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Historic American Engineering Record Documentation of the Navojc Bridge v HAER No. AZ-28

Location: Spanning the Colorado River on U.S. Highway 89 Alternate,
Milepost 537.88; 12.9 miles southwest of Page; Southeast
% of Section 34, Township 40 North, Range 7 East; Coconino
County, Arizona; UTM: 12.443710.4074660

USGS Quadrangle: Lees Ferry, Arizona (15 Minute Series, 1954)

Construction Date: June 1927 - January 1929

Designer: Ralph A. Hollman, Bridge Engineer, Arizona Highway De-
partment

Fabricator/Builder: Kansas City Structural Steel Company, Kansas City MO

Present Owner: Arizona Department of Transportation
Present Use: Two-lane highway bridge
Significance: As the only crossing of the Colorado River for some 600

miles, the Navajo Bridge has had a profound impact on the
commerce and transportation of a rugged, remote and isolat-
ed part of Arizona. Iis construction opened the state from
\ the north, providing a valuable tourist route to Grand Can-
yon National Park and the rest of the state. The Navajo
Bridge marked an important milestone of engineering de-
sign, logistical planning and construction supervision. It
was the first steel deck arch built in Arizona and a nation-
ally prominent example of this uncommon structural type.
An extraordinarily dramatic span high over the Grand Can-
von, the Navajo Bridge is Arizona’s most aesthetically and
functionally successful example of civil engineering.

Assembled by: Clayton B. Fraser

Fraserdesign
Loveland, Colorado

September 1993
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The Historic American Engineering Record [HAER] documentation for the Nav-
aja Bridge was canducted by Fraserdesign af Loveland, Colorado. under con-
tract with the Arizona Depariment of Transportation. ADOT has proposed the
construction of a paraliel bridge ta carry vehicular fraffic. adaptively reusing
the Navajo Bridge for a pedestrian overiook. This recordation Is infended ta
mitigate, in part. the impact on the bridge by this action. Fleld recording of
the Navaja Bridge was undertaken in July 1990. The resedarch far this project
has involved three primary archival sources: the Arizona Deparment of
Transportation, the Phoenix Publlc Lbrary and the Arizona State Library. dll lo-
cated in Phoenix.!

f all the obstacles to overland transportation in the West, none was more formidable
than the Grand Canyon of the Colorado River. Explorers, picneers, teamsters,
engineers and others have sought a way to cross the yawning gorge ever since
its tentative explorations by Spanish missionaries in the mid-18th century. When
John Wesley Powell made his now-famous series of explorations along the river's
length a century later, the Grand Canyon had been seen by only a handful of
Anglos, and then only in small parts. "The Grand Canyon of the Colorado is a
canyon composed of many canyons,” Powell stated in his 1895 Canyons of the
Colorado. "It is a composite of thousands, of tens of thousands, of gorges. Ina
like manner, each wall of the canyon is a composite structure, a wall composed
of many walls, but never a repetition. Every one of these almost innumerable
gorges is a world of beauty in itself. In the Grand Canyon there are thousands
of gorges like that below Niagara Falls, and there are a thousand Yosemites.,
Yet all these canyons unite to form one grand canyon, the most sublime spectacle
on the earth."?

It was the Mormon church, in its efforts to colonize the Great Basin region, that
provided the early impetus to cross the Colorado River in the remote canyonlands
of Utah and Arizona. Located at the border with Utah, the northernmost cross-
ing of the river in Arizona was an isolated location called the Ute Crossing. The
site was discovered during the 1776 exploration of the region by Catholic priests
Atanasio Dominguez and Silvestre Valez de Escalante, who were the source for
its more widely known name, Vaodo de los Padres, or "Crossing of the Fathers".?
The precipitous approaches to the Crossing of the Fathers could be negotiated
on foot or on horseback with some difficulty. But they were {far too rugged to ac-
comodate wagon traific. This prompted Mormon missionary Jacob Hamblin late
in 1858 to explore the Colorado at the mouth of the Paria River, searching for
a suitable wagon crossing for southbound colonists.* Hamblin tried, but failed,
to traverse the river at the Paria two years later. In 1864 he built a crude raft
about a mile upriver and successfully navigated the Colorado for the first time.*
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On August 4, 1869, the first of the Powell expeditions reached Hamblin's cross-
ing, by then the site of a small Mormon settlement. A month later Hambiin again
ralted the river here. Powell's crew reportedly built a rough scow in October
1870, which he and Hamblin used to reach Moqui villages in the region. When
Mormon President Brigham Young visited the site in the fall of 1870, an armed
garrison had reportedly been built to fortily the settlement.®

The Navajo called the site Tsina’ee Dahsa’ash, or “Where the boat sits”, an apt
description of the ferry operated by John Doyle Lee beginning in 1872.7 A polyg-
amist Mormon and an instigator of the infamous Mountain Meadows massacre,
Lee had fled to the remote region to escape from federal authorities. He built
a log cabin near the mouth of the Paria and secured the rights to operate the
ferry here from the Mormon church.? Lee acquired one of Powell’'s boats, the
Nellie Powell, in August 1873 to replace the makeshift raft that he had been
using. This small boat was in turn replaced later that year with a flatbed barge
built by John L. Blyth. Measuring 20 feet by 40 feet, the new ferryboat was capa-
ble of carrying two loaded wagons and teams. Lee used the barge to ferry Mor-
mon pioneers between Utah and settlements in northern Arizona, typically ex-
changing river passage for provisions.®

As it increased in popularity, the crossing became widely known throughout the
region as Lee's Ferry. The notoriety was to prove John Lee’s undoing; he was cap-
tured by U.S. marshals while on a trip to southern Utah in the fall of 1874. One
of Lee's wives, Emma, continued to run the ferry as the Little Colorado Station,
so named because it was stationed on the main road between southern Utah and
the Mormon settlements on the Little Colorado River. Emma Lee sold the lerry
back to the Mormon church in 1877.° She left the area soon alter John Lee was
executed standing in a pine colfin at the Mountain Meadows site. The Mormons
operated Lee's Ferry for their own use for some 30 years,!' making occasional
repairs to the equipment and grounds.!? Improbably, although John Lee himself
operated the ferry for only two years, its name became inextricably tied with his,
and the site has since been known as Lee’s Ferry.

In August 1909 church trustee Joseph F. Smith quit-claimed the property to the
Grand Canyon Cattle Company, a Los Angeles corporation doing business in nor-
thern Arizona. The cattle company in turn sold the ferry to the Coconino County
Board of Supervisors in 1910 and then contracted with the county in the 1910s
and 1920s to operate the boat. Coconino County repaired and improved the
ferry as necessary. In 1911, for instance, a new steel cable and anchors were
installed; in 1918, and again in 1923, new boats were built. But these renova-
tions could not ameliorate the basic problems associated with a ferry crossing.
The descent from the rim to the canyon floor was winding and precarious, the
process of loading and unloading the ferryboat slow and cumbersome, and the
crossing over one of the most unpredictable rivers in the West was often danger-




# Navajo Bridge
# HAER No. AZ-28
» page 4

ous or impossible. For wagon traffic these difficulties represented a major incon-
venience; for automobile traffic they were intolerable. By the 1920s it had be-
come clear to officials in Arizona and Utah that a permanent bridge high above
the canyon floor was needed to facilitate commerce in the region.

/ \rizona had changed considerably in the fifty-some years between 1872, when John
Lee first established his ferry, and 1923, when planning began in earnest for the
bridge to replace it. In addition to the Mormon road from the north, two other
major wagon routes brought immigrants into the territory from the east and west.
These were paralleled and augmented in the 1880s by transcontinental rajlroads.
The region's population multiplied severalfold during the late 19th century, while
mining towns sprang up in the central and southern mountains and an extended
agricultural community flourished in the Salt River Valley. As towns such as
Prescott, Yuma, Tucson, Flagstaff and Phoenix developed, a network of roads
formed to link them, following the typical pattern of settlement and transportation.

The territorial government made only minimal impact on overland transportation
in Arizona during the 19th century, instead passing the responsibility for road
and bridge construction to toll companies and the individual counties. Eventually
the territory assumed control of the major routes, but the process was slow and
tentative. It was indicative of the relatively loose grasp that the Territorial As-
sembly had on local affairs that a regionally important facility such as Lee's Ferry
was controlled, not by Arizona, but by an outside religious institution.

After the turn of the century, most major road projects were beyond the capabil-
ity of the individual counties. Further, the counties were building roads on an
individual basis, without regard to the roads in adjacent counties. This tended
to create an uneven patchwork of dissimilar routes, making travel difficult for
all but a few destinations. To take a more active role in the development of its
highways, the Territorial Assembly created the office of the Territorial Engineer
in 1909, the year that Lee's Ferry passed into public hands. Soon after taking
office, Arizona's first and only Territorial Engineer, J.B. Girand, began building
a network of territorial highways that would link the county seats and more popu-
lous towns.}?

By the time Arizona was admitted to the Union in 1912, the territorial govern-
ment had constructed some 243 miles of highway. Additionally, 1,812 lineal
feet of bridges over 100 feet in length had been built. Girand estimated that
an additional 740 miles of trails and county roads would soon be upgraded to
form highways, "completing the great east and west and north and southroads."**
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The east-west route entered the state at Duncan, extended westward through
Clifton, Salford, Globe and Phoenix, and crossed the Colorade River at Yuma,
on the western border. The north-south highway extended from Douglas, in the
state's southeast corner, north through Tucson, Phoenix and Flagstaif and termi-
nated at the south rim of the Grand Canyon. "The routes selected had become
fixed to a certain extent by the construction of several units of their length,”
said Lamar Cobb, Arizona's first State Engineer. "And, though not meeting with
entire approval, they had also become fixed in the public mind as the State High-
ways. [t was, therefore, thought best not to make any changes in their location
as it would undoubtedly lead to others by succeeding administrations, resulting
in State Highways ‘that would start nowhere and end nowhere,’ thus defeating
one object of the State Road appropriation - a State system of roads comprised
of coordinating county units connecting every county seat in the State."!®

Despite this progress, Arizona roads were in dismal condition, as Cobb reported
to the state legislature in 1914:

| have been over A great many roads in every county In the state except two,
and | have not found a foct of properly graded and protected mountaln road
or road in ¢ rolling country that was not constructed under the direction of the
[territoral] engineer department. There are & few miles of graveled road In
Graham, about : mile in Yuma and several miles of callche road In Maricopa.
I know of no other improved roads in the state, outside of the cities, towns or
speclal road districts, though | may have missed a half mife or so elsawhere,
Every two yvears the personnel of the various boards of supervisors Is almost
completely changed. They ge In Imbued with the idea that their predecessors
squandered the county road funds and go out with the public equally confi-
dent that they have. With both more or less comrect In their opinions, but it has
not been the fault of the supervisors. With county road funds of limited propor-
tions to repair hundreds of miles of road. and with every man In the county
clamoning for work in his locdalily. it has been next to impossible for them to set
aslde a sum. in any amount, for permanent work.'®

The state was slow to embrace the automobile in the 1910s, due largely to the
poor condition of its roads. Even the major routes were little more than wagon
tracks in places, troubled by steep, rocky grades in the mountains and shifting
sand in the deserts. In its appropriations for road and bridge construction, the
statelegislature was respondingnot only torequests from its Arizona constituency
but to pressure from out of state as well, in the form of tourists. The Petrified
Forest near Holbrook was designated a national monument in 1906. Grand Can-
yon National Park was established in 1919, rapidly becoming one of the country’s
premier scenic attractions. These and a profusion of other sites drew visitors irom
all directions. "In recent years the automobile industry has concentrated attention
on so-called pleasure tratfic and transportation by auto and trucks,” said State
Engineer B.M. Atwood in 1918. "The public demand, so far as the highways are
concerned, has been most insistent for better roads especially constructed to meet
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As more sightseers were taking to Western roads in cars or motor coaches in the
1920s, Arizona's need for better highways became more urgent.

Nowhere was this more apparent than on the roads through the rugged country north
of Flagstaff. The Nogales-Grand Canyon Highway extended northwest of Flag-
stalf and terminated at Grand Canyon Village on the south rim (see Figure I).'®
An updated version of the territorial north-south highway, this route would
remain forever blocked by the Grand Canyon, which was at least three miles wide
at the road’s northern terminus. Travelers attempting to reach Utah instead fol-
lowed a county road north from Flagstalf through the sprawling Navajo Indian
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# Figure 1. “ap of Arizong. by Arizona Highway Departrent. 1620,

Reservation. This route crossed the
Little Colorado River at Cameron, over
a suspension bridge that had been
erected in 1911 by the Office of In-
dian Affairs. From Cameron the road
extended 25 miles north to Tuba City.
There it branched into two routes -
one northeast to Kayenta and south-
eastern Utah, the other northwest to
Lee’s Ferry and then to Kanab, Utah.

The Lee’s Ferry road had neither the
status nor the traffic that the Grand
Canyon highway commanded, and
its maintenance suffered accordingly.
"The road from Flagstalf to Fredonia
[on the Utah state line] is passable
except during the most severe rainy
season, but for the most part is little
more than a desert trail " stated one
observer. "Like all desert roads, how-
ever, fair traveling can be found over
part of the way. Thisroad is not now
widely known or traveled by tou:ists,
but is traveled by the traders ana In-
dians, or those whose business neces-
sarily takes them that way."'® As it
had when John Lee operated the fer-
ry, the road wound its way into the
canyon to the ferry site and back up
the other side on a path that was
barely improved since the Mormons
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had built it in the 1870s. And the ferry itsell, despite efiorts to improve it, was
still a dangerous means of crossing the river.?° As a practical matter, automobhile
travel between Phoenix and Salt Lake City was virtually impossible without swing-
ing eastward through New Mexico or west to Nevada and California.

The motivation to improve the Lee's Ferry road in the 1920s came once again
from Utah, although this time it was the Utah State Road Commission (USRC],
not the Mormon church, that provided the catalyst. After the formation of Bryce
Canyon National Monument in 1923, USRC designated the road south from Bryce
to Kanab as part of its Seven Percent System, making it available for federal
funding. Utah's motivation was apparently to boost tourism in the region by link-
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| Figure 2. Map of Grand Canyon Region, trom Engineering NewsRecord, 5 January 1928.

ing the north rim of the Grand
Canyon with Bryce and Zion
National Park, through what
was called the "Park-to-Park
Highway".*! The route on Ari-
zona's side of the border was
still only a rutted county road,
but Utah's move prompted the
Arizona Highway Department
[AHD] for the first time to begin
considering its improvement.
"While it is not possible to ex-
tend the Seven Per Cent System
from Flagstaftf north via Lees
Ferry to Fredonia, due to insuf-
ficient mileage,” AHD stated
in 1924, "this connection how-
ever, is worthy of consideration
as a part of the State Highway
System."%?

The overriding obstacle to devel-
opment of the route was, as al-
ways, the Colorado River, which
cut through the road like a giant
slash in the desert fabric. The
ferry would always constitute
the route’s weak link, regardless
of how well the rest of the road
was built and maintained. For
the route to attain true highway
status, a permanent bridge was
needed over the Grand Canyon
(see Figure 2).

-
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The technology to bridge the Grand Canyon had existed for decades, as exemplified by

three early Arizona spans. The oldest of these, the Red Rock Bridge, had been
built in 1890 to carry the Santa Fe Railroad over the Colorado River. Designed
by J.A.L. Waddell, it featured a 660-foot, cantilevered through truss.?®* In 1916
a 592-foot, cantilevered through-arch structure was erected just downriver from
the Red Rock Bridge to carry the Old Trails Highway.** And The Cameron Bridge
over the Little Colorado River featured a 660-foot suspension span with steel wire
cables and a pin-connected stiffening truss.*® All three of these long-span bridges
could have cleared the gorge at its narrowest stretches, and two of them were
later used as models for the Grand Canyon Bridge itself.

