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ASH AVENUE BRIDGE
(SALT RIVER CROSSING)

BRIDGE EVALUATION STUDY
CITY OF TEMPE

PROJECT 876l91B
MARICOPA COUNTY, ARIZONA

DONOHUE PROJECT 17685

EXECUTIVE SUMMARY

The City of Tempe has proposed to channelize the reach of the Salt River

from the Southern Pacific Railroad structure upstream through the Ash

Avenue and Mill Avenue bridges to the McClintock bridge. The Flood

Control District of Maricopa County will maintain the river channel after

construction is completed.

OBJECTIVES

The objective of this study is to determine the adequacy of the Ash

Avenue bridge to survive a flood with the current non-channelized and

future channelized conditions and also the capacity of the bridge to be

converted to a functional pedestrian bridge to provide access across the

Salt River. With these objectives, four alternatives were identified and

Rehabilitation/Repair" , Modification", andI
analyzed. These alternatives

"Structure

are "Do Nothing" , "Structure

"Structure

Removal". The "Do Nothing" alternative basically allows the structure to

remain in its existing closed condition without repair or rehabilitation.

The "Structure Rehabilitation/Repair" alternative involves rehabilitation

and repair to return the structure to the original design configuration

The "Structure Modification" alternative involves a

I
I
I

and condition.

combination of rehabilitation

structural deficiencies. The

and repair

"Structure

with modifications to correct

Removal" alternative involves

I
I
I
I

complete removal of the structure.
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HISTORY

The Ash Avenue bridge once served as a major structure crossing the Salt

River and linking the City of Tempe to western and northern portions of

the state, including Phoenix. However, since abandonment in 1934 and the

completion of the adjacent Mill Avenue bridge this structure has been

closed to traffic by ADOT due to its deteriorated physical condition and

serious structural inadequacies.

Constructed in 1911-1913 by inmates from the Territorial Prison at

Florence, the Ash Avenue bridge is an eleven span open spandrel,

reinforced concrete, three-hinged arch with two arch and column abutment

spans. The overall structure length is 1507.75 feet providing an 18 foot

clear roadway width. The design loading is based on a liveload of 100

pounds per square foot plus a 15 ton traction force.

During the structure's relatively short and eventful service life of

approximately 20 years, it experienced considerable distress seriously

affecting the condition of the structure and its ability to carry imposed

loads. This structural distress is caused by a combination of factors,

including unanticipated traffic growth, impact loading, river scour,

substructure settlement, thermal forces, and original design and

construction detail deficiencies. The result of these distress factors

is a significantly reduced load carrying capacity, significant structural

deterioration, failure of all primary bridge members and connections, and

a general feeling that the structure is in need of extensive repairs and

modifications or removal.

The "Fourth Biennial Report of the State Engineer to the Governor" for

the period of July 1, 1918 to December 31, 1920, stated, "an analysis of

stresses calls the sufficiency of the floor system and arch rings

seriously in question".

-2-
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The Arizona Highways, "Days of Tempe Bridge Are Numbered", dated May

1925, by Ralph Hoffman, State Bridge Engineer, states, "we are quite

certain that its (Tempe bridge) days are numbered"; and, "The deflection

of the slab takes a form of a smooth reverse curve, such as would be

expected in a series of continuous girders with one span loaded, but on

an exaggerated scale. Thus we might picture a series of see-saws end to

end, and each linked to the other. Strike one joint of this series and

the shock would be transmitted in a wave motion throughout the entire

length of the series. Some such action undoubtedly takes place in the

transmission of the impacts on the bridge as it is quite apparent that

there is a periodic wave which is transferred through the crown hinges".

CURRENT CONDITION

The overall condition of the structure varies from poor to failed. The

concrete deck is in poor condition with transverse cracking near the

piers. The curb and traffic barrier members are in poor condition with

several segments completely failed. The spandrel posts are in poor

condition with numerous members completely failed and virtually all

connections at the arch rib cracked. The arch ribs are generally in poor

condition with longitudinal cracking along the arch rib near the main

reinforcing steel. The pier units are in poor condition; and, due to the

scour of the river bed, several of the caissons are exposed.

The original design assumptions and methods of analysis no longer apply

to the Ash Avenue bridge because of the numerous structure modifications

and the extent of failed members and connections. The Standard

Specifications for Highway Bridges, Fourteenth Edition, 1989, as adopted

by the American Association of State Highway and Transportation Officials

must be used as a basis for the evaluation of the structure.

Based upon the overall condition and the current structural analysis

criteria, the structure has "failed". This failure has not yet caused a

physical collapse. The potential does exist for the structure to

-3-



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

collapse under its own weight as it exists today. Although it cannot be

said with any degree of accuracy as to when there will be a sudden

catastrophic collapse, heavy construction in the area does cause

vibrations that could contribute to that collapse.

REVIEW OF ALTERNATIVES

Both the "Do Nothing" and "Structure Rehabilitation/Repair" alternatives

do not correct the structural and physically deficient condition of the

structure. The "Do Nothing" alternative may lead to the complete

collapse of the structure. In the existing channelized condition, the

structure has the potential to overturn and be a hazard to the Southern

Pacific Railroad bridge and all facilities downstream by causing

accumulation of debris and a hydraulic "jump". The "Structure

Rehabilitation/Repair" alternative, which returns the structure to the

original design configuration and condition, was structurally inadequate

originally and would remain so now.

The "Structure Modification" alternative requires significant and costly

rehabilitation, repair, and modifications to the main arch ribs and other

primary members to correct design deficiencies, repair physical

deterioration, provide an adequate load carrying capacity, and a factor

of safety against overturning. This alternative can be made to solve the

structural deficiencies but the newly configured structure will not

retain its original identity. The cost of this alternative will exceed

the cost estimate recently completed by the City of Tempe for a new

structure near this location which was $8 million. This alternative is

not economically viable.

The fourth alternative of "Structure Removal" requires complete removal

of the structure and eliminates future liability for the owning agency.

This is the only alternative that provides absolute assurance that the

proposed channelization of the Salt River can be safely accomplished

without threatening other existing bridges.

-4-
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The Ash Avenue bridge is on the National Register of Historic Places and

any proposed construction operations must be coordinated with the State

Historic Preservation Officer. For additional information, refer to the

report "Section 404 Permit and Historic Permit Investigation", Ash

Avenue, City of Tempe Project Number 876l91B.
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ASH AVENUE BRIDGE
(SALT RIVER CROSSING)

BRIDGE EVALUATION STUDY
CITY OF TEMPE

PROJECT 876l91B
MARICOPA COUNTY, ARIZONA

INTRODUCTION

This Bridge Evaluation Study provides the City of Tempe with engineering
documentation regarding the structural adequacy and capacity of the Ash Avenue
bridge to survive a flood in the current non-channelized and future
channelized condition and to be converted to a functional pedestrian bridge to
provide access across the Salt River.

The information contained in this study is based upon a limited visual review
of the structure, review and evaluation of record drawings, review of
maintenance records and reports, review of historic documentation and records,
evaluation of destructive testing (DT) results, and structural computations.
General loading combinations under consideration are in accordance with the
Standard Specifications for Highway Bridges (Specification adopted by the
American Association of State Highway and Transportation Officials (AASHTO).
These loading combinations include deadload (the weight of the structure),
pedestrian liveload, hydraulic loading, and windloading for both the non­
channelized and channelized river conditions.

Since its construction during 1911-1913, the Ash Avenue bridge has undergone
considerable distress due to changes in loading conditions which have
seriously affected the condition of the structure and its ability to withstand
imposed loads. Furthermore, flooding conditions of the Salt River have caused
significant scour of the river bed with undermining and settlement of
substructure units resulting in additional distress to the structure.

The City of Tempe has proposed to channelize the Salt River as part of the Rio
Salado improvement plan. The proposed channelization extends from the
downstream Southern Pacific Railroad structure, through the Ash Avenue and
Mill Avenue bridges, to the McClintock Drive bridge upstream. This
improvement to the Salt River will modify the hydraulic flow characteristics
imposed on the structure thereby further changing the loading conditions
applied to the structure. This project will be a joint effort of the City of
Tempe, the Arizona Department of Transportation, and the Flood Control
District of Maricopa County.

DESCRIPTION OF THE STRUCTURE

The structure is an open-spandrel, reinforced concrete, 3-hinged arch with an
overall length of approximately 1507.75 feet and overall width of
approximately 20 feet. The clear roadway width is approximately 18 feet. The
structure consists of 11 main spans and 2 abutment spans. Individual main
span lengths are approximately 131 feet between the centerline of the pier
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units. The south and north abutment span lengths are approximately 40.33 feet
and 32.42 feet, respectively.

The superstructure of the abutment spans is similar to the main spans except
for the vertical spandrel columns. The columns are supported on a large
footing at the south abutment with caissons extending to bedrock and on
bedrock at the north abutment.

consists of a reinforced concrete slab
at lO.83-foot spacing. The transverse
spandrel posts rising from the main arch
arch ribs have a center-to-center spacing
concrete slab overhang and handrail are
at the outer edge of the slab. The

respectively, by the spandrel posts and
are a continuation of the transverse

The superstructure of the main spans
supported by transverse floorbeams
floorbeams are supported by vertical
ribs. The two variable depth main
of approximately 12.66 feet. The
supported by a longitudinal beam
longitudinal beams are supported,
overhanging corbel beams which
floorbeams.

I

I
I

I
I

I
I
I

All of the pier units are massive reinforced concrete shafts supported by
various types of foundation combinations. Piers Nos. 1, 3, 5, 6, and 8 are
supported on two (2) 6-foot diameter excavated caissons spaced at l3-foot
centers. Piers Nos. 2 and 10 are supported directly on bedrock. Pier No.4
is supported on six (6) excavated caissons with a transverse spacing of 13
feet and a longitudinal spacing of 20 feet. Pier No. 9 is founded on six (6)
5-foot diameter excavated caissons with 13-foot transverse and longitudinal
spacing.

The parapet railing, curb, and post have a combined height of three (3) feet.
The handrail is located on 4-inch diameter balusters spaced at 9-inch centers
with an 8-inch by 12-inch post located at each spandrel post. This
arrangement is repeated between each spandrel post.

I
I
I

The Ash Avenue bridge has been closed
construction of the adjacent Mill Avenue
structural distress and the inability of
traffic volume and weight.

to traffic since
b~idge. Closure

the bridge to carry

1933 following
was a result of
ever increasing

I
I

No utilities are attached to the structure; however, an overhead high voltage
transmission line crosses the Salt River within the immediate vicinity of the
bridge. This facility may present safety and hazard concerns during future
reconstruction and/or removal operations due to its close proximity.

HISTORIC STRUCTURE INFORMATION

I
Historic data was found through the review of articles from Engineering News
Record and Arizona Highways. Reports from the State Engineer to the Governor
were used to substantiate information reviewed.

I
I

Final construction plans
and under arrangements
prisoners were employed

for the structure were completed during early 1911,
with the Territorial Prison at Florence, Arizona,
to construct the bridge. Construction supervision

I
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consisted of 2 engineers, 5 foreman, 2 carpenters, and several prison guards.
The structure was opened to traffic on September 20, 1913.

Original plans and specifications detailed a 9 span solid arch ring bridge
approximately l22S feet long with a l6-foot roadway. During early
construction operations, the plans and specifications were revised to an 11­
span arch rib with open spandrel walls and a roadway width of 18 feet.
Reasons for this change in structure type have not been documented, and may,
in fact, be a cause for some of the structural deterioration experienced
during the early life of the bridge.

The design loading for the structure was based upon a live load of 100 pounds
per square foot plus a lS-ton traction engine. Early documentation indicates
that the completed structure was statically indeterminate with the sufficiency
of the floor system and arch rings in serious doubt.

During the period from Thanksgiving, 1919, through March 3, 1920, flooding of
the Salt River caused severe scour resulting in excessive settlement of Pier
No.9. Emergency repairs were made; however, there were concerns whether the
structural adequacy of Pier No. 9 and 5 other piers could sustain vertical
loadings.

Traffic volumes and weights, particularly trucks, increased dramatically over
design projections, resulting in distress to the members caused by increased
impact and vibrations. At numerous times during the early life of the bridge,
limitations on truck traffic and speed were considered to minimize impact
loading.

Serious cracking of structural members, including the arch ribs, floor,
spandrel posts, handrail, and expansion joints required repairs. Within 10
years of its construction, it was necessary to inform the State Legislature of
the poor conditions of the structure, and the possibility of restricting
traffic or closing the bridge.

I
I

During the early to mid 1920's, the condition of the bridge
so much that plans for a new structure crossing the
implemented. Following the completion of the adjacent Mill
1931, the Ash Avenue structure was abandoned on May 22, 1933.

ANALYTICAL EVALUATION

had deteriorated
Salt River were
Avenue bridge in

I
I
I
I
I

The procedures used to analyze the structure consist of a multi-step approach:

Step No.1 - Initial review and evaluation of the available structure plans
and documentation. This review identified structural members with potential
problems and allowed for the chronological review of the structural capacity
of the structure.

Step No.2 - Visual field review of the structural members and joints noting
deficiencies, including: spalls; scaling; delaminations; and, the general
condition of the appropriate elements. Field review of the deck surface,
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handrail, arch ribs, spandrel post, spandrel columns, floorbeams, piers, and
abutment units was completed using a walk-by procedure to substantiate past
inspection reports. The inspection team noted the condition of the various
structural members. After the inspection of two spans, it became apparent
that the majority of the deficiencies were consistent throughout each span, as
well as similar members. Measurements of the structure, including the slab,
transverse floorbeams, spandrels, corbels, spandrel arches, longitudinal
stringers, and main arch ribs were completed with the assistance of a
hydraulic man-lift machine.

Step No.3 Inspection procedure involved preliminary evaluation of the
condition of the various members with the intent to identify the location
where to take concrete core samples to determine the member strengths, depth
of delaminations, and extent of deterioration.

Step No.4 - Testing procedures were implemented to substantiate the condition
of the concrete and reinforcing steel to verify design strengths.

Step No.5 - Structural analysis of the structure to determine the overall
condition and to compute the structural capabilities of the members.
Capacities were computed for the stability of the structure to withstand a
design flood event in the current non-channelized and future channelized river
configuration with and without pedestrian loading. Capacities were computed
for the deck slab, transverse floorbeams, longitudinal center support beam,
curb beams, spandrels, and main arch ribs.

FIELD REVIEW, EVALUATION, AND RATING SPECIFICATIONS

The following specifications must be used as a basis for the walk-by field
review and evaluation of the structure:

Standard Specifications for Highway Bridges, 14th Edition, 1989, as adopted by
the American Association of State Highway and Transportation Officials.

I
Manual of Maintenance Inspection of
Association of State Highway and
periodic revisions through 1989.

Bridges, 1983 as adopted by the American
Transportation Officials and amended by

I
I
I
I
I
I

SUMMARY OF CONDITION

The structure has undergone considerable distress as evidenced by the numerous
areas of cracking, spalling, and general deterioration of the load carrying
members. A majority of this distress occurred during the early life of the
structure and prior to its abandonment in 1933. In general, the deterioration
has been caused by settlement, vibration or impact loading from trucks,
increased traffic volumes, and thermal forces.

Deck Surface

The asphalt wearing surface is in a poor to failed condition. The asphalt is
severely cracked, weathered, and spalled at several locations.

-9-
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Concrete Deck

The section of the concrete deck between the arch ribs is in fair condition.
The section of the concrete deck supported between the arch rib and the curb
beam is in poor condition. Since the concrete deck is covered with an asphalt
wearing surface, only the bottom side of the concrete deck could be visually
reviewed. The underside of the deck has transverse cracks throughout the
bridge exhibiting leaching and efflorescence. Between the pier and the first
spandrel on each side of Pier Nos. 1, 2, 3, and 4, transverse cracks extend
the full width of the deck, and in several instances extend down the spandrel
arches. There are several locations where the reinforcing steel is exposed.
The underside of the deck between the arch rib and the curb beam is severely
cracked, spalled, and delaminated and exhibiting efflorescence with exposed
reinforcing steel. The underside of the deck in Span Nos. 4, 7, 8, and 9 is
darkened and could have been exposed to fire.

Expansion Joints - Over Piers

The expansion joints over the piers are failed and the surrounding concrete is
spalled and delaminated.

Deck Expansion Joints - Over Crown Hinge

The expansion joints over the crown hinges have failed and are leaking. The
concrete under them is spalled, delaminated, and exhibiting efflorescence.

Parapet Railing. Posts, and Curbs

I
I

The parapet railings, posts, and curbs
extensive spalling and delamination.
completely missing on some portions of
curb section is badly spalled with the
throughout the bridge.

are in a poor to failed condition with
The parapet railing and post are

the bridge. The exterior edge of the
longitudinal reinforcing steel exposed

I
I

I
I
I
I

Spandrel Posts

The spandrel posts are in a poor to failed condition. Many of the spandrel
posts are severely spalled, delaminated, and cracked horizontally and
vertically. At some of the spandrel posts, only the reinforcing steel is left
in place versus concrete encasing them. Many of the spandrel posts were
repaired with Gunite which is cracked, spalled, and delaminated.

Spandrel Columns

The spandrel columns are in fair condition. The spandrel columns exhibited
some minor spalling. Many of the spandrel columns have horizontal cracks at
the pier to column connection. Several of the spandrel columns have vertical
cracks. The spandrel columns where expansion joints were installed are
cracked at the expansion joint near the top of the column.

-10-
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Main Arch Ribs

The main arch ribs are in poor condition. Most of the arch ribs exhibit
severe cracking and some spalling at the crown hinges. Many of the arch ribs
have longitudinal cracks either near the top or bottom on the side of the arch
paralleling the main reinforcing steel. These cracks may be full width of the
arch rib since some appear on the interior and exterior surfaces. In some
instances, these cracks run near the quarter and three-quarter points of the
spans.

I
I

At the west arch rib in Span No. 11, there is a horizontal crack extending
through the arch rib.

At the east arch rib in Span No. 10, the bottom main reinforcing steel is
exposed and buckled. The concrete surrounding this location is severely
cracked with the cracks extending longitudinally each direction and extending
to the top side of the arch.

I At the east arch rib in Span No.9, there are vertical cracks perpendicular to
the arch rib which show on all four surfaces of the arch rib.

poor to failed condition with major
been performed on the bridge during

in
has

structural design deficiencies which are
serviceability, and functional aspects.

an overstressed, or failure condition in
must be corrected if the structure is to

level of service.

The field review identified several
affecting the structural capacity,
These deficiencies have resulted in
the structure. These deficiencies
provide an acceptable and adequate

In summary, the Ash Avenue Bridge is
structural concerns. No maintenance
the last 57 years of its life.

I

I
I

I
I
I
I
I
I
I

The slenderness requirements (depth, width, and effective length) and lateral
bracing spacing of the main arch members are not satisfactory, thereby
seriously decreasing the member capacity.

Bar development and lap lengths are not adequate to transfer the imposed
loading at the connection between the spandrel posts to the main arch rib.
Therefore, many of these joints are overstressed with resultant failure.

Liveload deflections during the early years of the structure's life were
documented as being excessive. Due to the closed condition of the structure,
no field verification of liveload deflections were possible; however, based
upon the slim nature of the load carrying members and from calculations, it
can be assumed that deflections were in fact of a magnitude to raise concern.

FIELD SAMPLING AND TESTING

During the walk-by field review and initial evaluation df the structure,
additional testing procedures were implemented to substantiate the condition
of the concrete and reinforcing steel and verify design strengths to be used
in the analysis phase.

I
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Fifteen (15) concrete core samples were taken at various locations in the deck
slab, main arch ribs, spandrel arch diaphragms, pier footings, and caissons.
The spandrel posts were not used to obtain core samples due to the extent of
deterioration. Core samples consisted of both 2-inch and 6-inch diameter
specimens and were tested in accordance with the American Society of Testing
Materials (ASTM) Specification C-42. The core samples exhibiting large
aggregate to size of sample ratio were not tested because the test results
would reflect aggregate strength, and not concrete strength. A summary of the
location, core size, and compressive strength of the specimens are as follows:

Location Core Size Compressive Stren~th

Deck Slab, Span 6 2-inch 5230 psi
Deck Slab, Span 8 2-inch 3657 psi
Spandrel Arch, Span 5 2-inch 3590 psi
Spandrel Arch, Span 7 2-inch 3020 psi
Main Arch Rib, Span 6 2-inch 3540 psi
Main Arch Rib, Span 2 6-inch 2115 psi
Pier Shaft, Pier 6 2-inch 3060 psi
Footing, Pier 9 2-inch 6960 psi

Three (3) reinforcing steel specimens were taken from various locations in the
deck and sampled in accordance with ASTM procedures to determine strength
characteristics. A summary of the location, yield strength, and ultimate
strength of the specimens are as follows:

Location Yield Stren~th Ultimate Stren~th

Span 2 50,000 psi 68,000 psi
Span 3 58,500 psi 79,000 psi
Span 4 72,500 psi 97,500 psi

The results of the field material sampling generally agree with the strength
of the materials used during the era of the bridge construction. However, due
to the wide variety of the compressive and yield strengths of the concrete and
reinforcing steel, respectively, the following values will be used as a basis
to determine the structural capacity of the bridge:

I
I
I

flc
fc
fc
Ec
n
fy
fs
fs

2000 psi (Concrete Strength at 28 days)
800 psi (Allowable Concrete Stress, Inventory)
1200 psi (Allowable Concrete Stress, Operational)
2,400,000 psi (Elastic Modulus of Concrete)
15 (Modular Ratio)
33,000 psi (Yield Strength of Steel)
18,000 psi (Allowable Steel Stress, Inventory)
25,000 psi (Allowable Steel Stress, Operational)

I
I
I

LOADING COMBINATIONS AND ANALYSIS APPROACH

The following loading assumptions and combinations were used for the purpose
of determining the structural capacity of the bridge:
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1. The general loading conditions, as outlined in the AASHTO Specifications,
were used as a basis for applying various loading combinations. Loading
combinations were limited to deadload, buoyancy, pedestrian liveload,
streamflow, and windloading.

2. Plan dimensions and "as new construction" conditions of the bridge were
used as a basis for all structural computations. No reduction factors for
loss of section properties or strength were taken into consideration.

3. Deadload is the structural weight of the bridge members applied in accord­
ance with the design specifications assuming a unit weight of 150 pounds
per cubic foot.

4. Buoyancy is the effective weight of bridge members when submerged to a
depth of the design flood elevation. The design flood elevation for both
the current non-channelized and future channelized river configuration
were used for the purpose of determining the maximum buoyancy force.

5. Streamflow is the horizontal force due to the effect of flowing water on
the structural members below the design flood elevation. For the purpose
of determining the maximum overturning moments and forces on the struc­
ture, streamflow was applied to an effective area equal to the structure
member size plus an additional 2.0 feet on each side of the member to
account for potential debris blockage. Due to the open spandrel nature of
the arch members, the streamflow force was applied to 150% of the upstream
effective area to account for application of the force to the upstream
face of the downstream members.

6. Windloading is the applied horizontal force on the exposed area of struc­
tural members based on a wind velocity of 100 miles per hour. For the
purpose of determining the maximum overturning moments and forces on the
structure, windload was applied at the centroid of an effective area of
150% of the exposed frontal area.

7. Pedestrian liveload is the application of a vertical load with an inten­
sity of 85 pounds per square foot assuming the structure will be solely
for pedestrian usage. The full roadway width is assumed to be loaded with
pedestrian liveload with no reduction for multiple span loading. Partial
width pedestrian loading was not considered.

