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March 23, 1945

Honorable Robert P. Galbraith
Mayor, City of Rock Island
Rock Island, Illinois

Dear Mayor Galbraith:

We submit herewith our final engineering report on the construcs
tion of the Rock Island Centennial Bridge across the Mississippi
River between Rock Island, Illinois, and Davenport, Iowa. We
have endeavored to include in this report all principal data con-
cerning the structure and the history of its construction.

In addition to this report, we have prepared and submitted during
the period of development and construction of the project, special,
-reports dealing with financing, plenning, construction and opera-
tion of the project,

Copies of all reports, detailed construction records, the design
calculations for the structure, the original design draw1ngs res
vised to show final constructlon, inspection and test reports of
materials incorporated in the work, and all similar data are pre-
. served in our permanent files.. The original tracings of shop and
- working drawings- prepared by all contractors and a complete set
of prints made frém our design draw1ngs have been stored in the
~ wault of the administration building,

Respectfully submitted,
HOWARD NEEDLES, mmw & BERGENDOFF P |
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R. Ne Bergendoff
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FINAL REPORT

ON CONSTRUCTION OF THE

MISSISSIPPI RIVER BRIDGE
BETWEEN

ROCK ISLAND, ILLINOIS AND DAVENPORT, IOWA

PART I

REVIEW AND HISTORY

The Rock Island Centennial Bridge spanning the Mississippi River
between Rock Island, Illinois and Davenport, Iowa was opened to traffic
on July 12, 1940, - It is a thoroughly modern, fogr-lane highway bridge,
aéequate in every respect for present day high speed passenger and trans-
port tfaffic. The structure is ideally situated to provide rapid transit
between the business di;tricts cf Rock Island and Davenport and serves not
only the local or shuttle traffic in the Tri-City Area, but also heavy
through motor trevel oun U, S. Highways 67 and 150.

The Centennial Bridge is notable in several respects. The main
spans are box girder rib tied arches, a type rather unusual in America and
permitting simplicity in design with pleasing appearance., The Centennial

Bridge is the only/bridge across the Mississippi providing for four lanes

of traffic with separation of traffic in each direction. Tt is a toll

bridge operating alongside a free bridge and hss the lowest rates of toll
of any toll bridge on ths Mississippi River. It was financed entirely by
the City of Rock Island with no obligetion on the texpayers; there was no

federal or state participation in the financing. But perhaps the most
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outstanding feature of the new bridge is its great need. A few remarks on
the communities served by the new structure, the services rendered, and
some ‘statistics on cross-river treffic in the Tri-City Area will emphasirze
the reasons for constructing the Centennial Bridge.

The three cities, Rock Island, Illinois, Moline, Illincis, and
Davenport, Iowa, with populatioﬁs respectively 38,400, 34,599 and 65,963
in the 1940 census, are so immediately sifuated that they are identified
és the "Tri-Cities". Davenport,'iowa lies on the west bank of the Missis-
sippi River, or rather on the north bank since ths cource of the river here
is from east to west, and Rock Islénd and Moline merge together on Ehe
I11linois side which is south of the river., With adjacen£ suburban commun-
ities, the population of the Tri-Cities has been cstimated at about 160,000,
The river divides this population into two almost squal parts; the factor-
ies and principal industries of the communities are closely intsr-relatcd
and there is considerable interchange of locsl business and commuting of
employees to snd from work on_opposite sides of the river. The'pfinqipal
retail districts cf Rock Island and Davenport lie almost exactly opposite
on either side of the river and each is built within a block of the wster's
edges The river at this point is about 2,230 feet wide and the total dis-
tance between the principal retail business streets of £he two cities, which
are approximately paréllel to the river, is about three-quarters of a mile.
All these conditions bring about a large volume of locsl cross-river traffic,
and in addition there is considerable through motor travel on ths various
federal highways passing through the area.

Prior %o 1935 all cross-river highway traffic in the Tri-City

Area was served by the so-called Government Free Bridge. This structure
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provided onlyAtwo lanes for highway traffic and congestion-&aé acute. The
CentenniaivBridge was built primarily to relieve this severe traffic con-
gestion. |

The Government Bridge was built by the United States Govermment
under an emergency order primarily to give access to Arsensal Island, the
site of the famous Rock Island Arsenal. The island extending from about
one-half mile to three miles upstream from the centers of the business dis-
tricts of Rock Island and Davenport is separated from Davenport by the Mis-
sissippi River and from Rock Island and Moline by a narrow waterway known
ss Sylvan Slough. The island has bsen extensively developsd by the U. S.
Government. |

The Government Bridge spans the river from Devenport to the down-
stream end of Arsensl Island., It is e double-dascked combined raillroad and
highway structure built in 1896, The upper deck carrics a double track
railroad and the lower deck a roadway accommodsting two lanes of traffic
with these two lanes also occupied by a double track street railway, and
sidewalks. Verticel clearance is limited to 11 ft. 6 inss and consequently
large trucks cannot use the bridge. It is o low lewvel structure, and for
passege of river traffic has a swing‘span which is opened an average of 23
times eacﬂ week dey during the nine months navigation ssason. To reach the
I1linois shore traffic must tra&erse Arsenal Island and cross Sylvan Slough
by either a bridge et 24th Street in Rock Island or at 15th Street in Moline.
The former is near the downstream end of the island and the latter nesr the
upstream end, For reesons of military sscurity public traffic is not nor-
mally permitted to traverse the length of the islend aud use the uppsr

bridge at Moline.
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pared with other structures. In 1938 the Government Bridge carrisd more

The Govermnment Bridge was intended to provide access to the
Arsenal. Its purpose is primarily military; public traffic is permitted
to use the bridge through sufferance and could and has on occasion been
ruled off or subjected to rigid, individuel inspection, However, during
the first world war and during the years of peace following, the public
was given free use of the bridge. Traffic increased from 552,000 vehicles
per yeer in 1912 to almost 9,000,000 vehicles in 1839, Traffic congestién
became incfegsingly'more scute, end traffic jams delaying traffic for from
ten minutés to an hour were daily écourrences. Operation of the swing span
for passage of river craft necessitated temporary totsl suspesnsion of traf-
fic. Traffic accidents were n wrous, there being as nany as 200 accidents
on the bridge per year which were reportsd to police; undoubtedly there
were many mors of which the peolice were nsver notified.