Despite its corner-to-corner course through Arizona, the Colorado River could
be bridged at only a few places. Ultimately, the engineers eliminated all but
one of these sites - over Marble Canyon east of Grand Canyon National Park. Here
the distance between canyon walls was only 585 feet, the narrowest spot along
the river’s entire length in Arizona. State Engineer W.C. Lefebvre explained:

Nowhere in North America and in very few localities in the world are there any
such barriers o road building as the Grand Canyon of the Colorado. Practical-
ly cutting the Stale from east to west, the canyon offers only two or three cross-
ings feasible from a financial standpoint. Two of these possible crossings are
in the vicinily of the numerous proposed dam sites on the Colorado River and
until this very involved situation is cleared. these sites cannot be consldered;
furthemore, they are 100 far west to be any value to the Siate as a whole.
Eiiminating these for the reasons stated above, it leaves but one feasible
crossing of the Colorado River for a north and south highway. This site is local-
ed abaut six mites down the river from Lee’s Ferry: the canyon s comparative-
iy namrow at this point and can be crossed by a span of 800 feet.®

The Denver and Rio Grande Railroad had surveyed this site earlier for a proposed
line through the region. Coconino County Engineer J.B. Wright selected a loca-
tion a thousand feet from the railroad site when in 1923 he conducted his own
preliminary investigation for a highway bridge.*” “‘Nright patterned his suspension
bridge design after the Cameron Bridge (see Figure 3). Like its predecessor,
Wright's 800-foot structure featured a single span stiffened by a timber-decked
through truss.?®

The U.S. Indian Service [USIS] used Wright's design when it requested an appro-
priation from Congress to fund construction of the bridge. Like the State of Utah,
USIS viewed the highway and bridge as a means to promote commerce on the
sparsely populated Navajo and Hopi reservations. USIS could not commit
Navajo money for a state highway, but it could fund construction of a bridge,
through Congressional action. In December 1923 Congress allotted $100,000
of Navajo tribal funds for the Grand Canyon bridge, to be matched by the State
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¥ Figure 3. Profile of preliminary design tor the Grand Canyon Bridge, by J.B. Wright, Coconino County Engineer, 1923,

of Arizona.? This would be the only bridge over the Colorado River in the 600-
mile stretch between Green River, Utah, and Topock, Arizona. With Utah already
building the northern link and half the cost of the bridge obligated by the federal
government, the Arizona Highway Department finally recognized the value of
a highway to join the two states. Lefebvre belatedly acknowledged:

itis probable that an Improved highway buiit over this route would bring fo the
State more new traffic than any other Improvement that can be made. The
traffic between the north and south rims of the canyon would, in the summer
at least, be a considerable item and it is natural to suppose that it would be
as important a route of fravel as our other main highways. At least aitemate
routes either east or west for a distance of 500 miies wlli not divert the fraffic
trom this road as there are none and the prospects are good that there will
be none for many years to come,*

Located partly on the Navajo Reservation, the proposed Grand Canyon bhridge
fell under the jurisdiction of the Department of the Interior. Interior officials
turned the responsibility for its planning and design over to the U.S. Bureau of
Public Roads [BPR]. In 1924 engineers from the bureau’s Washington office made
additional surveys of the site and soon concluded that the bridge could not be
built for $200,000. They produced a series of estimates, ranging from $230,000
for a lightweight suspension structure with a wooden deck to $341,000 for a “first
class steel structure with a concrete deck and a 20 foot roadway."® For the latter
structure, BPR engineers delineated a steel through arch patterned after the Old
Trails Bridge at Topock (see Figure 4). The bhureau's figures were used by the
Arizona State Legislature, when a $130,000 appropriation - the lowest amount
possible - was made toward the bridge's construction. This sum was increased
to $185,000 by the legislature in March 1927.%
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] Figure 4. Profila of preliminary design for the Grand Canyon Bridge. by Bureou of Public Roads, 1924.

/ \rizona Highway Department Bridge Engineer Ralph A. Hoffman had designed his own
alternative to J.B. Wright's suspension bridge in 1923. But his deck-arch con-
figuration had been used for neither the federal nor state appropriations. When
the final design of the Grand Canyon bridge was turned over to the highway
department in March 1927, it fell into Hoffman's lap. He wasted little time in
discarding the earlier designs in favor of his own. "The Bridge Department, after
a thorough study of all data available and the local conditions to be met," Hoff-
man stated, “arrived at the conclusion that the unit prices used in previous esti-
mates were too low on account of the remoteness of the site, and the 130 mile
haul of structural materials, and this department prepared estimates based on
an entirely different type of design. This had previously been suggested by the
Department as the most fitted to the location from all standpoints, using at the
same time higher unit prices on structural materials."*®

Hoffman dismissed the suspension design as too costly and, with a ten-ton load
limit, too flimsy. Construction of a through arch, he maintained, would have
necessitated the use of heavy overhead cableways to hoist the span halves into
place. Withthe expense of returning the cables and tower materials prohibitively
high, these would be abandoned at the site, adding considerably to the cost.
“The site appeared to be ideal for the use of a deck arch and a few computations
showed that this type had many advantages in erection,” Hoffman concluded.
"Practically all the erection material could be used in the approachspans. These
spans were needed on account of maintaining a high grade line on the structure
in order to get a satisfactory grade line out ¢: the canyon on either side."**
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The Grand Canyon Bridge was designed by Hoffman and AHD Designing Engin-
eer L.C. Lashmet. Their plan featured a three-hinged deck arch that cantilevered
from the canyon walls on both sides (see Figure 5). The spandrel-braced arch
was comprised of a 22 equal panels; it featured a span length of 600 feet, aroad-
way width of 18 feet, an arch rise of 90 feet and an overall height of 115 feet
from bearing shoe to guardrail. Including two 84-foot deck trusses on the north
approach and a 49-foot approach on the south, the bridge extended a total of
833 feet. The most impressive dimension of the Grand Canyon Bridge, how-
ever, was its distance above the river level: some 467 feet from deck to water,
making it the highest bridge in the world at the time of completion.
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With the federal appropriation about to lapse, Hoffman and Lashmet were forced
to push the design in April and May, 1927. "The Department was handicapped
in making extensive studies of approaches and erection schemes,” Hoffman said,
"as only about six weeks remained between the time of receiving orders to pre-
pare plans and the time of the expiration of the government funds." The engin-
eering was well under way when test excavations at the site revealed fissures
in the Kaibab sandstone of the canyon's north wall. This necessitated excavating
to solid rock and extending the arch's span. The bridge was completely rede-
signed, this time with a 616-fcot span.

The structure was engineered for a uniform live load of 60 pounds per square
foot on the deck, or 15,000 pounds per 28-foot panel. The loading of the floor
system was calculated for one 15-ton truck or two 12%-ton trucks side-by-side on
the roadway, with a 30 percent allowance made for impact loading. The wind
load was taken as 60 pounds per square foot on the exposed arch webs and 30
pounds per square foot on the floor and guardrails. This was partially offset by
a batter of the spandrels of one eighth inch to a foot. Hoffman described some
of the features of the structure:

The bottom chord is a box member built up of eight angies and three piates,
the maximum section at the abutment is about 32 inches square - having a
sectionai area of 140 square inches - 34 feet iong and weighs about 12 tons.
The bottom of the box mermber is iaced with six inch channels. The fop chord
of the fruss is aiso a built up member of angies and piates fop and bottom.

in the first design the floer system was camied by iongitudinai stringers and ficor
beams at the panei points and fo reduce the dead load the curb was built
up of steel angies and piates instead of the usuai concrete, and this built up
member qiso acted as a stringer camying part of the floor load. Later, alter
the bids were taken, this floor system was redesigned fo utiilze the excess ma-
teriai required in the top chord during erection by canying the fioor load on
steel cross beams at 4 feet, & inches centers direcliy on the top chord, This
revision required some changes in the fop chord members, but materiqily re-
duced the totai steel in the job,*®

Given the high costs of materials and haulage, Hoffman and Lashmet designed
the bridge so that erection materials would be used in the final structure. The
approach spans, {or instance, were designed to re-use the materials from the con-
struction tie-backs. During erection, each cantilevered arch half was anchored
to the ground by means of an adjustable tie-back [see Figure 6]. The toggle arms
for these tie-backs were to be later recycled as the vertical posts for the approach
trusses. In like manner, the trusses’ eyebar diagonals and lower chords, as well
as the floor beams, were to be used first for the anchorages during construction.
(Packing rings would be inserted into the eyes to compensate for the smaller truss
pins in the completed structure.) "As the bids were taken on a pound price for
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steel,” Hoffman said, "this system resulted in a lower general price on the structu-
ral steel, than would have been obtained if erection material had not been used
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in the finished structure."

Comprised of built-up members similar to those of the
arch, the approach trusses’ upper chords were first used
as the arms that tied the arch halves to their anchorages.
These members were required to withstand as much as
750,000 pounds of tensile stress from the outstretched
arch halves during construction. They were thus over-
designed for later use as approach truss chords. To help
compensate for this, they carried the deck on floor beams
similar to those of the main arch {see Figure 7].

Hoffman insisted on a concrete deck, even though it
added considerably to the structure’s weight and cost.
A timber floor constituted an unacceptable fire hazard,
he contended, given the isolated location of the bridge.
Further, it would require more frequent maintenance.
“Neighboring states had recently experienced the total
loss of structures with timber floors in similar remote
locations," he said. "It was thought advisable to prevent
such a loss in this instance." Despite these attempts at
structural efficiency, the Grand Canyon Bridge was im-
mense, consuming over 2 million pounds of structural
steel, 81,412 pounds of reinforcing steel and 503 cubic
vards of concrete in the foundations and deck.®
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U nder Holfman’s supervision, Lashmet completed the construction drawings and spe-
cifications for the Grand Canyon Bridge in May 1927 [see Figures 8 through 23
for construction drawings; see Appendix for construction specifications). The
Arizona Highway Commission designated the bridge's construction Federal Aid
Project 95-D and solicited competitive bids that month. Despite Hoffman’s strong-
ly stated preference for a concrete deck, he requested alternate bids for a "tem-
porary" wood floor, as a hedge against high bids. On June 7th the solicitation
was answered by four firms: the Anderson Brothers Construction Company of El
Paso; the Ross Construction Company of Los Angeles, the McClintock-Marshall
Company of Los Angeles; and the Kansas City Structural Steel Company of Kan-
sas City. At $323,290.00, the proposal of Kansas City was the lowest for the
concrete-decked configuration. The bids of all four firms exceeded the federal
and state appropriations, however.*® Lacking sufficient funds to build the bridge,
the highway commission tabled the issue, while the engineers considered ways
to reduce costs.®

Later that month a contract to build the Grand Canyon Bridge was awarded to
the Kansas City Structural Steel Company [KCSS]. AHD had trimmed the con-
tract cost by undertaking the foundation work with its own laborers. Further
savings were achieved when Coconino County and the Tuba City Indian Agency
agreed to take on some of the ancillary work themselves. Under the terms of the
contract, KCSS was to complete its erection of the superstructure by September
1, 1928. The highway department would complete the approaches by the end
of the year. The cost, including engineering, would total $314,000.%

By June 1927 the funding was in place, the design finalized and the construction
contract let. The next step was construction of the bridge itself. The first major
hurdle to be overcome - indeed, the single greatest hurdle of the project - was
the transportation of some 3.2 million pounds of materials, supplies and equip-
ment over the 130 miles from the railhead at Flagstaff to the bridge site. With
little improvement since the 1910s, the road north of Flagstaff was still no more
than a trail in many places. And with temperatures ranging from 110° to 16°
below zero, the travel conditions varied wildly.

KCSS hired E.M. Moores and Son of Clarkdale, Arizona, to transport materiel from
Flagstalf to the site, with the stipuiation that 10 tons per day be delivered.*
To accomplish this, Moores used a 5-ton and a 12-ton truck. The loads varied
greatly in size and weight, the largest steel components weighing 12 tons. This
posed a serious problem at the Cameron Bridge. Rated at ten tons, the light-
weight suspension bridge had to be strengthened by USIS before heavy hauling
could begin. In addition to hisrole as teamster, Moores was responsible for road
maintenance in the northernmost 80 miles of the route. When snow drifted onto
the road, the trucks were scheduled so that they passed over the snow-packed
stretches at night to take advantage of the freezing temperatures. Moores's driv-
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ers negotiated steep grades, sandy washes and deeply rutted roadways, taking
between 13 and 20 hours for the 130-mile trip. They were able to trade off with
other drivers from a road camp set up about hallway along the route. In spite
of the hardships, Moores managed to ship everything to the site within a four-
month period in 1927-28.%2

Once delivered to the site, the material was stored on the south rim. Much of
the steelwork was hoisted to the opposite side by raeans of an overhead cableway.
Vehicles and some supplies, however, were forced to use the old ferry, until it
overturned during a crossing in June 1928, killing three people.*®* The highway
department then rigged a 16-foot rowboat with an outboard motor as a makeshift
ferry to haul supplies. "This did not lessen but increased the danger of crossing
the river," AHD engineer W.R. Hutchins said. "I have seen the boat loaded until
it was invisible. This would not necessarily have been dangerous on a lake or
in still water, but strange as it may seem, the Colorado at this point was at times
nearly choked with large blocks of {loating ice. During the summer and fall fresh-
ets the same was true of driftwood, sometimes large trees, partly submerged and
incapable of being seen on the surface - a dangerous menace when one is de-
pending on an outboard motor."*

Work on the bridge began on June 23, 1927. After struggling for days to haul an air
compressor and other equipment to the north rim, a highway department crew
began excavations for the arch foundations on the north side. The early testing
had revealed fissures in the rock. This necessitated digging or blasting some
9,000 cubic yards of material to place the foundations on solid footing. Men
dangled over the gorge on ropes, operating pneumatic drills and placing loads
for blasting in the sheer canyon walls. Once the excavations had been roughly
shaped, rope ladders were used, which were only marginally safer. “Climbing
a rope ladder is no joy-ride,” Hutchins commented. In this way, niches, 70 feet
deep and 30 feet square, were cut into both sides of the canyon. By November
the excavations were complete and work on the concrete footings had begun.
Highway department laborers set forms onthe ledges, using only enough concrete
to build up suitably shaped footings for the massive cast steel pedestals. By the
following April the foundation work on both sides was complete.

Meanwhile, in the Kansas City plant of KCSS, the components for the bridge
were being fabricated from steel rolled by the Illinois Steel Company. The first
erection equipment left the plant on January 5, 1928, the first structural steel
two weeks later.*® In all, the fabricators shipped some fifty carloads of material
by train to Flagstaff, where it was loaded onto Moores'’s two trucks. Limited by
the size of the trucks and the capacity of the Cameron Bridge, the largest steel
members were 53 feet long and weighed 12 tons.*®




# Navajo Bridge
# HAER No. AZ-28
» page 16

In mid-March the contractor set up camp on the south side of the canyon and
moved its laborers to the site. Hailing largely from Missouri, the men began work
by excavating tunnels for the anchorage of the south arch half. The strategy was
to complete the south arm first. When completed, it would be used as a platform
from which to hoist the steel to the north side. Once the anchorage was set, the
steelworkers began assembling the tie-backs, toggles and first panels of the south
arm (see photos AZ-28-31 and AZ-28-32). They set the cast steel bearing shoes
on the newly formed concrete pedestals in April and connected the lower chords
using 15-inch pins. The workers then buiit the first two panels and adjusted the
steelwork for line and elevation by packing grout on the bearing pedestals. An
erection traveler was built to assist in handling the steel members. Made up of
two pivoting 60-foot heams, this crane rolled on the upper chords of the arch.
With the traveler in place to hoist and position the steelwork, erection on the arm
progressed quickly (see photos AZ-28-33 through AZ-28-36).

The arch half extended further over the canyon with each panel completed, until
in mid-June the last panel was riveted in place (see photo AZ-28-37). At that
time the 800,000-pound arm literally hung over the gorge, suspended by only
the temporary tie-backs. Once the south arm was completed, a derrick was built
at its end and a cableway strung across to the north rim. As steel and steel-
workers rode over the gorge on the cable, the process began on the north side.

Under such extreme living and working conditions, the job took on unusual di-
mensions. "The men had no regular hours," stated Hutchins, "The day's work was
ended when they reached camp for the night. This may have been five o'clock -
the usual end of a day - or it may have been two o'clock in the morning, depend-
ing upon how fortunate they were on that day."? Part of the lore of the Grand
Canyon Bridge holds that the steelworkers refused to have safety nets slung be-
neath the outstretched arms of the arch. This was partly true. In fact, a hemp
rope safety net had been woven. It was never installed in part because of the
men's protests that it might make them careless. But a larger reason was that
the net was too costly and too dangerous to install. The steelworkers moved unfet-
tered over the structure, apparently oblivious to the dizzying height of the bridge.
All others were required to wear safety harnesses. One steelworker, LaFayette
McDonald of Kansas City, did slip from a beam and fall to his death.*® His body
was never recovered from the river.

