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Executive Summary

Alternate structural floor systems and their characteristics are explored in Technical Report II.
These alternate structural floor systems are evaluated with the existing system, as well as with
each other. Areas of evaluations include but not limited to weight, total floor thickness, cost, and
constructability. The typical bay utilized for all systems is 33’-0” x 33°-0.” Assumptions were
made to expedite and simplify the evaluation process, one of which is no shoring for steel
structures. Also covered in Technical Report Il, are the site conditions and building
characteristics.

Four systems were evaluated, and are as follows:

- Steel Beam and Girder (Existing) - Girder-Slab
- Composite Joist and Girder - Two-Way Flat Slab

Structural design of the composite joist and girder system resulted in a 28” structural depth and a
total floor depth of 52”, assuming 24” space for MEP. In addition this is the least expensive
structural floor system. The system utilized 1.5” Vulcraft 1.5VLI20 composite deck with a 2.5”
cover. Initially, non-composite joist girders were evaluated but failed the live load deflection
criteria, due to 1.3” vs. 1.1.” There is a possibility to chamber the non-composite joist girders to
achieve 1.1 deflection, but the option was not taken up. As a result W-shapes with shear studs
were used instead. The light weight of the system allowed for quicker erection time and smaller
foundation sizing. Like many light framed structures fire protection is necessary, for all
structural members, to achieve the code required 2 hour rating.

The second system studied is the girder-slab system, which has a maximum structural depth of
22” and total floor depth of 46.” In total the system costs 36984.00 USD/bay. Due to the use of
modular components, such as hollow core planks and A-section, structural erection is relatively
quick. 20” deep A-Sections were used as girders and have a 8570.5 Ib/ft capacity, exceeding the
7669.2 Ib/ft demand. Weighing at 106.5 Kips/bay, it is the second heaviest system. The system
can easily be modified into a moment frame, requiring no shear walls. In addition, the system’s
high mass dampens floor vibrations more effectively than steel framed systems. However, fire
protection is required for the underside of the girders.

Two-Way flat slab is the heaviest structural floor system evaluated, weighing at 163.6 Ib/bay.
Though the 12” two-way flat slab with shear capitals is nearly three times the weight of the
existing system, it is the thinnest structural system and is intrinsically a moment frame. An
additional floor level for additional revenue is possible, while maintaining the same overall
building height. The down side of a high mass system are increase foundation size, larger inertia
induced loads, and longer construction time. Costing 49715.87 USD/bay the two way flat slab is
the most expensive system and only system not feasible.
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Building Overview

Largo Medical Office Building (LMOB) is an expansion of the Largo Medical Center complex.
Designed in 2007 and completed in 2009, LMOB is managed and constructed by The Greenfield
Group. Located in Largo, Florida the six story facility was designed to house improved and
centralized patient check-in area. The 155,000 ft? facility also houses office space for future
tenants, as well as screening and diagnostic equipment.

1005
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Figure 1.1, lllustrated Floorplans Figure 1.2, Building Section
Source: Oliver. Glidden. Spina & Partners Source: Oliver, Glidden. Spina & Partners

Patient privacy is a major concern for facilities housing medical related activities. Oliver,
Glidden, Spina & Partners answered this by clustering the screening and diagnostic spaces close
to the dressing areas (Figure 1.1). The architect went a step further, to preserve privacy by
compartmentalizing the building’s interior.

LMORB is a 105’ tall, steel framed facility with specially reinforced concrete shear walls to resist
lateral loads. The shear walls rest on top of strip footings which are at least 27" below grade
(Figure 1.2). LMOB?’s envelope consists of 3-ply bituminous waterproofing with insulating
concrete for the roof; impact resistant glazing and reinforced CMU for the facade.
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Structural System

Largo Medical Office Building is a 105 tall and 155,000 ft* facility which utilizes specially
reinforced concrete shear walls and a steel frame.

Concerns about the structural system arose, after looking
at the available plans. These concerns include:

140"

1. Effects of drain placement on the rain load ‘
2. Wind loading on the overhang (Figure 2.1) 1 i
3. Lack of information due to incomplete

drawing set *

- Soil profile

- Structural member sizes SEE—

- Actual design assumptions and loads

Due to the lack of information the list of design codes, -
structural material, and some system details are
incomplete. The uncertainty also generated numerous
assumptions were made. Assumptions are highlighted in
red lettering.

Figure 2.1, Overhang
Source: Oliver, Glidden, Spina & Partners

Design Codes

Structural engineer consulting firm, McCarthy and Associates, designed the building to comply
with the following codes and standards:

1. 2004 Florida Building Code (FBC)
— Adoption of the 2003 International Building Code (IBC)
2. 13" Edition AISC Steel Manual
3. Design Manual for Floor and Roof Decks by Steel Deck Institute (SDI)
4. ACI 318-05

Codes and standards used for thesis are as follows:

1. 2009 International Building Code (IBC)

2. ASCE 7-05

3. 14" Edition AISC Steel Manual

4. 2008 Vulcraft Decking Manual

5. 2007 Vulcraft Steel Joists and Joist Girders Manual
6. ACI 318-08
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Structural Materials Used

Table 2.1, List of Structural Materials
Steel
W-Shapes ASTM A992 Gr. 50
Angles ASTM A36
Plates ASTM A36
Reinforcing Bars ASTM A615
Concrete
Footings 3000 psi
Slab-on-Grade 3000 psi
Floor Slab 3000 psi
Framing & Lateral System
] wr | T he Wind Load
_—r— [T L B B ¥ n : L i |: L ; : v 0 o r .
Et :‘ : ! n__gf:&%;N L L -
g . ¢
gl Building
k y 5" :’::‘ I._o 4 20| Fa:ade
¥ :‘ _ ) L Girders/Beams
3 ] . *
! .: Shear Walls
Al _JJ_ 4 3-8 473" n'q_:r 4] 8"
it :}.—-'3‘"_"_"_?%51_.?-;{—"_,f'_"_"'_"_"_-“ﬂ —h *
SN PP R 1 af
IR e e e I#}“’ i Foundation
- e m
| 3 T ! et | Ground
' i I 0z e
Figure 2.2, Typical Structural Bay Figure 2.3, Lateral Load Path

Source: Oliver, Glidden, Spina & Partners

The steel frame is organized in the usual rectilinear pattern. There are only slight variations to
the bay sizes, but the most typical is 33°-0” x 33°-0” (Figure 2.2). Please refer to Appendix A for
typical plans and elevations. Girders primarily span in the East/West (longitudinal) direction.