The inadequacy of this two-lane structure is evident when com-
vehicles than either the George Washington Bridge in Now York or the San
Francisco Bay Bridge in Caiifornia, two of perhaps the hest known and most
expensive briage structures in the world., Further, at St. Louis thsre are

=)

5 bridges with 14 lanes of traffic to carry a total volume only 33 per cent

‘more than that carried by two lanes of traffic on the Government frese bridge,

In 1935 a high level bridge was constructed between the suburb,
Bettendorf, Iowa and Moline, Illinois, just upstream from Arsenal Island.
This structure was finsnced by P.W.A, to operatz as a toll bridge until
amortization. The bridge is located about 3% miles upstream from the re-
Tail business districts of Rock Island and Davenport and is a limited two-

lane highway structure. While accommodating some local traffic, the bridge

-4 -
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functions largely as a by-pass for through traffic. -However, the exper-
ience of the five years of its operation prior to the opening of the Cen-
tennial Bridge showed that it had almost no effect in reducing traffic con-
gestion on the Government free bridge. The 8 mile drive to cross 3/4 mile
of river did not appeal to or suitably sccommodate local shuttle traffié
between Rock Island and Davenport.

The traffic situation at Rock Island and Davenport demanded re-
lief. The City official§ of Rock Island and other civic-minded men of the
communify under the leadership of MayorbRobert P. Galbraith studied means
of remedying the situatién and procseded té lay the ground work toward the
financing and construction of a new and adequate river crossing. It was %o
be a toll structuré and would become f%ee to the public after costs of con-
struction and maintenance had been amortized.

The City retained Ash—Howard—Needles & Tommen, Consulting Engin-
sers, (predecessors of the present firm of Howard, Nesdles, Tarmen & Ber-
gendoff) to study the feasibility of oonstructiné gither a bridge or a tun-
nel. Preliminary surveys, traffic analyses, preliminary designs and esti-
mates of cost wers mode, and it became evident sarly in the study that =
bridge would be. preferable to a tunnel both from the standpoint of original
cost and cost of maintenance and operation through the years., A high lsevel
bridge having four lanes of traffic snd two sidewalks would be much cheaper
to construct gnd more eccncmical to operate and maintain than a two-lans
tunnel without sidewalks and in addition would have more than twice tﬁe
traffic capacity. A report to this effeét together with traffic studies ahd
estimates of probable esarnings of the proposed structure was submitted by

the engineers under date of February, 1938, ,
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. ’ \
Once it had been established that a bridge was the prefereble

type of crossing, the City Officials proceeded to secure the necessary
federal legislation to permit construction of a bridge across a navigable
waterway. On November 22, 1237, Congreséman Chester Thompson of Illinois
ihtroduceq H.R. 8466, a billl"Authorizing the City of Rock Island, Illinois,
or its assigns, to construct, maintain, and operate a toll bridge across

the Mississippi River, at or near Rock Islend, Illinoié, and to a place af
or near the City of Davenport, Iowa." After passsge by the House and Senate
the enabling act (Fublic - No. 446 - 75th Congress) received presidential
approval on March 18, 1938, The City of Rock Island had the necessary
authority under State-Law to construcf and operate a téll bridge by viture
of the Enabling Act of 1935,

The enabling legislation authorized the City to fix and charge
tolls for transit OYST the bridge to pay the cost of its operation and
maintenance and to provide a sinking fund for amortization of the origihal
cost, with the provision that the structure was to become toll free on
amortization of the debt, To provide funds for the construction of the
bridge the City was authorized under the State Enabling Act to issue bonds
secured solely by net roevenues from tolls.

Efforts wers made to secure federal financial participation
through the Public Works Administration but without succéss, Iraffic
analyses made by the engincers were sufficiently favorable from a revenus
producing standpoint that the City dscidsd to proceéd with a private fi-
nancing programs. The enginéers report of February 1938 incorporating

the accumulated data showing the great need for an additional crossing
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was sufficient to impress private investment bankers as to the soundness
of a toil bridge project opsrating alongside a free bridge. An indepen-
dent survey and analysis was made for the bankers by Sverdrup and Parcel,
Consulting Enginecrs of St. Louise. Their report of May, 1938 furfher
substantiated the findings eoxpressed in the earlier report. Revenue

bonds issued in the name of the City of Rock Island, placing no obliga-

. tion on the tax payers, were sold to Stifel-Nicolaus & Co,, Inc, of .

Chicago. The issue wes for $2,500,000 with bonds bearing 4% interest,
written for a 25-year term and dated February 1, 193S.

The sclection of a site for the structure was confined to fairly
narrow limits. Physical conditions and the necessity for locating the
termini in or immediately adjacent to the retail districts of the two
cities indicaéod that the Rock Island sntrunce should be in the vicinity
of 2nd Avgnue and 15th Street and the Davenport entrance near 2nd Strest
and Western Avoenus. Sitos coﬁsidorcd in Rock Island ranged from 13th
Strest to 17th Stroet with 15th and 16th Strssts rocoiving major consider-
ation, Fifteenth street was adopted as the final locotion since en en-
trance plaza ﬁas not feasible st 16th Strest, adequate connection could
be made to oxisting traffic routes, and right-of-way costs and damage to
ad jecent pr0perty wore not excassive, In Davenport the sites coﬁsidored\
rénged from Brown Street to Scott Street with Western Avenue and Gaines
Street roceiving major consideration. Although the Western Avenue site
was perhaps somewhat prefersble from a traffic routing standpoint it
necessitated locating the approech viaduct betwesn the municipal stadium .
and the band shell in Leclaire Park. Refusal of the Davonport Park Board

to grant easement over the Park and objcctions of propsrty owners per=-
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mitted no alternative but the adopted location at Gaines Street.
Structures of several types were considered for the crossing;
all had deck girder approach spans and were high level crossings provid-
ing for uninferrupted movement of traffic., For the main river spans con=-
sideration was given to suspension spans, continuous half-through arch
trusses, and tied arches. The lengths of the channel spéns and the lo-
cation of the main piers were dictated by the Government to meet the
needs of navigotion by permitting the safe passing of tows betwsen Lock
No. 15 and the Cruscent railroad bridge swing span downstrezm as well as

evoiding undue interference with the boat landings at Rock Island and

 Davenport., Thess span lengths and pier locations wure determined after

public hearings before engineers of the Wur Department, at which naviga-
tion interosts were represented. The design adopted was chosen to meet
these conditions sconomically, and to provide a structure having a grace-
ful and pleasing appearancce The final design utilizes just two types of
spans - the tied arch spans over the river and the continuous girder spans
of the approach viaducts. The result of this limitation in type has been
a harmonious,>10gica1, economical and asgthetically satisfying layout,
The box girder tied arches are more pleasing to the eys than any system
of truss construction and afford the traveler a virtually unobstructed
scenic view up and down the river,.

