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Introduction

T.Y. Lin International, in conjunction with EKM Engineering, was retained by the Knik Arm
Bridge and Toll Authority (KABATA) to make an independent estimate of the construction cost
of the bridge portion of the proposed Knik Arm Crossing. The proposed bridge is 8100 feet long
between approach embankments, as shown in the rendering on the title page of this report. It con-
sists of twin orthotropic steel box girders supported on steel pile caps and steel piles. Conceptual
drawings of the proposed structure are included as Appendix A; these drawings were provided by
KABATA.

Estimate Methodology

The items used in our cost estimate are those listed on the first sheet of the drawing set (Appendix
A). Quantities of materials were taken from the same sheet. We did not make an independent es-
timate of quantities, only of cost. Thus, any difference between our cost estimate and any other
cost estimate reflects a difference in estimated material cost, or a different appraisal of the work
required to construct the bridge, or both of these.

The unit costs presented in this report were developed by considering the materials required for
the project and the labor, equipment, and time required to fabricate and erect the structure. For
each item in the cost estimate, a work procedure was envisaged; and the materials, labor, equip-
ment and time required to complete the work was estimated. The unit cost of each item was com-
puted considering the costs of raw materials, prevailing labor rates, equipment rental rates, etc.

This fundamental approach to estimating is necessary for a unique structure like the proposed
Knik Arm Crossing. The construction of this bridge will require specialized equipment, tools, and
procedures that will have to be developed specifically for it. This specialization makes it difficult
to apply unit costs from any other structure. Estimators must rely on past experience to develop
reasonable work procedures for each item, and estimate the materials, labor, equipment, and time
associated with that item. The cost of each item follows from the necessary fundamental activi-
ties.

Factors Influencing Construction Cost
There are several factors that influence the cost of a crossing of Knik Arm. These include:

e The temperature in Anchorage varies from a low of -35°F to a high of 85°F. A four
month winter shutdown was assumed (November-February).

e The average tidal range in Knik Arm is 30 feet; the extreme range is 40 feet.
e Currents may be as high as 11 feet/second at the bridge site.

e Normally, piles for bridges are limited to a maximum batter of 4/12 or less, and arranged
to minimize interference, both in the completed structure and during driving. The pro-
posed structure includes 48 inch diameter steel pipe piles on 6/12 and 8/12 batters. The
two interior piles in each bent are to be battered in skew directions to avoid physical in-
terference.

e The piles have spin fins, which may make them more difficult to drive than otherwise.
The extreme batter and the length of the piles (up to 140 feet between mudline and cut-
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off) will make them very flexible. This flexibility will reduce the effectiveness of driving
and increase costs.

e The pile arrangement and the extreme batters will necessitate the construction of a com-
plex pile template for driving. Because of the batters it will be necessary to fully drive
one pile before another pile at the same pier can be started. All of these factors increase
the cost of the piling. Also, we estimate that they add one additional construction season
to the project schedule. A purpose built pile template will be needed to install the piles.
Given the batter and the length of the piles we envisage a frame type structure like that il-
lustrated in Figure 1.

e There is only one galvanizing facility in the United States that can accommodate a 60’
long, 48” diameter pipe pile, weighing 22.5 tons.

Assumptions
e The conceptual bridge plans make no reference to corrosion protection of the structural

steel, other than galvanizing the piles and metalizing the deck. We have assumed that the
remaining structural steel will be painted, and have included the associated costs with the

Figure 1, Pile Driving Template
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superstructure structural steel item.,

e We have assumed that modular expansion joints will be utilized, both at the center ex-
pansion joint, and at the abutments.

e We made some assumptions regarding the number and size of stiffeners in the pile caps,
the thickness of the gussets connecting the piles to the pile caps, and regarding the details
of the bridge bearings. These assumptions may be found in Appendix B.

e Hourly wage rates were developed from the “Schedule of Wage Rates to be used on Pub-
lic Construction,” from the Alaska Department of Labor.

e We have assumed that the Federal “Buy America” clause will be in effect, and have as-
sumed domestic fabrication of structural steel items.

e Mobilization was considered to be 10% of the Construction Cost Estimate Update

Cost Estimate

Our estimate of the construction cost of the bridge portion of the Knik Arm Crossing is shown in
Table 1. The cost is in 2007 dollars and does not consider inflation to later years. The cost is
based on the conceptual plans in Appendix A, and the major assumptions listed above. Many
other minor assumptions were made with respect to details that are not shown on the conceptual
plans. The estimate must be considered preliminary and it should be updated when plans are fur-
ther developed. The estimate does not include any contingency. KABATA may wish to apply its
own estimate of contingency to the estimate.