Work on the north arm progressed steadily that summer (see photos AZ.28-38
through AZ-28-41). The bearing shoes were set on July 12th and grouted three
weeks later with two panels of the arch in place. By the end of August the tenth
panel had been assembled. The gap between the two arms was then measured
for the last panel. In the KCSS shop, small adjustments in the panel members
were made to compensate for erection discrepancies. The last superstructural
steel was then shipped to Arizona on September 1st. On September 12, 1928,
the crew was ready to lower the two arch halves and couple the center pins.
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The men began early that morning by aligning the two arms and inserting six-
inch-diameter compression screws in the toggles. After five hours, they began
lowering the south arm by adjusting the toggles. The arm was dropped nine in-
ches before the north arm was screwed down similarly. At 5:30, the last pin was
inserted (see photos AZ-28-42 and AZ-28-43). By then the temperature had be-
gun dropping precipitously. The men screwed all four of the toggle jacks almost
continuously to counteract the movements of the cooling arms, as the weight was
shifted gradually from the temporary supports to the arch itself. When one of
the screws became lodged and could not be lowered quickly enough to keep up
with the movements of the arm, it was freed entirely. By 9 o’clock that night the
toggles had been loosened completely and the span completed.®

The erection traveler was dismantled the next day and the tie-backs and anchorages

converted to approach spans later that month. "The hazardous part was over but
still much work to be done to complete the structure,” Hoffman said.*® Their job
completed, the steelworkers moved out on October 20th. By then other laborers
had begun building the forms for the roadway slab. The arch had been designed
so that the slab would be poured in six equal sections, distributed to prevent
excessive stress on the lateral bracing. To spread the load, the forms were set
and reinforcing steel placed for the entire deck before any concrete was poured.
Sawdust, shipped from sawmills in Flagstatf, was spread over the slab and wetted
to cure the concrete, once poured. The water for this was hauled some four miles
from Navajo Springs, "which may seem peculiar to some because the river carries
a great volume of water at all times," Hollman stated. "But then it is realized that
the river water was not satisfactory for concrete, carrying too high a percentage
of silt, and that the water for curing would have only been developed at a lift
of 475 feet from the stream to the bridge floor."*!

Completion of the deck on December 9th marked the last construction on the
bridge itself. This left only the crading of the approaches to make the crossing
accessible. The highway department had been drilling and grading in the rocky
biutfs on the south side of the bridge since July. By the time the concrete had
finished curing early the next year, the temporary road on this side was ready.
The Grand Canyon Bridge was opened to traffic on January 12, 1929 (see photo
AZ-28-44).%% Two days later a highway department power shovel crossed the
bridge to begin work on the north approach.

The January opening was held unceremoniously, with only a few laborers and
engineers present while a cold wind blew through the canyon. The gala opening
would occur that summer, with the promise of better weather for the visiting dig-
nitaries. The ceremonial dedication of the bridge took place on June 14th and
15th, as reported by the Arizona Republican:
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Under a typical Arizona cloudiess sky, the heat tempered by o genlle south
breeze, the Grand Canyon Bridge across the chasm af the mighily Colorado
river was formally dedicated by four governors af nelghboring states this after-
noon in the presence of a crowd af more than 5,000 persons, represeniatives
of at least 20 states. As movie and other cameras clicked and with three ather
chlef executives af as many states standing by, [Arizona] Governor John C.
Philllps clipped the purple and yellow nbbons which represented the breaking
of an age-old barmer between the lands ta the north and south afthe Colorado
river. Miss Eiizabeth Phillips, daughter of the govemor. christened the bridge
by breaking a bottte of Colorada river water over the railing. Govemor Phillips.
who was standing at her elbow. was well sprinkled by the water, as were dozens
standing near.>

Cars and trucks driven from Utah and Arizona clogged both sides of the bridge,
as flags adorned its guardrails and an Indian band marched among the milling
crowd (see photo AZ-28-45). "Today marked the dawn of the new epoch in the
history of the Southwest,” Phillips declared. "Man has achieved another triumph
over grim nature. By his creative genius and daring, his engineering skill, he
has bridged this barrier with ribs of steel and concrete and brought into closer
touch the people of two great states and has opened an avenue whereby the trat-
fic of the west may view our scenic wonders and our people."* The governors
shook hands at mid-span for the cameras and returned to a promontory on the
north side. There they listened to speeches and bands, watched in awe as an
airplane flew beneath the bridge (see photo AZ-28-46), and held court over the
symbolic "Marriage of the Southwest and Northeast". The ceremonies concluded
that evening with a campfire program, in which the governors and highway offi-
cials passed around a peace pipe. Contemporary accounts do not record the
reaction to this revelry of the Navajo and Hopi Indians encamped on the south
Iim.

Caught up in the euphoria of the moment, the highway department congratulated
itself in its house publication, Arizono Highwoys:

For two years the engineers af the Arizona Highway Deparment endured heat
and cdd. disappointment. discomfort, danger and responsibiilty aimost too
heavy far human shaulders: and day by day, through that fime. the greai
bridge aver the Colorado River grew under thelr charge. in January of this
yearthe engineers looked uponthelr completed wark and saw that it was good.
- permanent - ta endure when all memary of the builders perished.®

|n truth, construction of the Grand Canyon Bridge did mark a major event in Arizona his-
tory. After the highway linking it with Flagstalf was completed two years later,
it played a pivotal role in the development of a vast region that covered two
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Endnotes

states. As the only crossing of the Colorado River for some 600 miles, the bridge
has had a protound impact on the commerce and transportation of a rugged
and remote part of the West. Its construction opened the state from the north,
providing a valuable tourist route to Grand Canyon National Park and the rest
of the state. Although the Navajo Nation did not realize a long-promised econ-
omic vitalization as a result of the bridge, its role in financing the project was
recognized six years later, when in January 1934 the structure’s name was offi-
cially changed to Navajo Bridge.

As Ralph Hoffman himself allowed, the design of the Navajo Bridge contained
little in the way of engineering innovation. Iron and steel deck arches had been
part the repertoire of civil engineers since the erection in 1779 of the first all-
iron bridge, the 100-foot arch over the River Severn at Coalbrookdale, England.
Despite this, the Navajo Bridge did mark an important milestone of engineering
design, logistical planning and construction supervision. 1t was the first steel
deck arch built in Arizona and a nationally prominent example of this uncommon
structural type. What makes this bridge technologically noteworthy is its immense
scale, its inspired logistical planning and its breathtaking span over cne of the
most spectacular bridge sites in America. Although Hotiman was concerned
primarily with the functional aspects of the Navajo Bridge and not its appearance,
this handsomely proportioned structure ranks among the country's most dramatic
bridges. Flying high over the Grand Canyon, the Navajo Bridge is Arizona's most
aesthetically and functionally successful example of civil engineering.

'This HAER decumentation draws upon the statewide inventory ot high-
way hridges for background information. For more on bridge construction in Ari-
zona, see Clayton B. Fraser, "Arizona Bridge Inventory," prepared for the Arizona
Department of Transportation, October 1987.

*John Wesley Powell, Canyons of the Colorado, 1895, as quoted in Tony
Hillerman, The Best of the West (New York: Harper Collins, 1991), pages 21-22.

*Marshall Trimble, Arizono: A Ponoromic History of o Frontier Stote
(Garden City, New York: Doubleday, 1977), pages 81-82.

*James H. McClintock, "Crossing the Mighty Colorado,"” Arizono High-
woys, October 1928, page 9.

*Will C. Barnes, Arizono Ploce Nomes (Tucson, Arizona: University of
Arizona Press, 1985), page 75; Ralph A. Hoffman, "Bridging the Grand Canyon
of Arizona: The Highest Highway Bridge in the World," Arizono Highways, No-
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vember 1927, pages 5-7; "Highest Highway Bridge in the World to Connect Utah
and Arizona," Solt Lake Telegram, 1 July 1928.

¢James McClintock, "Crossing the Mighty Colorado,” page 9.

Byrd Howell Granger, X Morks the Ploce: Historical Names of Places
in Arizona (Tucson, Arizona: Falconer Publishing Company, 1983), page 357.

SLee chose this ranch site in large part because of its extreme isolation.
Historian Byrd Howell Granger described Lee'’s need for secrecy:

In 1857 a group of men reportedly disguised as indians altacked a train of
Arkansas and Missoun emigrants at Mounialin Meadows {(fah) and killed one
hundred and fifteen. Lee was accused of leading the attackers. He spent
many years frying to escape the kaw. He fell his loneliness apparently. for his
name for this place was Lonely Dell, although it could not have beentoo lonely,
for he was a polygdamist.

Byrd Howell Granger, X Morks the Ploce: Historical Nomes of Ploces in Arizona,
page 357.

°Frank M. Gold, "'Lonely Dell Was the Original Name Given to Lees
Ferry by Its Founder, John Doyle Lee," Official Program of the Dedicotion of
Grond Conyon Bridge, Arizono, 14-15 June 1929; James H. McClintock, "Cross-
ing the Mighty Colorado," page 10.

'°The transaction of the ferry operation was brokered by Mormon church
agent Warren M. Johnson. In May 1879 Emma Lee conveyed the property to the
church through a warranty deed, which stated:

KNOW ALL MEN BY THESE PRESENT,

That 1, Emma Batcheler Lee, owner of and residing at a place known as Lees Ferty
on the Grand Colorado River, supposed to be in Yavapai County, Temitory of Arizona,
for and in consideration of the sum of $3,000.00 tc be paid by John Taylor of Sait
Lake City, Salt Lake County, Utah Temitory, certain real property therein described,
together with all Fernry privileges, rights of landing on both sides of the river, boats,
chains, ropes, lumber, dugways on both sides of the river, crossings, fences, houses,
cellars, water rights and privileges.

As quoted in Frank Gold, "'Lonely Dell’ Was the Original Name..." Johnson's
payment was 100 cows, which had been tithed to the church by brethren in south-
ern Utah and northern Arizona.

“During this time the first dry crossing of the lower Colorado River oc-
curred at the ferry site, when in January 1878 the river's surface froze, permitting
wagons to cross over it. As reported in the Los Angeles Times fifty years later:
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The boatiess crossing was atforded by Nature, which in January, 1878, sent g
cold wave that froze the sfream from bank ta bank. Above and below the sfill
waler af the feny the river was open and running rapidly. At that ime came
dlong a large caravan of Momon emigrants, headed by John w, Young, bound
for setiternent on new lands In the Litle Colorado River Vailey. One of the
members was Anthony W. iins, nhow a member af the first presidency of the
church. He has told that the ice was strong enough o bear up a wagon, even
though loaded with a fon of freight, but that one ax was drowned by breaking
through. Then the wagons were hauled across by hand and the horses taken
singly. For further assurance of safety on the yielding ice, the remalning cattle
were thrown and tied and each cx arcow hauled across by the tall. This cauld
be done by a single man. Mr. Vins tells that he crossed thidy-two times In the
several days required for the passage of the train.

"Colorado’s First Span Was of Ice," Los Angeles Times, 14 October 1928.
The ferry also played a part in the Brown-Stanton Survey for a railway through
the Grand Canyon. After the initial excursion through the canyon ended dis-
astrously in 1889, the surveyors returned the following year to Lee's Ferry to
resume the work. Stanton reportedly had Christmas dinner at the ferry before
setting out on the re-survey. He returned shortly thereafier to bring out his pho-
tographer, who had broken his leg in a fall. Lewis R. Freeman, "Bridging the
Grand Canyon of Arizona," Travel, October 1929, pages 28-32, 45.

**One of the improvements made to the property by the church was
the excavation of dugways for the roads winding down the canyon. According
to Jeremiah Johnson, who lived at the ferry in 1928, the church contracted with
"an outfit from Utah" in 1898 to build the dugways for $3,000.00. Frank Gold,
"'Lonely Dell’ Was the Original Name..."

SArizona State Highway Department, "History of the Arizona State
Highway Department,” unpublished manuscript, 1939, located at the Arizona
State Library, Phoenix, Arizona.

“Report of the Stote Engineer of the Stote of Arizono: July 1, 1909,
to June 30, 1914 (Phoenix: Arizona State Press, 1914}, page 5.

“*Report of the State Fngineer of the Stote of Arizono, page 5.
*“Ibid., pages 73-74.

“Third Bienniol Report of the State Engineer to the Governor ond the
Commission of Stote Institutions (Phoenix: Arizona State Press, 1918), page 35.

18 Called a highway, the Nogales-Grand Canyon route was in fact only
a county road north of Flagstaif until the late 1920s.

"*Ralph Hoffman, "Bridging the Grand Canyon of Arizona," page 5.




% Navagjo Bridge
# HAER No. AZ-28
N page 22

*W.R. Hutchins, an engineer warking an construction of the Grand
Canyon bridge, graphically described the ferry and its eventual destruction:

From the south side. fo find a place where the water edge couid be reached
at the site ot the old terry. one had to fravel up the Colorado River for about
six miles, the last two miles of which was over what Is called the ‘dugway’. a
road barely wide enough for the two wheels atthe car or fruck, cutin the bare
sandstone biuffs and hanging in places four or five hundred teet above the
river,

With tew exceptions there was no room 1a pass ather cars and only six inches
ta a foot between one and a vertical drop of several hundred feet 1a the river
below. The grades ar hills on the dugway were as steep as twenty-five percent,
and it seemed at times as though one was climbing siraight up the sides ata
house. Parts atthe dugway were held In place by a dry stfone wall on the lower
side. and in wet weather no one was authorized 1a fravel the rood. At fimes.
however, when necessily demanded. the road was traveled when wet.

The old fenryboat at Lee Ferry consisted ot a flat-boftomed boat at anclent
vintage. propelled by the torce at the current, but necessiiating considerable
pushing and puiiing fa effect a landing. This ferryboat in alt probability would
have lived its allatted threescare years and ten and now bereposing pecacefully
in some museum instead ot on the bottom at the river, It the construction ot the
new bridge had not thrawn extra burdens upon the aiready decrepit ship.

The boys used the terry fo transport cars and supplies across the river, realizing
the danger. up ta within three hours ot the time it actualiy sank. drowning three
men. The body of ane otthese was found six weeks after the sinking af the boat:
the others were not tound.

W .R. Hutchins, "Hardships Encountered in Bridging the Grand Canyon," Arizono
Highwoys, May 1929, page 15.

X Eighth Biennial Report of the [Utoh] Stote Road Commission: 1923-
24 (Salt Lake City: Arrow Press, 1924), page 24.

*Sixth Bienniol Report of the Stote Engineer to the Governor of the
Stote of Arizono {Phoenix: Manufacturing Stationers, Inc., 1924), page 125.

*The Red Rock Bridge was, at the time of its completion, the longest-
span bridge in America. "But more significant was the fact that it was the first
important bridge of its type built in the Western states," according to David Plow-
den. David Plowden, Bridges: The Spons of North America (New York: W.W.
Norton and Company, 1974), page 166.
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**The Topock Bridge was designed in 1915 by San Bernadino {Califor-
nia) engineer S.A. Sourwine, who evidently patterned it after the Bellows Falls
Bridge in Vermont. Called "exceptionally daring and successful for a work of
such magnitude,” the structure was built by assembling the two arch halves on
their sides on either side of the river, hoisting them into place and joining them
using a unique ball-and-socket center hinge. The Topock Bridge, like the Navajo
Bridge, was fabricated and erected by the Kansas City Structural Steel Company.
For more information on it, see "Novel Method of Erection Adopted in Raising
Longest Highway ~rch Span," Engineering Record, 11 September 1916, pages
580-81.

#For more on the Cameron Bridge, see Don Abbe, Roger Brevoort and
Doug Kupel, "Cameron Suspension Bridge: National Register of Historic Places
Registration Form,” June 1980, on file at the Arizona State Historic Preservation
Office, Phoenix, Arizona.

%Seventh Biennial Report of the State Engineer to the Governor of the
State of Arizona (Phoenix: Kelly Print, 1926), pages 62-63.