Page 5 of 73



Thaison Nguyen | Structural Technical Report Il

The only locations where girders are orientated differently include: the overhang above the lobby
entrance and the loading dock area. It is assumed that the columns, girders, and beams are
fastened together by bearing bolts. As a result, the steel frame only carries gravity loads.

To deal with the lateral load, specially reinforced shear walls are used. The shear walls help the
facility resist wind from the North/South and East/West direction. From the drawings it appears
that the shear walls are positioned around the emergency stairwells and the two elevator cores.
Typical shear walls span from the ground floor level to the primary roof (86’ above ground floor
level), highlighted black in Figure 2.2. Only the east emergency stairwell has a greater span due
to the need for a direct access to roof level from the interior. Lateral load distribution path is
demonstrated in Figure 2.3.

In lieu of using shear walls for the lateral system, brace frames and moment frames could be
utilized. There are advantages and drawbacks to each lateral system, see Table 2.2 for a
comparison of the systems.

Table 2.2, Comparison of Lateral Systems
System Shear Walls Brace Frames Moment Frames
Lateral Resistance Wall Mass and : i i
Mechanism Solidity Elongation of Brace Rigid Connection
Member Size Large Small Large
Footprint and Space Mid Mid Small
Flexibility
Weight Heavy Light Mid
Vibration Dampening High Low Low
Cost High - due to
High - due to labor Low connection guality
control and
fastening system

From comparing the various lateral systems with the building’s primary function, it appears that
the original decision to use shear walls is logical. Throughout the lifetime of the facility will
house various tenants with different interior preferences, space flexibility is a significant
concern. Both the shear walls and moment frames satisfy the space flexibility criteria. Drift is
another concern when evaluating for the optimum lateral system. Greater amounts of drift
increases the complexity of joining and fastening the building fagcade; which in turn leaves room
for inadequate construction and rainwater leakage. Shear walls and brace frames are fairly stiff
systems which results in reduced story drift when compared to moment frames. In addition the
fire rating and safe emergency egress is an equally important criteria. Steel structures require
significantly greater fire proofing, in concrete the cover is usually increased and is less labor

intensive.
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Regional preference also plays a role in choosing a lateral system. In the southern U.S. concrete
is the predominant building material, due to the lack of vital ingredients for steel production and
steel labor base. As a result, lateral systems requiring special connection methods must be ruled
out, such as moment frames.

Flooring System

Gravity Load — Girders
Composite/
Roof Deck Column
Foundation
Beams E— and
Ground
Figure 2.4, Typical Composite Slab Figure 2.5, Gravity Load Distribution

Source: Oliver, Glidden. Spina & Partners

In general, the structural flooring system is primarily a 5” thick composite slab (Figure 2.4). On
all floor levels, except for the ground, the composite slab spans 8’-3”. Gravity load distribution
path can be followed in Figure 2.5. To satisfy the 2-hour fire rating defined by the FBC, it is
likely that the floor assembly received a sprayed cementitous fireproofing. Exposed 2”
composite deck with 3 of normal weight (NW) topping only has a 1.5-hour rating, per 2008
Vulcraft Decking Manual.

Hollow core planks and post-tension (pt) slabs are alternatives to the composite slab. PT-slabs do
have an advantage in having a thin structural floor, thus allowing greater number of floors when
compared to an equally high steel structure. Echoing the frame and lateral system, structural
systems for office facilities should allow flexibility in partition and opening placement.
Tensioned cables in pt-slabs prevent modification of the slab, like putting an opening into the
floor, without first de-stressing the cables and temporary support the floor strip. On the other
hand, hollow core planks don’t hinder future floor openings. Though pt-slabs aren’t easily
modified once formed, the system has the advantage in having the thinnest structural floor
system. This is advantageous for cities with height limitations since pt-slabs allow greater
numbers of floors when compared to an equally high steel structure. In terms of quality control,
both pt-slabs and composite slab concrete is typically cast in the field. The results of concrete
cast in the field are mix inconsistency and weather induced strength variations. Hollow core
planks doesn’t have strength inconsistency problems, other than the typical 2” toping.
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Roof System

LMOB has three roof levels: main roof, east
emergency stairwell roof, and the overhang
over the main entrance. There is only one roof
type for all three roof levels are the same,
consisting of a 3-ply bituminous \ 'j'
waterproofing applied over the insulated cast- ] "
in-place concrete (Figure 2.6). To ensure
adequate rainwater drainage, the insulated

T
TP

cast-in-place concrete is sloped 4" for every Figure 2.6, Roof Detail
12” horizontal. Source: Oliver, Glidden, Spina & Partners

The insulated cast-in-place concrete was used in-lieu of rigid insulation with stone ballast. One
reason is that the facility is in a hurricane zone. What it means is, loose material can potentially
become airborne projectiles and cause damage when there is a hurricane. The insulated concrete
has sufficient mass to resist becoming airborne. In addition, the added mass counters the uplift
wind force.
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Gravity Loads

Dead, live, rain, and snow loads were calculated for verification of the gravity system. ASCE 7-
05 was utilized to factor the loads, using the LRFD method, to determine the size gravity
members and check adequacy of actual system. Figure 2.2 shows the typical members,
highlighted, which were checked.

Due to the lack of sufficient information, stemming from incomplete drawing set and
specifications, a direct comparison of member sizes and design loads was not achieved. Instead
actual member sizes were taken by measuring the member depth on the CAD architectural files.

Gravity load and member size calculations can be referenced in Appendix A and Appendix C,
respectively.

Dead Loads

Before any dead load calculations were performed, quantity takeoffs and research in material
weight were implemented. Take-offs was organized by floor level, which allowed ease of future
analysis and design of alternate structural systems. The division by floor level has flexibility
built in, where changes in materials can be easily tracked without having to decipher the entire
building load equation. Items included in the take offs are: slab concrete volume, floor finish
areas, areas of roofing layers/components, volume and area of facade components. See Table 3.1
and Table 3.2 for the material weights and total un-factored dead load by floor level.