Table 1, Construction Cost Estimate

No. | Item Unit Quantity Unit Cost Cost

1 48" Diameter Pipe Pile Tons 12454 $3,733 $46,490,782

2 48" Diameter Pipe Pile (Driven) | Each 156 $250,000 $39,000,000

3 48" Diameter Pipe Field Splices | Each 0 $0 $0

4 Steel Pile caps Tons 1200 $5,475 $6,570,000

5 Concrete Pile Fill CY 7000 $500 $3,500,000

6 Abutment Concrete CY 3000 $725 $2,175,000

7 Abutment Concrete RF Tons 200 $3,000 $600,000

8 Superstructre Structural Steel Tons 18700 $7,080 $132,396,000

9 Curb RF Concrete CY 1430 $800 $1,144,000

10 Curb Reinforcing Steel Tons 100 $3,000 $300,000

11 Bridge Rail Tons 1200 $6,325 $7,590,000

12 Deck metalizing SY 40000 $72 $2,880,000

13 | Rubberized Asphalt Paving Tons 4100 30 30

14 | Asphalt Paving Tons 8200 $90 $738,000

15 Lighting LF 16500 $61 $1,006,500

16 Signs & Miscellaneous Lump Sum $50,000

17 10' Diameter Energy Absorber Each 12 $85,000 $1,020,000

18 Small Rubber Energy Absorber | Lump Sum $160,000

19 Mobilization (10%) Lump Sum $27,300,000
Total | $273,000,000
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The detailed cost estimate was prepared by EKM Engineering. Their development of unit costs is
attached as Appendix B'.

Construction cost is intimately related to schedule. The construction schedule developed in con-
junction with the cost estimate is shown on the following page as Figure 2. This shows comple-
tion of the project in October of the fourth year of the schedule, after a notice to proceed on April
1* of the first year. As mentioned previously, the schedule includes a four month winter shut-
down for weather.

' The quantities appearing in Appendix B are not the same as those utilized in the main body of the report.
Appendix B is used for unit costs only.
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KNIK ARM CROSSING ESTIMATE
OF BRIDGE QUALITIES

NUM. ITEM QUANTITY
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L.F.. 25000 LF. GALV. 12,454 TONS

7 [48"% PIPE PILES (DRIVEN) 156 EACH
3 |48°% PILE FIELD SPLICES 312 EACH
Pve b < 1204 PvT ; 4 |STEEL PILE CAPS 1,200 TONS
& ABUTMENT § ABUTMENT 5 |CONCRETE PILE FILL 7,000 CY
| | 6 |ABUTMENT REINFORCED CONCRETE 3,000 CY
; 7 |ABUTMENT CONCRETE REINFORCING {200 TONS
+15% 8 |SUPERSTRUCTURE STRUCTURAL STEEL [18,700 TONS
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fL =598 EL = 8100V ' fL =598 11 |BRIDGE RAIL (16,500 LF.) 1.200 TONS
12 |DECK METALIZING 36,000 SY
15 |RUBBERIZED ASPHALT PAVING 8,200 TONS
14 |LIGHTING 16,500 LF
BRIDGE PROFILE GRADE 15 _[SIGNS AND MISC. ALL
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NOTE: SUPERSTRUCTURE STRUCTURAL STEEL — A588
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EKM ENGINEERING INC.

4225 Wooster Ave. — San Mateo, California 94403 — (650) 578-1820 Fax (650) 345 4914

March 12, 2007

- COST ESTIMATE — KNIK ARM CROSSING

Enclosed is the Cost Estimate for construction of the 8,100 ft. Knik Arm Bridge. The
Cost Estimate was prepared in accordance with Drawing Nos. 1 through 11 of the plans
prepared by PND Inc., when possible. The plans do not include all the necessary
information. When information is missing assumptions as to what will be required have
been made. Excluded from this Cost Estimate is the construction of the approach
embankments.

Factors that influence construction:

Weather in Anchorage varies from a high of 85 degrees F to a low of —35 degrees F. A
four month winter shut down was assumed.

Tides — the average tidal range is 30 ft. and the extreme tidal range is 40 ft. The current
at the location of the bridge is up to 11°/sec.

