0 .44 5 0 . 12 2 0 .56 192 33 .70 14 4 .40 12 3 .60 24 3 .60 24 8 .00 10. 59 2 0 .18
<( 8 i 5 .00 i 4 .00 6 21 .00 2 5 .00 384 240 .50 3 4 .50 9 2 .33 8 0 .50 6 0.14 3 0 .84 192 33 .70 16 5 .20 12 8 .60 24 3 .60 24 3 60 16.63 47 13 2 0 18 •
II 9 i 5 .00 i 4 .00 5 17 .50 2 5 .00 396 248 .00 3 4 .50 14 3 .63 8 0 .50 7 0 .17 3 0 .85 192 33. 70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 9 .01 25 .60 2 0 .18
U 10 i 5. 00 i

■ 4 .00 6 21 .00 2 5 .00 392 245 .50 3 4 .50 11 2 .85 8 0 . 50 2 0 .05 3 0 .85 192 33.70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 5 .99 17.07 2 0 .18

tl 11 i 5.00 i 4 00 6 21 .00 2 5 .00 390 244 .25 3 4 .50 9 2 .33 8 0 .50 2 0 .05 3 0 .85 192 33 .70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 4 .99 14.24 2 0 .18
It 12 i 5 .00 i 4 .00 6 21 .00 2 5 .00 390 244 .25 3 4 .50 11 2 .85 8 0 .50 7 0 :16 3 0 .84 144 25 .30 16 5 .20 12 3 .60 24 3 .60 24 3 .60 9 .44 26 .81 2 0 .18
<1 13 i 5.00 i 4 .00 6 21 .00 2 5 . 00 390 244 .25 3 4 .50 9 2. 33 2 0 .13 4 0 .10 3 0 .85 96 16.90 16 5 .20 12 3 .60 24 3 .60 24 3 .60 7 .43 21 .14 2 ' 0 .18

14 i 5 .00 i 4 .00 5 17.50 2 5 .00 366 229 .25 3 4 .50 10 2 .59 6 0 .38 1 0 .02 3 0 .85 96 ' 16 .90 16 5 .20 12 3 .60 24 3.60 24 3 .60 7 .86 22 .35 2 0 .18
15 i 5 .00 : 1 4 .00 5 17.50 9 X 00 9.9.9. 50 3 d 5(1 11 2 85 7 0 44 3 0 07 3 0 85 144

It 16 i

-

5 .00 1 4 .00 6 21 .00 2 5 .00 343 214 .87 3 4 .50 9 2 .33 10 0 .63 3 0 .07 3 0 .84 181 32 .30 16 5 .20 12 3 .60 24 3 .60 24 0 .60 8 . 15 23 .17 2 0 .18
17 i 5.00 1 4 .00 6 21 .00 2 5 .00 358 994 OX 3 4 .50 6 1 .56 6 0 .38 3 0 .07 2 0 .57 192 33 .70 16 5 .20 12 3 .60 24 3 .60 24 3 .60 8 . 81 25 .04 2 0 .18
18 i 5 .00 1 4 .00 6 21 .12 2 5 .50 361 242 . 75 3 4 .50 7 1.81 5 0 .31 3 0 .08 3 0 .61 120 21 .05 16 5 .20 12 3 .60 24 3 .60 34 5 . 10 9 .62 19 63 2 0 18 9 0 .74

II 19 i 5 .00 1 4 .00 6 22 .50 2 6 .00 358 268 .50 3 4 .50 7 1 .81 5 0 .32 3 0 .08 3 0 .61 8 1 .60 16 5 .20 12 3 .60 24 3 .60 24 3 .60 9 .29 18.96 2 0 . 18
It 20 i 5 .00 1 4 .00 6 22 .50 2 6 .00 334 250 .50 3 4 .50 7 1 .82 5 0 . 32 7 0 .17 3 0 .61 42 7 .20 16 5 .20 12 3 .60 24 3 .60 24 3 .60 9 .07 18. 51 2 0 . 18

it 21 i 5 .00 1 4 .00 6 22 .50 2 6 .00 278 208 .50 3 4 .50 6 1 .56 4 0 .25 6 0 .15 3 0 .61 16 5 90 19 R fiO 24 R 60 24 3 .60 4 55 9 99 1 0 09
14 22 i 5 .00 1 4 .00 4 15.00 2 6 .00 98 78 .oO 3 4 . 50 5 1.30 4 0 .25 10 0 .23 3 0 .62 16 5 .20 12 3 .60 24 3 .60 24 3 .60 0 .03 0 .06 1 0 . 11

380 .00 316 .00 1048.74 407 .60 12683.62 295 .50 167 .33 29.43 5 .55 153 42 .04 1580.70 537 .80|
1

410 .40 173.90 416 .00
1 435 .90 1̂109 .05

3120 .22 16.03 2 .96

Waste .

Lbs.

0 .18
0 . 18
0 .18
0 .18
0 . 18
0 .24

0 .24
0 .18
0 . 18
0 .18
0 .18

0 .18
0 .24
0 .18
0 . 18
0 .18

0 .18
0 .18
0 .18
0 .18
0 .24

0 .18
0 .18
0 .18
0 .18
0 . 18

0.12
0 .12

14.64

Totals
for

Each
Day .

Feet
Sunk
Each
Day .

Material .

Water
Pump. Rev.

of
Air

p'ps.
Remarks .

Hours
Run. Rev. Pres.

283 .50 0 .56 Hard clay 24 .00 45 78 31
290 .53 0 .92 Silt 24 .00 48 77 32
316 .41 2 .03 <( 32 .50 42 75 40
309 .66 1.00 Fine sand 48 .00 34 72 28
309 .05 2.38 Clay, 1 sand 48 .00 35 76 27
429 .83 1.30 48 .00 32 76 23

390 .73 1.01 Clay, hard and pure 5 .08 31 64 27 Stopped water pump .
383 .08 0.75 tt <i tt ( ( 29
387 .88 0 .00 it tt tl it 26 Hoisting out clay .
365 .57 0 .00 it ( 4 tt tt 37
385 .04 1.21 t i tt tl 11 40

371 .46 0 .00 It 1C (( tt 39
377 .10 0 .01 << (t (I tt 40
381 .00 0 .00 tt tt tt ( I 40
364.81 1.47 It ' I* It tl 49
356 . 38 0.01 It It It tt 38

351 .78 0 .01 tt It It tl 40
356 .57 1.34 tt tt 11 tl 35
341.56 0.00 tt tt It t t S3
324 .70 1 .78 Clay, harder and 34
330 .03 0 .87 tougher 46

330 .07 0 .00 ft 40
341 .43 0 .01 *‘ 45
344 .96 0 .85 “ 88 Began sealing at 5 p.m .
350 .24 0 .00 t i 34 '

337 .49 0.00 it 26

278 .57 0 .00 ■■ 24
126 .69 0 .00 23 Stopped air pumps at 12.25 a.m .

22084.36

COST OF SINKING CAISSON I .

Matehial . . Labor . Total .

Amount as tabulated above . $3 398.20 $ 18 686.16 $ 22 084.36
' }

Miscellaneous supplies . 916.92 ' • J. •; ) .<!

Sundry small supplies . . . 130.04 1. • I .

Electric light . 287.58
Medical attendance .
Maintenance of plant .
Hire of tug .

1 272.22
54.40

3 049.96
1.17

Labor , not included in table .

Total .

1 342.53

$21 300.91

1 342.53

$27 866.69
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TIME , COST AND MATERIALS USED IN FOUNDATIONS .

PIER II .

Date . Principal
Foreman .

Night
Foreman .

Sub -
Foiiemen .

Lock
Tenders .

Pressure
Men .

Coffee
House Men . Coffee . Sugar . Candles . Coal for

House Boat .

Sacking Out ,
Clay Hoist ,

and Elevator

Master
Mechanic

and
Day

Night
Engineers .

Pump
Men . Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder Waste . Totals Feet
Water
Pump. Rev .

for Sunk Material . Remarks .—
Each Air

18S9. Days Amt . Days Amt . Days Amount . Days Amt . Hl-s. Amount . Days Aint . Lbs . Amt . Lbs . Amt . No. Amt . 200-lb .
Boxes . Amt . Hrs . Amount . Hrs . Amt . Hrs . Amt . Hrs . Amt . Hrs . Amt . Hrs . Amt . Tons . Amount . Gals . Amt . Gals . Amt . Lbs . Amt .

Day . Day . Hours
Run . Rev . Pres .

p ’ps .

May 17
“ 21

June 27
<< 29

Sept . 23
“ 25

Oct. 10
“ 11
“ 12

" i ‘
l
l

Too
5 .00
5 .00

" i "
l
l

' Too
4 .00
4 .00

i "
2
3

Too
6 .00
9 .00

2 .5
3
3

' 5 .66
6 .00
6 .00

’iso
300
530

’36 .66
60.00

106 .00

T
2
2

" i .'50
3 .00
3 .00

j

466
108
78

88
88
88

103

" if . so "
16 .80
13.80

13 .20
13 .20
13.20
15.45

if
17
17
22
17

32
32
32
32

" s ', iso
5 .60
5 .60
7 .60
5 .60

if
12
12
12
12

" 6 .60
3.60
3 .60
3 .60
3 .60

7 .20
7 .20
7 .20
7.20

’24
24
24
24
24

' Too
3 .60
3 .60
3 .60
3 .60

’24 ’
24
24
24
24

' Too
3 .60
3 .60
3 .60
3 .60

Hi ’
12 .89
13.02
14.87
16.46

11.72

" If is
43 . 10
43 .53
49 .69
55.02

39.16

"f
2
2
2
2

off
.15
.15
.15
.15

.16

T IT I
6

"6I3
.33

' If .87
143 .98 Hi ’

Mat(i

.

Iff

f . .

" I
If
30

[cutting edge .
Caisson built on shore . Placing
|Began building caisson .
1Caisson ready to launch .
■Launched at 4.30 p.m.
:Towed to position .
(Began concreting at 3 p.m.
Started air compressors on Lin¬

coln at 10.02 a.m.tt 13
14

l
l

5 .00
5 .00

i
l

4 .00
4 .00

3
3

9 .00
9 .00

3
3

6.00
6 .00

680
880

136 .00
176 .00

2
2

3 .00
3 .00

0
6

.33

.33
208 .71
248 .37

0 .07
0 . 11 u

. . . . 32
41

(t 15 l 5 .00 l 4 .00 3 9 .00 3 6 .00
1

865: 173.00 2 3 .00 i
0

6

. SB

.33

288 .70 0 .24 tt 46
[tram at 8 a.m.

Started air compressors on Ber-
“ sand pumps at 4. p.m.

16 1 5 .00 i 4 .00 6 16.50
24 .00

3 6 .00
6 .00

910
870

182.00
174 .00

2 3 . 00
3 .00 10.40 24 If

24
24

2 .40
4 .80
4 .80

48 7 .20 48
i . /£U 2 284 .84 0 .25 11 57

34
tt 17 l 5 .00 l 4 .00 9 3 2 7 .20 10.79

18.68
15.53

36.05 2 .18
.18
. 18

1 .37 6
6
6

.33 301 .02 1 .04 16.00 35“ 18
19

l
l

5 .00
5 .00

l
l

4 .00
4 .00

8
12

21 .50
32 .00

3 6 .00, 895: 179.00
6 .001220 : 214 .00

1 1

2 3 . 00
4 .50

8 2 .01 12 0.82
’46 ’ i .76

2 .67 10.40 24 48 7 .20 48 7 .20 51.92
2
2

.33

.33

.33

328 .97
326.68
409 .53

0 .42
0 .71
0 .39

Clean coarse sand
<< a >t 47 .16

48 .00
47 .83

! 35 1. . . . 32
26
28

3 3 9 2 .26 17 1.17 2 .67 103 15.45 32 10.40 24 7.20 24 4 .80 48 7 .20 48 7 .20 16.58 55 .41 2 .18 6 a tt t ( 36 j . . .20
21

l
l
i
i
l

5 .00
5 .00
5 .00
5 .00
5 .00

l
l
l
l
l

4 .00
4 .00
4 .00
4 .00
4 .00

12
11.5
12
12
12

32 .00
30 .50
32 .00
32 .00
32 .00

3
3

6.00 1290
6.00:1360
6.001880
6 .00 1430
6 .001507

1

258 .00
272 .00
276 .00
286 .00
301 .40

3
3

4 .50
4 .50
4 .50
4 . 50
4 .50

13
10

3 .27
2 .51

18
12

1 .23
0 .82

29
48

1 .28
2 .12

2
2

.67

.67
88
90

13.20
13.75

34
32

11 .20
10 .40

24
24

7.20
7 .20

24
24

4 .80
4 .80

48
48

7 .20
7 .20

48
48

7 .20
7 .20

10.79
12. 37

36 .06
41 .34

2
0

.18

.18
1 .37 6

6
6
6
6

.33
ftp

403 .69
420. 52
495 .49
474 .37
477 .58

0 .40
0 .82
1.56
0 .80
2 .22

11
c1

11 tt
it 11

44 .20
40 .33
24 .00
48 .00
47 .66

38
40
36
41
40

22
30-
31
32
29

tt 23
24

3
3
3

3
3
3

17
18
17

4 .27
4 .52
4 .27

22
34
33

1 .51
2 .34
2 .27

48
68
51

2 .12 2
3 .00 2
2 .25 - 2

i

.67

.67

.6-7

93
48
36

14 .32
7 .20
5 .40

32
32
32

10 .40
10 .40
10.40

24
24
24

7.20
7 .20
7.20

24
24
24

4 .80
4 .80
4 .80

48
48
48

7 .20
7 .20
7 .20

48
48
48

7 .20
7 .20
7 .20

32.24
24 .49
21. 59

107.79
81 .83
72 .14

2
2
2

.18

. 18

. 18 " i ’ ’ ' If

.33

.33

.33

It
tt
ft

It tt
tl tt
(« (t . : : : :

tt 25 l
l
l
l
l

5 .00
5 .00
5 .00
5 .00
5 .00

l
l
l
l
l

4 .00
4 .00
4 .00
4 .00
4 .00

12
12
12
12
12

32 .00
32 .00
32 .00
35 .00
35 .00

3 6 .001470 294 .00
307.40
300 .00
315 .12
346 .32

3
3
3
3
3

4 .50
4 .50
4 .50
4 .50
4 .50

17 4 .27 24 1 .65 51 2 .25 2 .67 31 4 .90 32 10 .40 24 7.20 24 4 .80 48 7 .20 48 7 .20 21 .05 70.37 2 IS 6 .33
.33
.33
.83
.33

466 .92
492 .56
486 .07
500.49
519 .20

2 .49
0 .55
3 .00
2 .04
8 .23

11 |
31
32
31
27
25

t 40
27
28
29

3
3
3
3

6 .uu
6 .00
7 .20
7 .20

1037
1500
1313
1443

19
22
19
19

4 .78
5 .53
4 .78
4 .78

33
32
31
30

2 .27
2 .20
2 .13
2 .06

23
74
29
40

1 .01
3 .26
1 .28
1 .76

2
2
2
2

.67

.67

.67

.67

78
30
30
30

11.95
4 .75
4 .75
4 .25

32
34
32
32

10 .40
11.20
10.40
10 .40

24
24
24
24

7.20
7.20
7.20
7.20

24
24
24
24

4 .80
4 .80
4 .80
4 .80

48
48
48
48

7 .20
7 .20
7 .20
7 .20

48
48
48
48

7 .20
7 .20
7 .20
7 .20

22.64
23 .95
23.55
19.75

75 .67
80 .05
78.75
65 .98

20
2
2

.18

. 18

. 18

.18 ” i ’ "'37

6
6
6
6

11
tt
1«
(l

it tt

tt tt

S'fc.UU. *tU . . . .
46 .66! 89 !. . . .
44 .50: 89 | . . . .
48 .oo; 41 ;. . . .
48 .00: 41 :_t

( 30
31

l
l

5 .00
5 .00

i
l

4 .00
4 .00

12
12

35 .00
35 .00

3
3

7 .20
7 .20

1420
1475

340 .80
354 .00

3
3

4 .50
4 . 50

22
17

5 .53
4 .27

27
24

1 .85
1 05

26 1 . 14 2
2

.67

.67
20
40

3 .2.>
fi $>r>

39
34

10.40
11 .20

24 7.20
7 .20

24
24

4 .80
4 .80

48 7 .20 48 7 .20 20.67
22. 50

69.07 2 .18
. 18

6 .33 515.32 3 . 19 (< tt it 44 .87 42 :. . . . 30- . G .33 535.88 2 .73 tt tt 39 .42 47 !. . . 29Nov . 1
2
3
4
5

l
l
l
l
i

5 .00
5.00
5 .00
5 .00
5 .00

l
l
i
i
i

4 .00
4 .00
4 .00
4 .00
4. 00

18
18
17
17
17

51 .00
51 .00
48 .25
51 .00
54 .00

3
3

3
3

7 .20
7 .20
7 .20
7 .50
7 .50

1475
1480
1635
1000
1680

354 .00
355 .20
393 .40
400 .00
420 .00

3
3
3
3
3

4 .50
4 .50
4 . 50
4 .50
4 .50

17
20
20
19
17

4 .27
5 .03
5 .03
4 .78
4 .27

24
33
33
31
39

1 .65
2 .27
2 .27
2 .13
2 .08

42
9

29
29
71

1.85
.40

1 .28
1 .28
3 . 13

2
2
2
2
2

.67

.67

.67

.67

.67

’ 'io
40
40

" ' is'.S3
6 .25
6 .25

34
32
32
30
32

11 .20
10 .40
10 .40
9 .60

10 .40

24
24
24
24
24

7.20
7.20
7.20
7 .20
7 .20

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

4S
48
48
48
4S

7 .20
7 .20
7 .20
7 .20
7 .20

24 .87
23 .16
21.96
20.66
21.98

83 .15
77 .42
73 .45
69 .07
73 .44

2
2
2
2
2

.18

.18

.18

.18

.14

' 1 ’ ' ’ I ?
6
G
5
5
5

.33

.33
■ .29

.20

.29

555 .40
556 .58
588 .53
595 .61
616 .42

1 .84
2 . 74
2 .95
1 .73
1.67

Clean coarse sand
and gravel<<

Mud

30 .50
48 .00
48 .00
46 .16
42 .61

48
47
49
53
52

27
29
37 -
33
33

tt

6
7
8
9

10

l
l
i
l
l

5 .00
5 .00
5.00
5.00
5.00

l
l
l
l
l

4 .00
4 .00
4 .00
4 .00
4 .00

18
17
17 '
15
17

57 .00
53 .75
59 .10
52 .50
59 .10

3
3
3
3
4

7 .50
7 .50
8 .40
8 .40

10.15

1540
1415
1500
1420
1370

385 .00
353.75
420 .00
397 .60
383 .60

3
3
3
3
3

4 . 50
4 .50
4 .50
4 .50
4 .50

19
14
17
18
15

4 .78
3 .52
4 .27
4 .52
3 .77

32
•27
34
33
34

2 .20
1 .85
2 .34
2 .27
2 .34

74
91
51
9

94

3 .26
4 .01
2 .25

.40
■ 4 .15

2
2
2
2
2

.67

.67

.67

.67

.67
" is

24
" Too '

6 .00

32
32
28
28
28

10 .40
10.40
8 .80
8 .80
8 .80

24
24
24
24
24

7 .20
7 .20
7 .20
7.20
7 .20

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

23.81
20 .26
26. 72
21 .32
38.29

79.61
67.73
89 .30
71.27

128.02

2
2
2
2
2

. 14

.14

. 14

.14

.14

” i ' " .If
5
5
5
5
5

.29

.29

.29

.29

.29

590 .75
543 .88
635 .46
589 .76
646 .93

1. 96
1.93
0 .02
1 .84
1.96

(
Coarse sand and

gravel

44 .33
•23 .50
40 .88
45 .83
48 .00

54
39
47
55
48

33
31
35
32
81

(
t

tt
<

11
12
13
14
15

l
l
l
i
l

5 .00
5 .00
5 .00
5 .00
5.00

l
l
i
l
l

4 .00
4 .00
4 .00
4 . 00
4 .00

17
18
16 .6
15
16

59 .10
63 .00
60 .75
55 .00
59 .00

4
3
4
4
4

10.15
8 .40

10 .75
10.75
10.75

1320
1065
1138
1115
1080

369 .60
300 .80
341 .40
334 .50
324.00

3
3
3
3
3

' 4 .50
4 .50
4 . 50
4 .50
4 .50

18
15
17
14
16

4 .52
3 .77
4 .27
3 .52
4 .02

28
34
15
28
26

1.92
2 .34
1 .03
1 .92
1 .79

60
51
11
74
63

2 .65
2 .25

.49
3 .26
2 .78

2
2
2
2
2

.67

.67

.67

.67

.67

24
24
24
24
24

6 .00
6 .00
6 .00
6 .00

' 6 . 00

28
28
30
30
30

8 .80
8 .80
9 . 60
9 .60
9 .60

24
24
24
24
24

7 .20
7 .20
7 .20
7 .20
7 .20

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

18.03
8 .95
9 .08
5 .40
5 .13

60.27
29 .91
30.37
18.04
17.14

.2
2
2
2
2

.14

. 14

.14

.14

. 14

1 . 37 5
5
5
5
5

.28

.28

.28

.28

.28

564 .37
466 .26
505 .65
483 .58
476 .07

1 .75
0 .20
0 .86
0 .51
0 .23

tt

Claytt
tt

48 .00
38 .00
15.50
24 .00
23 .50

00
47
55
51
50

26
26
30
27
27 j

[at 2 p.m.
Stopped water pumps on Lincoln

t

tt
it

16
17
18
19
20

l
i
l
l

5 .00
5 .00
5 .00

l
l
l
l

4 .00
4 .00
4 .00

13.5
12.5
13.7
14

49 .75
46 .25
51 .95
53 .00

4
3
4

10 .75
9 .00

10.75
9 .00

815
825
897

1016

244 .50
247 .50
269 .10
304 .80

3
3
3

4 .50
4 .50
4 . 50
4 .50

14
16
15
16

3 .52
4 .02
3 .77
4 .02

23
20
21

1 .58
1 .37
1 .44

43
23
23

1 .90
1 .02
1 .02

2
2
2

.67

.67

.67

24
98
98

6 .00
20 .80
20 .80

30
30
30

9 .60
9 .60
9 .60

24
24
24

7 .20
7 .20
7 .20

24 4 .80 48
48
48

7 .20
7 .20
7 .20

48
48
48

7 .20
7 .20
7 .20

4 .08
7 .64

13.82

13.61
25 .53
46 .20

2
2
2

.14

. 14

. 14

1 .37 5
5
5

.28

.28

.28

382 .57
401 .28
450 .82
454 .52
430 .53

0 ,17
0 .14
0 .60
0 .33
0 . 10

ft

20 .30 50 26
25 '
26 ;

[at 4.30 a.m.
Stopped water pumps on Bertram

5.00 4 00
3 3 23 1 .5S 23 1 .01, 2 . 67 98 20 .80 30 9 .60 24 7 .20 48 7 .20

3 .60
48
24

7 .20
7 .20

4 .34
13 .69

14.52
45 .77

2 . 14
.07

1 l 14 53 .00 3 9 .00 867 260 .10 3 4 .50 15 3 .77 23 1.58 8 .35 • 2 .67 108 22 .80 15 4 .80 12 3 .60 24 1 T .37 5 .28 tt 27 .
30 Took Bertram ashore .t

< 21
22
23

l
l
i

5 .00
5 .00
5 .00
5.00
5 .00

l
l
l
i

4 .00
4 .00
4 .00
4 .00
4 .00

12 .7
14
16
15
15

47 .45
53 .00
60 .00
56.50
56.50

3
4
4
4

9 .00
11.00
11.00
11.00
11.00

850
1006
1023
950
976

255 .00
301 .80
307 .00
285 .00
293 .00

3
3
3
3

4 .50
4 .50
4 . 50
4 . 50
4 .50

14
16
16
16
17

3 .52
4 .02
4 .02
4 .02
4 .27

23
20
26

1 .58 46 2 .03 2 .67 108 22 .80 15 4 .80 12 3 .60 24 3 .60 24 3 .60 12.37 41 .34 2 .14 5 .28 412 .91 0 .14
0 .15

„ft 1 .37
1 .79
1 .72

46
31

2 .03
1.37

2 .67
.67
.67

108
108
108

22 .80
22 .80
22 .80

15
14
14

4 .80 12 3 .60 24 3 .60 24 3 .60 15.79 52 .78 2 .14 5 .28 478 .99 11 25
25
30
23

24 l 2 4 .40
4 .40

12
12

3 .60
3 .60

24
24

3 .60 24 3 .60 11.98 40 .04 2 .14 5 .28 477 .81 0 .00 it{ 25 l l 23 T ’ ’ ’ .’26 3 .60 24 b.00 7 .64 25 .52 2 .14 5 .28
.28

436 .35
486 .40

0 .04
0 .06

tt4 3 1.58 2 .67 108 22 .80 15 4 .80 12 3 .60 24 3 .60 24 3.60 19.86 66 .43 .14 1 5 *1 29

27

26
27

l
i

5 .00
5 .00

l
l

4 .00
4 .00

15
16

56 .00
57 .49

4
3

11.00
9 .00

986
1016

296 .00
305.00

3
3

4 .50
4 . 50

19
11

4 .78
2 .77

26
27

1.79
1.85

14 .62
1.01

2
2

.67 108 22 .80 15
15

4 .80
4 .80

12
12

3 .60
3 .60

24
24

3 .60
3 .60
3 .60

24 3 .60 13 .43 44 .87 2 .14 5 .28 468 .05 0 .01 <(•
28 24

24
b.00
a .60

1 7. 70 59 .38 .14 .28 489 .49 0 .021 5 .00
5 .00
5 .00

1 4 .00
4 .00
4 .00

16
12

60.00
44 .98

9 .00 983 295 .00 3 , 4 .50 15 3 .77 27 1 .85 1 .76 4 .80 12 3 .60 24 2829
30

l
l

l
l

16 .71 2 .14
. 14
.14

5 .28
.28
.28

480 .22
339 .25

72 .40

0 .00
0 .00
0 .01

3
3

9 .00
9 .00

bbb 196 .00 3
2

4 .50
3 .00

15
12

3 .77
3 .02

23
24

1. 58
1 .65

26
3

1 .14
0 .13

2
2

.67

.67
66 14 .40 15

15
4 .80
4 .80

12
12

3 .60
3 .60

24
24

3 .60
3 .60

24
24

3 .60
3 .60

11.31
8 .95

37.82
29 .91

2
2

1 .37 5
5

ft 28
31
28Dec . 1

2
l 5 .00 l 4 .00

,
3 9 .00 20 6 .50 2 3 .00 3 0 .75 4 0 .27 2 .67 15 4 .80 12 3 .60 24 3 .60 24 3 .60 3 .69 12 . 32 1 .07 5 .28 57. 53 0 .05

0 . 51
0 .18

11 26 Took off air at 4.40 p.m.. . . . . “
Carried

forward . 265 .00 212 .00 2115 .92 422 .65 14510.19 220 .50 179 .20 79 .55 72 .32 30 .15 556 .12 450 .00 320 .40 151.20 320 .40 324 .00 2902 .82 8 .15 4 .44 16.12 23161.13 I1



48 APPENDIX I .—Continued .
TIME , COST AND MATERIAL USED IN FOUNDATIONS .

PIER II —Continued .

Date. Principal
Foreman.

Night
Foreman.

Sub-
Foremen.

Lock
Tenders.

Pressure
Men.

Coffee
House Men. Coffee . Sugar. Candles. Coal for

House Boat.

Sacking Out
Clay Hoist

AND
Elevator Men.

Master
Mechanic

and
Day

Engineers.

Night
Engineers.

Pump
Men. Firemen. Coal

Passers. Coal for Boilers . Black
Oil.

Cylinder
Oil . Waste. Totals

FOR
Each
Day.

Feet
Sunk
Each
Day.

Material .

Water
Pump. Rev.

of
Air

p’ps.
Remarks.

Hours
Run. Rev. Pres.1890. Days Amt. Days Amt. Days Amount. Days Amt. Hrs. Amount. Days Amt. Lbs. Amt. Lbs. Amt. No. Amt. 200-lb.

boxes. Amt. Hrs. Amount. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Tons. Amount. Gals. Amt. Gals. Amt. Lbs. Amt.

Brought 265 .00 212 .00 2115 .92 422 .65 14510.19 220 .50 179.20 79 .55 72 .32 30 .15 556 .12 450 .00 320 .40 151 .20 320 .40 324.00 2902 .82 8 . 15 4 .44 16.12 23161 .13
6 1 51 9

8
.61 14 .62 8 2 .60 12 3 .60 24 4 .00 .95 3 .17 2 . 15 1 .37 3 .18 16 81 Clay 29 Ol. . a. . .1 • -r .

“ 2 5 1 .26 .55 11 .49 14 4 .40 12 3 .60 24 4 .00 5 .02 16 .76 2 ' . 18 3 . 18 31 .42 35 DltU IcU <111_C011ipicsSOlis uii 1ii 11-
coin at 11.35 a.m.“ 3 1 2 50 1 4 50 1 3 .50 112 130 .66 7 1 .76 11 .76 46 2 .03 14 4 .40 12 3 .60 24 4 .00 3 .86 12.88 2 :i8 3 . 18 170 .95 tt 3fi

“ 4 ?• 50 1 4 0ft 7 29 95 2 6 50 235 24ft 00 2 3 00 10 2 51 11 .76 91 4 .01 14 4 .40 12 3 .60 24 4 00 24 3 . 55 5 .09 16 .98 2 . 18 3 . 18 338 42 0 05 tt 16 09 11 64 26
“ 5

T
1 5 00 1 4 00 11 41 75 2 6 00 34fi 34fi 00 a 4 50 10 2 51 17 1 .17 122 5 .38 T .33 48 8 .40 14 4 .40 12 3 .60 24 4 .00 24 3 .60 11 .72 39 .14 2 .18 1 . 37 3 . 18 480 51 0 00 tt 22 R7 13 66 30

" 6 1 5 .00 1 4 .00 11 41 .75 2 6 .00 357 357 .00 3 4 .50 11 2 .77 18 1 .24 54 2 .38 l .33 78 15 .30 14 4 .40 12 3 .60 24 4 .00 18 2 .70 5 .66 18 .92 2 . 18 3 .18 474 .25 0 .00 « 16 .42 15 77 29 Stopped water pumps at 7.15 a.m.“ 7 1 5 00 1 4 00 11 41 75 2 6 00 367 867 .00 3 4 .50 11 2 .77 19 1 .31 14 .62 240 44 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 11.86 39 .60 2 . 18 3 . 18 548 . 11 0 .00 << 27
« 8 1 5 00 1 4 00 11 41 75 2 o no 370 370 00 3 4 50 10 2 .51 17 1 .17 37 1 .63 l .33 264 48 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 11 .58 38 .74 2 .18 3 . 18 555 . 19 0 00 26 tram at 10 a.m.“ 9 l 5 !00 1 4 !00 11 41175 2. 6 !oo 381 381 .00 3 4 .50 12 3 .02 7 .48 94 4 .15 l . 33 252 46 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 12. 38 41 .33 2 . 18 1 . 37 3 . 18 570 .29 0 .00 a 29
«« 10 1 5 00 1 4 op 10 gft 50 2 6 00 aan 3ft0 00 3 4 50 10 2 .51 17 1 .17 23 1.02 264 48 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 13 .56 45 .31 2 .18 3 .18 568 37 0 00 a 32

' • 11 1 5 00 1 4 00 10 as 50 9 6 00 861 361 00 3 4 .50 12 3 .02 16 1 .10 11 .49 1 . 33 264 48 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 12 .24 40 .89 2 .18 3 .18 545 .19 0 .00 it 32
“ 12 1 5 00 1 4 00 11 41 75 2 fi 00 350 350 00 3 4 .50 12 3 02 l . 33 264 48 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 12 . 37 41 .33 2 . 18 3 . 18 545 .29 0 .00 u 32
« 13 1 5 00 1 4 00 11 41 75 2 fi OO 35R 35ft 00 3 4 .50 13 3 .27 18 1 .24 264 48 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 14 .22 47 .50 2 . 18 1 .37 3 . 18 551 .99 0 00 tt 29
“ 14 1 5 00 1 4 0ft 10 50 2 fi 00 999 999 00 3 4 50 8 2 01 11 .76 252 46 .00 32 10 .40 24 7 .20 48 8 00 48 7 .20 12 . 50 41 .77 1 .09 3 . 18 473 61 0 00 tt 31
«* 15 1 5 00 1 4 00 9 05 95 2 fi 00 298 20ft 00 3 4 .50 8 2 .01 13 .89 6 .26 l . 33 240 44 .00 28 8 .80 24 7 .20 48 8 .00 36 5 .40 10 .14 33 .87 2 .18 4 .24 463 .93 0 .00 tt 9R

“ 16 1 5 00 1 4 on 10 OR 50 2 6 00 306 aofi 00 3 4 .50 9 2 .26 13 .89 31 1 .37 1 .33 216 39 .60 28 8 .80 24 7 .20 48 8 .00 36 5 .40 10 .28 34 .32 2 .18 3 .18 472 .53 0 .25 tt 29
“ 17 1 5 00 1 4 on 11 41 75 2 fi 00 310 340 00 3 4 .50 12 3 .02 16 1 .10 26 1 .14 1 . 33 216 39.60 30 9 .60 24 7 .20 48 8 .00 36 5 .40 11 .31 37 .81 2 . 18 1 . 37 3 . 18 515 . 18 0 .62 a 97
« 18 1 5 00 1 4 00 11 41 75 2 6 00 34R 34ft 00 3 4 50 12 3 02 14 .96 11 .49 l .33 216 39 .60 30 9 .60 24 7 .20 48 8 .00 5 .40 8 .82 29 .45 1 .09 3 .18 513 .57 0.14 11 29
“ 19 1 5 00 1 4 on 11 41 75 2 6 00 aaR 33ft 00 3 4 50 12 3 .02 17 1 . 17 8 .35 l .33 216 39 .60 28 8 .80 24 7 .20 48 8 .00 36 5 .40 8 .82 29 .45 2 . 18 3 .18 502 .93 0 .08 tt 29
“ 20 1 5 on 1 4 on 10 aft 50 2 fi on 344 344 00 3 4 .50 10 2 .51 17 1 .17 66 2 .91 l . 33 216 39 .60 28 8 .80 24 7 .20 48 8 .00 36 5 .40 12 . 10 40 .45 2 .18 4 .24 518 .79 0 .06 <t 29

«« 21 1 5 00 1 4 00 H 41 75 2 6 00 34a 34ft 00 3 4 50 10 2 51 13 89 63 2 .78 l .33 204 37 60 30 9 60 24 7 90 48 R 00 36 5 .40 11.71 39 . 15 2 . 18 3 . 18 593 44 0 09 n

“ 22 1 5 00 1 4 00 10 aR 50 2 fi 00 391 391 00 3 4 .50 11 2 .77 17 1 . 17 11 .49 l .33 216 38 .60 30 9 .60 24 7 .20 48 8 .00 48 7 .20 9 .87 32 .99 1 .09 1 .37 3 .18 487 .62 0 .13 a 29
<< 23 1 5 00 1 4 00 u 41 75 9 fi 00 a?,a 393 00 3 4 50 14 3 .52 16 1 .10 54 2 .38 1 .33 216 38 .60 30 9 .60 24 7 .20 48 8 .00 48 7 .20 8 .43 28 .17 2 .18 3 . 18 490 .71 0 .00 11 97
“ 24 1 5 00 1 4 on 11 41 75 2 fi 00 aai 331 00 3 4 50 11 2 .77 15 1 .03 11 .49 l .33 216 38. 60 30 9 .60 24 7 .20 48 8 .00 48 7 .20 9 .87 33 .00 2 .18 3 .18 500 .83 0 .11 11 27
•* 25 1 5 00 1 4 00 11 41 75 2 fi on 323 323 00 3 4 50 11 2 .77 14 .96 40 1 .76 216 38.60 30 9 .60 24 7 .20 48 8 .00 48 7 .20 17 .47 58.40 2 . 18 1 .37 4 .24 519 .53 0 .17 a 31

** 20 1 5 QQ 1 4 nn1 11 4UZ5 2 6 00 ap,o 390 00 3 4 50 12 3 02 15 1 .03: 17 .75 l .33 264 47 .00 30 9 .60 24 7 .20 48 8 .00 48 7.20 11 .06 36 .96 1 .09 3 . 18 502 .61 0 00 11 35
“ 27 1 5 00 1 4 00^11 41 75 2 fi 00 32a 393 00 3 4 50 11 2 .77 17 1 . 17| 46 2 .03 l .33 264 47 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 10 .27 34 .33 2 .18 3 . 18 504 .24 0 00 tt . . . J 34
<< 28 1 5 00 1 4 00 11 41 7-5 2 fi 00 3OR 30ft 00 3 4 50 10 2 .51 15 1 .03 57 2 . 51 1 .33 262 46 .60 30 9 .60 24 7 .20 48 8 .00 30 4 .50 11 .06 36 .96 2 . 18 3 . 18 488 .85 0 71 t . . . . 29
“ 29 1 5 00 1 4 no! 11 41 75 2 fi 00 3U 314 00 3 4 .50 12 3 .02 17 1 . 17 57 2 .51 l . 33 246 44 . 00 30 9 .60 24 7 .20 48 8 .00 36 5 .40 8 .03 26 .84 2 .18 1 .37 4 .24 484 .11 0 .00 a _ 34
“ 30 l 5 .06 1 4 .00 11 41 .75 2 6 .00 313 313 .00 3 4 .50 11 2 .77 15 1 .03 71 3 .13 2 . 67 216 38 .60 30 9 .60 24 7 .20 48 8 .00 48 7 .20 13 .56 45 .32 1 .09 3 .18 498 .04 0 .00 t

. . . . j 30
1 5 00 1 4 OO 11 41 75 2 fi 00 333 333 00 3 4 50 11 2 .77 17 1 .17 20 .88 2 . 67 264 47 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 9 .87 33 .01 2 .18 3 . 18 511 .31 1 .41 tt 32

“ 2 1 5 00 1 4 00 11 41 '75 2 fi 00 312 312 00 3 4 50 11 2 .77 17 1 .17 51 2 .25: 2 . 67 264 47 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 10 .66 35 .63 2 .18 1 .37 4 .24 494 .73 0 .00 a 31
“ 3 1 5 00 1 4 00 1fti 40 49 2 fi 00 291 291 00 3 4 50 11 2 77 15 1 .03 29 1 .38 2 .67 108 30 .20 28 8 .80 24 7 .20 48 8 .00 48 7 .20 9 .61 32. 12 2 . 18 3 .18 450 .55 1 22 ft 27
<* 4 1 5 (iQ 1 4 00 11 41 75 2 6 00 9R7 2ft7 00 3 4 50 12 3 02 17 1 . 17 6 .20! 1 .33 264 47 .00 28 8 .80 24 7 .20 48 8 .00 48 7.20 11 .57 38.72 1 .09 3 . 18 470 .22 0 00 it 29
• f 5 1 5 00 1 4 oo 7 95 75 2 fi 00 130 139 OO 3 4 50 5 1.26 9 .61 6 .26 24 5 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 7 .90 26 .40 2 . 18 1 .39 3 . 18 250 .53 0 .00 tt 28

" 6 1 5 00 1 4 00 11 41 75 2 fi 00 330 330 00 3 4 50 11 2 76 12 .82 23 1 .02 1 .33 216 38 .60 28 8 .80 24 7.20 48 8 .00 48 7 .20 9 .54 31 .98 2 . 18 3 .18 498 .32 0 .00 tt 28
a rj 1 5 00 1 I no 11 41 75 9 6 00 335 335 OO 3 4 50 11 2 7fi 15 1 08 6 .26 . . . . 216 38.60 30 9 . 60 24 7 .20 48 8 .00 48 7 .20 12 .64 42 .23 2 .18 4 .24 513 .55 0 00 tt 28
“ 8 1 5 00 1 10 38 50 1 3 00 33ft 33ft OO 3 4 50 11 2 7fi 18 1 .28 26 1 14 . 33 216 38 .60 28 8 .80 24 7 .20 48 8 .00 48 7 .20 11 .98 40 .05 1 .09 3 .18 508 .58 0 00 tt 28
tt Q 1 5 00 1 4 00 10 OR 50 1 a 00 347 347 00 3 4 50 11 2 .76 19 1 . 30 23 1.021 1 .33 216 38 .60 28 8 .80 24 7 .20 48 8 .00 48 7 .20 11 .98 40 .05 2 .18 1 .39 3 .18 518 .01 1 .46 tt 30
*' 10 1 5 00 1 4Q0 H 41 75 1 3 00 351 351 OO 3 4 50 11 2 76 17 1 .17 6 .26 1 .33 216 38 .60 28 8 .80 24 7 .20 48 8 .00 48 7 .20 12 . 37 41 .35 2 .18 3 .18 525 .28 0 .00 it 30

“ 11 1 5 QO 1 4 00 104 0Q 5R 1 3 00 33fi asfi 00 3 4 50 9 2 26 14 .96 23 1.02 1 . 33 114 20 .80 28 8 .80 24 7 .20 48 8 .00 48 7.20 10 .39 34 .75 2 .18 3 .18 483 .76 1 67 t ( 26
« 1A 1 5 00 1 4 00 10 OR 50 2 fi 00 329 399 OO 3 4 50 9 2 26 14 .96 28 1 .23 1 . 33 120 21 .80 30 9 .60 24 7 .20 48 8 .00 48 7 .20 10 .00 33 .44 1 .09 4 .24 479 .35 0 00 tt 27
“ 13 1 5 00 1 4 00 101 40 49. 2 fi 00 39ft 39ft OO 3 4 50 11 2 76 15 1 .03 6 .26 1 .33 120 21 .80 28 8 .80 24 7 .20 48 8 .00 48 7 .20 10 .14 33.89 2 .18 1 .39 3 . 18 479 .94 0 .00 t 27
(< 1 5 00 1 4 00 11 41 75 2 fi on 342 349 OO 3 4 50 11 2 7fi 17 1 . 17 46 2 .03 1 .33 120 21 .80 80 9 60 24 7 .20 48 8 .00 48 7.20 10.52 35 . 19 2 .18 3 .18 498 .89 1 02 tt 26
** 15 1 5 Op 1 4 00 10 OR 50 2 fi 00 319 312 00 3 4 50 9 2 .26 15 1 .03 57 2 .51 1 .33 168 30 .20 30 9 . 60 24 7 .20 48 8 .00 48 7 .20 12 .61 42 . 19 2 .18 3 .18 480 .88 0 .00 tt 27

«« 16 1 5 00 1 4 50 11 47 95 2 7 00 9fifi 310 34 3 4 50 9 2 .26 13 .89 17 . 75 1 .33 63 11 .90 30 9 .60 24 7 .20 48 8 .00 48 7 .20 14 .08 47 .06 2 .18 4 .26 474 .22 0 .85 < 25
« 17 1 5 00 1 4 50 10 43 50 2 7 00 993 341 ft4 3 4 50 14 3 85 20 1 .37 6 .30 1 .28 24 5 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 10 .62 30 .20 1 .09 1 .39 4 .26 479 .28 0 00 25 Sealing .“ 18 1 5 00 1 4 50 11 47 95 2 7 00 315 307 50 3 4 50 12 3 30 20 1.37 6 .30 1 .28 24 5 .00 28 8 80 24 7 .20 48 8 .00 48 7 .20 8 .89 25 .26 2 .18 3 .18 502 .82 0 .00 24
** 19 1 5 OO 1 4 50 11 47 95 2 7 no 316 afift 07 3 4 50 14 3 85 20 1 .38 8 .40 1 .28 24 5 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 9 .92 28 .20 2 . 18 3 .18 507 .59 0 .00 23 <t
“ 20 1 5 OQ 1 4 50 11 47 9.5 2 7 00 390 373 34 3 4 50 14 3 .85 21 1 .44 12 .60 1 .28 24 5 .00 30 9 .60 24 7 .20 48 8 .00 48 7.20 7 .73 22 .00 2 .18 4 .26 507 .20 0 .00 23 11

<* 21 1 5 00 1 4 50 11 47 95 2 7 00 321 374 50 3 4 50 18 4 96 24 1. 65 18 .90 1 .28 24 5 .00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 8 .32 23 .64 2 .18 3 .18
1

511 .54 0 .00 25 tt
“ 22 1 5 00 1 4 50 11 47 95 2 7 on 970 395 50 3 4 50 18 4 .96 24 1 .65 16 .80 1 .28 24 5.00 30 9 .60 24 7 .20 48 8 .00 48 7 .20 9 .00 25 .58 2 .18 -} .29 3 .18 464 .67 0 .00 28 ii
“ 23 1 5 OO 1 4 .50 11 47 95 2 7 00 901 234 50 3 4 50 14 3 .85 21 1.44 15 .75 1 .28 24 5 .00 28 8 .80 24 7 .20 48 8 .00 48 7 .20 4 .51 12 .83 1 .09 3 .18 358 .37 0 .00 24
■' 24 l 5 0̂0 1 02 3 .00 1 3 AO 21 4 .67 1 1 .50;

1
8 0 .75 5 1.70 6 1.20 6 0 .90 1 .15 3 .27 2 . 18 3 .19 25 .86 0 .00 19 Stopped air compressors on Bertram 6.45a .m.“ “ “ Lincoln0.45a.m.