“’Ralph A. Hotfman, "Grand Canyon Bridge Opens New Route Across
Greatest of All Natural Barriers," Arizona Highways, May 1929, page 13.

8L.,C. Lashmet, "Designing the Grand Canyon Bridge," Arizona High-
ways, December 1927, page 6.

“Walter Runke (Superintendent of the Navajo Indian Reservation (1914-
1920) and State Senator from Coconino County (1924-1928)), "Financing the Lees
Ferry Bridge," Official Program of the Dedication of Grand Canyon Bridge,
Arizona, June 14, 15, 1929; Ralph Hoffman, "Grand Canyon Bridge Opens New
Route across Greatest of All Natural Barriers," page 13; BRalph A. Holiman,
"Bridging the Grand Canyon of Arizona," Arizona Highways, November 1927,
pages 5-7.

%Seventh Biennial Report of the State Engineer, pages 62-63.

*Ralph HoHlman, "Bridging the Grand Canyon of Arizona," page 7.

*L.C. Lashmet, "Designing the Grand Canyon Bridge," pages 6-8.

**Ralph Hoffman, "Bridging the Grand Canyon of Arizona," pages 5-
7; "Steel Arch Highway Bridge Across Colorado River," Engineering News-Rec-
ord, 1 November 1928, page 646; L.C. Lashmet, "Designing the Grand Canyon
Bridge," page 6.

**Ralph Hoffman, "Bridging the Grand Canyon of Arizona," pages 5-7.
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The description of the bridge in subsequent paragraphs is abstracted
from several sources: R.A. Hoffman, "Closing the Arch of the Grand Canyon
Bridge," Arizana Highways, October 1928, pages 7-8,15; "A.S. Taylor, "Bridging
the Colorado Across the Marble Gorge,” Compressed Air Magazine, October
1928, pages 2547-48; L.C. Lashmet, "Designing the Grand Canyon Bridge,”
page 6; "Bridging the Grand Canyon with a 600-Foot Steel Arch,”" Engineering
News-Record, 5 January 1928, pages 17-18; "Steel Arch Highway Bridge Ac-
ross Colorado River," pages 646-49; "New Bridge To Link Arizona and Utah in
Upper Grand Canyon,” [Salt Lake City] Deseret News, 3 November 1928; and
Ralph Hoffman, "Bridging the Grand Canyon of Arizona,” pages 53-8. The quotes
from Hoffman come from this last article.

*1bid.

*'Ralph Hoffman, "Grand Canyon Bridge Opens New Route Across
Greatest of All Natural Barriers,” page 57.

%"Bids Submitted On Lee’s Ferry Bridge Exceed Appropriations,”
[Phoenix] Arizona Republican, 8 June 1927.

agn

June 1927.

Defer Action on New Bridge at Lees Ferry," Arizona Republican, 11

“Ralph Hoffman, "Bridging the Grand Canyon of Arizona," page 8.

*Moores was paid $35.00 per ton for materials delivered to the site.
At the end of the project, the haulage contract totalled $58,000. Ralph Hoffman,
"Grand Canyon Bridge Opens New Route Across Greatest of All Naturai Barriers,"
pages 13-14; "New Tralfic Link Spans the Grand Canyon,” Construction Methods,
January 1929.

*"Steel Arch Highway Bridge Across Colorado River," pages 646-47;
Ralph A. Hoftman, "Grand Canyon Bridge Opens New Route Across Greatest of
All Natural Barriers, " Official Program of the Dedication of Grand Canyon Bridge,
Arizona, June 14, 15, 1929.

“*Rupert L. Larson, "Bridge Opens Way to Land of Beauty," Los Angeles
Examiner, 16 September 1928.

*“*W.R. Hutchins, "Hardships Encountered in Bridging the Grand Can-
yon," Arizona Highways, May 1929, page 15.

“*Ralph Hoffman, "Grand Canyon Bridge Opens New Route Across
Greatest of All Barriers,” page 14.

““"Lofty Bridge Into Form," Kansas City Star, 15 February 1928,
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‘TW.R. Hutchins, "Hardships Encounters in Bridging the Grand Can-
yon," page 15.

“8R.L. Duffus, "A Bridge Rises High over the Mighty Colorado," New
York Times Magozine, 15 July 1928; Ellsworth Bennett, “The Colorado Spanned
at Last," Populor Science Monthly, October 1928, page 19. A local newspaper
recorded the incident:

The eleventh panel complaling the Flagsiaff side of the main arch was in place
ond riveted by June 15 [1928]. I was during this week that one of the steel
workers lost his iife - foiling from the top chord of the bridge to the water 460
feet beiow. True to trodition the other four workers of the crew quit after the
death of their comrode ond a new crew had to be secured. The other crews
remained on the job ond went to work ogain the next day.

"Closing the Arch of the Lee's Ferry Bridge,” [Flagstalf] Coconino Sun, 2 Novem-
ber 1928.

490

Closing the Arch of the Lee's Ferry Bridge," Coconino Sun; Ralph
Hoffman, "Closing the Span of the New Grand Canyon Bridge," Badger High-
woys, December 1928, page 8, "New Traffic Link Spans the Grand Canyon."

*Ralph A. Hofiman, "Grand Canyon Bridge Opens New Route Across
Greatest of All Natural Barriers," page 14.

*Hofiman, "Grand Canyon Bridge Opens New Route...," page 57.

*The aggregate cost of the completed bridge and approaches was
as follows:

Paid to contractor: - $256,229.09
Cost of state forces: $ 73,304.79
Cost of approach grading: $ 73,466.12

Total cost £403,000.00

5an

Grand Canyon Bridge Dedicated in Ceremony Led by Governors,"
[Phoenix] Arizono Republicon, 14 June 1929.

*1bid.

5"The Bridge Builders," Arizono Highwoys, May 1929, page 30.




# Navajo Bridge
#% HAER No. AZ-28

A page 26

e
-1

WAL LD TRLYIS OALmn

JLLNNOD ONINODO)

68 JAL10Y 'S 1]
AN¥AS SIAT HWVIXN
AHAIY OAVRIOTOD
ALAD

HOUIII NOANYD (INVAD

aasododd 40 Nv'id

INAINLAVOHL RTINS
VNNV A0 SLIVLS

MM OC~E 0

AV[d nnuy

- -Belg ugitaay
L TIRUYE

P VI B

=i

P ) . -

59 FRRT MY

- IR fReddy

wak
LIPS THTR IS

- .
- AT SN
L ORNReE § smtang

Inoiwr 1y
aL] X 9vpg

1AL 4y iy,

SRS A9 NN

e
TTTT o

%

e Figure 8. T:'e Page for Constructicn Drawings of Navajo Bridge, by Arizona Highway Department, May 1927

iy

./_“



# Navaqjo Bridge
# HAER No. AZ-28

#:_:_gialzuunsauusu_s ® page 27

ol IR
™
¥
8
| g
v
]

OrY -y M Tq

/54 P O
A o
1 oyt

Ire 780w 2050

L4
COLORADO RWWCR NEAR LELJ FURRY

TYRCAL ROADWAY 3EECTOM
g

SRAND CANYDH BRIGL
2.5 Laznmar, D Srapeeer:
»

AL 2L

P ## Figure 9. Plan and Profile of Navaio 8rdge, by Arizona Highway Department. May 1927,




|
b

[
i
!l! H

# Navajo Bridge
% HAER No. AZ-28
A page 28

R

2 Figure 10. Generdl iayout of Navajo Bridge, by Arizong Highway Department. May 1927,




# Navajo Bridge
# HAER No. AZ-28

® page 29

Ry YR B s
L T

T -
k= 1|

o TR
WO iy fncilry e Ak whisiim SV v e W c! ititl‘e\lws. tlll!.lq ore &
= T T P 3 - ra I "
- T = R IR
Z e 3 . 2 ; ™ A
2 v t r 3 W . L .
1] s e BLaarar - Sy g ) .
- o2l dae? = —1 ‘32 17 14 o
A= LM 1%\‘ = 13F & .a
= n T E_d
o 55 5 ?
TREN 41 luﬁ
TR R y: = R N B tort= ¥
o1} ey [ 4 2] =1 - - L T rJ
Shy, LN Em et =+ 1 i
vy I 3 = 1 1T =
wal 1= ortwriwr] w7 ]
[0 e 2 T = . - 3 T w
G STeiik ey i —= = 3 * s Tor | £
/ n.tl.‘ Tt L4 -
-2 N3 o i T
-3 s T T Ll w0
L Ll 1Y - J—rr 2 LT -3 Q!‘ I.&u
o yifor] o o~
g — el | alary Vo ¥# v e [Hmm.
= = Tt o 4 e
< oA o i3 x
3 - o e B o e e o
: Fty - §
- L0 NP B WG R R S S A 0 2
R i N e e e —~ H
z . S e i 3
e
— ¢ = ] Fy Y S -{r S ol
Vien el B s T = :
SR i 3
YRS tEem & § ‘
E Ll 52 g 14 . a - -
T ETE [ g < T §
Yool e : = % 5
2 )
3= AR LA e b %A K = 4 134 3
S iom e oL uzo_.ruun oMY _£3EEIWLIE 40 2IAVL o {
PP st 7. P B R I =) . "
PR T e e 18
> VA A ST E iy SRR B n) A T 45 el e ] 4
ol Loyt e s vl oy 3
A bl ey o7 dng Ky i3 ey e Sy et Py 3
Ey s mrmar el o marey sy s pr st S o Sy Sunmg q e L
- : 31
o , P T § I
F=T™ s s v e ! j
187 e e o g AT 3 ¥
]i\‘l}i}i v ' J 14
IR o e efyon =y MY £ 2 1 _ K _
Boary e s YL AL 4 [ TR g ey ~—~ 1 el
A Sy Sttt - gy IO 0 kg OB b kil ¥ T
ot e o8 Pl VM o i O 3 pre e " » . . Rei
et 0 § I ¢ Ry o3 LT M L3 4 H 3 S
Py et g el MUY o S o A i) N s M Py
\_\ﬂ\iﬂ
- ABAIL I BN P
BM = A# : BAND CAVBOWD Ml Baw
| A WE — Sm 29019 NOAKYD OHYHED - -7
<
~

2 Figure 14. Stresses and Sections ot Navajo Bridge, by Arizona Highway Denartment, May 1927,




# Navajo Bridge
% HAER No. AZ-28

W page 30

: sheg brrbring
pReyi#] 33
e BOOG
oS b 1 W I3 -t T
v S 020w
[HBATHIAAY) MVSOVIG SCIIIL OVBT JAFT KoL ITHT

W I AT AT LD PO gy s g )
DT TS HRf #OLH p I g G pE ) el
(MRATVLUVDY) MVFOVRT CETNLL OVO] QVIC NIIC MOLLZTHT CIEPMY TN gy gy ot} 2}

' — e
ﬁ o
:ﬂu &l
| ]
e} el -
s - )
OWT LI LATRAY . Bl
Wy Aep G e sy ) Ay jomiay 7 . ] g
Frass pesT perg 4 sy, PYATVAT LA E (Y2 Ol . ) i
S MANSS NRLAT MG EBSERL, pwE) MiT . .y
Toa, e T a0 - POT Rar] i - P - .r
Loy b e sl PO B < KT ST BEN] | . - o A,
- el TR
T - e - H
3 - e . ’ a
H : ey |
X o S
| ) 4
# -
> DMy AT . % - -
(H2AT HLIWD) WYPORIG KEIHUE WOLITHT UKGT THIT COPaL L ew

7 L L - -
! L= N 2 8 3
K - 4 e
m.ﬂf E g :
" i g 2 it deoe—e oy it o
P! . - e I IR .
- x AL Ged? CEOML P
- M PPy CCinil QvpT JY2Q el %
. ; e
! 5 - J i
L - -y T
L) ro ' -
. ol
- L o v
-
. "
et
/ B . -
; '
b } ] \at(.
' -
. )
i+ '
rr o= P AHHZJ G337 HVIN YIAH 0OVHIWD
e . . . 3350

AVMHE HOAHYD OWYHO
[44

Tera

% figure 12. Sfress Dinograms of Navaio Bridge, by Arizona Highway Department. May 4527,



# Navgjo Bridge
# HAER No. AZ-28

® page 34

i

WILEAS Q2N M SETHIC MANWIEW W SWVHDIG CLIHIS OV0T AT a— ¥ X

i g LR Camirdc R Ay JAO
ery b pa o bS] M L S YO T ASY ST IO

pRerTTr il x R

-

I b T

Dok ey [ ~mE i
3 L% b LPECRL - dg L ‘Y
a \ O ELVPR Wia 1 T 3 DL R sy
i : H i
i E -
1 t 3 .. we . . r B . i
. ; % »

i

ANE2S 310 Euua.z!; 0avyaI0Y
.
FHIAG HOANYI GHYHD u

¥

=1}

i Figure 13, Stress Diagrams of Navajo Bridge, by Arizona Highway Depariment, May 1927,




# Navajo Bridge
# HAER No. AZ-28

® page 32

.

1

PR

T o

s

> e
TWaAE A HONY 40 UYLIQ

LAY TR S
i

R ingind

FONNG 90 B3] R VICTY Y W B3 0 NYLNT

0 id

WOLLYAITD ALC B

? we worizac

H
pIar amm _lanl

MO % o fndins
JpeyEnt 5
sy biwesg
»

WH

i3 Figure 14. Foundatlons of Navajo Bridge, by Arizona Highway Department, May 1927,

—




# Navajo Bridge
# HAER No. AZ-28

® poge 33

o e 4 it et B 4 WWE MUY - QUY J0 CWYLI0 TYRIgAl
MYdT HIVOHAAY JO & it =
MOILIIT  TEQHD TWIdAL

v
RS
-

N 1w BOO 40 u0UIK Themdoguen

TEE

___Q\B.’e
L]

TN s
iy
t
. o

£
.
=
r—r o

*

g
LI

Al __i {

.
e ] CLIVIR tond) NWGAELILT rugy
MOWDIE PG> TYOMAL . LU Toa> YYoidAl
W AR P .
i 4 - . -y . Y
-~ i - P Sveg il EE D) { H
g W R
H ‘. = vo 5y — T o v ey -y
) - Bl ..~ b T ]
W kS RAERE
— Y . B
E .
g ot _
H T - X
v t !
T FH k AN Bl
- 500 LOLIXK STEH

— _Ilul.|.|1.JI|.l|.1a|-I|H.n”
o @ — | R Y ) AN €T3 HVIM HIAN COVHO0Y

T IS S 2T = am iAo
260G WOLNYD ONTED

B v e
P R ar R I

e Figure 15. Floor System of Navajo Bridge, by Arizona Highway Deparment, May 1927,

1/7ﬁ.