There is no mention of corrosion protection for the structural steel above the piles
except for the metalizing of the steel deck. It has been assumed that steel above the
piles will be painted except for the section that will be metalized.

Normal practice for piling on a bridge is to limit the maximum batter to 4 to 12 or less
and arrange the piles so that there will be no interference from adjacent piles in the
same bent or footing. :

The 48" steel pipe piles in this bridge are to be driven on a 6 to 12 and a 8 to 12 batter.
The interior two piles in a typical 4 pile bent will have to be battered in two directions in
order to be driven without interference from the adjacent pile. Spin Fins are to be
welded to the tip of the piles. These fins will make the piles harder to drive because of -
the soil plug created at the tip of the pile.

It is not possible to drive the 48” piles on an 8 to 12 batter and it may not be possible to
drive the longer piles battered at 6 to 12 because of the flexibility of these piles. As
piles are driven they deflect, reducing the amount of energy available at the pile tip for

-advancement.

)

The pile arrangement and the 6 to 12 batters necessitate the installation of a complex
pile template. Each pile in a pier must be completed before the next pile in the same
pier can be started. All piles will have one welded field splice, which will be done on a
second shift.

The 6 to 12 batter and the pile arrangement shown on the plans will make the
piling cost more than driving typical pile bents. This will add one additional
construction season to the contract and add more than $37,000,000 to the overall
project costs.



The structural integrity of these piles is suspect. The longest pile will sag 9.6”
and will have a bending stress of 17KSI from the weight of the pile and the wet
concrete at the time the concrete is placed. There is no protection for 120 of the
piles from marine impact. Even a small barge hitting any one of these piles could
make the whole bridge come down. This will require further investigation.

Corrosion protection of piling below the mud line or piles immersed in water 100% of the
time is usually not required. There is only one galvanizing facility in the U. S. that can
accommodate a 60’ long, 48” diameter pipe pile that weighs 45,000 Ibs.

The plans do not provide for adequate expansion or contraction due to temperature
differential or to seismic movement. Modular expansion joints are included at both
abutments and each expansion joint of the center span.

Assumptions were made as to the number and size of the stiffeners in the pile caps, the
thickness of the gussets than connect the pile to the pile cap and to the details of the
bearings.

Reference is made to Sheet 2 of the PND drawings. It appears that the web of the box
girders is welded directly to the deck plate. It will be impossible to transport this section
over land without splicing and extremely difficult to erect bracing members under the

.deck when erecting the girders. The erection scheme shown on the attached sheet was

used for calculatmg costs.

It appears that the top flange of the box girder is the .625" deck plate. Usually flanges

of a continuous girder of this span length are approximately 3” thick over the piers and’
somewhat less elsewhere. An average flange thickness of 2” was used in this estimate.
Assumptions were also made as to the size and spacing of the transverse and ‘
longitudinal stiffeners and the internal angle brace. An assumption was also made as to

the weight of the W18 floor beam and the number and size of stiffeners required.

The energy absorbers (sheet 3) will not work because they do not fully bear on the box
girder. Additional money has been added to the estimate to widen the box girder to 10’
to accommodate the energy absorbers. It should be possible to redesign the end of the
box girder to avoid the 14’ vertical extension required to accommodate the energy -
absorbers.

There is no published cost data base for heavy construction work that is applicable to
most items encountered in building the Knik Arm Crossing.

Unit costs are obtained by developing a work procedure and allocating a specific
number of labor hours, permanent material costs and expendable material costs to the
particular item of work. The work is often of a specialized nature and special
equipment, tools and procedures will have to be developed for the project. Estimators
must rely on past experience in related work to develop reasonable procedures and unit
costs. Usually, projects are not similar enough to use the unit costs of one project to
estimate another project. There may be some items of work in a project that are similar
to items on another project so that the same unit costs can be used. This, however, is
more the exception rather than the rule for projects of this complexity.
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A list of hourly wage rates for estimating use on this project was developed from the
“Schedule of Wage Rates to be used on Public Construction” — Alaska Department of

Labor.

Quantities were obtained by making takeoffs from the attached p_lans.

The costs used in this estimate were obtained using today’s prices. These costs were
obtained from preliminary plans and assumptions regarding the extent of the work to be

done were made. The results must be considered preliminary.