Total . | 520.00 1120.50 4174 .34 736.15 31068.71 445.50 327.49 135 .67 140.97 45 .02 2146 .27 912 . 30 680 .40 151.20 ]721.60 656 .05 4683 .65 16.94 9 .62 26 .51 48008 .89

COST OF SINKING CAISSON II .

Amount as tabulated above . .
Miscellaneous supplies .
Sundry small supplies .
■Electric light .
Medical attendance , etc _ __
Maintenance of plant .
Hire of tug and derrick .
Labor , not included in table ,

Material .

$ 5 1585.87
1 984.47

693.15
376.01
971.47

4 839.24
381.50

$14 631.71

Labor .

$42 623.02

3 911.80

4 496.64

$51 031.46

Total .

$48 008.89
1 984.47

693.15
376.01
971.47

8 751.04
381.50

4 496.64

$65 663.17Total
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APPENDIX I —Continued .

TIME , COST AND MATERIAL USED IN FOUNDATIONS .
PIER III .

Date . Principal
Foreman.

Night
Foreman.

Sub-
Foremen .

Lock
Tenders .

Pressure
Men.

Coffee
House Men. Coffee . Sugar . Candles . Coal for

House Boat .

Sacking Out
Clay Hoist

and Elevator
Men.

Master
Mechanic

and
Day

Engineers .

Night
Engineers .

Pump
Men. Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil . Waste . Totals

for
Feet
Sunk Material .

Water
Pump. Rev.

of
Remarks.Each Each Air

p’ps.1889. Days Amt. Days Amt. Days Amount. Days Amt. Hrs. Amount. Days Amt. Lbs. Amt. Lbs. Amt. No. Amt. 300-lb.
Boxes. Amt. Hrs. Amount. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs . Amt. Hrs. Amt. Tons. Amount. Gals. Amt. Gals. Amt. Lbs. Amt.

Day. Day. Hours
Run. Rev. Pres.

1 5 .00 i 4 .00 6*
12

17 .33
32 .00 3

5 .00
6 .00

225
501

81.67 i *
3

2 .25 16 0 .77 8 3 20 12 3 .60
3 .60

12
24

2 .40
4 .80

24
24

3 .60
3 .60

12
24

1 .80
3 .60

4 .80
5 . 17

14 .51
15 .62

3 0 .26
.27

x 0 .35 0 .30
.30
.40
34

146 .04
274 .22
302 .35

7 .00
12.00
21 .01

46
46
46

26
25
67

26
26
27

[p.m ., pumps at 1.00 a.m .
Started compressors ou Bertram at 12.55
Sacking out Mat .

[compressors at 4.00 p .m.
Started pumps on Lincoln at 12.15 p .m.,
Sacking out Mat . — . - -

“ 17 i 5 .00 i 4 .00 167.25 4 .50 6 1.58 ii 0 .71 35 1 .68 i 0 .31 88 14 .20 16 5.20 12 3 5 0 .16
0 .22

“ 18 i 5 .00 i 4 .00 11 29 . 50 3 6 .00 558 186 .37 3 4 .50 8 2 . 11 15 .96 15 .72 3 .95 84 13 .50 15 4 .80 12 3 .60 22 4 .90 24 3 .60
7 0>A

24
18

3 .60 9 .13
fi 97

27 .57
21 05

8
3

.27
27

7“ 19 i 5 .00 i 4 .00 10 26 .50 3 6 .00 567 189.50 3 4 .50 6 1 .58 12 .77 3 .14 3 .95 84 13.50 30 9 .60 24 7 .20 99 4 .90 48
48

2 .70
3 .60

0“ 20 i 5 .00 i 4 .00 12 32 .00 3 6 .00 600 200 .50 3 4 .50 7 1 .85 14 .90 6 .29 3 .94 108 17.40 30 9 .60 24 7 .20 22 4 .90 7 !20 24 17.90 54 !07 3 J57- — 7 - . 40 -360, 62 - 0 .52 Fine river sand 36 .00 55 61
30
28“ 21 i 5 .00 i 4 .00 12 32 .00 3 6 .00 567 189.50 3 4 .50 8 2 .10 17 1 .09 8 .38 3 .95 108 17.40 30 9 .60 24 7 .20 22 4 .90 48 7 .20 48 7 .20 17 .66 53 .34 3 .27 6 .34

.34

.34

.40

.34

352 .97
351 .30
377 .65
350 .64
81 .31

1 .64
2 .44
3 .04
2 .41

<< 11 K 47 .50
48 .00
45 .38
24 .08

56
56
52
52

61
’ 72

63
64

28
35
41
34

“ 22
“ 23
“ 24

i
i
i

5 .00
5 .00
5 .00

i
i
i

4 .00
4 .00
4 .00

11
12
10

29 .00
32 .00
27 .00

3
3
3

6 .00
6 .00
6 .00

513
585
588

171 .50
195 .50
196 .50

3
3
3

4 .50
4 .50
4 .50

7
6
7

1 .84
1 .58
1 .85

15
16
16

.96
1 .03
1 .03

10
6

10

.48

.29

.48

3
3
2

.95

.94

.63

108
72
48

17 .40
11.72
8 . 10

30
30
30

9 .60
9 .60
9 .60

24
24
24

7 .20
7 .20
7 .20

22
22
22

4 .90
4 .90
4 .90

48
48
48

7 .20
7 .20
7 .20

48
48
48

7 .20
7 .20
7 .20

24 .16
25 .84
19.46

72 .96
78 .03
58 .78

3
3
3

.27

.27

.27
" '.35 '

6
6
7

I1
tt

11 ii
11 11
it 11

II 11 11 .
Mat all out .
Stopped pumps on Lincoln at 4.45 p .m.,

[on Bertram at 11.20 p .m.

“ 25 i 5 .00 i 4 .00 3 6 .80 3 .79 6 .39 30 9 .60 24 7 .20 12 2 .40 48 7 .20 48 7 .20 9 .98 30 .12 3 .27 6 . . . . 25“ 26 i 5 .00 i 4 .00 11 32 .25 3 7 .20 579 231 .60 3 4 .50 4 1 .05 5 .32 3 .14 3 .95 24 6 .00 30 9 .60 24 7 .20 24 4 .80 48 7 .20 48 7 .20 18 .51 55 .90 3 .27
.27
.27
27

7 .40
.34
.38
.34
.40

385 .58
411 .91
404 .13
418 .42
271 .16

0 .03
1 .96
1 .41
3 .25
2 .67

Ii it a 41 .61
33 .75
41 .83
48 .00
20 .00

55
57
58
52
62

Started pumps on Bertram and Lincoln
[af 8.0'0 a.m .

“ 27 i 5 .00 i 4 .00 12 35 .00 4 8 .70 621 248 .40 3 4 .50 5 1.32 12 .77 2 .63 24 6 .00 30 9 .60 24 7 .20 24 4 .80 48 7 .20
7 .20
7 .20

48
48
48
48

7 .20
7 .20
7 .20

20 . 19 60 .98
54 .81
68 .23

3 6
7
6
7

it tt tt ■57
62
61
61

35
35

“ 28
“ 29

i
i

5 .00
5 .00

i
i

4 .00
4 .00

12
12

35 .00
35 .00

4
4

8 .70
8 .70

615
612

246 .00
244 .80

3
3

4 .50
4 .50

6
8

1 .57
2 .11

14
13

.90

.83
1
2

.05

.10
3
3

.95

.94
24
24

6 .00
6 .00

30
34

9 .60
11 .20

24
24

7 .20
7 .20

24
24

4 .80
4 .80

48
48

18. 15
22 .59

3
3 it

. . . ii i.i
ii 11“ 30 i 5 .00 i 4 .00 6 19 .00 4 8 .70 321 133 .75 3 4 .50 9 2 .37 16 1 .03 7 .34 3 .95 24 6 .00 28 8 .80 24 7 .20 24 4 .80 48 7 .20 7 .20 16.34 49 .30 3 .27 1 .35 f t 11 11 31 Stopped pumps on Bertram and Lincoln“ 31 i 4 .00 2 4 .00 28 8 .80 24 7 .20 22 4 .40 48 7 .20 48 7 .20 9 .49 28 .65 2 .18 6 .34 71 .97 0 .96 [at 6.00 p .m .27 Waiting for Masonry .1890.

Jan . 1 i 4 .00 2 4 .00 1 .26 1 .06 30 9 .60 24 7 .20 48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

36
48
36
36
48

5 .40
7 .20
5 .40
5.40
7 .20

10 .10
14 .18
15 .02
10.94
15 .51

30.49
42 .82
45 .35
33 .03
46 .82

3 .27
.27
.27
.18
.27

7 .40
.34
.34
.40
.34

68 .88
82 .63

0 .23 It 24
.24

“ 2 i 4 .00 2 4 .00
4 .00

30 9 .60 24 7 .20
7 .20 3 ft (“ 3 i 4 .00 2 1 .26 1 .06 30 9 .60 24 3

2

.
6
7 ■

1• • • , . . .“ 4 i 4 .00 2 4 .00 1 .26 1 .06 30 9 .60 24 7 .20 71, 33
292 .24

0 .02
0 .04

U 21
21
25

.. «■! 1
Started pumps on Bertram at 8.10 a.m.,

5 i 5 .00 i 4 .00 9 28 . 50 2 4 .50 262 163 .75 1 1.50 1 .27 1 .06 2 .63 12 3.00 30 9 .60 24 7 .20 12 2 .40 48 3 6 tt <1 20 .49 65 68“ 6
“ 7
“ 8
“ 9

i
i
i

5 .00
5 .00
5 .00

i
i
i

4 .00
4 .00
4 .00

18
17
9

57 .00
59 .10
31 .20

3
3
2
2

7 .50
8 .40
8 .40
4 .00

626
590
308

393.75
413 .00
215.60

3
3
1

4 .50
4 .50
1 .50

10
9
9

2 .64
2 .87
2 .36

14
23
15

.90
1 .48

.96

2
6

10

.10

.29

.48

1
3
3

.32

.95

.94

24
24
24

6 .00
6 .00
6 .00

30
30
30
15

9 .60
9 .60
9 . 60
4 .80

24
24
24
12

7 .20
7 .20
7 .20
3 .60

24
24
24

4 .80
4 .80
4 .SO

48
48
48
24
24

7 .20
7 .20
7 .20
3 .60
3 .60

48
48
48
24
24

7 .20
7 .20
7 .20
3 .60
3 .60

20 .79
14. 18
25.47
7 .69
2 .53

62 .78
42 .83
76 .93
23 .21
7 .63

3
2
2
3

.27
!is
. 18
.27
.09

1 .35 6
6
6
g

.34
.34
.34
.34
.22

581 .45
584 .44
389 .89
43 .42
27 .54

1 .32
2 .88
2 .64
1 .62
0 .00

II
«I

ci ft
<1 tt
ii ii

48 .00
44 .91
20 .74

67
58
55

73
69
76

33
36
21
18 '
21

[on Lincoln at 7.20 p .m.

[on Bertram at 6.25 p .m.
Stopped pumps on Lincoln at 6.20 p.m .,
Stopped compressors on Lincoln at 8.10
Waiting for masonry . ; [p .m.

“ 10 _ i. 2 4 .00 15 4 .80 12 3 .60 1 4
. . . .

“ 11 2 4 .00 . 15 4 .80 12 3 .60 12
12
12
24
24

1 .80
1 .80
1 .80

.3 .60
3 .60

3 .60

24
24
24
24
24

24

3 .60
3 .60
3 .60
3.60
3 .60

3 .60

2 .88
4 .69
7 .45
6 .85
5 .41

5 .17

8 .71
14 .15
22 .49
20 .69
16 .35

15.62

2 .18
.09
.18
.09
.18

.09

4 .23
.22
.23
.22
.23

.22

26 .92
32 .26
41 .05
40 .60
36.36

35 .53

0 .02
0 .01
0 .01
0 .04
0 .00

0 .00

“ 12 2 4 .00 15 4 .80 12 3 .60 _ X 4 22“ 13 2 4 .00 4 .80 12 3 .60 2 1 .35 4 23
25“ 14 2 4 .00 15 4 .80 12 3 .60 X 4“ 15 2 4 .00 . . 15 4 .80 12 3 .60 2 4 26

“ 16 2
2
2

4 .00
4 .00
4 .00

. . . . . . . . 4 .80
4 .80
4 .80

12
12
12

3 .60
3 .60
3 .60

24 1 4 11 ft it

26

26 11 11 it“ 17
“ 18

. . . .
15

24
24

3 .60
3 .60
3 .60
3 .60

3 .60

24
24
24
24

24

3 .60
3 .60
3 .60
3.60

3 .60
3 .60
3.60
3 .60
3 .60

3 .60
3 .60
3.60

7 .21
6 .25
5 .17
4 .33

5 .41

21 .77
18.87
15 .62
13.06

16 .35

2
1

.18

.09

.18

.09

.18

.09

.18

.09

.09

.27

.36

.27

4
4

.22

.23

.22

.23

.22

.23

.22

.23

.22

.23

.23

.40

41 .77
38 .79
40 .02
37.73

39 .95
48 .21
38 .84
39 .51
38 .39

33 .53
38.65

450 36

0 .00
0 .00
0 .00
0 . 00

0 .00
0 .00
0 .00
0 .00
0 .00

0 .00
0 .00
0 .00
1 .21
1 .83

1 .89

I(
II

c1 t-t 23
.24
24
23

ft it tt ' ; X“ 19 2 4 .00 17 5 .60 24 7 .20 24 2 4 11 ‘ r ■r •“ 20 2 4 .00 . 17

15

5.60 24 .7 .20

7 .20

24 X x .35 A r •; 1 :
“ 21 2 4 .00 . . 4 .80 24 .24 2 i 1 tt ti

f : •-
“ 22 2 4 .00 15 4 .80 24 7 .20 24

24
24

3 .60
3 .60
3 .60
3 .60

1 .80
3 .60
3 .60

24
24
24
24

24
24
24

8 .18
5 .04
5 .29
4 .92

3.85
4 .80
5.89

24 .69
15.24
15 .99
14 .88

11.63
14 .51
17. 78

x 4 if ft . ft“ 23 2 4 .00
. .

15 4 .80 24 7 .20 2 4 if t* ft
23
24“ 24 2 4 .00 . . . . 4 .80 24 7 .20 x 425 2 4 .00 15 4 .80 24 7 .20 24

12

x 23
“ 26 2 4 . 00 4 .80 24 7 .20 3 4 11 ci t<

26

22
24
34
31
28

30

“ 27 2 4 .00 15 4 .80 24 7 .20 24
24

4 1 .35 4 i 1“ 28 i 5 .00 i 4 .00 18 66 .30 2 6 .00 314 314 .00 3 4 .50 4 1 .05 8 .51 5 .24 1 .31 24 6 .00 15 4 .80 24 7 .20 24 4 .80 3 7 1< . 1 <1 28.91
36.75
48 .00

48 .00

52
58
52

52

75
70
87

90

“ [pumps at 11.45 a.m .
Started comp , on Bertram at 11.05 a.m .,
Started compressors on Lincoln at 12.05

[a.m .

“ 29
“ 30

i
i

5 . 00
5.00

i
i

4 .00
4 .00

19
20

70 .00! 3
74 .00: 3

9 .00
9 .00

381
374

381 .00
874.00

3
3

4 .50
4 .50

11
10

2 .89
2 .64

15
27

.96
1 .74

5
2

.24

.10
1
3

.32

.95
24
24

6 .00
6 .00

30
30

9 .60
9 .60

24
24

7 .20
7 .20

24
24

4 .80
4 .80

48
.48

7 .20
7 .20

48
48

7 .20
7 .20

19.83
23.20

59 .90
70 .05

2
4

.18

.36
7
6

.40
84

580 .39
588 .68

613 .05

<(
<( <1 11

“ 31 i 5.00 i 4 .00 19* 72 .66 3 9 .00 384 384 .00 3 4 .50 10 2 .63 23 1 .48 12 .58 3 .95 24 6 .00 30 9 .60 24 7 .20 24 . 4 .80 48 7 .20 48 7 .20 28 .36 85 .64 3 .27 6 .34
Coarse sand with

Feb . 1 i 5 .00 i 4 . 00 20 74 .00 3 9 .00 379 379 .00 3 4 .50 11 2 .89 23 1 .48 10 .48 3 .94 24 6 .00 30 9 .60 24 7 .20 24 4 .80 48 7 .20 48 7 .20 21.87 66 .04 4 .36 6 .84 590 .03
592 2?

1 .60
1 .62
1 .36
2 .81
1 .08

i< 40 .50
44 .20
39 .58
48 .00
44 .42

53
56
52
52
48

89
86
82
80
70

33
35
36
36
38

“ 2 i 5 .00 i 4 . 00 20 74 . 00 3 9 .00 379 379 .00 3 4 .50 10 2 .63 23 1 .48 3 . 14 3 .95 24 6 .00 30 9 .60 24 7 .20 24 4 .80 ■48 7 .20 48 7 .20 22 .84 68 .96 3 .27 6 .34 it“ 3
“ 4

i
i

5 .00
5 .00

i
i

4 .00
4 .00

18
20

67 .00
74 .00

3
3

9 .00
9 .00

373
376

373 .00
376 .00

3
3

4 .50
4 .50

9
10

2 .37
2 .64

24
23

1 .54
1 .48

2
6

.10

.29
3
3

.95

.94
24
24

6 .00
6 .00

34
30

11.20
9 .60

24
24

7 .20
7 .20

24
24

4 .80
4 .80

48
48

7 .20
7 .20

48
48

7 .20
7 .20

16.46
21 .87

49 .70
66 .05

3
4

.27

.33
1 .35 7

6
.40
.34
.34

561 .78
586.60
600 .95

tt
“ 5 i 5 .00 i 4 .00 20 74 .00 3 9 .00 374 374 .00 3 4 .50 9 2 .37 23 1 .48 2 . , .10 3 .95 24 6 .00 28 8 .80 24 7, 20 24 . .4 .80 ■48 7 .20 48 7 .20 29.68 89 .65 4 .36 6 ct
“ 6 i 5 .00 i 4 .00 18 66 .50 3 9 .00 397 397 .00 3 4 .50 10 2 .63 24 1 .54 4 .19 3 .95 24 6 .00 40 12.40 24 7 .20 24 # .80 48 7 .20 48 7 .20 23 .43 70 .77 4 .36 6 .34 607 .58

610 .07
630 28

0 .99
0 .21
1 .10
0 .33
0 .86

tt 40 .33
39 .42
42 .66
21 .08
12 .37

47
46
47
47

67
68
69
72
70

43
38
32
32
33

7 i 5 .00 i 4 .00 19# 72 .66 3 9 .00 404 404 .00 3 4 .50 10 2 .63 29 1 .86 7 .34 3 .94 24 6 .00 40 12.40 24 7 .20 24 .4 .20 48 7 .20 48 7 .20 19.95 60 .26 3 .27 7 .41 . tt
Clay on west side of cutting edge .

“ 8 i 5 .00 i 4 .00 19* 72 .66 3 9 .00 411 411 .00 3 4 .50 10 2 .63 25 1 .61 7 .34 3 .95 21 6 .00 40 12 .40 24 7 .20 24 4 .20 48 7 .20 48 7 .20 24 .40 73 .69 4 .36 6 .34 u“ 9 i 5 .00 i 4 00 19# 72 . 50 3 9 .00 410 410 .00 3 4 .50 10 2 .63 24 1 .54 5 .24 3 .95 24 6 .00 34 10.60 24 7 .20 24 4 .20 48 7 .20 48 7 .20 16.46 49 .71 3 .27 6 .34 603 .08
565 .58

“ 10 i 5 .00 i 4 .00 20 74 .00 3 9 .00 382 382 .00 3 4 .50 8 2 .10 26 1 .67 2 .10 3 .94 24 6 .00 30 9 .60 24 7 .20 24 4 .20 48 7 .20 48 7 .20 13.22 39.91 3 .27 1 .35 6 .34 and clay 46 Stopped water pumps ou Bertram at 6.50“ 11 i 5 .00 i 4 .00 19* 71 .17 3 9 .00 388 388 .00 3 4 .50 9 2 .36 28 1 .80 2 .10 3 .95 24 6 .00 15 4 .80 12 3 .60 5 1 .25 24 3 .60 24 3 .60 7.33 22 .14 2 .18 7 .42 532 .47
522 .74
302 .46
35 .29
33 .21

27 .71

0 .03
0 .00
0 .00
0 .01
0 .00

0 .00

f ( 0 .75 40 50 24
35

[a.m.
Stopped water pumps on Lincoln at.8.45
Started clay hoists . [a.m .

“ 12 i 5 .00 i 4 .00 20 74 .00 3 9 .00 372 372 .00 3 4 .50 2 .52 4 .26 15 .72 3 .95 66 14 .40 15 4 .80 12 3 .60 24 3 .60 24 3 .60 6 .97 21.07 4 .36 6 .36
42

tt“ 13 i 5.00 i 4 .00 9 33 .50 2 6 .00 196 196 .00 2 3 .00 10 2 .63 23 1 .48 18 .87 3 .94 52 10 .25 15 4 .80 12 3 .60 24 3 .60 24 3 .60 7 .45 22 .50 3 .27 7 it 32
37
34

“ 14 i 5 .00 2 4 .00 15 4 .80 12 3 .60 24
24

24

3 .60
3 .60

3 .60

24
24

24

3 .60
3 .60

3 .60

3 .36
4 .33

2 .88

10. 15
13.07

8 .71

2 .18
. 18

.18

6
6

7

.36

.36

.42

((“ 15 2 4 .00 15 4 .80 12 3 .60

3 .60
2 (( stopped compressors on Bertram at 7.10

“ 16 1 2 .00 1 17 5 .60 12 2 tt
[a .m.
[a .m .

Stopped compressors on Lincoln at 9.30
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APPENDIX I —Continued .

TIME , COST AND MATERIAL USED IN FOUNDATIONS .

PIER III .—Continued .

Date . Principal
Foreman .

Night
Foreman .

Sub -
Foremen .

Lock
Tenders .

Pressure
Men .

Coffee
House Men . Coffee . Sugar . Candles . Coal for

House Boat .

Sacking Out ,
Clay Hoist

and i
Elevator Men .j

i

Master
Mechanic

and
Day

Engineers .

Night
Engineers .

Pump
Men , Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil . Waste . Totals

FOR
Each
Day .

Feet
Sunk
Each
Day.

Material .

Water
Pump. Rev .

of
Air

p ’ps .

Remarks .
Hours
Run . Rev . Pres .1890. Days Amt . Days Amt . Days Amount . Days Amt . Hrs . Amount . Days Amt . Lbs . Amt . Lbs . Amt . No. Amt . 200-lb .

boxes . Amt . Hrs . Amount . Hrs . Amt . Hrs Amt . Hrs . Aiut . Ill 'S. Amt . Hrs . Amt . Tons . Amount , jGals .j Amt . Gals . Amt . Lbs . Amt . -.

June 18
19

" 20
•' 21
' • 22

“ 23
“ 24
“ 25
“ 26
“ 27

*• 28
" 29
“ 30

i
i
i
i
i

i
i
i
i
i

i
i
i

4 .00
4 .00
4 .00
4 .00
4 00

4 .00
4 .00
4 .00
4 .00
4 .00

4 .00
4 .00
4 . 00

16
16
16

5 .20
5 .20
5 .20
5 .20
5 .20

5 .20
5 .20

. 5 .20
5 .20

: 5 .20

5 .20

12
12
12
12
12

12
12
12
12
12

12
12
12

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
3 .GO
3 .60
3 . 60
3 .60

3 .60
3 .60
3 .60

24
24
24
24
24

24
24
24
24
24

24
24
24

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
5 .40
5 .40
5 .40
5 .40

5 .40
5 .40
5 .40

24
24
24
24
24

24
24
24
24 1
24

24
24
24

3 .60
3 .60
3.60
3 .60
3 .60

3 .60
3 .60
8 .60
3 .60
3 .60

3 .60
3 .60
3.60

1.20
9 .50
8 .53
5 .53
8 . 18

12.38
12 . 98

6 . 13 -
10 .22
10 .09

9 .25
10 .94

3 .63
28 .68
25 .77
16 .70
24 .68

37.39
89 .20
18 .49
30 .84
32 .28

27 .93
33 .03

4
2
2
2
2

2
2
2
2
2

2
2
2

.03

. IS

.18

. 18

.18

. 18

. 18

.18 -

. 18

. 18

. 18

. 18

. 18

1 .37 2
3
2
3
2

3
2
3
2
3

2
3
2

.10

.15

.10

.15

.10

.15

. 10

.15

.10

.15

.10

.15

. 10

24 .13
86 .96

322 .03
332 .37
336 .55

389 .11
416 .14
418 .79
444 .86
470 .77

455 .49
454 .65
482 .44

31
30
36
37
40

38
35
39

Started compressors on Bertram at 11.20
[a.m .

Started -water pump on Bertram at 1.15
[p.m .

Slopped piimp on Bertram at 11.25 n.m .

[stopped at 11.25 p .m .
Started pumps on Bertram at 3.25 p.m ..

i
i
i
i

i
i
i
i
i

i
i
i

5 . 00
5 .00
5 .00
5 .00

5 .00
5 .00
5 . 00
5 .00
5 .00

5 .00
5 .00
5 .00

i
8
8
7*

8
10
10f
11
11

10
11
9

4 .00
32 .00
32.00
29 .34

32 .00
37.75
39 .91
41 .75
41 .75

38 .50
41 .75
35.25

1
2
2
2

2
2
2
2
2

2
2
2

3 .00
6 .00
6 .00
6 .00

6 .00
6 .00
6 .00
6 .00
6 .00

6 .00
6 .00
6 .00

24
226
245
231

254
271
292
296
318

310
301
333

24 .00
226 .00
245 .00
231 .00

254 .00
271 .00
292 .00
296 .00
318 .00

310.00
301 .00
333 .00

1
3
3
3

3
3
3
3
3

3
3
3

1. 50
4 .50
4 . 50
4 .50

4 .50
4 .50
4 . 50
4 .50
4 .50

4 . 50
4 .50
4 .50

1
5
7
6

6
6
7
6
7

6
7
9

0 .26
1 .82
1 .84
1 .58

1 .58
1 .58
1 .84
1 .58
1 .84

1 .58
1.84
2 .36

3
9

u
u

11
13
11
11
12

12
14
11

0 . 19
. 58
. 71
.71

.71

.83

.71

.71

.77

.77

.90

.71

12
6
6

0 .58
.29
.29 24

24
24

' 24
6

‘4 '.80

4 .HO
4 .80
4 .30
1 .20

36

120
120
.120
•186
216

216
216

8 .00 ;

22 .80
. 22 .80 1
•• 22 .80 i

34 .20 j
38 .50 .

- j
38.oO

16

16
16
16
16
16

16

” i '

1

. 37

. 37

Coarse sand gravel
and clay

t (
ft
ft
it

t

«t

18 .58
24 .00

21 .58
24 .00
22 .92

3 .42

51
51

50
56
79
58

73
82

87
6.
6

. 2,9

.29
1 ,
1
2

0 . 31
. 32
.63

0.57
0 .00
0 .00
0.00

0 .03
0 .14
0 .12

70
78
95

46

47
52
54

2 .63
16
16

5 -20
5.20

8 .00 48 81
5 .24 1 . 31 216 38.50 11 .30 34 . 12 1 ■ . 37

J uly 1 i 5 .00 i 4 .00 10 38 .50 2 6 .00 317 317 .00 0 4 .50 6 1.58 13 .83 3 . 14 1 .32 210 37 .50 10 5 .20 12 3 .60 24 5 .40 24 3 .60 11 .30 34 .12 2 18 3 18 0 01 tt 58
2 i 5.00 i 4 .00 10 38.50 2 6 .00 309 309 .00 3 4 .50 7 1 .84 13 .83 . . . 1 . 31 216 88 .50 10 5 .20 12 3 .60 24 5 .40 24 3 .60 12 .37 37 .36 2 . 18 2 10 403 09 0 02 << 62<• 3 i 5 .00 i 4 .00 11 41 .75 2 6 .00 303 303 .00 3 4 .50 7 1.84 11 .71 1 . 32 6.16 38 50 16 5 .20 12 3 .60 24 5 .40 24 3 .60 12 .01 36 .28 2 18 3 15 460 03 0 00 a 61< 4 i 5 .00 i 4 .00 9 32.91 2 6 .00 291 291 .00 3 4 .50 9 2 .37 11 .71 1 .05 1 .31 1321 25 .60 24 8 .80 16 4 .80 18 3 .GO 12 7 .20 30 5.40 7 .69 23 .21 2 . 18 1 .37 2 . 10 426111 0 .00 tt 15.00 78 98 41 Started pump on Bertram at 5.00 p.m..< 5 i 5 .0C i 4 .0C 10 38.5C 2 6 .0C 327 327 .0C 3 4 .5C 10 2 .63 14 .90 1 .32 108 33 .00 28 8 .8C 24 7.20 G 1 .20 48 7 .20 48 7 .20 18 .02 54 .43 2 . 18 3 15 508 91 0 36 tt 0. 33 57 98 37 Stopped pump on Bertram at 2.35 p .m.

ft 6 i 5.00 i 4 .00 11 41 .75 2 6 .00 331 331 .00 3 4 .50 8 2 .10 13 .83 0 .29 1 . 31 216 38 .50 28 8 .80 24 7 . 20 48 7 .20 48 7 .20 15 .51 40 .82 2 .18 2 10 511 78 1 15 <t 33< 7 i 5 .00 i 4 .00 11 41 .75 2 6 .00 352 352 .00 3 4 .5( 10 2 .63 13 .83 1 .05 1 . 32 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7 .20 19.34 58 .42 2 . 18 3 544 73 0 00 tt 35tt 8 i 5 .00 1 4 .00 11 41 .75 2. 6 00 354 354 .00' 3 4 .50 9 9, 87 14 .90 216 88 50 ! 28 8 .81 24 7 20 48 7 20 48 7 .20 20 .30 61 33 2 18 x .37 0 10 540 40 0 01 tt 8 . 00 00 101 34i 9 i 5 .00 i 4 .00 11 41. 75 2 6 . 00 366 366 .00 8 4 .50 9 2 .37! 14 .90 2 .10 1 . 31 216 38.50 28 8 .80 24 7.20 48 7 .20 48 7 .20 24 .76 74 .77 2 . 18 3 15 574 03 ! ft 97 tt
( 10 i 5 .00 i 4 .00 11 41 . 75 2 6 .00 385 385 .00 3 4 .50 10 2 .63 13 .83 10 .48 1 .32 203 35 .90 28 8 .80 24 7 .20 7 1 .40 48 7 .20 48 7 .20 19 .70 59 .49 2 .18 2 . 10 577 08 0 .00 tt 6 .30 59 91 38 Started pump on Bertram at 9.30 a.m .,
f 11 i 5 .00 i 4 . 00 11 41 .75 2 6 .00 371 371 .00 3 4 .50 8 2 .11 12 .77 4 .19 1 .31 216 38 .50 28 8 .80 24 7 .20 48 7.20 48 7.20 18 .75 56 .61 2 . 18 3 15 561 47 0 86 Clay 41<t 12 i 5 .00 i 4 .00 10 38 .50 2 6 .00 360 360 .00 3 4 .50 8 2 :10 14 .90 2 .10 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7 .20 20 .07 60 .61 2 . 18 1 .37 2 10 551 26 0 02 43tt 13 i 5 .00 i 4 .00 10 37 .75 2 6 .00 351 351 .00 3 4 .50 9 2 .30 13 .84 6 .29 1 .32 216 38 .50 34 11.20 24 7 .20 48 7 .20 48 7 .20 18 . 14 54 .78 2 . 18 3 15 538 47 0 00 41

tt 14 i 5 .00 i •1.00 11 41 .75 2 6 .00 372 372.00 3 4 .51 7 1 .84 13 .84 6 .29 . . . 38 .50 28 8 .80 24 7 .20 . 48 7 .20 48 7 .20 15 .02 45 .35 2 . 18 2 10 550 75 0 00 c< 36tt 15 i 5 .00 i 4 .00 11 41 .75 2 6 .00 339 339 .00 3 4 .51 6 1 .58 12 .77 1 .05 1 .31 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7 .20 15 .02 45 .35 2 . 18 3 . 15 517 54 1.05 « 35
tt 16 i 5 .00 i 4 .00 9| 32 .42 2 6 .00 352 352.00 3 4 .50 7 1 .84 11 .71 3 .14 1 .32 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7. 20 10 .22 48 .98 2 . 18 1 .37 2 . 10 525 46 0 00 tt 34
tt 17 i 5 .00 i 4 .00 11 41 .75 2 6 .00 364 364 .00 3 4 .50 8 2 . 11 14 .90 6 .29 1 .31 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7 .20 12.98 39 .20 2 . 18 3 . 15 537 20 1 03 tt 34<< 18 i 5 .00 i 4 .00 11 41 .75 2 6 .00 360 360 .00 3 4 .50 8 2 . 10 12 .77 7 .34 216 38 .50 28 8 .80 24 7 .20 48 7 .20 48 7 .20 12 .13 36 .04 0 18 2 10 530 2.8 0 00 f 1 21(( 19 i 5 .00 i 4 .00i 11 41 .75 2 6 .00 368 368 .00 8 4 .50 10 2 .63 13 .84 5 .24 1 .32 120 22 .60 28 8 .80 24 7 .20 . . . . 48 8 .00 48 7 .20 11 .54 34 .84 2 . 18 3 . 15 522 25 0 .00 ( t 29

20 i 5 .00 i 4 .00 11 41 . 75 2 6 .00 365 365 .00 3 4 .50 9 2 .37 13 .84 6 .29 1 .31 128 22 .40 28 8 .80 24 7 .20 48 8 .00 48 7 .20 10 .10 30 .49 2 .18 1 .37 2 .10

.15

514 80 0 00 ft 33
<t 21 i 5 00 i 4 .00> 37.75 2 6 .00 396 396 .00 3 4 .50 8 2 .11 13 .84 5 .24 1 . 32 216 38 .50 28 8 .80 24 7.20 . ; 48 8 .00 48 7 .20 12 . 13 36 .64 2 .18 3 563 43 0 .00 11 41
it 22 i 5 .00 i 4 .no1 11 41 .75 2 6 .00 406 406 .00 3 4 .50 9 2 .36 15 .97 4 .19 1 . 31 210 37 .50 28 8 .80 24 7 .20 , . . , 48 8 .00 48 7 .20 12 .01 36 .27 2 .18 2 10 576 33 0 00 ft 41
it ■ 23 i 5 .00 i 4 .00 11 41 .75 2 6 .00 390 390 .00 3 4 .50 10 2 .63 15 .97 5 .24 1 .32 216 38 . 50 28 8 .80 24 7 .20 48 8 .00 48 7 .20 9 . 13 27 .57 0 . 18 3 15 553 m 0 00 f f 39*< 24 i 5 .0( i 4 .00 11 41 .75 2 6 .00 373 373 .00 3 4 . 50 8 2 . 10 14 .90 3 . 14 1 .31 216 ; 28 8 .30! 24 7 .20 48 8 .00 48 7 .20 14 .30 43 . 19 2 . 18 1 .37 2 10 551 2,4 0 00 ft 38( 25 i 5 .00 i 4 .00 11 41 .75 2 6 .00 359 4 .50 9 2 .37 16 1.03 2 . 10 1 .32 216 33 .50 ; 28 8 .80 24 7 .20 . . 48 8 .00 48 7 .20 11. 18 33 .76 2 . 18 3 527 86 0 00 tt 37
,, 26 i 5 .00 i

1
4 .00’ 11 41 .75 2 6 .0( 381

|
381 .001 3 4 .50 9 2 .36 15 .96 0 .29 1 .31 216 38 .50 i 28 8 .80 24 7 .20 48 8 .00 18 7 .20 13 .10 39 .56 2 . 18 2 . 10 555 71 1 54 tt 37«< 27 i 5 .00 i 4 .00 11 41 .75 2 6 .00! 360 360 .00i 3 4 .50 8 2 . 11 14 .90 3 . 14 1 . 32 210 38 .50 1 30 9 .60 24 7 .20 48 8 .00 48 7 .20 12 .86 38 .84 2 .18 i 3 . 15 534 30 0 00 tt 36<< 28 i 5 .00 i 4 .00 11 41 .75 2 6 .00‘ 383 383 .00; 3 4 .50 9 2 .37 14 .90 1 .31 206 30 .50 28 8 .80! 24 7 .2(1 48 8 .00 48 7 .20 14. 18 42 .83 i 0. . 18 1 .37 2 10 550 01 0 00 11 37<< 29 i 5 .00 i 4 .00 11 41 .75 2 6 .00 382 3S2. 00! 3 4 .50 8 2 . 10 14 .90 1 .32 210 38 .50 i 28 8 .SOI 24 7 .20 _ 48 8 .00 48 7 .20 16.34 49 .34 2 . 18 3 15 565 04 0 00 1 18 00 54 87 37 Started pump on Lincoln at 2.00 p .m ... 30 i 5 .00 i 4 .00 11 41 .75 2 0 .00 362 362 .00! 3 4 .50 9 2 .37 14 .90 14 .67 1 .31 214 38 . 10 28 8 .80 24 7 .20 . . . . 48 8 .00 48 7 .2( 21 . 14 63 .84 2 . 18 2 .10 560 02 0 00 21 75 55 91 38

31 i 5 .00 i 4 .00 10* 40 .42 2 6 .00 337 337 .0o! 3 4 .50 8 2 .11 13 .84 1 .32
1

216; 38 .50
1
1 28 8 .80 24 7 .20

•
48 8 .00 48 7 .20 18.14 54 .77 2 .18 3 . 15 524 .99 1.53 tt tt tt 9 .36 49 92 38 1Stopped pump on Lincoln at 7.05 p.m .
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TIME ,. COST AND MATERIALS USED IN FOUNDATIONS .
PIER III —Continued .