Table 3.1, Weight of Building Materials
Material Weight Reference
Normal-Weight (NW) Concrete 150 Ib/f® | AISC 14™ Edition — Table 17-13
Light-Weight (LW) Concrete 113 Ib/ft> Arch. Graphics Standards 11 Edition
Vinyl Composition Tile (VCT) 1.33 Ib/ft® Arch. Graphics Standards 11 Edition
Ceramic/Porcelain Tile 10 Ib/ft” | AISC 14™ Edition — Table 17-13
3-Ply Roofing 1 Ib/ft? AISC 14™ Edition — Table 17-13
0.8” Laminated Glass 8.2 Ib/ft?
MEP 15 Ib/ft°
Table 3.2, Unfactored Dead Load
Floor Level Load (kip)
Ground 2425.2
1 3325.7
2 3289.7
3 3289.7
4 3289.7
5 3289.7
Roof 3248.9
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Once material quantities and material weight were determined, floor weight was determined.
Items not included in the floor weight are the metal decking, joists, and structural steel members.
Only after sizing the metal decking, joists, and structural steel members were the items included
in the floor weight. A collateral load, of 5 Ib/ft?, was included in the dead load to account for
unforeseen items.

Assumptions were made to accelerate and simplify the take-offs and load determination. The
assumptions are as follows:

1. Metal deck has equal rib volume

2. All beams are identical to the beam in the typical bay

3. All girders identical to the girder in the typical bay

4. Glazing and concrete are the only facade materials

5. All floors except for the roof use the same type of concrete

Live Loads

LMOB is classified as a type B occupancy, by the 2009 IBC. The outcome of the classification is
the use of office live loads. The other live load used to analyze the gravity system is associated
with emergency egress. Due to the lack of access to the actual live loads used by the structural
consultant, the 2003 IBC live loads were compared to the ASCE 7-05 live loads. Comparison of
the live loads is on Table 3.3.

Table 3.3, Live Load Comparison
Description 2003 IBC ASCE 7-05
Stairs 100 Ib/ft? 100 Ib/ft?
Lobby & First Floor Corridor 100 Ib/ft? 100 Ib/ft?
Corridors Above First Floor 80 Ib/ft* 80 Ib/ft*
Ordinary Flat Roofs To Be Calculated 20 Ib/ft?
Partitions 20 Ib/ft? 15 Ib/ft®

The option to use live load reductions was not taken up. Primary reason is that there is a
likelihood that the busy hospital will expand its use of facility. Already the hospital occupies
39700 ft? of LMOB and has added a parking garage to accommodate additional patients. Another
reason, it is likely that the facility will see new equipment, un-foreseen by the designers, in the
future.

Table 3.4, Unfactored Live Load
Floor Level Load (kip)
Ground 2313.6
1 2001.7
2 2103.9
3 2103.9

Page 10 of 73



Thaison Nguyen | Structural Technical Report 11

4 2103.9
5 2103.9
Roof 528.8

Like the dead load calculations, live loads are broken down by floor level (Table 3.4).

Rain & Snow Loads

Location of LMOB was the deciding factor in whether rain or snow loads controlled. Being that
the facility is in Largo, Florida; Figure 7-1 in ASCE 7-05 indicates that the ground snow load is
zero. The result is no snow roof loads. Rain load was determined through the use of ASCE 7-05
and the International Plumbing Code (IPC). A ponding instability investigation was not required
by ASCE 7-05, because the roof slope is a 1/4" rise for every 12" horizontal. Thus there was no
study of ponding potential on the roof.

The hourly rain rate for Largo, Florida wasn’t in the standards; the closest city’s hourly rain rate
was used. Tampa, Florida is the closest city to Largo, Florida. It was determined that the rain
load is greater than the live roof load. In many calculations, the rain load (27.89 Ib/ft?)
substituted the live roof load (20 Ib/ft?).

Gravity Spot Checks
Deck & Joist

Determining the building weight was the primary reason to size the deck and joist. All decks
and joist shall use of cementitious fire protection, to achieve a 2-hour fire rating required by
the FBC. There were only two assumptions made concerning decks; as follows: the deck has
equal rib sizes, and all decks are 3 spans. Figure 3.1 and 3.2 shows the deck and joist
placement.

Figure 3.1, Roof Structure
Source: Oliver. Glidden. Spina & Partners
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Rain and dead load was used to size the metal roof deck
instead of recommended the roof live and dead load. The
27.89 Ib/ft? rain load is greater than 20 Ib/ft® live roof load.
From the spot check, the original 1.5 thick metal roof deck
spanning 5°-6” is sufficient to resist the superimposed rain
and dead load.

The only deviation with the original deck and joist design,
appears to be the joist. The spot check showed that a 22K6
joist, also the lightest, is required to support the rain and dead
load. Depth of the designed joist is 20” deep, this is a 10
percent difference with the spot check. The difference can be
due to a number of factors:

1. Actual rainfall rate could be smaller than the substitute
(Tampa, Florida)

2. Use of the prescribed live roof load instead of the
rain load

3. Selection of heavier member but with less depth

Technical Report 11

Figure 3.3, Joist and Beam Offsets
Source: Oliver. Glidden. Spina & Partners

See Table 3.5 for comparison of the decks and joists used in the original design and spot

check.
Table 3.5, Comparison of Original Decks and Joist with Spot Check
Component Original Spot Check
Roof Deck 1.5B 1.5B24
Floor Deck 2VLI 2VLI22
Roof Joist 20” Depth 22K6

Beam & Girder

Beams and girders spanning the largest typical bay, 33°-07x33’-0”, were used for the floor
system spot check. In addition to spot checking, the calculated size of the beams and girders
were factored into the weight of the building. The members were evaluated for flexural
capacity and deflection. It was assumed that the girders use shear studs to have composite
action and that shear is completely transferred from the composite slab to the girder.
Comparison of the typical beams and girders can be referenced in Table 3.6.

Table 3.6, Comparison of Original Beams and Girders with Spot Check
Component Original Spot Check

Beam W16 W14x74

Girder W24 W24x76
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There are slight differences between the original beam sizes. The difference is approximately
14 percent, some possible explanations for the difference are:

1. Vibration criteria not evaluated in the spot check
2. Use of economical and predominate sections
3. Greater gravity load due to additional mechanical equipment

Column

Spot check calculations of the typical column, at the intersection of lines B and 2, were
implemented once the other structural steel members were sized according to the ASCE 7-05
loads. Column, B-2, was selected because it is an interior column not part of the lateral
system. As a result it does not experience lateral loads, as the exterior columns. In terms of
bracing, beams and girders prevent the column from having an un-braced length greater than
16°.