Navaijo Bridge

-

# HAER No. AZ-28

ot
9-

i

% ¥ page 34

L6 WY OISOy PREIANY ] By EROANT B Beda ity

TRl o s

t
-
- T e
. o l
i e s :
o2 RS T E34
H “_ Hfi
¢ i 4
: il t
ww I H
2, 3
l.m ¥ =%
dw INE ) T H
i ek I il e E
N¥IE RIVOHIAY D0 U AL LX) d

e BT Y
i o W

e

4

.y ¥ =
= = i, i e i AP RS s agf 2 T N ks bt B g M Wt e s N [T
w M £ mms e ¢ et et bt ' -
N s et o Ao o . RIO> s KV Tr o=
* 1 e
: KK U MU ITE A A Frzaez Loeol 8 i A —— b -~ s -
A [ — - i L i L [ . T . ComEEREEEE
M L . G Wll.'ll XF3T mnc: yaeanichy e A B i s IR T
1 Y ¥ = 1 e PSS! . gy * 3 ek 3%
— e e —— L R P ot &
- TR ] T R 4412 Fr 7 ot - — -~ \ L _ -
= rrIIs d (WL IR T T T
= meeessen - ot
!
T D T L3I L3N BVIN EaS OOUMTOD

e
T MOAWTY PANAD -

RO a1 |

# Figure 16. Approach Spans of Navaio Bridge, by Arizona Highway Depariment, May 1927



# Navajo Bridge
% HAER No. AZ-28

| page 35

(T
m Ldb. nYe I Wy Pereal B PeerD B iamas) n
by howbene e 2 2
w3 g - s b3
|9 T Adwatevls TwL3E0
LAY NOLLYIGT TvWLd
«}—llnlrr|| i
[ . L)
H S S w 3
—¥7h-
2T by oy N
Al
T ST
N TR S
POl smrm s ® e O b
. - JR e
(ing wmrg) .
[ . “,1.
— :
[ il &
- J
| |
i
i
! % poi
9 20HE trwiaa s e
vtk S G ¥
- —h - O " —
w S - m by Wy 7 ? Py PO P e ]
1 7

|
R

G

et

— oy g - — ' g g amgbr
—— i o] :
' T s s arm et o8 )t wne a S fﬂt H PR
T e ° CooTm T d :
ABd3d EET1 8vIN ¥AB oQVATI0)
naap
A0GAT HOAHYD ONvER e
PR L

# Figure 17. Approach Spans of Navajo Bridge, by Arizona Highway Department, May 1927.




# Navajo 8ridge
# HAER No. AZ-28

» page 36

. e
L. -
g o e R T 5
b INET T ]
P e Ll Aot ]
Pk gt
a3 om3 "
B

TNl Ryt £TTT
Cweranr ™

K
)

]

It
18
H

b

o
o

da) € a A s
Rodr w e g e ar wre

|

T LAY X

C3T WM aaaa OgVECTI0D

HIAO
FVMAY HOANYD ONYED

PIT. TR R
W wre

LA ]

nar
rer

.

|

— EE

Rt AR gl

# Figure 18. Arch Detail. Ug - Uz of Navaja Bridge, by Arizona Hignway Depariment, May 1927.




Navaijo Bridge
# HAER No, AZ-28

!W ® page 37

]

PFLET-ARET IeH

e

ReEaL o By o

£ 07 T opp wevsor g
Yol rr a7 WOO IP
froew st wag g5

[LYTYPFURr R ors

L
LIS FT W AT B — L3y B pa T ALY - :
WO N Y S PRSI Of TRRE D T ) - R LAt ks
244 ‘ q -?...-l-bc‘..-”.q 27
Obosys sy e s ¥ F

2% % ."
FOWS NIAY izl g ket v
P Y T :

02 Mpip 7.3 Mt

& T 3

sarend yamg pm pow
I pu (A = ) ot
T e el

B i wrmd i
Fowr#ay
4 e gy

“ R
T

ERTTT N e
— LA T A b

[ o o

2
—...mu. [ Winakd
LR,

2 x ”Fll A233d €231 IVIN ATA OQVHONOD
™ .

IBABEY  WOANYD VAR p

,ww_
ERY

I OTT

i Figure 19. Arch Detail, Uy - Us of NcEjg-EﬁgdéjBy Arizona Highway Department, May 1927,




Navajo Bridge
# HAER No, AZ-28

Yi w poge 38

R YA AIEY CANE T

b e

F D F NGBS L2 PRY g Rermady Souat sy N PR BY Gy DREAD F Fuoomnd

- Arcund b3 0y
77 STVIIUNT WOLiOE

wLIITHIIN) L THVE
1T S TTECH TN I T T Y Y

T T

TRok R W
Vit bt B ph-as3)

ek aaasl
—..T-s_z.«;

MPLOFSE FLNT 4F NE T4

TN 17 2 dpinsg
Wrse it ary BT

Ty = T 1 |
FLoT T Rl )

NOILZTCXTING THIZLFT

HOLIOR 1Y WNPD WYIidi

.rt T ///
Ty v T e
M N
e———" “ .
" ~ .
./
.
~
“
/(
N
] e
o
., H
/ b Ly
I v
SEERS
{bhis
P N r 2
sy Frlzobe Koo xy D vt
LA Arava africy; -
g dorr < Vi s S .I?NW:E
= N EFIIa
Co e—— P —
1 — Mad
Faed == -1 2 pp—
i L 7 -swiceg
i s TS )
Pt
[ ¥ AR ST Av N FiAm Odqvenod
n WIAD

NS NOAWYD R

TN For FHE Tidas

© Yz wecrod
Frez wr v Ttz

wr e TP ey W f

RS

[

—

8 rigure 20. Arch Detail, Us - U of Navajo Bridge, by Arizona Highway Depariment, May 1927,




# Navajo Bridge
# HAER No. AZ-28

- W page 39

e} dntag? s ) |
e e oY ¥

R R B m |
P
i1
Nk
k
|

P !
by Cr durg $r

7 wErL2FE Ay W7 MO IEE iE!

A 2L 2 ol oty yIEE PRI S S

vrw Fordn
o oot}
R A
T

t _» T

T e 5y

|
|
t
~— "_
T~ !
e .
. |
- "
17 o amm. pmnns anpot™ /./..um.
N T -
1
!
e = AJ¥Z $IN VAN HINA OOVROWD
2 R 2 3 e am . a0
AT HOANTD ONVAD -
m“ P2 B a e

# Figure 24. Arch Detail, Ug - U4 of Navajo Bridge, by Arizona Highway Department, May 1927,




“ Navajo Bridge
i @ HAER No. AZ-28

M page 40

P by bovilreg
AP TOT
£ G ey e el WYS WDvasLeY 20 ON3 e
KV 4o au3 — g N RN W e e T
N AN U M [ AW AR IrRY
-

e LA L RN LY N

HIMY 49 HALWEY
“
Ivaae’ dveann

b b A E M “
uar

i ﬂ@%.n SN W
1\02..‘.

8 i S 1«%& TS A _

; ».g"WWQ IWW\ \.1%/.\:».’\&%-%0/%%%, \.\R’\ba\m_. ww».m#w&\\,\, A

K AKX XK AR

Pl KPX UK XK ALPALR N
N T e e e e T AL

Aa%34 €117 AVIN AINA 0OVACTCD
190778 NOANYD ANYAD

b= T - PP — —

i)
Lo
B
e
i ‘
]
H

P

% Figure 22. Handrail Design of Navao Bridge, by Arizona Highway Department, May 1927,




# Navajo Bridge
# HAER No. AZ-28

51 W page 41

K

sy Boking
rmiwr#) 33

“vmepion v 3

I o o -

¥ Wrel SN

' .
B T
ol S A ﬁ :
{.ktb.rnrrn.rz.l.. i ‘:,w!t...ﬂu...._ & J
i, pas— -k : .

pob .
; : g | Al

JL

e PR o g P Rt
P g
L il

rPip aesrbeiy oo pe
mbeongraret ge st C&% sk

—_— . .
-] - s - = = = .....\. - B H v
e (FRTEE S ot el ey s
i - £
_ el : o [__ ?._vvt_vt.%l / e
, LA L
. 4
E:ﬁ! = ; AN BT AVE XlNa O0eadod
s 58— Er
V0T YD QHYED -
Pt A = | |

. .

b Figura 23. Erection Diagram of Navagjo Bridge, by Arizona Highway Deparment, May 1927,




# Navajo Bridge
% HAER No. AZ-28
W page 42

Bibliography

PUBLISHED SOURCES

"Arizona's Greatest Highway Program Provided for in Budget of $5,654,487 for
Construction and Betterment," Arizona Highways, October 1927, pages
7-9.

Barnes, Will C. Arizona Place Names. Tucson, Arizona: University of Arizona
Press, 1935; reprint edition, 1960.

Bennett, Ellsworth. "The Colorado Spanned at Last.” Popular Science Monthly,
Cctober 1928, page 19.

"Bridging the Canyon.” Arizona Highways, November 1927, page 10.
"Bridging the Colorado." Engineering News-Record, 1 November 1928.

"Bridging the Grand Canyon with a 600-Ft. Steel Arch." Fngineering News-Rec-
ord, 100:1 (5 January 1928), pages 17-18.

Burgoyne, 1.S., and Alison, G. "Gerrard Street Steel Arch Bridge, Toronto." The
Canadian Engineer, 44:17 {24 April 1923), pages 425-427.

Cobb, Mrs. Lamar. "Arizona Highway Department." Arizona Highways, April
1929, pages 10-11.

"Colorado River Bridge Dedicated." Engineering News-Record, 27 June 1929.

Davenport, Odessa. "History-Making Bridges,” Arizona Highways, April 1928,
pages 8-9, 17.

"The Engineer's Log," Arizona Highways, June 1927, page 14; October 1927,
page 19; March 1928, page 22; April 1928, page 20; May 1928, page
17; June 1928, page 43; July 1928, page 17; August 1928, page 15;
September 1928, page 20; October 1928, page 22; November 1928, page
24: December 1928, page 29; February 1929, page 29;

Lewis R. Freeman, "Bridging the Grand Canyon of Arizona," Travel, October
1929, pages 28-32, 45

Gar¢ .er, A H. "Vast Bridged and Pav~1 Network of Highways for Arizona Seen
by Good Roads Booster." Arize : Highways, October 1927.




# Navagjo Bridge
#% HAER No. AZ-28
M page 43

Granger, Byrd Howell. X Marks the Place: Historical Names of Places in Arizona.
Tucson, Arizona: Falconer Publishing Company, 1983.

“Great Steel Arch Bridge Planned for New York Harbor." Engineering News-
Record, 17 February 1927, pages 284-285.

Hammond, George. "The Business Phase of the Arizona Good Roads Association's
Highway Bill," Arizona Highways, September 1926, page 7.

Hankins, M.C. "Why We Should Have Hard Surfaced Roads." Arizona Highways,
May 1929, page 26.

Hewes, L.1. "National Park Service Plans Road Improvements," Arizona Highways,
March 1928.

Hoffman, R.A. "Bridging the Grand Canyon of Arizona: The Highest Highway
Bridge in the World." Arizona Highways, May 1929, pages 5-8.

. "Closing the Arch of the Grand Canyon Bridge," Arizona High-
ways, October 1928,

. "Closing the Span of the New Grand Canyon Bridge," Badger
Highways, December 1928.

. "Grand Canyon Bridge Opens New Route Across Greatest of All
Natural Barriers," Arizona Highways, May 1929,

. "Last Panel Placed in Steel Arch Bridge over the Grand Canyon
at Lee's Fenty." Southwest Confractor, 28 October 1928.

Hutchins, W.R. “"Hardships Encountered in Bridging the Grand Canyon." Arizona
Highways, May 1929, pages 15-16, 57.

. "Route Study from Phoenix to Salt Lake City, via New Bridge."
Arizona Highways, October 1928, pages 11-12,

Kittredge, Frank A. "Transportation Problems Govern Suspension Bridge Design."
Engineering News-Record, 9 January 1930, pages 56-59.

Lashmet, L.C. "Designing the Grand Canyon Bridge." Arizona Highways, Decem-
ber 1927, pages 6-8.

McCullough, C.B. "Oregon Steel Arch Bridge Erected by Cableway." Engineer-
ing News-Record, 13 May 1926, pages 760-762.




# Navajo Bridge
#% HAER No. AZ-28
m page 44

McClintock, James H. "Crossing the Mighty Colorade.” Arizono Highways, Oc-
tober 1928, pages 9-10, 19.

. "The Genesis of Arizona Highways." Arizona Highways,
June 1925, pages 1, 17.

. "Long Trails in Arizona." The Oldsmobile Pacemaker,
January-February 1921, pages 3-5.

McKeever, H.]. "Road Building in Retrospect.” Arizona Highways, April 1929,
page 12, 15.

Morrison, C.G. "Grand Canyon - Old Trails Highway." Arizona Highways, May
1929.

"New Traffic Link Spans the Grand Canyon." Construction Methods, January
1929.

Official Program of the Dedication of Grand Canyon Bridge, Arizona, June 14,
15, 1929. N.p., 1929,

Poll, Richard D., et al. Utah’s History. Logan, Utah: Utah State University Press,
1989.

Plowden, David. Bridges: The Spans of North America. New York: W.W. Norton
and Company, 1974.

Rath, A.F. "Completion of the New Suspension Bridge Marks the Passage of Dan-
gerous Crossing.” Arizona Highways, December 1929, pages 8-9.

"Steel Arch Highway Bridge Across Colorado River.” Engineering News-Record,
1 November 1928, pages 646-649.

Taylor, A.S. "Bridging the Colorado Across the Marble Gorge.”" Compressed Air
Mogazine, 23:10 (October 1928), pages 2547-2548

Trimble, Marshall. Arizona: A Panoromic History of a Frontier State. Garden
City, New York: Doubleday and Company, 1977.

. Roadside History of Arizona. Missoula, Montana: Mountain
Press Publishing Company, 1986.

Welsch, W. Frederick. "Erecting a 750-Ft. Steel Arch Without Falsework.” Engin-
eering News-Record, 16 July 1931, pages 94-97.




# Navagjo Bridge
# HAER No. AZ-28
® page 45

Whitman, HE.O. "Bridge Ceremony Marks Another Milestone in Man’s Fight to
Conquer Nature's Barriers." Arizona Highways, May 1929, pages 9-10.

Zion, Bryce Canyon, Grand Canyon: 3 National Parks. Omaha, Nebraska: Union
Pacific Railroad, 1930.

NEWSPAPER ARTICLES (listed chronologically)

"Bids Submitted on Lee's Ferry Bridge Exceed Appropriations,” Arizona Republi-
can, 8 June 1927.

"Deter Action on New Bridge at Lees Ferry," Arizona Republican, 10 June 1927.
"Lofty Bridge into Form." Kansas City Star, 15 February 1928.

"Highest Highway Bridge in the World to Connect Utah and Arizona." Sait Lake
City Telegram, 1 July 1928.

Dutfus, R.L. "A Bridge Rises High Over the Mighty Colorado." New York Times
Magazine, 15 July 1928.

"Steel Span to Break Barrier of Grand Canyon." Oakland [California] Tribune,
22 July 1928.

"New Bridge at Lee's Ferry to Aid Early Development of Isolated Arizona Area."
Phoenix Republican, 3 August 1928.

"Lee's Bridge Ready Soon." Miam: [Arizona] Silver Beit, 10 August 1928.

"World's Highest Bridge in Arizona Opens New Scenic Area." Nogales [Arizonal
Daily Herald, 4 September 1928,

"A Damphool Idea." [Flagstaff, Arizona) Coconino Herald, 7 September 1928.

"Marble Canyon Bridge to be 467 Feet High." Winsiow [Arizona] Mail, © Septem-
ber 1928.

"Mayor Dighton Is Home from Trip." Riverside [California] Enterprise, 13 Septem-
ber 1928.

"Mormon Highway Is Name Given New Road." Monticello [Utah] San Juan Rec-
ord, 13 September 1928




# Navajo Bridge
# HAER No, AZ-28

. W page 46
I

“Span Grand Canyon with Large Bridge." Oceonside [California] News, 13
September 1928,

“To Attend Grand Canyon Ceremony." Polm Springs [California] Desert Sun, 14
September 1928.

“Dedicate Lodge, Canyon Trail." Son Diego Union, 16 September 1928.

“Grand Canyon Bridge to Open Vast New Area." Sonto Barbaro [Californial
Press, 16 September 1928.

Larson, Rupert L. "Bridge Opens Way to Land of Beauty." Los Angeles Exominer,
16 September 1928.

"Utah Dedicates 'Finest Trail in America’." LosAngeles Exominer, 16 September
1928.

"Grand Canyon Bridge and Mormon Highway." Logon [Utah] Journol. 17 Septem-
ber 1928,

“Lee’s Ferry Bridge on Old Mormon Trail," Meso Tribune, 17 September 1928.

“Last Section of Grand Canyon Bridge to be Placed." Soilt Loke City Telegrom,
18 September 1928.

“Names Are Selected for Highway, Bridge." Boise {Idaho] Stotesmon, 18 Septem-
ber 1928.

"To Attend Grand Canyon Ceremony.” Bonning [California] Record, 18 Septem-
ber 1928,

“Ungar Returns from U.P. Tour." Los Angeles Illustroted Doily News, 19 Septem-
ber 1928.

“Tells Students of Scenery Trip." Whittier(Californial News, 20 September 1928.

Hall, Robert H. “Bridge to Span Grand Canyon." St. Louis Post-Dispatch, 23 Sep-
tember 1928.

“Critical Point in Building of Lee Bridge, Past." Winslow [Arizonal Mail, 26 Sep-
tember 1928.