Date . Principal
Foreman .

Night
Foreman .

Sub-
Foremen .

Lock
Tender .

Pressure
Men.

Coffee
House Men . Coffee . Sugar . Candi .es . Coal for

House Boat .

Sacking Out ,
Clay Hoist

and Elevator
Men .

1890. Days Amt . Days Amt. Days Amount . Days Amt . Hrs. Amount . Days Amt. Lbs. Amt . Lbs. Amt . No. Amt . 200-lb.
Boxes . Amt . Hrs. Amount .

Aug . 1 i 5 .00 i 4 .00 ii 41 .75 2 6 .00 342 342.00 3 4 .50 6 1 .58 13 .83 4 . 19 1 ill 2 )0 3ft 502 i 5.00 i 4 .00 10? 40 .42 2 6 .00! 860 360 .00 3 4 . 50 9 2 .36 in .96 5 .24 1 .32 21 fi 3ft r>0“ 3 1 5 .00 1 4 .00 10 38 .50 2 6 .00! 338 338 .00 3 4 .50 9 2 .37 14 .90 9 .43 i .31 21 fi 30 60“ 4 1 5 .00 1 4 .00 11 41 .75 2 6 .00 337 337.00 3 4 .50 7 1 .84 14 .90 4 .19 Q,1fj“ 5 i 5 .00 i 4 .00 11 41 .75 2 6 .00 342 342.00 3 4 .50 7 1 .84 15 .96 i .32 144 27 .00“ 6 i 5 .00 i 4 .00 11 41 .75 2 6 .00 356 356 .00 3 4 .50 9 2 .37 14 .90 1 .05 1 31 120 22 SO“ 7 i 5 .00 i 4 .00 11 41 .75 2 6 .00 350 350.00 3 4 .50 8 2 .10 15 .96 10 .48 i .32 120 2.2 ftQ“ 8 1 5 .00 1 4 .00 11 41 .75 2 6 .00 331 331 .00 3 4 .5fl 9 2 .36 14 .90 3 .14 120 °2 80“ 9 1 5 .00 i 4 .00 11 41 .75 2 6 .00 351 351.00 3 4 .50 6 1.58 15 .96 7 . 34 1 31 120 80“ 10 i 5 .00 i 4 .00 11 41 . 75 2 6 .00 329 329.00 3 4 .50 8 2 .11 15 .96 10 .48 i .32 120 22 .80“ ii i 5 .00 i 4 .00 11 41 .75 2 6 .00 351 351.00 3 4 .50 8 2 .11 15 .96 2 . 10 1 31 48 10 9_0“ 12 1 5 .00 1 4 .00 11 41 .75 2 6 .00 357 357.00 3 4 .50 9 2 .37 14 .90 8 .39 1 32 24 6 00“ 13 i 5 .00 i 4 .00 11 41 .75 2 6 .00 363 363.00 3 4 .50 8 2 .10 12 .77 6 .29 1 31 24. ft no“ 14 i 5 .00 i 4 .00 11 41 .75 2 6 .00 367 367.00 3 4 .50 6 1 .58 13 .83 6 .29 1 32 24 6 00“ 15 i 5 .00 1 4 .00 11 41 .75 2 6 .00 306 306.00 3 4 .50 8 2 .11 11 .71 5 .24 i .31 24 6 .00“ 16 i 5 .00 i 4 .00 101 40 .41 2 6 .00 265 265 .00 3 4 .50 7 1 .84 10 .64 16 .77 84 15 70“ 17 1 5 .00 1 4 .00 11 41 .75 2 6 .0C 29S 299.00 3 4 .5C 11 2 .89 10 .64 18 .87 1 32 120“ 18 i 5 .00 i 4 .00 11 45 .25 2 6 . 50 302 328.33 3 4 .50 6 1 .57 11 .71 14 .68 1 31 48“ 19 i 5 .00 i 4 .50 11 47 .25 2 7 .00 319 372.17 3 4 .50 7 1 .84 14 .90 10 .48 1 *32 24“ 20 i 5 .00 i 4 .50 11 47 .25 2 7 .00 322 377.16 3 4 .50 6 1 .58 11 .71 11 .53 24 6 00“ 21 i 5 .00 i 4 .50 11 47 .25 2 7 .00 348 406 .00 3 4 .50 7 1.85 13 .83 8 .39 i 31 72 14 40i 5 .00 i 4 .50 11 47 .25 2 7 .00 324 380.33 oO 4 .50 6 1. 58 12 .77 5 .24 i 32 48“ 23 1 5 .00 i 4 .50 11 47 .25 2 7 .00 340 396.67 3 4 . 50 10 2 .64 14 .90 6 .29 0A“ 24 i 5 .00 i 4 .50 11 47 .25 2 7 .00 338 394.33 3 4 .50 9 2 .37 13 .84 3 . 14 1 31 24“ 25 i 5 .00 i 4 .50 11 47 .25 2 7 .00 338 394.33 3 4 .50 10 ,2 .71 13 .86 12 .58 ° 4 6 00“ 26 i 5 .00 i 4 .50 11 47 .25 2 7 .00 329 383.83 3 4 .50 9 2 .44 16 1.06 1 .05 i 2ft 24 ft on“ 27 i 5 .00 1 4 .50 11 47 .25 2 7 .00 347 404 .83 3 4 .50 12 3 .25 18 1 .19 1 pft 24“ 28 i 5 .00 i 4 .50 11 47 .25 2 7 .00 344 401 .38 3 4 . 50 10 2 .71 17 1 . 12 4 .19 i 2ft 24“ 29 i 5 .00 i 4 .50 11 47 .25 2 7 .00 351 409 .50 3 4 .50 10 2 .71 17 1. 13 24 ft oo4 3<J 1 5 .00 1 4 .50 11 47 .25 2 7 .00 308 359.33 3 4 .50 9 2 .44 17 1. 13 4 . 19 i .28 24 6 .00“ 31 i 5 .00 i 4 .50 10 43 .50 2 7 .00 309 360 .50 3 4 .50 8 2 .17 15 .99 6 .29 24 6 .00
Sept . 1 i 5 .00 i 4 .50 11 47 .25 2 7 .00 335 390.83 3 4 .50 9 2 .44 17 1. 13 9 .43 1 28 242 i 5 .00 i 4 .50 11 47 .25 2 7 .00 335 390.83 3 4 .50 8 2 .17 16 1 .06 9 .43 1 ,2ft 24“ 3 £ 2 .50 i 4 .50 10 42 .75 2 7 .00 259 302.17 3 4 .50 10 2 .71 19 1 .26 25 1 211_ 24•‘ 4 4 2 .50 4 18.00 1 3 .50 115 184.17 1 1.50 0 1.36 10 . 66 14 .68 i .28

Total . '570 .00 484 .00 4946 .91 862 .60 36660.58 492 .75
| 236 .00 105 .97 31 .50 47 .36 2168 .27

Master
Mechanic

AND
Day

Night
Engineers .

Pump
Men . Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil . Waste . Totals

for
Feet
Sunk

Water
Pump. Rev.

ofEach Each AirHrs. Amount . Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Tons. Amount . Gals. Amt . Gals. Amt. Lbs. Amt .
Day . Day . Hours

Hun. Rev . Pres. P'PS-

28
28
28

8 .80
8 .80
8 .80

24
24
24

7 .20
7 .20
7 .20

48
48
48

8 .00
8 .00
8 .00

48
48
48

7 .20
7 .20
7 .20

16.46
22 .95
18 .02

49 .70 .
69 .32
54 .42
48 .26
68 .95

2
2
2
2
2

.18

.18

.18

.18

.18

i .37 2
3

.10

.16

.10

.16

. 10

526 .21
563 .16
525 .51
520 .58
537 .17

0 .00
0 .00
0 .08
1 .52
0 .00

Sand and clay>1 <t it 0 .00
24 .00
11 .58
0 .00

37 .40

00
55
56
00
50

00
92
92

' 96 '

37
34| 28

28
8 .80
8 .80

24
24

7 .20
7 .20 15 ’ ' 3 !66

48
48

8 .00
8 .00

48
48

7 .20
7 .20

15.98
22 .83 "x ” ’.37 '

3
2

11
it

ii
ii

11
i t

32
34
2728

28
28
28
28

8 .80
8 .80
8 .80
8 .80
8 .80

24
24
24
24
24

7.20
7 .20
7 .20
7 .20
7 .20

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

48
48
48
48
48

8 .00
8 .00
8 .00
8 .00
8 .00

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7.20

19.70
19. 10
21 .87
18.75
23 .79

59 .50
57 .70
66 .04
56 .61
71.84

2
. 2
2
1
2

.18

.18

.18

.09

.18
” '.37 '

3
2
3
2
3

.16

. 10

.16

. 10

.16

539 .52
531 .89
520 .83
531 .41
525 .10

0 .00
0 .00
1 .66
0 .00
1 .74

1t
ft
tt
tt
a

tt

tt
tt

tt
t i
tt
11
ti

47 . 13
47 .20
47 .30
45 .25
47 .33

48
47
50
48
50

92
93
91
89
91

26
28
27
28
3030

28
28
28
28

9 .60
8 .80
8 .80
8 .80
8 .80

24
24
24
24
24

7.20
7 .20
7 .20
7.20
7 .20

24
24
24
24
3

4 .80
4 .80
4 .80
4 .80
0 .60

48
48
48
48
48

8 .00
8 .00
8 .00
8 .00
8 .00

48
48
48
48
48

7 .20
7 .20
7 .20
7 .20
7 .20

20 .78
20 .31
15 .98
13 .58
12 .13

62 .78
61 .33
48 .26
40 .99
36 .64

1
2
1
2
1

.09

.18

.09

.18

.09

. . . .
‘ ” 37 ’

2
3
2
3
2

.10

.16

.10

.16

.10

525 .70
525 .90
518 .54
514 .60
445 .25

1 .49
1 .52
1 .30
1 .05
0 .90

tt
tt
tt
tt
tt

tt
■ it
: <<

tt
11

t t
i i
it
tt
11

44 .74
48 .00
46 .33
31 .33
8 .21

48
50
51
47
48

95
92
90
90
86

28
27
30
26
2328 8 .80 24 7 .20 48

48
8 .00
8 .00
8 .00
8 .00
8 .00

48
42
24
24
24

7 .20
6 .30
3 .60
3 .60
3 .60

5 .29
4 .68
3 .60
6 .97
8 .65

15.97
14.14

.18

.09
.16 391 .37 0 .0028

28
28

8 .80
8 .80
8 .80

24 7.20 2
1 U37

3 11 ** 11 23i 2 .10 432 . 77 0 .00 tt a ti 29
2624 7.20 48

48
10.87
21 .06

2
1

.18

.09
3
2

.16

.10
445 .85
498 .81

0 .00 tt tt 11
28 8 .80 24 7 .20 0 .00 tt 11 it 25

26
26 .13 2 .18 3 .16 508 .29 0 .00 i l tt tt 4 .66 49 9528

28
8 .80
8 .80

24
24

7 .20
7.20

15 3 .00 48
48
48
48
48

8 .00
8 .00
8 .00
8 .00
8 .00

48
48
36
36
36

7 .20
7 .40
5 .40
5 .40
5 .40

10 .10 30.48
26 .85
15.22

1 .09
.18
.09

l .37 3 .15
.15
. 15

557 .33
520 .27
519 .62

0 .00 tt tt

Clay11

34 .33 50 89 2728
28

. 28

8 .80
8 .80
8 .80

24
24
24

7.20 5 .04 1
3
3

0 .00
0 .00

4 .42 40 75 26
26
257 .20 5 .65

23 .46
17.08
63.55

2
1

.18

.09 ' ’ !37’
3 .15 519 .05 0 .00 tt

1 3 .15 566 .29 0 .00 29

26
26
23
27

28
28
28
28
28

8 .80 24 7 .20 48
48
48
48
48

8 .00
8 .00
8 .00
8 .00
8 .00

36
36
36

5 .40 22 .51 60.96 2 .18 3 .16 552 .61 0 .00
8 .80
8 .80
8 .80

24
24
24

7 .20 5 .40
5 .40

33.07
31 .15

89 .57
84 .37

1
2

.09

.18
3
8

.15

.16
603 .01
593 .99

0 .00
0 .00 . . . .

i . ZK) . . .
7 .20;. . . .

36
36

5 .40
5 .40

30.19
22 .51

10.98

81.74
60 .97

29 .73

1
9,

.09

. 18

.09

l .37 3
3

.15

.15

.15

599 .34
528 .32

485 .42

0 .00
0 .00

22 7 .00 12 3 .60 _ 30 5 .00 36 5 .40 i
23

3 0 .00 3116 5 .20 12 3 60 24 4 .00
4 .00
4 .00

24
24
24

3 .60
3 .60
3 .00

18 .67
14.83
12.42

50.55
40 .14
33 .65

. 18

.09

.18

l .37 .15
.15
.15

537 .01
525.80
424 . 17

0 .00
0 .00
0 .00
0 .00

16
14
14

5 .20
4 .40
4 .40

12
12

3 .60
3 .60

24
24 i

2.

3
3
3

21
19
18
18

13 3 .60 _ 24 4 .00 12 1.80 8 .20 22. 19 1 .09 i . 19 3 .16 199.08 .1100 .80 876 .00!
j

231.55 890 .60 799 .40 5808.17 27 .47 10.74 30.69 56381.36

Remarks .

Started pump on Lincoln at 8.00 a.m.
Stopped “ “ “ “ 7.32 p .m.

Started pump on Lincoln at 8.10 a .m .
“ “ “ Bertram at 3.30 p .m.

■:T,

Stopped pump on Bertram at 9.05 a.m .
“ “ ' ■ Lincoln at 3.28 p.m.

Started pump on Bertram at 3.00 a.m .
[started Lincoln 8.00 a.m .

Stopped pump on Bertram at 7.00 a .m . ,
Stopped pump on Lincoln at 1.40 p .m.
Cleaning out caisson and sealing*‘ a tt n a

Sealing .

[6.00 a .m .
Stopped compressors on Lincoln at

Sealing .

[6.00 a .m .
Stopped compressors on Bertram at

COST OF SINKING CAISSON III .

Amount as tabulated above .
Miscellaneous supplies . . .

Material .

. $6 297.90
Labor .

$50 083.46
Total .

$ 56 381.36
1 692.08

520.51
398.51

1 313.98
12 587.24

1 049.56
2 672.65

Sundry small supplies .
Electric light .
Medical attendance , etc . .. 1 313 98
Maintenance of plant . .
Hire of tug and derrick ..

7 016.97

Labor , not included in table . 2 672.65
Total . $59 773.08 $76 615.89
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APPENDIX I .—Continued .
TIME , COST AND MATERIALS USED IN FOUNDATIONS .

PIER IV .

Date . Principal
Foreman.

Night
Foreman.

Sub-
Foremen.

Lock
Tenders .

Pressure
Men.

Coffee
House Men. Coffee . Sugar . to; .

■Candles . , Coal for
Heating .

Clay Hoist
Men.

1888. Days Amt. Days Amt. Days Amount. Days Amt. Hrs. Amount. Days Amt . Lbs. Amt. Lbs. Amt. No. Amt. 200-lb.
Boxes. Amt. Hrs. Amount.

Nov 24 . . . .
Dec. 15 , , , , . . . .

27 . . . . i 3 .22 4 .50 i 2 .00 96 24. 00t 28 i 5 .66 i 3 .23 3 9 .00 2 4 .00 204 51 .00
29 i 5 .00 i 3 .22 6 .75 2 4 .00 168 42 .00 . . . . . . . . . . . . . . . . . . .

“ 30 i 5 .00 i 3 .23 2 4 .00
31 i 5 .00 1 3 .23 2 6 .00 2 4 .00 . . . . . . . . . . . .

1889.
Jan . 1 i 5 .00 i 3 .22 3 9 .00 2 4 .00 216 54.00 i 1 .50 i 0 .37it 2 i 5 .00 i 3 .23 3 9 .00 2 4 .00 208 52.00 2 3 .00 5 1.08 5 0 .33 i 0 -373 i 5 .00 i 3 .22 1 3.00 2 4 .00 72 18.00 2 3 .00 5 1.08 5 0 .34 . i 6 .37** 4 i 5 .00 i 3 .23 3 9.00 2 4 .00 216 54 .00 2 3 .00 4 0 .86 5 0 . 33 6 0 .15 3 1. 115 i 5 .00 i 3 .22 i 1 .50 2 4 .00 27 6 .75 2 3 .00 4 0 .86 6 0 .41 2 0 .74

“ 6 i 5 .00 ,?, i 3 .23 3 9 .00 2 4 .00 216 54 .00 1 1 .50 4 0 .86 3 0 .20 6 0 . 15 1 0 .377 i 5 .00 i 3 .22 3 9 .00 2 4 .00 216 54.00 2 3 .00 4 0 .86 6 0 .40 2 0 .748 i 5 .00 i 3 .23 3 9 .00 2 4 .00 216 54.00 2 3 .00 5 1.07 7 0 .47 2 0 . 749 i 5 .00 i 3 .23 1 3 .00 2 4 .00 61 16.00 1 1 .50 4 0 .86 6 0 .41 1 0 . 3710 i 5 .00 i 3 .23 2 4 .00 1 1 50 3 0 .65 3 0 .20 1 0 37
« 11 i 5 .00 i 3 .22 2 4 .00 2 3 .00 1 0 .37“ 12 i 5 .00 i 3 .23!. . . . 2 4 .00 2 3 .00 1 0 .37** 13 i 5 .00 i 3 .22i 3£ il .37 2 4 .80 183 73.20 2 3 .00 3 0 .65 3 0 .20 , 1 0 . 3714 i 5 .00 i 3.23 4 13.00 2 4 .80 210 84 .00 2 3 .00 5 1 .08 7 0 .47 2 0 .7415 i 5 .00 i 3 .22 4 13.00 2 4 .80 210 84 .00 2 3 .00 5 1 .08 6 0 .41 1 0 .37

16 i 5 .00 i 3 .23 4 13 .00 2 4 .80 216 86 .40 2 3 .00 5 1 .07 7 0 .47 1 0 .3744 17 i 5 .00 i 3 .22 2 6 .50 2 4 .80 102 40 .80 2 3 .00 6 1.29 6 0 .41 2 0 . 74f< 18 i 5.00 i 3 .23 4 13.00 2 4 .80 204 81 ,60 2 3 .00 5 1.08 8 0 . 54 7 0 .17 1 0 .3719 i 5 .00 i 3 .23 4 13.00 2 4 .80 192 76 .80 2 3 .00 5 1 .08 6 0 .41 1 0 . 3720 i 5 .00 i 3 .23 2 6 .50 2 4 .80 102 40 .80 2 3 .00 6 1.29 6 0 .41 1 0 .37
■■ 21 i 5 .00 i 3 .22 H 5 .25 2 4 .80 44 27 .50 2 3 .00 5 1.07 8 0 .54 1 0 . 3722 i 5 .00 i 3 .23 6 21.00 2 5 .00 210 131 .25 2 3 .00 6 1 .29 10 0 .68 1 0 .3723 i 5 .00 i 3 .22 6 21.00 2 5 .00 220 137 .50 2 3 .00 6 1 .29 11 0 .74 1 0 . 37“ 24 i 5 .00 i 3 .23 6 21 .00 2 5.00 212 132 .50 2 3 .00 9 1.94 15 1 .01 1 0 . 3725 1 5 .00 i 3 .22 6 21.00 2 5 .00 226 141.25 2 3 .00 6 1.29 15 1 .01 1 0 .37
- 26 i 5 .00 i 3 .23 6 21 .00 2 5 .00 220 137 .50 2 3 .00 7 1 .51 15 1.02 1 0 . 3727 i 5. 00 i 3 .22 6 21 .00 2 5 .00 208 130 .00 0, 3 .00 8 1 .72 13 0 .88 1 0 .37 12 2 . 1028 i 5 .00 i 3 .23 6 21.00 2 5 .00 222 138 .75 2 3 .00 7 1 . 51 13 0 .88 1 0 .37 42 7 . 3529 i 5 .00 i 3 .22 u 15.75 2 5 .00 149 93 . 12 2 3 .00 6 1 .29 5 0 .34 1 0 .37 48 8 4030 i 5 .00 i 3 .23 6 21 .00 2 5 .00 212 132.50 2 3 .00 7 1 .51 11 0 .74 1 0 .37 72 12.6031 i 5.00 i 3 .23 6 21 .00 2 5 .00 212 132.50 2 3 .00 6 1 .29 15 1.01 1 0 . 37 72 12.60

Feb . 1 i 5 .00 i 3 .57 6 21 .00 2 5 .00 224 140.00 2 3 .00 8 1 .72 15 1 .01 12 0 .30 1 0 .37 72 12.602 1 5 .00 i 3 . 57 6 21 .00 2 5 .00 232 145.00 2 3 .00 9 1 .94 16 1.08 1 0 . 37 72 12.60“ 3 i 5 .00 i 3 .57 6 21.00 2 5 .00 232 145.00 2 3 .00 8 1 .72 15 1 .02 1 0 . 37 72 12.60“ 4 i 5 .00 i 3 . 57 6 21 .00 2 5 .00 204 127.50 2 3 .00 10 2 . 15 18 1.22 1 0 .37 72 12. 60‘1 5 i 5 .00 i 3 .57 5 17.50 2 5 .00 184 115 .00 2 3 .00 8 1 .72 13 0 .88 1 0 .37 60 10.50
tt 6 i 5 .00 i 3 .57 51 21 .56 2 6 .00 182 136.50 2 3 .00 6 1 .64 10 0 .67 1 0 .33“ 7 i 5 .00 i 3 .57 4 15 .00 2 6 . 00 164 123 .00 2 3 .00 6 1.64 9 0 .60 1 0 .33“ 8 i 5 .00 i 3 .57 5 18.75 2 6 .00 185 138.75 2 3 .00 3 0 .82 5 0 .34 1 0 .339 i 5 .00 i 3 .57 6 22.50 2 6 .00 170 127. 50 2 3 .00 3 0 .82 7 0 .47 1 0 .3410 i 5 .00 1 3.75 i 1. 50 36 27.00 1 1.50 3 0 .82 3 0 .20 13 0 .33

225 .00 148 .26 570 .18 209 .70 3640.97 115.50 47 .50 22 .75 1.10 17 .24 103.95

Master
Mechanic

and
Day

Night
Engineer .

Pump
Men. Firemen. Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil . Waste . Totals Feet

Water
Pump. Rev

offor Sunk Matbrial . Remarks.Each Each Air
Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Tons. Amount. P’ts . Amt. P’ts . Amt. Lbs. Amt.

Day. Day. Hours
Run. Rev. Pres.

P’ps.

22
22

' 7 .60
7 .60

' n
12
12

’Teo
3 .60
3 .60

12 '
24
24

2A0
4 .80
4 .80

’12 "
24
24

" 2A0
4 .80
4 .80

12 '
24
24

" 2I0
4 .20
4 .20

” 2 .42 ’
6 .24
4 .49

' " 9 .63 ’
23 .27
16 .75

'i
1

W
0 .15

.. .... ' 2 ’
5
7

’6 !i3 ’
0 .32
0 .45

' 51L38
120. 97
103 .32 JL27

Fine river sand

<f tt it

" <l66
16 .00
9 .83

' 42 '
44
49

’75 ’
75
74

29
30

Cutting edge placed on launching ways .Caisson launched .
Put on air at 8 p.m .
Started pump at 2 a.ra.

22
22

7 .60
7 .60

12 3 .60 24 4 .80 24 4 .80 24 4 .20 2 .54 9 .47 i 0 .07 4 0 .25 47 .02 2 .82 tt tt tt 3012 3 .60 24 4 .80 24 4 .80 24 4 .20 7 .27 27 .12 1 0 . 15 5 0 .32 104 .82 .06 >« tt it 17.00 59 79

22 7 .60 12 3 .60 24 4 .80 24 4 .80 24 4 .20 9 . 03 33 .68 1 0 .15 4 0 .26 136 .18 3 .19 20 .75
23 .66

7 .00
21 .50

1 .00

48
44
49
45
49

78
68
81
80
87

37
37
26
28
34

22
22
22
22

7 .60
7 .60
7 .60
7.60

12
12
12
12

3 .60
3 .60
3. 60
3 .60

24
24
24
24

4 .80
4 .80
4 .80
4 .80

24
24
24
24

4 .80
4 .80
4 .80
4 .80

24
24
24
24

4 .20
4 .20
4 .20
4 .20

7 .40
4 .44
6 .94
2 .23

27 .60
16.56
25 .89
8 .32

1
1
1
1

0 . 15
0 . 15
0 .15
0 . 15

5
7
4
7

0 .32
0.45
0 .25
0.45

131.08
80 .17

131.97
59 .40

2 .50
3.01

.65
2 .49

Mud
tt
a
tt

I
J [of concrete without air holes .

Let off air at 9.20 a.m . to put in last foot
22
22
22
22
22

7 .60
7 .60
7 .60
7 .60
7 .60

12
12
12
12

3 .60
3 .60
3 .60
3 .60

24
24
24
24

4 .80
4 .80
4 .80
4 .80

24
24
24
24

4 .80
4 .80
4 .80
4 .80

24
24
24
24

4 .20
4 .20
4 .20
4 .20

5 .38
6 .50
6 .20
3 .80

20 .07
24 .24
23 .13
14. 17

1
1
1
i

0 .15
0 .15
0. 15
0 .07

.
5
7
4
7

0.32
0 .45
0 .26
0 .45

123 .85
130 .06
129 .05
74 .06

1.70
1.81

! 2 .61
2 .84

tt
it

21 .75
23 .08
14 .66

48
43
50

82
86
90

28
38
35
28
30

28
31
32
31
33

Air compressors started 7 a .m .

12 3 .60 24 4 .80 24 4 .80 24 4 .20 2 .85 10.63 i 0 .08 . 5 0. 32 50.98 .01 Coarse sand and
22
22
22
22
22

7 .60
7 .60
7.60
7 .60
7 .60

12
12

3 .60
3 .60

24
24

4 .80
4 .80

24
24

4 .80
4 .80

24
24

4 .20
4 .20

2 .67
2 .35

9 .96
8 .77

i
i

0 .07
0 .08

4
5

0 .25
0 .32

50 .87
49 .77

.00

.01

gravel
tt

. ... . .. . .
Let off air at 4 p .m . to concrete around
Started air pumps at 4 a.m . [main shaft .

12
12
12

3 .60
3 .60
3 .60

24
24
24

4 .80
4 .80
4 .80

24
24
24

4 .80
4 .80
4 .80

24
24
24

4 .20
4 .20
4 .20

6 .00
6 .70
6 .64

22 .38
24 .99
24 .77

i
i
i

0 .07
0 .08
0 .07

i
1
i

6 .25
0 .50
0 .25

4
7
5

0 .26
0 .45
0 .32

149.77
166.34
165.29

1. 68
.97

3.08

t t

tt

21 33
22 .75

7 .50

52
57
56

82
87
91

22
22
22
22
22

7 .60
7 .60
7 .60
7 .60
7 .60

12
12
12
12
12

3 .60
3 .60
3 .60
3 .60
3 .60

24
24
24'
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

24
24
24
24
24

4 .20
4 .20
4 .20
4 .20
4 .20

3 .40
6 .00
6 .64
4 .74
6 .56

12.68
22 .38
24 .77
17.68
24 .46

i
i
i
i
i

0 .08
0 .07
0 .08
0 .07
0 .08

i
i
ii
i

0 .25
0 .25
0 .25
0 .25
0 .25

4
7
5
4
5

0 .25
0 .45
0.32
0 .26
0 .32

155.60
113.91
163.21
150.95
115 .51

1 .76
.90

1.64
1.39

.01

tt '
tt
i i

Mud
tt

6 .50
9 . 33

22 .08
22 .75
19 .75

50
53
42
41
33

88 '
88
76
86
86

27
29
33
34
31

22
22
22
22
22

7 .60
7 .60
7 .60
7 .60
7 .60

12
12
12
12
12 .

3 .60
3 .60
3 .60
3 .60
3 .60

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

24
24
24
24
24

4 .80
4 .80
4 .80
4 .80
4 .80

24
24
24
24
24

4 .20
4 .20
4 .20
4 .20
4 .20

7 82
5 .37
8 .85
7 . 60
6 .94

29 .17
20 .03
33 .01
28 .35
25 .89

i
i
i
i
i

0 .07
0 .08
0 .07
0 .08
0 .07

1
iu
i
i

0 .25
0 .25
0 .75
0 .25
0.25

4
5
4
5
4

0 .26
0 .32
0 .26
0 .32
0 .26

105 .50
216 .50
236 .21
227 .05
232 .61

.02

.12
1 .29
2 .32

.02

tt
tt
11
ft
tt

24 .00
22 .00
23 .66
22 .66
21 .83

30
45
28
34
33

81
84
82
77
76

29
35
33
37
28 Clay hoist placed .

22
22
22

7 .60
7 .60
7.60
7 .60
7 .60

12
12
12

3 .60
3 .60
3 .60

24
24
24

4 .80
4 .80
4 .80

24
24
24

4 .80
4 .80
4 .80

24
24
24

4 .20
4 .20
4 .20

6 . 38
4 . 18
3 .60

23 .80
15.59
13.43

i
i
i

0 .08
0 .07
0 .08

i
i
i

0 .38
0 .25
0 . 12

5
4
5

0 .32
0 .26
0 .32

227 .21
213 .46
225 .04

1 .86
1.74

.26

it

Clay
18.25
10. 50

42
30

71
57

26
30
25
30
32
33

Stopped pump at 6.30 p m . Pump
[men went on clay hoist .22

22
22

12 3 .60 24 4 .80 24 4 .80 24 4 .20 3 .98 14.84 i 0 .07 i 0 .13 4 0 .26 175 .79 . 12 tt12 3 .60 24 4 .80 24 4 .80 24 4 .20 4 .68 17 .45 i 0 .08 i 0 .12 5 0 .32 227 .92 .08 tt7.60 12 3 .60 24 4 .80 24 4 .80 24 4 .20 4 .37 16.30 i 0 .07 i 0 . 13 4 0 .26 226 .76 . 11
22
22
22

7.60
7 .60

12 3 .60 24 4 .80 24 4 .80 24 4 .20 4 .37 16 .30 i 0 .08 i 0 .12 5 0 .32 235 .39 .30 <1 3212 3 .60 24 4 .80 24 4 .80 24 4 .20 5 . 10 19.02 i 0 .07 i 0 . 13 5 0 .32 243 . 10 .07 (< 317 .60 12 3 .60 24 4 .80 24 4 .80 24 4 .20 4 .61 17. 19 i 0 .08 i 0 .12 5 0 .32 240 .99 1 .69 ft 27
24

22
22

7 .60
7.60

12 3 .60 24 4 .80 24 4 .80 24 4 .20 3 .50 13.,06 i 0 .08 t 0 . 13 5 0 .32 220 .00 .01 tt12 3 . (30 24 4 .80 24 4 .80 24 4 .20 2 .92 10.89 i 0 .08 i 0 . 12 5 0 .32

0 .27

198 .95

235 .77

.69

.00

<« 28 Clay hoist removed .

Commenced sealing at 10.30 a.m .
22 7 .60 12 3 .60 24 4 .80 24 4 .20 10 .98 36 .60 2 0 .30 0 .1322 0 26

26
24
22
20

7 .60 12 3 .60 24 4 .80 24 4 .20 10. 50 35.00 2 0 .30 $ 0 . 12
0 . 13
0 .12
0 .13

6
6
6
5

0 .33
0 .33
0 .33
0 .28

214 .09
229 .67
196 .02
40 .66

.05

.00

.00

.00

(122 7 .60 12 3 .60 24 4 .80 24 4 .20 9 . 69 32 .30 1 0 . 15 4. tt9 3 .10 12 3 .60 6 1 .20 6 1.05 5 . 18 17.27 1
1

0 . 15
0 . 15 [stopped at 10.50 a.m .

Sealing completed and air compressor
i
i . . . .

329 .90 162 .00 194.40 210 .00 183.76 918 .26 4 .88 6 .38 ;14 .50 7126.22

COST OP SINKING CAISSON IV .

Material . Labor . Total .
Amount as tabulated above .
Miscellaneous supplies . . .

. $ 1032.61 $6093 .61 $ 7126.22
571 . 13
267 .13
70.04

174.45
1356.45

79.98
1897 .95

Sundry small supplies . . 267 13
Electric light .
Medical attendance .
Maintenance of plant . .
Hire of ferry boat .

498 .07

Labor not included in table . 1897 .95

$ 3058 .72 $8489 .63 $ 11643.35
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TIME, COST AND MATERIALS USED IN FOUNDATIONS .

PIER Y,

Date . Principal
Foreman .

Night
Foreman .

Sub -
Foremen .

Lock
Tenders .

Pressure
Men.

Coffee
House Men . Coffee . Sugar . Candles . Coal for

Heating .
Clay Hoist

Men ,

Master
Mechanic

and
Day

Night
Engineer .

Pump
Men . Firemen . Coal

Passers . Coal for Boilers . Black
Oil .

Cylinder
Oil . Waste . Totals

for
Each
Day .

Feet
Sunk
Each
Day .

Material .

Water
Pump. Rev.

of
Air

p ’ps .
Remarks .

Engineer .

Hours
Run.

1890. Days Amt. Days Amt. Days Amount. Days Amt. Hrs. Amount. Days Amt. Lbs. Amt. Lbs. Amt. No. Amt. 200-lb.
boxes. Amt. Hrs. Amount. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Hrs. Amt. Tons, Amount. Gals. Amt. Gals. Amt. Lbs. Amt. Rev. Pres.

May 7 i 5 .00 2 6 .00 210 42 .00
12
24

2 .50
3 .60
3 .60
3 .60
3 . 60

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
3 . 60
3 .60
3 .60
3 .60

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
3 .60
3 .60
3 .60
3 .60

i
i
X

0 .05
0 .06
0 .06
0 .05
0 .06

0 .05
0 . 11
0 .06
0 .05
0 .06

0 .05
0 .05
0 .06
0 .05
0 .11

0 .06
0 .05
0 .06
0. 11
0 .05

0 .06
0 .05
0 .06
0 .06
0 .05

1 0 .37 3 0 .15
0 .10
0 . 15
0 .15
0 .15

0 . 10
0 .15
0 . 15
0 .15
0 . 10

0 .15
0 .10
0 .15
0 .10
0 .15

0 .15
0 .15
0 .10
0 .15
0 .15

0 .15
0 .10
0 .15
0 .15
0 .15

56.07
76 .98

103 .18
101 .94
96 .12

83 .61
39 .43
32. 37
32 .74
60 .61

106 .97
107 .72
102 .20
102 .52
102 .56

104 .46
119 .43
141 .95
134 .74
138 .05

144 .00
209 .20
207 .35
205 .81
213 .22

0 .20
2 . 20
2 .99
5 .45
5 .95

2 .55
4 .32
0 .01
0 .00
0 .14

0 .56
2 .04
2 .39
2 .85
3 .60

5 .50
5 .22
8 .95
6 .09
0 .05

5 .20
4 .64
1 .56
2 .36
2 .52

Silt
it

8 i 5 .00 i 4 .00 2 6 .00 i 2 .00 160 32 .00 i 1.50 2 0 .54 2 0 . 13 5 0 .25 i 0 .20 4 1 .60
5 .20
5 .20
5 .20

5 .20
5 .20
5 .20
5 .20
5 .20

12
12
12
12

12
12
12
12
12

12
12
12
12
12

12
12
12
12

3.60 12
24
24
24

24
24
12
12
12

24
24
24
24
24

24
24
24
24
24

24
24
24
24
24

2 .00
3 .60
3.60
3 .60

3.60
3 .60
1.80
1 .80
1 .80

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
3 .60
3 .87
3 .60
3 :60

3 .60
3 .60
3 .60
3.60
3 .60

7 .02
8 .00
7 .34
5.21

6 .53
4 .22
2 .42
2 .42
4 .39

7 .68
8 .17
7 . 18
6 .85
7 .51

6 .53
8 .68
8 .33
7 .02
8 .49

9 .33
10.47
8 .33
8 .00
8 .82

14 .40
16 .40
15 .06
10 .68

13 .41
8 .67
4 .96
4 .97
9 . 00

15.74
16.76
14.72
14.05

o 8 .00
19 .92
24 .00
9 .42

16 .75

39
49
45
47

49

79
80
77
81

77

36
30
22
24

24
27
16
18
21

28
23
22
22
24

19
30
30
28
29

35
42
28
27
32

Began concreting . Put on air and
[started pumps at 11.35 p .m .