Due to the existence of the specially reinforced shear walls, it was assumed that the typical
column is pin base. Also, it was assumed that the column did not change size to suit the
changing gravity loads. Instead all columns are the same size, to ensure ease of construction
and reduce complex column splice connections.

Neither the live load nor live roof load were reduced. All floor levels, other than the roof,
were loaded with 80 Ib/ft® live load. The spot check resulted in W14x120 as the lightest
column size to resist gravity loads. McCarthy Associates used a W12 column, the difference
is 14%. Reason for a slightly smaller original column can be attributed to:

1. Smaller live load assumption due to either different load criteria or use of live load
reduction
2. Use of predominant sections
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Structural Floor Systems

Largo Medical Office Building (LMOB) has a typical bay size of 33 ft. x 33 ft. The facility has a
regular column arrangement, where the difference in column spacing is no more than 33 percent
different. At the facility’s north-east and north-west corners the bays are much larger, due to the

3 ft. architectural extrusions.

Four structural systems were analyzed, including the existing/current floor structure. Weight,
total floor thickness, cost, and constructability were used in the structural comparison. Items not
designed and calculated in this technical report are as follows: columns, foundations, lateral
resisting systems, torsion in structural members, structural member connections, and
reinforcement development length. Hand calculations can be referenced in Appendix D,
Appendix E, Appendix F, and Appendix G.

Parameters which all four structural systems share includes:

1. Typical Bay — 33 ft. x 33 ft.

2. Dead and live loads

3. Maximum structural beam, girder, or slab shall not exceed 2 ft. depth

4. Relative ease in future modification of the structural floor system, such as floor openings
5. Two hour fire rating

In addition to the hand calculations, structural computer modeling of two structural systems were
implemented. Structural computer modeling served to reinforce the hand calculations. The two
structural systems chosen are the composite joist & girder, as well as the two-way flat slab
system.

Existing Floor Structure

Steel beam and composite girder is the existing/current floor structural system at LMOB. Steel
beams spaced at 8 ft 3 in. supports the 5 in. composite slab. No structural floor member in
LMOB exceeded a depth of 2 ft.

As a result of incomplete structural drawings, assumptions about the structure and materials were
made. These assumptions are as follows:

1. Slabs are compositely attached to the girder

2. No shoring during construction

3. Metal decking, for floors, have equal sized corrugations
3. Concrete strength is 3000 psi

4. Wide Flanges use A992 Gr. 50 steel

5. All member connections are bearing and hold no moment

Page 14 of 73



Thaison Nguyen | Structural Technical Report 11

From the assumptions and available drawings, the structural floor system was determined. See
Appendix C for calculation details of the current system.

It was determined that the composite metal decking used is equivalent to 2VLI22. The 3 in.
cover is insufficient, per Vulcraft 2008 Decking Manual, as a result spray cementitious or fiber
fire protection on the underside of the deck is necessary to achieve the required 2 hour rating.

Beam and composite girder sizes are W14x74 and W24x76 respectively. Moment was the
controlling factor for the composite girder and the primary reason for using 3 rows of shear
studs. Each 33 ft. composite girder requires 94 shear studs (3/4 in. diameter). The total depth of
the current floor system is 53 inches, including the assumption that MEP requires a 24 in. depth
allowance. Typical beam and composite girder system is illustrated in Figure 4.1 and Figure 4.2.

33

W24x76 [94]

=t e =t =t =t
I~ I~ I~ I~ I~
> > > > >
= = =t = <
A ha A e A
= = = = =

—
.~

2VLI22

I I

W24x76 [94]

Figure 4.1, Structural Members of Typical Bay — Steel Beam and Girder
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Figure 4.2, Section A-A

The structural floor of the typical bay weights 68.5 kips, which translates to 62.9 Ib/ft?. Most of
the weight is due to the 50 Ib/ft> composite slab. Weight of the lateral load resisting system
wasn’t factored into the weight of the typical bay.

Advantages

1. Relatively light weight construction, compared to concrete structural systems
2. Low soil bearing pressure

3. Reduced inertia load when exposed seismic activity

4. Creep resistance

5. No shoring or formwork necessary

6. Erection speed

7. Weather and climate doesn’t significantly impact strength

Disadvantages

1. Deep floor system

2. Reduction of rentable space and stories, compared similar height concrete buildings
3. Resistance to overturning moments due to building weight is reduced

4. Fire protection for all structural floor members including beams and girders

5. Region doesn’t specialize or have sufficient labor pool for steel construction

Composite Joist & Girder

Composite joist and girder structural floor system was chosen due to structural efficiency.
Structural efficiency reduces the quantity and size of members. This allows for shorter erection
time, reduced building weight and foundation demand. Composite joist design is based on the
prescribed method in the Vulcraft 2009 Composite and Noncomposite Floor Joist Manual. Hand
calculations can be referenced in Appendix E.

Assumptions used in the design of the composite joist and girder system are as follows:

1. No shoring during construction
2. Metal decking, for floors, have equal sized corrugations
3. Concrete strength is 3000 psi
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4. Wide Flanges use A992 Gr. 50 steel
5. All member connections are bearing and hold no moment
6. All shear studs (3/4 in. diameter) are installed in the field

Three composite joist spacing were evaluated to determine the lightest arrangement; which
includes 5 ft. 6 in., 6 ft. 7in., and 8 ft. 3 in. spans. There are two ways to evaluate the lightest
joist arrangement. One is the actual weight, which doesn’t factor in the degree of work necessary
to install the shear studs. Effective weight method includes the degree of work necessary to
install the shear studs. Installation of each shear stud is equivalent to installing 10 Ibs. of steel.

In the end, effective weight and fire protection was the deciding factor on the joist spacing.
Actual weight wasn’t used due to the small variation, 0.78 percent, between the three spans. It
was determined that the 8 ft. 3 in. span had the smallest effective weight and requires less
volume and work on fire protection.

W24x62 [80]

I

H

24 CJ 1662/1058/198 [34]
24 CJ 1662110581198 [34]
24 CJ 1662/1058/198 [34]
24 CJ 1662110581198 [34]

—

- 24 CJ 1662/1058/198 [34]

1.5VL20

I I

W24x62 [80]

Figure 4.3, Structural Members of Typical Bay — Composite Joist & Girder
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MTL. Deck

Angle Connection w/ Bearing Bolts, Typical

Figure 4.4, Section B-B

Instead of re-using the composite slab in the existing system, a lighter composite slab was
selected. The 39 Ib/in? slab, with 1.5VL120 and a 2.5 in. concrete topping, was selected. Like the
2 in. metal deck, fire protection is necessary. Vulcraft 2008 Steel Deck Manual recommends that

either sprayed cementitious or fiber fire protection can used.

