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E x e c u t i v e  S u m m a r y

1100 Broadway is a 20-story office building located in the Bay Area of Oakland, California. It contains 310,000 
square feet of office space and 10,000 square feet of retail space at the ground level. The project is currently in 
the design development phase and construction is scheduled to begin in June of 2010. The gravity system is 
composite metal deck supported by composite steel beams and the lateral system is composed of steel moment 
and concentric braced frames.

For technical assignment two a structural study and comparison of four floor systems was performed. The current 

floor system, composite metal deck on composite steel beams, was redesigned for a typical bay of 1100 Broadway 

along with three alternative systems. The other options include longspan steel joists, a two-way post-tensioned 

concrete slab, and precast hollow-core concrete planks.  The systems were compared based on depth, weight, cost, 

deflection, and constructability to determine their potential for use in 1100 Broadway. 

The steel composite system is easy to construct, somewhat expensive compared to the other systems and is limited 

by deflections. Total depth of the system is 30.25”. The longspan steel joists system depth totals 27”. It’s the 

lightest system, average cost but is also limited by deflections. The hollow-core concrete plank system supported 

by steel beams is 36” deep, very heavy and would be difficult to erect for the 20-story building. 

After analyzing and comparing the four alternative floor systems it was determined that the most feasible option 

for 1100 Broadway is the two-way post-tensioned concrete slab. It allowed the total floor system depth to be 

reduced from 30.25” to only 9”. Although the system is costly and heavy the potential savings due to reduced floor 

to floor height and possibly overall building height could outweigh the negatives. Further investigation of the 

post-tension system should follow including considering a one-way slab system.
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I n t r o d u c t i o n

Building Overview

1100 Broadway is a 20-story tower primarily used for offices but also provides shopping and entertainment at the 
ground level. Its architecture combines a new high-rise tower with the adaptive re-use of the Key System 
Building facade which houses a smaller portion of the building. The Key System Building is a 37,000 square foot 
historic office building which was damaged in the 1989 Loma Prieta earthquake and has remained vacant ever 
since. It is now a National Historic Landmark and its facade is incorporated into the design of the first eight 
floors of 1100 Broadway. Sustainability was a primary concern in the design of 1100 Broadway. It aims to 
achieve a LEED Gold rating by incorporating many green features into its design. It takes advantage of the 
opportunity to utilize Transit Oriented Development (TOD) due to its location directly above the 12th Street/City 
Center BART public transportation station. It features photovoltaic solar panels on the tower roof, a green roof 
on the Key System Building portion, and a rainwater collection, filtration and reuse system. The building envelope 
is comprised of high performance glass from floor to roof with large curtain walls on two of the four elevations. 
The high performance glass is "tuned" depending on which side of the building it's on: At the south and west 
facades, which receive more direct sun, the glass is slightly darker, at the north and east facades the glass is 
slightly clearer.

Existing Structural System

Typical office floors are 3¼” light weight concrete fill on a 3” 18 gage Verco W3 Formlock composite steel deck 
for a total thickness of 6¼”.  Composite steel beams support the deck. Columns supporting the composite deck 
are standard structural steel wide flange sections.  Mechanical areas are similar to the typical office floors with 
the exception of normal weight concrete fill in place of the lightweight fill on composite metal deck.  The roof 
system on the tower portion of the structure consists of the same composite steel deck system as the typical office 
floors. 

Wind and earthquake forces are resisted by a dual system composed of Steel Special Concentric Braced Frames 
located around and across the building core and Special Moment Resisting Frames (SMRF) at the building 
perimeter.  Braces are wide flange members with welded connections. Diagonal bracing member sizes range 
from W12x96 to W14x132. Member sizes of the moment resisting frames range from W24x94 to W24x207. 
Lateral forces are distributed to the SMRF at the perimeter of the building and the loads are distributed to 
surrounding members based on their relative stiffnesses with a higher percentage of the load being distributed to 
the stiffer members. 

The main tower of the building is supported by 110 ton, 14”-square, driven prestressed precast concrete piles 
beneath a reinforced concrete mat foundation.  The structure utilizes 117 existing 14” square piles and requires 
334 new 70’-0” long prestressed concrete piles. The concrete mat slab is 5’-9” thick with #11 bars spaced at 12” 
O.C. each way on both faces. The remaining portion of the foundation is a 9” thick reinforced concrete slab with 
#5 bars spaced at 12” O.C. Framing within Key System portion of the structure is supported by 6’-0” square 
spread footings.
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F l o o r  S y s t e m s :  O v e r v i e w

A36’x31’ exterior bay typical of levels 10 - roof  was analyzed and redesigned as the following types of floor 
systems:

 1. Steel Composite (Current System)
 2. Longspan Steel Joists
 3. Two-Way Post-Tensioned Concrete Slab
 4. Precast Hollow-Core Concrete Plank

The four systems were evaluated on depth, weight, cost, deflection control, constructability and fireproofiing and 
compared with the current steel composite system to determine if they were feasible for use in 1100 Broadway. 
See Figure 1 on page 4 for the typical floor plan indicating the bay analyzed for redesign.