This cost estimate was prepared by EKM Engineering, with assistance from T.Y. Lin
International and Glenn Gibson.
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KNIK ARM CROSSING ) _ : BY : EKM
PRELIMINARY CONSTRUCTION SCHEDULE : _ ‘ - DATE : 3/10/07
’ File: Knik Arm Crossing
_FOURTH YEAR

FIRST YEAR ' SECOND YEAR THIRD YEAR

Description J FIMIAITMIJIJIAISTOIN]IDYULFIMIAIM] JIA|SJOINIDYLJ FIMIAIMIJ]J]IAIS|O|NIDJUEIMIA M| JIAIS|O|N|D

Notice to Proceed April 1
Winter Shutdown Site Work

Assembly Yard - Seattle Area
Mobilize Site Office and Yard

Fabricate Piling

Galvanize Piles

Splice Piles in Assembly Yard
Ship Piles to Alaska

Fabricate Steel Superstructure
Assemble Superstructure in Assembly Yard
Ship Superstructure to Alaska

Drive Piles 158 each

Set Box Girder incl Bracing - 30 each

Erect Steel Deck 720 ea Sections 45'x12'

Abutments 2 each

Curbs -

Bridge Rail

Asphalt Paving

Lighting Signs and Misc.
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KNIK ARM CROSSING

ENGINEERS COST ESTIMATE PRELIMINARY PLANS

BY: EKM

DATE : 3/10/07

PROJECT OVERHEAD
Page 1 0of 2 File: Kink Arm Crossing
DESCRIPTION QUAN UNIT UNIT TOTAL TOTAL COST BREAKDOWN
COST COST LABOR EQUIP SUPPLY
SALARIES
Project Manager 44 Mo 18,000 792,000 792,000
Project Office Manager 44 Mo 11,000 484,000 484,000
Project Engineer 48 Mo 14,000 672,000 672,000
Construction Engineers 100 Mo 11,000 1,100,000 1,100,000
Office Person 64 Mo 7,000 448,000 448,000
Secretaries, Clerks 32 Mo 7,000 224,000 224,000
Master Mechnic 36 Mo 16,000 576,000 576,000
Assembly Yard Superintendent 36 Mo 14,000 504,000 504,000
Site Superintendent 72 Mo 14,000 1,008,000 1,008,000
TOTAL SALARIES 476 Mo 12,202 5,808,000 5,808,000
OVERHEAD MAINTENANCE
Employee Moving 18 EA 10,000 180,000 180,000
Travel to lower 48 50 EA 2,000 100,000 100,000
Travel & Expense Accounts 44 MO 3,000 132,000 132,000
Temp. Living 80 MO 5,000 300,000 300,000
Medical Exams 1 LS 10,000 10,000 10,000
Safety Meetings & Training (.5% Labor) LS 150,000 150,000
Pickups : 400 MO 1,000 400,000 400,000
Flatrack part time use 24 MO 10,000 240,000 160,000 80,000
Contributions 44 MO 1,000 44,000 ) 44,000
TOTAL OVERHEAD MAINTENANCE 1,556,000 310,000 80,000 1,166,000
OVERHEAD SERVICE
Accounting Service (.002 Job Costs) 1 LS 500,000 500,000 500,000
Legal Fees ' 1 LS 200,000 200,000 200,000
Audits 1 LS 100,000 100,000 100,000
Outside Const Engineering Not in Direct Costs 1 LS 150,000 150,000 150,000
Survey NOC 1 LS 100,000 100,000 100,000
inspection of Welds - Outside Lab 1 LS 250,000 250,000 250,000
CPM Schedule 1 LS 25,000 25,000 25,000
TOTAL OVERHEAD SERVICE 1 LS 1,325,000 1,325,000
PURCHASE ERECT DISMANTLE
Project Office Ali Costs 1 LS 75,000 75,000 75,000
Project Yard (@ Anchorage) 1 LS 100,000 100,000 100,000
Maintenance Shop 1 LS 100,000 100,000 100,000
‘Warehouse 1 LS 100,000 100,000 100,000
Office Equipment & Furniture 1 LS 20,000 20,000 20,000
Engineering Equipment 1 LS 50,000 50,000 50,000
Job Telephone 1 LS 10,000 10,000 10,000
Job Water System 1 LS 20,000 20,000 20,000
Job Power System 1 LS 50,000 50,000 50,000
First Aid Facilities 1 LS 25,000 25,000 25,000
Fire Protection System 1 LS 5,000 5,000 5,000
Minor Equipment 1% of Labor 1 LS 300,000 300,000 300,000
TOTAL PURCHASE ERECT DISMANTLE 855,000 0 300,000 555,000
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ENGINEERS COST ESTIMATE PRELIMINARY PLANS