The public hearing before ¢nginsers of the Wer Departmopt was
held at Rock Island on April 15, 1958 and on August 16, 1938 the permit
for construction of the new bridgs Was granted. A similar permit ﬁas

subsesquently granted by the Division of Waterways, Department of Public

.Works and Buildings, State of Illinois.




>
z
M
(14
o
>
2
@
z
o
b3
¥
[
o
]
<
@
z
<
b4
w
x
ul
)
z
°
z
w
[
z
*
3
>
o]
°©
o
N
a
o
o
z
w
©
3
u
a
L]
z
w
3
b3
<
-
@
w
o
o
u
w
z
g
3
<
3
°
T

HOWARD, NEEDLES, TAMMEN & BERGENDOFF, CONSULTING ENGINEERS, KANSAS CITY, MO., NEW YORK, N. Y. HOWARD, NEEDLES, TAMMEN & BERGENDOF

In the meantime, the engineers had in June 1938 made the nuces-
sary survey of the site as finally adopted and wers procseding with the
preperation of final designs, detailed plans, and spccifications. Foun-
dation investigationsiwere made by the Interstate Enginecring Company of
Rock Island. The railroads and other interests whose propsrtices werec
affectod by the new construction gave their fullest cooperation, resulte
ing in prompt completion of final plans,

On December 8, 1938 the plans and specifications for seven con-
crete bents of the Illinois approach were submitted to and approved by the
City Council, Bids on this portion of ‘the work were taken on December 23,
1938 and a contraét awarded on December 22, 1938 to the Central Engincér-
ing Company of Davenport for $27,295. This contract was later assigned
to the Priester Construction Compuny of Davenport. On Junuary 23, 1939
the remaining plans and specifications wore submitted to and approvod'by
the Council, Bids on the main portion of ths work were opened February
17, 1939 and a contract for the supsrstructure was let to the lowest
bidder, the American Bridge Company, on their bid of $1,135,564, while
the McCarthy Improvement Company of Rock Island received the contruct for
the substructure end plazas on their low bid of $426,997.80. Bids for
construction of the administration building were received Juiy g, 1940
and a contract for $16,993 was swarded to Sem Weisman on July 12, 1940,

In every instance the contract was awarded to the low bidder,

The contract for construction of the seven Rock Island approach .
bents was separated from the maiﬁ substructure work to permit an earlier
§tart of construction and so increase the likelihood of approval of the

PWA application then pending., On December 30, 1938 2 nominal start on
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construction of the Rock Island.approach bents was made. The attempts

to accomplish this method of financing were unsuccessful largely because
PWA allotments of funds to projects in Illinois were¢ already in excess of
the quota assigned to that state., It was then determined to progeed‘under
8 private financing prograﬁ and construction was started in sarnest on
March 6, 1939,

With all parts of the proposed construction except the adminis-
tration building under contract the work progressed rapidiy; construction
of the administration building was deferred until after the opéning of the
bridge;

The bridge was opeoned to traffic on July 12, 1940. To celebrate
the opening of the bridge,. the complétion of the City!s new sewage treate
ment plant, and the 100th ycar of the City's existence, an elaborate cele-
bration had been planned., Addresses by prominent speakérs, a transporta=-
tion parade, circus acts, fireworks and the like were.included in the 3~
day celebration,

By resolution of the City Councilfthe bridge had becn hamed the
Galbraith Bridge in honor of Mayor Robert P, Galbraith, The Mayor, in
declining this honor, suggeséed at the opening of Rock Island's centennial
year, May 3, 1940, that the bridge be kmown as the Rock Island Centennial

Bridge since it was being completed in 1940; the centennial birthday of

the City. This suggostion was acted upon unanimously by the City Council.

- 10 =~
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PART 1II

DESCRIPTION OF THE PROJECT

The Rock Island Centennial Bridge, built at a total cost of
$2,448,776,07, spans the valley of the Mississippi River from the inter-
section of 15th Street and 2nd Avenue in Rock Island, Illinois to near
the intersection of Gaines and 2nd Streets in Davenport, Iowa, .Including
the additional approach street pavement between 2nd and 3rd Avenues in
Rock Island the total length of the project is «88 miles of which approx-
imately .73 miles (5,848 feet) is open bridge structure, the remaining
+14 miles being sfreet and embankmént approaches.s The bridge and approaches
provide two 5-foot sidewalks and four lanes for vehiculaf traffic, that is;
two 2=-lane roadways each 22 feet wide separated by a 2-foot 6-inch raised
center island or median strip,. Sodiﬁm vapor lighting is ussd to light the
roadways. Plazas are lighted by both sodium vapor and incandescent lamps.
Toll collection facilities arc located near the center of the bridge at
Pier 3, and the administration building is located at the Rock Island en-
trance plaza,

The Mississippi River at the bridge site is about 2,230 feet
wide at pool level and at that stage has a maximum depth of sbout 14 feet
under span 10s fxtreme high water is some 16.6‘feet above pool level,

The goologic formation varios considerably along the line of the
structure. The underlying load-bearing material is principally limestone
with an overburden of sands, gravels and clays varying greatly in depth:
This bed rock forms the river bed near the Illinois shore but near the

center of the river the rock has been eroded to great depths and replaced

«.1] =
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with heavy clays, shales, sands and gravels. Under the viaduct approaches
the bed rock is about 15 feet below the surface on the Rock Island side
and about 20 feet on the Davenport siddge Thus the type of foundation con-
struction varies, soil bearing, rock bearing, an& pile supported footings
being useds Few sites on the Mississippi River have foundation conditions
as good as those found at Rock Island, The shallow overburden above sound
shales and rock permit very economical foundation construction,

