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GENERAL

This report summarizes the results of an engineering study to
select the most cost effective and functional bridge structures
required for Interstate-17 to span the Arizona Canal and the new
Arizona Canal Diversion Channel (See Figures 1 & 2). The structure
selections were based on a relative cost comparison of various
schemes using current construction prices and without considering
some costs "common to" all schemes, such as, approach slabs, wing

walls, diaphragms, medians and traffic barriers.

The proposed Arizona Canal Diversion Channel (A.C.D.C.) bridge will
be designed to carry four Tlanes of highway traffic in each
direction and a three-lane frontage road in each direction. At the
present time, the requirements are only for three traffic lanes in
each direction, a two-lane northbound frontage road, and a three
lane southbound frontage road. The channel alignment will cause
approximately a 15° skew in the new A.C.D.C. bridge, which is not

enough to cause any structural design problems.

Three lanes of traffic in each direction, plus two one-lane
frontage roads are required to remain open during construction.

This causes several unique problems when coupled with the depth

requirement for the bottom of the new diversion channel being
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approximately 29' below finish grade (See Figures 2 & 9). First,
in order to maintain the traffic flow requirements, two permanent
infill structures will have to be built between the existing
highway and frontage road bridges. Second, one temporary bridge
structure to the east for the northbound frontage road at the
present Arizona Canal main channel will be needed. Third, with the
addition of these infill and temporary structures, construction of
the new bridge at the A.C.D.C. can be done in three segments with
the rerouting of traffic meeting the stated requirements. The
first segment will be the westernmost 60 (approximate) which will
provide the southbound frontage road crossing at the A.C.D.C. This
will be followed by the center pgrtion,fsegment two (approximately

144' wide), carrying the main highway, and segment three (approxi-

mately 48' wide), carrying the northbound frontage road.

DESIGN CRITERIA

The following criteria referenced are applicable design

specifications and policies:

A. Arizona Department of Transportation - Standard Specifications

for Road and Bridge Construction, 1982 and current revisions.

B. AASHTO - A Policy on Geometric Design of Rural Highways, 1965.




AASHTO - A Policy on Design of Urban Highways and Arterial

Streets, 1973.

AASHTO - Standard Specifications for Highway Bridges, 1977,

and supplements thereto.

AASHTO - Guide for Selecting, Locating, and Designing Traffic

Barriers, 1977. (To be used as a guide only.)

ADOT Structures Section - Reinforced Concrete Box Culvert

Manual.

ADOT Drainage Design Services - Hydrologic Design for Highway

Drainage in Arizona, and subsequent revisions thereto.

ADOT Drainage Design Services - Hydraulic Design Notes,

distributed in 1969 and 1972.

AASHTO - Interim Guide for Design of Pavement Structures,

1972.

Federal-Aid Highway Program Manual - Volume 6, Chapter 7,
Section 3, Subsection 2; '"Hydraulic Design of Highway

Encroachments of Flood Plains".

AASHTO - Manual on Foundation Investigations, 1978.
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BRIDGES AT THE ARIZONA CANAL (MAIN CHANNEL)

There are to be three bridges constructed over the main channel of

the Arizona Canal during this project. Two will be permanent

bridges, infilled between the three existing Arizona Canal bridges

and one will be temporary.

A.

INFILL BRIDGES

It is recommended that the two permanent infill structures to
be built between the existing bridges use a similar design and
method of construction. The existing bridges are constructed
of conventionally reinforced concrete (See Figures 3, 4, 5 &
6). The bridge decks are 12" thick (11" on the northbound
frontage road) and have 16'-4" end spans and a 20'-0" center
span. The deck spans are then supported by 15" pier walls and
12" abutment walls which are both founded on spread concrete
footings approximately 4' to 5' below the canal bottom. The
construction of these infill bridges in this manner will
comply with Salt River Project (SRP) requirements that the
same vertical channel clearance be maintained and that no
adverse hydraulic effects occur in the canal flow character-

istics.

These infill structures are to be constructed during the
current year dry-up from October 1985 through November 1985.