All composite joists and girders require a minimum of 2 rows and 3 rows of shear studs,
respectively. Only then will shear be transferred from the slab to the joists and girders. Figure 4.3
and Figure 4.4 are illustrations of the composite joist and girder system. Initially non-composite
joist-girders were considered in lieu of the composite girders. As it turned out, the non-composite
joist-girders didn’t satisfy the live load deflection criteria. It is possible to chamber the joist-
girders, to meet the deflection criteria, but this option wasn’t taken since the joist-girders are 48
in. deep. Please refer to Appendix E for details of the joist-girder deflection calculation.

& RAM Steel Beam/Joist Module - Composite
File Criteria Type.. Assign Process Reports Vibration View Help

1 Floor 1 - KB E 5| oktlte|El|Esls] Al | wlhlb bEn] sl 0l 2lel il lhlk 2]

W24x62 (38) W24x62 (38)

W24x62 (74) W24x62 (74)

W24462 (38) W24x62 (38)

Figure 4.5, RAM Model
.______________________________________________________________________________________________________________________________________________]|
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RAM computer structural modeling software was used to verify the hand calculation. Composite
joist were not available in RAM, as a result non-composite joists were used in-lieu. The impact is
a deeper and heavier joist. Also it was assumed that 80 percent is the minimum acceptable
percentage of full composite.

It was not surprising to determine that the number of shear studs is 74, provided that the system
modeled in RAM has greater self-weight. Plus the neutral axis more deeply imbedded in the steel
girder. The reduction in the number of shear studs can be also attributed to the assumption that
80 percent is the minimum acceptable percentage of full composite. See Figure 4.5 for the
structural design in RAM.

The total depth and effective weight of the composite joist and girder system are respectively 52
in. and 53.4 Kips per bay.

Advantages

. Relatively light weight construction, compared to concrete structural systems

. Low soil bearing pressure

. Reduced inertia load when exposed seismic activity

. Creep resistance

. No shoring or formwork necessary

. Erection speed

. Pre-fabrication of structural floor system into modules w/ joist and deck joined
. Weather and climate doesn’t significantly impact strength

. Use of openings between joist’s bars for some MEP systems

[

O 0 N O O WODN

Disadvantages

1. Deep floor system

2. Reduction of rentable space and stories, compared similar height concrete buildings
3. Resistance to overturning moments due to building weight is reduced

4. Fire protection for all structural floor members including joists and girders

5. Longer lead time for materials

6. Region doesn’t specialize or have sufficient labor pool for steel construction

Girder-Slab

The third system chosen for analysis is the girder-slab system. Girder-Slab was chosen for
minimum slab depth, quick erection and extensive use of concrete. Girder-Slab system utilizes
either D-sections or A-sections as girders, keeping hollow core planks supported and in place.
All sections are chambered to achieve an acceptable code defined deflection. The sections are
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also used as a form for the cast-in-place concrete, since concrete is placed into the sections to
create a reinforced concrete girder.

Design of the girder-slab system utilized design tables from StresCore, Girder-Slab Technologies
LLC, and PEIKKO Group. Due to the lack of design tables in U.S. customary units, for 20 inch
(500 mm) A-sections, metric tables were used instead. See hand calculations in Appendix E for
more details. Design tables used can be referenced in Figure 4.6 and Figure 4.7.

Steel Only / Web Ignored Transformed Section / Web Ignored
- - Allowable
Designation Ix [Chot | Ctop | Shot | Stop Moment Ix |Chot | Ctop | Shot | Stop
Fy=50 KSI
£=0.6 Fy
in* in in in3 in? kft in* in in in? in?
DB8=x35 | 102 | 280 | 520 | 365 | 19.7 49 279 | 416 | 440 | 67.1 | 635
DB8x37 | 103 | 2.76 | 5.24 | 373 | 19.7 49 282 | 416 | 442 | 67.7 | 63.8
DB8x40 | 122 | 3.39 | 461 | 36.1 | 26.5 66 289 | 426 | 430 | 67.9 | 67.2
DB8x42 | 123 | 3.35 | 465 | 369 | 26.5 66 291 | 426 | 432 | 684 | 675
DBOx4l | 159 | 3.12 | 651 | 51.0 | 244 61 332 | 4.27 | 5.35 77.7 | 62.1
DB9x46 | 195 | 3.84 | 5.79 | 50.8 | 33.7 84 356 | 443 | 5.20 | 80.6 | 68.6

Figure 4.6, D-Girder Characteristics
Source: Girder-Slab Technologies LLC
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Figure 4.7, A-Girder Load Capacity
Source: PEIKKO Group

Assumptions concerning the section properties and component functions include:

1. All plates in A-section are 1 in. thick

2. Rebar traversing through the section and hollow core plank keep the planks in place

3. Rebar traversing through the section and hollow core plank transfer no significant moment
4. Use 4000 psi cast-in-place concrete
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All girders span in the North-South direction and require no shoring when cast-in-place concrete
has not cured. The required linear load on the sections is 7669.2 Ib/ft. From the design tables, 10
in. hollow core and 20 in. deep A-section D50-600 were selected. The maximum depth and

weight of the typical bay is 46 in. and 106.5 Kips, respectively. For more details see Appendix E,
Figure 4.8, and Figure 4.9.

A-Girder D50-600
A-Girder D50-600

_
|

10SC26/108

Figure 4.8, Structural Members of Typical Bay — Girder Slab

4000 psi Conc.

\/ Hollow Core Plank

Rebar

A-Girder
Figure 4.9, Section C-C
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Advantages

1. Resistance to overturning moments due to building weight is greater than steel facility
2. No shoring or temporary formwork necessary

3. Significant pre-fabrication reduces cost and construction speed

4. Small volume of cast-in-place structural concrete

5. Shallow floor depth

6. Column material can either be concrete or steel

7. Dampen vibrations, due to floor mass

Disadvantages

1. Fire protection on exposed steel of girder section
2. Coordination between designers and fabricators
3. High weight when compared to steel facility

4. High soil bearing pressures

Two-Way Flat Slab

Two-Way flat slab was selected based upon the regional building material preference, shallow
depth, and intrinsic lateral resisting characteristics. High factored loads, 152 Ib/ft? not including
self-weight, as well as large typical bay size facilitated the use of shear capitals at the column
locations. Deflection was handled by using slab total depths greater than the threshold where
deflection calculation is required, per ACI 318-11 Table 9.5C. In two-way slabs flexural rebar
can’t intersect at the same depth, as a result d is measured from the compression edge to the
closest flexural rebar to the neutral axis. Hand calculations can be referenced in Appendix E.