8. The design flood is assumed to be an event with a respective design dis­
charge of 250,000 cubic feet per second. The resultant design flood water
surface elevation and velocity are 1148.0 feet and 11.2 feet/second,
respectively, for the non-channelized river condition. Under the future
channelized river condition, the water surface elevation and velocity are
1155.9 and 11.2, respectively, assuming 4 feet of debris build-up on sub­
merged structural elements.

9. Evaluation of the structural capacity is based upon gravity loads (dead­
load and pedestrian liveload) to determine overall bridge capacity plus a
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factor of safety against overturning based upon deadload, streamflow,
buoyancy, and windloading.

STRUCTURE ALTERNATIVES

Four alternatives were identified for detailed investigation and evaluation
under this study. Each of these alternatives have a distinct impact on the
function and serviceability of the structure and the ability to carry loads,
longevity, cost, and liability to the owning agency. The alternatives under
consideration included the following:

Do Nothing

I
This alternative basically allows the structure
closed condition without repair or rehabilitation,
functioning structure for pedestrian loading.

to remain in its existing
and will not provide for a

I
I
I
I
I
I
I
I

Structure Rehabilitation/Repair

This alternative involves rehabilitation and repair to return the structure to
the original design configuration and condition. Various construction methods
would be used to repair the cracking, spalling, and overall deterioration;
however, structural deficiencies with respect to the Standard Specifications
would not be corrected.

Structure Modification

This alternative involves a combination of rehabilitation and repair with
modification to correct structural deficiencies and improve liveload capacity.
Major modifications to the structure would be necessary to correct
deficiencies. Modifications to the substructure units and foundation support
system would be necessary to improve the factor of safety against overturning.

Structure Removal

This alternative involves either partial or complete removal of the structure
to eliminate future liability concerns in regard to the bridge being capable
of supporting the require liveload, stream flow and wind overturning forces.
Partial removal would also be possible to allow the end spans to remain in
place, as these would be located behind the proposed dikes of the future chan­
nelized river condition.

ANALYTICAL RESULTS

I
I
I
I

The major components
structural capacity.

of the structure were analyzed to determine their
The method of analysis and approach is as follows:
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Modeling Condition One

The structure was first analyzed assuming that the concrete deck was
continuous over the piers and that the structure as a whole is resisting the
imposed loads. This method of modeling will usually be the most beneficial to
the major components of the structure. This model overstressed the concrete
deck at several locations. These overstressed locations were verified in the
field by the transverse cracks noted in the deck.

Modeling Condition Two

1. The structure was analyzed for stability about the main arch ribs, socket
to pier, for both the non-channelized and future channelized conditions.

I
I

The structure was then analyzed
discontinuous over the piers, as is
4. The following results are based

assuming that the concrete deck was
actually the case, at Pier Nos. 2, 3, and
on this model:

The stability of the main arch ribs meet AASHTO Specifications.

2. The structure was analyzed for stability for the critical location about
the substructure units for both the non-channelized and future channelized
condition.

I
I
I
I
I

Minimum

Minimum

Allowable Factor of Safety
Desirable Factor of Safety
Actual Factor of Safety
Actual Factor of Safety

Allowable Factor of Safety
Desirable Factor of Safety
Actual Factor of Safety
Actual Factor of Safety

1.0
1.5
1.98 (non-channelized condition)
1.76 (channelized condition)

1.0
1.5
0.99 (non-channelized condition)
0.88 (channelized condition)

The main arch ribs were analyzed for
loadings.

The stability of the structure in the non-channelized condition meets the
minimum allowable factor of safety but not the desirable factor of safety.
The stability of the structure in the channelized condition is less than
the minimum allowable factor of safety. Additional caissons may be added
to the substructure units to meet Specifications.

I
I
I
I

3.

The main arch ribs do not meet AASHTO
dead10ad alone. The structure cannot be
arch ribs are increased.

deadloads and for pedestrian

specifications for buckling for
used unless the size of the main

I
I
I

4. The main arch ribs were analyzed for deflection, for pedestrian loading,
for full-width structure loading.

-15-
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STRUCTURE ALTERNATIVE EVALUATION RESULTS

Evaluation of the four structure alternatives, for the identified loading
combinations that determined the structural capacity and factor of safety
against overturning, minimizes the viable options available to the owning
agency. The following comments can be associated with each of the
alternatives:

The structure may be in a failure mode; however, because of the elastic action
of the structure, which allows non-catastrophic failure, the structure is
still standing. Through the review of the analysis, condition, and history of
the structure, many components have been overstressed and have failed.
Overstressing of a member may deteriorate the bond between the concrete and
reinforcing steel.

The spandrel posts were analyzed for the forces due to deadload,
pedestrian load, and windload.

for pedestrian loading

the spandrel post and the arch
The structure is not adequate

post and arch rib is improved.

SpecificationsAASHTO

1.57"
0.75" full-width loading

Allowable deflection
Actual deflection

The structure meets
deflection criteria.

The reinforcing steel connection between
rib does not meet AASHTO Specifications.
unless the connection between the spandrel

5.

I

I

I

I

I

I

I

I
I
I
I

Do Nothing

Structural deficiencies of the existing bridge dictate that the do nothing
alternative is totally unacceptable. The structure no longer is functioning,
as originally designed, due to failure of the numerous spandrel posts,
localized failure of the main arch ribs, transverse cracking to the slab,
failure of the spandrel post to main arch rib connection, and settlement of
the pier supports.

I
The structural capacity of the bridge should be considered as zero because
numerous members are totally deteriorated and joints have failed. The overall
structural integrity is jeopardized and failure could occur at any time.

I
I

This alternative places liability on the owning agency to either provide
rehabilitation repairs or to modify the structural members to provide an
acceptable level of service or to remove the structure. Consideration should
be given to other alternatives.

Structure Rehabilitation/Repair

I
I

Rehabilitation and repair of the structure to regain the original structure
configuration will not eliminate the structural deficiencies. Inadequate lap
and bar development lengths and inadequate size of main arch ribs will still

I
-16-
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I
I
I

exist. Without improvements and modifications to the structural details,
future localized failures will continue to occur.

The factor of safety against overturning during the application of streamflow,
and windload is not adequate for the existing structure configuration. Future
structure failure could occur which would jeopardize both the Ash Avenue
bridge as well as other downstream structures. Considerations should be given
to other alternatives.

Structure Modification

Modification to the foundation and caisson support system will be required to
increase the factor of safety against overturning due to stream flow and
windloading.

To correct inadequate design details, provide structural capacity for
pedestrian liveload, and develop an acceptable factor of safety against
overturning requires significant modifications to various structural members.

The major structure components requiring modification are the main arch ribs.
Removal and reconstruction to a larger size will be necessary to improve the
slenderness ratio to provide adequate compressive capacity to withstand
buckling. At the same time, modifications to the spandrel posts will be
required to supply the necessary lap and development length for the main
reinforcing steel, and provide for a fixed joint condition.

I
I
I
I
I
I

Placement of additional expansion
those piers not already modified
those piers already modified.

Jo~nts will be necessary in the slab at
and placement of new expansion joints at

I
I

In order to retain the Ash Avenue structure, the
alternative, complete reconstruction of all members
required. The cost of this alternative would exceed
new bridge, which was estimated at $8 million.

Structure Removal

structure modification
above the piers, is

the cost of a complete

I
The alternative to remove the structure which is required of alternatives "Do
Nothing" and "Structure Rehabilitation/Repair" requires complete demolition.

I
I
I
I
I

The probable estimate of cost
$90,000 to $135,000, depending
regulatory agency requirements.
placed behind the dikes.

to remove the structure is in the range of
upon the contractor's method of removal and

Deposition of material was assumed to be

-17-



SOURCES OF INFORMATION

The following information was used in the review, inspection, and evaluation
of the Ash Avenue Bridge:

I
I
I
I
I

o

o

Bridge plans dated October 31, 1911, prepared by the Territory of Arizona
Engineering Department.

Repair bridge plans dated July 3, 1921, prepared by the Arizona Highway
Department of Transportation.

I o Engineering News Record article dated
"Description of the Ash Avenue Bridge".

March 28, 1912, page 578,

o Arizona Highways, May, 1925, "Days of Tempe Bridge are Numbered".

o Ash Avenue Bridge Analysis, by Reed, Jones, Christofferson, Inc.

o Report of the State Engineer of the State of Arizona, July 1, 1909 to June
30, 1914.

o Final Report Channel Improvement Study, Mill Avenue Reach Project No.
876191, By CRSS, Inc.

I
I
I
I
I
I
I
I
I
I
I
I
I

o

o

o

o

o

o

o

Engineering New Record article dated April 21, 1921, "Repair of Tempe
Concrete Arch Bridge Damaged by Settlement and Floor Expansion".

Tempe Daily News dated December 1, 1980, "Inmates Gave Bridge Crew
Exciting Time".

Arizona Highways, June 1931, "Tempe Bridge Soon to Be Ready for Traffic".

Second Report of the State Engineer to the State of Arizona, July 1, 1914
to June 30, 1915, and July 1, 1915 to July 30, 1916.

Fourth Biennial Report of the State Engineer to the Governor of the State
of Arizona, July 1, 1918 to December 31, 1920.

Fifth Biennial Report of the State Engineer to the Governor of the State
of Arizona, July 1, 1920 to June 30, 1922.

Sixth Biennial Report of the State Engineer to the Governor of the State
of Arizona. July 1, 1922 to June 30, 1924.

Seventh Biennial Report of the State Engineer to the Governor of the State
of Arizona, July 1, 1924 to June 30, 1926.

-18-



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

o

o

REFERENCES

Reinforced Concrete and Masonry Structures, by Hool & Kinne, Edition 1924,
"Section 8-Arches", page 433-529.

The Theory of Continuous Structures and Arches, by Charles M. Spofford,
S.B., Edition 1937, Chapter III, Page 158-183.

I
I
I

51M/MI/AL6
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I
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I
I
I
I
I
I LEGEND

I
I
I
I
I

1. Arch Rib
2. Spandrel Post
3. Spandrel Column
4. Spandrel Arch
5. Sway Bracing
6. Transverse Deck Beam
7. Longitudinal Deck Beam

8. Bracket
9. Deck

11. Parapet Post
12. Parapet Railing
13. Pier Cap
14. Pier
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1. Arch Rib
2. Spandrel Post
4. Spandrel Arch
5. Sway Bracing

LEGEND
8. Bracket

10. Crown Hinge
11. Parapet Post
12. Parapet Railing
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I
I
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I
I
I
I
I
I
I

LEGEND

I
I
I
I
I

1. Arch Rib
2. Spandrel Post
3. Spandrel Column
4. Spandrel Arch
5. Sway Bracing

6. Transverse Deck Beam
7. Longitudinal Deck Beam
8. Bracket
9. Deck
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I

LEGEND

9. Deck
11. Parapet Post
12. Parapet Railing



I
I
I
I
I
I
I BRIDGE DECK, LOOKING NORTH

SPAN No.1, SPANDREL BAY No.3

NOTE: Exposed deck reinforcing

I
I
I
I
I
I
I
I
I
I
I
I

NOTE:
NOTE:
NOTE:

Missing parapet railing
Missing pavement
"Sagging" of parapet railing



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No.4, SPANDREL BAY No.1

NOTE: Transverse crack in deck

SPAN No.4, SOUTH OF PIER No.4

NOTE: Crack across deck continuing through
spandrel arches



SPAN No.3, SPANDREL BAY No.4
WEST SIDE

SPAN No.4, SPANDREL BAY No.7

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NOTE:
NOTE:

NOTE:
NOTE:
NOTE:

Exposed reinforcing steel
Delamination and spalling concrete

Delamination and spalling concrete
Efflorescence
Darkened area (may have been exposed to
fire)



I
I
I
I
I
I
I PARAPET POST AND RAILING AT SOUTH END

I
I
I
I
I
I
I
I

NOTE:
NOTE:

Missing parapet rails
Delamination and spalling of parapet
post

I
I
I
I

BRACKETS, PARAPET, AND EXPANSION JOINT - PIER No.4

OTE: Exposed reinforcing steel at base of
railing and parapet post

NOTE: Exposed reinforcing steel at base of
bracket and spandrel arch at spandrel
column



I
I
I
I
I
I
I SPAN No.1, EAST CROWN HINGE

I
I
I
I
I
I
I
I

NOTE:
NOTE:
NOTE:

Exposed crown hinge pin
Exposed reinforcing steel
Fractures in arch rib near hinge pin

I
I
I
I

SPAN No.1, WEST CROWN HINGE

NOTE: Cracks around hinge



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No.5, WEST CROWN HINGE

NOTE: Cracks around hinge

SPAN o. 10, TRANSVERSE FLOOR BEAM No.9

I
I
I
I

NOTE:
NOTE:

NOTE:

Cracks at the ends of the floorbeam
Horizontal cracks in tranverse
floorbeam
Exposed reinforcing steel at the bottom
of the floorbeam



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No. 10, SPANDREL BAY No.2

NOTE: Exposed reinforcing steel in spandrel
arch

NOTE: Horizontal cracks at spandrel arches

SPAN No.4, SPANDREL POST No.4, WEST SIDE

I
I
I
I

NOTE:
NOTE:

Exposed reinforcing steel in arch rib
Spandrel post severed



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No. 10, SPANDREL POST No.2

NOTE: Exposed reinforcing steel

SPAN No.9, SPANDREL POST No.2, WEST SIDE

NOTE: Delamination and spalling of concrete



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No. 11, SPANDREL POST No. 10, EAST SIDE

NOTE: Exposed reinforcing steel in spandrel
post

SPAN No.1, SPANDREL POST o. 2, EAST SIDE

I
I
I
I

NOTE:
NOTE:

Fractures in spandrel post
Fractures in arch rib



I
I
I
I
I
I
I SPAN No. 10, EAST ARCH RIB

I NOTE:
NOTE:

Exposed reinforcing steel
Buckling of exposed reinforcing steel

I
I
I
I
I
I
I

SPAN No. 10, EAST ARCH RIB

I
I
I
I

NOTE:
OTE:

NOTE:

Exposed reinforcing steel
Buckling of exposed reinforcing steel
Cracks parallel and perpendicular to
arch rib



I
I
I
I
I
I
I SPAN No.1, EAST ARCH RIB

I NOTE:
NOTE:

Delamination and spalled concrete
Exposed reinforcing steel

I
I
I
I
I
I
I
I
I
I
I

SPAN No. 10, WEST ARCH RIB BETWEEN POST No.2 AND No.3

NOTE: Crack perpendicular to arch rib



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SPAN No. 11, WEST ARCH RIB BETWEEN
SPANDREL POST No.1 AND No.2

NOTE: Horizontal crack in arch rib

PIER No.8, EAST SPANDREL COLUMN

NOTE: Fracture horizontal through spandrel
column



I
I
I
I
I
I
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I
I
I
I
I
I
I
I

PIER No.7, EAST SIDE

NOTE: Fractures in pier cap and pier

PIER No.4

NOTE: Scour at pier
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Should any questions arise concerning this report, please do
not hesitate to contact us.

Transmitted herewith are results of testing performed on
concrete cores and reinforcing steel sampled from the Ash
Avenue Bridge. A sketch of each core failure made is
enclosed. The maximum aggregate size was approximately 1
1/2 inches to 2 inches in all cores except the footing.
That core had aggregate as large as 4 inches.

Reinforcing steel was sampled from the curb area on the
deck. That steel is round, deformed bar. Results indicate
that the steel probably was manufactured to the requirements
of ASTM A7 (an obsolete specification).

Core sample 15 had steel included that was 1 1/8 inches in
diameter, round and nondeformed. No testing was performed
on that steel because of the small amount of the sample.

SHB Job No. FT90-3234
Report No.1

Mr. Dale Schaub

Addressee (3)

Ash Avenue Bridge
Ash Avenue & Salt River
Tempe, Arizona

March 26, 1990

Attention:

Copies:

Donohue & Associates, Inc.
3055 West Indian School Road
Phoenix, Arizona 85017

Gentlemen,

Re:

Respectfully submitted,
Sergent, .Hauskins & Beckwith Engineers

BY~~~
Albert C. Ruckman, P. E.

I
I
I
I
I
I
I
I
1
I
1
1
1
I;

I
I ( \

i ml}..1009 :

REPLY TO; 3232 w. VIRGINIA, PHOENIX, ARIZONA 85009

I PHOENIX

(602) 272-6848

FAX 272-7239

TUCSON

(602) 792-2779

FAX 888-0014

ALBUQUERQUE

(505) 88400950

FAX 884-1694

SANTA FE

(505) 471-7836

FAX 43S-7156

SALT LAKE CITY

(601) 286-0720

FAX 28600727

ELPASO

(815) ~·1017

FAX 562-7738

RENOISPARKS

(702) 331-237S

FAX33'-4'S3
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~ (111111[[111111 A"ALY"S 'HYSICAL TUTln OUALITY CONTIIOL FllLO U'LOll"TlOII

I

SOURCE OF SAMPL.~E P_i_e_r_C_a....:.p_-_P_i_e_r.....;,/t_6 _

3055 West Indian School Road
ClIENT D_o_n_o_h_u_e_&_A_s_s_o_c_i_a_t_e_s-,-,_I_n_c_. ADDRESS__P_h_o_e_n_~_·x-.;..'_A_Z__8_S_0_1_7 _

PROJECT__A...;s;...h_A_v_e_n_u_e_B_r_i....;,d....g'-e --- JOB NO
I
I
I

RESULTS OF COMPRESSION TESTS

LOCATION Washington & Mill Avenue

3-6-90Test DATE _

FT90-3234

I
I

SOURCE OF MATERIAl... "-- DESIGN STRENGTH, PSl _

2SPECIMEN AREA, in. __2_._4_4_7 U.NIT WEIGHT, PCF 1_4_0_._0 _

TIME IN MIXER WATER ADDED ON JOB, GAL. _

l. ... B I'OENTI FICA TION Failure Rt. (B) * Age Load L*
IFactorNO. NO. Type Inches Davs Pounds D PSI

- I Core #2 Shear 3.485 I - 7,614 12.0 - 3060

I I I I
i

"\$ I I..,..~
l I I

! I I.,

: ;51/011<
6£E7!K/1C7E I
~ : . I I

Core Specimens!ASTM C-42 Break: .QEL

Loading Rate: 20-50 psi/sec ~ 500 lbs/sec

I
I
I
I
I
I
I
I
I
I

DATE CONCRETE PLACED _

SUBMITIED BY SHB!DRL

DATE CORED 2-21-90

REMARKS:

~
. N() fr!3r1K \

i ;:'O!./fJD IN to./2.£"" l

AGE -----------------------
CORED BY ~S=H::::::B~!D=RL=_ _

DATE RECEIVED· -=2:--.:2:.,:1;...-...::9...:::0:....- _

Soaked

RESPECTFUllY SUBMITTED,
SERGENT, HAUSKINS & BECKWITH ENGINEERS

BY~C~
Albert C. Kuckman, P.E.

I ...LBUQUERQUE. NEW MEXICO
282.1 0'''''''0 eOULl:V"'"O. H.E..

8710"
f~"'~l 3.'.8l!O~

SANTA FE, NEW MEXICO
2811 SOUTH CE"'UL.l.05 IItOAC

r~o" I _"2.3811



SOURCE OF MATERIAl... DESIGN STRENGTH. PSI..! _

.TIME IN MIXER WATER ADDED ON JOB, GAl~ _

Soaked

3-6-90Test DATE _

SANTA !"Eo NEW MEXICO
2811 SOUTH C'['tt'ULL05 "oAe

tSO~1 '82.381,

Drv-

RESPECTFULLY SUBMITTED.
SERGENT, HAUSKINS & BECKWITH ENGINEERS

ALBUQUERQUE. NEW MEXICO
2_21 D"'AJltD .DUL~VA"C.N.£.

8710"
r~o~\ :U'5.eeo!

By ~-z::tC~
.Albe:::t C. Kuck::lan, P. E.

RESULTS OF COMPRESSION TESTS

Core Specimens/ASTM C-42 Break:
+Loading Rate: 20-50 psi/sec 500 lbs/sec

8'50'_
.C02.) 2"2 •• ".11

L-.e I ICENTI FICA TION Failure IRt. (B)*l Age I Load I ~~ IFactor INO. NO. Tvt>e lnches Davs Pounds PSI

I Core #5 Shear 3.600 I I 16,769 \2.0 I I 6960

r I I I I
I I I
I I I
I I
I I

I
I

DATE CONCRETE PLACED_- _

REMARKS:

LOCATION Washington & Mill Avenue

PROJECT_~A;;.;s...h_A_v_e_n...u_e_B_r...i...d....g;..;e JOB NO FT90-3234

3055 West Indian School Road
CLIENT D_o_n_o_h_u_e_&_A_s_s_o_c...i_a_t_e_s_,;;......I_n_c_. ,ADDRESS Phoenix, AZ 85017

SOURCE OF SAMPLE.... A_r_c_h_S_u_p:...p:...o_r_t_F_o_o_t_:l._on_g::--_P_:l._oe_r__#_9 _

AGE-----------------
SUBMITTED BY --==S~H:::::B.J.../D~RL:.=.. CORED BY ..::S::.=.H~B~/..:::D~RL==__ _

DATE CORED .,.;:2;...-..;;;2..;;;1_-~9..;;;0 DATE RECEIVED ;;;.2-...2:;.;1:;....-...:9'-'0"-- _

2SPECIMEN AREA, in. __2_._4_0_0 UNIT 'WElGHT, PCF 1_44_._3 _

I

rBJ Sr""t.Rt':ENT, HAUSKINS & Sr-t.r.KWITH CO"SUlrIlOG SOil ."0 'OUOIOAT,OOl r",' .. nll!S ""'- - ..ATt_IAL! T[,TI.e rWCllllt!:'"

- '8 -------'---------------------
l ....eel".' A.AL,.... ~""SICAL TesT I.' OUALITY CONTIIOL "'lLD el~LOIlATION

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



SOURCE OF MATERIAl.... DESIGN STRENGTH, PSl..' _

TIME IN MIXER WATER ADDED ON JOB, GAL~ _

LOCATION Washington & Mill Avenue

PROJECT__A_s_h_A_v_e_n_ue_B_r_~_·d-:g..;.e JOB NO FT90-3234

Soaked

3-6-90Test DATE _

SANTA FE. NEW MEXICO
2." SOl.M'H CCIIUULLOS 'tOAt)

r~o~) '.2.'''11
ALBUQUERQUE:. NEW MEXICQ

282.1 O'''AJltD BOUL1:V... JltC. H.E..

."'0'"
,~o~ 1 :S.~••eoe

RESULTS OF COMPRESSION TESTS

Core Specimens/ASTM C-42 Break: ..Q!:L

Loading Rate: 20-50 psi/sec ~ 500 lbs/sec

3'.0 WEeT C~JItENDON

850'.
(_0'21 2"'2 ••"'"

LAS I IDEN TI FICA TION I Failure lit. (B) *1 Age I Load I L'"
IFactor I Corrected

NO. NO. Type Inches Davs Pounas D PSI

- I Core 116 ICone/Shea~ 2.450 I - I 9,769 I 1.4 I 0.96 I 3657

I I I I I I,,;ri
NfJ 12~iZ- I I I I I I"t'·'rP,-u..;p IN COa

I I I I ,
;~;~1

,~: .

I I I I I,.
(..~..

I I I I I~ ~ I..
'._.

I I I I I II',

I I I I I I
i.. ••

i'"

RESPECTFULLY SUBMITTED,

,Ji:.\ SERGENT, HAUSKINS & BECKWITH ENGINEERS

, '~ ttt?-::tC~
C'c.vCf' \;'\

By

5"lhR... \-
Albert: C. kuckman., P.E.

e,£OlKAt:£ \', ',~
'."