The bridge structure is comprised of five steel box girder rib
tied arch spans, Z,ZSi feet long overall, and 1,587 feot of deck, stéel
beam and girder viaduct approaches., Ths two mzin 538-foot channel spans
provide clear openings for navigation 524 feet 10 inches wide having a
vertical clearancc of 66 feet at pool level and 49 feet 5 inches at ex-’
troeme high water, All supporting piers ond the two abutments are of rein-
forced concrete,

' The Rock Island approach viaduct consists of 8 deck, steel girder
and beam spens totalling 511 feet long. It overpasses an alley, First Ave-
nue and the tracks of the Chicago, Burlington & Quincy Railroadj Chicago,
Rock Island & Pacific Railway; Chicago, Milwaukee, St. Paul & Pacific Rail-
road, and the Davenport;‘Rock Island & Northwestern Railway - 19 tracks in
alle The five besam spans, spans 1 to 5, are one éontinuous unit, Spans
6 to 8 are comprised of 3-span cantilever plate girders with a suspended
center span. Spans vary in length from 52 feet to 123 feet, and the height
of the supporting bents, from 12 feet to 32 feet above ground level.’ The
viaduct 1s, for about half its length, on a 3000 foot radius horizontal

curve and has & maximum grade of 5.85 percoent,

- 12 =
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The Davenport approach viaduct is composed of 15 deck, steel
beam spans and one girder épan, and has a total length of 1,075 feet. The
beam spans are generally of the cantilever type with alternating spans sus-
pended. Span lengths vary from 47 feet to 94 feet, and the height of sup-
porting 5ent5, from 7 feet to 46 feet above ground level, The viaduct over-
passes an ailey, First Street and the tracks of the Chiczgo, Rock Island & |
Pacific Railway and Davenport, Rock Island & Northwestern Railway - 16
tracks in all, For ébout three=-fourths of its length-the viaduct lies on
a 1,980 foot radius curve, Maximum grade is 6,03 percent.:

The deck on each approach is carried on six lines of beams or
girders. Cross diaphragms span between girders at intervals of about 18
feets These are oxtended by cantileover brackets to support the overhang
of the roadway, the curbs, sidewalks and handrails. All structural metal’
of the approach viaducts is carbon stecle

- The roadway deck is'an 8% inch conecrete slab, reinforced trdns-

versely with stesl bar trusseses A steel center island or median strip,
2 feet 6.inches wide and 7 inches high, saparates the two 22-foot cloar
roqdways. Steel safety curbs, 19 inches high separate the roadways from
the 5 foot sidewalks on each side of the bridge, Handrails aro of stesl,
Qith steel posts; and are 3 ft. 6 in. high above the Sid@WalkSoA To provide
full drainage and to facilitate cleaning the roadway and removal of snow
the curbs and the centef islﬁnd arc made opens On the approach viaducts
the drainage ﬁhrough the curbs and center island is carried away through
8 system of gutters and downsbouts s0 as to protect trocks and streéts be-

low. On the river spans the gutter and downspout system was omitted,
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At the bents, girders and beams -are supported on cast steel
shoese In units of continuous beams and girders, shoes at one bent are
simple pedestals; at other bents of the unit,,rockers are provided to

pefmit expansion movement, At the joining of continuous units, loads are

transferred by simple pin connections or by link hangers. The link hangers

are used where necessary to permit expansion and contraction due to tem-
perature change, and at these points, fingered expansion plates are used
in the roadway.

The 2,261 foot river span portion of the crossing is comprised
of five box girder rib tied arch spans, The two main cﬁannel spans are
oach 538 feet long and the other three spans each 396 feot long; The
tied aréh cpnsists essentially of the hsavy steel arch rib, the horizontal
tie connecting the haunches of ths arch, and the vertical hangers suspended
from the arch rib and supporting the roadway. The use of a heavy steel
tie eliminates the need for massive pier construction to resist the thrust
of the arch ribs, In resisting the thrust of the arch rib under full load
the tie is subjected to a tensile stress of 1,200 tons which stretches the
tie 4.2 inches. There is no structural continuity botwsen successive
arches; each span is an independent, integral structural unit,

The arch spans are entirely on tengent; the curves begin on theo
viaducts at each end of the arch span portion of the crossing. Transitions
are provided at each end of the‘main spans to meet ths‘superelevated sec=-
tions of the viaduct approachese At the Rock Island end the transition is
4 panels or 142 feet 4 inchss in lengfh and is supereievated 8 incﬁes. At
the Davenport end the transition is 6 panels or 213 ft. 6 in, long and is

superelevated 12 inches, This superelevation is acéomplished by the use
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of variable height steel shims placed between the crossbeams and the
stringers., |

The arches are spaced at 51 ft, 6 in. centers, the two roadways
being ca;ried between the arches while the two sidewalks are cantilevered
out on the outside of the arches. Arched portals at each end of each span

providé to traffic approximately 16 foot vertical clearance at the outer

.edges of the roadways. Vertical clearance on the inside lane¢s is governed

by fhe 18-foot clearance at the toll hou§e canopy.

A description of the 538 foot arch spans will serve té illustrate
the type of comstruction of the 396 foot spans as well, since they are
similar in all respects. The arch ribs of the 538 foot spans riée about
89 feet above the roadway at midspan.' The arch tie is 5 feet below fhe'
level of the roadway and has 1 foot of camber; thus, the total rise of the
arch rib is 95 féet. The arch ribé are box girders of silicon stesl made
up as follows: two vertical wébs 96 inches deep set 27 inchss clear in-
side, top and bottom flangss made up of 4 angles each, and 37-inch wide
cover plates tdp and bottoms The webs are stiffened vertically by angle
frames spaced at 5-foot intervals, and horizontally at mide~depth by a single
angle on each web, Horizontals and vertical stiffenérs arc on the inside
of the box so that the girder webs present a smooth appearance excepﬁ for
rivet hoads. There is ample room for & man to walk erect on the inside gf
the rib, and manholes for access to the interior of the.rib are provided.
The hangers are made of carbon stesl l4-inch 87 pound H sections and are
spaced at 35 ft. 7 in. centers, At hanger points a 27-inch bsam section
is used as a diaphragm in the rib and the‘hanger is connected thereto by