To simplify the design process, a few assumptions were made:

1. Use 4000 psi concrete and 60 ksi reinforcing

2. Continuity of M™ (bottom) reinforcing for redundancy against column failure

3. Flexibility of changing column spacing where column spacing deviates < 1/3
and offset < 10 percent

From the hand calculations it was determined that the maximum moment, 713.4 kip-ft, occurred
at the interior columns. There was great concern for rebar congestion at the column locations. As
a result the maximum number of reinforcement per strip width was determined. In the end, the
(28) #8 reinforcement per 8 ft. 3 in. strip satisfied the maximum number rebar criteria [(41) #8
per 8 ft. 3 in.]. All require rebar areas were compared to maximum rebar area for yielding,
maximum rebar area for @ to equal 0.9, and minimum reinforcement to control thermal cracking.
See Figure 4.10 for the middle and column strip widths.
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Constructability and the possibility of construction errors facilitated the need to simplify the
reinforcement design, simplifications include:

1. All mid-span reinforcement is based on the first interior mid-span reinforcement

2. All middle strips reinforcement, regardless of location in span, is based on mid-span
reinforcement of the middle strip

3. All M" (bottom) reinforcements are continuous

4. All flexural reinforcement shall use the same bar size

5. All first stir-ups are spaced the same distance, off centered

Flexural rebar arrangement in the 12 in. concrete flat slab can be referenced in Table 4.1 and
Appendix E.

,||/ a3 ,|J/
| |
I
D ! Column Strip ! D
] |
- — - —+ - — - — - — - — - R
| |
| |
166" ‘ Middle Strip ‘ 33
| |
R 1
| |
g3 i Column Strip i
N — B~
| |
/I%L 1-3

26" Typical

Figure 4.10, Two-Way Flat Slab Divisions
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Table 4.1, Flexural Rebar in Column and Middle — Hand Calculations

Strip Strip Location
Exterior Columns Mid-Span Interior Columns
Column | (12) #8; Asreq = 9.32in° | (15) #8; Asreq = 11.45 in” | (28) #8; Asreq = 21.65 in”
Middle | (9) #8; Asmin =5.86in° | (9) #8; Asreq=7.03in”> | (9) #8; Agreq = 5.88 in

As mentioned earlier, there was significant punching shear at the columns. To achieve the
required shear strength 2 ft. 6 in. x 2 ft. 6 in. x 3 in. thick column capital was used, as well as
stir-ups spaced at 4 in. off center. Each stir-up has (8) #4 legs, refer to Figure 4.11.

J(—T 6 1/8" Typical

//J
/
/

(8 Legs) #4 Stirr-ups @ 4" O.C.

F

(1] T L R L LT T T AT [T
1.0 1,0

Figure 4.11, Section D-D

In addition to hand calculation, spSlab was used to design the two-way flat slab for flexure.
Please see Appendix F for the computer output. As part of the input the parameters were defined

and include:

1. Minimum flexural rebar size = #6
2. Minimum rebar spacing = 2.5 in.
3. Number of Bay(s) = 2

4. Shear Capital Thickness = 3 in.

5. Shear Capital Taper = 45°

As evident from the parameters, only the shear capital taper is different from the actual design.
The shear capital shouldn’t impact the analysis because shear reinforcement directly influence
flexural design. In addition spSlab adheres to ACI 318 which defines that shear capitals only
takes shear loads. The flexural reinforcement designed by spSlab can be referenced in Table 4.2
and Appendix F.

Table 4.2, Flexural Rebar in Column and Middle - spSlab
Strip Strip Location
Exterior Column Mid-Span Interior Column
Column | (11) #6; Agreq = 4.319 in” | (29) #6; Asreq = 12.75in° | (50) #6; Asreq = 21.63 in
Middle (19) #6; Asreq = 8.031in° | (19) #6; Asreq = 8.031in” | (19) #6; Agreq = 8.03 in’

In lieu of the direct design method, used in the hand calculations, spSlab utilizes the equivalent
frame method. Each design method utilizes differing moment distribution factors, resulting in
slightly different required reinforcement (Asreq). The maximum deviation between the two
methods is the exterior columns, where the reinforcement in spSlab is less than 50 percent of the
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hand calculations. In addition, the equivalent method distributes greater moment to the middle
slab and at mid-spans, evident in the higher required reinforcement.

Two-way flat slab is the heaviest of the four structural systems. Weighing at 163.6 kips per
typical bay this is more than 2 times the existing structural system. Though two-way flat slab is
heavy, the maximum total floor depth is 39 in. with the assumption that MEP requires 24 in.
depth allowance. Thus making the system the thinnest floor system and allows for an addition of
one more level to LMOB. An additional level will add greater revenue due to tenant rent and
offset the construction cost.

Unlike the other three systems, the two-way cast-in-place flat slab needs shoring and re-shoring
during construction. This will result in an extended construction schedule, when compared to
modular steel and composite systems.

Advantages

1. Resistance to overturning moments due to building weight is greater than steel facility
2. Small volume of cast-in-place structural concrete

3. Small shear induced deflections

4. Shallow floor depth

5. Dampen vibrations, due to floor mass

6. No fire protection required other than adequate concrete cover

Disadvantages

1. Weather and climate significantly impact strength

2. Slow construction of building structure, compared to steel structural systems
3. Stringent quality control to ensure proper strength and durability