REMARKS:

DATE CONCRETE PLACED----------- AGE-----------------
SUBMITTED By --::S::.=;H~B:.L../.:::.D~RL=-- CORED BY -'S::.:;H,:=B:.l./..=D""'RL=- _

DATE CORED ...;;2;...-...;;2;.;;;1;..-....:;.9....:;.O DATE RECEIVED· .:.2_-2:;.1-_9::..;0::.- _

3055 West Indian School Road
CllENT D_o_n_o_h_u_e_&_A_s;..s_o_c;..~_·a_t_e_s_,;;.....I_n_c_. ADDRESS,__P_h_o_e_n_i_x...;,~A:l__8_5_0_1_7 _

SOURCE OF SAMPL."-E D_e_c_k_b_e_t_w_e_e_n_P_i_e_r_s_7_&_8 _

SPECIMEN AREA, in.
2

2.433 UNIT WEIGHT, pcr 137.0
-.=.;,....;.;;;~--------_. --------------

I

~
SFRr.FNT, HAUSKINS & BEr.KWITH CON'UlTING 'Oil >NO 'OUNOATION !NeINU"5_ S B -_'-'_- - .._>_T_l~_'_.L_!_T_[!_T_"._5_l_Ne_'N_l_l"_! _

l ... ,.. tl"'''' AIIALY... ~"YSlCAl TIn'... OUAlITY CONTIIOl ,.ILD 1.~LO"ATION

I

I
I
I
I
I
I
I.
I
I
I
I
I
I
I
I
I
I
I
I



SOURCE OF MATERIA,...! DESIGN STRENGTH, PSl..! _

TIME IN MIXER WATER ADDED ON JOB, GAL _

FT90-3234

Soaked

3-6-90Test DATE _

S"NTA F£. NEW MEXICO
28' I SO\1T..e c£a"ILL05 'tOAO

r50~ I _'2."'1

Load L*
IFactor IPounds D PSI .

I 12,438 2.0 I 5230

I I
I I
I I
I I
I I
I I
I I

RESPECTFUllY SUBMITTED.
SERGENT, HAUSKINS & BECKWITH ENGINEERS

3.540

AL.BUOUE:ROU£. N£W MEXICO
2.21 at".fIt'D IIOULEVAfltD. N.t..

8'7'0"-
r~O~l 3.".lIe01!!

BY~C~
A1ber~ C. kuckman., P. L.

RESULTS OF COMPRESSION TESTS

Shear

I Failure
Tvpe

Core Specimens/ASTM C-42 Break: ~
+Loading Rate: 20-50 psi/sec 500 lbs/sec

Core 117

IOENT'FIC" TION
NO.

~••O WEST CLA"EHDOH
8501.

'.021 2'7' ••"41

L."e
NO.

REMARKS:

LOCATION Washington & Mill Avenue

PROJECT__A_s_h_A_v_e_n_u_e_B_r_i_d...g....e JOB NO

DATE CONCRETE PLACED----------- AGE _

SUBMITTED BY -..::S~H=:B.J_/D:::,;RL:=. CORED BY ...::S:.:;H:.:::B~/:::.D.:o::RL=- _

DATE CORED ...;;2;.....-.=2...;;1_-..;;,,9..:;,0 DATE RECEIVED 2~-...;2;;...;1=_-....:9'-"0'-- _

3055 West Indian School Road
ClIENT D_o_n_o_h_u_e_&_A_s_s_o_c_i_a_t_e_s-",--I_n_c_. ADDRESS,__P_h_o_e_n_i_x..:,,_AZ__8_5_0_1_7 _

SOURCE OF SAMPLE D_e_c_k_b_e_t_w_e_e_n_P_i_e_r_s_5_&_6 _

2SPECIMEN AREA, in. _;;;..2.;..;;3;..;..7....;.8 UNIT WEIGHT, PCF 1_3_0_._0 _

I_'5:{l__S_E_R_G_E_N_T_._H_A_U_S_K_I_N_'S__&_B_E_C_K_W_I_T_H ~_O:_T5_£U,,_\:_'L"_'C_T5_£O,_'~_':_:O_("_.~_:},,_":_:,,_T;_O"_r"_I_'''_H_''_' _

~ £"I'''EEII'''' ""ALT'" • ~"TSttAL TESTl'" OUALITY COMTIIOL "ELD EI~LO'lATtO"
t
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TIME IN MIXER WATER ADDED ON JOB, GAL _

SOURCE OF MATERIAL... DESIGN STRENGTH, 1'51 _

PSI

3540

FT90-3234

IFactor I

Soaked

3-6-90Test DATE _

L7<
D

2.0

SANT ... FE:. NEW MEXICO
2." SOUTH Ct'''.'LL05 "OAD

'''O~n '12.3811 .

BY~C~
.AlOe=t C• .Kuckman, P.E.

RESPECTFULLY SUBMITTED.
SERGENT, HAUSKINS 6 BECKWITH ENGINEERS

3.560 I 8,724

lit. (B) *1 Age I Load
Inches Days Pounds

ALBUOUEROUE:. NEW MEXICO
2821 O'''.''D IIOULI:VAftC. "'~E..

87'0"
'~O~l 3.~ • .,eoe

RESULTS OF COMPRESSION TESTS

IShear

IFailure
Type

Core Specimens/ASTM C-42 Break: ~
+Loading Rate: 20-50 psi/sec - 500 lbs/sec

IDENTI FICA TlON
NO.

I· Core #10

:'••0 WEsT CLA"E'NOOH
e~OI.

• eO:1 '''' •• ''48

L.AB
NO.

;..10 J2€l3AIZ FOUND
IN toKr

REMARKS:

PROJECT__A_s_h_A_v_e_n_u_e_B_r_i_d.....g...e JOB NO

lOCATION__W_a_s_h_i_n....g_t_o_n_&_Mi_·_l_l_A_v_e_n_u_e_--------------------------

DATE CONCRETE PLACED---------- AGE _

SUBMITIED BY SHB/DRL CORED BY -=S:.,::H:=BJ-/:,DRL::.=. _

DATE CORED 2-21-90 DATE RECEIVED -=2_-.:.2,:,,1-_9:::..;0:::..- _

3055 West Indian School Road
CllENT D_o_n_o_h_u_e_&......A_s_s_o_c~i_a_t_e_s_,.:..-I_n_c_. ADDRESS__P_h_o_e_n_i_x....;,_A2_"'__8_5_0_1_7 _

SOURCE OF SAMPLE... Ma__i_n_A_r_c_h_l_O_'_S_o_f_C_e_n_t_e_r _

SPECIMEN AREA, in. 2 _2:;;..;.;..,;4~6..::.1 UNIT 'WEIGHT, PCF 1_4_4_.3 _

I_'S{l__S_E_R_G__E_N_T_,_H_A_U_'_S_K_I_N_S_&_B_E_C_K_W_IT_H C_...O'_"T'_lU_:,T_.:~_",G_:_10,_'~_,~_:_O(_:~_~"_"1O_lA,,_T:_O_" _1"_&_'''_1_111_' _

~ 1"""1[11'''' ....,llYII. " ..YS.CAl TtSTlII, OUAl'TY COIITIIIOl rltlD t."LOIIATION
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SOURCE OF MATERIA,I...- DESIGN STRENGTH. PSL.! _

TIME IN MIXER'-- WATER ADDED ON JOB. GAL•. _

PSI

3020

FT90-3234

IFactor I

I I

I I

I I

I I

I I

I I

Soaked

3-6-90Test DATE _

L*
D

2.0

S"'N"rA FE. NEW MEXICO
28" SOUTH Ct.'ULLOS "0011.0

r~o~ 1 ••%.'.'1

Drv-

7,379

RESPECTFULLY SUBMITTED,
SERGENT. HAUSKINS & BECKWITH ENGINEERS

3.490

I
lit.. (B) *1 Age I Load

Inches Davs Pounds

ALBUQUERQUE:. NEW MEXICO
2e21 atfll.fIl:D eOUL£VAIltC. H.&.

8710",
r~O~l 3.~.e,ot!

BY~C~
Albert C. Kuckman, P.E.

RESULTS OF COMPRESSION TESTS

Shear

Failure
'Tvpe

Core Specimens/ASTM C-42 Break:

Loading Rate: 20-50 psi/sec ~ 500 lbs/sec

:1••0 WE_T CL.A",rNOOH
850'.

,_02) ''12·.8''.

Core #11

1."8 lOENTIFIC... TlON
NO. NO.

DATE CONCRETE PLACED_- _

SOURCE OF SAMPL,EI;,. ~D:;;;e:;;;c:;;;k::.....:A;,:,r::..c:;;,h:.:-N:..:.....;;,o.:.f_P::...;:;i.::.e.:.r-::.#~6 _

3055 West Indian School Road

CllENT__...;;D;...o_n_o_h_u_e_&_A_s_s_o..;c;;..i_a..;t;;..e;;..s_,......I_n_c_. ADDRESS,_...:P...:h.:.:o...:e:.:n.:.:i:.:x.:.:,:.-:AZ~---:8...:5:...0.:.:1:..7 _

REMARKS:

PROJECT_.--;A;;.;s;.;.h~A_v...;;e;.;.n;.;.u;.;.e~B;.;.r;.;.i;.;;d;.;.;g;.;.e;..-. JOB NO

lOCATJONi-..;,;W..;;;a..;;;s.;;;h..;;;i.;;.;n..g;.;.t....;.o.;;;n~&~Mi:;;;:·;;;;;l;;;;;l....;;;A;;..v..;.e....;.n;.;.u_e _

AGE----------------
SUBMITTED BY. --l::S~H:::BJ.../D.::.RL~ CORED BY ...:S::.,:;H::;B:.L,/,=:D.:.,:RL==- _

DATE CORED -=2:--..=2;.:1..;.-.:,9..::;0 DATE RECE1VED, .::.2_-2::.::..1--'9::;..:0::..- _

2
SPECIMEN AREA, in. _2_._4...;..33~ UNIT WEIGHT, PCF -=1,;;:.3;;;.,.S.;,...;;2:.-- _

I_rS:{l__S_E_R_G_E_N_T_,_H_A_U_S_K_I_N_S__&_B_E_C_K_W_l_T_H ~_~"_T~_[u.._\:_~"_.G_T~[_O;_~,_:_:O_[ .._'~_~.._"[O_:"_'51_O"_["_._'''_[[_''_5 _

~ [ ... I.. rlllllO" ....lYJI. • ~..YStCAl TlSTI... OUAlITY COMTIlOl ,.llD r."lOIllATION
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TIME IN MIXER WATER ADDED ON JOB, GAl... _

SOURCE OF MATERIAl... DESIGN STRENGTH, PSII.. _

SPECIMEN AREA, in. 2---:2::.:.:...:4..::.1~9 UNIT WEIGHT, PCF 1_3_8_.4 _

FT90-3234

Soaked

3-6-90Test DATE _

SAH1''' FE:. NEW MEXICO
2811 SOUT'" C£....ULLOS JtOAD

t~O~ I "2.~811

RESPECTFULLY SUBMITTED,
SERGENT, HAUSKINS & BECKWITH ENGINEERS

AL.BUOUEROUE:. HEW MEXICO
2e21 0 ...... .-:1) 80ULI:V""O. N~E..

II '7 t 0"'1

I f~O~ 1 '.~ •• eo!

BY~C~
.Alber~ C. kuckI:lan, P. E.

RESULTS OF COMPRESSION TESTS

Core Specimens/ASTM C-42 Break: ~
+Loading Rate: 20-50 psi/sec - 500 lbs/sec

3'0110 WEST C:L-"IItt:'NDOH
115o,.

'.02.12"2 ..... '

I Failure lit. (B)*\ Age I Load 1 *
IFactor

CorrectedL.AS ICENTI FIC" TION ...
NO. NO. TV'De Inches Davs Pounds D PSI

Core #13 IShear I 2.700 I I 9,057 1.5 10.96 3590

I I I I
I I I I
I I I I

I I
I I
I I
I I

REMARKS:

DATE CONCR-~E PLACED_- _

3055 West Indian School Road
CLlENT__....;D;..;o;,.;;n_o_h....;u;;...e_&~A.;.;s;..;s....;o;,.;;c;;,.:;i;;,.:;a;;.:t;;.:e;:..;s;...,:.....;I;;.:n;;;.c;.... -'AODRESS,__P_h_o_e_n_i_x....;,~AZ__8_5_0_1....7 _

SOURCE OF SAMPLJ;;..E 4~t.=..h~D::..:::.e::::.c~k~A::.r::::.c.:.:h...:;.:N~o.::.f.-;:;.P.:::i~e.::.r_!:..fI.::.4 _

AGE------------------
SUBMITTED BY ~S~H=::BJ_/D~RL:=. CORED BY -=S::.:.H~B:..L.I.=:.D.=::RL::._. _

DATE CORED -=2;...-..;;2..;;1_-..::,9..;;.0 DATE RECEIVED =-2-....;2::.;1:..--'9:..:0::.- _

PROJECT__A_s_h_A_v_e_n_u_e_B_r_i;.;;d.....g;;...e JOB NO

LOCATION Washington & Mill Avenue

I_'S{t__S_E_R_G_E_N_T_,_H_A_U_S_K_I_N_'S_&__B_E_C_K_W_I_T_H ~_o;_T~_(U~_\:_~"_S'_T~(_O~_'~,_:_:O_("_·~_~"_"EO_:~_T!'_O"_f"_._'''_H_~_! _

~ ("11"11'''"1 AIIALTII. ~""SICAL TISTI... OUALITY COMTIIOL ntLD 1.~LOIlATlOIl
I
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TIME IN MIXER WATER ADDED ON J05, GAl'- _

SOURCE OF MATERIAt... DESIGN STRENGTH, P511- _

SPECIMEN AREA, in.
2

27.57 UNIT WEIGHT, peF 138.8------------ -----..;;;.::;..;;..;.""'------

FT90-3234

2115

Corrected

PSI

\ \

IFactor I

I I
I 0.94 I

Soaked

3-6-90Test DATE _

L*
D

1.3

S ....NT.... Ft:. NEW MEXICO
28" SoUT.. C'E'-"U.. L05 "OAt)

f50~, "2.34J11

RESPECTFUllY SUBMITTED,
SERGENT, HAUSKINS 8. BECKWITH ENGINEERS

Rt. (B)*I Age I Load
Inches Davs Pounds

I I

I I I

I I

I I I

I I
I I

I I I
I 7.460 I 166,432

By tlt!~-z::tC~
Albert C. ~uc~n, P.r..

.... LBUOUEROUE. NEW MEXICO
2.21 O'''''"D eOUL'E'V.ftC . ....Eo.

8710"
f~O'l ~.5.eeO!

RESULTS OF COMPRESSION TESTS

Shear

Failure
Tv'Oe

Core Specimens/ASTM C-42 Break: ..Q!L.
+

Loading Rate: 20-50 psi/sec 500 lbs/sec

I Core 1115

~""l! IDENTIFICATION
NO. NO.

REMARKS:

DATE CONCRETE PLACED----------- AGE _

SUBMITTED BY_· -=S:.::H::::B.J.../D.:::.RL~ CORED BY ~S~H:;=B:.l./.::.D=.::RL==-- _

DATE CORED .::.2_-2=-1::..-....;9~0~ DATE RECEIVED --=2:...-.=2...::,1_-.::;..90=-- _

3055 West Indian School Road

CLIENT Donohue & Associates, Inc. ADDRESS Phoenix, AZ 85017

SOURCE OF SAMPLE Main Arch between Piers 3 & 4 - S 1/4 Span

LOCATION Washington & Mill Avenue

PROJECT_--::A;:;:s;.;;h~A~v....;;e;.;;n;;.;u;.;e:.....;;B;.;r;.;;i;.;d:;,.lg;;.;e~ JOB NO

---.-l l't.: W ~\
'Jl~" ,

I

tBJ SERGENT, HAUSKI NS & BECKWITH· ~OANT'(U~,:~~' T5[O~~,::O(:~~NN(O(':5'0N (N.'N[[IO'

- S 8 -------------
["&,"([",", AIIAL T"I ~MTS'CAL T[5T1M' OUALITY CONTIIOL "'lLD [If'LOIlATION
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METALS ENGINEERING & TESTING LABORATORIES
3701 W. Thomas Rd. • Phoenix. AZ 85019 • (602) 272-4571

DATE

YOUR P.O. NO.

March 5, 1990

F2828
SERGENT, HAUSKINS & BECKWITH

MATERIAL Rebar A-7

30-79

SPECIFICATION

ISIZE
~ob No. FT90-323~

I
I
I

CODE

.300 15.0

.320 16.0

.5~2 27.0

'LOAD POUNDS PER SQ. IN. ';''-''-LOAD,,-'-,' POUNDS PER SQ. IN.

15,500 50,000 21,100 68,000

18,200 58,500 2~,500 79,000

22,500 72,500 30,250 97,500

;',/;ci,)'IELD STRENGTH >'",;,,..,,,,;' ,"2,K;,:";;;, TENSILE STRENGTH J:~Y;;'.'.;' -, ELONGATION ;-; REDUCTION OF AREA

IN.2IN.' PERCENT DIM. - PER CENT

I
. 625 .3100

.625 .3100

.625 .3100

I
I

MINIMUM REQUIREMENTS

'MAXIMUM REOUIREMENTS

YIELD STRENGTH DETERMINED BY: CD 0.2'lb OFFSET 0 ZZZ_E~Y SUBMITTED
IF) Indicates flaw.

I I Indica!_eel frac:lUIl! outside gauge mati<.
Indicates fracture lhrougIl guage mark 01 with­

in specimen width 01 gauge marks.

o MEETS SPECIFICATION REOUIREMENTS Carlos Chapaf DOES NOT MEET SPECIFICATION REQUIREMENTS Quality Coordinator

ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS AUTHORIZATION FOR PUBLICATION OF OUR REPORTS. CONCLUSIONS OR Exn:v.cTS FROM
OR REGARDING THEM IS RESERVED PENDING OUR WRITTEN APPROVAL AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES
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This is a summary of a limited field review of the Ash Avenue
bridge noting the general condition of the appropriate elements
of the bridge. The field review was completed with a walk-by
procedure.

Span No. 1 East Side of Bridge

There is a longitudinal crack near the top of the arch rib
extending from the base of arch to approximately the third
spandrel post. Near Spandrel Post No.1, this crack appears on
both the exterior and interior surface of the arch rib. On the
northern portion of this arch rib, there are many longitudinal
cracks in the bottom section near Spandrel Post No. 11. Spandrel
Post Nos. 1, 2, 11, and 12 have been repaired with gunnite.
Spandrel Post No. 2 is severely cracked vertically. Spandrel
Post No. 3 is severely cracked near the base to arch rib
connection. The hinge at the crown is severely cracked, spalled,
and delaminated. The curb section on the underside of the deck
is severely spalled, delaminated, and exhibits efflorescence.
Reinforcing steel is exposed on both the curb section and the
parapet section for the full length of the east side of Span No.
1.

Span No. 1 West Side of Bridge

Near Spandrel Post No.1, the main arch rib has a longitudinal
crack located near the top running from about Spandrel Post No. 1
to Spandrel Post No.2. This crack appears on both the interior
and exterior surfaces of the arch rib. There is a longitudinal
crack near the bottom side, along the side, extending from Pier
No. 1 south to approximately the three-quarter point. The crown
hinge is severely cracked, spalled, and delaminated. The
underside of the curb section exhibits efflorescence and the
parapet curb is delaminated; much of the reinforcing steel is
missing for approximately one-quarter of the length. Pier No. 1
exhibits much cracking in the triangular section of the pier with
horizontal cracks and vertical cracks around the shaft near where
the arch rib connects into the shaft.

Span No. 2 East Side of Bridge

There is a longitudinal crack near the top side of the arch on
the interior surface near Spandrel Post No.1. Spandrel Post
Nos. 10 and 11 have been repaired by gunnite. Spandrel Post Nos.
1, 2, and 3 exhibit vertical cracks near the base at the
connection between the spandrel post and the arch rib. The
underside of the parapet curb exhibits efflorescence, spal1ing,
and has exposed reinforcing steel in much of the area. The
parapet curb is spa11ed and delaminated most of the length. The
crown hinge exhibits vertical cracks near the pin.
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Span No.2 West Side of Bridge

There is a longitudinal crack near the bottom side in the main
arch rib near the quarter point and the three-quarter point.
Spandrel Post Nos. 2, la, and 11 have been repaired by gunnite.
The curb section underside exhibits much efflorescence and
reinforcing steel is exposed in some areas. Pier No.2 exhibits
many vertical and horizontal cracks near where the arch ribs
connect into the shaft. Most of the parapet curb is intact.

Span No.3 East Side of Bridge

There is a longitudinal crack near the top of the arch, running
between Spandrel Post Nos. 1 and 2; it appears on both the
interior and exterior surfaces of the arch rib. There is a
longitudinal crack near the top of the arch rib between Spandrel
Post Nos. 11 and 12, appearing on both the interior and exterior
surfaces of the arch rib. Spandrel Post Nos. 3, la, and 11 have
many vertical cracks. The underside of the deck is spalled and
delaminated and exhibits efflorescence, with much of the
reinforcing steel exposed in both the curb and parapet section
for approximately three-quarters of the length. The crown hinge
is severely cracked, spalled, and delaminated.

Span No. 3 West Side of Bridge

The underside of the overhang is spalled and delaminated with the
reinforcing steel exposed in some of the area. Reinforcing steel
is exposed at the parapet curb at about one-quarter of the
length.

Span No.4 East Side of Bridge

The arch rib is cracked longitudinally near the top from Spandrel
Post Nos. 1 and to halfway between Spandrel Post Nos. 2 and 3.
This crack appears on both the interior and exterior surfaces of
the arch rib. Between Spandrel Post Nos. 11 and 12, the arch rib
is cracked near the top longitudinally on the exterior surface.
The crown hinge is severely cracked. More than half of the curb
section is spalled and delaminated with the reinforcing steel
exposed and also hanging. The underside of Span No.4 is
darkened and appears it has been exposed to a fire. Spandrel
Post Nos. 1 and 2 have been repaired by gunnite. Spandrel Post
Nos. 2, 3, and 11 are severely cracked.

Span No.4 West Side of Bridge

There is a crack running parallel near the top of the arch rib
near Spandrel Post No.1. The crack appears on the interior and
exterior surfaces of the arch rib; there is a crack near the top
side of the arch between Spandrel Post Nos. 11 and 12 located on
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the exterior surface. The crown hinge is severely cracked. The
underside of the overhang has reinforcing bars exposed for
approximately 2,550 feet of the length of the span. The parapet
curb is spalled, delaminated, with much of the reinforcing steel
hanging for approximately one-quarter of the span. At Pier No.
4, there is scour with much of the footing exposed. The top of
the pier shaft is cracked horizontally around each end of the
pier shaft under the arch ribs.

Span No. 5 East Side of Bridge

The arch rib is cracked longitudinally near the top side and
between Spandrel Post Nos. 1 and 2 and shows on both the interior
and exterior surfaces of the arch rib. The top side of the arch
rib is cracked longitudinally on the interior surface near
Spandrel Post No. 12. The crown hinge has much cracking.
Spandrel Post No.2 has failed horizontally. Spandrel Post No. 3
connection to the arch is spalled with the reinforcing steel
exposed. Spandrel Post No. 10 is cracked. Spandrel Post No. 11
has the reinforcing steel exposed near the face to arch
connection. The underside of the curb section is cracked
longitudinally much of the length. The parapet curb section is
spalled, delaminated, with reinforcing steel exposed much of the
length.