BY : EKM

PROJECT OVERHEAD DATE : 3/10/07
Page 2 of 2 File: Kink Arm Crossing
DESCRIPTION QUAN UNIT UNIT TOTAL TOTAL COST BREAKDOWN
: COST COST LABOR EQUIP SUPPLY
OPERATE & MAINTAIN
Office & Yard Rental 44 MO 2,500 110,000 110,000
Office & Engineering Supplies 44 MO 2,000 88,000 88,000
Office Maintenance 44 MO 1,000 44,000 44,000
First Aid Supplies 44 MO 500 22,000 22,000
Shop & Warehouse Maintenance 44 MO 2,500 110,000 110,000
Power Charges 44 MO 5,000 220,000 220,000
Job Water 44 MO 500 22,000 22,000
Drinking Water 44 MO 100 4,400 4,400
Sanitary System 44 MO 1,000 44,000 44,000
Telephone Monthly Charge 44 MO 1,500 66,000 66,000
Radio &cell Phones 44 MO 2,000 88,000 88,000
Job Photos 1 LS 10,000 10,000 10,000
TOTAL OPERATE & MAINTAIN 828,400 828,400
INSURANCE
Public Liability (Incl in Labor Rates) 1 LS 0
Builders Risk 1 LS 0
Contractors Equip (Incl in Equip Rates) 1 LS 0
Auto (Incl in Equip Rates) 1 LS 0
Owner's Liability 1 LS 0
Other 1 LS 300,000 300,000 300,000
TOTAL INSURANCE 300,000 300,000
TAXES
Property Tax 0
Sales Tax (Not included in this estimate) 0
Business Tax 0
Gross Receipts
Other Taxes ( Alfow .003 of labor) 1 LS 100,000 100,000
Permits & Licence 1 LS 30,000 30,000
TOTAL TAXES 1 LS 130,000 130,000 130,000
CONSTRUCTION BOND 1 LS 3,000,000 3,000,000 3,000,000
{.01 x 300,000,000)
TOTAL PROJECT OVERHEAD 13,802,400 6,118,000 380,000 7,304,400
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KNIK ARM CROSSING

PRELIMINARY CONSTRUCTION COST ESTIMATE EKM
- SUMMARY File Knik Arm Crossing
No Description Unit Quantity Bid  Prices
’ Unit "~ Amount

1 Furnish 48" Dia Galvanized Steel Pipe Piles LF 33,700 1,400.00 47,180,000
2 Drive 48" Pipe Piles (incl Pile Cap Install) EA 156 250,000.00 39,000,000
3 Furnish Steel Pile Caps EA 31 210,000.00 6,510,000
4 Concrete Pile Filt CY 5,930 500.00 2,965,000
5 Abutment Concrete cY 3,560 725.00 2,681,000
6 Abutment Concrete - Reinforcing LB 400,000 1.50 600,000
7 Furnish Superstructure Structural Steel LB 47,500,000 2.87 136,325,000
8 Erect Superstructure Structural Steel LB 47,500,000 0.45 21,375,000
9 Bearings - Pile Caps EA 58 14,000.00 812,000
10 Bearings - Abutments EA 4 14,000.00 56,000
11 Curb Reinforced Concrete CcY 1,685 800.00 1,348,000
12 Curb Reinforcing Steel LB 200,000 1.50 300,000
13 Bridge Rail (16,500 L.F.) LF 16,500 460.00 7,590,000
14 Clean and Paint Structural Steel LS 1 7,000,000.00 7,000,000
15 Deck Metalizing - SF 360,000 8.00 2,880,000
16 Ruberized Asphalt Paving TON 8,200 90.00 738,000
17 Lighting inlc Navigation Lights etc LS 1 1,000,000.00 1,000,000
18 Signs and Misc ALL 1 50,000.00 50,000
}6’ {9 110’ Dia Rubber Energy Absorbers EA 8 85,000.00 680,000
2M72])| Small Energy Absorbers EA 8 20,000.00 160,000
}8’ 'Z\ Expansion Joint Movement Rating 48 Inch LF 192 13,500.00 2,592,000
20 72| Mobilization LS 1 31,300,000.00 31,300,000
Total Bid 313,042,000
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