<1 9 i 5 .00 i 4 .00 3 9 .00 2 4 .00 176 44 .00 2 3 .00 2 0 .54 8 0 .52 6 0 .30 i 0 .21 16 3.60 24
24
24

24
24
24
24
24

3 it

** 10 i 5 .00 i 4 .00 3 9 .00 2 4 .00 176 44 .00 2 3 .00 3 0 .81 8 0 .52 3 0 .15 i 0 .20 16 3 .60
3 .60

3 .60

X 3 It
It 11 i 5.00 i 4 .00 O 8

1

6 .90 2 4 .00 176 44 .00 2 3 .00 4 1.08 8 0 .52 3 0 .15 i 0 .21 16
*
1

1 0 .37 3 ttit 12 i 5 .00 i 4 .00 3 .00 2 4 .00 134 33.50 2 3 .00 3 0 .81 6 0 .39 3 0 . 15 i 0 .20 16
9 Black quick sandtt tt it

tt 13 i 5 .00 i 4 .00 2 4 .00 1 1 .50 16
16
16
16

3 .60
3 .60
3.60
3.60

1 3
Waiting for air lock .

a 14 i 5 .00 i 4 .00 2 4 .00
2 tt it it

tt 15 i 5 .00 i 4 .00 2 4 .00 2
1 0 .37 2 it tt It a a a tt

tt 16 i 5 .00 i 4 .00 liV

3

3 .30 2 4 .00 62 15.50 2 3 .00 6 1.62 8 0 .52 2 0 .10 i 0 .21 £
2

3

It ti tt 7 .00

20 . 33
21 .75
22 .75
21 .16
23 .42

22 .25
24 .00
22 .16
15 .92
23 .75

33 .33
23 .33
23 .58
23 . 16
22 .92

45

46
48
45
46
52

47
52
53
53
49

49
51
51
56
57

79

79
80
88
95
92

96
99

100
98
99

99
103
104
110
110

Air lock placed .
11 17 i 5 .00 i 4 .00 9 .00 2 4 .00 192 48 .00 2 3 .00 5 1 .35 2 0 .13 7 0 .35 i 0 .20 16 5 .20 3 .60 24 i it (4 It
a 18 i 5 .00 i 4 .00 3 9 .00 2 4 .00 192 48 .00 2 3 .00 4 1 .08 8 0 .52 i 0 .21 16 5 .20 3 .60

3.60
3 .60

24
24
24

x 2 Hard tough siltil It tt

a 19 i 5 .00 i 4 .00 3 9 .00 2 4 .00 176 44 .00 2 3 .00 4 1 .08 8 0 . 52 2 0 .10 i 0 .20 16 5 .20 * 1 0 .37 3
a 20 i 5 .00 i 4 .00 3 9 .00 2 4 .00 184 46 .00 2 3 .00 2 0 . 54 8 0 .52 1 0 .05 i 0 .21 16 5 .20

2 tt a ( i
it 21 i 5.00 i 4 .00 3 9 .00 2 4 .00 176 44 .00 2 3 .00 4 1 .08 8 0 .52 2 0 .10 i 0 .20 16 5 .20 3 .60

3.60

24 15.40 1 3 Fine sand

it tl

it 22 i 5 .00 i 4 .00 3 9 .00 2 4 .00 192 48 .00 2 3 .00 4 1 .08 8 0 .52 1 0 .05 i 0 .21 16 5 .20 24 13.39 * 3

it 23 i 5 .00 i 4 .00 3 9 .25 2 4 .80 192 57.20 2 3 .00 4 1.08 8 0 .52 i 0 .20 16 5 .20
5 .20

3 .60
3 .60
3 .60

24
24

17.81
17.08
14.40

1 0 .37 3 tt tt
*t 24 i 5 .00 i 4 .00 4 13 .00 2 4 .80 186 74 .40 3 4 .50 6 1 .62 14 0 .91 i 0 .21 16

X 2 tt tt
25 i 5 .00 i 4 .00 4 13.00 2 4 .80 177 70 .80 3 4 .50 4 1 .08 10 0 .65 1 0 .05 i 0 .20 16 5 .20 24 1 3 tt tt

n 26 i 5 .00 i 4 .00 4 13.00 2 4 .80 177 70 .80 3 4 .50 5 1 .35 12 0 .78 i 0 .21 16 5 .20 12

12
12
12
12
12

3 .60

3 .60
3 .60
3 . 60
3 .60
3 .60

24

24
24
24
24

17.41

19.13
21 .48
17.08
16.41
18.08

i

i
x

3 11 tta 27 i 5. 00 i 4 .00 4 13.00 2 4 .80 186 74 .40 3 4 .50 5 1 . 35 16 1 .04 i 0 .20 16
16

5 .20
5 .20 1 0 .37 3 Coarser sand with

gravel(

i i 28 i 5 .00 i 4 .00 6 21 .00 2 5 .00 208 130 .00 3 4 . 50 4 1 .08 12 0 .78 i 0 .21
2

11 29 i 5 .00 i 4 .00 6 21 .00 2 5 .00 212 132.50 3 4 .50 4 1.08 12 0 .78 i 0 .20 16 5 .20
5 .20 X a

“ 30 i 5 .00 i 4 .00 6 21 .00 2 5 .00 210 131.25 3 4 .50 4 1 .08 12 0 .78 i 0 .21 16 X 1 0 .37 3 tl
<< 31 i 5 .00 i 4 .00 6 21 .00 2 5 .00 208 130 .00 3 4 .50 3 0 .81 12 0 . 78 8 0 .40 i 0 .20 40 7 .25 16 5 .20 24

4 3 Same streaked with
_

mud
Sand with gravel*1 tl tl

June 1 i 5 .00 i 4 . 00 6 21 .00 2 5 .00 198 123.75 3 4 .50 3 0 .81 12 0 .78 i 0 .21 40 7. 25 ! 16 5 .20 12
12

3 .60
3 .60

24 3 .60
3 .60
3 .60

24
24
24
24

3 .60
3 .60
3 .60
3 .60
3 .60

3 .60
3 .60
3 .60
3 .60
3 .60

8 .50
9 .48
9.47
8 .99
7 .18

9 .00
6 .85
6 .02
4 .54
4 .21

3 72

17.44
19.45

i
1

0 .06
0. 11

2 0 . 10
0 .10
0 .15
0 .10

205 . 90
207 .93
210 .06
212 .06

2 .58
1 .93
1 .68
0 .70

20 .13
23 58

57
57
48
56

109
no
105
99

33
36
43
33
31

45
43
44
35
33

an

2 i 5 .00 i 4 .00 6 21 .00 2 5 . 00 204 127.50 3 4 .50 3 0 .81 12 0 .78 4 6 .20 i 0 .20 16 2 .90 16 5 .20 24 1 0 .37 2
** 3 i 5 .00 i 4 .00 6 21 .00 2 5 .00 208 130.00 3 4 .50 4 1 .08 10 0 . 65 2 0 .10 i 0 .21 16 2 .90 16 5 .20 12 3 .60 24 19.42 0 .05 3 il tl it 22 25
( 4 i 5 .00 i 4 .00 6 21 .00 2 5 .00 208 130.00 3 4 .50 5 1 .35 12 0 .78 11 0 .55 i 0 .20 28 5 .08 16 5 .20 12 3 .60 24 3 .60 18.44 I

l
0 .06 2 II 11 II 23 .45

1 5 i 5 .00 i 4 .00 6 21 .00 2 5 . 00 214 133.75 3 4 .50 7 1.89 12 0 .78 4 0 .20 i 0 .21 68 12. 12 16 5 .20 12 3 .60 24 3 .60

3 .60

24

24
24
24
24
24

o,i

14.72

18.45

0 .05

0 .05

1 0 .37 9 0 . 10

0 15

219 .69

214 .60
214 .67

1 .17

1.03

Sandy clay
it il

14 .08

11 .82

57

57

99

107

It 6 i 5 .00 i 4 .00 6 21 .00 2 5 .00 194 121.25 3 4 .50 8 2 .16 16 1 .04 1 0 .05 i 0 .20 88 15 .75 16 5 .20 12 3 .60 24
l

3
Stopped pump at 9.15 p.m.

i 7 i 5 .00 i 4 .00 6 21 .00 2 5 .00 202 126.25 3 4 .50 6 1 .62 12 0 . 78 7 0 .35 i 0 .21 88 15.75 16 5 .20 12 3 .60 24 3 .60 14.05 0 .06 2 0 . 10
0 .10

0 .41 II II
8 i 5 .00 i 4 .00 6 22 .02 2 5 .50 174 124.75 3 4 .50 5 1 .35 12 0 .78 4 0 .20 i 0 .20 24 4 .35 16 5 .20 12 3 .60 24 3 .60 12.34 i

4
0 .05 1 0 .37 2 201 .51 0 04 II II

Began sealing at 3.15 p.m.

it 9 i 5 .00 i 4 .00 6 22 .50 2 6 .00 182 136.50 3 4 .50 5 1 .35 12 0 .78 2 0 .10 i 0 .21 16 5 .20 12 3 .60 24
24

3 .60
3 .60

3 60

9 .31 0 .06 3 0 .15
0 .15

0 10

206 46 0 01
t 10 i 5 .00 i 4 .00 6 22 .50 2 6 .00 170 127.50 3 4 .50 4 1 .08 8 0 .52 5 0 .25 i 0 .20 16 5 .20 12 3 .60

3 .60

8 .63

7 62

X 0 .05

0 Of?

3

2

196 .38

134 11

0 .00

0 on
Supply shaft clogged up .

a 11 i 5.00 i 4 .00 3A 13.03 2 6 .00 105 79 .00 1 3 1 .95 1 0 .27 3 0 .19 6 0 . 30 i 0 .21 16
16

5 .20
5 .20

12 24 X l 0 37
12

12 1 .80 12 1 .80 0 .43 0 !88 2 0 . 10 9 .78 31 Finished sealing at 12 m . Stopped air
[compressors at 4 p.m.

180 .00 140 .00 469 .50 160 .50 2764 .60 121 .95 35 .91 20 .21 4 .50 3 .2 6 .56 73 .35 183 .60 126 .00 130 .30 121.07 247 .33 507 .25 2 .20 4 .07 4 .80 5056 . 37

COST OF SINKING CAISSON V .

Amount as tabulated above .
Miscellaneous supplies .
Sundry small supplies .
Electric light .
Medical attendance .
Maintenance of plant .
Hire of tug . .
Labor not included in table ,

Material .
$585 .50

729 .94
85 .03

179 .06
55.05

627 .72
48 . 58

$2310.87

Labor .
$4470 .87

767 .34

1001 . 31

$ 6239 .52

Total .
$5056 .37

729 .94
85 .02

179 .06
55 .05

1395.06
48 .58

1001.31

$8550.39
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RECORD OF SINKING CAISSONS.

Date . Elevations op Cutting Edge .
Above Mean Sea Level . Sunk , in

24
Hours .

Total
SlNKAGE.

Elevations of Sand .
Original Elevation .= 199.4.

AvbrAgfv
Pene¬

tration qf
Caissok .

Water
Gauge .

Depth
Immersed .

Weights . Air Pressure . Reaction
Due to

Air
Pressure .

Net
Weight .

Surface
IN

Contact .

Average
Weight per
Sq. Ft . of
Surface

Sxposed TO
Friction .

Material . Remarks .

1890. N.E. N.W. S.E. s .w . Average. N.E. N.W. S.E. S.W. Average . Caisson. Masonry. Sand. Water. Total. Indicated . Calculated.

Dec . 30 199.60 Tons. Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons. Sq. Ft Lbs . Original elevation of cutting edge = 199.60.
Jan . 9 197 .28 197 .06 197 .27 196 .61 197 . 06 2 .54 2 54 784 784 784 Sand , gravel , mud and clay Started air compressor 's at 10 .45 p.m.

“ 10 197 .19 197 .04 197 .28 196 60 197. 03 n oa 9 f>7 1QQ 8 7 p.no k W ft a f>7 9.(t\ 5 4 47 784 7 1 792 1 . 94 293 499 703 1419 Started sand pumps at 1 a .in .
“ ii 196 .95 196 .60 196 .60 196. 14 196.57 0 .46 3 0̂3 199 ' 5 201 . 5 199!7 200 .6 260 .3 3 .73 202 :9 6 . 33 810 7 3 820 4 .50 2 .75 415 405 735 1102 II it it If . 11
“ 12 196 .20 196 .34 196 .35 196 . 16 196.26 0 .31 3 .34 200 .0 200 .1 200 .0 200 .6 200 .2 3 . 94 204 .0 7 .74 1129 8 4 1141 5 .00 3 .36 508 633 776 1632 ft ft ft ft tt

“ 13 195 . 37 195 .45 196 .17 196 .1? 195 .79 0 .47 3 .81 201 . 3 200 .8 200 .1 200 . 9 200 .8 5 .01 205 .0 9 .21 1194 10 4 1208 6 .00 4 .00 604 604 987 1224 ft if ff ft ««
“ 14 195 .23 195 .31 196 .13 196 .11 195.69 0 .10 3 .91 200 .1 200 .4 199 .7 200 .4 200 .1 4 .41 205 .9 10.21 1220 9 7 1236 6 . 50 4 .43 669 567 868 1307 ft If ff ft ff
“ 15 193 .77 193 .60 195 .19 194 .87 194.36 1 .33 5 .24 200 .9 203 .5 203 .3 201 . 9 202 .4 8 .04 207 .0 12.64 1615 16 5 1636 6 .50 5 .49 830 806 1584 1018 ff if ff ti it
“ 16 193 . 15 193 .25 194 .52 194 .51 193 .86 0 . 50 , 5 .74 ■200 .7 203 .4 201 .0 202 .3 20i .9 8 . 04 208 .1 14.24 1651 16 6 1673 7 .00 6 . 18 933 740 1584 935 ft ff ff ft ff
“ 17 191 .90 192 .00 192 .65 192 .59 192.28 1 .58 7 .32 204 . 1 202 .1 205 .1 205 .0 204 .1 11 .82 209 .3 17.02 1991 24 5 2020 8 .25 7 .39 1116 904 2328 777 tt ft ff tt ff

“ 18 191.89 191.57 192 .10 191 .63 191.80 0 .48 7 .80 203 .7 201 . 3 206 .9 206 .4 204 .6 12.80 210 .4 18.60 226.3 26 6 2295 8 .00 8 .07 1219 1076 2522 853 Sand and gravel“ 19 191 .89 191 .53 191 .87 191 .37 191.67 0 . 18 7 .93 203 .6 200 .5 207 .4 204 .6 204 .0 12.33 211 .2 19.53 2460 So 7 2492 9 .00 8 .47 1279 1213 2429 999 Air taken off at 2.45 p .m .
“ 20 191 .43 191 .07 191 .03 190.53 191 .01 0 66 8 ftfl 90S 8 198 a ? 0 (\ 8 909. 8 9,09. 9 11 89 9,11 a
“ 21 191 .37 191 .03 190 .95 190.46 190.95 0 .06 8 .65 203 !9 200I6 207A 206 .5 204 .6 13 6̂5 212 !a 21.35

Feb . 15 190 .87 190 .48 190 .57 190 .00 190 .48 0 .47 9 .12 201 .9 195 .5 204 .8 198.5 200 .2 9 .72 211 .5 21.02 3656 19 11 3686 8 .00 9 .12 1377 2309 1915 2411 ff ft ff Applied air at 3 p .m. , Feb . 14.“ 16 190 .77 190 .28 190 . 58 189 .96 190 .40 0 .08 9 .20 202 .4 195 .2 204 .4 198.0 200 .0 9 .60 212 . 1 21.70 3656 19 12 3687 8 .00 9 .42 1422 2265 1891 2395 ft ff tf Sacking out gravel .
“ 17 189 .34 188.94 190 .56 189.99 189 .71 0 .69 9 .89 • 202 .7 196 .7 204 .3 198 . 5 200 .5 10.79 212 .5 22 .79 3656 22 13 3690 8 .25 9 .89 1493 2197 2126 2067 if tt tt
“ 18 188 .69 188 .41 190 .49 190 .01 189 .40 0 .31 10 .20 202 .6 197 .6 204 .8 199.3 201 .1 11.70 212 .8 23.40 3656 23 12 3691 8 .25 10 .15 1533 2158 2305 1872 it if ft Put on one clay hoist .
“ 19 187 .82 187.50 188 .36 187 .93 187.90 1 .50 11.70 202 .5 197 .8 204 .1 200 .4 201 .2 13.80 213 .0 25 .10 3656 27 12 3695 9 .75 10 .89 1644 2051 2620 1565 ff ft ff Started compressors on Lincoln at 7.20 a.m .
“ 20 187 .32 187 .38 187 .20 187 .15 187.26 0 .64 12.34 202 .2 196.1 204 .5 200 .6 200 .8 13.54 213 .1 25 .84 3661 27 12 3700 11 .00 11 .21 1693 2007 2667 1505 ff ft n Sacking out gravel .“ 21 187 .07 187 . 18 186 .40 186 .27 186 .73 0 .53 12.87 205 .0 198 .2 206 .4 201 .4 202 .7 15 .97 213 .0 26 .27 3661 32 10 3703 13 .25 11 .40 1722 1981 3146 1259 ff t * tt Started clay hoist . Hoisting out gravel .“ 22 185 .06 184.79 184 .86 184.48 184 .80 1 .93 14 .80 205 .7 200 .0 206 .9 203 .0 203 .9 19. 10 212 .7 27.90 3947 38 9 3994 13 .25 12 .10 1827 2167 3768 1152 ft tt tf Hoisting out gravel .“ 23 183 .21 183 .00 183 .42 183 .09 183. 18 1 .62 16 .42 207 .6 200 . 0 207 .1 203 .0 204 .4 21 .22 212 .2 29 .02 4237 42 9 4288 14 .00 12. 59 1901 2387 4180 1142 ft tt tt
“ 24 182 .64 182 .50 182 .67 182.41 182 .56 0 .62 17 .04 207 .5 199.5 207 .9 202 .7 204 .4 21 .84 211 .4 28 .84 4237 44 7 4288 16 .75 12 .51 1889 2399 4302 1115 Sand , gravel and hard pan
“ 25 181 .27 181 .15 181. 17 180 .94 181 . 13 1.43 18 .47 207 .9 201 .2 207 .2 202 .2 204. 6 23 .47 210 .8 29 .67 4355 47 6 4408 15 .75 12 .88 1945 2463 4623 1065 Fine sand Hoisting out gravel and hard pan .” 26 180 .68 180 .41 180 .76 180 .37 180 .56 0 . 57 19.04 207 .3 199.8 207 .4 201 .2 203 .9 23 .34 210 .4 29 .84 4500 47 6 4553 19 .00 12 .95 1955 2598 4598 1130 Sandy clay or sedimenttf tt tt t «“ 27 179 .40 179 .17 179 .55 179 .19 179 .83 1.23 20 .27 207 . 1 199 .7 207 .2 201 .4 203 .8 24 .47 210 .6 31 .27 4513 49 7 4569 16 .25 13 .57 2049 2520 4820 1046 Stopped sand pumps . Waiting for planking .“ 28 179. 19 178 .97 179 .33 178.99 179 .12 0 .21 20 .48 207 .5 200. 6 206 .8 201 .9 204 ,2 25 .08 211 .5 32 .38 4513 50 7 4570 18 .00 14 .05 2121 2449 4940 991 (1 tt it tt Hoisting out material . Started sand pumps during night .

March 1 178 .57 178 .37 178.78 178 .45 178. 54 0 .58 21 .06 205 .4 199.1 206 .6 200 .4 202 .9 24 . 36 212 . 1 33 . 56 4532 49 9 4590 18 .00 14 . 57 2200 2390 4799 996
“ 2 177 .24 177 .04 177 .44 177.14 177-22 1 .3? 22 .38 205 .9 200 .1 206 .9 201 .6 203 .6 26 .34 212 .6 35 .38 4532 53 9 4594 18 .50 15 .30 ! 2319 2275 5189 877 “ “ “ “ Hoisting out material .“ 3 175.44 175 .29 175 .44 175 .19 175.34 1 .88 24 .20 206 .3 199 .3 207 .3 200 .8 203 .4 28 .06 213 .0 37 .06 4550 56 10 4616 20 .50 16 .34 2467 2149 5528 777 <( ft <t tt
“ 4 175 .22 175 . 10 175.25 174 .99 175. 14 0 .20 24 .46 200 .3 199. 5 206 .4 200 .2 203 .1 27 . 96 213 .4 38 .26 4724 55 10 4789 £0 .75 16 .60 2507 2282 5508 828 t < ( i t t <I
" 5 172.74 172 .84 172 .72 172 .71 172.75 2 .39 26.85 204 .5 197.0 206 .9 199 .5 202 .0 29 .25 213 .7 40 .95 5082 58 12 5152 17 .50 17 . 77 2683 2469 6762 857 “

“ 6 172 .50 172 .61 172 .46 172 .47 172.51 0 .24 27.09 202 .6 198 .5 206 .9 199 .8 201 .9 29 .39 214 .0 41 .49 5082 59 12 5153 20 .00 18 .01 2720 2433 5789 840 tt tf <• <(
«, 7 170 .71 170 .75 170 .85 170.76 170 .77 1 .74 28 .83 203 .6 196.6 207 .0 199.5 201 .7 30 .93 214 .2 43 .43 5341 62 13 5416 21 .75 18.85 2846 2570 6093 843 <« tt ft tt
“ 8 169 .61 169 .62 170 .02 169.90 169.79 0 .98 29 .81 202 .4 196 .3 207 . 1 198 .8 201 . 1 31 .31 214 .5 44 .71 5680 63 13 5756 23 .75 19 .40 2929 2827 6168 916 tt tt tt tt Caisson completed .“ 9 169.04 169 .00 169.57 169.41 169.26 0 .53 30 .34 203 .2 196.0 206 .5 197 .7 200 .8 31 .54 214 .7 45 .44 5803 63 14 5880 20 .25 19 .72 2978 2902 6213 934 tf ft <1 <« Finished concreting caisson .“ 10 166.93 166 .93 167.06 166.95 166 .97 2 .29 32 .63 201 .9 193.8 206 .0 196.4 199 .5 32 .53 214 .9 47 .93 5948 10 65 15 6038 22 .00 20 .80 3141 2897 6408 904 tt «( ( ( •( Began laying masonry . Put on second clay hoist .

11 166 .58 166 .60 166 .67 166 .55 166 .60 0 .37 33 .00 203 .5 195. 1 206 .2 198.1 200 .7 34 .10 215 .2 48 .60 5948 196 68 15 6227 22 . 50 21 .09 3186 3041 6718 905 tl 11 << ft
«« 12 166.20 166 .22 166 .33 166.22 166.24 0 .36 33 .36 203 .0 195.0 206 .3 197.5 200 .5 34 .26 215 .4 49 . 16 5948 328 68 15 6359 22 .00 21 .33 3222 3137 6749 928 “ “ “ “
“ 13 165 .24 165 .27 165 .42 165.32 165.31 0 . 93 34.29 203 . 1 194 .1 205 .4 197 .6 200 .0 34 .69 215 .6 50 .29 5948 494 69 16 6527 23 .50 21 .82 3296 3231 6834 946“ 14 163 . 10 163 . 13 163 .02 162.93 163.05 2 .26 36 .55 202 .6 194. 3 205 .4 199 .2 200 .4 37 .35 215 .8 52. 75 5948 596 75 15 6634 23 .25 32 .89 3457 3177 7358 865 tt «i ff it
** 15 161 .89 161 .91 161 .90 161.82 161.88 1. 17 37.72 201 .6 194.6 206 . 5 201 .0 200 .9 39.02 216 .0 54 . 12 5948 734 78 . 39 6799 24 .00 23 .49 3548 3251 7687 846 tt tt «i f «

“ 16 160.41 160 .42 160 .46 160.38 160.42 1.46 39. 18 204 .3 195.6 206 .5 201 .6 202 .0 41 .58 216 .0 55 . 58 5948 792 83 79 6902 24 .75 24 . 12 3643 3259 8191 796 « if »f <1
“ 17 159 .60 159 .62 159 .63 159.57 159.61 0 .81 39.99 203 .6 196.6 206 . 1 200 .6 201 .7 42 .09 216 .0 56 .39 5948 792 84 89 6913 - 25 .50 24 .47- 3696 3217 8292 776 , f 11 K tt
“ 18 159.42 159 .44 159 .46 159.39 159.43 0 . 18 40 .17 203 .0 194.2 204 .8 199 .4 200 .3 40 .87 215 .9 56 ,47 5948 969 1 82 94 7093 27 .50 24 .51 3702 3391 8051 842 t , tt tt tt
“ 19j 158 . 18 158 .22 158 .22 158. 14 158. 19 1 .24 41 .41 203 .3 194.3 206 .8 201 .0 201 .3 43 . 11 215 .9 57 .71 5948 1014 1 86 126 7174 28 .00 25 .05 3784 3390 8493 798 if ff li tt
“ 20 157.04 157 .08 157 .05 156.96 157.03 1.16 42 .57 202 .2 193.0 205 .9 198.7 199 .9 42 .87 215 .9 58 .87 5948 1156 86 162 7352 26 .50 25 .55 3859 3493 8445 827 Hard clay

1
Stopped sand pumps in afternoon .



APPENDIX J —Continued .

RECORD OF SINKING CAISSONS .

PIER I —Continued .

Datb . Elevations op Cutting Edge .
Above Mean Sea Level . Sunk in

24
Hours .

Total
Sinkage .

Elevations op Sand .
Original Elevation = 199.4.

Average
Pene¬

tration op
Caisson .

Water
Gauge .

Depth
Iuhrrsed .

Weights . Air Pressure . Reaction
Due to

Air
Pressure .

Net
Weight .

Surface
IN

Contact .

Average
Weight per

Sq. Ft . op
Surface

Exposed to
Friction .

Material .
1890. N.E. N.W. S.E. S.W. Average. N.E. N.W. S.E. s .w . Average. Caisson. Masonry. Sand. Water. Total. Indicated. Calculated.

Tons. Tons. Tons. Tons. Lbs. Lbs.Mar . 21 156.99 157 .02 157.02 156 .93 156 .99 0 .04 42 .61 202 .4 194 .1 205 . 6 200 .6 200 .7 43 .71 216 .0 59.01 5948 1199 87 166 7400 26 .50 25 .61 3868 - 3532 8611 82.0** 22 156.20 156.23 156.23 156 .15 156.. 20 0 .79 43 .40 202 .3 193 .4 205 .0 200 .7 200.3 44 . 10 216 .1 59.90 5948 1200 88 196 7432 27.00 25 .99 3926 3506 8088 807“ 23 155 .40 155 .42 155.43 155 .34 155,.40 0 .80 44. 20 202 .9 194 .4 204 . 5 200 .2 200 .5 45 .10 216.2 60 .80 5948 1200 90 227 7465 27.00 26 .39 3986 3479 8885 783“ 24 1ob .o9 155.41 155 .42 155 .33 155 .39 0 .01 44 .21 202 .8 194 .8 206 . 7 200.3 201 . 1 45 .71 216.2 . 60 .81 5948 1200 91 227 7466 28.25 26 .39 3986 3480 9005 773 u <<“ 25 155 .36 155.33 155 .39 155.30 155 .36 0 .03 44 .24 202 .6 194 .3 204 .8 200 .1 200 .5 45 .14 216 .2 60 .84 5948 1405 90 227 7670 28 .00 26 .40 3987 3683 8892 828 u n
“ 26 154 .82 154 .83 154 .81 154 .72 154 .80 0.56 44 .80 202 .5 193 .7 204 .1 199.1 199.9 45 .10 216 . 1 61 .30 5948 1495 90 243 7776 28.50 26 .60 4018 3758 8885 f 846 11 u“ 27 153 .90 153 .92 153.90 153 .82 153 .88 0 .92 45 .72 201 .6 194 .1 204 .3 199.9 200 .0 46 .12 216 .0 62 .12 5948 1661 92 279 7980 28.50 26 .96 4072 3908 9085 800“ 28 151 .87 151 .90 151.86 151 .76 151 .85 2 .03 47 . 75 202 .4 193. 6 204 . 8 201.1 200 .5 48 .65 216 .0 64 .15 5948 1782 97 340 8167 30 .50 27.84 4205 3962 9584 828“ 29 150 .87 150. 90 150.86 150 .78 150 .85 1.00 48 . 75 202 ,6 194 .3 204 .8 200.9 200. 6 49 .75 216 .0 65 . 15 5948 1925 100 370 8343 29.25 28 .27 4270 4073 9801 831“ 30 148 .50 148.52 148.45 148 .40 148 .47 2 .38 51 . 13 201 .6 194 .0 204 . 5 200 .1 200 .1 51 .63 216 .0 67 .53 5948 1973 103 461 8485 27.50 29 .31 4427 4058 10171 798 Clay , i sand“ 31 147 .20 147.23 147.15 147.10 147 . 17 1.30 52 .43 200 . 1 194 .6 202 .8 201.5 199.8 52 .63 216.0 68 .83 5948 1973 105 504 8530 27.25 29 .87 4512 4018 10368 775 11 c.i tt

April 1 146. 19 146.21 146.14 146 .09 146 .16 1.01 53 .44 199 .7 194 .8 202 .8 200. 5 199.5 53.34 216. 2 70 .04 5948 1973 121 550 8592 27.00 30.40 4592 4000 10508 7012 145 .44 145 .47 145.39 145. 35 145 .41 0.75 54 .19 200 .3 195 .7 202 .2 200 .6 199 .7 54.29 216 .2 70 .79 5948 1973 158 547 8626 28.50 30 .72 4640 3986 10095 745" 3 145 .44 145.47 145 .39 145 .35 145 .41 0.00 54. 19 200 .3 194 .4 202 . 3 200 . 6 199.4 53 .99 216 .2 70.79 5948 1973 149 552 8622 30.75 30 .72 4640 3982 10036 749 It it tt tt" 4 145 .44 145 .47 145. 39 145 .35 145 .41 0 .00 54, 19 200 .2 195 .8 202 . 6 202 .0 200 .1 54 .69 216.2 70 .79 5948 1973 179 537 8637 30.00 30 .72 4640 3997 10774 742 it tt tt tt“ 5 144 .24 144 .26 144 .17 144 .13 144 .20 1 .21 55, 40 199 . 1 196 .8 202 . 5 202 .7 200.3 56 .10 216 .2 72.00 5948 1973 241 549 8711 31.50 31 .25 4720 3991 11052 722 tt tt tt tt
“ 6 144 .24 144.26 144 .17 144. 13 144 .20 0 .00 55 .40 200 .2 196.8 202 . 1 202 . 3 200 .4 56 .20 216.2 72 .00 5948 1973 247 543 8711 30.00 31.25 4720 3991 11071 721 ( ( tt tt tt7 144 .23 144 .25 144 .16 144 .12 144 .19 0 .01 55 .41 199 .6 199 .6 202 .4 203 .6 201.3 57 .11 216.2 72 .01 5948 1973 288 515 8724 29.75 31 .25 4720 4004 11251 712' * 8 144 .23 144 .25 144 .16 144 .12 144 . 19 0 .00 55.41 198 .5 197 .5 201 . 3 203, 2 200 .1 55 .91 216.2 72 .01 5948 1973 230 554 8705 30.50 31.25 4720 3985 11014 723 tt tt tt tt“ 9 142.77 142 .79 142.68 144.64 142 .72 1 .47 56.88 200 .0 195.8 201 .3 202, 3 199.8 57 .08 216 .2 73 .48 5948 1973 286 576 8783 31.00 31 .89 4817 3966 11245 700“ 10 142 .76 142 . 78 142 .67 142.63 142 .71 0 .01 56 .89 198.5 197.4 201 .6 204 .2 200.4 57 .69 216 . 1 73 .39 5948 1973 331 553 8805 31.00 31 .85 4811 3994 11365 703 tt tt tt tt
“ ii 142.75 142 .77 142 .66 142 .62 142 .70 0 .01 56 90 198 .9 199. 1 201 .1 203 .9 200.7 ' 58 .00 216 .1 73 .40 5948 2121 349’ ' 544 8962 32.00 31 .86 1 4813 4149 11420 727 tt tt tt tt“ 12 141.43 141.45 141 .31 141 .25 141 .36 1 .34 58 .24 198 .2 197 .6 200 .9 203 .2 200.0 58 .64 216. 1 74 .74 5948 2300 385 1 575 9208 32.50 32.44 4900 4308 11552 740 tt tt■ tt 11“ 13 141 .43 141 .45 141 . 31 141 .25 141 .36 0 .00 58 .24 197.9 196 .4 200 .0 202 .3 199.1 57 .74 216 .0 74 .64 5948 2300 334 598 9180 33.25 32 .39 4898 4287 11375 754“ 14 13y .54 139.68 lyy .52 1.39,.49 139 .58 1 .78 60 .02 198 .6 197 .8 200. 0 203 .4 199.9 60 .32 216.0 76 .42 5948 2300 493 ' 577 9318 33.00 33.17 5011 . 4307 11883 72515 138 .73 138.78 138 .69 188.62 138 .71 0 .87 60 .89 197.3 196 .6 200. 1 201 .0 198.7 59 .99 215. 8 77.09 5948 2300 471 613 9332 31.00 33 .46 5054 4278 11818 724
“ 16 138.73 138 .78 13S.69 138.62 138 .71 0 .00 60.89 197.4 197 .0 199 .3 200 .9 198.7 59.99 215, 7 76 .99 5948 2300 471 : 609 9828 31.00 33 .41 5047 4281 11818 725 tt <t tt tt“ 17 138 .72 138 .77 138 .68 138 .61 138 .70 0 .01 60. 90 197 .3 196 .2 199 .5 201 .8 198.7 60 .00 215, 5 76 .80 5948 2300 472 603 9323 33.00 33 .33 5035 4288 11820- 726 tt tt tt <(“ 18 137 .90 137 .93 137 .82 137 .77 137.85 0 .85 61.75 197.2 195 .6 199 .3 203 .0 198.8 60 .95 215, 2 77 .35 5948 2300 536 594 9378- 33 .00 33 .57 5071 4307 12007 717“ 19 137.90 137.93 137 .82 137 .77 137 .85 0 .00 61 .75 197 .4 196 .8 199 .1 201 .8 198.8 60 .95 214 .5 76 .65 5948 2300 536 1 568. 9352 35.00 38 .27 5026 4326 12007 72.1“ 20 137 .90 137.93 137 .82 137 . 77 137.85 0 .00 61. 75 197 .6 196.3 199 . 3 200, 9 198.5 60. 65 213, 5 75 .65 5948 2300 536 540 9324 34.00 32 .83 4959 4365 11948 731
“ 21 137.90 137 .93 137 .82 137 .77 137 .85. 0. 00 61.75 195 .9 199.3 199.2 205, 4 199 .9 ' 62 .05 212 .4 74 .55 5948 2300 609 459 9316 33.50 32 .35 4886 4430 12224 725“ 22 137 .90 137 .93 137 .82 187 .77 137: 85 0 .00 61.75 195. 5 199 .3 198 .3 203 .8 199 .2 61.35 211 .5 73 .65 5948 2300 562 442 9252 34 .00 31 .96 4828 4424 12086 732

Reharks .

Started sand pumps.

Commenced blowing out material .

Stopped sand pumps and blow out .
Hoisting out clay .

Began sealing at 5 p.m.

Stopped air pumps at 12.25 a.m., April 23



56 APPENDIX j —Continued .
RECORD OF SINKING CAISSONS

PIER II .

t

Date . Elevations op Cutting Edge .
Above Mean Sea Level . Sunk in

24 Total
Sinkage .

Elevations op Sand .
Original Elevation = 151.6.

Average
Pene¬

tration op
Water
Gauge .

Depth
Weights . Air Pressure . Reaction

Due to
Air

Pressure .

Net
Weight .

Surface
IN

Average
Weight pee
S<j . Ft . op Material . Remarks .

1889. N.E. N.W. S.E. s .w . Average.
Hours .

N.E. N.W. S.E. S.W. Average.
Caisson .

Caisson. Masonry. Sand. Water. Total. ’ Indicated . Calculated.
Contact . Surface

Exposed to
Friction .

May 17
“ 21

Tons. Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons. Sq. Ft. Lbs.
Caisson built on shore . Placing cutting edge .July 27

“ 29
Sept . 23

“ 25
rw 7

. . . .
. .

.
. .

.
.

. .
.

. . .
.

.

Began building caisson .
Caisson ready to launch .
Caisson launched at 4 .30 p.m.
Caisson towed to position at i p.m.

Began concreting at 3 p.m.
Original elevation of sand.
Started air compressors on Lincoln at 10.02 a.m
Removing mat .

tt
ft

10
11
12

149 . il )
148. 99
148.86

149 .87
149 .66
149 .54

148.45
148.45
148 .43

149 .30
149.28
149 .26

149.20
149.09
149.02

0 . 11
0 .07

0 . 11
0 .18

150 .4
149 .6
149 .7

151 .0
150 .4
149.8

150 .8
150 .2

151.4
150.5

150.9
150.2 i . ii 187 .1 38 .01 7892 3 53

7950
7948

17. 50
18 .50

16 .58
16 .51

5160
5138

2790
2810

468
306

11923
18366149 .6 150.2 14U.8 0 .78 186 .7 37.68 8169 2 53 8224 19.00 16 .35 5088 3136 215 29172

12541
21736
19246

<i 13
14
15
16

148 .72
148 .57
148 .49
147.46

149 .32
148 .80
148 .72
146 .68

148.42
148 .44
148.01
148 .00

149.20
148 .86
148 .46
147. 39

148.91
148.67
148.42
147.38

0 . 11
0 .24
0 .25

0.29
0 .53
0 .78
1.82

150 .9
148 .9
149 .0
149 .3

150.6
149.2

150.7 150 .9 150.8 1.89 186 .4 37 .49 8274 5 51 8330 19.50 16 .27 5063 3267 521 if if150 .6 150.3 149.8 TTTZ 186 .1 37 .43 8379 3 52 8434 20 . 00 16 .24 5054 3380 311 tt tt149.7
150 .3

149 .7 150 .4 149 .7 1 .28 185 .7 37 .28 8379 3 50 8432 20 .50 16 .18 5035 3397 353 Started air compressors on Bertram at 8 a m.
Started sand pumps at 4 p.m.
Hoisting out mat .

1 .04 149.5 150 .5 149.9 2 .52 185 .5 38 . 12 8694 7 50 8751 17.75
17.75

16 .54
16 .55

5157
5150

3594
3807

10357
12340

Coarse sandtt 17 146 .74 146 .40 147.43 147.26 146.96 0 .42 2 .24 148 .8 149.4 148.9 149 .9 149 .2 2 .24 185 .1 38 .14 8899 6 . 52 8957
<« 18 145 .60 145 .30 147. 11 146 .98 146 .25 0 .71 2 .95 148 .4 148 .8 148.5 148. 7 148.6 2 .35 184 .9 38.65 9009 6 52 9067

9174
9490
9493
9499

9502
9639
9864

10012
10167

18 .25
18 .25
18.25
18 .50
19.50

19.75
21 .00
21 .75
22 .00
23 .00

16 .77
16 .81
16 .94

. 17 .30
17 .93

18 .19
19 . 16
20 .19
20 .43
21 .73

5219
5231
5272
5384
5580 ,
5661
5962
6283
6358
6762

3848
3943
4218
4109
3919

3841
3677
3581
3654
3405

647 11895
9117
8190
6543
3505

3093
2294
1815
1760
1310

t t 19 145 .41 145 .20 146.44 146 .40 145 .86 0 .39 3 .34 149 .0 148.1 150 .0 149.1 149.0 3 .14 184 .6 38 .74 9114 9 51ft 20 145 .28 145 .27 145 .57 145 .73 145.46 0 .40 3 . 74 148 .3 150 .5 148 .6 149 .6 149.2 3 .74 184 .5 39.04 9429 10 51«« 21 144.86 144 .55 144 .86 144 .28 144.64 0 .82 4 .56 149 .1 148 .9 149 .0 150 .0 149.2 4 .56 184 .5 39 .86 9429 13 51 it '• it 1<t 22 142 .81 141 .42 144 .61 143 .46 143 .08 1 .56 6 . 12 150.4 152.4 150.2 151.9 151.2 8 . 12 184 .4 41 .32 9429 22 48 tl ~ tl • f
tt 23 141 .32 140 .39 144 .09 143 .34 142 .28 0 .80 6 .92 150.8 152 .4 150.2 151 .8 151.3 9 .02 184 .2 41 .92 9429 25 48 2484

3206
3947
4153
5200

Mat all out .t t
<«
t t
<<

24
25
26
27

140 .57
137 .26
136 .47
134 .30

139.61
136 .31
135 .31
133 .80

140 .40
138 .72
138 .61
134 . 11

139 .66
137 .97
137 .69
133 .87

140.06
137.57
137 .02
134 .02

2 . 22
2 .49
0 .55
3 .00

9 .14
11.63
12.18
15. 18

150 .3
149.3
150 .1
149.6

152 .5
153 .2
153 .0
154 .3

149.9
150. 1
149.0
149.6

154.0
154 .9
156 .2
158 .0

151.7
151.9
152.1
152.9

11.64
14.33
15.08
18.88

184 .2
184 . 1
184 . 1
184 . 1

44 .U
46 .53
47 .08
50.08

9429
9429
9429
9429

131
349
494
640

32
39
42
52

47
47
47
46

it tt
it a
ft it
tt tt

«c
<<
<c
tt

28
29
30
31

131.71
129.09
125.27
122.29

131 .44
128 .97
125 .15
122 .15

133.40
128 .43
125.86
123 .40

132 .36
128 .52
125 .96
123 .48

131 .98
128 .75
125 .56
122 .83

2 .04
3 .23
3 .19
2 .73

17.22
20 .45
23 .64
26 .37

148.4
149 .5
149.1
149.4

154 .6
154 .8
154 .0
153 . 1

147 .3
150 .1
148 .0
148 .9

159.0
159.3
160.3
160 .7

152.3
153.4
152.9
153.0

20 .32
24 .65
27 .34
30 .17

184 .2
184 .3
184 .5
184 .6

52 .22
55 .55
58 .94
61 .77

9429
9429
9429
9429

640
803

1109
1226

56
68
76
83

46
44
44

286

10171
10344
10658
11024

23 .75
24 .75
27.00
27 .50

22 . 66
24 .11
25 .58
26 .81

7052
7503
7960
8343

3119
2841
2698
2681

5597
6789
7530
8310

1114
837
716
645

it tt
tt it
K tt
ii ii

Nov .
(<
it
t t
tt

1
2
3
4
5

120 .52
117 .95
115 .19
113.50
111.93

120 .32
117 .71
114 .95
113 .26
111 . 66

121 .55
118 .68
115 .54
113 .77
112 .04

121 .57
118 .66
115 .52
113 .75
111.99

120.99
118 .25
115 .30
113 .57
111 .90

1 .84
2 .74
2 .95
1 .73
1.67

28 .21
30 .95
33 .90
35 .63
37.80

148.6
147.7
147 .8
148 .1
147.6

149 .7
148.0
147 .8
147 . 1
148 .6

152 .0
149 .4
155 . 5
161 . 1
161 .6

163 .2
163.1
169 .8
170 .1
167.6

153.4
152.0
155.2
156.6
156.4

32.41
33.75
39.90
43 .03
44 .50

184 .6
184 .7
184 .8
185 .1
185 .6

63 .61
. 66 .45
69 .50
71 .53
73.70

9429
9429
9429
9429
9429

1342
1521
1794
2012
2117

88
93

110
119
123

454
729

1137
1251
1471

11313
11772
12470
12811
13140

28 .50
30 .00
32 .50
33 .00
33.75

27 .61
28 .84
30 .16
31 .04
31 .98

8592
8975
9385
9659
9952

2721
2797
3085
3152
3188

8926
9296

10989
11851
12256

609
602
561
532
520

Coarse sand and gravel«« ti *< a
ti a it tt
ti it tt tt

Sand, gravel and mud Clean , coarse sand in north and south ends . Mud in middktl
t I
it
it
<t

6
7
8
9

10

109.99
108 .14
108 .12
106 .24
104.27

109 .76
107 .97
107 .95
106 .07
104. 10

109 .99
107 .94
107.92
108.12
104.17

110 . 01
107 .99
107 .97
106 .17
104 .22

109.94
108.01
107.99
106.15
104. 19

1 .96
1 .93
0 . 02
1 .84
1 .96

39 .26
41 .19
41 .21
43 .05
45 .01

149 .9
148 .4
146 .4
147.5
146 .4

149 .9
148 .4
148 .4
149.5
147.4

163 .9
165 .4
164 .4
165 .5
162.4

167 .9
166 .4
164 .4
163 .5
162.4

157.9
157.2
155.9
156.5
154.7

47 .96
49 .19
47 .91
50 .35
50.51

185 .9
186 .4
187 .4
188 .5
189 .4

75.96
78 .39
79 .41
82 .35
85 .21

9429
9429
9429
9429
9429

2333
2496
2550
2656
2831

132
136
132
139
139

1704
1941
2048
2353
2653

13598
14002
14159
14577
15052

34 .25
34.25
36 .00
37 .50
38 .25

32 .97
34 .02
34 .46
35 .74
36 . 98

10260
10587
10724
11122
11508

3338
3415
3435
3455
3544

13209
13548
13196
13868
13912

505
504
521
498
509

Mud
“ [gravel

Through mud, coarse sand and
Clean, coarse sand and gravelt ( it tt if a

[chambers

<1
(<
((
((
<(

11
12
13
14
15

102.43
102.23
101 .38
100 .84
100.61

102.26
102.06
101 . 21
100 .67
100 .44

102.51
102.31
101 .44
100 .96
100 .73

102 .56
102 .36
101 .49
101 . 01
100 .78

102 .44
102 .24
101.38
100.87
100.64

1 .75
0 . 20
0 . 86
0 .51
0 .23

46 .76
46 .96
47 .82
48 .33
48 .56

144 .4
147 .2
146 .9
142 .6
148 .3

145 .4
145 .2
149.9
144 .6
148 .3

160.4
158 .2
155 .9
156 .6
158 .3

158 .4
158 .2
155 .9
155 .6
158 .3

152.2
152.2
152.2
149.9
153.3

49 .76
49 .96
50.82
49 .03
52.66

190 .4
191 .2
191 .9
192 .6
193 .3

87 .96
88 .96
90.52
91 .73
92 .66

9429
9429
9429
9429
9429

3006
3006
3176
3261
3344

138
139
140
136
145

2944
3049
3212
3352
3435

15517
15623
15957
16178
16353

37 .00
37 .75
38.25
38 .75
39 . 75

38 . 17
38 . 61
39 .29
39 .81
40 .21

11878
12015
12227
12388
12513

3639
3608
3730
3790
3840

13705
13760
13997
13504
14504

531
524
533
561
529

ft tt tt if tt

Clay
( l
tt

Average elevation top of clay 101.8.