Span No. 5 West Side of Bridge

There is a crack near the top side of the arch rib that goes from
the base to Spandrel Post No. 2 on the exterior surface. There
is a longitudinal crack near the side of the arch rib near
Spandrel Post No. 11. It shows on the exterior surface of the
arch rib. The crown hinge is severely crack and has signs of
efflorescence. The underside of the overhang shows signs of
efflorescence, with some longitudinal cracking. The parapet curb
is delaminated most of the length with the reinforcing steel
showing. The reinforcing steel is exposed in the spandrel column
over Pier No.4 at the expansion device. Spandrel Post Nos. 2
and 3 have vertical cracks with the reinforcing steel showing.
Spandrel Post No. 10 has been repaired by gunnite and is cracked
diagonally. Spandrel Post No. 11 is cracked diagonally.

Span No. 6 East Side of Bridge

There is a crack in the top of the arch rib extending from
Spandrel Post Nos. 1 through 3 on the exterior surface of the
arch rib. There is a longitudinal crack which extends from
Spandrel Post No. 10 to the end of the arch rib near the top on
the exterior surface. The crown hinge is cracked with some of
the reinforcing steel showing. The underside of the overhang has
transverse cracks and exhibits efflorescence. The parapet curb
is delaminated and spalled most of the length with some of the
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reinforcing steel exposed. Spandrel Post Nos. 1 and 2 are
cracked horizontally. Spandrel Post No. 3 has been repaired by
gunnite but is also cracked. Spandrel Post No. 4 appears to be
cracked at the base to arch rib connection. Spandrel Post Nos. 9
and 10 are cracked near the base to arch rib connection.

Span No. 6 West Side of Bridge

Spandrel Post Nos. 3 and 11 have been repaired by gunnite.
Spandrel Post No. 2 is cracked horizontally. Spandrel Post No. 3
has the reinforcing steel exposed Spandrel Post No.4 is
cracked horizontally at the arch rib connection. Spandrel Post
No.9 is cracked at the base to arch rib connection. Spandrel
Post No. 10 has map cracking throughout. The underside of the
overhang exhibits efflorescence with transverse cracks
throughout. The parapet curb is delaminated and spalled with
reinforcing steel exposed in much of the area. Pier No. 6 is
cracked around the shaft underneath the arch rib support.

Span No. 7 East Side of Bridge

On the east side of the structure on the main arch rib between
Spandrel Post Nos. 1 and 2, there is a longitudinal crack at the
top of the arch rib; it shows for part of the length on the
interior surface of the arch. It shows for the full length
between Spandrel Posts Nos. 1 and 2 on the exterior surface.
There is a longitudinal crack near the top of the arch between
Spandrel Post Nos. 10 and lIon the exterior surface of the arch.
It partially shows on the interior surface also. Spandrel Post
Nos. 3 and 10 have been repaired by gunnite. Spandrel Post Nos. 1
and 2 are cracked horizontally near the base to arch rib
connection. Spandrel Post No. 2 is also cracked horizontally
approximately halfway up. Spandrel Post No. 3 has vertical and
horizontal cracks throughout. Spandrel Post Nos. 10 and 11 are
cracked and delaminated near the arch rib connection.

Span 7 West Side of Bridge

There is a longitudinal crack near the top side of the arch rib
on the exterior surface, running from Pier No. 6 to Spandrel Post
No.2. There is longitudinal crack between Spandrel Post Nos. 11
and 12 near the top on the interior surface, running parallel to
the top of the arch rib. Spandrel Post Nos. 2, 3, and 12 have
been repaired by gunnite. Spandrel Post No. 1 has the reinforcing
steel exposed near the base to arch rib connection. Post No.3,
which was repaired, is cracked at a diagonal through the post.
Spandrel Post No. 3 is cracked horizontally at the base to arch
connection with the reinforcing steel exposed. Spandrel Post No.
4 is cracked horizontally at the arch rib connection. Spandrel
Post No. 10 is severely cracked horizontally at the base to arch
rib connection, with some vertical cracks. Spandrel Post No. 11
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is cracked at the base horizontally, with a diagonal crack
extending up the post. Spandrel Post No. 11 is cracked
horizontally at the base with vertical cracks. Pier No.7 is
cracked horizontally around the full width of the shaft,
approximately one foot down where the arch ribs are supported,
with cracking located throughout.

Span No. 8 East Side of Bridge

There is a longitudinal crack which parallels the top of the arch
rib extending from Spandrel Post Nos. 1 through 3 on the exterior
surface of the arch rib. There is a longitudinal crack on the
arch rib, paralleling the top of the arch between Spandrel Post
Nos. 11 and 12 on the exterior surface. Spandrel Post No.2 has
been repaired by gunnite. Spandrel Post No. 1 is cracked
horizontally at the spandrel post base to arch rib connection.
Spandrel Post No. 2 exhibits map cracking horizontally and
vertically. Spandrel Post No. 3 has a horizontal crack at the
base to arch rib connection. Spandrel Post No. 10 has vertical
and horizontal cracks near its base. Spandrel Post No. 11 is
spal1ed and delaminated with the vertical cracks running
diagonally. The underside of the overhang exhibits efflorescence
with transverse cracks. Parapet curb is cracked longitudinally
with the reinforcing steel exposed.

Span No. 8 West Side of Bridge

There is a longitudinal crack extending from Spandrel Post Nos. 1
and 2 in the bottom side of the arch rib. There is a
longitudinal crack near the bottom of the arch rib on the
exterior surface running from Spandrel Post No. 10 to the end of
the arch rib. Spandrel Post Nos. 2, 3, and 11 have been repaired
by gunnite. Spandrel Post No. 10 is cracked horizontally near the
base with some map cracking up through the spandrel arch.
Spandrel Post No. 11 is delaminated and spalled. Spandrel Post
No. 12 has the vertical reinforcing bars exposed. The underside
of the overhang shows signs of efflorescence with the parapet
curb spalled and delaminated for approximately one-quarter of the
length and longitudinal reinforcing steel exposed. The crown
hinge shows map cracking and exhibits efflorescence.

Span No. 9 East Side of Bridge

There is a longitudinal crack near the top of the arch rib
running parallel to the arch rib between Spandrel Post Nos. 1, 2,
and 3 on the exterior surface. Between Spandrel Post Nos. 11 and
12 there is a longitudinal crack near the top of the arch on the
exterior surface; it also partially shows on the interior
surface. Spandrel Post Nos. 2, 10, 11, and 12 have been repaired
by gunnite. Spandrel Post No. 1 has exposed reinforcing steel at
the base to arch rib connection. Spandrel Post No. 2 shows
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cracked gunnite throughout. Spandrel Post No. 3 is cracked and
shattered near the base. Spandrel Post No. 4 is cracked
horizontally at the spandrel post to arch rib connection.
Spandrel Post Nos. 5, 6, 7, and 9 appear to be cracked at the
arch rib connection. Spandrel Post No. 10 is spa11ed and
delaminated with the reinforcing steel exposed. At Spandrel Post
No. 11, the gunnite is cracked and shattered throughout.
Spandrel Post No. 12 is cracked horizontally near the top with
the reinforcing steel exposed. The crown hinge shows map
cracking. The underside of the deck exhibits efflorescence. The
railing is missing for about three-quarters of the length of the
span.

Span No. 9 West Side of Bridge

There is a longitudinal crack near the top side of the arch rib
at Spandrel Post No. 2 on the exterior surface of the arch.
There is a longitudinal crack running parallel to the arch rib
near the top at Spandrel Post No. 11. Spandrel Post Nos. 2, 3,
4, 10, 11, 12, and 13 have been repaired by gunnite. Spandrel
Post No.1, the vertical reinforcing steel is exposed. Spandrel
Post No.2, the gunnite repairs are cracked and spalled. Spandrel
Post No.3, the vertical reinforcing steel is exposed with much
of the gunnite delaminated and spalled. Spandrel Post No. 4 is
cracked horizontally at the base to arch rib connection.
Spandrel Post Nos. 6 and 7 are also cracked horizontally at the
arch rib connection. Spandrel Post No. 9 and spandrel arches are
cracked, spa1led, and delaminated. At Spandrel Post No. 10, much
of the gunnite is missing with only the vertical reinforcing
steel exposed. At Spandrel Post No. 11, the gunnite is spa11ed,
delaminated, with the horizontal wiring and some of the vertical
reinforcing steel exposed. Spandrel Post No. 12 is spa11ed with
some of the vertical reinforcing steel exposed. The underside of
the overhang shows signs of efflorescence and longitudinal
cracks. In the parapet curb, the longitudinal reinforcing steel
is exposed for approximately ten percent of the span length.
Approximately one-half of the rail is missing for the span.

Span No. 10 East Side of Bridge

There is a longitudinal crack near the top of the arch rib
extending between Spandrel Post Nos. 1 and 2 on the exterior
surface and partially showing on the interior surface. The
bottom side of the arch rib, between Spandrel Post Nos. 10 and
11, is spal1ed with the main reinforcing steel exposed. The main
reinforcing steel is buckled. At this point, the arch rib is
cracked diagonally and horizontally throughout. It appears that
these cracks run the full width of the arch rib. Between
Spandrel Post Nos. 9 and 10, there are vertical cracks in the
arch rib. Spandrel Post Nos. 2, 8, 10, 11, and 12 have been
repaired by gunnite. Spandrel Post No. 1 is spa11ed with the
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reinforcing steel exposed near the arch rib to connection. At
Spandrel Post No.2, the gunnite is cracked vertically. Spandrel
Post No. 3 is cracked horizontally at the arch rib connection.
Spandrel Post No.4 and the spandrel arch are cracked diagonally.
This crack also extends through the bracket for the overhang of
the slab. Spandrel Post Nos. 6 and 7 are cracked horizontally.
Spandrel Post No. 9 is cracked horizontally through the spandrel
post and spandrel arch. Spandrel Post No. 10 is spalled and
delaminated with much of the reinforcing steel exposed. At
Spandrel Post No. 11, the gunnite is spalled, with the wires for
the gunnite and vertical reinforcing steel exposed. Spandrel
Post No. 12 is cracked horizontally near the top of the spandrel
arch to the spandrel post connection and at the base; main
reinforcing steel is also exposed. The crown hinge is cracked
with much map cracking. The underside of the deck is spalled
with reinforcing steel exposed. It also exhibits efflorescence
and transverse cracks through approximately one-half of the span.
The railing is missing for approximately half of the span.

Span No. 10 West Side of Bridge

There is a vertical crack in the main arch rib between Spandrel
Post Nos. 1 and 2 which shows on the exterior surface of the arch
rib and on the interior surface. There is a longitudinal crack
near the top of the arch rib extending between Spandrel Post No.
1 and 3 on the exterior surface of the arch rib. This crack
partially shows on the interior surface also. There is a
vertical crack in the main arch rib located between Spandrel Post
Nos. 9 and 10, extending from the bottom to the top. There is
also a vertical crack in the arch rib extending from the top to
about halfway through the arch just north of Spandrel Post No.
10. The vertical crack halfway between Spandrel Post Nos. 9 and
10 can also be noted on the interior surface of the arch rib.
Spandrel Post Nos. 2, 3, 4, 9, la, 11, and 12 have been repaired
by gunnite. Spandrel Post No. 1 is cracked horizontally near the
base to arch rib connection. Spandrel Post No. 2 is cracked and
spalled throughout. Spandrel Post No. 3 is spalled and
delaminated, with the main vertical reinforcing steel showing.
Spandrel Post No. 4 and the spandrel arch are crushed and
cracked. Spandrel Post Nos. 6 and 7 are cracked horizontally.
Spandrel Post No. 9 is cracked horizontally with the main
vertical reinforcing bars bent slightly. Spandrel Post No. 10 is
spalled and delaminated with much of the gunnite missing.
Spandrel Post No. 11 is spalled and delaminated full height. The
underside of the deck for half of· the span shows signs of
efflorescence with longitudinal cracks and curb reinforcing steel
exposed. The railing is missing for approximately one-half
length of the span. The crown hinge has much map cracking .



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Span No. 11 East Side of Bridge

There is a longitudinal crack running parallel to the top of the
arch rib near Spandrel Post No. 10 down to the support shown on
the exterior surface only. Spandrel Post Nos. 2, 9, 10, and 11
have been repaired with gunnite. The reinforcing bars are
exposed in Spandrel Post No.2. Spandrel Post No. 3 is cracked
horizontally near the base to arch rib connection. It appears
that Spandrel Post No. 4 may also be cracked near the base to
arch rib connection. The crown hinge exhibits map cracking with
efflorescence. The underside of the deck exhibits some signs of
efflorescence with some transverse cracks in the overhang. The
parapet section reinforcing bars are exposed for about 10% of the
span.

Span No. 11 West Side of Bridge.

There is a diagonal crack running horizontally from Spandrel Post
No.1 in the arch rib. Spandrel Post Nos. 3, 6, 7, 9, 10, and 11
have been repaired with gunnite. The spandrel columns at Pier
No. 10 are cracked horizontally near the base and near the top on
both the east and west side. Spandrel Post No. 1 is cracked
horizontally near the top at the spandrel arch connection.
Spandrel Post No. 2 exhibits map cracking with vertical cracks
throughout the length with a horizontal crack in the spandrel
arch. Spandrel Post No. 3 has the main reinforcing steel exposed.
The crown hinge exhibits much map cracking throughout.

Span No.1, Deck

There is a transverse crack between the abutment spandrel column
and Spandrel Post No. 1 in the deck exhibiting signs of
efflorescence. There is a transverse crack extending full width
in Bay No. 3 also through the spandrel arches also showing signs
of efflorescence. There is a transverse crack approximately
three feet long in Bay No.4. There are several transverse
cracks approximately three feet long showing signs of
efflorescence in Bay No.7. There are several transverse cracks
exhibiting efflorescence in Bay No.8. The deck is severely
cracked in Bay No. 10, full width. There is a patch with a
wooden piece of plywood placed in it approximately two by three
feet square. There is a transverse crack the full width of the
deck in Bay No. 11, extending down the spandrel arches.

Span No.2, Deck

There is a transverse crack the full width of the deck in the
first bay approximately three feet from the pier. There is a
transverse crack in Bay No. 2 running the full width of the deck.
There is a transverse crack in Bay No. 3 running the full width
of the deck and running down the spandrel arches. There is a
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transverse crack in Bay No. 12 running the full width of the deck
and down the spandrel arches.

Span No.3, Deck

There is a transverse crack in Bay No. 1 running the full width
of the deck and down the spandrel arches.

Span No.4, Deck

There is a transverse crack running the full width of the deck
and down the spandrel arches. The underside of Span No.4 is
darkened and appears to have been exposed to fire at some time.
There is approximately a three-foot transverse crack in Bay No.
9. There are two transverse cracks in Bay No. 10 running the
full width of the deck and down the spandrel arches. There is a
transverse crack in Bay No. 12 running the full width of the deck
and down the spandrel arches.

Span No.5, Deck

There are several small transverse cracks in Bay No. 1 which
shown signs of efflorescence. There are several small transverse
cracks in Bay No.9. There is a transverse crack in Bay No. 11,
running between the spandrel arches. There is a transverse crack
in Bay No. 12 extending from spandrel arch to spandrel arch.

Span No.6, Deck

There is a full width crack transverse across the deck and
through the spandrel arches. Near the mid-span, the bottom
reinforcing steel is exposed. There are several small transverse
cracks in Bay No.9. There is a transverse crack running full
width of the deck in Bay No. 10 exhibiting efflorescence. In Bay
No. 11, there are two transverse cracks; one extending from
spandrel arch to spandrel arch and the other from spandrel arch
to the longitudinal center girder. In Bay No. 12, there are
three transverse cracks; one transverse crack extends full width
of the deck, and the other two transverse cracks extend from
spandrel arch to center longitudinal girder.

Span No.7, Deck

There are two transverse cracks in Bay No.1; one transverse
crack runs the full width of the deck, and the other crack runs
from spandrel arch to center longitudinal girder. In Bay No.2,
there are several small cracks extending from spandrel arch to
center longitudinal girder. At Bay No.4, there are two
transverse cracks; one crack from spandrel arch to spandrel arch,
the other for approximately half the length. Span No. 7 is
darkened and appears to have been exposed to fire at some time.
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Bay No.8 has a transverse crack full width. Bay No.9 has a
transverse crack full width between spandrel arches. There is a
transverse crack in Bay No. 10 from spandrel arch to spandrel
arch. There are several small transverse cracks at Bay No. 11,
with one extending from spandrel arch to spandrel arch.

Span No.8, Deck

There is a transverse crack in Bay No. 1 extending approximately
one-half the width. In Bay No.2, there are three transverse
cracks, approximately one-half the width of the deck. In Bay No.
3, there are two transverse cracks; one extending from spandrel
arch to spandrel arch, and the other half the width of the deck.
In Bay No.4, there are four transverse cracks extending about
one-half the width of the deck. In Bay No.5, there are two
transverse cracks extending one-half the width of the deck. Span
No. 8 is darkened and appears to have been exposed to fire at
some time. Bay No. 8 has two transverse cracks about half the
width of the deck. Bay No. 9 has six transverse cracks,
approximately one-half the width of the deck. Bay No. 9 has six
transverse cracks approximately one-half the width of the deck
exhibiting efflorescence. Bay No. 10 has two transverse cracks;
one approximately extending from spandrel arch to spandrel arch,
and the other about one-half the width of the deck. Bay No. 11
has approximately nine transverse cracks, all discontinuous. Bay
No. 12 has a transverse crack approximately two feet from the
pier extending from spandrel arch to spandrel arch.

Span No.9, Deck

The bottom side of the deck is darkened and appears to have been
exposed to fire at some time. Bay No.2 has several transverse
cracks (approximately seven) about one-half the width of the
deck. Bay No.2 has one transverse crack from spandrel arch to
spandrel arch and two approximately one-half the width of the
deck. Bay No. 4 has five transverse cracks about one-quarter
width of the deck. Transverse Floorbeam No.5, 6, 7, 8 have been
repaired with gunnite. Bay No. 10 has two transverse cracks
exhibiting efflorescence. Bay No. 11 has one transverse crack
exhibiting efflorescence.

Span No. 10, Deck

Bay No. 1 has one transverse crack about one-quarter the width of
the deck. Bay No. 2 has a transverse crack extending from
spandrel arch to spandrel arch. Bay No. 3 has one transverse
crack extending from spandrel arch to spandrel arch. Bay No. 6
has exposed reinforcing steel for an area of approximately 1­
l/2'xl-1/2'. Transverse Floorbeam No.6, 7, and 8 have been
repaired by gunnite. Bay No. 8 has two transverse cracks about
one-quarter the width of the deck. Bay No. 9 has one transverse
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crack extending from small spandrel arch to spandrel
No. 10 has several cracks exhibiting efflorescence.
has several cracks exhibiting efflorescence. Bay
several cracks exhibiting efflorescence.

Span No. 11, Deck

arch. Bay
Bay No. 11
No. 12 has
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Bay No.1 longitudinal center girder is cracked diagonally. Both
spandrel arches are cracked diagonally near the center. Bay No.
2 has three transverse cracks exhibiting efflorescence. Bay No.
3 has two transverse cracks extending from spandrel arch to
spandrel arch. Bay No.4 has one transverse crack extending from
spandrel arch to spandrel arch and one which is about one-quarter
of the width of the deck.
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No allowance shall be made for wire
ties. spacers. etc.

In estimating reinforcement the bars
shall be measured by the lineal foot as
laid. Ali laps shall be allowed for.

The bars of each different size shall be
measured and described separately. as
also straight bars. bent bars. stumps. and
hooping.

Pipe sleeves. turnbuckles. clamps.
threaded ends. nuts. and other forms of
mechanical bond shall be measured sepa­
rately by number and size and allowed
for in addition.

Wire cloth. expanded metal. folded
fabric and other steel fabrics sold in
sheets or rods. shall be measured and de­
scribed by the square foot. The size of
mesh steel in tension and weight per
square foot shall be stated. No allow­
ance shall be made for waste. cutting.
etc.

the square foot to lineal foot as the case
may require.

The following shall be measured by the
square foot:

Cement wash (state how many coats).
Rubbing with carborundum.
Scrubbing with wire brushes.
Tooling.
Picking.
Plastering. etc.

The Reinforced - Concrete
Bridge at Tempe, Ariz.

The recently admitted State of Arizona
had under its territorial government an
engineering department which comprised
a well organized highway division. As a
part of the work of this division, in the

north ana south territorial highway then
under construction. The then territorial
engineer, J. B. Girand, proceeded to carry
out the instructions and started the design
of the bridge a year ago, and since then
has begun construction. The bridge,
which is described below, from informa­
tion forwarded us by Mr. Girand, is
somewhat out of the ordinary in design.

Salt River at the location of the bridge
is normally a small stream only about 40
ft. in width, running through the typical
sandy country of southern Arizona. It
lies in a wide valley some 1600 ft. from
height to height of land, a large portion
of which is filled at the time of occasional
floods. It was, therefore, necessary to
carry the highway on some sort of a

FIG. I. OUTLINE ELEVATION OF THE TEMPE REINFORCED-CONCRETE BRIDGE ACROSS THE SALT RIVER, NEAR PHOENIX, ARIZ.

structure to a distance of approximately
1600 ft., and after a study of the situation
it was decided to build a series of rein­
forced-concrete arches, each 125 ft. in
span. making a total length of 1507 ft. 9
in. The decision to use concrete was
reached largely because of the fact that
convict labor could be used in the con­
struction, thus reducing the cost of the
bridge to superintendence and material.

On account of the failure of two piers
of a large railroad bridge about 500 ft.
upstream from the proposed bridge site,
it was decided that all piers and abutments
of the new bridge should be built on bed
rock. Test holes at intervals of 100 ft.
along the center line showed that bed
rock would be found at an average o.f 30
ft. below the surface, except in the main
channel at the north side of the river bed
where the rock had a considerable sag,
the greatest depth being 44 ft. below the
surface. The general design finally de­
cided upon and the profile of the river
bed and the rock bottom is shown in Fig.
1. As shown there, it was decided to
make every third pier an abutment pier
beginning with Pier 10 and extending to
Pier 4. The remaining spans were equally
divided by making Pier 2 an abutment
pier. The intennediate piers did not re­
quire a great width of base for bearing,
and as the height of stream line above
rock would require an amount of con­
crete which would have been excessive in
cost if carried down to bed rock, it was
decided to use two steel cylinders of 6 ft.
diameter, driven to rock under each inter­
mediate pier. On account of the depth
to rock, this same scheme was used for
the south abutment foundation and for
Pier 4, except that the number of cylin­
ders was increased in these two.
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spring of 1911 it was ordered by the
board of control of the territory to build a
bridge across the Salt River at Tempe,
Maricopa County, about nine miles east
of Phoenix, to carry the main line of a

To Tempe
~

FIG. 2. DETAILS OF PIER 7, TYPICAL OF SOLID-BOTTOM PIERS
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Half End Elevation

Deformed bars shall be measured sepa­
rately from plain.

4. SURFACE FI~ISH

The unit of measure for finish of con-
o crete surfaces shall be the square foot.

Finish shall always be measured and
described separately.

No measurement or allowance shall be
made for going over concrete work after
removing of forms and patching up voids
and stone pockets. removing fins. etc.

Granolithic finish shall be measured by
the square foot a.nd sha.ll Include all
labor and materials for the specified
thickness.

Finish laid integral with the slab shall
be measured separately from finish laid
after slab has set.

No allowance shall be made for protec­
tion of finish with sawdust. sand or test­
ing.