“Grand Canycn Bridge Dedication Postponed.” Miomi [Arizonal Silver Belt, 26
September 1928,




# Navajo Bridge
# HAER No. AZ-28
® page 47

"Crucial Test Passed in Lee's Ferry Bridge." Monticello [Utah] San fuan Record,
27 September 1928.

“What Hath God Wrought?" Salt Lake City Deseret News, 27 September 1928.

“Believes It Should be Lees Ferry Bridge." [Flagstaff] Coconino Sun, 28 Septem-
ber 1928.

“Postpone Dedication of Lees Ferry Bridge Until First Part of Next June." {Flag-
staff, Arizona] Coconino Sun, 28 September 1928.

“World's Highest Bridge in Arizona Opens up New Scenic Territory." Douglas
{Arizonal Doily Dispatch, 28 September 1928.

"Whim of Highwaymen." Coolidge [Arizona] News, 29 September 1928.

“Lee's Ferry Bridge Will be Ready for Dedication Nov. 10." Durango {Colorado]
Herald Democrat, 6 October 1928.

"Grand Canyon Bridge Soon Open for Travel." Los Angeles Times, 8 October
1928.

“Despoilers of the Honored Dead." Bisbee [Arizona) Review, 9 October 1928.
"Build Big Bridge over Grand Canyon," Kuna [ldaho] Herald, 12 October 1928.

“Lees Ferry Bridge Should Retain Its Historic Name." Coconino Sur, 12 October
1928.

“Massive Steel Bridge Links Arizona and Utah," Culver City [Calitornia) Star, 12
QOctober 1928.

“Colorado’s First Span Was of Ice.” Los Angeles Times, 14 October 1928.

“Last Span of Bridge Placed," Ogden [Utah] Standard Examiner, 15 October
1928.

“Lee's Ferry Bridge Dedication Postponed Until Next Summer," Salt Lake City
Tribune, 15 October 1928.

“Dedication of Lee's Ferry Bridge Next June to Usher in Greatest Tourist Season.”
[Phoenix] Arizona Gazette, 17 October 1928.

"Bridge over Grand Canyon Soon to be Open to Travel." Pomona [Californial
Progress Bulletin, 18 October 1928,




# Navgjo Bridge
# HAER No. AZ-28
% page 48

"Hope That Celebration at Canyon Bridge Will Increase Towrist Trade,” Tucson
Independent, 19 October 1928,

"Grand Canyon Road Work Continued,” Los Angeles Times, 21 October 1928.

"Already Begin Program for Lee Bridge Opening," Winslow [Arizona] Moil, 23
October 1928,

"Woman's Club Says Lee's Ferry Should Be Name of Bridge,” Coconino Sun, 26
October 1928.

"Haif Million Is Spent on Roads Around Canyon," Whittier [Calilornia) News, 27
October 1928.

"Spinning a Web of Hot Steel over the Grand Canyon Chasm," Kansos City Stor,
28 October 1928.

"Arizona and Utah New Steel Bridge in Grand Canyon," Kolispell [IMontana] Inter-
lake, 30 October 1928.

"Bridge Completed by November 10th,"” Hollywood [California] News, 1 November
1928.

"New Bridge to Link Arizona and Utah," Ft. Collins [Colorado] Express Courier,
1 November 1928,

"“Travel to Grand Canyon Aided by Modern Highways," Alhombra [Californiaj
Post Advocote, 1 November 1928,

“Bridge to Link Arizona and Utah in Upper Grand Canyon,"” Salt Loke City Des-
eret News, 2 November 1928.

"Grand Canyon Bridge Is Near Completion,” Inglewood [California] News, 2 No-
vember 1928.

"Lee’s Ferry Bridge Will Link Utah and Arizona in Upper Grand Canyon of Colo.

River: Is Highest Structure of Its Kind," Bisbee [Arizona] Ore, 3 November
1928.

"New Bridge to Link Arizona and Utah in Upper Grand Canyon," Solt Loke City
Deseret News, 3 November 1928.

"World's Highest Highway Bridge To Be Opened Next Year," Yumo Morning Sun,
3 November 1928.




# Navagjo Bridge
# HAER No. AZ-28
o page 49

"Bridge To Be Finished Soon," Los Angeles Examiner, 4 November 1928.
"Bridge to Join Arizona-Utah,” Idaho Falls [Idaho] Post, 4 November 1928.
"Grand Canyon Roads Better," Los Angeles Times, 4 November 1928.

“New Bridge To Be Completed Shortly," San Francisco Chronicle, 4 November
1928.

“New Scenic Trip for Colorado Opened by Grand Canyon Bridge," [Denver] Rocky
Mountain News, 4 November 1928,

"World's Highest Highway Bridge To Be Opened Next Year," Tucson Independent,
4 November 1928.

"World’s Highest Highway Bridge To Be Opened Next Year," Puebio [Colorado]
Star-Journal, 4 November 1928.

“New Bridge to Link Arizona with Utah," Palo Alto [California] Times, 6 November
1928.

"Grand Canyon Bridge Dedication Next June," Glendale [Californiaj News-Press,
8 November 1928.

"Are They an Omnipotent Body?" Coconino Sun, @ November 1928.

"Lee’s Ferry Should Be Name Unanimous Verdict of Federation," Coconino Sun,
9 November 1928,

"New Bridge Across Famous Grand Canyon," Havre [Montana] News Promoter,
9 November 1928.

"New Bridge Across Famous Grand Canyon,” Douglas [Arizona] Dispatch, 10
November 1928.

"New Bridge Across Famous Grand Canyon," Watsonville [California) Register,
10 November 1928.

“New Bridge Across Famous Grand Canyon," Sanfa Cruz [California] News, 10
November 1928.

"New Bridge Across Famous Grand Canyon,” Whittier News, 10 November
1928.

"New Bridge Across Famous Grand Canyon," Winslow Mail, 10 November 1928.




# Navajo Bridge
# HAER No. AZ-28
m page S0

“World's Highest Bridge Spans Gorge," Salt Lake City Deseret News, 10 Novem-
ber 1928.

“World's Highest Highway Bridge To Be COpened Next Year," Logon City (Utah}
Journol, 10 November 1928.

“World's Highest Bridge To Be Opened Next Year," Logan {Utah] Journo!, 10 No-
vember 1928.

“New Bridge Across Famous Grand Canyon," Miles City (Montana] Stor, 11 No-
vember 1928.

“New Bridge Across Famous Grand Canyon," Palo Alto [Californial News, 12 No-
vember 1928. )

“New Bridge Across Famous Grand Canyon," Nogales Daily Herald, 13 November
1928.

“‘Grand Canyon Bridge' Is Official Name of Big Span over River at Lee's Ferry,"
Arizono (Gozette, 14 November 1928.

“Grand Canyon Span Opening Postponed," Burlingome [California) Advance Star,
15 November 1928.

“Highest of All Highway Bridges, in Arizona," Glenns Ferry (Idaho] Gozette, 15
November 1928.

"Highest of All Highway Bridges, in Arizona," St Anthony (Idaho] Fremont County
News, 15 November 1928.

“Highest of All Highway Bridges, in Arizona," Filer [I[daho] Record, 15 November
1928.

"Highest of All Highway Bridges, in Arizona," Driggs [Idaho] Teton Volley News,
15 November 1928.

“New Bridge Across Famous Grand Canyon," Winnemucca (Nevada] News Star,
15 November 1928.

“"New Bridge Across Famous Grand Canyon," Redlands [California] Facts, 15 No-
vember 1928.

“Bridge To Be Finished," Glendale [Californial Gateway Herald, 16 November
1928.




# Navajo Bridge
# HAER No. AZ-28
W page 51

"Highest of All Highway Bridges, in Arizona,” Nephi [Utah] Times News, 16 No-
vember 1928,

"Highest of All Highway Bridges, in Arizona," Oakley [Idaho] Herald, 16 Novem-
ber 1928.

"New Bridge Spans Grand Canyon,” San Diego Sun, 16 November 1928,

"Grand Canyon Span Near Completion,"” San Francisco Examiner, 18 November
1928.

"Highest Bridge in the World," Reno [Nevadal Journal, 18 November 1928
"New Bridge to Link," Santa Monica [California] Qutiook, 21 November 1928.

“New Bridge Across Famous Grand Canyon,” Yuma Morning Sun, 29 November
1928.

“Arizona vs. Highwaymen," Coconino Sun, 30 November 1928.

"Changing Name of Lees Ferry Bridge Work of Ghouls Says Pioneer," Coconino
Sun, 30 November 1928.

"Well-Named Bridge,” Coconino Sun, 30 November 1928.

“Lee's Ferry Bridge Is Only North-South Connection in Stretch of Over 600 Miles,”
Tombstone Epitaph, 6 December 1928.

Hoffman, R.A. "Canyon Bridge Is Achievement in Engineering,” Douglas [Arizona]
Daily Dispatch, 9 December 1928.

Hoffman, R.A. "Only Crossing of Colorado in 600-Mile Stretch To Be Open for
Travel Early in Spring,” Bisbee Daily Review, 12 December 1928.

"Huge Bridge Spans Colorado Gorge,” Arizona Republican, 9 JTanuary 1929,
"Lee's Ferry Bridge Open for Traffic,” Winslow Mail, 9 January 1929.

"Lee's Ferry Bridge," Phoenix Gazette, 10 January 1929,

"Grand Canyon Bridge Opened," Los Angeles Tribune, 30 January 1929.

"Grand Canyon Bridge Name Change Asked," Douglas Dispatch, 2 February
1929.




# Navagjo Bridge
# HAER No. AZ-28
M page 52

“State Highway Body to Improve Road to Lees Ferry Bridge at Once Endorses
Kaventa Road," Coconino Sun, 15 February 1929,

“Lee Ferry’' Right Name for Bridge Will Barnes Says," Coconino Sun, 8 March
1929.

“Visitors to Bridge Dedication Urged to Take Their Blankets," Arizona Republican,
11 June 1929,

“Day Marks River Span Dedication,” Anzonag Republican, 13 June 1929.

“Grand Canyon Bridge Dedicated in Ceremony Led by Governors," Arizona Re-
publicon, 14 June 1929.

“Plane in Stunt Below Bridge," Arizona Republican, 14 June 1929.

Bob Thomas, "Marble Canyon To Cross New Bridge," Arizona Republic, 7 April
1991.

GOVERNMENT DOCUMENTS

Arizona Highway Department. "History of the Arizona Highway Department.”
Unpublished manuscript, 1939.

Arizona State Highway Commission Proceedings. Located at Arizona Department
of Transportation, Phoenix, Arizona.

Correspondence files, Arizona Highway Department. Located at Arizona Depart-
ment of Transportation, Phoenix, Arizona.

Eighth Biennial Report of the {Utah] State Road Commission: 1923-24. Salt Lake
City: Arrow Press, 1924.

Fifth Biennial Report of the State Engineer to the Governor of the State of Arizona.
n.p., 1922.

Fourth Biennial Report of the State Engineer to the Governor of the State of Ari-
zona. Phoenix: Republican Print Shop, 1921.

Fraser, Clayton B. “Arizona Bridge Inventory." Report for Arizona Department
of Transportation, 1987.

"Notice to Contractors,” Specifications for Grand Canyon Bridge by Arizona State
Highway Commission, W.C. Lelebvre, State Engineer, dated 16 May 1927.




1 Navajo Bridge
# HAER No. AZ-28
M| page 53

Report of the Stote Engineer of the State of Arizono: July 1, 1909, to June 30,
1914. Phoenix: Arizona State Press, 1914.

Second Report of the State Engineer to the State Highway Commission. Phoenix:
The McNeil Company, 1916.

Seventh Bienniol Report of the State Engineer to the Governor of the State of
Arizona. Phoenix: Kelly Print, 1926.

Sixth Biennial Report of the State Engineer to the Governor of the Stote of Ari-
zona. Phoenix: Manufacturing Stationers, Inc., 1924.

Structure Inventory and Appraisal Records, Navajo Bridge (Structure Number
0051). Located at Arizona Depariment of Transportation, Phoenix, Arizona.

Third Biennial Report of the State Engineer to the Governor and the Commission
of the State Institutions. Phoenix: Arizona State Press, 1918.




¢ Navajo Bridge

o iy
.y | Is l \.-I-._J //'/' - UL .l B P s
- Mofiument AP'.{I'),'RJ’:'/;' g ‘-'L‘r._,,j‘?‘ i
coNRMABM E70R T Y LGN T o ; | e
e sz Ao b A [y PRy [P PCAR, SN and S
B (‘-‘PJ"/ Sa-sff' §) 7 Fn\ : . A
o IR %'E.,/f/': W Tl 3 ' %
PV [ Nig o R . ! o
J

*

\,/“.\

L

e
3
H

£

L

i

;PROPOSED »

1‘.

' Vermilion
Cliffa Lodge

Huveio Sodi

"
g5 | Figure 24. Location Map of Bridge (Lees Ferry, Arizona, USGS Quadrangie Map: 15 Minute Serias, 1954}




# Nawvajo Bridge
# HAER No. AZ-28
W page 65

Appendix

SPECIFICATIONS FOR CONSTRUCTION OF THE GRAND CANYON BRIDGE
Arizona Highway Department, 16 May 1927 (abridged)

EXCAVATION AND EMBANKMENTS
SECTION 1. DESCRIPTION

{a)

Excavation and embankment shall include the work of grading theroadway together
with such surface ditches, channel changes, cut ditches, intersecting rcadways,
clearing and grubbing, excavation lor structures, the backfilling of all structures
and any incidental grading that may be found necessary to the proper completion
of the work.

SECTION 2. CLEARING AND GRUBBING

{a)

(b)

{e)

(d)

(e)

6

{g)

Clearing shall include the clearing of the entire right-of-way or such part as the
[State] Engineer may direct. Clearing shall be kept at least one thousand (1000)
feet in advance of the grading. All trees, brush, etc. shall be cut as clese to the
ground as practical and in no case higher than the stump top diameter.

Grubbing shall be kept at least three hundred (300) feet in advance of grading.
Grubbing will be requited between the slope stakes of all excavations, and between
the slope stakes of all embankments less than two and one-half (2%) feet in height.
Cavities left by reason of powder being used to blow out stumpe must be carefully
and tightly backilled. 1f ordered by the Engineer, these cavities are to be flooded.

No stump top will be perm: -ted within two and cone-half (2%) feet of the top of any
embankment.

All stumps, brush, trees, etc. shall be burned, piled or otherwise disposed of as the
Engineer may direct.

Unless otherwise provided in these specifications, the contract price for grading will
cover clearing and grubbing.

Should the State Engineer have available special equipment for clearing and grub-
bing, he may direct that such work shall be done by the State forces, and shall be
excluded from this contract; notice to this effect will be shown in a special provision.

Structures within the line of work and not necessary to the finished grade shall be
removed as the Engineer may direct.
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SECTION 3. RCADWAY EXCAVATION

{a)

{b)

Roadway excavation shall include all excavation mentioned under Sec. 1 of this
specification.

All materials excavated shall be unclassified, or if classified, shall be classified as
“Solid Rock", "Locse Rock”, "Hard-Pan", or "Common Excavation”, or as otherwise
specitied in Special Provisions.

“Solid Rock" shall comprise rock in solid beds or masses in its original position which
may be best removed by blasting {excepting the material classitied as hard-pan),
and boulders or detached rock measuring one cubic yard or over,

"Locse Rock” shall comprise all detached masses of rock or stone of more than one
cubic foot and less than cne cubic yard, and all other rock that can be properly
removed by pick and bars and without resorting to blasting; although steam shovel
or blasting may be resorted to on favorable occasions in order to facilitate the work.

“Hard-pan" shall comprise all materials not loose or solid rock, which in the opinion
of the Engineer, cannot be properly moved except by blasting on account of its own
inherent hardness, but which after blasting has been resorted to, can be reasonably
plowed by a six up plow, well handled and equipped.

"Common Excavation" shall comprise all materials that do not come from the classiti-
cation of "Solid Rock", “Loose Rock", “Hard-Pan" or other classification of materials
as may be established before the award of this contract.

SECTION 4. SLIDES AND OVERBREAKAGE

{a)

(b)

{c)

Excavation in excess of the authorized cross-section, as well as slides extending
beyond the slope lines shall not be paid for unless due to causes beyond the control
of the contractor or his agents.