( <
<(
<(
<(
<1

16
17
18
19
20

100 .44
100 .30
99 .71
99 .41
99 .31

100.27
100 .13
99 .54
99 .19
99 .09

100 .56
100.42
99 .81
99 .49
99 .39

100 .61
100.47
99 .86
99 .49
99 . 39

100 .47
100.33
99 .73
99 .40
99 .30

0 .17
0 . 14
0 .60
0 .33
0 . 10

48 .73
48 .87
49 .47
49 .80
49 .90

145.4
152 .5
151 .3
146 .3
144 .6

144.4
147 .5
148.3
148 .3
143 .6

158 .4
157 .5
157 .3
159.3
152 .6

156 .4
156 .5
161 .3
162 .3
150 .6

151.1
153.5
154.5
154.1
147.9

50.63
53.17
54 .77
54.70
48 .60

194 .4
195 .5
196 .3
197 .3
198 .6

93 .93
95 .17
96 .57
97 .90
99 .30

9429
9429
9429
9429
9429

3344
3344
3344
3504
3504

140
148
151
151
162

3604
3702
3847
4021
4132

16517
16623
16771
17105
17227

39 .50
39 .75
39 .50
41 .00
40 .25

40 .76
41 .30
41 .91
42 .49
43 .10

12684
12852
13042
13222
13412

3833
3771
3729
3883
3815

13945
14644
15085
15066
13386

550
515
494
515
570

tt

ti
it
i t Took Bertram ashore in p.m.<(

«<
((
<<
( t

21
22
23
24
25

99 .19
99 .04
99 .04
99 .00
98 .92

98 .97
98 .82
98 .82
98.78
98.74

99 .23
99 .08
99 .08
99 .04
98 .97

99 .23
99 .08
99 .08
99 .04
99 .01

99 .16
99 .01
99 .01
98 .97
98 .91

0 .14
0 . 15
0 . 00
0 .04
0 .06

50 .04
50 . 19
50.19
50 .23
50 .29

145 .8
148 .8
145 .7
148 .4
141.7

143 .8
141 .8
143 .7
144 .4
144 .7

155 .8
159 .8
146 .7
148 .4
143 .7

146.8
143.8
146 .7
147 .4
143 .7

148.1
148.6
145 .7
147 .2
143 .5

48 .94
49 .59
46 .69
48 .23
44 .59

199 .8
200 . 8
201 .7
202 .4
202 .7

100 .64
101.79
102.69
103 .43
103 .79

9429
9429
9429
9429
9429

3669
3669
3669
3669
3669

136
137
129
133
123

4324
4410
4511
4588
4631

17558
17645
17738
17819
17852

41 .00
40 .25
42 .00
42 .00
43 .00

43 .68
44 . 18
44 .57
44 .89
45 .04

13593
13748
13870
13969
14016

3965
3897
3868
3850
3836

13479
13658
12860
13284
12281

588
571
601
579
624

it

t 1

tl
«(
>f
I<
«f

26
27
28
29
30

98 .91
98 .89
98 .89
98 .89
98 .88

98 .73
98 .71
98 .71
98 .71
98 .70

98 .96
98 .94
98 .94
98 .94
98 .93

99 .00
98 .98
98 .98
98 .98
98 .97

98 .90
98 .88
98 .88
98 .88
98 .87

0 .01
0 . 02
0 . 00
0 . 00
0 . 01

50 .30
50 .32
50 .32
50 .32
50 .33

144.3
135 .5
139 .0
139 .6
139 .7

141 .3
140.5
140.0
138 .6
140.7

144 .3
145 .5
143 .0
141 .6
139 .7

145 .3
144 .5
145.0
140 .6
141 .7

143 .8
141.5
141 .7
140 .1
140 .5

44 .90
42 .62
42 .82
41 .22
41 .63

202 . 8
202 .5
202 .0
201 .6
201 .7

103 .90
103 .62
103. 12
102 .72
102 .83

9429
9429
9429
9429
9429

3669
3669
3669
3669
3669

124
118
118
114
115

4643
4628
4564
4522
4532

17865
17844
17780
17734
17745

43 .00
43 .00
43 .00
43 .00
43 .00

45 .09
44 .97
44 .75
44 .58
44 .63

14032
13994
13926
13873
13888

3833
3850
3854
3861
3857

12367
11739
11794
11353
11466

620
656
653
680
672

it

it
Dec . 1

2
98 .83
98 .32

98 .65
98 .14

98 .88
98 .37

98 .92
98 .41

98 .82
98 .31

0 .05
0 .51

50 .38
50 .89

139 .1
141 .7

140.1
143 .7

142 .1
144 .7

142. 1
145 .7

140.8
144 .0

41 .98
45 .69

202 . 1
202 .7

103 .28
104 .39

9429 3669 115 4562 17775 42 .50 44 .82 13947 3828 11562 662 “
Stopped air compressors on Lincoln at 4.40 p.m.3 98 . 16 97.98 96 . 18 98 .22 98 .13 0 .18 51.07 142. 1 146.1 145 . 1 148 .1 145 .3 47 .17 203 .1 104 .97



APPENDIX j —Continued .

RECORD OF SINKING CAISSONS .

PIER II —Continued .

Bate .
Elevations op Cutting Edge

Above Mean Sea Level . Sunk in
24

Hours .

Total
SlNKAGE .

Elevations op Sand .
Original Elevation = 151.6.

Average
Pene¬

tration op
Caisson .

Water
Gauge .

Depth
Iumersed .

Weights . Air Pressure . Reaction
Due to

Air
Pressure .

Net
Weight .

Surface
in

Contact .

Average
Weight per

Sq . Ft . op
Surface

Exposed to
Friction .

Material . Remarks .
1890. N.E. N.W. S.E. s .w . Average. N.E. N.W. S.E. S.W. Average. Caisson. Masonry. Sand. Water . Total. Indicated. Calculated.

Sept .
i i

l Tons. Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons. Lbs ” - ^— ;— — - —4 98 . 11 97 .93 98 . 13 98 .17 98 .08 0. 05 51. 12 149. 1 149 .5 151 .1 152 .8 150.6 52 .52 191 .8 93 .72 9429 3669 145 3581 16824 40 .50 40 .67 12656 4168 14465 576 Started air compressors on Lincoln at 11.35 a.m .
44 5 98 . 11 97 .93 98 . 13 98 .17 98 .08 0 . 00 51. 12 150 .1 151 .4 153 .4 153 .4 152. 1 54 .02 192 .1 94 .02 9429 3669 149 3611 16858 42 .00 40 .80 12696 4162 14878 560 1f»< 6 98 .11 97 .93 98 .13 98 . 17 98 .08 0 . 00 51 . 12 150 .4 150.4 151 .7 154.4 151.7 53 .62 192 .4 94 .32 9429 3669 148 3644 16890 41 .00 40 .93 12737 4153 14768 562 1<4i 7 98 . 11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 149. 5 149 .4 153 .5 155.2 151.9 53 .82 192 .7 94 .62 9429 3669 148 3676 16922 42 .00 41 .06 12777 4145 14823 559 4 Started air compressors on Bertram at 10 a .m .
f4 8 98 . 11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 . 12 149 .2 149 .6 153 .9 153.6 151.6 53 .52 192 .9 94 .82 9429 3669 148 3698 16944 42 .00 41 . 15 12805 4139 14741 562 41«f 9 98 .11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 150 .2 150 .2 151 .6 156 .2 152 .1 54.02 192 .9 94 .82 9429 3669 149 3697 16944 42 .00 41 .15 12805 4139 14878 556 , ,«( 10 98 . 11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 149.3 150 .6 150 .6 155 .9 151.6 53.52 192 .6 94 .52 9429 3669 148 3665 16913 42 .00 41 .02 12765 4148 14741 563 if(< 11 98 .11 97 .93 98 . 13 98 . 17 98 .08 0 . 00 51.12 148 .2 148 .9 149 .5 156 .9 150.9 52.82 192 .2 94. 12 9429 3669 146 3624 16868 42 .00 40 .85 12712 4156 14548 571 f f(< 12 98 .11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 150 . 1 150 .8 150 .8 150.8 150.6 52.52 191 .8 93 .72 9429 3669 145 3581 16824 42 .00 40 .67 12656 4168 14465 576 f f
44 13 98 .11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 149 .9 150 .6 148 .6 157.9 151.8 53 .72 191 .6 93 .52 9429 3669 148 3558 16804 42 .00 40 .59 12631 4173 14796 565 ifif 14 98 .11 97 .93 98 .13 98 .17 98 .08 0 . 00 51. 12 149 .0 149 .3 150 .3 156.0 151.1 53 .02 191 .3 93 .22 9429 3669 146 3527 16771 41 .00 40 .46 12591 4180 14603 572 f4f f 15 98 .11 97 .93 98 .13 98 .17 98 .08 0 . 00 51 .12 149 .6 149 .6 151 .6 150 .9 150.4 52 .32 190 .9 92 .82 9429 3669 145 3485 16728 41 .25 40 .28 12535 4193 14410 582 f 1if 16 97 .84 97 .66 97 .89 97 .93 97 .83 0 .25 51.37 149.6 148 .2 150 .2 156.2 151.1 53 .27 190 .9 93. 07 9429 3669 147 3510 16755 42 .00 40 .39 12569 4186 14672 571 fiif 17 97 .27 97.07 97 .22 97 .26 97 .21 0 .62 51.99 147.3 149 .3 149 .3 155 .3 150.3 53 .09 ,191 .6 94 .39 9429 3669 147 3652 16897 41 .75 40 .96 12746 4151 14622 568 “
< 18 97 .13 96 .95 97 .08 97 . 12 97 .07 0 .14 52 .13 150 .3 149 .6 153 .0 151.6 151.1 54 .03 192 .3 95.23 9429 3669 149 3740 16987 42 .25 41 .33 12861 4126 14881 554 4fii 19 97.05 96 .87 97 .00 97 .04 96 .99 0 .08 52 .21 148 .2 149 .6 150 .9 154.9 150.9 53 .91 192 .9 95 .91 9429 3669 149 3814 17061 42 .00 41 .62 12952 4109 14848 554 ifi < 20 96. 99 96 .81 96 .94 96.98 96 .93 0 .06 52 .27 152 .1 149 .6 150 .4 153.7 151.4 54.47 193 .4 96 .47 9429 3669 150 3873 17121 42 .00 41 .87 13029 4092 15002 546 {<t « 21 96 .90 96 .72 96 .85 96 .89 96 .84 0 .09 52 .36 150 .2 150 .2 153 .5 154.9 152.2 55 .36 194 .2 97 .36 9429 3669 153 3967 17218 43 .50 42 .25 13148 4070 15247 534 ftfc 22 96 .77 96 .59 96 .72 96 .76 96.71 0 .13 52 .49 148. 5 149 .5 149 .9 150.2 149 .5 52.79 195 .2 98 .49 9429 3669 146 4093 17337 42 . 75 42 .74 13300 4037 14540 555 <f
1 23 96 .77 96 .59 96 .72 96 .76 96.71 0 .00 52 .49 147 .3 146 .3 150 .0 149.6 148 .3 51 .59 196 .3 99 .59 9429 3669 142 4213 17453 42 .50 43 .20 13443 4010 14209 564 444i 24 96.66 96 .48 96 .61 96 .65 96 .60 0 .11 52 .60 149 .2 148 .2 149 .9 147.5 148 .7 52 .10 197 .2 100.60 9429 3669 144 4321 17563 43 .00 43 .66 13587 3976 14350 554 iiif 25 96 .50 96 .32 96 .42 96.46 96 .43 0 .17 52 .77 149 .6 149 .6 152 .3 148.9 150.1 53 .67 197 .6 101.17 9429 3669 148 4381 17627 43 .25 43 .91 13664 3963 14782 536 4iif 26 96 .50 96 .32 96 .42 96 .46 96 .43 0 .00 52 .77 149 .4 148 .4 150 .0 149.7 149 .4 52.97 197 .7 101.27 9429 3669 146 4392 17636 42 .50 43 .95 13677 3959 14589 542 1<i i 27 96 .50 96.32 96 .42 96 .46 96.43 0 .00 52 .77 147 .3 147 .7 148 .7 149 .7 148 .3 51 .87 198 .0 101.57 9429 3669 143 4426 17667 43 .00 44 .08 13717 3950 14286 553 (f
i 28 95 .79 95 .61 95 .73 95 .77 95 .72 0 .71 53 .48 147 .7 146 .7 149 .0 148.0 147 .8 52 .08 198 .0 102 .28 9429 3669 144 4503 17745 43 .50 44 .39 13814 3931 14344 548 44t i 29 95 .79 95 .61 95 .73 95 .77 95 .72 0 .00 53 .48 142.8 143 .8 147 .5 150 .7 146.2 50 .48 197 .8 102.08 9429 3669 139 4484 17721 43 .75 44 .30 13786 3935 13903 566 ( (ft 30 95 .79 95 .61 95 .73 95 .77 95 .72 0 .00 53 .48 144 .3 146 .6 149 .0 151 .3 147 .8 52 .08 197 .3 101. 58 9429 3669 144 4427 17669 44 .25 44 .08 13717 3952 14344 551 “

Oct . 1 94 .39 94 .21 94 .30 94 .34 94 .31 1.41 54 .89 145 .3 148 .3 153 .3 155 .6 150.6 56.29 196 . 6 102 .29 9429 3669 155 4498 17751 43 .50 44 .39 13814 3937 15504 508<t 2 94 .39 94 .21 94 . 30 94 .34 94.31 0 .00 54 .89 147 .2 147 .2 152 .6 151 .9 149.7 55.39 195 .9 101 .59 9429 3669 153 4424 17675 43 .50 44 .09 13720 3955 15256 518( f 3 93 .17 92.99 93 .08 93 .12 93.09 1.22 56 .11 143 .5 145 .9 152 .9 157 .9 150 .0 56 .91 195 .2 102 . 11 9429 3669 157 4478 17633 43 .75 44 .32 13792 3841 15674 490 «ff f 4 93 .17 92 .99 93 .08 93 . 12 93 .09 0 .00 56 .11 147 .6 149 .6 155 .3 158 .9 152 .8 59.71 194 .6 101 .51 9429 3788 243 4364 17824 43 .00 44 .06 13711 4113 16393 502 iff < 5 93 .17 92 .99 93 .08 93 . 12 93 .09 0 .00 56 .11 143 .2 146 .6 153 .9 152.6 149 .1 56.01 193 .9 100.81 9429 3788 155 4338 17710 44 .25 43 .75 13615 4095 15426 531 1C

t < 6 93 .17 92.99 93 .08 93 . 12 93 .09 0 .00 56 .11 143 .0 146 .3 152 .3 154 .3 149 .0 55 .91 193 .3 100 .21 9429 3788 154 4358 17729 42 .75 43 .49 13534 4195 15399 544 f C<< 7 93 .17 92 .99 93 08 93 .12 93 .09 0 .00 56 .11 145 .6 147 .2 155 .6 155 .9 151 .1 58 .01 192 .9 99 .81 9429 3788 160 4228 17605 44.00 43 .32 13481 4124 15977 516 ( f<{ 8 93 . 17 92.99 93 .08 93 .12 93 .09 0 .00 56 .11 148 .4 147 .7 155 .7 159 .0 152 .7 59 .61 192 .7 99 .61 9429 3788 227 4168 17612 43.50 43 .23 13453 4159 16376 508 ( fil 9 91 .71 91 .53 91.62 91 .66 91.63 1 .46 57 .57 148 .0 149 .4 156 .0 159 .4 153 .2 61 .57 192 .7 101.07 9429 3788 532 4153 17902 43 .75 43 .86 13649 4253 16713 509 f <ii 10 91 . 71 91 .53 91 .62 91 .66 91 .63 0 .00 57 .57 146 .1 148 .8 156 .1 149 .5 150 . 1 58.47 192 .8 101 .17 9429 3788 161 4374 17752 43.25 43 .91 13664 4088 16104 508 *

if 11 90 .06 89 .88 89 .94 89 .98 89 .96 1 .67 59 .24 146 .8 147 .1 147 .5 148 .5 147 .5 57 .54 192 .8 102.84 9429 3788 159 4556 17932 43.25 44 .63 13888 4044 15848 510 i .if 12 90 .06 89 .88 89 .94 89 .98 89.96 0 .00 59 .24 148 .0 147 .4 149 .0 149 .0 148 .4 58.44 192 .7 102.74 9429 3788 161 4544 17922 44 .25 44 .59 13876 4046 16096 503 f fii 13 90 .06 89 .88 89 .94 89 .98 89 .96 0 .00 59 .24 144 .5 147 .5 149 .8 148 .8 147 .7 57.74 192 .5 102.54 9429 3788 159 4527 17903 44 .00 44 .50 13848 4055 15903 510 ifit 14 89 .04 88 .86 88 .92 88 .96 88 .94 1.02 60 .26 148.6 149 .6 149 .6 161.0 152 .2 63 .26 192 .3 103.36 9429 3788 876 4339 18432 43 .00 44 .86 13960 4472 17005 526 f i11 15 89 .04 88 .86 88 .92 88 .96 88 .94 0 .00 60.26 147 .8 150 .8 151 .1 154 .1 150 .9 61 .96 192 .1 103 .16 9429 3788 593 4347 18157 43 .00 44 .77 13932 4225 16781 504 i f

if 16 88 .19 88 .01 88 .07 88 .11 88 .09 0 .85 61 .11 148 .7 148 .3 150.7 157 .0 151 .2 63 .11 192 .0 103.91 9429 3788 850 4317 18384 44 .25 45 .10 14035 4349 16979 512 ii Began sealing at 10.30 a.m.i < 17 88 .19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 142 .7 146 .0 150 .0 . 156 .7 148 .9 60.81 192 .0 103 .91 44 .00if 18 88 .19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 145 .9 146 .6 151 .2 158 .6 150. 6 62 .51 191 .9 103 .81 43. 50 f< f i4f 19 88 . 19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 144 .1 150 .1 151 .5 160 .8 151 .6 63.51 191 .8 103 .71 44 .50 i i i if i 20 88 .19 88 .01 88 .07 88 .11 88.09 0 .00 61.11 147 .2 146 .8 152 .5 157 .5 151 .0 62 .91 191 .5 103 .41 43 .00 ft f 4

44 21 88 .19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 147.6 148 .3 151 .0 161.0 152 . 0 63 .91 191 .3 103 .21 43 .25 tf flif 22 88 .19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 145 .4 150 .4 148 .8 159.1 150 .9 62.81 191 .1 103 .01 43 .50 fl ffif 23 88 .19 88 .01 88 .07 88 .11 88 .09 0 .00 61 .11 146 .3 147 .6 151 .6 161 .0 151 .6 63 .51 191 .3 103 .21 43 .50 44 IIif 24 88 . 19 88 .01 88 .07 88 .11 88 .09 0 .00 61 . 11 146 .9 150 .6 154.9 161 .9 153 .6 65 .51 191 .9 103 .81 40 .00
j uciui &>lu . ^uiii |iicssuis at Uitu a.m .
( Lincoln . “ “ “ 9.45 a.m.



APPENDIX J —Continued ,

RECORD OF SINKING CAISSONS .
PIER III .

Date . Elevations of Cutting Edge .
Above Mean Sea Level . Sunk in

24 Total
SlNKAGE.

Elevations of Sand .
Original Elevation = 156.3.

Average
Pene¬

tration of
Water
Gauge .

Depth
Immersed .

Weights . - r V' Air Pressure . Reaction
Due to

Air
Pressure .

Net Surface
in

Average
Weight per

Sq. Ft . of
Remarks .1889. N.E. N.W. S.E. s .w . Average.

Hours .
N.E. N.W. S.E. S.W. Average.

Caisson .
Caisson. Masonry. Sand. Water. Total. Indicated. Calculated.

Contact . Surface
Exposed to

Friction .
July 30
Aug . 8
Oct . 26

<< oa
, , , , , , , ,

. .
. . . . . . . . .

. .
198 . 1
197 .2
184 .1

.
Tons. Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons. Sq. Ft. Lbs.

Caisson built on shore . Placing cutting edge .
Began building caisson .

Nov .
f<

Dec .
c<

6

27
28
11
12
14 ' 154 .80 ’ i55 .59 15s !25* 159’36’ 156 .99 ’ " o .’oo "

.

155 .6 ' 154 .2 ’i57l8 " "i58 *2 *■"is6 !3 " — 0 . 69

184 .2
185 .6

202 .5
202 .0
198 .2
196 .9
195 .0 ' *38 !61 ’

” 5649 "
5649
5649 ’349’ ’ ’ ’ ’ ' 55’ ’

” 5649 '
5649
6053

. . . . . . . . . .
. .

.

Caisson towed to position at 11.30 a.m .
Began concreting at 1 p.m .

Finished concreting .
Began building solid timber .
Finished building solid timber .
Began laying masonry .ft 16 154 .36 154 .97 158 .59 159.27 156 .80 0 . 19 0 .19 156. 6 156 .1 157.9 158 .2 157.2 0 .40 193 .9 37.10 5649 570 1 53 6273 [pumps at 1 p .m.
btarted air compressors on Bertram at 12.55 p.m. Sand
Sacking out , mat .

“ “ “ StartedaircompressorsonLiiKxdnat4p .ni.

t

17
18
19
20

154 .22
154.22
154 .35
154 .41

154 .80
154 .63
152 . 51
151 .79

158 .48
158.20
157.80
157.51

159 .06
158 .61
155.96
154 .86

156 .64
156.42
155.16
154 .64

0 .16
0 .22
1 .26
0 .52

0 .35
0 .57
1 .83
2 .35

156 . 5
156 .2
157 .0
157 .2

156. 1
156.2
155 .3
156 .7

158 .0
158 .5
158.3
158.0

158.7
158 .0
158.2
158 .8

157.3
157 .2

. 157.2
157 .7

0 .66
0 .78
2 .04
3 .06

194 .0
194 .4
195 .0
195 .3

37.36
37 .98
39.84
40 .66

5649
5649
5649
5649

605
642
672
878

2
2
6
8

53
53
54

in

6309
6346
6381
6646

14.50
14.50
15.50
16.00

16 .21
16 .48
17 .29
17 .65

5044
5128
5380
5492

1265
1218
1001
1154

181
215
562
843

13978
11330
3562
2737 Fine river sandit

f

21
22
23
24
25

153.53
151 .32
147 .60
144 .33
141.87

152. 65
149 .67
144 . 71
143 .78
141 .98

153 .30
151 .45
150.21
146.33
144.33

152 .52
149 .80
147 .55
146 .02
144 .30

153.00
150 .56
147 .52
145 .11
143 . 12

1.64
2 .44
3.04
2 .41
1 .99

3 .99
6 .43
9 .47

11.88
13 .87

160 .4
160 .3
159 .0
160.5
158 .6

160 .5
160 .6
156.7
159.9
158 .6

158 .4
158.5
161.4
159.8
160 .8

159 .2
160 .1
160 .0
160 .6
160 .2

159 .6
159.9
159 .3
160.2

' 159.6

6 .60
9 .34

11 .78
15 ..09
16 .48

195 .5
195 .6
195 .7
195 .7
195 .7

42 .50
45 .04
48 .18
50. 59
52.58

5649
5649
5649
5649
5649

963
1220
1337
1848
1565

15
23
32
42
45

265
498
807

1050
1251

6892
7390
7825
8089
8510

18.00
19.50
20. 75
21.00
22 .00

18 .45
19 .55
20 .91
21 .96
22 .82

5741
6084
6507
6834
7101

1151
1300

' 1318
1255
1409

1818
2572
3244
4156
4539

1266
1015
812
604
620 '

<t
<4
it it

i 4
tt
t t

J

<t tt tt
ft tt ft

Mat .all out . . „

Elevator put on . ‘ ;
i v . 1 . -

(

(

26
27
28
29
30

141.85
140 .02
138.45
135. 15
132.70

141 .97
139 .69
138 .73
135 .32
132 .60

144 .27
142. 63
140 .81
137 .67
135 .06

144 .27
142 .18
140 .89
137.74
134 .83

143.09
141. 13
139.72
136 .47
133.80

0 .03
1.96
1 .41
3 .25
2 .67

13.90
15.86
17.27
20 .52
23 .19

160 .6
158 .7
161 .0
161 .2
160 . 5

159 .9
158 .7
161 .0
160 .7
160.5

159 .9
158.7
162 .1
163 .1
158 .5

159 .3
159 .3
159 .6
161 .2
161 .7

159.9
158.8
160 .9
161.6
160 .3

16.81
17.67
21.18
25.13
26 .50

195 .6
195 .6
195 .7
195 .7
195 .7

52 .51
54.47
55.98
59 .23
61 .90

5649
5649
5649
5649
5649

1565
1679
1789
2007
2113

46
48
58
69
73

1250.
1446
1599
1926
2208

8510
8822
9095
9651

10043

21 .75
23. 00
23. 25
25.00
26.00

22 .79
23 . 64
24 .30
25 .70
26 .86

7092
7356
7562
7997
8358

1418
1466
1533
1654
1685

4630
4867
5833
6921
7299

612
602
525
478
461

it
a
n

<•
tt
tt
tt
ft
4t** 31 131.80 131 . 69 134.10 133 .77 132.84 0 .96 24 . 15 157 .7 157 .1 160 .6 157 .6 158 .2 25 .36 195 .6 62 .76 5649 2223 72 2303 10247 26 .75 27 . 23 8473 1774 6985 508 « tt it

1890.
Jan . 1

“ 2
“ 3
“ 4
“ 5

131 .70
131 .60
131.60
131 .55
131 .49

131 .43
131 .38
131 .28
131 .28
131 .21

133 .76
133 .75
133 .65
133.65
133 .65

133 .56
133 .46
133 .44
133.38
133.38

132.61
132. 55
132.49
132 .47
132.43

0 .23
0 . 06
0 .06
0 .02
0 . 04

24 .38
24 .44
24 .50
24 .52
24 .56

158 .1
159 .1
160 .0
159 .1
156 . 7

158.7
159 .1
160 .6
159 .1
154.2

160.4
165.4
160 .8
161.7
158.0

157 .4
155 .4
155 .1
161 .7
159 .8

158.6
159 .8
159.1
160.4
157.2

25.99
27.25
26.61
27.93
24.77

195 .4
195 .4
195 .5
195 .7
196 .8

62.79
62 .85
63.01
63.23
64 .37

5649
5649
5649
5649
5649

2432
2641
2641
2642
2848

72
77
73
77
68

2302
2308
2323
2341
2464

10455
10075
10686
10709
11029

26 .00
22.25
26 .75
26. 75
27.75

27 .25
27 . 27
27 3̂4
27 .44
27 .93

8480
8486
8508
8539
8691

1975
2189
2178
2170
2338

7158
7505
7329
7692
6822

551
583
594
565
685

Fine river sand
it a it
it <4 a
tt a i 4
tt tt att

tt
( (
tt
tt

6
7
8
9

10

130. 12
127 .10
124 .40
122 .67
122.67

129 .81
126 .62
123 .96
122 .20
122 .19

132 .48
129 .88
127 .32
125 .72
125.72

132 .04
129 .33
126 .70
125 .28
125 .28

131 .11
128.23
125.59
123 .97
123.97

1 .32
2 .88
2 .64
1.62
0 .00

25 .88
28. 76
31 .40
33 .02
33 .02

157 .6
160 .6
161. 1
160 .0
157 . 5

159 .1
159 .5
157 .6
161 .9
158 .5

159 .0
159 .7
158.8
158.9
162 .5

160 .0
159 .7
160 .4
160 .9
159 .5

158.9
159.9
159.5
160.5
159.5

27 .79
31 .67
33 .91
36. 53
35.53

197 .8
198 . 5
199 .2
200 . 1
201 . 5

66 .69
70 .27
73 .61
76. 13
77.53

5649
5649
5649
5649
5649

3023
3077
3247
3262
3418

77
87
94

101
98

2699
3080
3429
3623
3841

11448
11893
12419
12635
13006

28.25
29 .50
31.25
32.25
32.00

28 .94
30 .49
31 .95
33 .04
33 .65

9006
9488
9942

10282
10471

2442
2405
2477
2353
2535

7654
8723
9340

10061
9786

638
551
530
467
518

it
1i

tt

tt
tt
11
11
tt

4(
4t
f t
tt
If

[at 8 .10 p.m.
Waiting for masonry . Stopped air compressors on Lincolnft

«
<

( (
«(

11
12
13
14
15

122 .65
122 .64
122 .63
122.62
122.62

122 . 19
122 . 18
122 . 18
122 . 18
122 . 18

125.68
125.67
125. 66
125.60
125 .60

125 .26
125 .24
125 .23
125. 18
125. 18

123 .95
123 .94
123 .93
123.89
123 .89

0 .02
0 .01
0 .01
0 .04
0 .00

33 .04
33.05
33 .06
33 .10
33 .10

158 .9
159 .0
159 .2
159 .6
160 .5

158 .9
160 .0
160 .2
160.6
160.5

162 .9
165 .0
165 .1
164. 5
159. 5

161 .9
161 .0
161 .2
160 .6
158 .5

160.7
161.3
161.4
161 .3
159.8

36. 75
37.36
37. 47
37.41
35 .91

202 .9
204 .0
205 .0
205 .9
207 . 0

78 .95
80 .06
81, 07
82 .01
83 .11

5649
5649
5649
5649
5649

3439
3593
3593
3755
3763- - i

101
103
103
103.
102

3992
4110
4217
4318
4335

13181
13455
13562
13825
13849

32.00
32 .50
32.50
34 .00
34.00

34 .26
34 .75
35 . 18
35 . 59
36 .07

10661
10814
10948
11075
11224

2520
2641
2614
2750
2625

10122
10290
10320
10304
9890

498
513
506
534
530

tt
a

tt
41

tt

tt
tt
14

f i

t t
t 4
14

<t tt tt
<< It <4
l ( ( t 44

(( ft t«I
t t
cr
4<
1

16
17
18
19
20

122.62
122 .62
122 .62
122 .62
122 .62

122 .18
122.18
122 .18
122 .18
122 .18

125.60
125.60
125 .60
125 .60
125.60

125. 18
125 . 18
125. 18
125.18
125. 18

123 .89
123.89
123.89
123 .89
123 .89

0 .00
0 .00
0 . 00
0 .00
0 .00

33 .10
33 . 10
33 .10
33.10
33 .10

157 .1
159.7
159 .8
160 .8
159 .3

157.1
159.7
159 .8
160 .8
159. 3

165 .1
167.7
172.4
162.8
164.3

152 .1
156 .7
162 .8
161 .8
160 .3

157.9
160.9
163 .7
161.5
160.8

34 .01
37 .01
39.81
37.61
36.91

208 . 1
209 .3
210 .4
211 . 2
211 .8

84 .21
85.41
86.51
87.31
87. 91

5649
5649
5649
5649
5649

3816
3928
3931
4079
4087

94
102
150
104
102

4558
4082
4800
4884
4949

14117
14361
14530
14716
14787

35 .00
35 .50
36 .00
36 .00
36.00

36 .55
37 .07
37 . 54
37 .89
38 .15

11374
11536
11682
11791
11872

2743
2825
2848
2925
2915

9367
10193
10945
10359
101G6

585
554
520
564
573

a
a

it

tt
tt
tt
it
tt

«4
ft
tt
tt
t 4

<< tt
It tt ( 1
ft tt ff

tt t { tt<i
( t
«l
ft

21
22
23
24
25

122 .62
122.62
122 .62
122 .62
122 .62

122 . 18
122 .18
122 .18
122 .18
122 . 18

125 .60
125 .60
125 .60
125 .60
125 .60

125.18
125.18
125.18
125. 18
125 .18

123 .89
123.89
123 .89
123 .89
123 .89

0 .00
0 .00
0 .00
0 .00
0 .00

33 .10
33 .10
33 .10
33.10
33 .10

162 .5
159 .7
160.8
159 .3
160 .5

162.5
159 .7
160 .8
159 .3
160 .5

162.5
160.7
158.9
156.3
160. 5

159 .8
163 .7
161.8
162 . 3
161 . 5

161.8
160.9
160.6
159.3
160.7

37 .91
37 .01
36.71
35.41
36.81

212. 3
212 . 7
213 .0
213 .3
213 .5

88.41
88 .81
89 .11
89 .41
89'.61

5649
5649
5649
5649
5649

4234
4237
4386
4386
4456

105
102
101
98

102

5002
5047
5082
5113
5133

14990
15035
15218
15246
15340'

36 .50
36 .50
36 .50
37 .00
37 .00

38. 37
38 . 54
38 . 67
38 .80
38 .89

11940
11993
12034
12074
12102

3050
3042
3184
3172
3238

10441
10193
10111
9753

10138

680
597
629
650
638

t
ft
tt
tt
tt

it
11
ft
11
ft

ft
tt
4t
t 1
tt

tt tt tt
ft tt tt
tt It tt
It tt ft
tt tt ttt >

<4
<<
<<

26
27
28
29
30

122 .62
122 .62
122 .62
121.56
119.71

122 .18
122 .18
122 .18
121 .36
119 .52

125 .60
125 .60
125 .60
124.01
122 .20

125 .18
125 .18
125. 18
123 .81
121 .98

123 .89
123.89
123.89
122.68
120.85

0.000.000.00
1.21
1 .83

33 .10
33 .10
33 .10
34.31
36 .14

160 .6
159 .8
158. 6
158 .3
155.4

160 .6
159 .8
158 .6
159 .3
159 .4

161 .6
157.8
157.6
158.3
158.4

161 .6
159 .8
159 .6
161.3
152 .4

161.1
159.3
158.6
159 .3
156 .4

37.21
35 .41
34 .71
36.62
35 .55

213 .6
213 .8
213 .8
213 .8
213 .7

89 .71
89 .91
89 .91
91 .12
92 .85

5649
5649
5649
5649
5649

4545
4545
4626
4721
4801

103
98
96

101
98

5144
5165
5165
5176
5494

15441
15457
15536
15647
16042

37.00
37 .00'
37 .25
38 .00
39.50

38.93
39 .02
39 .02
39 .55
40 .30

12115
12142
12142
12307
12541

3326
3315
3394
3340
3501

10248
9753
9560

10086
9791

649
679
710
662
715

tt
t <
/ <

41

<1
it
ft
ft
tt

ft
tt
t t
tt
t t

<4 44 tt
*t tt tt

Started air compressors on Liucoln at 12.05 a.m.
31 117.86 117. 52 120 .32 120 . 14 118 .96 1.89 38.03 152 .9 158 .7 154.9 158.7 156.8 37 .34 213 .7 94 .74 5649 4801 103 5750 16303 41 .00 41 .12 12796 3507 10284 682 Coarser sand with gravel .



APPENDIX J —Continued .

RECORD OF SINKING CAISSONS
PIER III —Continued .

30

Date .
— Elevations of Cutting Edge

Above Mean Sea Level . Sunk in
24

Hours .
Total

SlNKAGE.

Elevation of Sand.
Original Elevation = 156.3.

Average
Pene¬

tration OF
Caisson.

Water
Gauge.

Depth
Immersed.

Weights . Am Pressure . Reaction
Due to

Air
Pressure .

Net
Weight .

Surface
in

Contact .

Average
Weight per
Sq. Ft . of
Surface

Exposed to
Friction .

Material . Remarks .

1890. N.E. N.W. S.E. s/vv. Average. N.E. N.W- S.E. s .w . Average. Caisson. Masonry. Sand. Water . Total. Indicated. Calculated.

Tons. Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons. Sq. Ft . Lbs. •

Feb . 1 116.31 116 .05 118 .57 118 .50 117 .36 1.60 39 .63 153.1 157 .1 155 .1 151 .1 154 .1 36 .74 213 .6 96 .24 5649 4879 101 5906 16535 41.25 41 .77 12998 3537 10119 699
“ 2 114 .76 114 .46 116 .87 116 .88 115.74 1.62 41 .25 154 .9 160 .7 155 .9 153 .1 156.2 40 .46 213 .6 97 .86 5649 5001 257 5995 16902 41 .50 42 .47 13216 3686 11057 666 a <i tt w ii
“ 3 113 .32 113. 13 115 .59 115 .49 114.38 1.36 42 .61 156 .9 160 .7 153 .9 154 .9 156.6 42 .22 213 .3 98 .92 5649 5001 546 6008 17204 41 .75 42 .93 13359 3845 11360 677 a a it tt
“ 4 111 .01 110 .98 112 .79 112 .95 111.93 2 .45 45 .06 159 .5 161 .9 153 .6 154 .6 157.4 45 .47 212 .9 100 .97 5649 5001 1131 5890 17671 42 .75 43 .82 13636 4035 11893 678 tt a n it
“ 5 110 .45 110. 60 111 .00 111 .41 110.87 1.06 46 .12 158 .8 161 .7 155 .0 154 .0 157.4 46 .53 212 .2 101.33 5649 5001 1347 5834 17831 42.50 43 .98 13686 4145 12057 687 Coarse sand and gravel
•' 6 109 .77 109.90 109 .77 110 .09 109 .88 0 .99 47 . 11 155.8 156 .7 149 .9 155 .8 154.5 44 .62 211 .4 101 .52 5649 5001 977 6045 17672 42 .75 44 .06 13711 3961 11755 674 it it it it
“ 7 109 .03 109 .00 109 .42 i09 .71 109.29 0 .59 47.70 154 .9 158 .7 147 .1 152 .9 153.4 44 .11 210 .7 101 .41 5649 5001 874 6113 17637 42 .75 44 .01 13695 3942 11672 676 Coarse sand , gravel and clay Clay oh west side of cutting edge .“ 8 108 .35 108.20 108 .80 108 .91 108 .57 0 .72 48 .42 157 .0 158 .0 147 .5 148 .5 152.8 44 .23 210 .0 101 .43 5649 5001 906 6081 17637 42.75 44 .02 13698 3939 11701 673 ft ti 11
“ 9 107 .91 107 .64 107 .94 107 .94 107 .86 0 .71 49 .13 156 .2 157 .2 146 .6 147 .6 151.9 44 .04 209 .3 101 .44 5649 5001 871 6116 17637 43.50 44 .02 13698 3939 11660 676 << it it it it
“ 10 107. 12 106 .72 107 .18 106 .98 107 .00 0 .86 49 .99 156.6 157 .6 144 .7 146 .7 151.4 44 .40 209 .3 102 .30 5649 5001 937 6182 17769 44.37 44 .40 13817 3952 11719 675 it tt ti it tt

“ 11 107.09 106. 67 107 .15 106 .96 106 .97 0 .03 50 .02 157 .6 159 .4 145 .9 147 .9 152.7 45 .73 209 .5 102 .53 5649 5001 1180 6083 17913 44 .25 44 .50 13848 4065 11934 681 ti il tt tt tt
“ 12 107 .09 106 .67 107 .15 106 .96 106 .97 0.00 50.02 155.6 158 .6 145 .8 147 .8 152.0 45 .03 209 .9 102.93 5649 5001 1051 6090 17791 43 .50 44 .67 13901 3890 11821 658 tt a a a ti
“ 13 107.09 106 .67 107. 15 106 .96 106 .97 0 .00 50 .02 150.8 157 .6 146 .0 148 .0 150.6 43 .63 210 .4 103 .43 5649 5001 797 6373 17820 43.75 44 .89 13969 3851 11593 664 tt a tt a tt
“ J4 107.08 106 .66 107 .14 106 .95 106 .96 0.01 50 .03 155 .1 158 .6 147 .4 148 .4 152.4 45 .44 211 .1 104 .14 5649 5001 1126 6262 18038 44.00 45 .20 14066 3972 11888 668 tt it it tt tt

15 107 .08 106 .66 107 .14 106 .95 106 . 96 0 .00 50 .03 155 .0 157 .8 141 .5 149 .2 150.9 43 .94 211 .5 104 .54 5649 5001 853 6588 18091 44.00 45 .37 14119 3972 11644 682 it a tt tt tt Took off air Feb . 16 at 9.30 a.m .
June 18 Coarse sand , gravel and clay

ii it tt ti ti“ 21 UldiltCU UU CClll ^ llCQOU10 UJi UC1 lil M.lII m , i.1 .&\J R. IIi .