It is therefore recommended that the infill structure design




and construction package be separated from the total project
so that this package could be ready for bidding by August 1,
1985.

TEMPORARY BRIDGE

The third bridge to be constructed will be a single lane
temporary bridge. This bridge will carry the northbound
frontage road traffic during the construction of segments two
and three of the A.C.D.C. bridge and can be removed after the

traffic has been routed back onto the completed structure.

Two potential schemes were studied for providing this
temporary crossing. The first was the use of a prefabricated
steel highway bridge. The second was to make use of precast,
prestressed box girders at an existing temporary detour bridge

approximately 1300 feet to the east (upstream).

The first scheme would require the rental of a prefabricated
bridge, shipping assembly, disassembly, repacking, and return
shipping. It would utilize three 90' Tong steel trusses on each
side of the bridge and have a wooden deck. The bridge could be
founded on temporary wood cribbed bearing pads. It would provide a
12'-6" wide traffic lane measured from face-of-curb to face-of

curb.




The second scheme would require partial disassembly of the
Temporary Detour Bridge over the Arizona Canal at 25th Avenue.
This bridge has been designed to carry earth moving equipment
and is therefore capable of handling loads in excess of
H20-44. Five of the 80' long precast, prestressed box girders
would: have to be removed and relocated downstream (westward)
approximately 1300' to the I-17 site. There presently exists
dirt access roads on both sides of the canal to facilitate
this process. These girders would then be erected onto a
sub-structure consisting of a concrete abutment cap with wing
walls founded on 2' diameter drilled caissons. Drilled
caissons are required because of the proximity of the girder
ends to and possibly over the existing canal side slopes.
This bridge will provide a 15'-0" wide traffic lane from

face-of barrier to face-of barrier.

Under the assumption that the temporary bridge over the
Arizona Canal would be required for approximately eight (8)

months a comparative cost analysis showed the following

totals:
Prefabricated, Steel Bridge $48,620.00
Precast, Prestressed Box Girder Bridge $50,580.00

It is noted that the steel truss bridge rents for $3,100.00/

monthly during the first 8 months and then rental drops to

2,170.00/monthly.




The costs of these two bridges are virtually identical (within
4%) if the eight month usage period is adhered to. If this
time period is exceeded because of rain or other delays the
cost of the prefabricated steel bridge will go up at a rate of
$2,170.00/per month; whereas, there will be no change in the
cost of the box girder scheme.- This makes the box girder
scheme more attractive because its cost will be more definite,
not being time dependent because of rental charges. It is not
1ikely that this construction can be done in a time period of
less than 8 months; therefore, the possibi1ity.of renting a
temporary bridge for a reduced amount of time was not
considered. The box girder bridge also has the functional
advantages of a wider traffic lane and a concrete driving

surface (vs. a wood deck).
Based on the above discussed economics and aesthetic values it
is recommended that the precast, prestressed box girder system

be used for the required temporary bridge (See Figures 6 & 7).

IV. A.C.D.C. BRIDGE SUBSTRUCTURE

A.  FOUNDATIONS

Two foundation schemes were reviewed were studied for this

project taking into account ease of construction and

economics. First, the channel may be excavated prior to the




building of the bridge, or second, the bridge may be construc-
ted first prior to the channel being dug. Because of the
segmented construction of the A.C.D.C. bridge and traffic flow
requirements, construction of a channel before the new bridge
would require an extensive retaining wall system to hold back
the 29 feet of earth surrounding the construction site. These
walls would either be temporary or permanent and would be
costly to the project, both financially and timewise. Also,
because of the earth retainage requirements, the design and
construction of this system may be impossible to build in a
practical manner. It was therefore decided that the design of
the new bridge encompass a method of construction that would
allow all work to be done essentially at grade with minimum
excavation required. To do this, the use of spread footings

will be eliminated as a potential foundation scheme.