In case that payment shall be made for materials in slides, etc. it shall be classified
in accordance with its condition at the time of removal, regardless of prior condition.

Measurement of the material shall be the original space occupied.

SECTION 5. MATERIALS FOR SURFACING

(a)

(b)

Gravel or other suitable material encountered in excavation shall, when so directed,
be reserved for surfacing of the roadway and other material may be borrowed to com-
plete embankment. Payment for the material reserved will be made as materials ex-
cavated, payment for material borrowed to complete the work as material borrowed.

All muck, quick-sand or other unsuitable material shall be removed to such depth
as the Engineer may direct and refilled with suitable material.
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SECTION 6. EMBANKMENTS

(a)

(b)

(e)

d)

(e)

H

Embankments shall be formed of suitable material and shall be carried to such height
above subgrade and tosuchincreased widths as may be deemed necessary provision
for shrinkage, compression and washing.

As embankments become consolidated their sides shall be carefully trimmed to their
praper slopes, and they must be maintained to their proper height, dimension and
slope until the work is finally accepted.

When embankments are placed on sloping ground or existing fills are widened, the
surface shall be deeply plowed or stepped as the Engineer may direct.

Material for embankments over and around structures shall be depoesited in thin lay-
ets, and when directed by the Engineer, shall be carefully tamped. Care shall be
exercised that no excessive strains be placed upon structures by unbalanced loading.

All embankments that are to have a paved surface shall be built in successive lay-
ets of not more than 12 inches in depth for the full width of the cross-section, each
layer to be compacted thoroly [sic] with a power rolled weighing not less than ten
tons. When the bottom of the {ill is of insufficient width to permit the use of a roller,
the material shall be tamped thoroly and satisfactorily. Materials containing sand
in such proportions as to prevent it, when dry, from compacting readily when rolled,
shall not be used except on written approval of the engineer.

The contractor shall be responsible for the stability of all constructed embankments
and shall replace any portions which, in the opinion of the Engineer, have become
displaced due to careless or negligently work on the part of the contractor.

SECTION 7. EXCAVATION FOR STRUCTURES

{a)

(b)
{c)

Excavation for structures, shall consist of the excavation of foundations according
to the plans or as established by the Engineer. It shall include the removal of exist-
ing structures, the pumping or baling of water, bracing and shesting.

Excavated material shall be disposed of as directed by the Engineer.

No payment shall be made for structural excavation which is more than one foot out-
side the area described by vertical planes passing thru the edges of the foundation
bases.

SECTICN 8. DISPOSAL OF SURPLUS EXCAVATION MATERIAL

(a)

When the quantity of excavation exceeds that required to make the embankments
to standard cross-gection, the surplus shall be used to widen the embankments uni-
formly, along one or both sides, or as the engineer may direct, The material, when
possible, shall be deposited below grade and under no circumstancesshall the waste
bank have its nearest edge within ten (10) {eet of the slope stakes of the cutting.
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{b) All wastebanks shall have a neat and finished appearance and if so directed by
the Engineer shall be placed in such a manner as to divert storm water from the
excavation.

SECTION 9. BORROW EXCAVATION
{a) Land for borrow pits shall be provided by the State.

(b) Borrow pits shall be connected with ditches and drained to the nearest water course,
when required. Borrow pits shall not be excavated before they have been staked
out.

(e) Borrowing shall be done in reguiar shape in order to admit of ready and accurate
measurements,

{d) No classification or allowance shall be made for loose or solid rock or hard-pan in
borrow pits unless specific written instructions are given to the contrary by the State
Engineer, it being the intent and meaning of these specifications that all borrowed
materials shall be classified and paid for as common excavation.

SECTION 10. BERME

{a) A berme of not less than five (5) {eet in width shall be left between slope stakes of
embanlments and the edge of the Borrow Pit. When conditions require, the width
of the berme shall be increased as the Engineer may direct.

SECTION 11. OVERHAUL

(a) No payment shall be made for hauling material when the length of haul does not
exceed the limit of free haul, which shall be Five Hundred Feet (500").

(b) The limits of free haul shall be determined by fixing on the profile two points - one
on each side of the neutral grade point - one in excavation and the other in embank-
ment such that the distance between them shall equal the specified free-haul limit
and such that the inciuded quantities of excavation and embankment shall balance.
All haul of material beyond the free-haul limit shall be estimated and paid for on
the basis of the {ollowing method of computation, viz:

(c) All material within this limit of free-haul shall be eliminated from further consider-
ation.

(d}) The distance between the center of gravity of the remaining mass of excavations
and the center of gravity of the resulting embankment, less the limit of free haul as
above described, shall be the overhaul distance.

{e) Overhaul shall be computed in units of 1 cu. yd. moved 100 ft. or one station yard
and compensation to be rendered therefor shall be computed on such units.
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{f)

In case material is obtained from borrow pits along the embankment and runways
constructed, the haul shall be determined by multiplying the number of cubic yards
so hauled byone-half of the round distance made by them, less the free-haul distance.
The runways shall be established by the engineer.

SECTION 12. SUBGRADE

(a)

(b)

)]

d)

{e)

The bottom of the excavation and the top of the {ill, when completed shall be known
as the subgrade and shall be true to line grades and cross-sections given.

Unless otherwise indicated the grade line shown on the profiles represents the fin-
ished surface.

After drains are laid and all structures backfilled the subgrade ghall be brought to
the correct shape. All loose rock shall be removed or broken off to a distance of six
(6) inches below the surface of the sulbgrade and if holes are formed they shall be
filled with suitable material.

All subgrade for paving shall be thoroughly rolled with a power roller of not less
than ten tons weight for the full width of the paving and for a distance of one foot
outside each edge of the same. When required by the engineer subgrade shall be
wetted before being rolled.

Where grading material is not suitable for surfacing, the rocadway shall be finished
to subgrade elevation. Where excavated material is suitable for surfacing the road-
way shall be constructed to finished grade. Hoadway in all cuts and in fills when
required by the engineer shall be plowed or scarified to a depth of six inches. All
stones having a diameter of more than one and one-cquarter inches shall be removed,
The surface shall be brought to the proper cross-section. Payment for same is to be
included in the cost of grading.

SECTION 13. PROTECTION OF SUBGRADE

{a)

(b)

(e

The contractorshall complete all necessary ditches for the protection of the subgrade
and will permit teams or other vehicles to use same only at his own rigk. He will

be held responsible for all damage so caused and shall repair or replace an ; dam-
age to the satisfaction of the Engineer.

No foundations nor surfacing material shall be deposited on the sub-grade until it
has been checked and approved.

Sterage or material will not be permitted between the header boards except with
the written approval of the State Engineer.

SECTION 14. SHOULDERS

(a)

Material for shoulders shall contain no vegetable matter, muck, quicksand or other
material which may not be compacted to form a stable and enduring shoulder.
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(b)

{c)

The shoulders for a gravel surfaced road shall be constructed to such additional
height that when properly compacted and settled they shall be of the required cross-
section and to the grade shown on the plans.

The shoulders for a paved road shall be roiled with a rolled weighing not less than
ten tons and their finished grade shall be that as shown on the plans.

SECTION 15. MEASUREMENT OF QUANTITIES

{a)

(b)

Quantities will be measured in the units used in the contract. Grading work volumes
will be computed by the method of average end areas; masonry volumes will be com-

puted by the prismoidal formula; other quantities will be computed by the customary
engineering usage.

Where solid rock is excavated six inches below subgrade quantities will be computed
to this depth but no payment will be made for refilling to subgrade.

SECTION 16. BASIS OF PAYMENT

(a)

(b)

The basis of payment of all material excavated will be the contract price per cubic
vard with such additional payments as may be covered by extra work.

The basis of payment for earthwork overhaul shall be a unit of one cubic yard hauled
100 feet cr one station yard.

CONCRETE CONSTRUCTION
SECTION 1. CLASSES OF CONCRETE

(a)

(b}

(e)

In general only three classes of concrete will be used. Special structures requiring
other classes of concrete than those provided for below, or requiring modifications
in the materials used will be provided for by means of detailed plans or detailed
specifications covering each particular class of structure.

Class "A" Concrete shall consist of one cubic foot (94 pounds) of Portland Cement,
two cubic feet of fine aggregate and four cubic feet of course aggregate, the several
ingredients being measured separately before mixing. Fine and coarse aggregate
shall be measured loose. Unless otherwise specified or shown on the plans, class
"A" Concrete shall be used for all reinforced concrete and arch rings, and copings,
and for all concrete deposited under water.

Class "B" Concrete shall consist of one cubic foot (94 pounds) of Portland Cement,
three cubic ieet of {ine aggregate and{ive cubic {eet of coarse aggregate, the several
ingredients being measured separately before mixing. Fine and coarse aggregate
shall be measured loose. Unless otherwise specified or shown on the plans. Class
"B" Concrete shall be used for all plain concrete abutments, piers and other massive
structures that do not come under Clags "C".
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{d)

{e)

Class "C" Concrete shall consist of one cubic foot {94 pounds) of Portland Cement,
three cubic feet of fine aggregate and six cubic feet of coarse aggregate, the several
ingredients being measured separately before mixing. Fine and coarse aggregate
shall be measured loose. Unless otherwise specified or shown on the plans, Class
"C" Concrete shall be used exclusively for footings.,

The Portland Cement used in this work shall coniorm to the requirements of the U.S.
Bureau of Standards Circular 33.

SECTION 2. WATER

(a)

Water used in mixing shall be subject to the approval of the State Engineer; it shall
be measured at each mixer in containers adapted to ready adjustment and to accu-
rate delivery of variable quantities. The quantity of water will be subject to regula-
tion at all times by the Engineer, according to the requirements of the aggregate
in use at that time.

SECTION 3. FINE AGGREGATE

(a)

(b)

Sand shall be well graded from coarse to fine and shall consist of clean, hard, dur-
able, uncoated grains, free from lumps, soft or flaky particles, salt, alkali, organic
matter, loam or other deleterious substance, and shall all pass a quarter-inch labora-
tory screen and not more than five per cent shall pass a 100-mesh "Standard Sieve."
Not more than three per cent, by weight, shall be removed by the elutriation test.

Mortar composed of one part, by weight, of Portland Cement and three (3) parts,
by weight, of sand, mixed and tested in accordance with methaods referred to in the
U.S. Bureau of Standards, Circular 33, shall have a tensile strength at the age of
seven (7)and twenty-eight (28) days, of one hundred (100) per cent of that developed
by mortar of the same proportions and consistency, made of the same cement and
"Standard Qttawa Sand" except that sand giving a strength ratio at seven (7) days
and twenty-eight (28) days of less than one hundred (100} but not less than eighty-
five (85) per cent, will be accepted for use in concrete subject to their use of addi-
tional cement. The additional proportion of cement required will be determined
by laboratory tests and shall be the percentage required to increase the tensile
strength ration of the mortar to not less than one hundred (100) per cent at seven
(7) and twenty-eight (28) days.

SECTION 4. COARSE AGGREGATE

(a)

Coarse aggregate shall consist of crushed stone or gravel, having particles larger
than one-quarter inch in size and graded uniformly from the smallest to the largest
particles. Crushed stone shall be obtained from clean, tough, durable rock having
a French Coefficient of not less than 6. Gravel shall consist of ¢lean, hard, durable
and uncoated pebbles of high resistance to abrasion. Coarse aggregate shall be
free from all deleterious matter, and shall not contain dust, ner soft, flat or elongated
particles,
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(b)

(e)
(d)

For plain concrete the maximum size shall not exceed two and cne-half (2 %) inches.
Forreinforced concrete the maximum screen opening shall not exceed the following:

S1-{d + % inch)

82 - (4%d + % inch)

S3.(d + % inch)

S4 - ({4d + % inch) Where d = diameter of bars

S1 = Distance between center of bars

52 = Distance from side form tc center of nearest bar

53 = Distance between centers of layers of bars

54 = Distance from bottom of form to center of nearest bar

The use of unscreened gravel or crusher run stone shall not be permitted.

When sostated inthe special provisions crushed slag fulfilling the following qualifica-
tions may be used as coarse aggregate in footings, abutments, and piers, but under
no circumstances will the use of slag be permitted in slabs, girders or arch rings.
The broken slag shali consist of clean, tough, durable pieces of iron furnace or other
slag of equal quality reasonably uniform in density and quality, non-glassy and free
from thin or elongated pieces. It shall be air-cooled and shall have been exposed
to the weather for a period of at least six (6) months prior to use. It shall contain
not mere than 1.5 per cent of sulphur and the dried slag when shaken to refusal shall
have a weight per cubic {cot of not less than 75 pounds.

SECTION 5. FALSEWORK

{a)

(b)

False work shall be built on good firm foundation and be of sufficient strength to
carry the loads without appreciable deformation. It shall be constructed with 1/20-
inch camber for each foot of span and necessary wedges shall be kept driven as the
weight of the concrete is added so that the bottom of the slab will not drop below
the lines shown on the plans. If appreciable settlement occurs in the false work the
Engineer shall stop the work and require a thorough remodeling to insure a first-
class preduct.

When trussed centers or special means of support other than the ordinary falsework
are to be used, detail drawings of same shall be substituted for approval.

SECTION 6. FORMS

{a)

{b)

(e)

Lumber: Douglas Fir, Southern Pine, or other suitable lumber may be used for forms;
it shall be free from loose knots or other defects. For exposed surfaces, lumber shall
be dressed at least on one side and both edges. Rough lumber may be used for
unexposed surfaces.

The forms shall be durable and rigid and shall be so well braced that bulging or
twisting cannot occur.

All form dimensions shall be checked, and if necessary corrected before concrete
is placed therein.
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(d)
{e)

{f)

(g)

Joints shall be sufficiently tight to prevent the leakage of the mortar,

The interior of forms ghall be thoroughly wetted before concrete is placed and if
neceseary shall be soaked to close shrinkage cracks.

Forms for re-entrant angles shall be cambered and for corners shall be filleted.
Before concrete is placed the interior of forms shall be thoroughly cleaned and all
shavings, sawdust or other debris removed.

Form lumber used a second time shall be thoroughly cleaned and shall be in a
condition acceptable to the Engineer.

SECTION 7. CONSISTENCY

(a)

Sufficient water shall be used, in mixing plain concrete to produce a mixture which
will flatten and quake when deposited in which reinforcement is to be imbedded
to produce a mixture which will flow sluggishly when worked and at the same time
¢an be conveyed {rom the mixer to the forms without separation of the coarse aggre-
gate from the mortar. In no case ghall the quantity oi water used be sufficient to
cauge the collection of a surplus in the forms.

SECTION 8. MIXING

{a)

(b}

(e)

{d)
{e)

A batch mixer of approved type shall be employed unless as otherwise permitted
hand mixing may be employed.

The method and appliances used in measuring the aggregate before mixing shall
be approved by the Engineer. When a batch mixer is employed it shall revelve at
the speed for which it is designed, but net less than 14 revolutions per minute nor
more than 20 revolutions per minute, for a period of at least one minute, and until
a mixture of uniform color and consistency is obtained.

Hand mixing may be employed, by permission of the Engineer, on small isclated
iobs that do not warrant the expense of moving a mixer thereto. Hand mixing shall
be done on a water tight platform, in the following manner; the sand shall be spread
to a uniform depth, the cement spread evenly over it and the two mixed dry until
the mass is of uniform coneistency and color, Over this mixture of sand and cement
the stone orgravel shall be spreac and water added as the mass is turned and mixed.
The ingredients may be assembled and mixed in other order than above, but shall
in all cases be turned at least six (6) times and until the mixture is of uniform color
and consistency.

No hand mixed bateh shall exceed one-hali cubie yard in volume.

No concrete shall be mixed when the temperature is below 35 degrees {. and such
precautions as may be desirable to the Engineer shall be used to protect the work
during such time as the temperature ig below the limit set by these specifications.
No material containing ice or frost shall be used regardless of the temperature of
the air at the time. Aggregate in such condition shall be heated until the material
ie in a satiefactory condition of use. :
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()

The entire contents of the drum shall be discharged belore any materials and placed
therein for the succeeding batch. No concrete will be placed in form after it has
been mixed for more than thirty minutes.