Grooved surfaces. gutters. curbs. etc.,
shall be measured separately from plain
granolithic and shall be measured by
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FIG. 3. DETAILS OF PIER 1, TYPICAL OF CAISSON-FOUNDED PIERS
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to the bridge enter. This pier is re­
inforced, as shown, only against pos­
sible contraction or expansion and
not to carry any designed ioad. It will
be noted that it is of peculiar design
in that the main bearing portion, which
is superposed on the two lower
plinths, is overhung to a considerable ex­
tent.

Pier I (Fig. 3) is typical of the inter­
mediate piers founded on the steel cylin­
ders. These piers were constructed by
excavating an open cut to the elevation
shown at the top of the cylinders and
then by sinking the steel cylinders to
bed rock by the tubbing method. This
tubbing method, as is well known, con­
sists in placing the cylinders on the
ground and excavating from them in
open, allowing them at the same time to
sink to the bed-rock level. When these
cylinders reached the bed rock, they were
filled with concrete and upon them was
then built the solid block ~hich fonns
the footing to the pier and on this block
was placed the battered block shown,
which varied in height according to the
pier. The same peculiar skewback de­
sign was placed on these piers as is
shown on the solid abutment piers. In
calculating the stability of the piers, the
surrounding earth was not taken into
account.

The arch proper comprises two three­
hinged segmental arch ribs placed 13 ft.
center to cente'r and carrying the rein­
forced-concrete slab roadway on span­
drel columns. The design of the ribs is
shown in Fig. 4. They are, as shown,
there, segmental and have a depth of 36
in. at each end and 40 in. at the middle.
Their minimum thickness is 17 in. Near
the ends they are widened out, having
a thickness of 30 in. at the lower end and
24 in. at the crown. These ribs are rein­
forced with 178 -in. round steel rods,

579
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abutment pier (No.7) consists of two
plinths of concrete 7 ft. wide, trans­
verse to the bridge line, placed 6 ft.
apart, and carrying on their top a solid
section which is battered up to above
the ground level where the skewbacks

'-I -.--.- .. '
Z Front ElevaTion

.'!larch 28, 1912

Figs. 2 and 3 show the construction of
two typical piers; Fig. 2 representing the
abutment pier, No.7, brought down to bed
rock by solid construction, and Fig. 3
showing on.e of the' intermediate piers,
No.1, founded on the steel cylinders. TheI
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FIG. 4. DETAILS OF ARCH-RIg CONSTRUCTION OF THE TEMPE BRIDGE
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FIG. 6. VIEW OF PIER 7 UNDER CONSTRUCTION

Field Compression Tests of
Concrete

By G. H. BAYLES·

In the spring of 1910 it became 'the
duty of the writer to design and superin­
tend the construction of a reinforced­
concrete warehouse in the Borough of
Brooklyn, City of New York, for the New
York Dock Co. At that time the build­
ing regulations of the borough fixed the
limit of compressive stress of concrete
in flexure at 500 lb. per sq.in. in the. outer
fiber, with other similarly low unit
stresses. From previous experience these
stresses seemed to the writer too low, but
the borough regulations could not be trans­
gressed, so it was necessary to design the
buildings under these specifications. With
a view, however, to establishing some
authentic strength value of field-made
concrete for use in determining the safe
allowable unit stress and also to give
some criterion of strength by which the
time for form removal might be de­
termined, the author decided to carry on
during the construction of this and ad­
jacent similar reinforced-concrete build­
ings a complete series of field tests on
concrete cubes made from. the concrete
as it was placed in the forms for the
buildings. Through 15 months, tests
were regularly made and proved very
useful to the contractorancl to the super­
intending engineer in determining the
time for form removal.

On the first contract the tests were put

in charge of the two inspectors, both of
whom were trained experts in the mak­
ing and placing of concrete. One super­
intended the preparation of the concrete
and the other placing' it in the forms in

"Assistant to J. W. Galbreath, Con­
suiting- Engineer, care of New York
Dock Co., foot of Montague St., Brookl~'n,

N. Y.

masked by a concrete cover-plate. The
bridge was designed to carry a IS-ton
traction engine plus a live load of 100
lb. per sq,ft. The maximum stresses
allowed in the concrete are 700 ib. per
sq.in. compression and in the steel 16,000
lb. per sq. in. in tension. As noted above,

EI.,.'trlc Trunk noll way Op"ratlon is
activeI),' being planned for in many of the
German states. Prussia. Bavaria and
Baden have led In this planning. and
SaxonY is about to consider the subject.
The Bavarian and Baden state railways,
it is now stated, have adopted as stand­
ard the single-phase system, with 15,000
volts trolley-line potential and 16~ cycles
frequency. This is the same standard as
'adopted for the Prussian development. .

the entire construction is being carried
out under the direction of Mr. Girand,
State Engineer; and is being done by
convict labor, under supervision of ]. C.
Ryan, Bridge Engineer. The work of con-

. struction was started in the summer of
1911 and is progressing at a fair rate.

FIG. 5. VIEW OF ONE OF THE SOLID-BOTTOM PIERS

longitudinally connected by ~-in. round
steel stirrups. The hinges at the pier
consist merely of a rounded end fitting
into a similarly rounded depression in the
pier. Galvanized sheet metal is placed
in the sockets to separate the concrete of
the' pier from that of the ribs. At the

crown the cast-iron hinge bearing on a
4-in. pin is introduced.

The cross-bracing for the arch rib is
somewhat novel, as is shown in the right­
hand part of Fig. 4. Here it will be
noted that the bracing consists of a solid
concrete strut cast in forms on the
ground and set in its proper place on the
arch ribs. At the locations of these
cross-braces steel rods bearing a turn­
buckle at the middle are introduced be­
tween the two arch ribs during their con­
struction. When the cross-bracing is to
be placed, it is lifted into place from the
ground and the face of the ribs having
been chipped and rich mortar applied it
is fitted into place. Then the turnbuckles
are. tightened until the rods connecting
the ribs are as tight as possible and con­
crete is then placed around the cross­
braces, covering both the concrete strut
and the turnbuck~e rods, leaving the final
section a 9x36-in. rectangle.

The floor is carried by 12xI2-in. span­
drel columns placed about 11 ft. center
to center and connected at the top by
semicircular spandrel arches longitudin­
ally with the bridge and transversely by
girders, which latter carry a beam on the
center line of the bridge. Semi-arch
brackets cantilevered out from the span­
drel columns carry the curb which is de­
signed as a beam and which carries the
floor balustrade between the brackets.
The balusters are round posts 4 in. in
diameter and are cast on the ground.

The floor slab has a thickness of 7 in.
at the center line of the bridge and 5 in.
at the curb. Expansion joints are pro­
vided for this floor at the crown of each
.arch. The hinges at the crown are
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Bridge Over Salt River Endangered by Failure of Cylinder Pier Supposed to Rest on Rock-Load Trans·
ferred to New Cylinders Sunk Alongside Pier-Cracking of Floor and Spandrels-Expansion Joints

By MERRILL BUTLER
Bridge Engineer. Arizona Highway Department, Phoenix

Repair of Tempe Concrete Arch -Bridge Damaged
by Settlement and Floor Expansion

I
I
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FIG. 1. GENERAL ELEVATION OF TEMPE BRIDGE, AND PROFILE OF ROADWAY IN SPANS ADJACENT
TO THE SETTLED PIER NO. 9

10 r
'- oi
I.~ ~i
1
0. Q.

i
'01:""---=::---t----:---=j.~~--~fJ:

;<··,···....··131' _········J<······_·131'··•. ·•.••• ·······.·131'•••••••..J
• .. I •

'lbTempe..

SETTLEMENT of one pier of the concrete arch badly cracked; the longitudinal steel in the floor slab
bridge across the Salt River at Tempe, Ariz., placed probably prevented allY serious break in the concrete.

a serious problem before the State Highway Depart- Emergency measures were taken at once to insure
ment in the latter part of 1919 and the early the stability of the structure, and the bridge was thrown
part of 1920. The bridge, built in 1911-1913t is a open to pedestrian traffic on March 4. Material and·
link in the main highway route leading from Phrenix • equipment for sinking cylinders to underpin the defec­
and the Salt River Valley to the eastern and southern tive pier had been in process of being assembled for
portions of the state, and to New Mexico and the East, some time, but repair work could not be .'ltarted till
and is crossed by about 2,500 vehicles. per day. It late in the month as the timber that had beep Qrdered
consists of eleven two-rib three-hinged arches of was delayed in shipment. Once begun the work
125 ft. clear span, with open spandrels. The piers progressed so rapidly that vehicular traffic could be

allowed to cross the bridge again on May 11.

CONDITIONS AT THE SETTLED PIER

Prior to the flood of Thanksgiving, 1919, pier 9 was
entirely surrounded by sand and gravel, which, being
in its undisturbed state, served to carry a considerable
portion of the load by way of the base of the pier block
(note the pier construction, Fig. 4). The flood swept

...
~0.5

f

were intended to be founded on rock, as stated in a away all this ma1:erial and left the pier supported on
description of the bridge in Engineering News of March the two cylinders, which proved inadequate to carry the
28, 1912, p. 578, "on a'Ccount of the failure of two load. Soundings taken in March, 1920, indicated that
piers of a large railroad bridge about 500 ft. upstream except for some thin layers of gravel overlying the
from the proposed bridge site." Some of the piers bedrock everything had been scoured out. In the light
were carried to rock in open excavation, but others of the difficulties subsequently experienced in sinking
rest on concrete-filled steel cylinders sunk to rock. It the new cylinders it is very probable that the concrete
was one of the latter that settled. in the bottom of the original cylinders was of inferior

Shortly after the floods of 'i'hanksgiving, 1919, the grade, or that tt foot or so of sand had filtered in after
second pier from the north end of the bridge (Pier 9) the rock had been cleaned off. The natural conse­
settled about 4t in. Traffic was maintained, except quence would be a crumpling of the steel shells of the
during high water, until Feb. 13, 1920, when tt further cylinders, and this is what actually' happened, it is
settlement occurred, about 1 in. A two-ton limit was believed. Unbalanced live-load thrust would. tend to
then placed on the loads permitted to cross the bridge. accelerate such failure.
On March 2 an additional settlement of H in. occurred, Other defective conditions in the bridge had also
and the bridge was closed to traffic. The following day developed, and the plan for the repair work included
there was a sudden drop of nearly' 5 in. At. this time . them. A great number of the spandrel columns were
also it was noticed that the pier hzd shifted out of line found broken in horizontal shezr near the extrados
about 0.1 ft., downstream. and several spandrel walls near the crown had pulled

A profile of the bridge roadway between piers 8 loos.efroni· the arch rings. In the vicinity of piers 2, :r
and 10 is shown by a small sketch in Fig. 1, drawn to and 4 the roadway slab and spandrel arches had cracked
an exaggerated vertical scale. The sag was strikingly completely through; in the spans adjacent to these piers
noticeable jn looking along the pavement, as in the view', none of the spandrel columns were cracked.
Fig. 2. Evidently the structure adapted itself to the There was also trouble at the ·floor expansion joint.
I-ft. settlement of pier 9 in fairly flexible manner. The type of joint used had proved unsatisfactory and

. No evidence of any crack in the floor was found in large chuck holes had formed alongside each joint,
the region of se.ttlenlent, although the hand rail was causing serious impact whenever a hea. _.... ,-.. - . _.. - . - .. - -_._- ., ----- - -
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'FIG. 3. FALSEWORK ON BOTH SIDES OF PIER 9
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were built at th~ crown of spans 7-8 and 10-11, with
the object of saving the remaining portion of the bridge
if the two spans between piers 8 and 10 went out;
the depth of water in the river prevented the construc­
tion of supports any nearer to pier 9. With respect to
the arrangement of the temporary supports it should
be remarked that the deck of the bridge is continuous
over the piers, and has expansion joints at the crowns
of the moches only (except as subsequently recon­
structed). Since this emergency work no further
settlement of the pier has been observed.

Later in the month, in preparation for the underpin­
ning work on pier 9, falsework piles were driven in
spans 8-9 and 9-10. These had to be placed outside
the side lines of the bridge because the driver leads
reached above the deck. Framed bents were erected on
these piles, and their caps wedged against the intrados
of the arch ribs by oak wedges (Fig. 3); a man
inspected these wedges every second day, to make sure
that none worked loose under the action of traffic.

Work on a cofferdam around pier 9 was started imme­
diately upon completion of the falsework. It was made
up of Wakefield piles consisting of three 2 x 6's, 2 x 8's
or 2 x 10's, 20 ft. long, driven by a small steam hammer
hung from u pair of short leads mounted on skids.
A jet was used to facilitate the sinking, but despite
the jet there was considerable difficulty in getting the
piles down, owing to the compact nature of the sand.

The general scheme of underpinning is clearly indi­
cated by the drawing in Fig. 4. The work of sinking
the steel cylinders began early in July. A small stiff­
leg derrick was rigged to handle a 2!-ft. orangepeel
bucket, operated from an engine near pier 10. A 40-hp.
gasoline engine and a belt-driven 8-in. centrifugal pump
were installed on a barge near the downstream side of
the cofferdam; this outfit at all times kept the water
level below th'e bottom of the new concrete block.

All of the six new cylinders went down easily with-
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FIG. 2. SAO.pF ROADWAY OVER SETTLED PIER

over the bridge; in some cases the concrete supporting
the wooden strips which bridged the joints was found to
be cracked and broken from traffic action. The recon­
struction of these joints as well as the repair of the
other bridge defects will be mentioned farther on.

UNDERPINNING THE PIER

In April the channel of the river, scoured out by
the November flood, began filling up again, and by the
middle of May a considerable deposit of silt and fine
sand had accumulated around pier 9. This condition
and the desirability of maintaining traffic on the bridge
were the main factors of the problem when the state
highway department entered upon the repair work in
the spring of 1920.

Falsework under the bridge wa'S considered necessary
as a safeguard if traffic was to be carried during recon­
struction. The department had no steel sheetpiling
available, and market conditions were such that none
could be obtained for immediate delivery. It was
decided to place new cyIinders aTound the old pier,
which w(juld allow the underpinning to be done without
disturbing the existing structure; it was feared that
there was a chance that the
pier might tip over if the old
cylinders were left without
lateral support. The total
dead load at the base of the
cylinders of pier 9, not allow­
ing for buoyancy of the water"
was about 1,650,000 lb. SaU
River is subject to sudden
freshets, and all work had to
be planned to withstand a sud­
den rise of the river at any
time. Fortunately no rise
greater than a foot occurred
during the whole undertaking.

As already mentioned, emer.
gency provision for holding
the structure against further
movement was made early in
March, when, after a sudden

«lew drop of pier 9, the total
settlement had reached a foot•.
A repair gang was hurried to
the bridge and put in a 36­
hour shift. About. 500 sand
bags were thrown around pier
9, in the hope that the bearing
would be increased and fur­
ther scour prevented. Towers
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FIG. 4. PIER 9 UNDERPINNED BY NEW CYLINDERS SUNK ALONGSIDE. WITH
REI~FORCED-CONCRETEBEAM CAP

out loading, until they lodged on logs or branches of In some cases the grout set up, but when exeavation
trees that had wrapped themselves around the pier was continued, a week after grouting, much material
during floods. These obdtructions caused considerable of pasty consistency was removed. Evidently where
delay, especially as the fine sand flowed almost with the the sand carried a considerable amount of silt the
consistency of water, and it was impossible to pump cement had failed to set. The grouting proved to be
these cylinders down. Dynamiting was tried, to break only partially successful, in no case entirely stopping
up the logs, with little success, and in two cases with the flow of sand and water.' .
rather dama-ging results, 'as events proved. Cutting Wakefield sheetpiles of three 1 x 6 boards were then
tools of H-i~. drill steel were then made up and these driven inside the cylinders by ha-nd, after the sand had
proved very satisfactory for getting the timber obstruc- been excavated as low as possible with the orange­
tions out of th~ way. Cottonwood logs 8 in. in diameter peel bucket. Once the piles were down to rock, it was
were removed by this means. After this clearing, no possible to pump the cylinders. The sand was then re­
difficulty was experienced in getting the cylinders down moved, the rock cleaned off, four anchor holes drilled
to rock. Even'then, however, the flow of sand was such for !i-in. square rods set in pairs, and the anchor rods
that it was impossible to reach the rock for cleaning grouted in. The sheetpiles showed little tendency to kick
it off and anchoring the cylinders. in at the bottom.

To solidify the sand a-round each cylinder, at least When examined, cylinders 1 and 5 proved to be so
sufficiently to allow the cylinders to be pumped out, badly distorted by the blasting tried for removing logs
grout apparatus was made up and placed on the job. that it was necessa-ry to pull them and sink new cylin­
Steam pressure was found to bake the cement until ders. The seams were broken and the lower sections
it clogged the 6-in casing; water pressure worked forced out of round. Blasting had been done 'with
quite satisfactorily. The general scheme of op~ration i. quarter-stick charges of dynamite. .
'was as follows:' Grout was poured into the stora-ge The bottoms of the cylinders were sealed with con­
chamber after removing the cap, and when the cap had .;,crete,and twelve I-in. square ·rods were set in place
been replaced the water pressure from the pump .waswith sufficient lap below the tops of the anchor rods to
turned on. The valve' in the2-.in; pipe 'was kept closed <provide bond. The cylinders were then concreted up
until pressure·· was' on the·· storage chamber, in order·.:to the construction joints just below the cap concrete.
to prevent sand from working into the bottom of the The steel 'shells were cut off at the proper elevation
jet: pipe. Atfi.rst considerable inconvenience Wa'S experi- with an oxyacetylene torch. Then the concrete ca-ps
enced from'. the :entry of sand,. but' by installing the were poured, up to the top of the old pier block. Mter
valve and keeping it closed until full:-pressure from the they had set, the existing shaft was cut out in sectionS'
pump was on the storage chamber<.the trouble was and the reinforced beam which transfers the pier load
largely overcome. The bleeder at· 'the bottom of the to the. new· cylinders was poured.
storage chamber was used to determirie when the grout No effort was made to raise the pier or the floor
had been forced out.... .... _... . - ... back to. the o~!ginal elevation. The hand rail howev r
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RetaininC3 Wall Underpinninc:5

REPAIR SKETCHES

At piers 2, 3 -and 4 the original plans for the floor
did not contemplate the use of the longitudinal steel
subsequently decided upon and used in the other panels;
instead the slab was thickened and longitudinal steel
rails were added here. The reinforcing in the center
longitudinal beam, however, remained unchanged
throughout the construction. These beams were found
to be cracked or broken in diagonal tension in four
cases, at the three piers in question, and the roadway
slab and spandrel arches were cracked substantially
as shown on section MM, Fig. 4. In two instances
these ct'acks were so wide that a man's little finger
could be inserted.·

To. repair the damage, the old concrete was cut back
to the middle of the panel, and a new girder built
alongside the old cross-girder. with an expansion joint
as shown. Additional stirrups were pla-ced in the longi­
tudinal beams to take care of horizontal shear. During
this work all vehicle traffic was excluded from the
bridge.

RENEWAL OF CROWN EXPANSION JOINTS

As originally built, the floor expansion joints over
the crowns of the arches consisted of a beveled strip
of redwood spanning the 4-irt. gap in the concrete.
seated in a properly beveled recess in the floor. This
strip was stiffened by another strip attached below as
a rib, and was covered with asphalt continuous with'
that over the concrete. These expansion joints had
never been repaired, except for additions to the wear­
ing surface, during the seven-year interval since the
bridge was built. Large chuck holes had formed at
each joint, Fig. 5, and in some cases the concrete
supporting what was left of' the redwood filler was
cracked and broken.

Experience had shown the impossibility of keeping
a satisfactory asphalt surface over an expansion joint
supported on both sides of the crown opening. There-
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OLD JOINT
Expansion ..soint'

Section of O~i'3inal F'loo~

Redwood
2''x8'''18~...

New Floo~t>eam Qt Pie~s 2.3 8: 4

FIG. 5. OLD ROADWAY EXPA~SIO~ JOINT

has been rebuilt, to remove the appearance of sag, and
it is propcsed to take out part of the dip in the floor
by filling in with a wood block pavement between crown
expansion joints on either side of pier 9.
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fore the design shown in Fig. 6 was decided upon for
the reconstruction. The H x H x a-in. angles are for
the purpose of reducing the -width of the opening, and
are dropped below the genera-I surface of the pave­
ment to pre,'ent their taking much weight from traffic.

One of these neW' joints has broken out from the
effects of stresses to which it was subjected, but has
been replaced. Oak wedges have been driven as shown,
and these seem to have been of material help, as no
other trouble has been experienced at the joints, which
have been in service now a little over six months.

UNDERPINNING RETAINING WALL

The retaining wa-ll adjoining the east abutment was
a reinforced-eoncrete buttress wall founded on gravel.
Floods had scoured out the gravel adjacent to this
wall until the edge of the footing was exposed and
slightly undercut on a length of about 30 ft. It was
considered necessary to underpin the wall for a 50-ft.
length.

This work was carried out in sections, the gravel
bank being utilized a'S back form. Under the toe of
each buttress there is a pile, for added security. The
nature of the. construction is clearly shown in Fig. 6.

No attempt has been made to repair the broken
spandrel columns, as their condition is not considered
to involve any direct danger.

The entire work described was carried on under the
direction of Thomas. Maddock, state engineer, F. N..
IIolmquist, assistant state engineer, the writer as
bridge engineer, J. H. Zeitler as construction engineer
during the foundation work. and J. M. Brown in the
same capacity during falsework construction and floor
repair. All work was done by state forces, and most of
the equivment used was state owned•.

Good Scholarship and Engineering Eminence
A close correspondence between good scholarship in

college and eminence in engineering is shown in an
investigation made under the auspices of the American
Association of Collegiate Registrars by Prof. Raymond
Walters of Lehigh University, who presents a report in
the current issue of School and Society. It was found
that of 392 distinguished engineers graduated at 75
.technical schools, colleges and universities 182, or 46.4
per cent, stood in the highest fifth of their classes scho­
·lastically upon graduation, 109, or 27.8 per cent, stood
in the second highest fifth, 72, or 18.3 per cent, in the
middle fifth, 14, or 3.6 per cent, in the next to lowest
fifth, and 15, or 3.8 per cent, in the lowest fifth. Figures
for a group of 189 alumni of five Eastern engineering
schools were somewhat different in the upper classes,
the second highest scholastic fifth having the largest
percentage. In all groupings of the eminent engineers
there were less than 4 per cent in each of the two lowest

.scholastic fifths. Of 730 names on the Registrars' Asso­
ciation list of distinguished engineers practically 80
per cent were found to be collegiate graduates, 16 per
cent men of secondary school education· and practical
training, and less than 5 per cent men who started in
college but did not finish. The· arbitrary basis of emi­
nence in this study of a professional group was taken
to be the holding of office, membership in important
committees and service as·· representatives of the four
founder engineering societies, civil, mechanica~ elec­
trical. and mining and metallurgy, for five years,
1915-1919.
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Allocation of Nile Waters Between
Egypt and the Sudan

Minority Report by H. T. Cory, American Member
of the Nile Project Commission, Gives Principles

of Water and Cost Division

INDORSEMENT of the immense project for the full
utilization and a larger measure of flood control of

the Nile advocated by the Egyptian Ministry of Public
Works; but with divided opinion as to the allocation of
water and cost between Egypt and the Sudan are the
outstanding features of the report of the Nile Project
Commission (see review, p. 689 of this issue), created
early in 1920, whose report was dated in August of that
year but not made public until 1921.

Unusual interest for American engineers attaches. to
this report because one .of its three members was
H. T. Cory, of San Francisco, Cal. This interest is
heightened by the fact that Mr. Cory felt compelled
to make a minority report as regards allocation of water
and cost between Egypt and the Sudan, in which
report he embodied his conception of the fundamental
principles that should govern the allocation of water
between two countries having a common interest in the
same stream, as well as the basic principle for joint
action in developing the water supply and distributing
the cost of the work between the two countries.