car channelss The arch tie is an extremely heavy silicon stesl H section
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weighing 398 pounds per foot, being 18% inches deep and 16-5/8 inches

wide and having flanges near}y 3 inches thicke At splice points the total
metal thickness is increased over 100 percent by splice plates so that the
maximum gri?s for the two hundred l%-inch diameter rivets required at each
splice a2re in the neighborhood of 6% inches., Roller type expansion shoes
are provided at one end of each span to care for lengthening and shortening
of the arches with changes in temperature and loadiﬁg. Both the fixed and
roller shoes are steel castingse. The rollers proper arc of chromc nickel

alloy steel,

longitudinal bar trusses and is supported on 1l0-inch I-beam crossbeams at
4,45 foot centers. The crossbeams rest on three lines of stringers in each
roadway made of rolled beam sections 27, 30 and 33 inchos in depth. The
stringsrs frame into built-up.floorbeams 60 inchos deep and spaced 35 ft,

7 in. apart, Contraction joints aro provided at every third panel point

to reduce participation stresses in the floors At these joints the stringers

are suspended from the floorbeams by link hangers. At the end floor beams - :

~a horizontal beam is used in the plane of the bottom flange of the floor

beam and of the bottom laterals to distribute the lateral stresses offsc-
tively at the ends of the span.

The reinforced concrete sidewalk slab is 2% inches thick and is

.supported by a bulb angle fastened to the curb support on one side and by

a fascia channel on the other side. The fasciz channel frames into brackets
cantilevered from the floor beam at sach pansl point. Ths steel safety qurﬁs,
the center median strip and the handrails are the same as those on the ap-

proach viaduct.
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All superétructure metalwork was given three coats of paint,

one in the fabricating shop and two after erection. All paints 'were

manufactured by the E.i. DuPont de Nemours & Compény. The shop coat was
red lead, the first field coat Dulux brown and the final field coat ready-
toemix aluminum.

All substructure units, including the river piers, the viaduct
bents, the abutments, and the retaining wells at the two plazas are of re-
inforced concrete., River piers 1 and 2 are foundsd oﬂ rock, plers 3, 4
and 5 are founded on shale, River pier 6 and all viaduct bents are sup=-

p orted on steel piling; the abutments and plaza walls are supported on
creosoted timber piling.

The shafts of all piers and bents ars sach two, tapered, rec-
tangular columns joined at their top with & massive cross beam; On river
piers 1 to 5 a tie beam or diaphragm also comnects the two columns imme-
diately above the base, The columns of all bents adjacent to railroad
tracks are joined by collision struts at track ievel. The two éolumns of
river.piers 1l to b inciuSive have a common rect&ngular base; columns of
pier 6 and all béﬁts are carried on individual bases. The shafts of river
piers 1 to 5 are fitted with cadmium plated stesl nose plates at their
upstream ends to protect them from ice flows and drifte. At the upstream
and downstream ends of pierAS graduated, navigation clearance markers are
p rovided to indicate the vertical clearance betwson the water surfacs

and the low steel aboves,

The deck of the bridge proper is lighted by 27 sodium vapor light-
" ing units of 10,000 lumen capacity. Thesc are spaced at about 150-foot

centers alternating from one side of tho roadway‘to the others Units light-
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ing the approach viaducts are carried on standards in the line of the
handrail and overhang the roadway. Units gn the arch spans are carried
on brackets attached to the hangers. Incandescent street lighting units
are suspended beneathsthe structure over the alley and tracks in Rock Is-
land and over First Street, the tracks, and parking area on the lavenport
side,

Navigation lights, conforminé to the requirements of the Light-
house Service of the U.S. Department of Commerce, are frovided on piers
2, 3, 4 and 5 and at the center of span 11, Provision has becn made for
channel lights at the center of span 10 in the event that channel condi-
tions may require their installation at a future date,

Electric power at 4600 volts is obééined from the Feoples Power
Company of Moline through a transformer station located just west of the
Rock Islana abutmente ‘From thore the power supply circuit is carried to
the main distribution transformer and switchboard in the locker house et
pier 3 where all electrical controls are located, On the bridge all cir-
cuits are carried in open metallic conduits under the sidewalks, and at the
plazas the conduits are buriedes The roadway lights are in a 6.6 ampere
series circuit and may be controlled either manually or by the automatic
astronomical dial time switches, The navigation lights are in a 115/230
volt multiple circuit and may be controlled by menual switches or by a time
clocks General service circuits for lights, signs and toll coliection ap-
pliances in and around the locker and toll houses are either 115 or 230 volts,

At pier 3, near the centor of the bridge are located the toll |
houses and locker house, The locker houss is constructed on the concrote

pier below the roadway., It is a flat-roofed, one-story building of all
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steel construction and houses the field office, locker and accounting
rooms, and - -electrical  controls and transformers for the various lighting
circuitse The building is heated by a forced=-air, o0il heater and has
toilet and Qaghroom facilitiess Access to the building is through an
enclosed stairway entered through the center toll house at roadway level
'above.
Three toll houses are provided « the main toll house located

along the center island and two smaller subsidiary toll houses located

at the curbs, in line with the arch ribs, These buildings are also flat
roofed, one story, and of all steel construction. They provide space for
four collectors. An elevated c?noéy spans the roaaways botween the arches
and extends out to cover the sidewalks. Vertical cléarance under the
canopy is 18 feet,
} Modern equipmont is provided for regisforing'and recofding all
tollg. Individual registors are providéd for eachcollector, and on these?
each toll is rocorded as to kind and amount. The registers are connccted
electrically with view indicators, placed whore they can be seen reédily
by individuals paying tolls, ﬁhicﬁ show on illuminated pancls the amount

of the toll registered by the collector, Automatic treadle-type traffic
counters recording the passago of each axle are located in the roadways.
Nickel-in-the-slot turnstiles are provided for pedestrian traffic.