4. High weight when compared to steel facility

5. Increase inertia load when exposed seismic activity

6. High soil bearing pressures
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Table 5.1, Structural Floor System Comparison

o Steel Beams & | Composite Joists . Two-Way
Criterion . . . Girder-Slab
Girders (Existing) & Girders Flat Slab
Cost (USD/bay) 33123.96 14332.33 36984.00 49715.87
Max. Floor Depth (in.) 53 52 46 39
Actual Weight (Kip/bay) 68.5 51.3 106.5 163.6
S Required; either Required; either Not
t Lateral brace frames, brace frames, Maybe, required,
r Resisting shear walls, or shear walls, or depends on | intrinsically
u System moment moment connection a moment
C connections connections frame
t
u . No, but . ves, . ves,
Foundation . increase increase
r e L No foundation can be . .
Modification foundation | foundation
a reduced ) )
I capacity capacity
Fire Protecti
e Otec_tlon Ves Yes Yes, oply No
(2-hour rating) underside
Intrinsic Vibration
trinsic b atio Low Low High High
Dampening
C
Schedule Fast Fast Moderate SIOYV’ due to
0 curing conc.
n
uality Control .
S Q y Low Low Moderate High
t Level
r
Material Lead -of-
u ) Moderate Long, due.out. of Short Short
c Time state fabrication
t
a Speed of Slow, due to lack | Slow, due to lack
b Workforce of sufficient of sufficient Fast Fast
i Mobilization specialized labor | specialized labor
|
i .
Regional
t g No No Yes Yes
Preference
y
Feasibility Yes Yes Yes No
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Conclusion

Technical Report Il evaluates four structural floor systems, including the existing/current steel
and girder system. Total floor depth, cost, weight, and constructability are the primary factors for
determining structural floor system feasibility. Only one floor system was found to be not
feasible.

The composite joist and girder system is the lightest weight and least expensive to construct.
Depth wise the composite joist and girder system is only 1”” shallower than the existing system.
But the composite joist’s open web allows for electrical and plumbing to be run through,
resulting in possible further reduction in total floor depth. Construction is similar to the existing
steel beam and girder system. The reduction in cost can be attributed the use of composite joists
in-lieu of solid beams. Cost is further reduced by the system’s low dead weight, where member
size is reduced. Composite joist and girder system is feasible but floor vibration will need to be
further studied to determine serviceability. Also the degree of difficulty installing fire-protection
will need to be delved more deeply.

Girder-Slab system is also feasible. Though it is heavier and slightly more expensive than the
existing structural floor system, there are advantages. One of which is modularity, where the
hollow core planks and A-sections are prefabricated. As result is shorter construction time. In
addition, the girder-slab system produces the second shallowest floor system, 46 in depth. Thus,
allowing greater space for future MEP additions. Vibration dampening is handled relatively well,
due to the system’s high mass with possibility to fill the hollow core plank’s voids with
attenuating material. Factors which will need to be explored in greater detail include: possibility
of shallower A-sections, moment capacity at girder and column interface.

Only the two-way flat slab is not feasible, its weight and cost negated any advantage. Two-Way
flat slab is the shallowest system, with a maximum total floor depth of 39.” Though the system
allowed for the possibility of an additional floor and greater revenue from rent, the high weight
increases the inertial component of seismic loads. Cost will also increase with the need to
seismically design the structure. Also, the 3-1/2” rebar spacing at the columns is a
constructability and quality control issue. There is a potential for over congestion when column
reinforcement is placed, making the concrete mix harder to fill all the voids. Due to cost, weight,
and constructability issues two-way flat slab is not a feasible alternative.
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Appendix B: Load Determination Dead, Live, Rain
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'—;‘., sbh Nauye 1 Load Detevwrination- DEAD , LIVE |3
> | I RAIN /5
I:.,: i)cad‘ We jk‘! 5€ ':!_‘,9-— o

= e e ; N

{ Floov Leve | i { [ 2erdorMor3 {

— i |
H{!L‘lr-u‘l‘j v.T Cevamr L Ve T | Ceramac VeT Ceramins

Area () | 1410 28w | osn |63 | s | 334

¥ Other areas have cxposed conc.
1) Level 10

DL = 13300} + 10Q2841} = 30,3 Kip

' 1) Level: |

g I \

‘é\ | pL = 1:33(sy) vipléssi = 2.1 Kip
| 3level: 255

DL =1 3(831) +100339) = Yol kep / €loov level

d) Dead Weu?l-,* o Focade Envelape (by SHary )

b} stery i |

pL = 0.I5 0( AF..-_\" - A:ﬂli-ug} + 0.0051(!‘.’5“_..’ }
DL = 0.150(11063.33- ISEF.00) + 0.00t2 (1s58,00)
DL = I43F 8 Kk,

1) Srory: 2

DL = 0.150(4706.67 - 1q10-20) + 0.0084 (1n10.20)
bL = 11837 Kip

1) story: 3

i DL = 0.150(4706.67~ 1346.20 ) 3 p.0081 (1§4¢.10)
pL = l1ay.1 kip

Li] Story Yy

DL = 0.150(9706.57- 2681.60) + 0.0082 (2681.60)
DL = 1073.7 kip

T S P s S
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; [Load Desernination = DEAD , LIVE !
E i RATN u"'s

Tom Lon M:u)rfn

5) Story: §
pL= 0.150(4%6.67 - 2780.40) + D.008 2 (1780.40)
pL= 10617 kip

6) Story: &
DL = 0.150(4706.67- 17235.40) +4.0052( 2981.40)

DL o613 Kkip

1) Story @ Root

MPAD

R I DL = 0.150(5079.00)
DL = 74180 kip

e} Live Load w/o Live Lond Reduction

I_ Qeom Type r Load (lb/g?) Notes
Staes T ASCE 1-05 Table 4-1
Lobby B First Floor Lgr.—:darg loo ! |
i Corridor Above Foyst Fleor | 7o J{ !
i Ordinavy Flat Roofs i 10 . j

; 4 Parvitions 3 IS lbfax® , per ASCE T-05 4.2.1
i
: ) Level : O
; LL = 0.1000 Agvons ~ A spennn = Assa, ) +0.1000A,,,,,)
| LL = 0.100(24153 - 225 - 72 ) + 0. 100 (724)
1 -
; LL = 23136 kip
!
i
i 2) Leve |
i LL= 0,080( 25440 - 15T71.00 - (0Q.00)+0.100 { gpa.00)

LL= 20017 kip
Vlevel 122§

LL = 0.080( 26440~ 293.00 - 604.00 ) + 0. 100 { § 09.00)
LL= 2103.9 gip
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/s

FAnarap®

SRS PE—

P

s J Rﬂ-h LO@J

R.’i-h Fall k;.f!{rl'-'-!,sh per howy (\iﬂ‘.’) year retavn 'J('i‘-d'tl ) ;7 pev International
lenu.nj Code 2064 Append x S,AELE o5 (85