SECTION 9. PLACING

(a)

{b)

{c)

{d)

No concrete shall be continuously and evenly deposited in forms. Allshallow work,
thin sections, and monolithic units, such as girders, slabe and curbae, shall be poured
in one continuous operation. No construction joints shall be allowed except as shown
on the plans, or approved by the State Engineer in writing previous to construction.

Bulkheads may be placed where their use in unavoidable. The location and the
method of placing same shall be determined by the Engineer.

Archringsshall not be concreted until the fill around the abutments has been carried
up to the skewback. Arch rings shall preferably be cast in a single continuous
operation, but where this is impractible [sic], they may be divided by vertical bulk-
heads, into longitudinal sections or by radial bulkheads into transverse sections, of
suchsize that each section can be cast in a continuous operation. Transverse sections
shall be so arranged that the initial stress will not be created in the reinforcement.
In either method, work shall be carried on symmetrically about the crown of the arch
and the sections shall be keyed or doweled together as the Engineer directs. The
spandrel walls shall not be cast until after the centers are struck, and no part of the
coping or railing shall be cast until the spandrel wall is completed. For large arches
and for structures composed of twe or more arches, the contractor shall prepare plans
showing the sections and giving the sequence of concreting that he proposes to use,
which plans shall be approved before this part of the work is started. When concrete
is to be left smooth to receive the waterproofing.

Puddling, tamping and spading shall be done sufficient to bring about the close
filling of the forms and to expel as much as possible of entrained aid. The larger
aggregate ghall be spaded away from the forms and the forms tapped on the outside
to ingure a dense mortar coat and smooth finish. Care shall be exercised to place
the concrete around the reinforcing steel without disturbing same.

SECTION 10, DEPOSITING IN WATER

(a)

Concrete shall be deposited in water only with the approval of the State Engineer.
The method and appliances used shall be approved by the Engineer an the work
done under his supervision. The concrete shall be carefully placed in a compact
mass in the space in which it is to remain and shall not be disturbed after being
deposited. No concrete shall be placed in running water and forms that are not
reasonably watertight shall not be used for holding concrete deposited under water,
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SECTION 11, CONSTRUCTION JOINTS

(a) Before new concrete shall be placed on thet which has set, special precautions shall
be taken to secure union between the two: laitance shall be removed and the old
surface shall be thoroughly cleaned and wetted.

{b) If the Engineer shall so direct, at the end of the day's work or other interruption of
the placing of the concrete, dowels or beveled shaped wooden keys shall be placed
in the soft concrete, the wooden keys to be removed before additional concrete is
placed. Where practicable stones mey be used for dowels, same to be embedded
to about one-half their depth and left in place.

(¢} Sofar as possible the location of construction joints shall be planned in advance and
the placing of concrete carried continucusly from joint to joint. These joints shall
be perpendicular, to the principal lines of stress and in general be located et points
of minimum shear.

SECTION 12, CURING CONCRETE

{a) As a general rule forms may be removed from piers, abutments and walls, etc. in
three ways; from small culverts, arches and minor structures of like nature, ten to
fourteen days; from large and important structures asslabs, girders and large arches,
from three weeks to a month. The Engineer may extend these time limits for reason
of freezing weather or other conditions that may retard the setting of the concrete.

(b) Care shall be taken in removing forms so as not to deface or injure the structure.
Holes and porous spots shall be filled in a manner satisfactory to the Engineer.

(¢) Bolts, wires, etc., used to hold forms shall be cut off and covered in a neat and work-
manlike manner.

SECTION 14. FINISHING CONCRETE

(a) Alltop surfaces of walls, abutments, piers, etc., shall be carefully tamped and trow-
elled to a smooth surface and when setting protected from the direct rays of the sun.

(b} Expansion joints and the manner of constructing are shown on the "Standard” plans.

{c) Unless otherwise specified the forms of all ornamental work, railings parapets and
all exposed vertical surfaces shall be removed as soon as safety of the work will
permit (usually in not less than 12 nor more than 48 hours), and eny small cavities
filled with mortar of the same mix as used in the concrete. The whole surfacing shall
then be rubbed with a wooden float and clean water until all form marks are re-
moved, leaving the surface plain, smooth and uniform in color and appearance.
Cement wash will not be allowed.

SECTION 15. PIPES AND CONDUITS

(a) Thelocation and details of pipes and conduits will be shown on the "Standard” plans.
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SECTION 16. DRAINAGE AND WEEP HOLES

{a)

The location and details of weep holes will be shown on the "Standard” plans.

SECTION 17. WATERPROOFING

{a)

(b)

Where indicated on the plans concrete shall be waterproofed by incorporating in
the mixture hydrated lime in the amount of ten {10) per cent by volume of the cement
used. The hydrated lime shallmeet the requirements of the “Standard Specifications”
for hydrated lime of the American Society for Testing Materials, Serial designaticn
C-6-15; and shall be of a class known as calcium.

This material shall be treated as an addition and not as replacing an equal amount
of cement.

SECTION 18. RUBBLE CONCRETE

{a)

In Class "B" Concrete in plain piers, abutments and retaining walls, having sections
two feet thick or more "one man” stone may be used. When such stone is used, it
shall be clean, sound and hard, and each piece shall be completely surrounded by
a layer of concrete not less than six inches thick. The stone shall be thoroughly
wetted belore placing in the concrete.

REINFORCEMENT
SECTION 1. DESCRIPTION

(a)

All concrete reinforcement shall consist of square twisted, deformed or plain bars,
expanded metal, wire cloth or structural steel shapes, as called for on the plans or
as specified. Unless specifically shown, otherwise, the sizes of bars shown on the
plans are in all cases for the side of the sqquare bar. If other sections are used the
area shall be equivalent to that indicated. On all defermed bars the minimum
sectional area of the bar will be considered the effective area.

SECTION 2. MATERIAL

{a)

(b)

Unless otherwise specified all square twisted, deformed and plain bars shall meet
the requirements of the Standard Specifications for Billet-Steel Concrete Reinforce-

ment Bars of the American Society for Testing Materials, Serial Designation A 15-
14.

Where purchased from warehouses in small lots reinforcement may, at the discretion
of the Engineer, be accepted subject to the bending test only.
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SECTION 3. EXPANDED METAL AND WIRE CLOTH

(a)

Expanded metal or wire ¢loth shall be manufactured from material fulfilling the
requirements of the Standard Specifications of the American Society for Testing
Materials for Billet-Steel Concrete Reinforcement Bars, Serial Designation A 15-14

SECTION 4. STRUCTURAL STEEL SHAPES

{a)

The steel for structural shapes shall fulfill the requirements of the Standard Specifi-
cations of the American Society for Testing Materials for Structural Steel for Bridges,
Serial Designation A 7-186.

SECTION 5. PLACING REINFORCEMENT

{a)

(b)

(¢)

When placed, all reinforcement shall be free from dirt, oil, paint, grease, mill-scale,
loose or thick rust.

Where bending is required, it shall be accurately done and all reinforcement shall
be placed in the exact position shown on the plans, and shall be so securely held
in position by wiring to and blocking from the forms and by wiring together at in-
tersections, that it will not be displaced during deposition and compacting of the
concrete.

Placing and fastening of reinforcement in each section of he work shall be approved
by the Engineer before any concrete is deposited in the section.

SECTION §. SPLICING REINFORCEMENT

(a)

Whenever it is necessary to splice reinforcement at points other than those shown
on the plans, drawings showing the location of the splices shall be submitted and
approved before the reinforcing steel is ordered. Splices shall be avoided at points
of maximum stress, they shall, where possible, be staggered; andshall be designated
to develop the strength of the bar. Where spliced by lapping, the bars shall be
securely wired together and the lap shall be long enough to develop the strength
of the bar without exceeding a bond stress of 80 pounds per square inch for plain
bars or 100 pounds per square inch for bars having a mechanical bond.

SECTION 7. BASIS OF PAYMENT

{a)

Reinforcing steel will be furnished by the State. Placing reinforcement will be paid
for at the contract price per pound or per square fcot as stated in the proposal for
the material complete in place, which price will include all equipment, tools, labor,
wire or other materials used for fastening reinforcement in place.
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STEEL
GENERAL

Unless specifically stated otherwise all steel, fabrication of members, erection,
painting, measurement, and payment shall conform to the Standard Specification
for Steel Highway Bridges, United States Department of Agriculture Bulletin No.
1259, and supplemented by the following:

All truss connections shall be fully developed for gross section in compression mem-
bers and for net section in tension members.

All lateral and sway connections shall be fully developed for net section.

Erection stress diagrams must be checked by the contractor and he shall assume
tull responsibility for stability during erection.

The erection acheme as outlined in the plans is what is considered the most economi-
cal, however, if the contractor wishes to use some other method of erection he has
the privilege to do so but it is understood that only the metal used in the finished
structure will be paid for under this contract. Inthe event of a change of the erection
scheme involving a re-design of the approach spans, the contractor ghall submit
plans for approach spans which plans must meet the approval of the State Engineer.

In the event heavier erection loads are used, than are provided for in the design,
and which necessitates increase in members, the contractor shall fumish such addi-
tionel metal in members at no expense to the State.

Wind ties, as shown upon the plans, shall be provided by the contractor during
erection and he shall assume responsibility for their stability.

The design of the arch memkbers is based on "Alternete 2 - Floor System”. Theright
is reserved to adopt either of the three alternates and to make such revisions in the
sections of the members as may be required for this substitution. The right is also
reserved to make such revisions in the design as are required by the Federal Govern-
ment or to make such revisions as are necessary to change the design from a three
hinge archto a two hinge arch under action of the deck and live load and no allow-
ance for anticipated profits will be made for any of these revisions nor will such
revisions invalidate and conditions of the contract. Notice of such revisions will be
given within 30 days after the date of the award of the contract.

Shop plans shall be submitted in triplicate for checking and no fabrication of steel
work shall commence until approval of these plans is given. The contractor shall
assume the responsibility of any material ordered before the shop plans are approved.
After the approval of these shop plans, the contracter ghall furnish six sets of ap-
proved shop plans, two sets of which shall be on cloth. Approval of shop plans
will be general and such approval will not relieve the contractor from any responsi-
bility whatsoever, and the contractor will be held liable for all errors in detailing
or fabrication.,
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The contracter shall check the position of the arch abutments and shoes as deter-
mined by the engineer and shall take full responsibility as to their correct distance
apart and for the correct closure of the arch at the center hinges.

CAMERON BRIDGE

The bridge across the Little Colorado at Cameron was designed for a total load of
ten (10) tons. As some of the members for the new Grand Canyon Bridge are in ex-
cess of this weight, the Cameron Bridge must be strengthened if loads in excess
of the design load are to be hauled across this bridge.

There will be furnished the contractor a sketch of the proposed strengthening io
increase the total load permissible to fifteen (15) tons.

This gketeh is furnished the contractor as a help to the solution of the problem and
in the event it or any other method is used, the contractor assumes full responsibility
for damage to existing bridge and loss of material of any description, and such
damaged portions of the bridge or materials lost shall be replaced at the contractors
expense, ordinary wear being excepted.

Inthe event the contractor wishes to use a method of strengthening this bridge other
than that furnished by the State, plans shall be submitted which must meet the
approval of the State Engineer, such approval will not relieve the contractor of any
responsibility for damage to the bridge or loss of materials.

SHOP ASSEMBLING

General reaming will be required, and all arch members shall be shop assembled,
sub-punched, reamed and match marked; floor system connections shall be sub-
punched and reamed to steel template.

FABRICATION

The contractor shall furnish for this purpese two steel tapes of 200Q° length; these
tapes to be standardized and one to be used in the shops for laying out the material,
the other to be used in the field for the use of the engineer in fixing the pesition of
the shoes of the structure, and both of these tapes shall, after fabrication of the
structure, become the property of the State Highway Department. In laying outsteel
work and making templates, all measurements shall be made by standardized tape
as furnished by the contractor and correct for a temperature of 60° F. For the
purpose of the above, the tape in use may be kept immersed in water at the specific
temperature, and all measurements made, so far as possible, under conditions where
the work is not subject to direct rays of sunlight or blasts of extreme heat or cold.
In laying out the work in the field, the same conditions will be adhered to with par-
ticular reference to fixing the exact distance between centers of pins of arch span
at the time of concreting the last pier. Camber shall be provided by shertening cr
lengthening the members an amount equal to the deformation caused by double the
dead load stress.
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ERECTION

If two-hinged design is used, the center connection shall be drilled and riveted after
the structure is swung. The entire structure shall be riveted before the concrete floor
is poured. H arch is changed from three hinge to two hinge as provided, the center
connection shall be mede without initial stress at e temperature of 60° F. H it is
necegsary to make this connection at a temperature other than 60 ° F., the engineer
shall compute the stress set up in the center top chord member by the difference
of temperature between 60° F. and that at which the connection is actually to be
mede, and such stress, whether in tension or compressionshall be articuleted caused
in the member and the connection shell be made under such circumstances, and
preferably on a cloudy day or after sunset. The shortening or elongation of the
member necessary to produce the stress may be measured by an extensometer fur-
nished by the State Highway Department, the contractor to furnish and erect such
appliences es may be necessary to produce said stress and to mount such extensome-
ter and to mark the member as directed for the purpose of measurement. The joint
at which the final connection is made may elso be manipulated by ioading the struc-
ture, in case the temperature varietion is small, in such e manner that after the
connection is made, and he load removed, the stress in the center top chord member
will be such as to correspond with the stress due to the temperature variation.

PAINT

Shop Coat:
All structural steel shall be given one (1) shop coat of No. 801 Supericr Graphite
Paint, or equal, before it is loaded for shipment.

Field Painting:

The first field coet shall be applied of No. 32 Superior Graphite Paint, or equal.
Thesecond field coat shall be applied not less thanone (1) week after the applicetion
of the first field coat and shall be of No. 30 Superior Graphite Peint, or equal.

COSTS AND ACCEPTANCE

The manufacturer of eachbrand of paint submitted for acceptance under these spec-
ifications, or any contractor desiring to use any particular paint for the work to be
done under these specifications shall file with the Engineer a certificate of analysis
and manufacturer’'s guarantee, setting forth the trade name or brand of the paint
to be furnished, together with a facsimile copy of the label (if the material is of the
ready mixed type) and a typical analysis showing the percentage of each of the
chemical elements in the pigment and vehicle. The Manufacturers Guarantee shall
provide that all paint furnished under these specification shall conform to the cer-
tified analysie as filed and to the statement of the various percentages of the ingredi-
ents on the receptacle or container. The Manufacturers Guarantee shall be sworn
to by a person having legal authority to bind the Menufacturing Company by his
acts.
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Samples of paint for testing shall consist of at least a one-quart sample from every
five (5) barrels in a consignment. These samples may be tested individually or as
a composite representing not more than twenty-five (25) barrels. Samples shall be
submitted for test at least thirty (30) days beiore the paint represented by the sampies
is to be used. No paint shall be accepted for use until it has received the written
approval of the Engineer.

From time to time during the process of the work samples of the paint being used
may be taken and subjected to laboratory tests, at the discretion of the Engineer.
A material difference in composition and working quality of these samples, as com-
pared with the original samples or as compared with the Manuiacturers Guaranteed
Analysis may be considered sufficient cause for rejection of the defective materials
and for suspension of payments on the work already done with them.

BASIS OF PAYMENT

Measurement of quantities and payment for fabrication and erection will be made
cn a pound price basis as specified in Paragraph 52, Section 1, Division II of Bulletin
1259, and this payment shall be full compensation for furnishing materials, shop
plans, labor, tools, equipment, templates, patterns, and iorall workincidental thereto
whichis necessary to manufacture, fabricate, paint, ship, haul and erect allstructural
steel, castings, rivets, bolts, pins, nuts, and all parts required for the complete
erection of the bridge. Payment will be made only on that material whichis included
in the completed bridge, and all material used in erection which is not a part of
the completed structure shall be paid for by the contractor without compensation.
The contractor shall submit complete shipping invoices in triplicate with each
shipment which shall show the scale weights of the individual pieces and the net
weights of all crated and boxed pieces.

PARTIAL PAYMENTS

Partial payments will be paid as provided in specifications on all items except strue-
tural steel. No estimate will be allowed on structural steel until the closure of the
arch at the crown, at which time an estimate of ninety percentum of the steel com-
plete in place will be allowed. After which partial payments will be allowed on
structural steel as it is completed in place and in accordance with the specifications.
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