“ 24 106.52 106 .19 106 .51 106 . 33 106 .39 0.57 50.60 148 .9 148 .9 147 .9 154 .9 150.2 43 .81 201 .9 95 .51 5649 5001 830 5341 16821 40.00 41 .45 12899 3922 11611 675 it ii t u a strengthening 6 ft . lock ; removing blocking from cutting
Hoisting out clay and gravel . Tedee“ 25 106 .52 106 .19 106 .51 106 .33 106 .39 0.00 50 .60 148 .9 148 .9 143 .9 149 .9 147.9 41 .51 201 .9 95 .51 5649 5001 429 5541 16620 40.00 41 .45 12899 3721 11237 662 a tt tt tt ft it tt it '' it ti

“ 26 106 .52 106 .19 106 .51 106 .33 106 :39 0 .00 50.60 146 .7 147 .7 147 .7 152 .2 148 .6 42 .21 201 .7 95 .31 5649 5001 546 5459 16655 40.00 41 .36 12871 3784 11358 666 a a tt tt n ii tt tt it tt

" 27 106 .52 106 .19 106.51 106 .33 106 .39 0 .00 50.60 146 .6 146 . 6 145 .6 153.1 148 .0 41. 61 201 .6 95 .21 5649 5001 445 5500 16595 40 .00 41 .32 12858 3737 11255 664 tt tt t tt tt tt ti ti it it
“ 28 106 .52 106 . 14 106 .46 106 .30 106 .36 0 .03 50 .63 149 .2 150 .7 149 .2 152.7 150 .4 44 .04 201 .2 94 .84 5649 5001 871 5408 16929 40 .00 41 .16 12808 4129 11660 708 tt it tt tt tt Hoisting out clay .“ 29 i06 . yy 105 .98 106 .32 106 .18 106 .22 0 .14 50.77 150. 1 150 .1 147 . 1 153 .6 150 .2 43 .98 201 .1 94 .88 5649 5001 863 5417 16930 40 .00 41 .18 12815 4115 11651 706 tt tt tt tt tt
“ 30 106 .25 105 .85 106 .22 106.08 106 .10 0 .12 50.89 148 .7 152 .3 148 .7 154 .3 151 .0 44 .90 200 .7 94 .60 5649 5001 1031 5299 16980 40 .00 41 .06 12777 4203 11800 712 a tt u tt tt ii tt ii

July 1 105.22 104 .87 105 .42 105.26 105 :19 0 .91 51.80 153 .0 153 .0 149 .3 151 .8 151 .8 46 .61 200 .3 95 .11 5649 5001 1356 5186 17192 40 .00 41 .28 12846 4346 12069 722 Coarse sand , gravel and clay(< i < i i it . a Hoisting out clay .“ 2 105.21 104 84 105 .37 105 .26 105 .17 0 .02 51.82 147.9 154 .6 147 .9 149.9 150 .1 44 .93 200 .2 95 .03 5649 5001 1037 5343 17030 40.00 41 .24 12833 4197 11805 711 a ti ti
“ 3 105 .21 104 .84 105 .37 105 .26 105 . 17 0 .00 51 .82 149 .9 153 .6 145 .2 148.9 149.4 44 .23 200 .2 95 .03 5649 5001 906 5403 16959 39.50 41 .24 12833 4126 11691 706 a a it a it it a a
“ 4 105 .21 104 .84 105.37 105.26 105 .17 0 .00 51 .82 148 .8 151 .8 147 .8 148 .8 149.3 44 .13 200 .1 94 .93 5649 5001 890 5403 16943 39.50 41 .20 12821 4122 11675 706 <{ it it ii ii Started air compressors ou Lincoln at fiSflpm On . emu -** 5 104 .82 104 .45 105 .04 104 .93 104 .81 0 .36 52 .18 150 .7 154 .7 148 .1 153 .7 151.8 46 .99 200 .1 95 .29 5649 5001 1432 5153 17235 41.00 41 .35 12868 4367 12127 720 ii i i ii ti it Hoisting out clay . [pressor on Bertram broke down .
“ 6 103.69 103 .33 103 .85 103.75 103 .66 1. 15 53.33 151 .2 153 .2 145 .2 151 .2 150.2 46 .54 200 .2 96 .54 5649 5001 1347 5346 17343 42 .00 41 .90 13039 4304 12058 714 It ti ii ti , i (< << <<
“ 7 103 .69 103 .33 103 .85 103.75 103 .66 0 .00 53 .33 152 .0 154 .0 147 .0 151 .0 151.0 47 .34 200 .0 96 .34 5649 5001 1442 5234 17326 41.25 41 .81 13011 4315 12181 708 it tt ii a a it n ii
“ 8 103 .68 103 .32 103 .84 103 .74 103 .65 0 .01 53 .34 152 .7 151 .7 146 .2 152 .7 15.0.8 47 .15 199, 7 96 .05 5649 5001 ■- 1404 5226 17280 41.50 41 .68 12970 4310 12152 709 tt ti u a a tt H ti
“ 9 102 .70 102 .32 102 .89 102 .81 102 .68 0 .97 54.31 148.0 150 .3 147 .0 154 .3 149.9 47.22 199.3 96 .62 5649 5001 1428 5276 17354 41 .25 41 .93 13048 4306 12162 708 it a i i a ti i t a i i
“ 10 102 .70 102 .32 102 .89 102 .81 102 .68 0 .00 54.31 152.8 154 .8 147 .0 151 .8 151.6 48 .92 . 198 .8 96 .12 5649 5001 1763 5060 17473 41 .50 41 .72 12983 4490 12422 723 it a a 11 tt ‘. Stopped sand pumps at 4 pm .
“ 11 101 .81 101 .44 102 .09 101 .96 101.82 0 .86 55 .17 152 .6 154 .6 147 .8 152 .6 151.9 50.08 198 .6 96 .78 5649 5001 2006 5006 17662 41 .75 42 .00 13070 4592 12598 729 Clay

<(
(( ii ii

“ 12 101 .79 101 .42 102 .05 101 .94 101 .80 0 .02 55.19 150 .8 153 .8 144 .0 149 .8 149.6 47 .80 . 198 .3 96 .50 5649 5001 1504 5202 17356 41 .50 41 .88 13033 4323 12251 706 it it t i
“ 13 101.79 101.42 102 .05 101 .94 101 .80 0 .00 55.19 150 .8 153 .8 142 .0 150 .8 149.4 47 .60 198 .3 96 .50 5649 5001 1464. 5222 17336 42 .00 41 .88 13033 4303 12220 704 it a it
“ 14 101 .79 101 .42 102 .05 101 .94 101 .80 0 .00 55.19 150 .1 148 .1 144 .3 150 . 1 148.2 46 .40 198 .6 96 .80 5649 5001 1254 5389 17293 42.75 42 .01 13073 4220 12037 701 t i tt << it
“ 15 100 .78 100 .41 100 .97 100 .86 100 .75 1 .05 56.24 151.8 155 .2 144 .7 149 .8 . 150.4 49 .65 198 .2 97 .45 5649 5001 1903 5120 17673 42.00 42 .29 13160 4513 12533 720 it it it it

“ 16 100 .78 100 .41 100 .97 100 .86 100 .75 0 .00 56.24 153 .0 156 .0 147 . 5 151 .6 152.0 51.25 198 .0 97 .25 5649 5001 2176 4909 17735 42.25 42 .20 13132 4603 12776 721 it tt it tt
“ 17 99 .79 99 .42 99.89 99 .78 99 .72 1 .03 57 .27 155, 3. 153 .3 149 .6 149 .6 151.9 52.18 197 .6 97 .88 5649 5001 2411 4877 17938 43 .00 42 .48 13219 4719 12918 731 it tt tt tt
“ 18 99 .79 99 .42 99.89 99 .78 99 .72 0 .00 57.27 156. 3. 159 .3 148 .6 154 .3 154. 6 , 54.88 196 .6 96 .88 5649 . 5001 2955 4489 18094 42.25 42 .05 13085 5009 13326 752 a ’ it ■>tt .
“ 19 99 .79 99 .42 99 .89 99 .78 99 .72 0 .00 57.27 155. 4 155 .4 147 .9 . 149 .9 152.2 52.48 196 .2 96 .48 5649 . 5001 2471 4653 17774 43 .00 41 .87 13029 4745 12964 ! 732 ' ti H : ■ ' - - .1*
“ 20 99 .79 99 .42 99 .89 99 .78 99 .72 0 .00 57 .27 158 .9 159 .9 148 .9 149 .9 154 .4 54.68 195 .9 96 .18 5649 5001 2915 4432 17997 43.00 . 41 .74 112989 5008 13296 753 it it ti

“ 21 99 .79 99.42 99.89 99 .78 99 .72 0, 00 57 .27 155 .4 159 .4 148 .4 150 .4 153 .4 53 .68 195 .4 95, 68 5649 5001 2713 4476 17839 42 .50 41 .52 ; 12921 4918 13143 748 11 it tt tt
“ 22 99 .79 99 .42 99 .89 99 .78 99 .72 0 .00 57.27 150 .8 156.8 149 .8 154 .8 153.1 53.38 194.8 95.08 5649 5001. 2953 4444 18047 42.50 41 .26 12840 5207 13099 795 tt a it tt
“ 23 99 .79 99 .42 99 .89 99 .78 99 .72 0 .00 57.27 156 .3 158 .3 151 .3 164 .3 157.5 . 57 .78 194 .3 94 .58 5649 5001 3507 3935 18092 42 .00 41 .05 12774 5318 13763 773 tt tt tt tt
“ 24 99 .79 99 .42 99 .89 99 .78 99 .72 0 .00 57 .27 153 .5 154 .8 152 .1 160 .1 155. 1 55.38 193 .8 94 .08 5649 5001. 3057 4170 17877 42 .00 40 .83 12706 5171 13401 772 << Hit
“ 25 99 :79 99 .42 99 .89 99.78 99 .72 0 .00 57 .27 153 .4 154. 1 153 .4 161 .4 155 .6 55.88 193 .4 93 .68 5649 5001 3158 4060 17868 42 .50 40 .66 12653 5215 13477 774 tt tt tt tt

“ 2$ 98 .20 97 .8S 98 .40 98 .30 98 .18 1 .54 58 .81 155 .8 158 .8 152 .1 160 .8 155 .1 56 .92 193 .1 94 .92 5649 5001 3369 4075 18094 42.00 41 . i9 12818' 5276 13633 774 tt a it it
“ 27 98 .20 97 .82 98 .40 98 .30 98 .18 0 .00 58.81 155 .7 157 .0 153 .0 165 .7 157 .8 59 .62 193 .0 94 .82 5649 5001 3796 3860 18306 41 .50 41 .15 12805 5501 14038 784 i t << tt a
“ 28 98 .20 97 .82 98 .40 98 .30 98 .18 0 .00 58 .81 152 .5 152 .5 151 .2 160 .5 154 .2 56.02 193 .0 94 .82 5649 5001 3185 4171 18006 42 .50 41 .15 12805 5201 13498 771 tt it tt tt
“ 29 98 .20 97 .82 98 .40 98 .30 98 .18 0 .00 58 .81 150 .5 152 .5 150 .5 159 .8 153 .3 55 .12 193 .0 94 .82 5649 5001 3004 4279 17933 41 .50 41 .15 12805 5128 13362 767 11

“ “ “ Started pumps on Lincoln at 2 p m“ 30 98.20 97 .82 98 .40 98 .30 98 .18 0 .00 58.81 155 .0 153 .7 154 .0 160 .7 155 .8 57 .62 193 .0 94 .82 5649 5001 3487 4011 18148 41 .50 41 . 15 12805 5343 13739 778 Sand and clay “ “ “ and pumping sand .
CO 96 .77 96 .40 96 .77 96 .66 96 .65 1 .53 60 .34 157 .0 154 .6 154 .0 162 .0 156 .9 60 .25 193 .3 96 .65 5649 5001 4066 3921 18637 42 .50 41 .95 13054 5583 14133 790 if tt ti ti it tt it a a
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RECORD OF SINKING CAISSONS .

PIER III —Continued .

Date . Elevations op Cutting Edge Elevations of Sand . Average
Pene¬

tration OF

Weights . AverageAbove Mean Sea Level . Sunk in
24

Hours .

Total
SlNKAGE.

> Original Elevation = 156.3. Water
Gauge .

Depth
Immersed .

Air Pressure . Reaction
Due to Net Surface

in
Weight per

Sq . Ft . of
Remarks .1890. Caisson .

Pressure . Contact . SurfaceN.E. N.W. S.E. s .w . Average. N.E . N.W. S.E . S.W. Average. Caisson. Masonry. Sand. Water . Total . Indicated. Calculated. Exposed to
Friction .

Aug . 1
“ 2
“ 3
“ 4
“ 5

96 .77
96.77
96 .69
95 .13
95 .13

96 .40
96 .40
96 .32
94 .73
94 .73

96 .77
96 .77
96 .69
95 .23
95 .23

96 .66
96 .66
96 . 58
95 .09
95 .09

96 .65
96 .65
96 .57
95 .05
95 .05

0 .00
0 .00
o .os
1.52
0 .00

60.34
60.34
60.42
61.94
61.94

155 .2
154.4
154 .9
154 .5
157 . 5

154 .5
157 .1
153.9
155 .5
152. 1

155.2
154 .4
154.9
153.2
154.8

160.9
163 .4
162 .6
161.5
161 .2

156.5
157.3
156.6
156.2
156.4

59.85
60.65
60.03
61. 15
61.35

193 .2
193 . 1
192 .9
192 .7
192 .4

96 .55
96 .45
96 .33
97 .65
97 .35

Tons.
5649
5649
5649
5649
5649

Tons.
5001
5001
5001
5001
5001

Tons.
3964
4127
4001
4230
4271

Tons,
3965
3877
3931
3953
3899

Tons.
18579
18654
18582
18833
18820

Lbs.
42 .00
42 .00
42 .00
42 .00
42 .75

Lbs.
41 . 90
41 .86
41 .81
42 .38
42 .25

Tons.
13039
13026
13011
13188
13148

Tons.
5540
5628
5571
5645
5672

Sq. Ft .
14073
14193
14100
14267
14297

Lbs.
787
793
790
791
793

Sand and clay

« <i <f
ff tf ff

Hoisting out clay and pumping sand .ff if << (i .«t V <<
f< ff ff ff << <<
ff ff ff if if ff

Started pump on Bertram at 3.30 p .m .“ 6
“ 7
“ 8
“ 9
“ 10

95 .13
95 . 13
93 .41
93 .41
91 .71

94 . 73
94 .73
93 .01
93 .01
91 .29

95 .23
95 .23
93 .64
93 .64
91.90

95.09
95 .09
93.50
93 .50
91 . 71

95 .05
95 .05
93 .39
93.39
91 .65

0 .00
0 .00
1 .66
0 .00
1.74

61 .94
61.94
63 .60
63 .60
65.34

155 .2
156 .0
155.2
155. 5
154 .3

155 .9
155 .3
156 .4
156 .2
155 .2

154 . 5
155 .7
154.7
156 .2
153 .6

162.2
163 .0
162 .9
162 .0
161 .9

156.9
157.5
157 .3
157 .5
156 .2

61.85
62.45
63 .91
64 .11
64.55

192 .2
192 .0
191 .7
191 .5
191 .2

97 .15
96 .95
98. 31
98 .11
99 .55

5649
5649
5649
5649
5649

5001
5001
5001
5001
5001

4369
4493
4793
4834
4925

3823
3737
3731
3688
3797

18842
18880
19174
19172
19372

42 .00
42 .00
42 .25
42 .25
42 .00

42 . 16
42 .08
42 .67
42 .58
43 .20

13120
13095
13278
13250
13443

5722
5785
5896
5922
5929

14371
14461
14678
14708
14773

796
800
803
805
803

tt
i t
t (
i <
tt

tt
11
11
ti
tt

<f
f(
ff
ff

Hoisting out clay and pumping sand .ff ff ff . f «f (.
<< ff ff it it ft
<f ff <f ff ff ff
<f ff <« ff ff ff“ 11

“ 12
“ 13
“ 14
“ 15

90 .19
88 .70
87 .40
86 .31
85 .37

89 .78
88 .30
87 .00
85 .91
85 .02

90 .45
88 .90
87 .59
86 .54
85 .67

90 .23
88 .66
87 .36
86 .39
85 .51

90 .16
88 .64
87 . 34
86 .29
85 .39

1 .49
1 .52
1.30
1 .05
0 .90

66 .83
68.35
69.65
70.70
71 .60

155 .0
154 .9
155. 1
151 .2
152 .8

156 .0
156.6
155 .7
153 .2
155 .4

152 .3
152 .9
151 .4
149 .8
151. 5

160.7
160 .6
160 .4
157 .5
159 .2

156 .0
156.2
155.6
152.9
154.7

65.84
67.56
68.26
66 .61
69 .31

191 . 0
190 .9
190 .9
191 .0
191 .0

100.84
102 .26
103 .56
104 .71
105.61

5649
5649
5649
5649
5649

5001
5001
5001
5001
5082

5189
5542
5686
5347
5901

3815
3805
3871
4142
3980

19654
19997
20207
20139
20612

42 .50
43 .00
43 .75
44 .00
45 .00

43 .76
44 .38
44 .94
45 .44
45 .83

13618
13811
13985
14140
14262

6036
6186
6222
5999
6350

14964
15219
15322
15078
15477

807
813
812
796
821

it
i t
a
i i
11

11
t<
tt
tt

ft
ff
ff
ft

ft ff ff f< ft ((
ff ff ff ff ff tt
ff ff f< ff ft tf
ff ff ff ff ff tf
tt tt tt it tt tt“ 16

“ 17
“ 18
“ 19
“ 20

85 .37
85 .37
85 .37
85 .37
85 .37

85 .02
85 .02
85 .02
85 .02
85 .02

85 .67
85 .67
85 .67
85 .67
85 .67

85 .51
85 .51
85 .51
85 .51
85 .51

85 .39
85 .39
85 .39
85 .39

0 .00
0 .00
0 .00
0 .00

71 .60
71 .60
71 .60

155 .0
155 . 1
152 .2

156 .0
156 .3
153 .9

151 .8
151 .8
151.5

159 .2
161 .8
160 .5

155.5
156.2
154 .5

70.11
70.81
69 .11

191 .0
191 . 1
191 .2

105 .61
105 .71
105.81

5649
5649

5163
5163

6066
6210

3893
3827

20771
20849

45 .00
44 . 50
44 .50

45 .83
45 .88

14262
14277

6509
6572

15594
15697

835
837

it
tt
a

ft
<t
ft

<f
lf
ff

“ “ “ " “ Ditching along cutting edge ,

“ ‘ ‘ “ “ “ Sealing along cutting edge .
“ “ “ “ .. . .< <1 „

71 .60 150 .7 156 .0 151 .0 160 .0 154.4 69 .01 191 .2 105 .81 45 .75 11 <f ftt5o. 8y 0 .00 71 .60 154.0 152 .9 152 .7 159.2 154.7 69.31 191 .2 105 .81 46 .50 tt tc <t
“ 21 85 .37 85 .02 85 .67 85 . 51 85 .39 0 .00 71.60 152 .9 152.6 150 .9 159 .4 154.‘0 68 .61 191 .3 105 .91 47 .00

46 .50 “ “ Stopped pump on Bertram at 7 a .m .
“ 22
“ 23
“ 24
“ 25

85 .37
85 .37
85 .37
85 .37

85 .02
85 .02
85 .02
85 .02

85 .67
85 .67
85 .67
85 .67

85 .51
85 .51
85 .51
85 .51

85 .39
85 .39
85 . 39
85 .39

0 .00 71 .60 153 .0 152.7 153 .0 159 .5 154.6 69 .21 191 .4 106 .01
. . . . . . . . . . . . . . . . . . *. * .

Clayff
0 .00
0 .00
0 .00

71 .60
71 .60
71.60

152 .6 151.0 152.6 159 . 1 153 .8 68 .41 191 .0 105. 61 47 .00 Lincoln at 7.40 a .m .
Cleaning out caisson and sealing .149 .4 147 .2 151 .9 157.5 151 .5 66 .11 190 .7 105 .31 47 .00 ff149 .0 147.1 150 .8 157.4 151.1 65 .71 190 .6 105 .21 46 .00
Sealing . Cutting edge 2 ft . below clay in north end . Sand

cleaned out to"clay , which is 2 . 5 ft . below cutting edge in“ 26
“ 27

85 .37
85 .37

85 .02
85 .02

85 .67
85 .67

85 .51
85 .51

85 .39
85 .39

0 .00
0 .00

71 .60
71 .60

152 .8 147 .9 152 .1 159 .7 153 .1 67 .71 190 .5 105.11 47 .00 , [south end .Sealing .153 .1 148 .1 153 .1 160 .3 153.7 68 .31 190 .5 105.11 46 .00
44 .00
46 .75
46 .00

" 28 85 .37
85 .37

85 .02
85 .02

85 .67
85 .67

85 .51 85 .39 0 .00 71.60 149 .3 148 .4 150 .6 159 .1 151.8 66.41 190 . 7 105.31 *******‘ **. .“ 29 85 .51 0 .00 71.60 150 .2 155 .2 150 .9 160.9 154.3 68 .91 190 .9 105 .51 . . . . . . . . . . . . . ‘**J *. . . . . . . . . . .“ 30 85 .37 85 .02 85 .67 85 .51 85 .39 0 .00 71.60 151 .9 155 .9 153.9 161 .6 155.8 70 .41 190 .9 105.51 . •• , , , , . . . . . . . . . . . **. . ‘**1****. . * «<
" 31 85 .37 85 .02 85 .67 85 .51 85 .39 0 .00 71.60 148 .7 153 .3 152 .0 161 .3 153.8 68 .41 191 .0 105.61 45 .00

“ Stopped air compressors on Lincoln at 6 a .m .Sept . 1 85 .37
85 .37
85 .37

85 .02
85 .02
85 .02

85 .67
85 .67
85 .67

85 .51
85 .51
85 .51

85 .39
85 .39
85 .39

0 .00
0 .00
0 .00

71 .60
71 .60
71 .60

149 .3
150 .0
149 .1

154.0 152. 0 162.0 154.3 68 .91 191 .0 105.61 43 .50
Sealing .tt

“ 2
“ 3

149.8
151 .4

151 .3
152.4

150 .7
160 .1

152.7
153.2

67 .31
67 .81

191 .0
191 .4
191 .8

105 .61
106 .01
106.41

44 .00
43 .50
44 .00

“ 4 85 .37 85 .02 85 .67 85 .51 85 .39 0 .00 71 .60 149 .5 156 .1 150 .1 162 .1 154.5 69. 11 tt
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RECORD OF SINKING CAISSONS

.CUTJ .0 b . KTP ! ICA
PIEK IV.

Date . Elevations of Cutting Edge
Above Mean Sea Level . Sunk in

24 Total
SlNKAGE.

Elevations of Sand.
Original Elevation = 175.85.

Average
Pene- Water

Gauge.
Depth

Immersed.

Weights .

.. . . . - . 1 .

Air Pressure .

1888. . N.E . N.W. S.E. s .w . Average .
Hours .

N.E. N.W. S.E. S.W. Average .
Caisson.

Caisson . Sand . Water . Total . Indicated . Calculated .

Nov . 24 Tons . Tons . Tons . Tons . Lbs . Lbs .if 26

Dec .< 15
17
23
27
28

<f
It 174 .4 175 .4 173.28 i .i.9 191 .4 19 .31 1823 1823 5 .5 8 . 38

29 168 .92 168 .40 169 .17 168.79 168 .82 3 .27 7 .03 171.7 168 .7 172 .7 178.7
i '

172.95 4 .13 191 .7 22 .88 2416 2416 8 .0
9 .0
9 . 5

9 .93
11 .28
11. 57

30 166.72 166 .14 165 .80 165.34 166 .00 2 .82 9 .85 173. 5 174. 0 179 .0 169 .0 173.88 7 .88 192 .0 26 .00 2498
2622

2498
2622

v 31 166 .58t ; . 166 .04 165 .80 165 .34 165 .94 <>' :06 9 .91 170.6 166 .6 173 .6 177.6 172.10 6 .16 192 .6 26.66 . . . . . . . . .
1889.

Jan . 1
“ 2

161 .74
160.06

163.03
160 .84

162 .45
159 . 59

163.79
160 .49

162 .75
160 .25

3 .19
2 .50

13.10
15.60

171 .2
167 .6

170 .2
167 .6

173 .7
173 .6

176 .7
177.6

172.95
171.60
172.20
172 20

‘10 .20
11.35

193 .2
193 .6

. .tj
30 .45
33 .35
36 .46
37 .11

2918
3232
3272
3518

.
il
2918
3232

13.0
14 .0
14. 5
1S fl

13 .22
14.47
15.82
ns 11

11 3 156 .92 156 .84 157 .62 157 .56 157 .24 3 .01
".65

18 .61 168.7 167 .7 173 .7
174 .7

178.7
178 7

14.96
15.61

193 .7
193 7

8272
851ft

11 4 156 .06 156 .28 156 .87 156 . 54 156 .59 19.26 167.7 167 .7tt 5 154 .03 154 .09 154 .11 154 .15 154 .10 2 .49 21 .75 167.5 166 .5 180 .0 176 .5 172.62 18.52 193.5 39 .40 ; 39430 .1).
4092

3943

4092

15!sl-
T5 .0
17.0
18.0
19 .5
20 .0

17 . 10

17 .66
18 . 32
19 .37
20 .73

11 6 151.84 151.87 152 .91 1152. 96 152.40 1 .70 23 .45 167. 1 166. 6 173 .1 173.1 169.98 17 .58 193 . 1
b
40 .70 nu 7 150. 16 150 .21 150.98 151.02 150.59 1 .81 25 .26 165 .8 172 .8 166 .8 184.3 172.42 21 .83 192 .8 42 .21 4112

4129
4133

4112
4129
4133

** 8 147.76 147.99 147 . 96 148 .21 147.98 2 .61 27 .87 167.6 '163 .6 176 .6 182.6 172 .60 24 .62 192 .6 44 .62 '
tt 9

10
144 .87
144 .87

144 .91
144.91

145 .35
145.32

145 .44
145 .42

145 .14
145. 13

2 .84
.01

.00 i

30 .71
30 .72

166.9 166 .9 176 .9 186.9 174.40 29 .26 192 .9 47 .76

it 11 144 .87 144 .91 145.32 145 .42 145 .13 30 .72
30 .73

1: 165 .2
165 .1

164 .2
165 .1

174 7 1«f> 7 172 45 27 3^ 1̂ 4 9 49 n? 4165 ■■V ■. A1A*“ 12 144 .86 144 .90 145 . 30 145.42 145 . 12 .01 : 179 .1 183!6 173 2̂2 28 .10 195 . 1 49 !98 4190 4190 20 .0 21 .69
<< 13

14
15

143 .19
142 .18
139 .11

143.23
142 .23
139 . 18

143.60
142 .67
139. 55

143 .74
142 .82
139 .72

143 .44
142 .47
139 .39

1.68 '
.97

3 .08

32 .41
33 .38
36 .46

165 .6
165 .0
164.0

163 .6
167 .0
166 .5

168 .6
173 .0
171 . 5

185 .6
183.0
181 .5

170.85
172 .00
170.87

27 .41
29 .53
31.48

r 196 .60 198 .0
199 .5

53 .16
55 .53

" 60 .11

4190
4190
4190

5 117
212
400

4307
4402
4590

"22 !5 '
24 .0

25 .0
26 .0

23 .07
24 . 10
26 .09

27 .37
28 . 07
28 .91
29 .82
30 .04

30 .26
30 .62
31 .40
32 .49
32 .41

« 16 137 .31 137.38 137 .82 138 .01 137.63 1 .76 38 .22 163.7 165 .7
t ■;

171 .7J
1

isi 7 170 .70 33 .07 200 .7 63 .07 4190 1 520 4710
4785

f f 17 136 .45 136 .52 136 .89 137.07 136 .73 .90 39 . 12 163 .4 169 .4 174.4 181 .4 172.15 ,35 .42 201 .4 64 .67 , 4198 587It 18 134.90 135.00 135.14 135.33 135 .09 1 .64 40 .76 162 .7 165 .7 168 . 7 187 .7 171 .20 ' 36.11 201 .7 66 .61 4206 664 4870
4948
4986

5010
5042
5205

15331
5344

„ 27 .0
Bi 27 . 0

27 .0

28 .5
29 .0
30 .0
31 .0
31 .0

19 133 .55 133.64 133.71 133 .90 133 .70 1 .39 42 .15 160.4 164 .4 171 .4 180 .4 169.15 35.45 202 .4 68 .70 4206 7424t 20 133. 54 133.61 133.71 133 .90 133.69 .01 42 . 16 161 .9 164 .9 168 .9 178 .9 168 .65 34.96 202 .9 69 .21 4213 773
t , 21 133 .54 133 .61 133.67 133.87 133.67 .02 42 . 18 165 .4 163 .4 168 .4 178 .4 168 .90 35 .23 203 .4 69 .73 4217 793tt 22 133 .48 133.56 133 .49 133 .68 133.55 ' .12 42 .30 161 . 1 165 .1 168 . 1 177 .1 167 .85 34 .30

35 .59
36. 11
36.68

204 .1 70.55 4217 825’
it

23
24
25

132 .23
129 .98
129.98

132.24
129 .96
129 .94

132.23
129 .86
129.82

132 .36
129.96
129.94

132 .26
129 .94
129 .92

1 .29
2 .32

.02

43 .59
45 .91
45 .93

'161 .6
161 .8
161 .6

164 .6
164 .8
163.6

168 .6
162 .8
165 .6

176 .6
174 .8
175 .6

167 .85
160 .05
166.60

204 .6
204 .8
204 .6

72.34
74 .86
74 .68

4219
1 4219

4224
('•

4232
4232
4234
4234
4234

146
179
212

840
933
908

tt
11

tt

26
27
28
29
30

128 .19
126 .35
126 .06
125 .92
125 .84

128. 14
126. 39
126 .13
126 .02
125 .91

127.89
126.21
126 .00
125.90
125 .80

128 .02
126 .33
126 .07
125 .94
125.87

128 .06
126 . 32
126.06
125 .94
125 .86

1 .86
1 .74

.26

. 13

.08

47 .79
49 .53
49 .79
49 .91
49 .99

i60 .2
160.5
161.6
161. 5 '
161.0

163. 2
162 .5
163.6
163 .0
161 .5

164 .2
160 . 5
160 .6
163 .5
168 .5

175.2
170 .0
171.6
170. 5
171.0

165 .70
163 .37
164.35
164 .62
165 .50

37 .64
37.05
38 .29
38.68
39.64

204 .2
203 .5
202 .6
201 .5
201 .0

76 .14
77 . 18
76.54
75 .56
75 .14

224
260
260
260
260

1001
1049
967
922
902

5457
5541

‘5461
5416
5396

32 .0
31 .5
31 .5
31 .5
32 .0

33 .04
38 .50
33 .22
33 .79
32 . 61

“ 31 125 .70 125 .83 125 .72 125.73 125 .75 .11 50 .10 •161 .3 160 .8 169 . 3 169 .8 165 .30 39.55, 200 .8 75.05 4234 260 898 5392 32.0 32 . 57
Feb .

II
....

1
2
3
A
5

125 .46
125 .35
123 .62
423 .61
122 .90

125.59
125.45
123.72
123 .71
123.03

125.34
125.34
123 .68
128 .67
122.98

125.39
125.39
123 .76
128 .73
123.05

125 .45
125 .88
123 .69
123 .68
122 .99

' : 30
' .07
1 .69

.01

.69

50 .40
50 .47
52.16
52 .17
52.86

161 .9
162 .3
162 .8
162 .4
162 .9

161 .4
161 .8
162 .8
163 .4
162 .4

168.9
169 .3
171 .8
171 .9
169.9

169 .9
169 .3
168 .8
169.4
169.9

165 .52
165 .68
166 .55
166.77
166.28

40 .07 :
40 .30*
42 .86:
43 .09
48 .29

200 .9
201 .3
201 .8
202 .4
202 .9

75 .45
75 .92
78.11,
78 .72
79 .91

4234
4234
4234
4234
4230

260
260
260 j
260 -
260

917
989

1040
1068
1124

5411
5433
5584
5562
5614

32 .0
33.0
32 .5
33 .0
32 .5

32 .75
32 .95
33 .90
34 .16
34 .68

«•
6
7
8

122 .90
122 .90
122 .90

123.03
122 .96
122 .96

122 .98
122 .88
122.88

123 .05
123 .03
123 .03

122 .99
122 .94
122.94

.00

.05

.00

52.86
52 .91
52 .91

161.2
159 .1
159.8

161 .2
161 . 1
158.8

177.2
169 .1
171 .8

169 .2
169 .1
168 .3

167 .20
164 .60
164.68

44 .21
41 .66
41 .74

203 .2
203. 1
202 .8

80 .21
80 .16
79 .86

4230
4230

260
260

1138
1135

5628
5625

33 .0
33 .0
32 .0
30 .0

34.81
34 .79

9 122.90 122.96 122 .88 123 .03 122 .94 .00 52 .91 161 .1 160 . 1 167 .6 167 .6 164 .10 41 .16 202 .1 79 .16it 10 122.90 122.96 122 .88 123 .03 122 .94 . 00 52 .91 201 .1 78 .16
_ _

Reaction
Due to

Air
Pressure .

Tons .

941

1115
1267
1300

1 1485
1625
1777
1809
1921

1984
2058
2176

' 2328

Net
Weight .

Tons .

882

1301
1231
1322

y 1433
1607
1495
1709
2022

2108
2054
1953
1805

Surface

Contact .

Average
Weight per

Sq . Ft . of
Surface

Exposed to
Friction .

Sq . Ft .

204
. . , | .

- 710
1355
1059

1754
,1952
2573
2685

^ 3186
3024

. 3755
4235
5033

Lbs .

8647

3665
1817
2497

1634
1646
1162
1273
1268

1394
1094
921 '
717

Material .

Fine river sand

Fine river sand
Mud

If

Coarse sand and gravel
2392
2436
2591
2707
2930

1773
1754
1716
1695

" 16601

4699
4833
4714
5079
5414

755
725
728
667
613

3074
3153
3247
3349
3374

1636
1632
1623
1599
1612

5688 1
6092
6211
6097
6013

575
536
523
524
536

tt

n ft n ft .

if ft . ft f (

If tt ’ it

Mud

Remarks .

Caisson built on shore ; cutting edge placed .
Began building .

Caisson launched .
Caisson placed in position .
Began concreting .
Put on air at 8 p .m.
Started sand pump at 2 a.m .

K1'.TT
' -• ’ I, . ..

TE . Om .

All timber of caisson proper in place .

Let oil air at 9.20 a.m . to put in last .foot of concrete without
[air holes . Began building crib .

Crib completed .

I | I

•’ ! 01 *

Let oil air at 4 p .m . to concrete around main shaft .
Started air pumps at 4 a.m . . 'J

■ .1

8399 1611
3439 1603
3527 1078
3649 1682
3640 1704

3711 1746
3763 1778
3731 1730
3683 1733
3663 1733

6060 531
5899 543
6121 548
6211 541
6309 540

6474 539
6373 558
6586 525
6653 521
6818 508

ft

'<) '
' ft

Clay
f<
tl

3658

3678
3701
3808
3837
3895

1734 6802 509

1733
1732
1726
1725
1719

6892
6932
7372
7411
7446

508
499
468
465
461

Clay

tt

" . .0
tit

Stopped sand pumps at 6.30 p.m. Pump men went on clay
. . [hoist . Started well .

: (> ;

0
■ i . ;

7 ' : ■ - 1 .. ■
1 ; •' ' i ;

ve> v.f ; t :
P * <■':! ! ■■■!

Took o£Eclay hoist .
3910
3908

1718 7604
1717 7164

452
479

tl
tt Began sealing at 10.30 a.m .

Stopped air pumps at 10.50 a.m .
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RECORD OF SINKING CAISSONS .

PIER V .

Date . Elevations of Cutting Edge
Above Mean Sea Level . Sunk in

24
Hours .

Total
Sinkage .

Elevations of Sand .
Original Elevation = 211.3.

Average
Pene - •

tration of
Caisson .

Water
Gauge .

Depth
Immersed .

Weights . Air Pressure . Reaction
Due to

Air
' Pressure .

Net
Weight .

Surface
in

Contact .

Average
Weight per
Sq. Ft . of
• Surface

Exposed to
Friction .

Material .

1890. N.E. N.W. S.E. s .w . Average, ,N.E. N.W. S.E. . S.W. , Average. . Caisson. Sand. Water. Total. Indicated . Calculated.