A summary of the advantages and disadvantages of each system is provided after each alternative design. For this 
assignment only gravity loads were required for calculations, including a superimposed dead load and a live load. 
The self-weight of each system varies. See Table 1 below for design loads used for this assignment. 

IBC 2006 was referenced for fire safety and required horizontal assembles for 1100 Broadway to meet a 2-hour 
fire-resistance rating. A Live load deflection criterion of L/360 and a total load deflection criterion of L/240 were 
considered in the design of the floor systems.

Table 1: Loads used in design of floor systems
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Superimposed dead load for MEP, finishes, misc. 20 psf
Live load for corridors above first floor (ASCE 7-05) 80 psf*

Loads used in design

* ASCE 7-05 requires a minimum live load of 100 psf for lobbies and first floor corridors and a live load 
of 80 psf for corridors above the first floor. Typical floors are open office plans with no designated 
corridors and therefore a live load of 80 psf was used in calculations in lieu of the 50 psf office load to 
be conservative since partition layout in the offices are subject to change.
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Ty p i c a l  F r a m i n g  P l a n  
Figure 1
Typical Framing Plan for Levels 10 - Roof. The typical bay 
highlighted in red will be analyzed for the 4 different floor 
systems. North
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F l o o r  S y s t e m s :  S t e e l  C o m p o s i t e
1100 Broadway’s current floor system is composite metal deck supported by composite steel beams. The assembly consists of a 3”, 18 

gage, W3 Verco Formlok deck with 3 ¼” lightweight concrete topping for a total slab depth of 6 ¼”. A check was performed on the 

current design of the W24x55 girder supporting the east end of the beams with 31 evenly spaced shear studs to verify that the available 

flexural strength of the composite system could be achieved between the points of zero and maximum moment which is between the 

supports and location of beams framing in. The current design is sufficient and the maximum moment does not exceed the available 

flexural strength of the composite system. 

Using the composite deck properties and the loads from Table 1 the supporting composite members were redesigned. A redesign of the 

current system was necessary to serve as a reference for the alternative systems to compare with. The systems can now be directly 

compared because they were designed using all of the same loads and assumptions. Deflection due to the total load was the controlling 

design parameter for the beams and girders. The redesign consists of W21x55 beams with 24 evenly spaced shear studs. A W24x55 girder 

supports the east ends of the beams and the west ends of the beams are supported by a W24x84 girder. The shear studs are concentrated 

in the 10.33 feet on each end of the girders in order to achieve the full strength of the system at the points of maximum moment where 

the beams frame into the girder. The minimum required shear studs are evenly spaced in the middle 10.33 feet of the girder. 

The redesigned members are slightly smaller than those called out in the current design except for the W24x55 girder on the east end 

which is the same. The placement of shear studs along the redesigned members is more efficient because the current design calls for 

uniformly placed studs causing more studs to be placed on the center portion of the girder than are required. This is usually typical of 

members with a uniformly distributed load versus two point loads. A comparison of the current design and the redesign can be seen below 

in Figures 2 and 3 respectively. 

The 6.25” slab/deck depth with 24” deep supporting composite members gives a total system depth of 30.25”. For system properties see 

Table 2 below. The assembly meets the required 2-hour fire rating and does not require additional fireproofing on the deck but the 

supporting composite steel members will require fireproofing. No changes to the lateral system are necessary. 
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Figure 2
Existing framing for the typical bay

Deck 3", 18 gage, W3 Verco Formlok deck
Slab depth 6.25"
Total depth 30.25"
Concrete lightweight, 115 pcf, f'c=3000 psi
Shear Studs 3/4" diameter, 5" length

Table 2
Steel composite system properties 

Figure 3
Redesign of composite beams for the typical bay
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F l o o r  S y s t e m s :  S t e e l  C o m p o s i t e

A brief summary of the advantages and disadvantages of the steel composite system as the relate to 1100 

Broadway are listed below. A comparison of all four systems can be found at the end of the report.