Foundation construction utilizing minimum excavation can be
done by either drilling caissons or driving steel piles from
an elevation slightly below existing grade and then completing
the substructure and superstructure at that same elevation.
With the bridge structure complete, the channel can then be
excavated and lagging installed between the concrete caissons
or steel piles as required to retain the earth embankments.
Both the drilled concrete caisson and driven steel pile
schemes would allow the vertical load carrying elements to

span between the top and bottom of the channel and distribute

the lateral earth pressures applied along the channel sides to

the bridge deck above and the earth below.




This can be done using reinforced concrete caissons that are
2'-0" round at approximately 5'-0" centers. Preliminary soils
information indicates that the earth behind the caissons will
span approximately 3' to a depth of 15' to 20' below existing
grade. It is also estimated that the abutment caissons would
have to be 39' long for the two-span configuration and 46'
long for the single open structure. The approximate cost for

these drilled shafts is expected to be $42.00 per Tinear foot.

To provide a similar system using steel piles would require HP
14 x 89's, at approximately 4'-0" o.c. These piles would be
40' long, end bearing piles, for both the single and two span
culvert configurations. Also because these piles would be
unbraced for the upper 29 feet when the channel is excavated,
permanent bracing would have to be provided to prevent
compression flange buckling. The cost of these steel piles is
expected to be in excess of $52.00 per Tlinear foot when the

costs for bracing are included.

It is estimated that the foundation scheme employing drilled
concrete caissons will be the least expensive saving over
$70,000.00 for the single span condition and $130,000.00 on
the two span configuration. The increased costs per linear

foot and the increased number of piles required make the steel

pile scheme less cost effective.




It is also noted that the vertical alignment of the drilled
caisson will be more dependable than a driven steel pile which
may veer significantly out of plumb. This is an important
factor because finished side walls are to be constructed
directly against the caissons or piers after channel excava-

tion has occurred.

ABUTMENT AND PIER CAPS

Abutment caps (and pier caps if needed) will be required to
transfer earth pressure lateral 1loads from the drilled
caissons to the bridge superstructure above. These caps will
also provide bent type action in conjunction with the caissons
for the resistance of Tlateral forces transverse to the
roadways. These caps would also be required if a driven steel

pile foundation system was used.

SIDEWALLS AND CHANNEL BOTTOM

A permanent retaining wall structure will be built after the
channel has been completely excavated. These will also serve

as the channel side walls.

A permanent channel bottom will be constructed in the future.

10




A.C.D.C. BRIDGE SUPERSTRUCTURE

The evaluation of the different superstructure framing schemes was
based on economic, geometric, serviceability, ease of construction
and maintenance considerations. Design of the various systems was

based on HS20-44 highway loadings.

It was concluded from this analysis that a cast-in-place, post-
tensioned box girder system would be the most appropriate super-
structure framing scheme based on the above stated considerations.
The following is a breakdown of the systems considered for the
project. Where comparative costs are presented, they are not meant
to indicate total construction costs. They are only relative costs
of the principal structural items. Items such as traffic barriers,
approach slabs, wingwalls, medians, and diaphragms being common to
all schemes are not included. Because different superstructure
systems will influence the size and cost of the corresponding
substructure, a similar foundation system was designed and included

in the relative scheme costs.

Systems investigated are as follows:

Scheme I: 114' single span, post-tensioned box girder with an

8-1/2" composite reinforced concrete deck.

Scheme II: 114' single span, prestressed, type VI AASHTO

girders with a 7-1/2" composite concrete deck.

11




Scheme III: Two, 57' span, prestressed, type III AASHTO

girders with a 7-1/2" composite concrete deck.

Scheme IV: Two, 57' span, precast, prestressed box girders

with 1-1/2" asphaltic concrete wearing surface.

Steel plate girders with a composite concrete deck were not

considered because of additional requirements for maintenance of
corrosion protection and because past history has shown this system

not to be competitive with those being studied.

A.  SCHEME I:

This scheme consists of a post-tension, cast-in-place concrete
box girder system. Each girder is approximately 8'-6" wide by
4'-8" deep including an 8-1/2" composite concrete deck and has
a single span of 114'. With the superstructure depth being
4'-8", the required excavation and retaining structure costs
at grade will be less than Scheme II (single span, AASHTO
girder scheme considered) where the depth required is
6'-7-1/2". Also, it appears that existing roadway conditions
will require a vertical discontinuity between each of the
three bridge segments which can easily be handled by the
post-tensioned box system with minor effects on total cost.
An AASHTO girder system can also handle these vertical
offsets, but will probably require two additional girders to
do so. The addition of girders will have a more noticeable

effect on total costs.

12




The comparative cost for this scheme is $34.07 per square foot

($978,730.00 total).

A11 schemes considered will require the bridge superstructure
to be keyed into the abutments in a manner that will allow the
transfer of lateral ‘earth pressure loads to occur properly.
The connection for this scheme will require that longitudinal
movement first be allowed to occur during the post tensioning
process and then be grouted in a manner to allow future

lateral loads to shear into the superstructure.

SCHEME 11

This scheme uses type VI AASHTO girders at 8'-4" o.c. with a
7-1/2" composite cast-in-place concrete deck. The type VI

girders will span 114' and have a depth of 6'-0".

The main advantage of this scheme is that it will be the
fastest to construct. The disadvantages of this scheme over
Scheme I are primarily more excavation required for super-
structure construction and more complex detailing and
construction of the abutment configuration. In order to
provide proper shear transfer to the bridge superstructure an

integral abutment cap will be required.

The comparative cost for this system is $34.17 per square foot

($981,560.00 total).




SCHEME TIII

Scheme III is similar to Scheme II except that it employs type
ITI AASHTO girders in a two-span configuration. The girders
are on 7'-0" centers, span 57' and are 3'-9" deep with a

7-1/2" composite concrete deck.

The first advantage of this scheme is that it will be fast to
construct; although, not as fast as Scheme II because of the
center pier requirement. The second advantage is that it will
have the relatively shallow superstructure (similar in depth

to Scheme I).

In addition to the same disadvantages found in Scheme II,
Scheme III also has disadvantages that will inherently accom-
pany a two span configuration. These are the interruption of
open channel flow caused by the center pier, the potential of
debris build up at the center pier, and construction of the
channel bottom may be more difficult with the obstruction

caused by the pier.

The comparative cost for this scheme is $35.80 per square foot

($1,028,610.00 total).

14




VI.

D.  SCHEME IV:

This scheme employs the use of precast, pre-stressed concrete
box girders spanning 57' in a two-span configuration. Each
girder is 27" deep x 4'-0" wide and will have a 1-1/2" thick

asphaltic concrete friction course (wearing surface).

This scheme exceeds the others in two advantages. First, it
will be the fastest to construct because there will be no
forming requirements for the bridge deck; and second, it will
have the most shallow superstructure. The disadvantages to
Scheme IV are those of the two-span configuration as
previously discussed and the lack of a continuous concrete

deck which provides more satisfactory riding characteristics.

The comparative cost for this system is $34.59 per square feet

($993,770.00 total).

SUMMARY AND RECOMMENDATIONS

Based on our analysis of the various site conditions and
restrictions and substructure and superstructure schemes, we

conclude and recommend the following:

15




Arizona Canal Infill Structures

Conventionally reinforced concrete decks, bearing walls, and
spread footings to match existing bridge structures. (See

Figures 3, 4, and 5.)

Arizona Canal Temporary Bridge

A precast, prestressed box girder bridge utilizing existing
girders from the .Temporary Detour Bridge over the Arizona
Canal at 25th Avenue, owned by the Maricopa County Flood
Control District. This brédge would be founded on a concrete
abutment cap supported by 2'-0" diameter drilled caissons.

(See Figures 6 and 7.)

A.C.D.C. Superstructure

A post tensioned, cast-in-place, single span box girder. (See

Figures 8 & 9.)

A.C.D.C. Substructure

Concrete abutment caps on 2'-0" diameter concrete columns/

drilled caissons. (See Figures 8 & 9.)

16
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