Briefly, the two ,majority members of· the commis­
sion-F. St. John Gebbie, inspector general of irrigation
in India and head of all the irrigation service in that
country, and Dr. G. C. Simpson, since last September
head of the Weather Service of Great Britain and before
that chief of the Weather Bureau of India-attempted
no definite and comprehensive answer as to the· alloca­
tion of water and cost, but merely proposed that Egypt
and the Sudan should each go on with water storage
developments already under way-Egypt with the Gebel
Aulia reservoir on the White Nile to be formed bya dam
just above the junction of the White with the Blue
Nile, and the- Sudan with the Sennar or Makwar reser­
voir, being formed by a dam at Sennar on the Blue
Nile some distance above Khartum-each country to
pay the entire cost of its reservoir and to have the use
of all th~ water stored by it, with relatively minor excep­
tions and adjustments based upon local conditions.

As to Mr. Cory's proposal for allocation of cost and
water the majority members of the commission say:

"With regard to Mr. Cory's report, we feel that
whiie his findings may be theoretically correct it is
impossible, on financial !1nd .other points, to apply them
in present circumstances."

It should be noted that the complete project corr­
templates a large amount of additional storage and
also the construction of a long channel through the Sudd
in order that water proposed to be stored in Lake Albert
may not be lost in its passage to the Nile proper through
what is now a vast overflowed area. It should also be
noted that data for the design of these additional works
are still lacking. The majority of the commission
apparently bases its failure to attempt to allocate water
and cost from the ultimate development to a lack of
data and to other difficulties. This lack of engineering
.data and all the other unenumerated difficulties Mr. Cory
appears to think do not stand in the way of an allocation
of water and cost on broad general principles and to a
certain extent upon experience. Mr. Cory also sets forth
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determined that the State had many
uses for a cement gun other than making
repairs" to the columns and I!eams of the
Tempe bridge, and that valuaDle piece
of equipment was purchased.

The cement gun was used for placing
the joints as well as for the column re­
pairs. A strip of concrete and asphalt
surfacing twelve inches wide and six
inches in depth was removed on eithel
side of the joint by means of jack·ham
mers, the angles were then blocked In
position and the anchors sulphured into
holes previously drilled with the air
hammers. The air compressor for ope­
rating the cement gun was also used for
operating the jack-hammers: The angle>!.
were backed up with a slab of gunite,
which gave a. maximum density of con­
crete and bond to the old surface, and
being placed under pressure, was se­
curely packed under the horizontal le~

of the angles.

(Continued on page 18)

QUICK-SETTING CEMENT USED

One outstanding feature was the use of
Lumnite Cement for a majority of the
concrete work. This was probably the
first practical use of this quick·setting.
cement in the state. It was estimated i
that the use of the bridge was worth ap- ~

proximately $1,000 a day to the publit: !
and the use of the Lumnite Cement, giv- ~

ing twenty-eight day strength in twenty· .l
four hours was a considerable advantage, f

ishortening the period of closing by at '
least .two weeks. All operations were !."

carded out with the Idea of shortening ­
the closing period. The old joints were
removed under traffic, only the heavy
trucks and busses being detoured by
way of the South Center street bridge
and the Lower Tempe road.

All of the thirteen crown joints were
replaced with the new type. Several
spandrel columns were entirely rebuilt ;

':;
with wire mesh and gunite and slight re-
pairs made on others. Seven new steel
cross-beams were placed at the crown
sectioijs of the two spans adjacent to
Pier No.9. These were also encased
with gunite. The work was carried out
with a crew of State forces under the
direction of District Engineer, George B.
Shaffer, and was completed on March 1,
1925, with only about two weeks interrup
tion to traffic.

The new joints have reduced the vi­
bration to a minimum and many engin-

HOLIDAYS POSTPONE WORK

Plans were prepared for the replace.
ment of the joints before the holiday
season of 1924, but owing to the Christ·
mas shopping period, the actual work
was postponed. The greatest problem
that confronted the bridge engineer was
to p:ace a joint that could be securely
anchored to the thin concrete slab,
without removing much of the old con­
crete to make a smooth connection. .A
joint composed of two heavy angles and
a plate one-half inch in thickness and
eight inches wide was selected. The
plate was securely riveted to one angle
and the angles provided with anchor
bolts at four foot centers on both legs.

The problem of backing these angles
up with a thin section of concrete that
would stay. was still with us until it was

CONSIDERABLE STRAIN SEEN

The settlement of the pier mentioned
subjected the superstructure to consid­
erable strain arid the deck took remark·
able deflections without showing frac­
tures, but these have been gradually de­
veloping under the impact vibrations set ­
up by the passage of heavy traffic. New
developments could be seen at each in­
spection and these were made at fre­
quent intervals. It was thought that
the immediate danger lay in a gradual
destruction .from viblfations. resulting
from the impact at the faulty expansion
joints and the recent repairs to these
have sustained that belief.

These vibrations were transmitted the
full length of the bridge so that the ef­
fect of one truck passing over each of
the thirteen joints was a succession of
violent shocks. The traffic count for
this highway was in the neighborhood
of 3500 to 4000 per day, and hence some

By RALPH HOFFMAN, Bridge Engineer

A QUESTION of great importance to idea may be had of the destructive ac­
many persons of the Salt River val- tion of such forces.

ley is the ultimate life of the Tempe There is some doubt as .to the cause
bridge. We are quite certain that ita for this transmission of shock from end
days are numbered. The life of th9 to end of the structure. It is quite pos­
structure has been variously estimated sible that the effect might be felt in the
and almost from the time of its inception spans immediat.ely adjacent to the load­
the design has been of sufficient import- ed span,on account of the absence of
ance to call forth articles by some of footings that would ordinarily be ex­
the most noted consulting bridge engi- pected to compensate an unbalanced
neers, as evidenced by articles appear- thrust at the pier. Some degree of flex­
ing in Engineering News and Engineer. ibility must necessariiy be present in
ing and Contracting about the time of the pier but it could hardly be conceived
the construction, 1911 to 1913. that the span with a hinge at the pier

It was thought that predictions were would act as an elastic unit. It is thought
realized when Pier No. 9 settled 4¥.! in- however, that due to the placing of heavy
ches during the floods of November, 1919. longitudianal reinforcement in the deck
Although considerable alarm was felt at slab-a last minute revision in construc­
the time, the bridge was not closed to tion-a cantilever action is obtained at
traffic except during the peak of th" each pier. -!'his additional steel was
floods. The excitement had almost sub. placed continuously over the pier, extend­
sided when in February and March of ing from crown t~ crown and was suffi­
the next year further settlement occur- ciant"to hold the slab under excessive de­
red at the same pier, making a total sag flection without apparent fracture. "
of about one foot in the roadway, The deflection of the slab takes a form.

The bridge was closed to traffic and of a smooth reverse curve, such as
repairs made as described in the Engi. would be expected in a series of contin­
neering News of April 12, .1921. These uous girders with one span loaded, but
consisted of reinforcing the weak pier on an exaggerated scale. Thus we might
by sinking additional cylinders on each picture a series of see-saws end to end,
side and casting a reinforced cap in sec- and each linked to the other. Strike
tions extending through the old pier one joint of this series and the shock
The expansion joints were also repaired would be transmitted in a wave motion
at this time but the type of joints placed throughout the entire length of the se­
were not satisfactory and their failure ries: Some such action undoubtedly
resulted in excessi. ~ impact from trucks takes place in the transmission of the
due to the depressions. impacts on the bridge as it is quite ap­

parent that there is a periodic wave
which' is transferred through the crown
hinges.

I
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the 4000 mark, and at the present rate
of increase in the motor vehicle registra­
tion, this mark will soon be passed. The
life of the structure could undoubtedly
be prolonged if the public would take a
lesson from the previous closings and
observe slow and .careful -driving. This
should be especially emphasized to those
who operate heavy trucks and busses.
It is not particularly the load but the im­
pact of that load moving at high speed
which causes the destructive forces.

CONTROL LOADS AND SPEED

Care should be taken by authorities to
prohibit loads in excess of ten tons, total
load including the truck, and above all to
hold down the speed of all traffic. These
rules might work a temporary hardship
on some, but it would be nothing in com­
parison to the complete loss of the struc­
ture, which might occur in the very near
future.

It is believed that the State should be
prepar_ed to construct a new bridge at
or near- this location within the next four
or}ive years. Even though the present
-bridge withstanas the onslaughts for that
long or longer, its roadway wi!l not be
sufficient to care for the traffic. It iE
scarcely wide enough at present, and the
next bridge should carry a roadway of
not less than 24 feet. It may not bp,
necessary to junK the present bridge, but
merely limit it to light traffic which
would relIeve congestion at other points.

UNBEARABLE.

The applicant for cook was untidy and.
- insolent in appearance.

"Don't hire her," whispered Jones to ,
his wife. "I don't like her looks."

"But," remonstrated his wife, "ju'st
consider the reputation for cooking she
bears."

"That doesn't matter," said Jones
testily. "We don't want any she bears
cooked. We don't like them,"-Van­
couver Province.

LONGITUDINAL JOINT

ed joint. allows a free and continuous
passage of the longitudinal float. The
use of the longitudinal float is apparent·
ly the best assurance of an easy riding
surface and its merits are most empha­
sized by its free and uninterrupted pas­
sage properly lapped over the entire sur·
face of the run. The half inch of mortar
which remains above the top of the
joint is now removed and the slabs are
edged on both sides of the joint.

This type of joint seems satisfactorj-.
No defective joints have appeared where
placed in this manner and for additional
information cores were taken to shoW­
cross section of joint. These cross-sec­
tions showed 100 per cent slab and 100
per cent joint in its proper position. The
cores showed that the burlap did_ not· ale
low concrete to pass under nor between
the ends of the sections of the joint
material, a very harmful condition which
so often exists at expansion joints.

5TAN~I2r> ~XPAN5ION JOINT:>
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CONCRETE ADDED

Concrete is now added to the extent
of a surplus and the finishing machine
is passed over as many times as are nec­
essary to cut the surface to crown and
grade. The entire surface has now been
given the same tamping, rodding and
belting process and is ready to receive
whatever hand finishing that is neces­
sary to even the surface. The submerg-

tightly against the sides. This avoids
any slack forming in the burlap when
the concrete is deposited about the
joint. The finishing machine is allowed
to pass over the joint one or more times
before the header board is removed. The
header board should be removed very

- slowly .with one end slightly above the
other and care being taken that the

-space under the header board is replac­
ed by spading thoroughly while the re­
moval is taking _place.
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ARTHUR L. FERRY
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Digges Printing Company
26 West Jefferson Street

Phoenix, Arizona Phone 4946

Los Angeles1001 So. Hill St,

South highway through the state, and
the bridge, even though it could be made
as good as new, would be greatly over­
loaded by the present traffic. It is my
belief that it will be only a matter of a
short time until the destruction, tempo­
rarily allayed, will ·continue.

No idea of the value of this link can
be realized until it is closed to the pub·
lic. At the time of closing for repairs
in 1920, the traffic census was 2500 per
da while the count now runs close t

DAYS OF TEMPE BRIDGE
ARE NUMBERED
(Continued from page 16)

eers declared that the bridge is in bet­
ter condition in this respect than ever
before. But we have only checked the
onslaught of destruction and disintegra­
tion. There is a tremendous increase of
traffic on that highway each year. It is
a common point to both the main East
and West highwa and the North and

I
1
1
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Five Cars Passing Abreast on N e'tv Tempe Bridge
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Number 6

only logical location, as it maintains the
present line of travel through the main
part of town and eliminates two right
angle turns in the to~ of Tempe.

A survey was made first extending
the center line of Mill Avenue straight
across the river and re-entering the
present highway with a long curve on
the north side of the river, and a con­
tract was let for foundation b9rings.
The results of these borings were at
first very discouraging. The data ob­
tained showed shallow rock foundation
for less than half the length of the
bridge and the remaining portion a soft
caliche. The rock apparently dipped
abruptly and was not encountered at
cepths up to 75 feet beyond the center
of the channel.

Side Found Unfavorable
The experience with the railroad

bridge only 300 feet up stream, on which
two steel spans were lost by the faUur
of a pier. was sufficient evidence tha
the caliche material was not adequa
for foundations except at a depth whic
wouk! preclude aU possibilities of scou
under the footings. This depth was con
sidered to be 40 to 45 feet below 10

"j

fie of 20 years ago, has been replaced
with a modern structure in which the
engineers have attempted to visualize
the future needs of this highway.

With~n City Limits
The bridge is located at the south end

of Mill Avenue within the city Hmit;; of
Tempe, and carries the traffic of three
lr_ain U. S. Highways, namely: U. S.
Route 89, the only north and south high­
way- through Arizona; U. S. Route 80,
a transcontinental highway, and U. S.
Route 60, the new transcontinental route
recently established through Arizona.
Thus it will be seen that, w:th the com­
pletion of Route 60. a large percentage
of the tourist traffic must pass over
this bridge in addition to the ever in­
creasing local traffic.

The recent traffic-counts show a total
of about 8,000 vehicles each 24 hours
traversing this sect:on of the highway;
and this totaLhas been increasing rapid­
ly. If the old bridge carried this traf-

. fic it is safe to say that the new one
will handle three or more times -this
total on account of the width of road­
way and the increased speed made possi­
by by that width.

The extens:on of Mill Avenue was the

June, 1931 .
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Tempe Bridge Soon To Be Ready For Traffic

View of new Tempe Bridge looking down stream, showing arch construction. Each arch has a span of 140 feet.

By RALPH HOFFMAN, Bridge Engineer.

The completion of the new Tempe
Bridge, Arizona's largest and most mag­
nificent causeway, adds another triumph
of engineering skill and closes another
chapter in the history of Arizona high­
way construction.

Many readers will recall the dedication
of that spectacular structure, the Grand
Canyon' Bridge, and now just two years
later plans are being carried forward
for the dedication on July 4th, 1931, of

. the Tempe Bridge.

This new structure, although not so
spectacular as the former, is the larg­
est bridge ever built in the state of Ari­
zona, both in length and width of road­
way. The total length is 1577 feet; the
width of the roadway is thirty-six feet
between curbs and provides room for
four lanes of traffic. In addition a five­
foot sidewalk is provided on each side,
maknig a total width, inside the concrete
handrails, of forty-six feet.

Comparing the above dimensions with
those of the old bridge,-an 18-floot
roadway and no sidewalks,....,...those wh!>
have driven over it in periods of heavy
traffic will realize the easy comfo_rt of
driving on the new structure.

The old bridge, designed for the traf-



The old Tempe Bridge, which the new structure, to be seen at the right, wil! soon
supplant. It was a 'close squeeze for a truck and auto to pass on thIS old
bridge. On the new bridge 5 cars can pass, as shown on cover scene.

Prevai~ing' steel prices at that time abutment pier being 15 feet in girth at
and the additioml piers requ:red for the the spring line of the arch while the in­
ste'l l\esirn resulted in a slightly lower termediate piers are only 7% feet.
cost f()r the con::l'ete arch type. _ The These are constructed with two separate
concrete structure was to be preferre:i shafts on separate footings and the
on a~-ount of the inherent arc~itectural shafts are tied together with an arched
ef:ects to be secured without additional ~ tie strut., built intergral with the pier
cost anj rro1::ably would have been the cap at the juncti~n with the arch rings.
accepted design even at a slightly high- Above the arch the intermediate piers
er cost. - carry a typical column construction,

Ten Spans in Bridge while the abutment piers are surmount-
Final plans were worked up for the ed by a sand box ~xtending the entire

arch brIdge consisting of ten spans, 140 lenp,"th of the piers, to give additional
feet each. The spans were of the two weight. The ends of these boxes are
r b open spandrel type, with the con- carried up above the roadway in a hex­
crete roadway supported on beam and agonal tower effect, terminating in a
\'jebb~d columns above the two ribs. canopy over'; retreat bay in the pier

Each rib is two feet nine inches in end. These piers are capable of resist­
thickness by nine feet wide at the crown, ing the full deal load thrust of' the
seven feet thick in the vertical plane arches from one side only.
at the piers. On account of the heigJIt of 32 feet

The reinforcement consists of 1~ inch from the spring line of the arch to
square bars at 12 inch centers in the top foundation some degree of flexibility'
and bottom of the rib throughout its was anticipated in the intermediate
length, except that this steel is doubled piers. The movement of the pier top
in the extractors (top) at each end for under live load on the bridge was cal­
a distance of about 30 feet out from the culated and its effect on the stresses in
pier. the arch ring analyzed. The result re-

The ribs WE're desIgned as hingeless quired an increase in the size of re­
arches fixed at the piers and the stresses inforcement in the rib..
analyzed by the elastic theory involving Open Type Abutments
long, tedious calculations and a mass of The abutments are of the open type
figures which have no place in this with the earth fill spilling around the
article. end columns. The same effect as at the

Two types of piers were used in the abutment piers has been maintained
des'gn. It was considered advisable to with a tower on each side of the road­
provide at least two abutment piers for way w:th the addition of a hexagonal
convenience and safety in construction. pylon at the ends of the railing.
With this in view the spans were divid- The roadway slab is reinforced as a
ed into three groups of three, four and continuous slab between expansion joints
three spans each and the groups sep- with bent steel providing for negative
arated by abutment piers. The piers r.10·,·cment over the supporting beams.
are of the same general design below Four expansion joint~ are provided to
the top of the arch except in size, the each span at about the third points of

Page Six

water eleYat'on, which meant only one
tyr.e of dnsi;n -long steel spans. I

In addition to the deep foundations
thh site required extensive bank pro­
tection and a long, high fill at the north
end of the bridge and the loss of con­
f':'i '<,!,cle len?-'t~ of the existing paved
highway- on that side.

Th~ nrofile plotted from the test bor­
in::rs d'd, howeve", 8'10W a hi~h noint in
th; rrH'k formation to\--ar(l. the ("enter of
the channel. In stud"ing this nro1'ile
on the' rrround it w"s di>,covf>red that the
high point lined with an outcrop of rock
on the nnrth bank un:ier the oB brid~e

:m-i a ridge extending out from the
Te",1re Butte.

This discovery indi~ated the possibil­
ity of a rock ridge or dyke extending
across the river diagonally across our
line. The indication of the existence of
such a formation was so strong that our
own drilling force was moved on the
job to prove our theory.

Located Diap'onal Ridge
An extensive drilling program was

laid out and the ridge located as eX­
pected. Contours of this formation un­
der the bed of the river were plotted
and a paper location for the new center
line laid out.

This location, by spanning a small un­
derground channel in the rock near the
north bank, made possible a fairly shal­
low rock foundation for the entire length

'of the bridge and also made possible
the adoption of the concrete arch design.

,The line extends from a point on Mill
.Avenue on the south bank diagonally
acr~ss the river to an intersection with
the present highway at the north end
of the old bridlSe. An easy curve (one
degree) extending onto the bridge from
each end was not difficult to take care
of in the design.

The estimated saving of this line over
the original was more than $100,000 on
foundations and roadway.

'. For economy the design was practical­
ly limited to the deck type structure on
account of the width of roadway to be
provided. It was also desirable to keep
the roa1way on as Iowa level as possi­
ble, which limited the span length on ac­
count of available head room. For these
re2~ons only two types we're considered:
the concrete arch. and the steel plate
girders. . ...
. The limit of the span'''length for the
concrete arches was about 140 feet and
for the steel girders about 100 feet;
th.e problem resolved itself into the com­
parison of relative r.:erits of two de­
s:gns on this basis.

ARIZONA IDGHWAYS JUNE, 1931
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I the span and at each pier. A feature
of the design is the elimination of all

I sliding joints by supporting all ends on
separate columns.

The handrail details were worked out

I
after a careful study of those built in
other cities and a design arrived at

I
",

.. '4:

I
1The hand rail and sidewalk on the new

bridge adds beauty to the bridge, and
safety for pedestrians.

I
which is sturdy as well as distinctive
and in keeping with the ,rest of the
structure.

The lighting fixtures and poles were

I selected to harmonize with the rest of
the handrail structure. Mounted upon
handrail block over each intermediate-
pier is a spun concrete pole surmounted

I bY a standard street lighting unit. At
the towers these units are supported on'
heavy bronze brackets mounteg on each

I
side of the tower.

In all there are thirty-four of ~hese

units on the br:dge. The bracket hghts
on the towers are specified to be ar-

I ranged in a circuit to burn all night and
the rest to be controlled by an auto­
matic time clock, so that they will burn
only during the early hours of the night.

I In this manner ample lighting will be
assured at all times. - _

The lighting will not be maintained

I bY the state but is placed there for the
use of the city of Tempe, as the bridge
is within the city limits.

The sections of the members through-

l Out the bridge were designed to a min­
imum required for the stress and prac­
tically no concrete was add~d for mass

l
effect or architectural treatment except
in the work above the deck,-handrails
and towers.

The contract wail awarded January 22,

11930, to the Lynch-Cannon Engineering
Co. of Los Anglees, the low bidder on

ARIZONA HIGHWAYS

the jcb. This company began work un­
eel' their contract in March, 1930.

Anchored In Solid Rock
The first work was tha,t of excavating

for the piers and abutments. Coffer­
dams of heavy steel sheet piling were
driven to rock and the sand and gravel
taken out with a crane. The design re­
quired the concrete footings to be an­
chored three feet into the solid rock,
which required blasting the rock out to
tl'c feoting lines.

'While the excavation of the first hole
W2S in prog-ress a central mixing plant­
was erected ad'acent to a commercial
gravel plant ,which was to furnish the
rand and gravel for the entire job. Belt
conveyors transported the material from
the plant to large storage bins above
the mixer. From these bins the ,>and
and gravel were weighed in a batcher
arti dU':1ped into the m~xer. The cement
was supplied from an adjacent storage
shed by means of a skip which dumped
(iire~tly into the hopper.

From the mixer the concrete was
hauled on an industriairailroad to the
job. Here the batch toxes were lifted
from the cars and dumped into the
forms. For the footings and piers the
r:~soline operated crawler crane was
used in depositing the concrete.
_ In concreting the arch rings and deck ­
it was neressary to have a machine
which could reach the entire height ani
width of the structure so that concrete
could be deposited at any desired point
with a minimum of moving. It'or. this
purpose a travel"ng gantry crane was
constructed, consisting of a four heavy
post frame mounted on four flanged
wheels. Supported on top of this frame
at de<::k level was a boom derrick, op­
<'rated I:y a gasoline hoistin~ engine.
Two steel rails laid parallel to the
brid~e permitted this crane to be shifted

_to any span in a short space of time.
Each rib was poured in five main sec­

tions and four keys, each five feet six
inches long, which were omitted until
the other redions of concrete had taken
shrinkage. Two of these keys were near
the crown and two at the haunches and
were placed at the lap in the reinforc­
ing steel. The purpose of the keys was
to eliminate as much of the initial stress
in the ring as po:osible.

Fooled by Big Boulder
The sections of rib were poured sym­

metrically about the center of the span
to balDnce the 10a'1 ani the timber false
work and prevent distortion.

The two abutments were completed
~ir_.t, as specified, in order to allow a
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contract to be let for approach fills.
Then the piers were completed in order,
teginning at the Tempe end.

When pier number 9 was reached in
the process of construction, rock founda­
tion was found at plans elevation on the
upstream side and extending over about
one-half the area of the pier. Original
tests for rock made at this pier showed
rock at the same elevation at both ends,
but developments showed that the drill
had struck a large boulder at one end
and the crew, confident in the discovery
of bed rock, had P.loved on without the
m~~~k -I

Steel rails were at once driven on the
perimiter of the pier and a profile of the
solid rock plotted to determine its actual
location and slope. On the low side the
rock was found at an elevation about 30
feet celow the high side.