Advantages :

 Depth:   30.25” 

 Weight:  58.8 psf - deck and slab assembly (48.8 psf) + steel framing (10 psf)

 Cost:   $32 per square foot

 Constructability:  Simple and easy system to construct

 Lateral System: No changes to current lateral system

Disadvantages:

 Fireproofing:   Required fireproofing on supporting beams can be expensive and time consuming

 Deflection:   Deflection due to total load controlled design of supporting members

Conclusion for use in 1100 Broadway: High feasibility
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F l o o r  S y s t e m s :  L o n g s p a n  S t e e l  J o i s t s

Longspan steel joists were considered as alternative floor system for 1100 Broadway. The deck and slab were 

designed referencing the United Steel Deck Design Manual and the joists were designed referencing the CMC 

Joist and Deck Catalog. A 1” UFX1 form deck with a 3” lightweight concrete topping was chosen for the 

deck/slab system. Joists are evenly spaced at 5.17’ over the 31’ length and span 36’ in the East/West direction. 

See Table 3 below for system properties. 24LH08 joists provide the most economical design but 20LH09 joists 

may be used if there are restrictions on the floor depth. The 24” depth of the joists with a 3” thick deck/slab 

system amount to a total system depth of 27”. A W24x76 beam will support the west end of the joists and a 

W21x55 beam will support the East end of the joists. See figure 4 below for the framing layout. The supporting 

beams were sized to meet industry accepted values for deflection and the joist tables from the CMC Joist and 

Deck Catalog were designed for the joists to meet deflection limits. The slab/deck assembly meets the required 

2-hour fire rating but spray applied fire resistive materials (SAFRM) must be applied to the steel joists in order 

for the total floor system to meet the 2-hour fire rating. Changing 1100 Broadway’s floor system to longspan steel 

joists would not have any significant impact on the lateral system. The current system of steel moment and braced 

frames could remain as the lateral system with the longspan steel joist floor system. 

Joist depth 24"
Deck/Slab depth 3" 
Total depth 27"
Joist weight 18 plf

24LH08
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Figure 4
24LH08 steel joist design for the 36’x31’ typical bay spaced 
at 5.17’ O.C.

Table 3
24LH08 joist system properties
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F l o o r  S y s t e m s :  L o n g s p a n  S t e e l  J o i s t s

A brief summary of the advantages and disadvantages of the longspan steel joist system are listed below. 

Advantages:

 Weight:  31 psf - deck (1.5psf) + slab (24 psf) + joists (0.5psf) + steel framing (5 psf)

 Cost:   $26 per square foot

 Lateral:  No changes to the lateral system required

Disadvantages:

 Depth:   27”

 Fireproofing:   Required fireproofing steel joists and supporting beams can be expensive and time  

    consuming

 Deflection:   Supporting beam sizes increased due to deflection

 Vibrations:   Relatively high

Conclusion for use in 1100 Broadway: Low feasibility
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F l o o r  S y s t e m s :  Tw o - W a y  P o s t - Te n s i o n e d  C o n c r e t e  S l a b

A Two-way post-tensioned concrete slab was considered as an alternative floor system.  For simplicity in the 

preliminary analysis the post-tensioning tendons were only designed in one direction. The design features a 9” 

thick normal weight concrete slab with 1/2” diameter banded tendons. See Table 4 for system properties. The 

banded tendons were designed in the East/West direction across the 36’ span and run across the column lines. 

Twenty-two banded tendons are required to adequately stress the slab. The effective prestress force of the 22 

tendons is approximately 585 kips.  To avoid overstressing the slab fewer tendons were used than originally 

designed and additional mild steel reinforcing may be required. Twelve #4 steel reinforcing bars are required at 

the first interior support where the moment is largest and four #4 bars are required at the exterior support. See 

Figure 5 for a section of the system. The uniform tendons will span the North/South direction but were not 

designed in this analysis. Deflections were not calculated due to the complexity of hand calculations and lack of 

software capable of post-tension design but are normally minimal in post-tensioned systems. The slab meets the 

cover requirements from IBC 2006 to acquire a 2-hour fire rating and no additional fireproofing is required. See 

Figure 6 below for the layout of the post-tensioned system. Switching to a post-tensioned slab will require 

changes to the lateral system. The post-tensioned slab will be able to handle a portion of the lateral forces but 

shear walls or concrete moment frames will be needed for additional resistance to the lateral loads. Locations of 

openings in the post-tensioned slab are critical. Unlike openings in a typical mild steel reinforced slab, cutting 

through a tendon could cause the entire post-tensioned floor slab to fail. 