The Rock Island terminal plaza is located just north of the in-

terssction of 15th Street and 2nd Avenus. The plaza area rises from

stresct level on the south to thé abutment where the approach viaduct begins,
The entire plaza is constructed on a sand gravel fill rétained on three

sides by concrete retaining walls., Portions of the area not occupied by

.
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roadways,'sidewalks, and-féuntains are sodded and landscaped.

Massive, cut-stone pylons mark the entrance to the bridge
structure proper. Beginning at these pylons and following the line of
the retaining walls are cut stone handrails or balustrades. The plaza
is lighted by incandescent parapet lights‘recessed in the pylons and
balustrades and by multiple lights on ornamental standards mounfed on the
ferminal posts at ths south ends of the balustrades. In addition, two
sodium vapor luminaires are used adjacent to the rQadway. Buried conduits
for possible future installation of traffic light circuits at 2nd Avenue
and 15th Street are provided, i

On the Rock Island plaza are constructed two electric fountdins,
one on each side of the roadway, Each fountain is comprised of_an upper
circular pool, a series of cascades, and a lowsr pool, The upper pool
conteins a series of Jjets and spray nozzlss which project the water into
the air. The pools are lighted with underwater projoctors set vértically
in the upper pooi to light the falling spray and horizontally &t the ﬁeirs
and in the lower pool, The water system of sach fountain is self-contained;
water is ﬁaken from the.lower pool through a motor-driven pump and dis-
charged through the jets and nozzles into the upper pool. Pump motors and
lights are operatod by remote control from the administration building
across the strect, The fountains are constructed of reinforcud concrete
with the floors and inside of thse walls lined with terra-cotta and the tops
énd outside of the walls faced with cut stone,

At the southeast corner of the intersection of 15th Strest and

2nd Avenue in Rock Island is the administration building, It is a one-

story, flat-roofed, masonry structure with cut stone faeing on three sides
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backed up with concrete blocks, with concrete block partitions and con-
crete floor slabs. Casement windows are set in stesl sashes The building

> houses the general and private offices, the vault, garage and maintenance
shop.

The Davenport plaza is located at the southwest éorner of thé
intersection of Second and Gaines Streets and fronts on Second Sffeet.
The plaza area rises on sand gravel fill from street level on the north
and east to the abutment at the southwest corner of the plaza. The fill
is ¥etained on the soﬁth and west by reinforced"concrete retaining walls
capped with cut stons. Cut stone terminal posts at the abutment mark the
entrance to the bridge propers The plaza is lighted by incandescent lights
recessed in these terminal posté and by a 3-lamp cluster on an ornamental
standard located at the safety island at the center of the plaza pavement.

Roadways on both plazas are paved with concrete, 8 inches tﬂick
excapt near the abutments, where the slab is made 12 inches thick and
heavily reinforced, To cars for drainage on the viaducts, the plazas and

adjacent areas a storm water drainagec system was constructed in both Rock

 Island and Davenport with outfalls into the river,
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PART III

DESIGN LOADS AND SPECIFICATIONS

" The bridge is designed in accordance with the 1935 Specifications
of the American Association of State Highwey Officials, modified in certain
respects as discussed hereafter., The floor system, hangers, and similar
members were designed to carry a 20«ton truck per lane with trucks placed
symmetrically in each lane, The arches, girders, substructure units and
all other parts of the structure were designed to carry H=1l5 highway load-
ing which is the loading of a continuous train of trucks on sach traffic
lane, each train consisting of one 15-ton, 2-axle truck, followsd and pre-
ceded by 1lli-ton trucks at intervals of 30-feet between vehicles; hgwever,
in those members where this loading does not produce as great 2 stfess as
does the single 20-ton truck psr lenc, the latter was used in the desigh.
In the design of all parts of the structure the trucks were assumed to
occupy the full ll=foot width of roadway, and thus fractional lane widths
were not considereds In view of the imprbbability of coincident maximum
loading on all lanes, loads wers decrcased 25 percent when four loaded
lanes were considered, 15 porcsnf when three loaded lanes were considered,
and no reduction when only one or two lanes were considersd loaded. Side-
walk live loads were assumed to bc 100 pounds per square foot in design of

-
the floor system} in the design of the arches and girders the assumed live
load varied with the span length as stipulated in the above menti§ned spe=-
cifications, |
The bridge design provides at 25 percent increase in normal
stresses and with the structure fully loaded, for wind loads comsidered to

be equivalent to those imposed by wind having a velocity of 61 miles per
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hour, and at the same increase in normal stresses for wind loads on the
unloaded structure considered to be equivalent to those from wind having
a velocity of 86 miles per hour,

‘The concrete roadway slabs were designed by the U.S. Bureau of

i

Fublic Roads method as published in the October 1937 issue of Fublic Roads

magazine using ll-foot traffic lanes. An allowance was added for % inch

wear from the surface of the slab, '
Design stresses for structural carbon steel, reinforcing steel,
and concrete were those poermitted by the 1935 Specifications of the Ameri-

can Association of State Highway Officials, oxcopt that an allowable tene

sile stress of 18,000 pounds per square inch was permitted in reinforcing

specifications of the American Reilway Enginesring Associations Principal
design stresses, in pounds per square inch for these materials were the
following:

Structural Carbon Stesl

Tension 18,000
Compression, members with riveted ends 15,000 = %—(Eﬂz

r
Bending, compression on extreme fiber 18,000 « 5 Q%f
Shear, on girdsr webs . ’ 11,000

Structural Silicon Stesl

Tension | 24,000
Compression, members with riveted ends 20,000 = +486 (202
r
Bending, compression on extreme fiber 24,000 = 6,67 Q%f
- 23 -
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Rivet Steel
Shear on field driven rivets ’ 11,000
Bearing on field driven rivets ) 22,500

Reinforcing Steel

Tension 18,000
Concrete
Compressive stress due to bending 900

Carbon steel used in the construction is open hearth, mild ca?bon :
steel, conforming to the Standard Specification, Designation A7-36 of the
American Society for Testing Matorials, The steel has a minimum tensile
étrength between 60,000 and 72,000 pounds per square inch and a yield point
between 33,000 and 36,000 pounds per square inch. Structural silicon steel,
used principally in the arch ribs and ties, conforms to ASTM Standard Spe;
cification, Designation A94=36 and has a minimum tensile.strength between
80,000 and 95,000 pounds per square inch and a minimum yield point of
45,000 pounds per square inch. Special chrome nickel alloy stesl was used
for the iocker bars of the arch span shoes and for the expansion links and
pins in the girder spans. This metal has a minimum yield point of 75,000
psi, a minimum ultimate strength of 125,000 psi, and a minimum Brinnell
hardness of 300, Reinforcing bars were rolled from new billets of open
heafth steel meeting requirements of ASTM specification Al5-35 for Billét—
steel Concrete Reinforcemsnte All bars were of intermediate grade except
those in the welded bar trusses whers structural grade steel was used,