The construction here called for spe­
cial treatment. The work on this pier'
was the most difficult encountered on
the rntire job and required very care­
ful preparations. In order not to delay
the rest of the construction the work on
this hole was carried on in three eight-

Cne of the eight rest stations on the
new bridge.

hour shifts until the pier was finished.
More than 3,000 cubic yards of material
were' excavated from the hole, of which
about 25 per cent was solid rock.

The last concrete was poured in the
deck during May, 1931, and. the last con­
crete in the bridge, a small dado in the
han:!rail, was poured on Wednesday,
June 3, 1931-just fifteen months after
starting the work. _

Throughout the entire job is reflected
(Continued on page 23)
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TATE ROUTE 87, MESA TO PICA­
CHO-60 miles. Paved oiled or
gravel surfaced. Condition good.

See Us
First

For Your Office
Supplies

Gurley·

Instruments
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are building
Airzona Highways

Arizona Representatives
PHOENIX BLUE PRINT CO.

And then there are the many beautiful
lakes, Mary's, Stoneman's Lake, Mor­
mon Lake, all offering entertainment,
boating and fishing and both camping
and lodging facilities, Not to speak of
such sights as the Petrified Forest and
the Painted Desert, to be seen only in
our own state, time and space forbid­
ding a fuller description but which any
Arizonan should feel shame at having
failed to see.

SEE ARIZONA FIRST
For Your Vacation

w. & L. E. GURLEY,
Troy, N. Y.

H. M. CLARK OFFICE SUPPLY CO.

123 N. 2nd Ave. Phoenix

ARIZONA HIGHWAYS

NEW TE~lPE BRIDGE SOON
TO BE READY FOR TRAFFIC
(Continued from page 7)

a careful and excellent workmanship
which is a credit to the engnieers and
contractors. A full measure of credit
should be given to the engineering force
under the direction of A. F. Rath and to
the general foreman, E. C. Moore and
his men for the pride they have taken
in a pie:::e of work well done.

The Lynch-Cannon firm was repre­
~:cnted by -F. L. Hober, eeneral n:m~ger

of the company, who by frequc:lt con­
tacts with the work made it his duty to
promote harmony and eive the state ~

finished product in which there could
l:e no fault.

AR~ZONA IS NATION'S'
LARGEST VACATIONLAND

(Cont'nued from page 8)
and- vine shaded streams. And after a
blissful day, horr.e to dinner, where even
the most inexpert, with never a trout to

_his credit, shared· bountifully in the
day's catch.

These are but a few of the vacation
spots in Arizona. Flagstaff has many
points of interest and wonders. No one
should fail -to see Sunset Peak, weird
and unique. A cone-shaped mountain
of gray volcanic cinder until within a
short distance of the tip of the cone,

o wher~ the ~ed cinder begins, giving the
peak the appearance of being heated
red-hot. Meteor Mountain, caused by
the impact of some wanderer of the
skies, who collided with Mother Earth
by some miscalculation in his schedule.

1931

construction in Oak Creek canyon.
Sedonia to Flagstaff slow in wet
weather.

IT.HE ROUTE 74, WICKENBURG
TO EHRENBERG-74 miles. Sur-
face, low type improved. Condi­

tion good, Wickenburg to Aguilla
and Quartzsite to Ehrenberg, bal­
ance fair.

I TATE ROUTE 187, SACATON DAM
TO CASA GRANDE-13 miles.
Gravel surfaced. Condition good.

ITA-TE ROUTE 83, VAIL TO SO-
NOITA-28 miles. Gravel sur­
faced. Good.

ITATE _ROUTE 82, NOGALES TO
TOMBSTONE JCT. 70 miles. Grav-

l
ei surfaced. Good.

TATE ROUTE 84, TUCSON TO GILA
BEND-124 miles. Gravel. surfaced.
Condition good excepting Tucson to
Rillito ,being oil surfaced, 1 mile
detour near Rillito; ten mille detour
between Rillitio and Red Rock. De­
tour fair. Observe caution ,in driv­
ing.

I TATE ROUTE 81, DOUGLAS TO
SAFFORD-128 miles. Gravel sur­
faced. Condition good.

I
II
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PHOENIX BLUE PRINT CO.
PHOENIX, ARIZONA