(A) = 52 » 40017 = 2128.7 per ASCET-0S C$.5
(@)= D014 (A)(I) = J46. 4L , per ASCE 7-05 (8.3

do= A% ru(%) = 3.3"

di= 1+ | LR-%0) | = 1738”7 , interpolation o€ ASCET-05 Table € -1
(1M0-20)

Rz 6a(d,+d, )

R=- s.1(3.63+0m8)

Rz A7.34 Ih/ﬂl >[Rou+ Jive load 220 Iy '.-J’:)
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Theser Ngay en ’

[C-mv.-+~,| Spot+ Chéck

|

i Mew ber : Typical Tysteal . Location
I Type | cpan @) Spmewglf)
| Beaw .23 g.4% El=B1
Girder 33 33 BlacCh
';3‘0.,1- 28.67 | 55 Bl-BL

A) Roof and Floor Decic , Toists

Load Combination i

. . o e
e R iRoot ﬂcakllnoﬂr Pec _'-_1 -.-"'Gi;!._._..._]‘
g | imalpl] 55 | 825 | 2867 |
é is?u-;q ?( N/A ': N/ Tz '
-\ L l‘-t : - . 1 - i

0] Aguac 3 span decks

D hook Dok
*Asume 2 he Fie vating .
Total Loae CTLY= DL +iL+
TL= 9.9 + Wpe + 27.4E
TL= 12771 |k”'F Y Wire e

Max 30I Span= 550" > 546"/, Goed .
Max Albwakie bead = |17 [brget

TL = 1079+ 145

TLz 1094 jp/ea™ < NE ™, good

Load Cau. .|.' ,E/rj[j = 1“10
Load r.fm., £/120 =120 /e > 109 4 1bip’ ¥,

Good .

May v ¢ 1-5B2Y

i 2) Floor Deck
<A ¢ Ahe Fice waein
.l *Asivimve Flyor drec e Com polite +.rPl.:'

LL= 100 lb/gr" , avea. loce +s Sta s,

o

. LLM&MM;MM

ijk* of deck = |84 ik /ff'r
Max 50T Span= &~ 8’3" \/ Good

Nax Supevimpased Lise Laad = |53 IWP
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JaD+teL+9.5(L, or R o &)

oL 03 (5PM) 4 6015 + .00
+0.005 + Wy, «

DL = c.omaqasip /e ® + Urpeen

DL = 799 |plpr" * Woeen,

#Simce voof e load =20/’
15 Swalley than Rain laad
(27.4% w/gr') ard wa\ihelines
0% wer & perisratd cn vood
Jur.ng rain > Wie Raiws lead

¥ Sevvica L‘LIE“‘Y Critevia
£ .i/g‘ 4 duppoi+ g Now-
Plas+ep {_&'..-J.ng

'““'P"n"‘i‘t.*hi dock b rated upta Jher ), good .

> 100 \b/gr"/, Gosd
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L)) BC:«A. "

% Assume  Lhy Five vating
We= 5484 + 6.6(02) |, wp,,
Wiz 609.6 (b/a7

= A2 b/ g2

W, s, = (22-28.67) (540-597)+ 547
Wy capnn= 611-2 1b/fa > 609.6 le/fe J ,Good

o+ work P("r dormed 6n rock
durﬂ? raon 3 uie Rain load

¥ $¢rw¢«b [ty Criteria
Ad L/150 s Spport "9 Non Plaster
C¢:||n9

by =[(29-25 €3X(328- 225 ) + 295 | *Ho

Lleapocry = 611.8 ib/fa > 22.89(5.5)
612 e/le > 1534 W/gr \/, sood

‘u‘,c Spray
10 achieve 2hr. rating ,per ST

May wie 11k w/

Girdevs

Load Combipation: 1.2D +1.6L +0 c (L, or

*Asiume beams awnd girders ave

I) Bcam
w, [2000) + 6] «spacing o om
2 [ 6e16(80)) % .25 + 12 (W)
u,r,: 1765 b/ + 1AW u

My= 'V;ﬂ’/g
Mu= (765 + 12w, )33%) /3

M. - 240251 + 1BA W,
Yu = W2/
Vi = (765 + 1oaws, ) 334)
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spray applied $ive ressctive wate

appl S fire ves stive mater als ((l Cemnenti tiouws ov F.‘cr)

vials

R or S)

Piraed connec HJ/ Ad421 Gr 5O

DL 2 0150/ ) + D.015 +6.005 +i4f,,
4“’0!(&

OL = 716 o, gr%+ Wim

LL = 80 ib/gr”

ina. .onn Nguye i “ Spo+t
gayen icvrav y Spo Chec Kk 2/5
. Htc CewiCntihous or SF"“/‘J Flhev ;.rc Prg‘czho»x
T achieve Qinr m‘h'ng
May use 2VLI22 w/ e.ther cementitovs oy Spray Fipes protection .
3) J_ﬁ...".\
DL = 0.150 (%) +0.015 +p.005
Wy= L ADL+ 0SSR * Woeer * V3ainn
Wuzth.2(m.s + W,, ) +0.5(20. sa) ] s.s DL = 70 /g + 1. 4s+ wyy,,
Wi =199.8 1bfgrt +1.2005,,, 1 5.5 DL = .5 1b/ge vwry,
l% W.: S4e4 lb,{l + b6 Wiicr
§ * Since voof live lcad = L2 lbfpe®
< 13 smaller than Rﬂrn 'Ol\dl
R / Check 22x6 .,Us?n;; 53T Econemy Table (21.8%q b/ﬂ‘) Gnd Uunlike liness
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Thaison Nguyeh l | Gravity Spot Check '3/5

i |

Viz=29123 + 148 w,,.

Lheck WlMxTd uiing ATIC MEd. Table 3:10, 36

Maz 240261+ 1634(74) A, ¢ L/
Muz 2524 Kipefx A < 3302)/ 240
By & 15T

BMa= 202.0 Kipe@i > 252 wipeft / ,6o0d:
(L e )

V= 29122 + 14,5 (94) whz 8.5 (7.6 +80) + Wi
. Vuz 30.6 «ip We = 1250.7 + Wigm
% : A : 5(ns0.7+ 19)01334)
s i BV, = 1A2 kip >30.6 k. p V , Good 3v~um-:o‘)('m:)
A May use Wi4x74 Ay = 1537 2 165"V, Geed
’ ‘ |
~— I 2) Girdev i
i A Avuse 3 edees e Sheav studs TO have Composise acton
& