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Southern Pacific Transportation Co. ~ ~~..L;;;.;~-~~ .. , .. " , f/~
One Market Pl aza Room 1001 'f{I? F·:",-,:,::
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RE: ALTERNATIVE ANALYSIS SOUTHERN PACIFIC BRIDGE
NO. 726.25 OVER THE SALT RIVER TEMPE, ARIZONA

Dear Pat:

This letter is to formally transmit the apove referenced report.
The report has been prepared by CRSS with extensive work being done
by Jerry Iwinski, S.E. and Jiri Vitek, P.E. Copies are also being
mailed to Monterey Park (Attn: Bob Prince) and to Doug Pfeifer in
Tucson.

The schedul ed adverti si ng date for the proposed ADOT Freeway
project and channelization is August 24. If you have not received
the 90% channelization plan submittal please call me.

It is imperative that your review and comments are received as soon
as possible so that our consultants may finalize the design.
Tempe agrees with the recommended alternative(s).

Thank you for your prompt attention to this pressing matter. We
look forward to successful completion of this project.

Sincerely,

-~Vf1'I""2M'flT'UEM0,,--t.N"lU'~~~
homas D. Ankeny, P.E. /-----

Senior Civil Engineer

cc: Jim Jones
Howard Hargis
Steve Neil sen
Dick Perrault, MCFCD
Bob Prince, SPTC
Douglas Pfeifer, SPTC



SOUTHERN PACIFIC RAILROAD

BRIDGE NO. 726.25

OVER THE SALT RIVER

TEMPE, ARIZONA

ALTERNATIVE ANALYSIS

This analysis is an addition to and a refinement of the preliminary report previously
submitted.

Three potential problems with this stru~ture were found when analyzed for the design
~~DOO

condition. This condition consists of a~cfs flow rate and scour to bedrock within the
channel. The Problems are:

1. BRACING The piers each consist of two concrete-filled steel cylinders. There
is inadequate bracing to make the cylinders work as a single unit when all
surrounding material is scoured away. With the two piers acting individually
they are not stable in resistance to overturning. By tying them together the
resistance is increased to a point where they will be stable.

2. PIERS 6 TIIROUGH 8 While the caissons of Piers ~ through 8 were placed
nominally to bedrock the as-builts indicate many of them were placed on a bed
of grouted aggregate as a leveling surface. We have concerns about the stability
of this material under the design scour conditions. Analysis indicates that there
is a sufficient factor of safety against overturning and sliding of these piers if
there is a stable base.

3. PIERS 3 TIIROUGH 5 These piers are placed on timber piles. These piles
do not go to bedrock at Pier 3 and are shown to bedrock at Piers 4 and 5. With
.timber piles in this material however it would not be uncommon for piles to be
stopped on large material just short of bedrock. Stability cannot be assured for
any of these piers in the design scour condition.

At Pier 2 the bottom of the existing cylinder is above the proposed flow line. As
a result the existing piles would be exposed. The proposed ground block would
be above the flow line as a result of this.

Several alternative solutions were considered for each of these problems. These solutions
have been discussed with the soils engineers as well as a number of contractors to
determine their validity and cost.
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BRACING

Two configurations were considered to increase the bracing between the two cylinders:

1. The addition of another level of steel bracing below the existing.

The addition of a bottom strut makes this system much more efficient than the
existing system and will adequately make the two cylinders act as a unit for
overturning. This greatly increases the stability of the piers.

2. Placement of a reinforced concrete ground block.

This block would encase the cylinder piers at the ground line and create the
required connection between them to make them act as a unit.

PIERS 6 THROUGH 8

Two alternatives were considered to protect the base of the cylinders where they bear on
the bedrock:

1. Excavation to the bedrock at the base of the pier and casting of a base of
concrete around the cylinders.

This would provide a shield for the connection of the cylinder to the rock. This
method would require the excavation of a large amount of material through this
granular soil. In addition the railroad indicated that they would not consider
this a safe condition and would not allow the excavation with the bridge under
traffic.

2. Placing of injection pipes around the cylinder to bedrock and pressure grouting
of the river base to consolidate it into a homogeneous mass.

This method would not require the excavation of the river bottom. The soil
borings do not indicate a significant amount of fmes in the river bottom
material below the top 10 feet. This would indicate that it should be possible to
get good grout dispersion into the soil. However, it is not possible to determine
the exact dispersion of the grout below the soil, so it will not be possible to have
complete confidence in the protection of the base of the cylinders.
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PIERS 3 THROUGH 5

Three solutions were evaluated to provide bearing to bedrock for these piers:

1. Install 8 steel pipe piles to bedrock around the cylinders. Weld shear studs to
the steel cylinder shells and encase the cylinders and piles with a reinforced
concrete ground block..This ground block will transfer the load from the
cylinders to the new piles.

The grou~d block will also serve the bracing function described above.

Due to the nature of the river bottom drilling the holes necessary to place the
piles will be difficult. It appears that the best method of placing these holes
would be to use a percussive drill. The maximum hole size for this would be 24"
diameter. When under the bridge the restricted overhead clearances will
prohibit the use of the machinery required to advance the 24 inch pipe. In this
case the pipe size would be limited to 18".

The casing used in the advancement of the hole would be a steel pipe. It
appears that the most economical solution would be to leave this casing behind
and fill the center with concrete. This would create a large diameter pipe pile.

2. Place 6 caissons 4'-0" in diameter around the existing cylinders. As in the
alternative above a reinforced concrete ground block will be used to transfer
the load from the cylinders to the caissons.

The caissons would also require socketing into the bedrock and a hole augured
through the river bottom. However there would be 6 larger holes required
rather than the 12 slightly smaller holes. The large rock in the river bottom
would require the use of a 4 foot minimum diameter caisson in order to assure
getting the hole to rock. There are machines able to advance a caisson of this
diameter below the bridge but its availability is limited.

There is a possibility that the auguring of these caissons could cause some
settlement of the existing foundations where they are not on bedrock. This only
occurs at Pier No.3 according to the plans of the original foundations.

3. This alternative consists of grouting the area around the pier and between the
existing timber piles to provide a solid mass that will not scour out and will be
capable of carrying the entire load of the pier. Injection pipes would be placed
around the pier and between the piles and the entire area pressure grouted.
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This alternate is the least expensive. It also provides the least positive
protection. As noted above it will be impossible to have complete assurance of
the coverage of the grout. There has been a considerable difference of opinion
between the grouting contractors, drilling contractors and soil engineers
contacted on the ability of the river bottom to accept the grout. These opinions
have ranged from the alluvium being too tight to accept grout to being too open
to be able to control the flow of the grout. In fact both problems could exist
simultaneously. Layers or pockets of fme materials could prove impermeable
to cement grout, while other areas are very open graded and carry grout out of
the desired area. This could be particularly a problem around the piers where
eddy currents have formed and velocities have been different than the rest of
the river. There are methods available, such as the sleeve pipe method of grout
placement, which will increase the control of the grouting operation, enabling
the contractor to direct the grout to each level individually. In addition,
chemical grouts can be used where cement grouts will not penetrate as they
have a much lower viscosity, however, their cost is much greater. An additional
possible problem is that the placing of the grout pipe could compact and
decrease the permeability of the soil around the pipe.

RECOMMENDATIONS

PIERS 6 THROUGH 8

As these piers are basically stable and the only needs are to provide additional
bracing and to protect the foundation from additional scour, the least cost
alternatives are recommended. These are the additional steel bracing and the
grou.!!!!B of the base of the cylinders. The bearings at rock should be sound, but the
additional protection would provide a measure of safety against any deterioration
at the interface between the foundation and the rock.

PIERS 3 THROUGH 5

The recommended alternative is the pile placement. This provides a positive
bearing to the rock. While the outin meth~ is much less expensive, the
uncertainties involved make this method unsuitable for these conditions. The pile
cap also provides the required bracing eliminating the ne;If~7theadditional steel.- -
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COST ESTIMATE

SOUTHERN PACIFIC BRIDGE NO. 726.25

OVER THE SALT RIVER

TEMPE, ARIZONA

PIERS 6 THROUGH 8

BRACING ALTERNATIVE 1- STEEL BRACING

ITEM

STRUCTURAL STEEL

STRUCTURE EXCAVATION

UNIT

LB.

C.Y.

ESTIMATED

QUANTITY UNIT PRICE

11,100 $5

96 $15

SUBTOTAL

15% CONTINGENCY

TOTAL

SAY

ESTIMATED

COST

$55,500

$1,440

$55,500

$8,325
$63,825 ,.-

$64,000

PIERS 6 THROUGH 8

BRACING ALTERNATIVE 2 - GROUND BLOCK

ESTIMATED ESTIMATED

ITEM UNIT QUANTITY UNIT PRICE COST

CONCRETE C.Y. 170 $180 $30,600
REINFORCING LB. 33,700 $0.40 $13,480
WELDED STUDS EACH 216 $75 $16,200

STRUCTURE EXCAVATION C.Y. 720 $15 $10,800

SUBTOTAL $71,080

15% CONTINGENCY $10,662

TOTAL $81,742

SAY $82,000



ITEM

MOBIUZATION

GROUT PIPES

GROUT

COST ESTIMATE

SOUTHERN PACIFIC BRIDGE NO. 726.25

OVER THE SALT RIVER

TEMPE, ARIZONA

PIERS 6 THROUGH 8

FOUNDATION ALTERNATIVE 1- GROUT

ESTIMATED ESTIMATED

UNIT QUANTITY UNIT PRICE COST

L.S. 1 $5,000 $5,000
L.F. 660 $26 $17,160

C.F.OFSOIL 10,800 $1 $10,800

SUBTOTAL

15% CONTINGENCY

TOTAL

SAY

PIERS 6 THROUGH 8

FOUNDATION ALTERNATIVE 2-EXCAVATION & CONCRETE

$32,960
$4,944

$37,904

$38,000

--

ESTIMATED ESTIMATED

ITEM UNIT QUANTITY UNIT PRICE COST
MOBIUZATION L.S. 1 $10,000 $10,000

CONCRETE C.Y. 140 $50 $7,000

STRUCTURE EXCAVATION C.Y. 6,500 $14 $91,000

SUBTOTAL

15% CONTINGENCY

TOTAL

SAY

$108,000

$16,200
$124,200

$124,000



COST ESTIMATE

SOUTHERN PACIFIC BRIDGE NO. 726.25

OVER THE SALT RIVER

TEMPE, ARIZONA

PIERS 3 THROUGH 5

ALTERNATIVE 1 - CONCRETE CAISSONS

ESTIMATED ESTIMATED

ITEM UNIT QUANTITY UNIT PRICE COST

MOBILIZATION L.S. 1 $40,000 $40,000

CONCRETE C.Y. 540 $180 $97,200

REINFORCING LB. 71,500 $0.40 $28,600

CAISSONS (4' DIA) LF. 396 $450 $178,200

WELDED STUDS EACH 288 $75 $21,600

STRUCTURE EXCAVATION C.Y. 1,500 $15 $22,500

SUBTOTAL $388,100
15% CONTINGENCY $58,215
TOTAL $446,315

SAY $446,000

PIERS 3 THROUGH 5

ALTERNATIVE 2 - STEEL PILES

ITEM

MOBILIZATION

CONCRETE

REINFORCING

24" DIA. PILING

18" DIA PILING

WELDED STUDS

STRUCTURE EXCAVATION

UNIT

LS.

C.Y.

LB.

L.F.

LF.

EACH

C.Y.

QUANTITY

1

540

71,500

288

288

288

1,500

ESTIMATED

UNIT PRICE

$30,000

$180

$0.40

$200

$150

$75

$15

ESTIMATED

COST

$30,000

$97,200

$28,600

$57,600

$43,200

$21,600

$22,500

SUBTOTAL

15% CONTINGENCY

TOTAL

SAY

$300,700

$45,105 /
$345,805 .-/

$346,000



COST ESTIMATE

SOUTHERN PACIFIC BRIDGE NO. 726.25

OVER THE SALT RIVER

TEMPE, ARIZONA

PIERS 3 THROUGH 5

ALTERNATIVE 3 - GROUTING

ITEM

MOBILIZATION

GROUT PIPES

GROUT

UNIT

LS.
LF.
C.F.OFSOIL

QUANTITY

1

660
43,200

ESTIMATED

UNIT PRICE

$20,000
$26

$1.50

ESTIMATED

COST

$20,000
$17,160

$64,800

SUBTOTAL

15% CONTINGENCY

TOTAL

SAY

$101,960
$15,294

$117,254

$117,000



COST ESTIMATE

SOUTHERN PACIFIC BRIDGE NO. 726.25
OVER THE SALT RIVER

TEMPE, ARIZONA

ITEM

PIERS 3 THROUGH 5

ALTERNATIVE 2 - STEEL PILES

UNIT

RECOMMENDATIONS

ESTIMATED ESTIMATED

QUANTITY UNIT PRICE COST

MOBIUZATION LS. 1 $30,000 $30,000

CONCRETE C.Y. 540 $180 $97,200

REINFORCING LB. 71500 $0.40 $28,600
24- DIA. PIUNG LF. 288 $200 $57,600
18- DIA. PIUNG L.F. 288 $150 $43,200

WELDED STUDS EACH 288 $75 $21,600
STRUCTURE EXCAVATION C.Y. 1500 $15 $22,500

SUBTOTAL $300,700
15% CONTINGENCY $45,105
TOTAL $345,805

PIERS 6 THROUGH 8
BRACING ALTERNATIVE 2 - STEEL BRACING

STRUCTURAL STEEL LB. 11,100 $5 $55,500
STRUCTURE EXCAVATION C.Y. 96 $15 $1,440

SUBTOTAL $55,500
15% CONTINGENCY $8,325
TOTAL $63,825 -

PIERS 6 THROUGH 8
FOUNDATION ALTERNATIVE 2 - GROUT

MOBIUZATION LS. 1 $5,000 $5,000

GROUT PIPES LF. 660 $26 $17,160

GROUT C.F.OFSOIL 10,800 $1 $10,800

SUBTOTAL $32,960
15% CONTINGENCY $4,944

TOTAL $37,904 ../

TOTALWORK= $447,534

ISAV $450,000 I
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