Total depth 9"
Concrete f'c=5000 psi, f'ci=3000 psi
Banded Tendons unbonded, 1/2" diameter, 7-wire strand
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Figure 6
Tendon layout for typical bay

Figure 5
Post-tensioned concrete slab section

22 tendons

22 tendons

uniform tendons

uniform tendons

(12) #8 bars (4) #8 bars

banded tendon profile

Table 4
Post-tensioned slab system properties
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F l o o r  S y s t e m s :  Tw o - W a y  P o s t - Te n s i o n e d  C o n c r e t e  S l a b

A brief summary of advantages and disadvantages of the two-way post-tensioned concrete slab system are listed 

below. 

Advantages :

 Depth:   9” 

 Vibrations:   Very limited

 Cost:   $24 per square foot

 Deflection:   Not calculated but kept to a minimum in post-tensioned design

 Fireproofing:   None Required

Disadvantages:

 Constructability:  Difficult to properly place and stress tendons. Opening locations are critical.

 Weight:  115 psf 

 Lateral:  Post-tensioned slab will require an alternate lateral system of either concrete   

    moment frames or shear walls.

Conclusion for use in 1100 Broadway: High feasibility
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F l o o r  S y s t e m s :  P r e c a s t  H o l l o w - C o r e  C o n c r e t e  P l a n k

A precast hollow-core concrete plank system was the final floor system considered for 1100 Broadway. Concrete 

plank size was determined using the 6th Edition of PCI Handbook. A 4’-0” x 10” normal weight concrete plank 

with 2” topping was chosen for the design. See Figure 7 for a section view of the plank and Table 5 for system 

properties. Nine hollow-core planks fit within the 36’ span. Steel beams to support the planks were designed using 

AISC 13th Edition Manual of Steel Construction. The beam supporting the north end of the planks is a W24x176 

while the beam supporting the south end is a W24x146. For the plank layout and beam locations for the typical 

bay see Figure 8 below. The total system depth including the steel beams is 36” which exceeds the composite 

system depth by more than one foot. The precast concrete planks consider deflection in their design and meet 

fireproofing requirements for a 2-hour fire rating. The supporting beams also meet deflection requirements but 

will require SAFRM to achieve a 2-hour fire rating. The hollow-core concrete planks will be capable of resisting a 

significant portion of the lateral load. Steel moment frames or concrete moment frames are options for lateral 

systems. Locations of openings in the planks are critical and can be costly to perform. Engineering approval 

should be obtained before cutting any openings. The openings can be core drilled or cut with a concrete saw but 

should be cut only after the planks have been erected. Erection of the hollow-core plank system may be costly for 

the 20-story height.  

Concrete topping 2" normal weight
Plank width 4'-0"
Plank depth 10"
Plank+topping weight 370 plf
Plank concrete normal weight, f'c=5000 psi
Beam depth 24"
Total depth 36"
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Figure 8
Hollow-core plank layout for typical 36’x31’ bay

Figure 7
Hollow-core concrete plank section

W24x176

W24x146

Table 5
Hollow-core concrete plank system properties
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F l o o r  S y s t e m s :  P r e c a s t  H o l l o w - C o r e  C o n c r e t e  P l a n k

A brief summary of advantages and disadvantages of the precast hollow-core concrete plank system are listed 

below.

Advantages :

 Cost:   $24 per square foot

 Deflection:   Precast hollow-core planks were designed for deflections

 Fireproofing:   None Required

 Lateral:  Concrete planks will handle a portion of the lateral load but steel or concrete   

    moment frames will also be necessary

Disadvantages:

 Depth:   36”

 Weight:  105 psf

 Constructability:  Location of openings are critical and may be costly to perform 

Conclusion for use in 1100 Broadway: Low feasibility
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C o m p a r i s o n  a n d  C o n c l u s i o n

Comparison:
A comparison of the floor systems as they relate to 1100 Broadway can be seen below in Table 6. 

Table 6
System Comparison

Conclusion:
The two-way post-tensioned concrete slab is the best alternative floor system studied for 1100 Broadway. The 

post-tensioning of the system makes it possible to reduce the total floor depth from 30.25” with the composite 

system to 9”. Post-tensioned slab systems are capable of achieving relatively shallow depths for long spans which 

was exemplified in the redesign of the 36’ span.  With the reduction in floor depth comes the potential for 

reduction in the overall height of the building due to the decreased floor to floor height. This potentially makes the 

post-tensioned design a very economical alternative for 1100 Broadway. Deflections are also limited with 

post-tensioned design due to the upward force exerted by the tendons. 