WRICO LETTERING GUIDES
CITY, COUNTY AND STATE 1.\IAPS
- U. S. G. S. TOPOGRAPHIC MAPS

HOME BUILDERS' BLDG.
128 N. First Ave: Phone 4-2401

DEPENDABILITY-
43 Years in Northern Arizona have equipped us with
a thorough knowledge of dependable merchandise in
all lines.

~~~
General Merchants

Flagstaff Winslow Holbrook Prescott
Williams - Kingman Grand Canyon

Tycos
Thermometers

Hamilton
Drawing Boards
Drafting Room

Equipment

Photostat Printing
Drawing Material

Blue Printers
Surveying Instruments

Measuring Tapes

I
I
I

I. P. Loose Leaf
Products. Blanks,
Books, Office
Furniture

HEINZE, BOWEN AND HARRINGTON, Inc.
EVERYTHING FOR THE OFFICE

228 W. Washingt~m St., Phoenix, Arizona
Phones 3-8128 - 4-1376

Filing Equipment
and Supplies
Office
Furniture
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By Bob KeUy' - .. - Arizona's first governor, George~~
Daily News writer Hunt, supported the concept. ce.

The fate of the old Tempe Tom Davis pointed out in an C::I .
Bridge - a product of early 20th Arizona State University term
Century prison labor - is in lim- paper that Hunt, who was elected
boo But its history, like its chief executive In 1912 when
skeleton, remains cast in con- Arizona became a state, wall a
crete. firm believer tn prison reform.

The Tempe City Council last Davis said Hunt once defended
week rejected a proposed $25,000 the honor system at a Chamber
feasibility study on the structure. .of Commerce meeting in
also called the Ash Avenue Prescott.
Bridge. which crosses the Salt.· "He said he was so confident in
River bed just west of the Mill the men that he would resign if
Avenue Bridge. one should escape," Davis wrote"", ,.

The study would have deter- "This was a promise he was no~ .~

mined, among other things, the to keep." • . ;''') .:
practicality of repairing the span Perhaps one' could defend::'::;
to accommodate bicycle and Hunt's decision. Not one prisone~·: ;~
pedestrian traffic: . -, . ~ . escaped. '.' . _ ;, ~;

!\fter "",.mining: Arizona . Fifteen did.. ' ::.; :.
Department of .Transportation' These runs for frec.-uom wer6"::'::! r ~
reports. some council members far from mundane. Davl~~ ~0J

felt the project would be too ex- reporied one prisoner who m~de

pensive. ., ,. a break on June 21. 1912 was soon
So the old Tempe Bridge""; now caught, but not before he had ae­

a shell of its original form - pro- cumulated a little prospenty.
bably will remain as it is until a "A short time after he was
private developer offers to noticed absent. he was found by
renovate it. fellow convicts on a search party

But no matter what end is in walking alung the Salt." Davis
store fo. the bridge, its beginning wrote.
makes for colorful conversation. "In place of his prison clothes

Construction began in March he was wearing a fine tailored
1911. Crews consisted almost en- suit. He had a gold locket with a
tirely of state prison inmates who diamond stud hanging from his
were housed in a stockade near breast pocket and a silver dollar
the site. in his trouser pocket.

The transportation department "As with all captured
reports say the labor force escapees, he was returned to
averaged about 57 men and at Florence to serve out his com­
times ranged upward to 70. plete term under less-desirable

Although he didn't initiate the circumstances."
Idea of using convict labor, Please turn to page AS. Bridge

-:r{;
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Transportation in 1933. The deteriorating structure. shown below as
it now looks. now is closed to aIr trallic and has been criticized as a
hazard and eyesore. ~ /

The Ash Avenue Bridge has undergone a transformation in the post
67 years. The bridge. shown above in August 1913 about a month
before its opening. was abandoned by the Arizona Department of
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all-time passin~ Ica.,
Jarvis Redw
Nebraska run:
back; Kenny Ea~

UCLA safety; anc
three-way tie for 1
aniong Anthony Car'
Michigan
receiver;
Singletary, .
linebacker, and D
Wilson, Illinois qual"
back. '

Rogers became
eighth consecutive r
ning back to win
Heisman and the 31s
the 46 years of
award. Green was I)

the third lineman
finish as high as sec,
without doubling as
pass-catehing end. I
others were Alex K
ras of Iowa in 1957
John Hicks of Ohio St
In 1973.

:

he apparent­
ly was to spend the
night. .

Rogers carried four of
the six regions into
which the country is
divided - the Mid­
Atlantic, South,
Southwest and Far
West. Green captured
the Northeast, while
Purdue quarterback
Mark Herrmann, who
finished fourth overall
with 405 points, won the
Midwest.

Rounding out the top
10 Heisman finishers
were: Jim McMahon,
Brigham . Young
quarterback; Art
Schlichter, Ohio State
quarterback; Neil
Lomax, a quarterback
from small collegc
Portland St:lte Universi­
ty and collcge football's

Heisman~~

~-

-~ :~,:lAKE Al
,c:::WITHt

~ ·i

"

However, the question
of who owns the old
bridge remains
unanswered. When state
officials abandoned it,
they did so without
transferring the title.

Now, no one knows
where the title is.

"I think the city of
Tempe is probably the

the prosecutors are running a proba­
tion system,"

nO' s<li,\ he W01\ld r"th.· r sl)l'r1l1

encourage increased
resources to combat prostitution,

"That is a real nrohlem," hc said,

Collins~~~~~
~
~:":>

. . Doil, N...... photo ~y «or Av.ry

A commercial jetliner flies over Hayden Buti~ on its 'conce~ned by airc~ait they c1.aim have deviated from
way out of Phoenix Sky Horbor International Airport. established take-off and landtng patterns.

c::::> Residents of North Tempe have become increasingly 0-L:3 -:"J', i
~ .' , I-i '. .
~Brid e " .-"'- 9 ", owner," Ream said. "In

~ Sunday baseball Florcnce," Avenue Bridge was any case, it appears the

~
games were adopted to Despite the mayhem, opened. . ... ,,' abutments on both sides

, kecp the labor force theprojectsurvivedand "Thecostofcontinued belong to the city. So
from becoming victims the Ash Avenue Bridge. repair was getting to be whether we want it or
of the old ennui. , 'was " finished in excessive," said Tempe not, It belongs to the city

Davis reported September 1913. But It Councilman William of Tempe.
Tempe residents, ap- was doomed to a Ream. , ... "Sometimes it's hard

1parenti! impr~ssedwi~h relatively .brief life But he added 'the to t~rn down a. gift you
the pnsoners athletic span. bridge still could be put don t want. TillS Is one

. prowess, atten~ed the The stru,ct~re e~en-. to practical use. ' of those cases.~'
~ gamcs and even passed tually fell victim to time "At the time' they.r the hat to .buy the team and wear. Its road w.as abandoned It it was

bettcr equipment. two n~rrow to handle m- limited to about 10 or 15

;t
But thIS also got out of creasmg . numbers of tons," Ream said. "You

• ha.~d. cars ~nd ItS foundation still could put bicycle
On one Sunday early wasn t strong enough to and pedestrian traffic

in January 1912, more support he~vy vehl~le~. on it without too big a:',
than the hat was pass- One engmeer said III sweat.. ~ : __ , '
ed," Davis wrotc. "The the May 1925 Arizona .

• local citizcnry ap- Highways that weighty
, ,{parently was quite vehicles caused the en­

chummy with the bridge tire span to vibrate "so
: squad and one local that the effect of one

barbcr was found pass- truck passing over each
ing a bottle of whiskey of the 13 joints was a

. to one of the black con- succession of violent
viets. shocks."

"The barbcr was fin- The structure was
ed 15 bucks and the con- abandoned in 1933,
vict was returned to shortly after the Mill

'"

,.
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STYfE HlGH\YAY nl<~PART~1E~T.

Clifton-San Carlos Highway:
pJ"plimina I':" snryf'Y bdwf'en (,lifton and Sa n ('HI'los. a dist.lllll·'·

nf 114 miles. completf'd.
En!:inl't'ring *~18.-!:)

MARICOPA COUNTY

Prescott-Phoenix Highway, Grand Avenue Division:

Thi~ section consists of that part of Grand Avenue extending
from the city limits of Phoenix to Glendale. portions of this road
were ~nrfal~ed 'with caliche. gT<lYt'l lllld disintegrated granite at a

tost of $2.130.57.
There "'as expended on this ~t'dioJl of hig-hway $,1,,612.32 for

maintenance ,york to ;June :30. 1912. two teams and three men being
employed for the joint maintel1l11J('(· of this section and the Phoenix·

Tempe Highway.

Phoenix-Tempe Highway:

There ,yas expended to June 30, 1912, on this section of high­
way $6,920.64. This expenditure covering surfacing with caliche

in some places and general maintenance ,,·ork.

Phoenix-Yuma Highway:
Reconnaissllnct' and SOlDt' pl'elilllinar:,' sun'ey work made on the

hig-Innly extending from the City of Phoenix to the Town of Ymllll

in Yuma Connty. a distance of 202 miles.

Proportion Engineering costs ········$ 650.26

Tempe Bridge:
Plans and specifications prepared for the construction of a

bridge over the Salt Riyer at 'rempe and construction under way

with prison labor .Jnne. 1911.

Expended to .J nne :30, 1912.. , _.._ ···$56,023.83
1"01' detaiL sec Prison Labol; section of this report.

-~4-
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STAT~~ HIGHWAY DEPARTME~T.

.-\ survey of the Fairbanks brid)!e sit<: with soundings for founda"

. inns was made.

The highway was located 9 miles out of Bisbee.

Plans and estimates for this work are now in course of prepa,[·<l.;

-:on in th is office.
A cill'l'takpl' wiTh tpam was empltJ,ved to kt~'~p the DtJuglas-Biilbt"p

! i~'h wa,\' in repair.

Maricopa. County.

County portion State R.>ad Fund.... _........ _.$:36,749.91
State portion State Road Fund.. .. .. 12,249.97

$48.999.88

The law pr'ovid"d that Jlal'ieopa County shonld have all of the
:--rate Road Fund contributed by said (,ounty for the purpose of com­
pleting the Tempe bridge. ..:\s this fund was not available until
~lfter Janual')' 1, 1tll:-3. arrangements -were made to borrow sufficient
'0 meet the payrolls for labol' on the bridge and the merchants and
"thers agreed to wait for settlement until the above date.

1'0 ('ontinue the employment of prisoners on this work, arrange­
:U~lIt "'as made by the Board of Snpervisors and the State Engineer
,\'ith titl' Board of Control whereby the prison would pay into the
[{i'ad Flllld for ''<It'h prisl..rwl· so "'Hlployed tht~ net per eapita cost
.If nlilintenn,,(~l' of' pl'isoners at the priso11. :;;;imilar arrangement
\\"<lS 11I1H\t· fOl' the employment of prisoners in other counties.

Wlwn the .~l'1l(ling outfit O[ prison labor en~aged on the Flor·
"lwe-Jles<I hi!.dl\\·H-,\· [·(~~ ... h.!d the Jlaricopa line it was decided to
11[\\'1' them g-I'adl' from that point to Hij!]ey. a distance of seven

miles, which was done.
Jlinor repairs and SOllle dragging. was done on the Glendale 1'IlaJ..
The COHllty Hoad SlljH!r'intl'nrlent was appointed as superin­

"'nllt'lIt of statt~ hig-hway..;



Clifton.Duncan Highway: Flu'

Survey made of SP\'en mile" of hi~,dl"'ay from til(; .'nd lit' elinoll.
~()loine)DvillE' Hip:lnnlY. SP(·. 1. tllward Dun'·lln. rlk

(For detail see Prison Labor Section of this rpport.)

PTe

l!n:~. :1,1,

-l4(1.~:;

;{43.92
66.00

BoaI'd of Snpen'isors:
,Yo .\. :\loeur. Chairman.
.F'rnnk Luke. )lember.
Lin B. Orme. ~Iember.
.fnl'. :\1 ill l.'J', .Jt-., Clerk.

MARICOPA COUNTY

Engineering:
Salaries $
Travel and subsi::;tPIJ('t' ..
Team hire .

-112-

Constrnrtion work on this highway with prison labol' coutillll"
to comple'tion, Decemhc·r. 1913. (For detnil see Prison Ln bor se,

tion of this report.)

Expenditures 1913-1914 $4:·L54;US
*R,e.funds 9.7,'n.-l:S

----. $:~;l/61.i

Reimbursement made to G(meraJ Fund fOl' loan of $:30.000.(­
in fi:;cal ye~~: f~12-Un3. Expendit11l'es nuring that year .$24,440.0;,
:~JI?-0nnt ,expended (,ul'I'rnt year from thi;.: fllIld, $:>,559.26. !\hown ::
regular pxpenditl1l'c!\ ag-ain!\t pl'opel' projects.

STATE HlGH\\"AY DI~I'.-\RT~IE:-;T,

Phoenix-Tempe Highway:

Finishing and paving "'ork ('omplet"d in S"ptelll bpI'.
bl'idg<, opened for trnffi(· Septembel' 20, 191 :3.

Expenditures 1913-H1H $ /.5/4.82
'~Refunds /,542.74

Tempe Bridge:

4\



1!'.952.29
52;.t:2

6A!l6.18
4.210.:H

1.012.87
48.66
69.62

309.57

TEMPE BRIDGE

Miscellaneous Expense--

Camp supplies-Eng'r mess .
Camp equipment", etc .
Office expense .
Mis(·p]Janpolls .

Lumber 5.506.98
Reinforcing steel 7,940.87
Hardwarf> and miscellaneous 2.049.49

Total Cos1..

Fuel and Oil .... c•.•••••••••••..•..••••••••••••

Tools and EQuipment--

Charged to job .
Less recovered (pst.) .

I ndnriin!! South AppJ'oaeh ,yith San FI·an,~i,.;..o ('an/Ii ('ul \I'r;

--1;;4-

.J. C. RyllD. Di vision Eng-ine!'r.

~1 ATFi HIGHWA \' DEPARTMENT

1.inder iustructions from Board of Control. the l'elTiwl'ia! E.- :"1·

n(~eJ' 811 bm iTt(~(l plilll"; foY' (~Ollstt'u<'tiOlI of bl'idg-p m'p]' Sa It R ';'r

at Tempe. Febl'llary 2-1-, l!ll1. and 1IIHl(>I' dat,· of ~[a~' :n. U111. : lit,

Superintendent of th(~ Prison ,yas instl'udl-d to send twenty· ,;,'C

prisoners and six g·uard,.; to the "amp (~stilblished at the bl'idge :·,le.

The followin? resolution was adopted on this date by the Boare of
,'ontro] relative to uspof prison lahor on thiR work:

,. \Yher,>as. (,l'J'tai~l ]H'isolll'rs now ..onfined in the 1\:!"
ritorial Prison at Florence (,IUl he advantag-eously employed
by the Territory in the construction of the l.'el'ritoriai

. bridge 11('ross the Salt Rivet· near Tempe: and

Whereas. it is deemed advisable fol' til" Hourd of COt;·
1.1'01 that men so employed be rewarded for faithful and
efficient service on th!> construction of said bridge. and it i!'

i,

J

I

I
I



8,343.74
17,496,76

--·1",,·-,

.......................................................$

ST:\T~ HIGHWAY D!':PART~I!':NT.

Material:

Cemelll
Steel

\Vhel'eas. be it resolved that raj' ~n~r'y day of faithful
:lOd eonscientious labor' perforllwd b.v a terr'itorial prisoner

11 thl' (~onstl'lwtit\1l of the said bridge. 11 c['edit of two days
,.hall b., ;dlO\\','d to tbe said prisonel' to be dedllded from
his sentence in addition to th,' regular good time allow­
ance."

'il" belief of tlt,~ members of the Bourd of Control that by
iO [,f'warding' prisoners so emplo,ved a greater standard of
·!l1(·if'Jl('Y mny be rnnintained and bettp,r resnlts ean bl'!

:u,hieved all the WOI'k by .~iving thr prisoners an incentive
,-'.)r good beha\'ior:

: )n ..Tnly 1;3, l!Hl, th .. Superintendent of the Prison was in­
~t!·".·ted to seud twenty-fi\"f~ additional men to 'l'empe for employ­
nl'. (c· on tbis work,' bringing the p['ison force up to fifty men and
sl: ,.rj~' thel,.,,,rt!'r inel'eased to bring a\'<.~rag·e np to fifty-seven men
k :iw period of t\\'pnty·,;pn'n months for (~ompletion of th(· bl·id~e.

I): 'It" a\'('I'a~'e of iifty-se\'cn prisoners at the Tempe bridge site,
f,!·: ,--"i~'ht "·"I'e I~mplo.ved on the bridg-e pl'opel' aud nine on camp
11'1) lr (one cook and waiter for engineer's and foremen '" mess, one
e" ,,:; :md \I'aiter for prison mess, olle barber, one laundryman and
"1:", "O!'I'illnwll), The paid fOl'ce (O(Hlsisted of one engineer. one assist­
am "!l!!'ineet', tin" forf:men. t.}VIJ (Oarpente!'s, seven g:twrds and one
bl"':' keeper.

The. ol·j!!·inal plalls and specifi(~ations c<llled fOI' a nille span solid
al'I'~1 ['ing bt'idg.e 1~2j fet't in length for 16-foot roadway and esti­
Ill,,:;· ,m this basis was made of $7S,:3D7,D2, Later, these plans an.1
sp'~,·iii(~at.ions were revised to eall for an de\'('n span arch rib type
bt':';~'e for lS-Ioot roadwa~· with open spandrel walls alld various
oth,,!' ehanges wel'e made, necessitating additional paid skilled labor
in che way of earpenters, etc .. together with increase in reinforeing
lIlarCl'ials. Detail of constt'uction costs for project, which includes
SOllth approach with San Frilncisco Canal (~nlvel't: (No['th approach
iu,~lllded in Phoenix-'l\~lIIlk Highway.)

I
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Supplies, Engineer's Mess:

Miscellaneous Expense:

Mil'cellaneolls f>xpellse of Engineers and
l<~ngineeriJlg- Parties, inelnding railroad
fare, rent of Quarters, telephone and tele-
graph charges, office supplies, etc .
Oiling approach to bridge .
Rent of land for storage of materiaL . \ :

~"
::
l~,

1~

II

I'J
1

:I, ~
~ .

t t ~, !\

I

'1 \, ' J,: _ l

!11J .
i

I'. ! I
~ , II{ .

I:,
il~!l

I' ,
: i'
II j: i

~f,

V·

-
(;24.70

2Jl: 66.[. 3
12ti,fi5

-

~ ti.r,~(l.86

$118,919.11

$125.479.97

$ ]],760.01

718.45

:\42,6:;
84.44

:a;;•. 7i")

-

l,::S2.!l1

.$Z.tillO.86
:l,fltiO,O(l

~ :l7,5:1O.7:!
~!).7'j"H.'j·~

.$ lti,!J1:l.ti:;
17.7:!2.8f~

---
STATI;; IIIGH\\'A Y nEPAHTi\lEl'T.

-
Camp Supplies, food, clothing, el.<:..

Salary of Guards .
Transportation .
l\h'l!ical attention
l~sl:ave!;

lilx\Jense of Guards .
Sloe!wde expense, building, wil'ing, tele­
phon€', lights, ete.

Mainlenanl:1' rP1"ulldt< fronl PrhHlIl

-

Net C(,.,;l Tempe Bridg'e

Prisoners:

UNIT COSTS OF LABOR

Indudl'd ill eosl of bridge aI'€' the following:

South approach .
San Ji'ranelsco ('una I ('lIln~rt ..

'rolal mell days...... . Ali,S;.!l

Total lVorldllg men days.. . :l::.72G ~

An"l'age nllmber of !llt'l) 011 job ;"
Ayerage nlllllhel' of men on bridge work. 48
Average Ilumber of lllen on camp wort, ~I

Average cost perman pel' day, excillsive of maintenancE'
refund . .80

AVl'rage eost perman pel' day, less refund............. .2f••
Average eo!;t pel' working lIlan pel' worldng day, exclnsive

of I'efund '.. t. 11

$126.919.44
('n,dit 11111' aeeollnt (~ljlliplllenl 1'1'(:01'1'1'1'<1 at< Stall· 1':ljllipm\,111 t.4:W.47

Right of Way:
Paving:

Bridge Plate:

Credit has not been allOll'etl this ,~onstt'lidion fOI' t hI' st ockade:
and building,; now shlllding·. also llllllhcl' left 0\,(,1'. Jlt'obahle I'allll',

$1.000.00.

! '

-~
1

$ 2,510.03
130.00
266.50

$ 32,454.6~

$ 6.473.72

-

8,702.81
8,591.42

10,726.88
1,483.M
1,024.14
1,222.71

703.37

-
7,493.27
6,693.62

$ 39,927.3~

..

............... $ 4.792.00
-813.91
623.63
876.79

---- $ 7,106.33

3,821.43
906.67

--- $ 4.727.]0

6,875.5]
619.77
937.61

--
$ 8,432.79

286.30
-_.- $ 8,146.49

5,785.22
4,024.18 , 9,809.4(1

.---
STATE HIGHWAY DEPARTMENT.

-

I<:ngilwer and Assistants
Foremen
Carpenters
Office Draftsman .
Time and Bookkf>eper : .
Office JiJng-ineel' and Force .
Other piad la hoI' : .

I~UIDber .
Hardware, etc .

Labor:

Relltah,
Ji'('ed

EQuipnlf'llt credits

Teams:

Miscellaneous Supplies:

Oil and Coal ~

Freig-ht : .

Tools and Equipment:

('O!HHrllction '!'

1<:I~ginelo'ring .
Frf'ight

Freight on MaterialS:

Cenwllt
Steel
Lumber .
Hardware, etc : .

--

··-106-
-157-··
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l l.'

1\1 ~

Engir

Const:

method (I!

were sell"

sent 0\,('1':

in the h:
[nsomllcit
the Pinal
In ord!'!' ;
to the can
and mH k,~

these poill
tional Jlll'l

men, Un:
employed,
theempk
bookkeep,
work. \\
owing" t"
close du\\"

$ 90.0n

.348

.378*

4.(111

10.:;;)

16.00
lO.O/)
12,01\

2.50

···1 ;;1'--

Section Two,

GLOBE.RAY HIGHWAY

In .htl~·, Ell:? it was dt~('idpd to ~tart \\'Ill'k on ",hilT 'o,!'''''

nated GIobe·Ra;.' HighwllY' Section 'l'wo, extending from the Ci~'

of {il.ob,' to"';H'd Ra.\· til tlle Uila C'ollnty bOll!J(lal·~·. il di.~t;l!l"" ,

21.0 miles. After investigation of honor system as then being' n":',!
in Colol'adc, illld ot.heJ' "t.at!';;;. it \Y3" (1eemed expedient. to i100pT tb'.

DiffHence in favor of Pl'ison Labor pel' day ..

Cook~ and waiters for general mess not included under paid, labor :"
boarding hou~e should be self·sustaining.

41' Prisoners 1'[ $1.11. ..

.\ Y. cn"l. per worldng lImn per working day, 1~"5 refund ..

.\ verage eo~t pel' mall per day for guards .
A verage co~t per working: man per worldng (jay fOl' ,gu:w<ll"

"Included in Item 4.
**Inchlllel( in Hem 6.

E;;eapes 11

Recaptured _~ ~ _.)
Engineers and .\:~;;istants pel' working day $1tj.~~

F'oremell per working day 19,21l

Carpenters pel' working day.... 11),4:1

Olfice per working day............................ 3.51
Otller per working day................. 2.9i'.

Erfil'i\'n('~' !"'pOl't of DiYision T':ll).!illl·(,!' ill (·!l;l!'l!(" Ill'
stl'I1I'tioll shows thl' followin).!:

. P:lid lahor rot'e(~ nece~2ary to do tht-> !"':ltllf> nnlO\llH of \Vorl,

pc" 'lay "s 4f< pl'j"ol1ers:
Hi;~(·l\~lll!ill .$

:~ DE-rriel, Ell.gillper~ rfi· $:~.50 .._ .
14 White labo]'(~rs on foundation work, etc. I(r $2.50.,

8: La borPors on concrete ,vork @ $2.00 ~ _ ~ .
4 \\'hitp teamster;; @ $2,50 .
f; I~a horpl's on rock crusher tjJ $2.00 .

Coo], for Engineer's :Vless .

'., ;

j
I l

I d!
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OF THE

TO THE

Governor

State Auditor

- Citizen Member
State Engineer

AND TO THE

SECOND REPORT

FOR THE PE, IODS

July 1, 1914 to June 30. 1915
AND

July 1, 1915 to June 30. 1916

ARIZ. HWY. O:pr. L13RARY
PHOENIX, ARIZONA

State Highway Commission
(St<l.te Board of Control)

Boards of Supervisors of the Several Counties

GEO. \\". P. HUNT

J. C. CALLAGHA::\
eHAS. R. OSBURN

LA~L\RCOBB

STATE ENGINEER
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Tempe Bridge-

Caretaker on Phoenix-Tempe Highway charged with keeping
Clean and lights in order.

Florence-Mesa Highway Sec. 1-

This section extending from Higley 7.1 miles to Pinal County
Jine dragged after rains and minor repairs made.

72.94

$716.67

Im.83

$2,282.39

183

7.30
88.40

102.00
8.76

101.21

18.00 325.67

625.63
64.04

6.40
66.54

57.38
112.55

2.63R

99.10
2.1 I

Labor .
:\Iaterial. etc .

Labor .
Team hire and miscellaneous .

Excavation-

SUpt .
Labor .

Team hire .

Building Flumes-

Labor .
Supt .
:U dse.: La bor .

)Jails .

12jj lin. ft. cost per lin. ft .
:\f. & G. acct. on 426.90 .

Phoenix-Tempe Highway-

This section maintained hy caretaker J. n. Blakley and as~ist-
~l1ts as requirerl.

Labor $1.320.~R
:\Iaterial 196.32
Team hire, feed, etc. 765.79

ST.·HE HIGHW.-\. Y DEPc\RT:\IEXT

Division Engineer r. ,Yo Twitchell

Mesa-Roosevelt Highway

Upon completion of improvement work with Honor Prison

117.64

- 1326.96

I

I

I
I

I
I

.
361.115

~ I
n

'I I;0

:J 35.16

..fl_
18

$134.25

.~~ I 39.91



Reconnaissance of proposed high way from Phoenix to Prescott
commenced.

Phoenix-Tempe Highway Prison-

Delayed charges to this work completed in previous year
c:.mounting to $05.18 paid and credit of $428.10 for returned cement
~acks.

STATE HIGHWA Y DEP:\RT~rE:\'T
18i

59.55

iO.36

186.93

$129.91

$235.45
38.08

$273.53
14.00

34.20
25.35

72.58
i5.10
39.25

20.00
35.51
11.07

$66.5R

....._-- .

......................................................................... _- .

......................................................-- .

Salaries
Expense

Salaries

Salaries $
Tra\'e1 expense .
~r iscellaneous ..

GENERAL

Division Engineer:

Office:

Arizona State Prison ..
South Side Gas Electric Co ..

Loading signs erected at each end of hridge .

General Expense-

Team hire fQr steel $
Powder on hand .
~I isceJlaneous lahor ..

Prescott-Phoenix Reconnaissance_

Tempe Bridge:

. Disputed charges from 1912 adjusted.

I

I

I

.013

.UJ·.01

.OJ

JI22

.~I

1.41
i)]/

2.14

~
l.45

.9°1
'.~
66
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3'95

The northern route ran through a sllillewhat rougher country,
:',iid was a few miles longer, hut the material was, in the main, of
u suitable character for ::,urfacing. and there \vas a great deal less
drainage tu be looked after, For the;;e rea;;ons it was decided upon
.". heing the one that \vo/lld pnn'e most ecunumic c\Tntually.

The expenditure of the money available \\"as cuncentrated on
the worst part of the road. which \vas !ll't\\'een thc Yellow :\lc(licinc
'llltl Lowdermilk \\'ashes. a distance of three miles, The grading

Phoenix-Yuma Highway, Arlington-Agua Caliente Division:

This project under direction Di\'ision Engineer F. G. Twitchell,
whose report follows:

Tempe Bridge:

Description circulars DE escape ''' ' '.' ' $ 6.80

Up to this year, no improvements had been made on the Phoe­
nix-Yuma Highway in }Iaricopa County, and the route to be fol­
lowed west of .-\rlington had not been determined, It having been
decided to spend the a\'ailable funds between Arlington and Agu3.
Caliente, on account of this section being the worst part of the
road. it became necessary to make a chuice between a route by
\·.ay of \\.oIsey Peak and Point of Rocks, which had been the one
generally used; and another route which ran further to the north
by way of Fourth of July Butte and Yellow Medicinc \Vasl1. A
G,reful investigation of both of these rout~s \vas made, and the
llorthern route \vas decided upon as being the hetter.

It was founel that both routes presented many difficulties and
(i:sad\·antages. The southern route would ha\'e required a great
deal of hea\'y rock \\'ork tu get through \\'olsey \\'ash anel past the
:;'oint of Rocks, It als" ran for many miles through the silt bot­
~,im land of Cotton\\'o,:.c! \\'ash and the Gila Ri\'er-the pourest
kll1d of material for road purposes-and the uutlook for ubtain­
l~lg anything hetter for ::,urfacing' \vas \'ery discouraging. as there
"'as nothing suitable that would give a shorter average haul than
,tbout ten miles. There were abo many !arg'e and unconfined
-.\·ashes to cross.

.j

I

I

I

I

I
I

I
I

I
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During' fluods early in ISlI(J, the south approach to this struc­
ture was endangered and it was necessary to have some protection
work done.

Equipment-

Purchased 1915-6 $ 291.99
Refund of proportion of cost on State Highway

Department .-\utomobile 494.00

,
-47

I I L---

411

125.47
24.50

6.00
15.78
SAD

26.03
13.20
34.15

1.30 $ 251.83

202.01

3.00
.75

4.84
4.60

18.9.5
33.00
23.00
50.75

.70
19.00
15.00
2.25
8.80
8.50

480.00
5.50
1.50

45.63
184.90
75.00 $ 1,045.67

STATE HIGHWAY DEPART:.\IE:\TT

Labor $
Teams .
Teams' feed .
Lumber .
Cemen t .
G10bes. . .

Repairs to equipment .
:.\1 iscellaneous expense .
Expense Assistant Engineer .

Net Credit $

Equipment on Hand-

Two .-\xes $
One Bar, Pinch .
Xine B rooms. Street .
Two Checkers. Traffic .
One Drag, Xo. 2 Prairie, 7-ft .
One Drag, Steel, 10-ft .
T\\'o Drags, \Vooden .
2 presnos. 5-ft. . .
One Ifammer, 8 lb .

Two Harrows .
One I njector .
Two Picks .•......................................................................
T "'0 Screens, Gra yel .
Se\'enteen Shovels : .
One Sprinkler, 600-gal. .
porty-two ft. Steel Drills .
One Tamper. Cement .
Eighteen Teeth. Scarifier .
One \Vagon Tank. 12 bhls .
One \Vagon, Freight. 3% in .

J:empe Bridge-

f

I

I

I

I
I

I

I

I
I

I

I

I

I
I

I
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69STATE HIGH,YAY DEPART;\IEXT

spans. Total length of bridge, 195'--+". Two westerly spans
\vashcd out during. the fall of 19 [6, and were replaced by a
steel truss. The Thanksgiving flood of 1919 wrecked this
structure cntirely. Except' at the westerly abutment, the foun­
Jations were all placed on sand and had inadequate depth to
withstand the scour during the high water. This stream car­
ries considerable larg'e drift, and. if the reports of eye wit­
nesses are correct, the bridge was constructed with in'suffi­
cient headroom. The largest flood experienced during twenty
years occurred in .-\ugust, 1920, and served to demonstrate the
utter inadequacy of this bridge. This Department has begun
the construction of a 3-span, 303-footover all bridge with steel
trusses and concrete floor. The length will be greater by
more than fifty per cent and the headroom will be nearly
double that of the former structure.

Previous effQrts to construct and maintain this bridge have
cost the taxpayers of :\Iaricopa County something over $20,­
000, together with a part-timc loss of use. This Department
contemplates an additional expenditure of about $70,000. mak­
ing a total of oyer S90,ooo. A properly designed bridge in
the first place would haye cost about S30,OOO or, in other
words, would ha\'e saved S60,ooo and much inconvenience.

Tempe Bridge: Repairs

The second pier from the north end of this bridge se~tled abont
4Y~ inches shortly after the Thanksgiving, 1919. floods. Traffic
was maintained, except during high water. until the second drop, which
occurred February 13. 1920. and amounted to about 0". Two tons
was then named as the maximum load permittcd to cross, On :\Iarch
2, 1}8" additional deflection necessitated closing the bridge and on
the following day a sudden drop of nearly 5" was recorded. Emer­
gency measures to insure the stability of the structure were com­
pleted and the bridge opened to pedestrian traffic :"Iareh 4. 'Material
and equipment for sinking caissons and underpinning the defective
pier had been in process of assembling for some timc and the belated
arrival of timber permitted permanent repair work to start late in the
month; the Governor having declared that an emergency" existed and
set aside S-+5·000.00 for the repairs on :\Iarch 25.

Serious cracks in the superstructure made necessary extensive
repairs over three piers at the south end. This \vork was completed,
the false work to support the sunken arches erected. and the bridg-e
opened to vehicular traffic on :\Iay I I, 1920. Since that time the
retaining wall at the 50mh approach has been underpinned, the crown
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Miscellaneous Duties

Plans have recently been prepared for County bridges of an
aggregate value of nearly $70.000.00. This work is done for the
Counties of the State for the actual cost of preparing tl~e plans and
spcci iicatiolls.

expansion joints renewed. sheetpilc cofferdam driven and at this time
the sunken pier is underpinned and the false work removed. Consid­
erable repairs are yet needed on the handrail. floor and spandrel
columns.

It may be pertinent to call attention at this time to the existence
of other very serious crach in the arch rings and floor system. The
bridge was originally designed for a live load of 100 pounds per
square foot, plus a Is-ton traction engine. The present State re­
quirements are ISO pounds per square foot of road\vay surface, or
two Is-ton trucks. The bridge as built is a more or less indeterminate
structure, but an analysis of stresses calls the sufficiency of, the floor
system and arch rings seriously in question.

Besides the one undergoing repair, five additional piers must be
considered as of doubtful capacity to sustain the loads to which they
are subjected.

In view of the extreme economic value of the Tempe Bridge­
about 2500 vehicles per day use this structure at an estimated saving
of $1.00 each over the longer route-it is the recommendation of this
Department that the Legislature be informed of the unsatisfactory
condition of this bridge. the liability of serious accident which may
require restricting traffic or closing the bridge altogether ancl the pos­
sibility of requests for maintenance funds during the next two years.

The general scheme of repair would be to follow the procedure
at the sunken pier for underpinning operations: the placing of addi­
tional arch rings of reinforced concrete or steel; and necessary
strengthening alterations in the floor system to pro\'ide for tempera­
ture variation and to transfer the loads to the new arch rings. \Vork
would have to be carried on without stopping traffic: a condition
which would increase the cost to the State by many thousands of
dollars. . .

The original cost of the Tempe Bridge was SI5I.250.7I and it
will probably require somewhere in the neighborhood of $-J.50,000.00
at present prices to build a new bridge adequate to carry present day
traffic. The expenditure of about one-half of this latter amount
should serve to increase the life of the bridge for several vears over
that now estimated, which is about five at best. -
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59STATE HIGHWAY DEP"\RTMENT

6. RECOMMENDATIONS

TEMPE BRIDGE: This bridge is showing slowly pro­
.";Tessing evidences of failure in the superstructure. Numer­
.)US cracks have appeared in the floor slabs and beams and
in the spandrel arches and columns. The increasing number
of these cracks indicates the possibility of an ultimate failure
which may be serious in its consequences. Frelluent inspec­
cions should therefore be made to determine the condition of
this bridge. The floor system as originally constructed had
no expansion joints. It was continuous from the crown hinge
of one arch to the crown hinge of the next. From what

.appears to be the consequence of this form of construction,
the floor slab, floor beams and spandrel arches cracked
transversely to the center-line of the bridge at three piers,
In various other spans the spandrel columns cracked. Thi.:;
Department cut out portions of the floor and spandrels at
the above mentioned three piers and built in expansion joints.
This work has proved to be entirely satisfactory and it is
recommended that a similar procedure be followed at several
other piers. The pro\-ision of these roadway expansion joints
should have the effect of eliminating thermal stresses in the
floor and should therefore lengthen the life of the bridge.

FLORENCE BRIDGE: The Florence Bridge consists of
2~) girder spans. each 50 ft. in length. For the most part
these girders are continuous over two piers. A recent in­
spection discloses that numerous cracks are appearing in the
beams adjacent to the fixed piers. None of these footings, it
should be noted. are founded on unyielding material. but on
the contrary are supported by piling driven into the silt of
the river bed.

i)l1ilding adds to rather than detracts from the looks of the
·:urroundings.

The costs of the various improvements are as follows:
Office Building $ 52.045.24
Warehou3e _............................................ 14,499:76
Sheds 9.469.08
Machine Shop 7,542.94
Paint Shop 7,311.04
Grounds and Fence (inc. cost of land).. 18,545.49
Spur track 1,575.63
Paving 2,003.56
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FOUR 3D-FOOT SPANS NEAR :\L\IUXETTE

Proposed Work

The al'tomplishments of the Department, in the past t,,-o years.
ha.ye been yer." gratifying to the nwmbers and the future look~

bright ,,-itll new and interesting work of greater dimension, ~-\

bridge over the Gila Riyer near the Gillespie Dam is practicall.'­
assured, This bridge ",ill be a FpIleral Aid Project costing approx­
lmately $:300,000, The moving of the tian Carlos Bridge on tit I'

Gila Riyer to a point above the new dam and the proposed hridg:,·:;

nil the Colorado River are other interesting projects

Repairs are contemplated nn the Tempe BJ'i,lgt'. elJiefly in 1'1;

placing the expansil)11 joints, ..\ paint crew is being' sent out., with
an ail' hrush outfit, to p1lint 1Ill of the old steel hridg'ps whi~h an­
badly in need of sneh \York. 'I'll,' first of tlt('SI' ",ill he thl' tiUII

Carlos Bridg'ps,

fOITed elillel't'tt' 1)(>:\ "Ilh"'I't", ;1 "1.1,,,\ l';lil (,1Itt]I' !.!:llill'd. 1Illd H ",il'P
,!l'1l<1l'l1 fente, ~\ sl't of J- g'il'lkl' [, .. illfol", ..d l'olll'I't'l" ,lel·k< l'llll!.:'­

lllg' in "p1lll f!'lilll :2() f,·(·t to -J-() h·I.'!. h1l\'" 1)('1'11 ""ll'k"d llil ilild ,11'"

Iwing: 11"1'<1 ill th,' pLIl'e of the old :\-g:in[el' st1llld1l1'l[ \\'hich has ue­
('ome ollSo]l'tt', These 11,'\Y spmls. 1Iltholl:,l'h d,·"i,!!'llt'd ['or hl'1I\,iel'
[oads than tIlt' 0111. 1I1'C JllOl", ('\'OllOlllil',1! ill 1I11lt"l'i,l!" alll\ haY,· I)('('n
used (':\(']Il"iYt'ly ill the Jlast t\\'o ."e:ll's \\,ht'l'l' SIll'h "p,tllS \\','I'P 1'1',

IJU in'd,
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of our older concrete girder bridges, namely, New River ncar ~Iari­

nette and Granite Creek neilr Whipple Barracks, Prescott.

In these bridges steel expansion plates were used which had become
frozen together from corrosion. A. roller nest consisting of four
rollers-three rollers for Cranite Creek-and a pin joint was designed
and fabricated. These were placed as units under one end of each
girder, the concrete of the pier or abutment being chipped out to
make room for the new shoe. The spans were raised by means
of false-work timbers and oak wedges and lowered back on the new
shoes. These spans are now moving in a satisfactory manner, and
safe from further destruction by temperature stresses.

In many cases the cracks which had developed in the girders and
piers closed up after installation of the shoes. These shoes were
placed at a cost of about $250 per shoe, whereas the same shoe placed
during the construction of the bridge would have. cost less than f,70,
but the expenditure at this time saved many thousands of dollars had
the spans been left as they were built. Twelve of these shoes were
placed at New River and nine at Granite Creek. The cost at New
River being $500 per span on a span worth $4.000 to replace.

On the Tempe bridge considerable work was necessary to make
it safe and prevent further disintegration. The bridge is desigJ1ed
for light traffic only and that feature combined with the stresses
produced by the failure and settlement of one of the piers has been
the cause of the partial failure of man~'members, especially the spans
adjacent to the pier on which the settlement occurred.

The "'ork of repairing this bridge was started in January. 192:;.
·and consisted of placing ne,,' expansion plates in the road"'ay slab
and rebuilding several columns and beams by means of gunite
concrete.

Steel expansion plates were not provided in the original construc­
tion and angle irons place at these joints during the repairs in 1920
were a complete failure, le:lving large holes in the floor and causing
enormous stresses in the structure due to the impact of heavy loads. It
was seen that in order to save the bridge from complete destruction
by these forces that these joints would need immediate replacement.
The old joint and part of the· concrete slab was cut out and a joint

consisting of angles and a heavy plate was securely anchored in place
and backfilled with concrete placed with a cement gun. This method
of placing of concrete was used on account of its great strength and
the bond which could be secured between the· new and the old
concrete. Plans were ready for this work in Dtcember, 1924, hut
owing to the necessity of closing the bridge for the major portIOn
of the work, operations were delayed until after the holiday season
and the work was done in January, 1925.

The bridge now has a smooth riding surface and is in a better
condition structurally than after the repairs of 1920, but is still too
light for present day' traffic conditions. The ultimate solution is a
new bridge to which heavy traffic can be diverted, thus leaving the
old bridge for light cars and local traffic.

Standard Plans

As stated before, the present standard plans arc virtually all out
of date on account of recent changes in loading specifications and
manufacturers' specification for reinforcing bars. It would have been
useless to change these plans until these specifications were satisfac­
torily completed.

The revision of these standard plans will take many weeks of
tedious "'ork and the department is making plans for immediate
revision of those standards most frequently used. Those which "'ill
come first in the list will be: box culverts, abutments and decks for
~Iab and girder bridge.

.\s has been stated before. the value of standard plans has been
considerably reduced by advanced type of location, but nevertheless
their use greatly reduces the labor and time required for the prepara­
tion of highway plans and are also valuable and necessary to the locat­
ing engineer in selecting the proper type and size of structure for a
particular location.

Along with the revision of old standards will be several new ones
such as double boxes, four-girder spans from 22 feet to 44 feet, three­
girder spans from 44 feet to 60 feet. and a group of standard lL
abutments, many of which have been used on special structures in
the past two or three years.
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