Tons. Tons. Tons. Tons. Lbs. Lbs. Tons. Tons' Sq. Ft.
Apr . 25 211 .82 211 .82 211 .82 ,; 211 .82 211 .82

26

Maytt
7 211 .72 211 . 68 211.48 211 .59 211 .62 0 . 20 . 211 .7 210 .9 211 . 8 211 .4 . .211.3
8 209 .32 209 .39 209 .51 209 .48 209 .42 2 . 20 2 .40 211 .7 . 210 .9 211 .3 . 211 .4 . ' , 211 . 3tt 9 206 .72 206 .37 206 .49 206 . 15 206 .43 2 .99 5 .39 210 . 8 210 .9 210 . 6 210 .9 . 210 . 8 . 4 .37 211 . 1 . . 4 .67 . 168 .. 5 . 173 " 4 .00 ' . 2 .03 128 ' 45 ■"530 17b( 10 201 .64 201 .25 200 .70 200 .31 200 .98 5 .45 10.84 209 .8 209 .6 210 . 1 210 . 1 209.9 8 . 92 209 .6 8 .62 612 10 622 5 .75 3 .74 236 386 1183 fi53 11 a

tt 11 194 .89 194 .89 195 .16 195 . 17 195 .03 5 .95 16.79 , 210 . 2 . 208 .8 209 .6 210 . 2 .■209 .7 .. 14 . 67 210 . 1 ; r 15 .07 821 17 638 9 .00 6 .54 413 ,425 , 1781 . 477 “ t“
t 12 193 .01 192 .92 192 .03 191 .90 192.48 2 .55 19.34 209 .6 209 .7 210.3 210 .3 210 . 0 17 .52 210 .3 17.82 853 20 873 9 .75 7 . 73 488 385 2127 362( 13 188 .15 188 . 18 188 .15 188 . 1;- 188.16 4 .32 23 .66 209 .3 209 . 1 209 .1 209 .1 . 209 . 1 : 20 .94 210 .4 22 .24 1012 25 i 1038 11.00 9 . 65 610 428 2542 337tt 14 188. 14 188 . 16 188 . 14 188.16 188. 15 0 . 01 23 .67 209 .3 209 .1 209 . 1 209 . 1 209 .1 20 .95 210 .9 . 22 .75 1012 25 i 1038 9 .00 .9 .87 624 414 2543 39,6 a it a
< 15 188. 14 188. 16 188 .14 188 .16 188 .15 0 . 00 23 .67 211 . 2 209 .9 210 . 2 210 . 2 210 .4 22 .25 210 . 6 22 .45 1012 26 0 1038 10 . 00 9 .74 616 ■49,0. 2701 312 it it a<t 16 188 .01 188 .02 188.01 188.02 188 .01 0 .14 23 .81 211 . 2 209 .9 210 .2 210 . 2 210.4 22 .39 210 . 2 22 .19 1012 26 0 1038 10 . 00 9 . 63 .609 429 2718 316 it tt tt

i t 17 187 .38 187.44 187 .47 187. 53 187 .45 0 .56 24 .37 210 . 6 209 .7 210 .4 209.5 210 . 0 22 .55 210 .3 22.85 1376 26 0 1402 12 . 00 9 .91 626 776 2738 566 ft tt tt
if 18 184 .85 185 .74 185 .68 185 .99 185.41 2 .04 26 .41 207 .8 202 .7 208 .7 209 .5 207.2 21 .79 210 . 6 25 .19 1437 25 2 1464 13.00 10 .93 691 773 2645 57719 182 .51 182 .48 183 .55 183 .53 183.02 2 .39 28 .80 210 .3 208 .8 209 .0 206.2 208.6 25 .58 210 . 8 27 .78 1653 29 1 1683 14.50 12 .06 762 921 3105 593 ft (* tt ' tta 20 179 .78 179 .77 180 .55 180.59 180. 17 2 .85 31.65 209 .0 208 .6 209 .0 210 . 0 209.1 28 .93 211 .3 31 . 13 1917 34 1 1952 15.50 13 . 51 854 1098 3512 625 tt <t it ttt 21 176 .51 176.42 176 .70 176.65 176.57 3 .60 35 .25 209 .1 207 .5 207 .4 208 .5 . 208.1 31 .53 210 .4 33 .83 1966 37 1 2004 16.75 14 .68 929 1075 .3828 562 Fine sand
tt 22 171 .08 171 .09 171 .04 171 .07 171.07 5 .50 40 .75 207 .4 208 .1 205 .4 206 .2 206.8 35 .73 210 .7 39 .63 2246 42 2 2290 17 .50 17 .20 1087 1203 4338 555 (( tt
tt 23 165 .95 165 .91 165 .79 165.76 165 .85 5 .22 45 .97 207 .7 207 .4 207 .4 207 .8 207.6 41 .75 210 .7 44 .85 2486 49 2 2537 18.50 19 .46 1230 1307 5068 516 ft ft
t 24 157 .0o 157.03 156 .77 156 .77 156.90 8 .95 54 .92 207 .6 208 .3 208 .5 208 .4 208 .7 51 .80 209 .4 52 .50 2631 59 1 2691 24 .00 22 .78 1440 1251 6289 398 it tt
t 25 150 .82 150 .78 150.84 150.79 150 .81 6 .09 61 .01 208 .9 209 .0 207 .9 208 .8 208 .6 57 .79 210 . 2 59.39 2987 67 1 3055 27 .00 25 . 78 1630 1425 7016 406 ti tt

i t 26 150.79 150 .74 150 . 78 150.74 150 .76 0 .05 61.06 208 .7 209 .6 209 .1 209 .1 209.1 58 .34 210 . 0 59, 24 3015 68 1 3084 27 .00 25 .71 1625 1459 7082 412 <f tt

i 27 145 .61 145 .54 145.58 145.51 145 .56 5 .20 66 .26 209 .9 210 .0 209 .6 208 .6 209.5 63 .94 210 .3 64 .74 3353 74 1 3428 28 .50 28 .09 1776 1652 7762 42528 140 .98 140 .91 140 .92 140 .86 140 .92 4 .64 70 .90 209 .4 208 .0 209 .1 208 .2 208 .7 . 67 . 78 209 . 7 ■ 68 .78 3622 79 1 3702 29 .50 29 .85 1887 1815 8228 441 t t tt n tt
t 29 139.40 139.33 139 .39 139.33 139 .36 1.56 72.46 209 .4 209 .4 209 .0 208 .4 209.0 69 .64 209 .6 70 .24 3588 81 0 3669 30.00 30 .48 1927 1742 8454 412 it tt ti tt
i 30 137 .02 136.95 136 .99 137.05 137 .00 2 .36 74 .82 207 .3 208 .1 208 .0 208 .6 208.0 71 .00 209 .3 72 .30 3812 83 1 3896 3 ! . 00 31 .38 1984 1912 8619 444 ft tt tt it

a 31 134 .50 134.42 134 .55 134.47 134 .48 2 .52 77 .34 207 .0 207 .5 207 .8 208 .6 207.7 73 .22 209 .3 74 .82 3863 85 1 3949 32 .50 32 .47 2053 1896 8889 427 Same , streaked with mud
June 1 131.90 131 .82 131 .98 131 .90 131 .90 2 .58 79 .92 206 .8 207 .5 207 .2 207 .9 207.4 75 .50 209 .0 77. 10 3863 88 1 3952 34.00 33 .46 2115 1837 9166 401 Sand with gravel2 130 .00 129.92 130.01 129 .93 129 .97 1.93 81 .85 205 .6 206 .6 207 .9 207 .9 207 .0 77 .03 208 .9 78 .93 3863 90 1 3954 31 .50 34 .26 2166 1788 9351 382 41 ft (1i 3 128.33 128.19 128 .39 128.25 128 .29 1 . 68 83 .53 205 .6 207 .5 206 .0 206 .1 206.3 78 .01 208 . 5 80 .21 3863 129 5 3997 • i .00 34 .81 2201 1796 9470 379 It tt ft

4 127.63 127 .57 127 .60 127 .54 127 .59 0 .70 84 .23 205 .6 206 .4 204 .6 205 .9 205 .6 78 .01 207 .8 80. 21 3863 136 5 4004 35 .00 34 .81 2201 1803 9470 381 tt ti ft
5 126.47 126 .40 126.43 126 .36 126.42 1 . 17 85 .40 205 .9 206 .5 205 .9 206 .0 206 .1 79 .68 207 .9 81 .48 3863 138 34 4035 37 .00 35 .36 2235 1800 9673 372 Sandy clay

( 6 125.43 125.29 125 .48 125 .35 125 .39 1 .03 86.43 205 .1 206 .5 204 .7 206 .2 205 .6 80 .21 208 .1 82 .71 3863 139 63 4065 37 .50 35 .90 2269 1796 9737 369 (( tt
7 125 .02 124.93 125.03 124 .94 124.98 0 .41 86.84 205 . 1 206 .5 204 .5 205 .2 205 .3 80 .32 206 .3 81 .32 3863 138 23 4024 37 . 50 35 .29 2231 1793 9751 368 it tt
8 124 .98 124 .91 124 .98 124.89 124 .94 0 .04 86 .88 206 .8 207 .9 205 .5 206 .3 206 .6 81 .66 206 .2 81 .26 3863 140 15 4018 36 .50 35 .27 2230 1788 9914 361 tt ft

li 9 124 .97 124.89 124.97 124 .89 124.93 0 . 01 86 .89 207 .1 209 .0 205 .2 206 .2 206.9 81 .97 207 .2 82 .27 38 .50 35 .71t 10 124 .97 124 .89 124.97 124 .89 124.93 0 . 00 86 .89 206 .8 208 .1 205 .9 206 .3 206 .8 81 .87 207 .5 82 .57 37 .50
l 11 124 .97 124 .89 124 .97 124.89 124 .93 0 . 00 86 .89 207 .0 208 .5 205 .9 206 .4 207 .0 82 .07 207 .6 82 .67 36.00

i 1 12 124.97 124.89 124 .97 124.89 124 .93 0 . 00 86 .89 206 .7 208 .2 205 .8 206 .5 206 .8 81 .87 208 .3 83 .37 35 .00

Remarks .

Set up cutting edge .
Began building caisson .

Began taking out blocking .
Began concreting . Put on air and started sand pumps at

- [11.55 p .m.

Waiting for air lock .
tt << ft tt '

Air lock received and placed .

Began sealing at 3.15 p .m.
Sealing .
Supply shaft choked up .

Sealing .
Finished sealing at 12 m .

C
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PIERS .

There will be four piers numbered from east to west and an Anchorage
Pier .

The Anchorage pier will stand on the east bluff and back of the present
face of that bluff. It will contain approximately 700 cubic yards .

Pier I will be on the East side of the river , standing in nine feet of water
at high water . It will contain approximately 2 300 cubic yards .

Piers II and III will be in the river . They will each contain approxi¬
mately 4 400 cubic yards .

Pier IY will be near the west bank . It will contain approximately 2 800
cubic yards .

Piers I , II and III will finish 12 feet thick , 35 feet long between shoulders
and 47 feet long over all under the belting course.

Pier IV will finish 10 feet thick , 37 feet long between shoulders and 47
feet long over all under the belting course.

The lower portions of Piers II and III will not be solid , but will con¬
tain three hollow spaces extending from the bottom of the masonry to high
water .

The piers shall be built in all respects to conform to the plans which will
be furnished by the Engineer .

The Anchorage Pier must be built around the anchor rods , which will
extend from the bottom to the top of the masonry .

FOUNDATIONS .

The foundations will be put in by the company.
The foundation for Pier I will finish at elevation 201, or 20 feet above

low water, and the masonry will be started after the foundation is com¬
pleted .

The foundation for Piers II and III will finish at elevation 141, or 40 feet
below low water.

The contractor will be required to lay the masonry for these piers while
the pneumatic foundations are being sunk, and to keep up with the rate
of sinking , and must be prepared to lay four feet of vertical masonry per
day.

The foundation of Pier IY is now finished at elevation 173, or eight feet
below low water mark .

It is surmounted by a water -tight curb , and the contractor will begin laying
masonry on the completed foundation .

APPENDIX K ''
.! D . ,

SPECIFICATIONS FOR MASONRY .
STONE .

The masonry below elevation 180 and the footing courses of Pier I may be
of limestone . The masonry of Pier I above the footing courses , and of Piers
II , III and IV above 180 and in each case below elevation 229 shall be of
granite with limestone backing . The masonry above elevation 229 shall be of
limestone or of granite with limestone backing , as may be directed by the
Engineer .

The limestone used shall be that known as Bedford limestone from the
quarries near Bedford , Indiana , unless some other limestone is expressly
accepted by the Chief Engineer . The granite shall be a granite specially
accepted by the Chief Engineer . All stone of each class shall be subject to the
approval of the Engineer .

MASONRY.

The masonry shall be first class work, laid in regular courses.
Copings, starling copings included , shall have the upper beds , wash, face

and a width of six inches from face on lower beds six cut with true lines and
surfaces . Belting shall have a like proportion of the lower bed bush ham¬
mered and shall have a face margin draft of four inches along the lower edge.
The face of the upstream starling of Piers II and III shall be fine pointed with
no projection exceeding one half inch. There shall be a draft of four inches on
each side of the point of the pier on both the upstream and downstream ends
of all piers below the starling coping. All other parts of the work shall have a
rock face with no projections exceeding three inches from the pitch line of
the joint and no hollows back of that pitch line .

The interior faces of the walls in the hollow portion of Piers II and III
shall have no projections exceeding six inches and no hollows exceeding two
inches from the true dimensions of the plans .

The stones shall be cut and coursed out at the quarries , every dimension
stone being marked for its place , and full course plans shall be furnished to
the Resident Engineer before shipment .

No course shall be less than 20 inches thick nor more than 36 inches thick ,
and no course, except the main belting and coping, shall be thicker than the
course below it . The backing shall be of the same thickness as the dimension
work and with beds of precisely the same character .

The bottom beds of the face stones shall never be less than 36 inches in
either direction . Headers shall be at least six feet deep measuring from pitch
line of the face, and stretchers shall measure at least five feet long in the wall.

Every header shall retain a width of at least 24 inches at the full specified
depth from the face. Every stretcher shall retain a length of at least four feet
36 inches back from the face. The beds of the principal pieces of backing in
each course shall average at least eight square feet. The bottom bed shall
always be the full size of the stone. The top bed shall nowhere be more than
six inches less than the bottom bed. There shall be not less than three nor
more than four headers between the shoulders on each side in each course . In
the hollow portions of Piers II and III there shall be at least one stone in
each course bonding three feet each way between the cross walls and the face
walls of the pier .

The upper and lower beds shall be parallell and dressed closely to true
planes with no projections above those planes .

The face edges shall be pitched to true lines. The cutting of joints for a
distance of 12 inches from the face shall be the same as that of the beds .

Joints shall be at right angles with face and beds unless otherwise shown
on special plans . The hollows due to plugging must not exceed eight per cent
of the surface of the bottom bed nor fifteen per cent of the surface of the top
bed of any stone . No plug hole to be more than nine inches across nor more
than one inch deep. Hollows due to plugging will not be allowed in limestone .

Joints shall be broken at least 15 inches on the face.
The stones for the coping shall be cut according to special plans to be fur¬

nished by the Engineer ; all the beds shall be the full size of the stones , and
special pains shall be taken with the bearings on the belting course below' the
coping.

All stones shall be laid in full mortar beds . They shall be lowered on
the bed of mortar and be brought to a bearing with a maul , no spawls being
allowed. Thin mortar joints will not be insisted on, but the joints shall be
properly cleaned on the face to a depth of one inch and a half and pointed
in mild weather , the pointing to be driven in with a calking iron. The open¬
ings in the backing shall never exceed a maximum of six inches or an average
of two inches between adjacent stones ; these openings shall be filled with
small stones thoroughly bedded and well packed in mortar .

The face stones of every seventh course shall be dowelled into those of
the course below with round dowels of one and one eighth inch iron , extending
six inches into each course ; the dowels shall be placed from eight to twmlve
inches back from the face and eight inches on each side of every joint . The
stones of the upper course shall be drilled through before setting , after which
the drill hole shall be extended six inches into the lower course ; a small
quantity of mortar shall then be put into the hole, the dowel dropped in
and driven home and the hole filled with mortar and thoroughly rammed .



The four courses under the coping shall have the joints bonded with
cramps of one inch round iron twenty inches long between shoulders , the ends
being sunk four inches into each stone .

MORTAR .

The cement used in masonry will be furnished by the Bridge Company ,,
but the 1contractor will 'be required to take carts of therr6hment Pand ’wiirbe vhelf
responsible for any ‘waste . The mixture of mortar 9aud the ' selection A t£e
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APPENDIX K —Continued .

No material shall ,be measured or paid for .which do ^s not form a part ofthe permanent structure . , ,_ L pA Ali . , A
No free transportation will be furnished on the lines belonging to the

Kansas City , Et . Scott and Memphis R . R . system . The freight rates for this
work will ’ qatdtheprate iqf fo'iir ; mills per Jtpn per/mil ,e . On otffe^ lrailroads
contractors will make their own arrangements for freight .

Approximate estimates will be made monthly as the work proceeds . In
^ ese£^pprpximaie estimates the cost of , the freight ,will .•begded .ucted frond the
contract prjee onfalljinaterial not yet delivered at the bridge site : .9^..- , \Q

Stone quarned but not cut fshall be estimated at rone third the price of
finished masonry ,,QiStpne quarried and cut shall be estimated at two thirds the
price of finished masonry . Payment shall be made on these approximate
monthly estimates deducting ten per cent as security for the completion of ;the
work . 10 '
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and III by August 1st , 1889, and to lay up at least 5000 yards of the lower
portion of these two piers as fast as the foundation work proceeds . He
will be held responsible for any delays in sinking these foundations which
may be due to his failure to lay four vertical feet of masonry per day whenever
required .
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I . GENERAL DESCRIPTION .

11. The superstructure is divided into two parts : First , the Continuous
Superstructure of the main bridge ; Second, the Deck Span at the west end. 0
■>'■ 2. The Continuous Superstructure will consist of a central span (resting on
Piers II and III ), 621 feet inches long, from each end of which will project

da 1cantilever arm , 169 feet 41 inches long ; of an anchorage span (from the
Anchorage Pier on the Tennessee shore to Pier I), 225 feet 10 inches long, from

i which willJproject a cantilever arm precisely l̂ike those projecting from the
■central span ; of two intermediate spans 451 feet 8 inches long (one of which
will be suspended from the cantilever arms projecting from Piers I and II , and
>the other will >be,suspended at the east end from the cantilever arm projecting
-■from Pier III and will rest at the west end on Pier IV), the entire continuous
superstructure being 2258 feet 4 inches long, divided into one span of 225 feet
10 inches , one of 790 feet 5 inches and two of 621 feet 0J inches . 'ni * I;"'

, , --n 3. This Continuous Superstructure will be rigidly fastened to Piers I , III
and IV , but will rest on expansion rollers on Pier II . Slip joints will be pro-

’ vided for expansion at the suspended ends of the independent spans .
ieb [m4. The trusses will be placed 30 feet between centers and will be divided

into panels 28 feet 2£ inches long, the right being reserved to shorten the
panels by an amount not exceeding one half inch at anjr time before the work
is actually manufactured . 1 111

5. The Deck Span !at the west end will be 338 feet 9 inches long from the
center of Pier IV to the center of the pin on Pier V, divided into twelve panels
of 28 feet 12f ‘inches each, the trusses being placed 22 feet between centers -

JThe east end of the span will be carried in niches on the 1west side of Pier IV ;
the west end will have roller bearings over the '1center of Pier V. This span
will include a vertical bent which will carry the1west end of the west pair of

- stringers .’11 b - -n '■ ’
yiiui 6;>The estimated approximate weight of the Continuous Superstructure is

13 000 000 pounds ; that of the Deck Span 1 000 000 pounds , making the total
estimated weight of the superstructure of the bridge proper 14 000 000 pounds ,

ei ' '(o// •- •- ! i ' ' ■■ ‘o . • ' ■ 4 ! r .d '- t ■’ h : (<,

PLANS . -L" '

1- 7. Full detail plans showing all dimensions will be furnished by the
engineer . The work shall be built in all respects according to these plans .
The contractor , however, will be expected to verify the correctness of the plans
and will he required to make any changes in the work which are necessitated

.-i rrr> AEPENDIX L.

SPECIFICATIONS FOB STJPERSTBTJGTUKE .

by ' errors Jin these plans , without extra charge , where such errors could be
discovered by an inspection of the plans .

'■>:-J If-
II . MATERIAL .

ml i; .•••' - mini in »«: od ilto •”
8. All parts , except nuts , swivels, clevises and wall-pedestal plates , will be

of steel . The nuts , swivels and Revises -may be of wrought iron , but shall
have sufficient strength to break the bodies of the members to which they are
attached . The pedestal plates will be of cast iron .

9. All material shall be subject to inspection at all times during its manu¬
facture , and the engineer and his inspectors shall be allowed free access to any
works in which any-portion of the material is made. Timely notice shall be
•given to the engineer so that inspectors may he on hand. m.;

! ’• ■
STEEL . , .os

■f-
•>3{L

A:*0r.i : on*-

10. Steel will be divided into tllree classes : first , High Grade Steel , which. i • - --.<y- t<Mi(K n;shall be used in all the principal truss members ; second, Medium $teel , which. -r ' • ■ ' J [\ ••• rl .1 n •>- . • ;‘* •shall be used m the floor system, laterals , portals , transverse bracing and the
lacing of the truss members ; third , Soft Steel , which shall be used onlv for
rivets and at the option of the contractor where wrought irpn is permitted .

11. The bolsters which carry the large pin bearings on Piers I , II and. Ill
shall be of cast steel . ‘ ‘ w

12. In any case where it seems doubtful what quality of steel is required ,
■I , , . • f ' ( J ' - ■■?, {■ ' “ '‘‘' • ' •If > • • ' • ■High Grade Steel shall be used .

v/_ )r • - 'Mr
13. Steel maybe made by the open hearth or by the Bessemer process ,

but no steel shall be made at works which have not been in successful opera -
tion for at least one year . • •‘yHit OLk;

14. All steel shall be made from uniform stock low ip phosphorus , and the
manufacturer shall furnish reports of the analysis of every melt certified by-a
7 - ,, . . .T - ' •) !' n _ _ i (In - : . IP. 7 ‘ ’ If : 15)0 liq P 7 - ; T •chemist satisfactory to the Chief Engineer .

15. In the finished product of open hea,rth steel the arpount of phosphorus
' »q ”7. ! iri fi ' •fMlf #' f) cJ ' - :shall not average more than 4̂ ^ of one per cent and never exceed A-of one per

37! In - ••- !{} t \ O/ . ROJ J *3‘ V 7-9 1\ " :■■■'■ - S ’ • ' 'V- • / C-' >» : • ' 0 ‘ - - P 4' . 0
cent> . r : r., ;16. In the finished product of Bessemer steel , the amount of phosphorus
shall not average more than of one per cent and never exceed A of one per
cent .

17. A sample bar three quarters of an inch in diameter shall be rolled' ■- .) j - ■: ■ . . >inaifrom every melt , the method of obtaining the piece from which this bar is
%c*yhn *- r '-Gn ,. (v - TOi - . . 9*r

0

!:B

rolled to be the same in all cases, and the amount of work on this sample bar
to be as nearly as practicable the same as on the finished product . The first
laboratory test shall be made on this sample bar in its natural sta(e witbp̂ t
annealing .
rL 18. A.second sample bar having a cross section of one square inch shall be

- i !i ■■■ fvr -: -*up -ro l .e : .-fj ::. . ' M “ ii - t - -m . : . 1 ' ‘ - ■•
cut from the finished product of every melt . The second laboratory ^eSjf̂ ^ 1
be made on this sample bar in its natural state without annealing .

19. In the laboratory tests all observations as to elastic limit , ultimate
strength , elongation and reduction shall be made on a length of eight inches,

20. A piece of each sample bar shall be bent degrees, anfi closed up
against itself without showing any( crack, or flaw on the outside of the bent
portion .• •-!: )' Il-

21. The first laboratory test shall meet the following requirements ;

Maximum Ultimate Strength , pounds per sq. inch
Minimum “ “ “ •* “ iUJ

Elastic Limit , “ “ “
Percentage of Elongation in 8 inches

“ “ Reduction at Fi-acture

grade Steel. Medium Steel.
. 78 500 72 50Q
. 71500 65 500
, 42 000 38 000
. 20 24
. 40 45

Soft Steel.
63 000
57 000
32 000
28
50

22. The second laboratory test shall meet the following requirements :
, .!J . 7 00 •• -it , Uf . - -

iMinimum

High Grade Steel. Medium Steel. Soft Steel.
h . . . . 78 500 72 500 63 000

. . . . 69 000 64 000 55 000

. . . . 40 000 37 000. 30000
18 22 28

. . . . 38 44 50

Elastic Limit , “ “
Percentage of Elongation in 8 inches

. -lot ;11c “ Reduction at Fracture

23. If the ultimate strength comes within five hundred pounds of the maxi-
iJfinm pr miiumum limit , a second test will be made, and both tests will be
required to come within the limits . 1

24. Every melt which does not conform with these requirements shall be
rejected . .u

25. A full report of the laboratory tests shall be furnished certified by an, . r Winspector accepted by the Chief Engineer .
0I'-- 26/The broken and bent specimens shall be preserved subject to the
orders of the Chief Engineer .

27. Three notices of the acceptance of each melt shall be mailed on the
day of such acceptance , stating the number of the accepted melt and quality of
steel . Two of these notices shall be sent to the Chief Engineer at his Chicago
and Ne^_:Yoyk offices respectively and one to the shop inspector at the
works.
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28. Analyses shall be made by the manufacturer of every melt , showing
amount of phosphorus , carbon , silicon and manganese , and certified copies of
these analyses shall be furnished to the mill inspector , who will forward them
to the Chief Engineer .

29. Weekly reports in full detail , including reports of chemical analyses ,
shall be sent to the Chief Engineer at his Chicago office not later than the end
of the week succeeding the week in which such tests are made.

30. Three notices of the shipment of manufactured material identifying the
melts and dimensions shall be mailed on the day after such shipments are
made, in the same manner as the notices of acceptance of material .

31. Every finished piece of steel shall be stamped on one side near the
middle of the bar and also on both ends of the bar with a number identifyingthe melt .

32. The finished product shall be perfect in all parts and free from irregu¬
larities and surface imperfections of all kinds . *'

"I0 33. The cross sections shall never differ more than two’per cent from the
ordered cross sections as shown by the dimensions on the plans .

34. All sheared edges shall be planed off so that no rough or sheared
l •8 " ' .it .'surface shall ever be left on the metal .

35. Steel for pins shall be sound and entirely free from piping . All pins
in the main trusses shall be drilled through the axis. lL"

•U
CAST STEEL .

36. A sample bar 1J inches in diameter and 16 inches long shall be cast
from every melt . This sample bar shall then be turned down to three quarters
of an inch in diameter and the laboratory tests made upon it .

.3.7. These laboratory tests shall show an ultimate strength of at least
70 000 pounds , an elastic limit of at least 40 000 lbs ., an elongation of at
least 15 per cent, in 8 inches and a reduction of 18 per cent , at point of fracture .

38. Steel castings shall be sound and as free as possible from blow holes.
39. If on the finished surface the blow holes cover more than part of

the entire surface , and if any blow hole exceeds one eighth of an inch in diam¬
eter, the casting shall be rejected . ' ■ 9

uhw mxolaoe un
CAST IRON .

40. Cast iron shall be the best [quality of dark gray charcoal iron of a
quality ,suitable ffor. car wheels,;the castings to be entirely sound and free from
blowholes . i ■ . <u L.

III . MANUFACTURE.

41. The w6tk shall be done in all
furnished by the Chief Engineer .

respects according to the detail plans

42. Where there is room for doubt as to the quality of work required by
the plans or specifications, the doubt shall be decided by using the best class
of work which any interpretation would admit of.
. ' ■43. All workmanship , whether particularly specified or not , must be of the
best kind now in use. Past work done for the same chief engineer will never
be recognized as a precedent for the use of other than the best kind of work.tJJ . . .

44. Ragged edges or any kind of irregularities or unnecessary roughness
will be sufficient ground for rejection .

45. All surfaces in contact shall be cleaned and painted before they are
put together .

46. All work shall be finished in the shop and ample time given for
inspection . • • <<-'j

47. No material shall be loaded on cars until accepted by the inspector .
48. The finishing of work after loading will not be permitted .

SOLID DRILLED WORK .
- M18 -. -

49. All riveted members which are made of High Grade Steel and all other
pieces connecting with such members shall be solid drilled , no punching what¬
ever being allowed, excepting lacing bars which may be punched and reamed .

50. All plates , angles and shapes shall be carefully straightened at the
shops before they are ,put together . Mill , straightening will not be considered
to meet this requirement .

.n
i9i

51. The pieces shall be then assembled and held in position by clamps and
bolts . .ee. r

52. Where bolts passing through the metal are used , the holes shall be
drilled in all metal more than three quarters of an inch thick , the diameter of
the drilled hole to be at least one eighth of an inch less than the diameter of
the finished hole.

53. In metal not more than three quarters of an inch thick punched holes
may be used for fitting up , the diameter of the punched hole not to be more
than three quarters the diameter of the finished hole, and the number of
punched holes never to exceed eight in any one plate or four in one flange of
any one angle.

54. After assembling , the work shall be drilled , the rivet holes being care¬
fully spaced in truly straight lines and at the exact distances shown on the
plans .

55. After the drilling is completed a special reamer shall be run over both- . , J: ’■W Pi-".- S - r . IOedges ol every hole, so as to remove the sharp edges and make a fillet of at
least J¥ of an inch under each rivet head .

56. The assembled parts shall then be riveted up without taking apart ,
unless specially directed by the Chief Engineer .

57. In general , all holes which are to pass through several thicknesses of
metal shall be drilled with all those pieces of metal assembled in the exact
relative position they are to hold in the bridge .

58. In the case of connections between members having four webs, one
member may be finished complete with the splice plates riveted on. The two
inside webs of the adjoining member, one end being already faced, may then be
fitted up separately in their true position and the rivet holes in the splices
drilled . These inside webs may then be removed ; the member to which they
belong shall be assembled , riveted up complete and the ends faced, the facing
to agree exactly with the two ends already faced. (See § 67.) The member
shall then be fitted to the adjoining member and the rivet holes in the splices
connecting the outside webs shall be drilled . , .

59. The size of rivets shown on the plans is the size of the cold rivet before
heating .

60. The diameter of the finished hole shall not be more , than ^ of an inch
greater than the diameter of the cold rivet , It is intended that the heated rivet
shall not drop into the hole, but require a blow from a hammer to force it in.
If it is found that rivets will drop £easily into the .holes , the inspector will con¬
demn those rivets and order a larger size. r ... .Oi Oq- ■■{■f/

61. In all cases where riveting is to be done in the field, the parts so to be
rivetedshall .be fitted together in the shops and the rivet holes drilled while
they are so assembled .

62. The riveted connections of the portals , cross frames and floor beams
with the posts and chords shall be drilled with the several parts fitted together ,
excepting in the case of interchangeable floor beams . i

63. An iron templet not less than two inches thick may be used instead of
the floor beams (wlien drilling the holes in the chords , and the same templet
instead of the chords when drilling the holes in the floor beams ; a templet may
be used in the same manner in drilling the connections between the floor beam
and the supported upright at panel points where two inclined members come
together ; but the connection between the floor beam and the vertical sus¬
penders at panels point L„ and L, of the intermediate spans shall be drilled
with the parts actually assembled and marked . With this arrangement two
floor beams at each end of the intermediate spans , making eight in all,
become special ; the other floor beams are classed as interchangeable .

64. All rivets shall be driven by power wherever this is possible ,
65. All rivets shall be regular in shape , with hemispherical heads concen¬

tric with the axis and absolutely tight . Tightening by calking or recupping
will not be allowed. This applies to both power driven and hand driven rivets.

66. All pin holes and holes for turned bolts passing through the whole
width of a riveted member shall be bored or drilled after all other work is
completed .

67. All surfaces in contact shall be carefully faced, the facing to be done
after the entire member is assembled and riveted up, except that in the case of
chord sections with four webs, the inside webs may have one end faced before
they are assembled , these two faced ends to be carefully held against a plane
surface when assembled and the corresponding ends of the other two webs to
be faced after riveting and to agree with the ends already faced.
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68. When two chord pieces are fitted together complete in the shop there
shall be no perceptible wind in the length of the two sectipns. The chords are
generally made in two panel lengths , or 56 feet 5£ inches long. In the case of
shorter lengths a sufficient number of pieces shall be put together to make a
continuous length equal to two of the long sections.

69. All chord sections shall be stamped at each end on the outside with
letters and numbers designating the joints in accordance with the diagram plan
furnished by the Chief Engineer .

70. The posts shall be fitted together for their entire length and bolted up
and when so fitted shall be perfectly straight and free from wind.

71. The same rule shall apply to the marking of the posts as to the
marking of the chords .

72. Pin holes shall be bored truly and at exact distances , parallel with one
another and at exactly right angles to the axis of the member .

73. Pinholes in the posts shall , be truly parallel with one ânother and
shall be at right angles to the axis of the post^ . ,

74. Pin holes shall be bored with a sharp tool which will make a clean,
smooth cut . Two cuts shall always be taken, the finishing cut never to be
more than £ inch . Roughness in pin holes will be sufficient reason for re¬
jecting a whole member . r„

75. Measurements shall be made from an iron standard of the same tem¬
perature as the member measured .

PUNCHED AND REAMED WORK .

76. All riveted members which are composed entirely of Medium Steel
may be punched and reamed , but this does not apply to the connections
between such members and High Grade Steel members , which connections
shall be solid drilled throughout .

77. All plates , angles and shapes shall be carefully straightened at the
shops before they are laid out. Mill straightening will not be held to meet this
requirement .

78. The rivet holes shall be marked from templets and these templets shall
lie flat without distortion when the marking is made.

79. The angles of stringers must be square and straight . The web plate
must not project above the angles and the top surfaces of the top angles must
be such that the outside edges are never above a true plane and never more
than one-sixteenth of an inch below a true plane coincident with the roots of
the angles .

80. The outside angle at the root of the angles connecting the stringers
with the floor beams or the floor beams with the posts , chords or other mem¬
bers , shall never be less than a right angle, and the excess over a right angle
shall never be greater than £ of an inch in the longer leg of the angle ; the
angle shall be perfectly straight . o - !

81. In fitting these angles to stringers or floor beams they shall be so

fitted that the .exact length is measured to the root of the angle , the two roots
being in exactly the same plane ; the entire end of the assembled member shall
then be faced. The effect of these requirements will be to prevent any reduc¬
tion of area of the angle at the root by facing and to secure a true surface of
the whole width of the connection which will require no strain in the rivets to
draw the parts together .

82. After laying out with templets , the rivet holes may be punched with a
punch at least of an inch smaller than the diameter of the rivets as given on
the plans and working in a die only ^ of an inch larger than the punch .

83. The several parts of the member shall then be assembled and the
holes reamed so that at least ^ of an inch of metal is everywhere taken out . MI

84. After the reaming is completed a special reamer shall be run over both
edges of every hole so as to remove the sharp edges and make a fillet of at
least yV°f an inch under each rivet head .

, ' ' ■ i!t
85. The pieces shall be riveted together without taking apart .

1 86. All requirements as to size and quality of rivets and manner of rivet¬
ing and measuring shall be the same as the requirements for Solid Drilled
riveted work. '>ff

87. All bearing surfaces shall be truly faced.
88. All sheared edges shall be planed off and all punched holes shall be

drilled out so that none of the rough surface is ever left upon the work.

FORGED WORK .

89. The heads of eye bars shall be formed by upsetting and forging into
shape by a process acceptable to the Chief Engineer . No welds will be
allowed.

90. After the working is completed the bars shall be annealed in a suitable
annealing furnace by heating them to a uniform dark red heat and allowing
them to cool slowly.

91. The form of the heads of the steel eye bars may be modified by the
contractors to suit the process in use at their works , but the thickness of the
head shall not be more than ^ inch greater than that of the body of the bar ,
and the heads shall be of sufficient strength to break the body of the bar .

92. The heads and the enlarged ends for screws in laterals , suspenders
' u i '

and counters ,shall be formed by upsetting and shall be of sufficient strength
to break the body of the bar . . .

. . to • >t ■93. Nuts , swivels and clevises, if made of steel , shall be forged without
welds ; whether made of steel or wrought iron , one of each size shall be tested
and be of sufficient strength to break the bars to which they are attached .

94. Eye bars shall be bored truly and at exact distances , the pin holes to
be exactly on the axis of the bar , and at exactly right angles to the plane of the
flat surfaces .

95. When six bars of the same billed length are piled together the two
pins shall pass through both pin holes at the same time without driving.
Every bar shall be tested for this requirement . .obffir -: ‘

„ . 96. Pin holes shall be bored with a sharp tool that will make a clean
smooth cut . Two cuts shall always be taken , the finishing cut never to be.
more than inch . Roughness in pin holes will be sufficient reason for,reject¬
ing bars . .y ■

97. Twenty full-sized steel eye bars shall be selected from time to time,
from the bars made for the bridge , by the inspector for testing .

98. No bars known to be defective in any way shall be taken for test bars ,
but the bars shall be selected as fair average specimens of the .good bars which
would be accepted for the work.

ill . !
MACHINE WORK .

99. All bearing surfaces shall be faced truly .
100. Chord sections and half-post sections shall be faced after they are

riveted up complete , the facing to be perfectly true and square . In the case of
four web chords , one end of the two inside webs only may be faced before
riveting up .

101. The ends of the stringers and of floor beams shall be squared in a
facer .

102. All surfaces so designated on the plans shall be planed .
103. All sheared edges shall be planed off, and all punched holes shall be

drilled or reamed out .
104. All pins shall be accurately turned to a gauge, and shall be of full

size throughout . ,d ' ii
105. Pin holes shall be bored to fit the pins with a play not exceeding -fa

of an inch . These requirements apply to lateral connections as well as to any
other pins .

106. The plans show the distances between centers of pin holes . Shop
measurements , however, shall be made between the bearing edges of the pin
holes, that is, between the inside edges of compression members and the out¬
side edges of tension members , with a proper allowance for the ;diameter of the
pin . An iron standard of the same temperature as the piece measured shall
always be used .

107. All screws shall have a truncated V thread , United States standard
sizes.

108. Special pains shall be taken with the roller bearings on Pier II . The
castings shall be accurately fitted together and when bolted up, the top surface
shall be a perfectly true plane .

109. The rail plates shall be planed on the bottom after being riveted up,
then planed on the top and the surface polished . Any roughness or irregu¬
larity which prevents an uniform opening between the rail heads shall be
planed out. d moil H" ' i<\b

110. The rollers shall have the hollow sides planed and the bearing sur¬
faces turned to a perfectly true cylinder and polished ,> f

111. The rods passing through the rollers shall fit the holes with a play
not exceeding fa of an inch . ■ -viomd
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112. The side bars connecting the rod's shall be dnlied to fit the rods with
a play not exceeding ^ of an inch, and the upper and lower surfaces of these
side bars shall be planed . i il! 1■' ,i;

113. The lower side bar in each instance shall be fitted with a graduated
bronze scale, so divided as to register inches of motion of the top bearing ' and
the upper bar shall be fitted with a German silver vernier , so divided as to
read to sixteenths of inches as graduated on the scale.

114. The two bearings , including everything between the masonry and the
fourteen inch pin, shall be set up complete in a level position at the Athens '
shops and shall not be shipped before they have been examined and approved
by the Chief Engineer . They shall *be ready for his inspection on or before
January 1, 1891. ' u.

115. Special pains shall be taken with the slip joints at the suspended
ends of the intermediate spans ; the surface of the joints shall be polished and ;
fitted exactly. , e Sl dl£0 ii0

MISCELLANEOUS .

116. All material shall be cleaned , and , if necessary , scraped and given
one heavy coat of Cleveland iron-clad paint , purple brand , put on with boiled
linseed oil, before shipment . This applies to everything except machine fin¬
ished surfaces .

117. The same paint shall be used wherever painting is required .
118. All machine surfaces shall be cleaned, oiled and given a heavy coat of

white lead and tallow before shipment . The inspector must see that this is a sub¬
stantial coat, such as is used on machinery , and not a merely nominal covering.

119. All small bolts , all pins less than six inches in diameter , the expan¬
sion rollers and everything with special work on it, shall be carefully boxed
before shipment .

120. The contractor will be required to furnish the field rivets for erection,
furnishing 20 per cent, in excess of each size over and above the number actu¬
ally required , but this excess will not be estimated , but considered as taking
the place of the work which is not done on these rivets .

IV . INSPECTION .

121. The mill inspection shall be performed at the expense of the con¬
tractor , by an inspector accepted by the Chief Engineer .

122. This inspector will be required to furnish the certificates and notices
in the manner specified above.

123. The mill inspector shall from time to time check the manufacturers ’
analyses by analyses made by an independent chemist .

124. The acceptance of material by such inspector will not be considered
final, but the right is reserved to reject material which may prove defective or
objectionable at any time before the completion of the contract ,

*’ 125. Th'einspeCtidn ' a't fM ;shojrs Will be under Uîe charge of an mspe'ctor
appointed by the Chief Engineer/with 1such assistants as may be required . °

126. Such inspector will be considered at 'all times tlie ' representative (if
the Chief Engineer , and his instructions shall be followed lh the same manlier
as"if given1by the-Chief Engineer . ;>r

i ; h - TESTS OF FULL -SIZED BARS. , u
■;7 ( ' fi cIS . . 1 v . lWt . i ) U / - ;tl - . ' HU127. The tests of full-sized eye bars shall be made in the large testing

machine at Athens . rmii. . •eiuiif9aa« ed limit, ■..om a, ■ -s . q .. er128. These bars will be reauired to develop an average stretch of twelve
UJJO UtOlii ri9u // (Jla 'Tfj fcl P . ■- ■ I 'll .. ... 1per cent , and a minimum stretch of ten per cent, before breaking . The elonga-
; • • .. ; 3U :• i'i , :) • .•>1 ■ i In . . . . . . ; ■■■.?? ' . . i ^ nton shall be measured on a length of not less than twenty feet, including the

fracture .
. i . tel

129. The bars will be required to break in the body. , ;
130. They shall also show an elastic limit of not less than 32 000 lbs. and■■■• ' ti . iO . • anii 'u ; ij .. . .; ;.o . i . . . • j .; . . . . : . , e -. .an ultimate strength of not less than 62 000 lbs ., as indicated by the registering

gauges of the testing machine at Athens .
131. In the case of bars too l̂ong for the machine, the bars shall be cut in

two, each half reheaded , and both halves tested in the machine, the two tests ,
however, to count as a single test bar ..ir.ow j- v ; r t-u ; jj.-, . o .

132. If the capacity of the machine (estimated at 1 200 000 lbs .) is reached
before the bar is broken , the bar shall be taken out of the machine and the
edges shall be planed off for a length of 10 feet at the center until the section
is reduced to the equivalent of 16 square inches of section of the original bar .
Tlie bar shall then be placed in tlie^machine and broken ; when this is done
the elongation shall be measured on a length of eight feet and an ultimate
strength of 60 000 lbs . computed on the 16 inches of original section will be
considered satisfactory .

133. In these tests , a failure to meet the required elongation will be con¬
sidered fatal and be a sufficient cause for condemning the bars represented by
the bars so tested , but the Chief Engineer shall examine carefully into the
cause of the breakage of any bar which does not meet the requirements and
may order additional tests if he sees fit.

134. The failure of a bar to break in the body shall hot be considered suffi¬
cient reason for rejection ) provided the required elongation is obtained and not
more than one quarter of the bars break in the head .

135. In all requirements and tests the qualities given are minimum or
maximum requirements and not averages unless expressly so stated .

V . TERMS .

136. The work will be paid by the pound of finished work loaded on cars
at Buffalo,

137. On riveted work and other material shipped from ^ tliehs)' the differ¬
ence between the freight rates frohi Athens to Memphis and from Buffalo to'
Memphis will be home by the contractor ! Ll‘ ,l ‘

q :o

'iT
.n

138. NoJmaterial will be paid for Which does hot form a part of tHe finished
superstructure . .ai oil ' ° .->.n anox.--

139! All expenses of testing shall be borne by’the contractor .
140. All riveted work shall be ni’ahufkctured at the Athens shop, unless try

special permission of the Chief Engineer . ' l- •-.>h,0 »/>• ■ d
fl ir 141. trices ' will be per pound at separate hates for High -Grade Steel and

for Medium Steel. " 1 ,i!
i> 242. To avoid complications , all members the principal pair'ts ’of Which are

High Grade Steel shall be estimated as wholly of High Grade Steel , ’and all
members the principal parts '-of which are of Medium Steel shall be estihiated
as wholly of Medium Steel . 1 ;.