Two types of cement were used - a modified rortland cement having

a moderate heat of hardening (Federal Specification 8S-C-206) and standard
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Portland cement (ASTM Designation €9~ 38). Concrete mixes were designed to
contain minimum quantities of cement, and to have mirimum compressive
stfengths at the end of Zé days as follows:

Class 35, used in roadway and sidewalk slabs on the bridge structure -
cement content 7% bags per cubic yard; strength after 28 days, 3500 pounds
per sguare inch.

Class 30, used in piers, bents, abutments, plaza walks and roadways,
end miscellaneous construction - cement content 6% bags per cubic yard;
strength after 28 days, 3000 pounds per square inch.

If seems desirable to discuss the stress analysis and design of
the tied arch spans in some detail. The analysis of the arch was first
carried through éssuming no rib shortening end tie sgretch. The moments
due to rib shortening and tie stretch due to full dead load and live load
on the span were then computed separately. The angle changes due to these
moments were then determined and provision made in the shop detailing to
introduce angle changes of the opposite sign at the rib splicss thereby
theoreticaliy eliminating these secondary moments. However, in order to
care for possible inaccuracy in shop work and erection, these secondary
moments were added to both the maximum positive and negative primary moments
in determining the final rib secfions at the various psnel poirts. Thus,
the rib if properly fabricated has considereble strength in excess of that
indicated in the design. For instance, at the crown of the 538-foot span
Fhe maximum unit stress in the rib, neglecting the secondary moments, is
15,780 pounds per square inch against an allowable stress §f 19,465 psi and
at point 2 the maximum unit stress is 18,500 psi sgainst an sllowable stress

of 19,280 psi.
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The vertical deflections at the panel points, the lengthening
of the tie and the horizontal movements at the roadway expansion joints

were computed for (1) the steelwork swung free from the falsework and

(2) the weight of the concrete slabs Field measurements were in substan--

tial agreement with the calculated values, affording a check on the re-

liability of the design theory.
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PART IV

CONSTRUCTION PROCEDURE

Excavation for the construction of all piers and bents was aone
in the open. For all river piers except Pier 1 excavations were made by
enclosing the afea of each pier base within a watertight wall of inter-
locking steel sheet piling. These cofferdams were used only on five river
pisrs, other excavations being shored only as necessary to prevent caving.
A1l substructure concrete was poured in the dry with the exception of the
seal courses in the bases of picrs 5 and 6 which were placed under water,

Pier 1, located near the Illinois shore, is founded in limestone
rock at elevation 534, being keyed into the rock about 6 feet, Excavation
of the earth and rock was done by drilling and blasting in the open pit
without a cofferdam. Before pouring ﬁhe concrete bgse, test holes were
drilled at three locations over the base area to depths of 10 feet below
bottom‘of base to determine that the supporting rock stratum was of ample
thickness. All concrete was placed in the dry.

Construction at Pior 2 was similar to that at Pier 1, except a
single-wall steel sheet-pile.cofferdam was useds The cofferdam was un-
watered to permit subsequent construction operations in the dry. As at
Pier 1, three 10=-foot holés were drilled into the rock to establish the
adequacy of the supportiné stratum, Pier 2 is also founded in limestone
rock. |

The original design of Pier 3 contemplatsd the use of piling

under the pier., A single wall steel sheet pile cofferdam was driven, and

after the excavation for the piler base had boen made, test piles were driven

into the supporting stratums The teost piles were driven to refusal with a
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penetration of only 2.5 feete Consequently, bearing piles were abandoned
and the concrete base was increased in size to 30 by 7645 feét. This pier
is founded in shale at elevation 515,38 feet below pool level.

For pier 4 a single wall cofferdam was driven, the bottom of the
piling being approximately 16 feet beloﬁ river bed. Driving was difficult
and it was necessary to blast on the inside and excavate on the dutside of
the cofferdam in order to get sufficient penetration, Core borings made
at the center and both ends of the pier to about elevation 515 disclosed
hard shale. Test piling were driven to refusal after = penstration of only
2.5 feet. A spread footing enlarged to 25 by 76.5 feet was substituted for
the pile supported design originally'contemplatad aﬁd founded in the shale
at elevation 522,

A double wzll steel sheet pile cofferdam Was used in the con-
struction of pier 5, the outside dimensions being 69 by 130 feet and the
‘inside dimensions 39 by 100 feet. Twenty;fivo foot piling were used in the
outser Wall and 20-foot piling in the inner wall. The space between the
walls was filled with sand and gravel from the river. After excavﬁtion
nad reached clevation 525, three test holes were drilled with = jack hammer
to depths varying from 10 to 14 fest, Two steecl test piles wer¢ then driven,
but refusal was.obtained with only 3 feet of penctration, Core borings
wero then mado to elevation 500 and disclosed hard shale.. The pilo footing:
design was sgain abandoned in favor of the spre;d footing.. As these in-
vestigations proceeded portions of the inner wall of the cofferdam siiéped
in.dus to lack of adequate bracinge With the cofferdam no longer water-

tight it was necessary to pour the lower or seal course of the concrete

, base under water, using a submarine bucket. The seal coversd the entire
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area within the cofferdam, about 39 by 100 feet, from elevation 525 to 532.
After the seal course had set it was possible to unwater the cofferdam and
place the remaining concrete in the dry. Above elevation 532 thg pier was
¢ onstructed to dimensions shown.on the plans. The pier is founded in
shale at elevation 525,

Pier 6, on the Iowa shorc, is similar in construction to the bents

of the Rock Island and Davenport approach viaducts; each of the two columns

is suppérted on an individual footings This pier is founded on stesl pil-

ing (12"x12"x53#H) driven to provide a minimum bearing cepacity of 100 tons
per pile according to the Engineering News formula, The piling are driven
into hard shale. Separate sheet pile cofferdams were used for the indi-
vidual footings of the pier. Concrete for the seal was placed under water
by a "tremie", a metal pipe having a hopper at its upper end to receive

the concrete., The tremie was manipulated so that while concrete was being
placed the lower end of the pipe was continuously buried in the concrete
previously deposited, and water was prevented thereby from mixing with the
concrete.