The main disadvantages of the system are its heavy weight, low constructability, and location of openings being 

critical. The increased weight of the system will likely impact the foundations and will require further evaluation. 

Placing the tendons and concrete so that the tendons follow the appropriate profile can sometimes be difficult and 

properly stressing the tendons can also be challenging. 

The post-tensioned system will require an alternative lateral system. The post-tensioned slab will be able to resist 

a portion of the lateral load but either concrete moment frames or shear walls will also be necessary to resist the 

lateral loads.

Steel Composite Steel Joists Post-Tensioned Slab Hollow-Core Plank
System Depth (in.) 30.25 27 9 36
Weight (psf) 58.8 31 115 105
Cost (per sq. ft.) $32.00 $26.00 $24.00 $24.00
Deflections Medium High Low Low
Constructability High Medium Low Low
Fireproofing Supporting Beams Supporting Beams Not required Not required

Feasibility High Low High Low

Potential for more
in depth investigation Yes No Yes No

              P a g e  1 3

S o n j a  H i n i s h                    O c t o b e r  2 4 ,  2 0 0 8
S t r u c t u r a l  O p t i o n                A d v i s o r :  D r.  H a n a g a n
1 1 0 0  B r o a d w a y ,  O a k l a n d ,  C A              Te c h n i c a l  R e p o r t  2



SONJA HINISH  - 1100 BROADWAY
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Hand Calculation: Check current design of girder supporting East ends of beams
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              P a g e  A 8

S o n j a  H i n i s h                    O c t o b e r  2 4 ,  2 0 0 8
S t r u c t u r a l  O p t i o n                A d v i s o r :  D r.  H a n a g a n
1 1 0 0  B r o a d w a y ,  O a k l a n d ,  C A              Te c h n i c a l  R e p o r t  2



SONJA HINISH  - 1100 BROADWAY

A p p e n d i x  A :  S t e e l  C o m p o s i t e
Hand Calculation: Design of girder supporting West end of beams
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Table A.2 
Maximum unshored span 

Table A.3
Fire Rating 

Tables from the United Steel Deck Design Manual

Table A.1
Maximum uniform live service load

-Meets 2-hour fire rating requirement and requires no additional fire proofing on deck
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A p p e n d i x  A :  S t e e l  C o m p o s i t e
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Hand Calculation:
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Hand Calculation:
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Hand Calculation:
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Table B.1
Table from the United Steel Deck Design Manual and Catalog of Products: Determination of steel form deck, 22 gage UF1X.
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Table B.2
Table from the CMC Joist and Deck Catalog: Determination of longspan steel joist size,  20LH09 or 24LH08.



Hand Calculations:
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A p p e n d i x  C :  Tw o - W a y  P o s t - Te n s i o n e d  C o n c r e t e  S l a b
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NOTE:
The typical 36’x31’ bay was only designed in the East/West direction for the preliminary 
analysis to give a rough idea of the feasibility of using post-tensioned design for the building.

FINAL DESIGN:
Slab:
9” Two-way post-tensioned slab

Tendons:
(22) 1/2” diameter, 7-wire strands, banded tendons spanning the E/W frame 
Effective prestress force = 585.2 kips

Mild Steel Reinforcing:
(12)#8 top at interior support of typical bay
(4) #8 top at exterior support of typical bay
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Figure C.1
Moment Diagrams computed using PCA Slab software for use in post-tensioned slab design

Moments due to dead load

Moments due to live load

Balancing moments



Hand Notes: Hollow-core plank design
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Table D.1

Figure D.1
Hollow-Core Properties

From PCI Handbook 6th Edition:
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Hand Calculation: Design of supporting beams
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Hand Calculation: Supporting beam deflection check:
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A p p e n d i x  E :  C o s t  S u m m a r y

A rough cost per square foot of material estimate for the typical bay was determined using a combination of 

RSMeans Assemblies Cost Data 2009 and RSMeans Cost Works Online.

System cost summary:
           Material ($/s.f.)  Total ($/s.f)

Steel Composite:

 Composite beams, deck, and slab      24.00   31.35

Longspan Steel Joists:

 Steel joists, beams, and slab       19.00   25.45

 

Two-Way Post-Tensioned Concrete Slab:

 Cast-in-place (large job) $490.00/c.y. $848.00/c.y.   13.61   23.56 

 

 

Precast Hollow-Core Concrete Plank:

 Precast plank   $10.08/sf $11.54/sf     12.70   23.95

 Supporting W16x31 beams $37.50/lf $41.84/lf    
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