143.- Cas4 Steel shall be estimated as High Grade Steel '. 1 ni 1111 ^
144. Cast and wrought iron shall be estimated at the same price as Medium

Steel) . . os-.
145. The anchorage span, the east can tile veh armband one half the east in ?

termediate span shall be completed and shipped oh or before October 1st, 1896.
146. The Deck Span shall be completed and shipped on or before Decem¬

ber 1st) 1890.
147. The central span and tlie two adjoining cantilever arms shall lie'

shipped complete on or before June 1, 1891.
148. The west intermediate span and the second half of the east inter¬

mediate span shall be shipped complete on or before August 1st, 1891.
149. Approximate estimates shall be made at the end of each month of the

material received and work performed up to that time .
150. In these estimates material received at the shops but not manufactured

shall be estimated at 65 per cent of the contract price for finished material .
151. Material manufactured but not shipped shall be estimated at 85 per

cent of the contract price.
152. Material completed and shipped shall be estimated at the full con¬

tract price.
153. Payments shall be made on these estimates on or about the middle of

the following month , deducting therefrom 10 per cent., which shall be held as
security until the completion of the entire contract .

154. In these monthly estimates no material will be estimated as received
at the shop more than six months before the date set for the completion and
shipment of such material .

155. In these monthly estimates no material will be estimated as manufact¬
ured more than four months before the date set for the completion and ship¬
ment of such material .

156. The contractors will be required to keep the material at their shops
insured from injury by fire to the full amount of the payments mad5 off such'
material 1by the Bridge Company.
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VI . ERECTION . 169. The contractor will be required to erect the superstructure complete
in every respect including riveting.

170. Everything is to be completed ready to receive the timber floor.
157. The contractor will be expected to receive all material as it arrives 171. The erection shall include the placing and riveting of the iron hand rail,

on the cars, to unload this material and store it in a material yard until ready .0 ' 172. The contractor will be expected to raise the ties for the central span
for erection.

158. He will be held responsible for the custody and care of all super¬
structure material after its arrival.

159. The material of the main Continuous Superstructure will be delivered
on cars on the east side of the river.

160. When ready for erection, the Bridge Company will switch any cars on
which this material has been loaded, to a point where it can be transferred to
barges, no charge being made for such switching.

161. All material for the Deck Span at the west end will be delivered on
cars on the west side of the river.

162. A track will be laid to a convenient position for unloading material,
near Pier Y, and no switching will be done after the material has once been
unloaded.

163. The contractor will be required to keep all the material in good con¬
dition, and in case of its becoming dirty or rusty, will be expected to clean it
before erecting.

164. The contractor will be required to paint all surfaces which will be
inaccessible for painting after erection, the paint being furnished by the Bridge
Compan3r.

165. The contractor will be required to furnish all tools, barges and false
work of every description, excepting power riveters.

166. The contractor will be required to remove all work which he may put
in the river so that there will be nothing left either to interfere with navigation
or to catch drift.

167. No holes shall be drilled or bolts placed in the piers without the
express permission of the engineer.

168. All bolts so put in shall be removed and the holes carefully filled
with Portland cement mortar, and any damages done shall be charged to the
contractor.

and the adjoining cantilever arms and distribute them without charge. This
does not include any framing, fitting or bolting. The ties will be delivered to
the contractor loaded on barges.

173. The central span will be raised on false work.
174. The west intermediate span will be raised on false work.
175. The east intermediate span may be raised on false work, or without,

at the option of the contractor.
176. The anchorage arm east of Pier I will be raised on false work.
177. The three projecting cantilever arms will be built out without false

work.
178. It is expected that the anchorage arm and the cantilever arms project¬

ing from Pier I can be raised in the fall of 1890. That the deck span at the
west end can be raised in the following winter. That the false work for the
central span can be put in in August and September of 1891, and the erection
of this span completed in the following month. That the cantilevers can be
built out and the entire bridge completed by January 1, 1892.

179. All erection shall be done under the direction of the Chief Engineer
and in conformity with his requirements.

180. The wall-plate castings shall be set on Piers II and III before the
bottom chord is placed.

181. The expansion rollers and the bolster complete shall be set on Pier
III . The bottom chords shall then be put together and riveted up complete.
The expansion end shall then be adjusted so that the axis of the rollers will be
exactly vertical at a temperature of 70 degrees Fahrenheit. This adjustment
shall be made at a time when there has been no sun on the steel work for ten
continuous hours, and when there has been no sudden change of temperature.
The span shall be erected complete and the end rollers shall be examined
again, and if any error is found, shall be corrected, the correction being made
under the same conditions as to sunshine and sudden changes of temperature

as the original adjustment. Special care shall be taken with the rollers while
the span is being swung, and if by any accident they get out of place, the
span shall be wedged again and the rollers be readjusted.

182. The eye bars in the end panel of the top chord shall be stiffened so as
C to resist compression by fitting planks between the bars and bolting the whole

together.
183. When the erection of the central span is completed, the two cantilever

arms shall be built out and the two intermediate spans erected, thus com¬
pleting the bridge.

184. All rivets shall be regular in shape with hemispherical heads con¬
centric with the axis and absolutely tight. Tightening by calking or recupping
will not be allowed.

185. All riveted joints which have to resist tension, this including all joints
in both chords of the central span and all joints in the bottom chord of the
intermediate spans, shall be riveted by power, except in such special cases as
the engineer may authorize hand-driven rivets. This authority will never be
given for rivets in splices of web plates.

186. A power riveter, with air pump or with hydraulic pump and accumu¬
lator, will be furnished by the Bridge Company. The contractor will be
required to keep the same in repair and will not be relieved from any respon¬
sibility in this connection, the Bridge Company only agreeing to bear the cost
of the machine.

187. No extra bills are to be rendered by the contractor, except for new
work not embraced in the contract. Charges for reaming holes, fitting bolts in
place of rivets and other small work of this class will not be allowed.

188. The setting of the wall plate castings, including the drilling of holes
in masonry for the anchor bolts, the packing of rust cement or lead under the
castings and all other work connected therewith, is to be done by the
contractor.

189. The contractor will be responsible for any damages which the Bridge
Company may be held liable for in consequence of any of his work.

January Uh, 1890.

GEO. S. MORISON,
Chief Engineer .

© ; : i . fir .
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MODIFICATIONS OF SPECIFICATIONS FOE SUPERSTRUC -
TURE OF BRIDGE ACROSS THE MISSISSIPPI RIVER ,
AT MEMPHIS , TENN ., ACCEPTED .APRIL 22d, 189oi‘
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10. Steel will be divided into three classes : first , High Grade Steel , which
shall be used in all the principal truss members ; second , Medium Steel , which
shall be used in the floor system , laterals , portals , transverse bracing and the
lacing of the truss members ; third , Soft Steel , which shall be used only forlV
rivets , and at the option of the contractor where wrought iron is permitted .

11. The bolsters which carry 'tlie large pin bearings on Piers I , II and III ,
shall be of cast steel . .

12. In any case where it seems doubtful what quality of steel is required
High Grade Steel shall be used . . hi -!

IB. Steel shall be made by the open hearth process , but no steel shall be
made at works which have not been in successful operation for at least one-•- ti
year .

14. All steel shall be made from uniform stock low in phosphorus , and the
manufacturer shall furnish reports of the analysis of every melt , certified by a
chemist satisfactory to the Chief Engineer .
n‘ 15. In the finished product of acid open hearth steel the amount of phos¬

phorus shall not average more than TOT of one per cent and never exceed Ar
of one per cent .

16. In the finished product of basic open hearth steel the amount of phos¬
phorus shall not average more than RE of one per cent and never exceed
of one per cent .

17. A sample bar three -quarters of an inch in diameter shall be*' rolled
from a four -inch ingot cast from every melt . The first laboratory test shall be
made on this sample bar in its natural state without annealing .

18. A second sample bar having a cross section of one square inch shall be
cut from the finished product of every melt . The second laboratory test shall
be made on this sample bar in its natural state without annealing .

19. In the laboratory tests all observations as to elastic limit , ultimate
strength , elongation and reduction shall be made on a length of eight inches .

20. A piece of each sample bar shall be bent 180 degrees and closed up
against itself without showing any crack or flaw on the outside of the bent por¬
tion . Two successful tests out of a total of three will be accepted as satis¬
factory . u:

21. The first laboratory test shall meet the following requirements :
w - am -

Minimum Ultimate .Strength , pounds per square inch
Minimum Elastic Limit, pounds per square inch'.*-!1. . .
Minimum Percentage of Elongation in 8 inches. .
Minimum Percentage of Reduction at Fracture ..-'to •

High Grade and
Medium Steel . Soft Steel .

57 000
. . . 38 000 32 000

28
40 50

22. The second laboratory test shall meet the following requirements :

High Grade
Steel .

Medium
Steel .

Soft
Steel .

Maximum Ultimate Strength , pounds per square inch . . _ 78 500 72 500 63 000
Minimum Ultimate Strength , pounds per square inch . . . 09 000 64 000 55 000
Minimum Elastic Limit , pounds per square inch. . . . . . 40 000 37 000 30 000

22 28
Minimum Percentage of Reduction at Fracture . 44 50

23. If the . ultimate strength comes within five hundred pounds of the
maximum or minimum limit , a second test will be made , and both tests will
be required to come within the limits .

24. Every melt which does not conform with these requirements shall be
rejected . Cases in which the tests are thought not to give fair representations
of the character of the material shall be referred to the Chief Engineer .

25. A full report of the laboratory tests shall be furnished , certified by an
inspector accepted by the Chief Engineer .

26. The broken and bent specimens shall be preserved subject to the
orders of the Chief Engineer .

27. Three notices of the acceptance of each melt shall be mailed on the
day of such acceptance , stating the number of the accepted melt and quality of
steel . Two of these notices shall be sent to the Chief Engineer at his Chicago
and New York offices respectively and one to the Shop Inspector at the works .

28. Analyses shall be made by the manufacturer of every melt , showing
amount of phosphorus , carbon , silicon and manganese , and certified copies of
these analyses shall be furnished to the Mill Inspector , who will forward them
to the Chief Engineer . The phosphorus and carbon analyses shall always be
made . Analyses for silicon and manganese shall be made whenever called for
by the Inspector . Copies of all analyses , whether made by request of the
Inspector or by the desire of the manufacturer , shall be furnished to the Chief
Engineer . J

29. Weekly reports in full detail , including reports of chemical analyses ,
shall be sent to the Chief Engineer at his Chicago office not later than the end
of the week succeeding the week in which such tests are made .

30. Three notices of the shipment of manufactured material , identifying
the melts and dimensions shall be mailed on the day after such shipments are
made , in the same manner as the notices of acceptance of material .

31. Every finished piece of steel shall be stamped on one side near the
middle of the bar and also on both ends of the bar , with a number identifying
the melt . If it is found impossible to stamp any particular piece on the ends ,
the Inspector may authorize the two end stamps to be put on the surface , within
one -half inch of each end , the fact of the stamping being done in this way to
be specified distinctly on all notices and invoices ; this may be done , however ,
by an agreed character .

32. The finished product shall be perfect in all parts and free from irregu¬
larities and surface imperfections of all kinds .

33. The cross sections shall never differ more than two per cent , from the
ordered cross sections as shown by the dimensions on the plans .

34. All sheared edges shall be planed off so that no rough or sheared
surface shall ever be left on the metal .

35. Steel for pins shall be sound and entirely free from piping .’ All pins
in the main trusses shall be annealed before they are turned and shall be
drilled through the axes .

May 6th, 1890.

GEO . S . MORISON ,
Chief Engineer.

i
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SUPPLEMENTARY SPECIFICATIONS , JANUARY 1. 1891.
MODIFICATIONS OF SPECIFICATIONS FOR SUPERSTRUC¬

TURE OF BRIDGE ACROSS THE MISSISSIPPI RIVER
AT MEMPHIS , TENN „ ACCEPTED DECEMBER 29TH,
1890.’1

STEEL .

10. Steel will be divided into four classes : first, High Grade Steel , which
shall be used in all the principal truss members except eye. bars ; second, Eye-
bar Steel , which shall be used ouly in eye bars ; third , Medium Steel , which
shall be used in the floor system, laterals , portals , traverse bracing and the
lacing of the truss members ; fourth , Soft Steel , which shall be used only for
rivets , and at the option of the contractor where wrought iron is permitted .

11. The bolsters which carry the large pin bearings on Piers I , II and III
shall be of cast steel.

12. In any case where it seems doubtful what quality of steel is required ,
High Grade Steel shall be used .

13. Steel shall be made by the open-hearth process, but no steel shall be
made at works which have not been in successful operation for at least one
year .

14. All steel shall be made from uniform stock low in phosphorus , and the
manufacturer shall furnish reports of the analysis of every melt, certified by a
chemist satisfactory to the Chief Engineer . f

15. In the finished product of acid open-hearth steel the amount of phos¬
phorus shall not average more than yf-j-of one per cent , and never exceed j1̂ of
one per cent .

16. In the finished product of basic open-hearth steel the amount of phos¬
phorus shall not average more than of one per cent , and never exceed
ygy of one per cent.

17. A sample bar three -quarters of an inch in diameter shall be rolled
from a four-inch ingot cast from every melt . A laboratory test shall be made
on this sample bar in its natural state without annealing , but this test may be
made subsequent to the acceptance of the material and shall be for record
only.

18. A second sample bar having a cross section of one square inch shall
be cut from the finished product of every melt . The second laboratory test
shall be made on this sample bar in its natural state without annealing .

.P 19. In the laboratory tests all observations is to elastic limit , ultimate
strength , elongation and reduction shall be made on a length of eight inches .

20. A piece of each sample bar shall be bent 180 degrees and closed up
against itself without showing any crack or .flaw on the outside of the bent
portion . Two successful tests out of a total of three will be accepted as satis¬
factory . l0

21. The first laboratory test shall meet the following requirements :
J .' ■ ' -1, ” . '' '■1 .o' ■

' — High Grade Eye -Bar
■ and Medium Steel . Soft Steel .

Minimum Ultimate Strength , pounds per square inch. . - . 65 000
Minimum Elastic Limit , pounds per square inch . . 38 000
Minimum Percentage of Elongation in 8 inches. . . . . . 20
Minimum Percentage of lteduclion at Fracture . v . . . . 40

57 000
32 000

28
50

H»£h Grade Eye -bar Medium Soft
Steel . Steel . Steel . Steel . !

i. 78 500 75 000 72 500 ,63 000
. 69 000 66 000 64 000 55 000
. 40 000 38 000 37 000 30 000

18 20 22 28
38 40 44 50

Of . . 0.!■¥

22. The second laboratory , test shall meet the following requirements :

Maximum Ultimate Strength , pounds per square inch. 78 500
Minimum Ultimate Strength , pounds per square iuch. 69 000
Minimum Elastic Limit, pounds per square inch. 40 000
Minimum Percentage of Elougation in 8 inches.
Minimum Percentage of Reduction at Fracture .

23. If the ultimate strength comes within five hundred pounds of the
maxinmm or minimum limit , a second test will be made, and both tests will be
required to come within the limits . ^

24. Every melt which does not conform with these requirements shall be
rejected . Cases in which the tests are thought not to give fair representations
of the character of the material shall be referred to the Clnef Engineer .

25. A full report of the laboratory tests shall be furnished , certified by an
inspector accepted by the Chief Engineer .

26. The broken and bent specimens shall be preserved subject to tlie
orders of the Chief Engineer .

27. Notices shall be sent in duplicate to the Chief Engineer at his Chicago
office and to the Shop Inspector at the works.

28. Analyses shall be made by the manufacturer of every melt, showing
amount of phosphorus , carbon , silicon and manganese, and certified copies of
these analyses shall be furnished to the Mill Inspector , who will forward them
to the Chief Engineer . The phosphorus and carbon analyses shall always be
made. Analyses for silicon and manganese shall be made whenever called for

8 •

by the Inspector . Copies of all analyses , whether made by request of the
Inspector or by the desire of the manufacturer , shall be furnished to the Chief
Engineer .

29. Duplicate reports in full detail , including reports of chemical analyses ,
shall be sent to the Chief Engineer at his Chicago office, and also to the shop
Inspector at the works, not later than the day on which the accepted material
is shipped .

30. Two notices of shipment of manufactured material , identifying the
melts and dimensions , shall be mailed on the day after such shipments are
made, one to be sent to the Chief Engineer at his Chicago office, and one to
the Shop Inspector at the works.

31. Every finished plate , bar or angle shall be stamped on one side near
the middle with a number identifying the melt , and this stamp shall be
surrounded by a heavy circle of white paint . Steel for pins shall have the

imelt numbers stamped ou the euds. Bivet and lacing steel and small pieces
:s' for pin plates and stiffeners may be shipped in bundles securely wired together

with the melt number on a metal tag attached .
32. The finished product shall be perfect in all parts and free from irregu¬

larities and surface imperfections of all kinds .
33. The cross sections shall never differ more than two per cent from the

ordered cross sections as shown by the dimensions on the plans .
34. All sheared edges shall be planed off so that no rough or sheared

surface shall ever be left on the metal .
35. Steel for pins more than four inches in diameter shall be hammered

steel , and tests shall he made on this steel in accordance with the requirements
of Section 22. ^ In such tests au elongation of fifteen per cent , and a reduction
of area of thirty per cent ., given in each of two test bars tested separately , will
be accepted as satisfactory , provided the character of the fracture is satis -
factory . The bending test required in Section 20 shall be made on pin steel,
but pin steel will,not be rejected , provided the bar will bend around a circle of
a diameter equal to twice the thickness of the bar without cracking . Steel for
pins shall be sound and entirely free from piping . All pins in the main
trusses shall be annealed before they are turned and shall be drilled through
the axes. . **

GEO. S. MOBISON ,
Chief Engineer.

January 1, 1891.

i / ,bo\i jil
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TESTS OF STEEL EYE BARS if,

' O [ • : { ■ : : i 1. .. (t <
‘ ‘ c

TESTS ON FULL-SIZE EYE BARS.
TESTS OTT SAMPLE RAPS PRAM

■ ■ • • • ■ ’ •, in : . ' . to . •• ' •( . Dimensions, Inches . Results op Mechanical Tests .

: ' J: -y . . . : remarks . . . • <r Span. t -p . - Li Original . Areas . Elastic
Limit,

Max.
Load,

Phos¬
phorus ,

Kind of Steel . Made by Forged by
Nominal. Actual . TION OF Limit, Load, Place of Melt

Original ,
Laches.

After TION, TION,

ii ; :?,.: : I ) p ' -Tr/:fj"rti - ? ■ =/* ' »■ Width. Thick¬
ness. LengthC. to C.

Gauged
Length.

Width. Thick¬
ness. Width. Thick¬

ness.
Area ,

Per cent . Inches. Per cent. Lbs.persq. in.
Lbs. per
sq. in.

Fracture .
i .

Number.

Ki

Testing ,
Inches. Per cent. Per cent. Lbs. per

sq. in.
Lbs. per
sq. in. Per cent.£•-1 i , f

■ ■. 1 >* --U' iW J;- L, Pi '..
, ■■> L J :

Flaw in back of eye .
High steel .

« A
g j

10
10

u

h
n

160 .63
158.07

1,20
120

10 .07
10 . 16

1 . 50
1 .46

8 .00 1. 14 39.6 20 .2
10.75

16.8
8 .96

35 100
36 030
37 680

67 490
65 190
70 160

Body
Head

Body

6 552
6 552

10 747

.9500 .4992 47 .5 27.5 41 580 73 050 .027 Basic open -hearth Carnegie , Phipps & Co . Union Bridge Co.

& *
w a

10 358 .93 324 9 .95 1 .73 7 .86 1.32 39 .7 26 .6 8 .2 .9918 .4593 52.6 24 .4 42 650 75 620 .015 ft ft tt tf ft 4t

10 n 361 .23 312 9 . 98 1 .75 7 .77 1 .25 44 .4 36.8 11.8 39 700 65 500 “ 10 647 .9520 .4957 47 .9 28.8 40 280 70 280 .062 « (< (( •• t< ti tt

' - If = ■ ‘ • "
10
6

li

H
162 .38
291 .26

120
252

10.05
6 .08

1 .50
1 . 13

8 .06
4 .62

1 .15
0 .64

38 .5
56 .9

38.5
33 .7

17 .3
13.4

33 140
29 690

65 060
56 700

Body 6 552
10 830

■ . 9500
.9756

.4992

. 5330
47 .5
45 .4

27 .5
28.1

41 580
40 490

73 050
69 700

.027

.026
Basic open -hearth

ft tt tf
Carnegie , Phipps & Co. Union Bridge Co.

• ■■ 6 u 314 . 18 288 6 .09 1 .12 4 .83 0 .82 41 .9 39 .6 13.8 30 800 59 210 ft 10 830
10 m 287 .37 240 10 .07 1 .67 8 .07 1 .25 40 .0 32 .5 13.5 32 860 65 600 ft 09 099 1 .1590 .6474 44 .5 20 .0 43 750 75 000 . 021 ft tt it ft ft tt *t tt tt

ftO 10 it * 284 .28 240 9 .92 1 .95 7 .97 1 .47 39.4 36 .8 15.3 31 110 61 060 (f 5 798 1.0140 .5814 42 .7 28 .8 42 210 69 730 . 046 ft ff ff «t ft tt ft tf ti

s 10 i 287.88 240 9 .94 0 .99 8 .05 0 .80 34 .6 32 .9 13.7 33 990 63 220 <1 10 886 .9868 .4719 52 .2 28 .1 40 230 69 720 .025 ff tf (1
ni ‘ “ “ ff ff tt

Bar cut in two , reheaded , not reannealed . First halt : stretched to full capac - )
ity of machine , then planed to a section equivalent to 16 sq . in . original . J

Second half treated same as above .

Wo
ft

<

10
10

2 K )

a }

222 .88
222 .48

96
96

10 .05
10.05

2 .20
2 . 18

6 .09
5 .75

1.77
1.63

32 .6
41 .4

13.0
14 .6

13.5
15.2

29 330
28 660

63 100
63 860

<<
f (

015 014
015 014

.9635 .4983 48 .3 28 .8 38 090 71 300 . 017 tf ft ft ; “ “ tf

Piping in fracture .
Retest of above . Reheaded , not reannealed . Broke in new head . Elonga - )

10
10

ii )

ii i

464 .03
198.03

420
144

10.12 1.86 9 .99 1 .80 4 .5 10 .4
4 .7

2 .5
3 .2

31 970 53 860
58 950

( f

Head
015 090
015 090

1 .0201 .6084 40 .4 27 .0 40 200 71 860 .017 tf ft tt « . . „ ** <t

tion is total for both tests . )
Soft steel suspender . 7 i * 314 .04 276 7 .12 1 . 17 5 .14 0 .77 52 .5 59 .3 21 .5 30 270 51 500 Body 11 045 1 .0180 .4941 51 .5 28 .8 33 400 57 170 .014 If ff t I n tt ( « Keystone “ “

Foreign substance in fracture .
Retest of above . Reheaded , not reannealed , planed to equivalent of 16 sq . in . )

original area . f

10
10 j

338 .73 300
96

10 .07 2 .20 9 . 73
5 .88

2 . 11
1 .70

7 .3
37 .5

20 .8
18.4

6 .9
19 .2

28 080 55 160
62 590

Body
ff

11 063
11 063

1. 1220 .6371 43 .2 24 .2 38 320 70 220 .023 Basic open -hearth Carnegie , Phipps & Co. Union Bridge Co.

First half of bar cut in two ; reheaded , not reannealed .
Second half of above .

ft

ft
10
10

IIS \
l T* / 251 .58

250 .08
204
204

10 .03
10 .05

1 .81
1 .81

8 .08 1 .39 38 .1 28 .9
5 .7

14 .1
2 8

29 670
29 270

62140
49 340
53 930

65 400
64 510

n

Head
015 094
015 094
015 094

015 093
015 093

1 .0200 .4121 59 .6 26.3 40 200 71 080 .028 ff tf tt *t tt ti

Above reheaded , not reannealed .

First half .
Second half of above . One head buckled ; rebored , and then test finished .

b* 10 m j

n ?
If s

194 .88 144 5 2 3.6

11.8
11.3

ft
o 10

10
250 .28
247 .78

204
204

9 .97
9 .99

1 .37
1 .37

8 .39
8 . 15

1. 11
1 .07

31 .8
36 .3

24 .0
23 .0

32 700
31 290

Body(( 1.0670 .6374 40 .3 25 .0 39 360 69 360 .041 . . . . „ ft tt f ,

Soft steel suspender . 7 1TBff 385 .73 848 7 .02 1 .31 5 .16 0 .92 48 .4 78 .3 22 .5 28 980 52 010 <( 8 368 1 .1700 .5133 34 .2 31.3 34 190 58 460 .039 ft «i tt Keystone ' * “
7 385 .78 348 7 .01 1 .26 5 .13 0 .83 51 .8 47 .3 13 .6 28 410 54 740 Body 6 961 1 .0170 .5220 48 .7 28 .1 41 400 67 840 .010 Basic open -hearth Carnegie , Phipps & Co. Union Bridge Co .

First half .
Second half . Spot of foreign matter in fracture .

10
10

H l
i * )

249 .98
250 .23

204
204

9 .99
10 .02

1 .62
1 .63

7 .49
9 .49

1 .11
1 .53

48 .6
11 .1

39 .4
19 .6

19.3
9 .6

30 500
29 980

58 870
56 950 <( 40 411

40 411
.9338 .5572 40 .3 25.0 40 910 70360 .014 <1 C4 tt ** tt tt *• ft

Bar strained to 59.30 lbs . per sq . in ,, then planed to equivalent of 16 sq . in . )
original section . Area 1 foot from fracture , reduced 12 per cent . J ft

5
ft
ftt—1

10 341 .28 96 9 .96 2 .05 7 .52 1 .91 10.3 11.8 12.3 33 360 73 550 << 5 868 . 9700 .4792 51.5 25 .5 40 410 69 900 .063 ft tf tf ft tt tt ft If

Bar cut in two , first half .
Second part of above .

10
10

i * L
i * r

249 .48
249 .58

204
204

10 .13
10 .13

1 .30
1 .30

7 .92
7 .77

0 .92
0 .94

44 .6
44 .6

32 .0
35 .3

15 .7
17.3

82 520
31 900

60 710
59 470 <- 40 435

40 435
.9504 .5363 43 .6 27 .0 40 400 70 490 . 023 •f ti tt <f ft tf *t a ft

<o 10 1tt 284 .82 240 9 .98 1 . 81 7 .62 1 .28 46 .0 35 .8 14.9 28 000 58 720 <f 013 091 1.0000 .5557 44 .4 29 .5 40 000 66 800 .008 tt tt <t . . . . tf ff tt

First part .
Second part .
Retest of above , reheaded , not reannealed .

10
10 Hi )

Hi [
lit )

221 .98
221 .98

180
180

10 .15
10.13

1 .83
1 .81

8 .06 1 .34 41 .8 23 .5
11 1

13.1
6 .2

13. 1

32 200
31 910

62 270
58 050
65 170

ft

Head
Body

<«

40 409
40 409
40 409

.9746 . 5574 42 .8 21.3 40 530 72 240 '.056 ft tt it ; if tt tt ft ff f

10 172 .43 120 10. 13 1 .81 8 .43 1.38 36 .6 15 .7

10 1 361.68 312 10 .04 0 .99 8 .22 0 .71 41 .2 47 . 1 15 .1 29 970 58 680 40 414 1.1720 .6371 45 .7 27 .0 40 610 70 480 .060 ft tt tt *t tt tt “ «« tt
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APPENDIX O —Continued .

TESTS OF STEEL EYE BARS .

TESTS ON FULL -SIZE EYE BARS . . . . - - :')J ■

“

O/liUIli llllhijlO.
■ ’ ll. . v .

t< ’
REMARKS . - " “ „

Dimensions, Inches . Results of Mechanical Tests

Span. Original . Reduc-
j

Elastic Max. Areas . Reduc¬
tion ,

Elonga¬
tion ,

Elastic
Limit,

Max.
Load,

Phos¬
phorus ,

Kind op Steel . Made by Forged by
- - ‘ - - Nominal. Actual . TION OF Limit, Load, Place of , l ,; Melt »

Original , After
Area , Fracture . Number. Testing .

Inches .1 ■ ■
Width . Thick¬

ness .
Length

. C. to C.
Gauged
Length .

Width . Thick¬
ness . Width . Thick¬

ness . Per cent . Inches . Per cent . Lbs . per
sq . in .

Lbs . per
sq . in. Inches . Per cent . Per cent . Lbs . per

sq . in .
Lbs . per
sq . in . Per cent . Hbi .H

? H 258 .68 228 7 .01 1 .27 5 .31 0 .90 46 .3 38 .2 16.8 28 640 56 830 Body ” 11 072 1 .0200 . 5402 47 .0 28 .1 40 790 68 730 .030 Basic open-hearth Carnegie, Phipps & Co.
- —5—1-

Union Bridge Co.

High steel. After test, bar cut in two, reheaded, not reannealed, test com- ) S 8 14 1 478 .88 432 8 .03 1 .75 52.7 12 .2 32 220 61 260 Not broken 10 770 1 .0020 .6013 40 .0 28 .1 40 920 76 150
pleted as below. ) r* it It ,

First half above. Broke in unannealed end near heat line of new head.
Second half . Broke like above. Area between fracture and new head |

8
lf \U J

236 .28 168 8 .03 1 .75 6 .22 1. 18 47 .8 22 .1 13 .2 54 720
57 190

Body 10 770
10 770

«S 8
(;

240 .28 180 8 .03 1 .75 7 .44 1 .60 15.3 20 .1 11.2
reduced 24.1 per cent. ) 3PS

After test. Bar cut in two, reheaded, not reannealed, retested as below.
First part of above.
Second part of above. Broke in unannealed part of bar on heat line of new’ (

aC-* 8 H 1
* l

-1* J

478 .88 432 8 . 00 1 .26 51.7 12 0 32 380 62 930
68 590

Not broken
Body

I1

10 770
10 770
10 770

. J •KHH 8 236 .99 156 8 .00 1 .26 6 .29 0 .94 41.37 25 .8 16 .5
8 238 .18 168 8 .00 1 .26 6 .41 0 .85 45 .9 18.2 10 .8 58 880

head. 1 <w T
8 1 3MS 254 .63 216 7 .98 1 .20 6 .14 0 .92 41 .0 33 .2 15.4 31 930 63 870 tt 10 828 1.0100 .4108 59.3 21 .9 40 900 69 800 .024 <1 II tt tt tt i | It tt | |

8 338 .58 300 8 .03 2 .32 6 .34 1 .77 39.8 34.6 11 .5 32 840 62 400 tt 10 660 1 .0620 .5946 44 .0 23 .1 41 710 71 000 .066 tt tt tl *< tt it ti tt tt

Soft steel suspender. 7 258 .68 216 7 .00 1. 18 5 .27 0 .85 45 .8 30 .8 17 .0 27 870 53 520 Body 20 816 1.0560 .4995 52 .7 31.9 32 480 58 050 .027 Basic open-hearth Carnegie, Phipps & Co. Pencoyd B. & C. Co.
Keystone Bridge Co.“ “ Full capacity of machine reached. 9 338 .58 300 9 .00 2 .31 10.5 35 .3 11.8 27 730 54 400 Not broken 09 257 1 .0900 . 5416 50.3 29 .5 39 900 66 780 ., f t(

“ “ First part . 3 9 If ) 206 .58 168 9 .09 1.25 6 .81 0 .83 50.3 39 .1 23 .3 32 590 57 410 Body 09 405 .9734 .4488 53.8 28 .7 38 110 60 920 . 014 tl ft tt ft ti tt

“ “ Second part . W3 9 h f 205 .38 168 9 .09 1 .25 6 .94 0 .94 42 .6 34.8 20 .7 32 820 58 440 09 405

Lower lateral . Broke at back end of upset for screw, disclosing piece of { PS&1 6 1 3 409 .08 348 6 .07 1.18 19.5 5 .6 35 480 60 390 In upset for screw 3 055 .830 .435 47 . 6 23 .0 Pencoyd I . & S. Co. Pencoyd B. & C. Co.iron welded in. 1 H

Lower lateral . 6 1JL 416 .78 360 6 .04 1.18 21 .6 6 .0 39 190 63 220 Sleeve nut 3 327 .672- .303 54 .9 27 .5 41 670 it tt

02

■ 11 “
(< (( 4 13T* ' 422.18 372 4 .03 0 .80 3 .25 0 .57 42 .6 39.2 10 .6 40 540 71 580 Body 3 095 1.026 .436 58.5 31 .3 39 280 66 090 .084 ti it tt it it tt fl H ll
tt <1 & 4 l 421 .88 372 4 .02 1 .00 3 .10 0 .75 41 .8 45 .1 12.1 39 570 68 490 t < 3 095 *• it tt tt It it it

II <i 4 H 423 .08 372 4 .04 1. 13 3 .08 0 .79 46 .8 47 .8 12 .8 39 720 69 180 If 3 095 it tt tt ti tt tt

First part .
Second part .

8
8

Ht i
HU

279 .98
279 .88

240
240

8 .11
8 .11

1 .79
1 .79

6 .26
6 .13

1 .34
1 .24

42 .2
47 .7

37 .1
38.8

15 .5
16.2

28 940
28 660

58 010
58 290

Body 11 150
11 150

1 .114 . 5960 46 .5 23 .0 40 480 66 880 .030 Basic open-hearth Carnegie, Phipps & Co. Union Bridge Co.

First part .
£ h
WOQ 7 1 l 289 .23 252 7 .02 1 .00 5 .53 0 .75 40 .9 44 .9 17 .8 31 380 59 850 11 072 1 .020 .5402 47 .0 28 .1 40 790 68 730 .030 ft << <1 tt ti ti

Second part . 7 1 f 249 .48 252 7 .00 1 .00 5 .51 0 .67 47 .3 42.7 16 .9 31 470 59 730 << 11 072

Tlie first four bars were entirely experimental and did not represent bars wliicb it was intended to use
in the structure . They were generally of rather too high a steel, and the result of these tests led to the
adoption in the specifications of a special eye-bar steel, midway bet ween the medium and high grade steel.

Tests Nos. 5 and 6 were 6 inch bars which showed a weak steel below the requirements of the
specifications, and led to the substitution of 7 inch bars for 6 inch bars for all floor-beam suspenders, the
7 inch bars being made of soft steel.

Tests 13 and 14 were both of the same bar. The first test was unsatisfactory and showed a flaw in
the steel. The second test was a test of a stretched bar relieaded after stretching, and not reannealed ;
as was to be expected, it broke in the new head.

Test No. 16 showed a flaw. Test No. 17, of the same bar, when reheaded and planed down to a
reduced section, showed that the steel was excellent.

Test No. 18 was good. Tests Nos. 19 and 20 of the same bar broke in heads which had been forged
but not reannealed, the last having been forged on a stretched bar .

Test 26 falls a little below the requirements of the specifications, and this was explained by a slight
flaw at the fracture , the fracture taking place in the head.

Test 48 led to the rejection of the bars represented by it .
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APPENDIX P.

REPORT OF TESTING COMMITTEE .

Geo . S . Mokison , Esq .

Chief Engineer K. C. & M. By . & Bridge Co.

Dear Sir : The committee appointed to report on the results of the testing
of the Memphis Bridge on the 12th of May, 181)2, submits the accompanying
tabulated statement of deflections observed in the different spans of the bridge , 1
under the several test loads applied :

The sign —indicates a downward deflection. , '... . , .. .>t '
The sign -j- indicates an upward deflection. . ,ci, '
The statement gives the deflections for the north and south trusses of each

span, and also movements eastward and westward of the north and south roller
bearings on' Pier II , the other beai’ings being all fixed. o.!-

The testing was done with 18 locomotives weighing in the aggregate 1405.7
tons.

Load I was applied to the cantilever arm east of Pier I . It consisted of
four locomotives covering the entire length of cantilever and weighing 842 tons .

Load II was applied to the span between Piers I and II . It consisted
of 15 locomotives covering the entire clistance between piers and weigh¬
ing . . 1190.3 tons.

Load III was applied to the span between Piers II and III and to the
cantilever arm east of Pier I . It consisted of 12 locomotives covering the
entire span (II - III ) and -weighing . . . . . . 944 tons ;
and of four locomotives covering the entire length of cantilever and weigh¬
ing . . . . . . . 320.3 tons.

Load IY was applied to the adjacent spans of span (II - III ) and consisted
of nine locomotives from Pier II eastward , weighing . . . 690.2 tons ;
and of nine locomotives from Pier III westward , weighing . 715.5 tons.

Load Y was applied to the span between Piers III and IY, and consisted
of 11 locomotives covering the entire length of span and weighing . . ..825.2 tons.

Load YI consisted of 18 locomotives coupled together , weighing 1405.7 tons.
This train , moving, at a speed of 30 miles per hour , entered the bridge at

the west end and was stopped at the east end within a distance as short as

practicable . The deflections under the rapidly moving load did not exceed the
maximum deflections under static load . i

Observations taken on the empty structure immediately after the test
showed that no permanent deflections had taken place .

The vibrations under the running test were as moderate as could be
expected, even from such massive spans .

The behavior of the entire structure under the different tests made was
altogether very satisfactory . ' •> ■

Respectfully submitted ,
ROBERT MOORE,
C. L. STROBEL ,

- G. BOUSCAREN ,
' ' <r ‘ 1 ' The Committee .

:«:r
LOCOMOTIVES USED IN TESTS .

Position in
Train . Railroad . Number . Kind . Weight in Tons .

1 K . C., M. & B. R. R. 34 10 wheel 85 .5
2 (1 23 10 85 .5
3 it 35 10 “ 85.5
4 it 31 10 “ 85 .5
5 it 32 10 “ 85 .5
6 30 10 “ 85 .5
7 K . C„ Ft . S. & M. R. R. 96 Switch 67 .5
8 97 67. 5
9 89 it 67.5

to tt 23 it 67 .5
11 I . C. R . R. 1159 8 wheel 78 .5
12 L . N . O. & T. R. R. 55 10 82 .5
13 N . N . & M. Y. R. R. 605 10 •• 92 .3
14 M. & C. R. R. 0 198 8 “ 71.0
15 T . M. Ry . 201 10 “ 83 .0
16 St . L ., I . M. & S. Ry . 475 8 “ 74 .0
17 L. R. & M. R. R. 14 8 " 68 .4
18 L. & N . R. R. 321 Switch 73 .0

Total . 1405.7

TABULATED STATEMENT OF RESULTS OF TESTS MADE ON THE
MEMPHIS BRIDGE , MAY 12, 1892.

Deflections in Feet .

♦u.
Points Observed . 1st Load,

342 tons .
2d Load

1190.3 tons

3d Load ,
944 tons .
320.3 “

4th Load ,
690.2 tons .
715.5 “

5th Load,
825.2 tons .

6th, Run¬
ning Load,
1405.7 tons

■=-••■■■1 if":I 1 r\
Centre of cantilever span . , .

In . _ 0 .015 ■+ 0 .025 — 0 .020 0 .000 _ 0 .010
Vs . — 0 .010 + 0.025 — 0 .020 0 .000 — 0 .010

- 0 .200
West end of 1st cantilever , IN . + 0 .030 — 0 .200 + 0 .030 — 0 .060 + 0 .020

span (I—II ) . ; . i s . + 0 .020 — 0 .200 + 0 .020 0 .060 + 0 .020

Centre of intermediate span IN . + 0 .010 _ 0 .350 + 0 .070 — 0 .270 0 .000 - 0 .350
(I- II). is . + 0 .010 — 0 .380 + 0 .050 — 0 .280 — 0 .020

East end of 2d cantilever , IN . 0 .000 _ 0 .240 + 0 .100 — 0 .250 _ 0 .040
span (I- II ). . S S. l 0 .000 - 0 .240 + 0 . 100 — 0 .250 - 0 .040

Centre of span (II - III ) . ( N .
( S.

0 .000
0 .000

+
+

0 .090
0 .090

—0 . 170
0 .170

+
+

0 .160
0 . 160

+
+

0 .080
0 .080

- 0 . 130

West end of cantilever , span IN . 0 .000 _ 0 .040 4 ~ 0 . 120 _ 0 .270 — 0.200
(III- IV) . ) s . 0 .000 - 0 .050 + 0 . 110 — 0 .270 — 0 .200 - 0 .240

Centre of intermediate span IN . _ 0 .010 _ 0 .030 + 0 .090 — 0 .220 — 0 .210
(III- IV) . f S. 0 .000 — 0.040 + 0 .070 — 0 .270 0 .210

Movements of Roller Bearings , in Feet .

Points Observed . 1st Load . 2d Load. 3d Load . 4th Load . 5th Load.

North rollers on Pier II . 0 .003 E. 0 .025 W. 0 .048 E . 0 .039 W . 0 .008 E .
South “ “ " “ . 0 .003 E. 0 .025 W . 0.047 E . 0 .040 W . 0 .010 W .

(T
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