All viaduet bents are founded on steel.H piling driven to a |
minimum safe bearing capacity of 50 tons. The individual footings under
sach column were constructed in opon excavation without cofferdams,

Piling in the Davenport viaduct were driven with a Vulcan No, 1
single=acting, steam hammer, in leads mounted on a crawler crane, Before
ordering piling tﬁe contractor drove test piles, generally one in each
footing. Thus, with the proper length of piling determined in advance,

splicing was reduced to a minimum.” This procedure greatly expedited the .

. work, the piles for the 15 bents of the Davenport viaduct being driven in




HOWARD, NEEDLES, TAMMEN & BERGENDOFF

HOWARD, NEEDLES, TAMMEN & BERGENDOFF, CONSULTING ENGINEERS, KANSAS CITY,MO., NEW YORK, N.¥.

HOWARD, NEEDLES,

TAMMEN & BERGENDOFF, CONSULTING ENGINEERS, KANSAS CITY, MO., NEW YORK, N, Y.,

the period from May 17 to June 28, 1939.

Piling in the Rock Island viaduct were driven with a drop hammer.

2WH

was used to determine safe

The Engineering News formula modified to

bearing capacity. Test piling were not driven as -on the Davenport approach,

end as a result 105 splices were required in the 184’piles driven.

Creosoted southern pine timber piling were used to support the
abutments and retaining walls at the entrance plazas. The arsas enclosed
by the retaininngalls were filled with sand thoroughly compacted by roll-
ing to reduce to a minimum any future settlement of the arva., After the
pavemenfs. sidewalks, and fountains had been cbﬁstrﬁcted the sand fill was
covered with black top soil and soddsd. Iress and shrubs native to.the
climate were selected and placed according to arrangement deveioped from
clay model studies of the plazass.

Both gravel and crushed stone aggregetss were used in ths sub-
structure concrete. Limestons was.furnished by the Dewsy Portland Cemunt
Company of Davenport; sand and gravel were furnished by WeG. Block znd
Company of Davenport and the Rock Island Sand and Gravel Company. Comecnt
for all contracts was furnished by the Dewey Portland Cement Company.
Concrete was of good quality, with strengths ranging from 63 to 102 psr-
cent above the speocified minimum. |

Seven bents of the Rock Island approach viaduct were consﬁructed
by the Priester Construction Compeny of Davénport with W.A, Priester in
charge, The river pisrs, Davenport viaduct bents, abutments and plazas
were constructed by the McCarthy Improvement Compeny of Rock Island with

AsE. Foote as general superintendent.
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Brection of superstructure metalwork was begun at span 14, the
south span of the Davenport viaduct, with erection progressing simultan-
eiously in both directions. The material yard was on the Davenport side
and avmaterial track términating under span 14 had been constrﬁcted.

For erection of the arch spans three derrick boats were equipped
for pile driving and stesl erection, and a 65-ton traveler crane was
mounted on the previously erected éteel work of span 14. The two derrick
boats equipped for pile driving drove the steel pile falsework bents
while the third derrick boat erected the floor system of the spans After
the floor beams (to which were attached ths lower ends of eight jacking
posts), the stringers, cross becams, bottom laterals, and arch ties had
been erscted on the falsework the traveling crane procoeeded out on this
roadway and erected the overhead stssl - arch ribs, end portals, top
laterals, hangers and the upper sections of the eight jacking posts which
were to be used in adjusting the arch ribs., Material was delivered to tho
traveler in cars ruming on a track at deck level. As c¢rection neared the
south pier of the span, shoes and end floor beams werc set in place, ths
last section of the arch rib, tie, and floor beam wore connected, and the
span swung freec of the falssework by means of the jacks. Temporary jacking
posts were then removed and ths regular hangers put in place. The derrick
boats, equipped with Vuloen pile extractors, then pulled the falsework
piles and redrove them under the next span. Because of the hard material

encountered in driving the piling considerable difficulty was experiencod

when the piles were pulled,

While the steel for span 13, the first river span on the north

-side of the river, was being crected, two crawler cranes erected the steel

nslw
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for the Davenport approach.

Erection- of the arch spans proceeded progressively southward

toward the Illinois shore, No difficulty was encountered in erecting spans

13, 12 and 11, but there was some delay at span 10 when cold weather hamp-

ered pile driving operations and floating equipment became frozen in the
ice,

When steel erection reached span 11, the first long channel span,
material and equipment were moved to the Illinois side. Steel for the Rock
Island approach viaduct was placed while the remaining arch spans wsre¢ bo=-
ing erectod,

Steel ereotion was begun on July 21, 1939, by April 2, 1940 the
river span steel and the Rock Island approach steel had been connected,
and on June 5, 1940 main steel ersction had been completeds

Three coats of paint were applied to the metalwork = the red
lead primer shop coat during the summer and fall of 1939, the brown ficld
coat during the winter and spring of 1940, and the final aluminum field
coat during the spring and summsr of 1940, Ietal waes cleaned in the shop
by scraping, chipping ard wire~brushing.

The placing of fhe reinforced concretse deck slab was started on
the Davenport viaduct in October 1939. A concrote mixer and pumpcrete
machine were located at ground level about midway alohg the approach. Con-
crete was pumped through a 6«inch pipe to the two finishing machincs at
roadway level above, concrete bsing placed simultaneously on both roadways.

During the paving of this approach tho entire slab was enclosed and was

"heated by stoves from underneath provided with blowers., After the roadway

concrete had hardened sufficiently trucks hauled ready-mix concrete for the
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sidewalk slabs,

Concreting was resumed the following spring with the piacing of
the deck slab on the river spans and Rock Island viaduct. For the Rock
Island viaduct ready-mix concrete was hauled to a pumpcrete machine below
the viaduct.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>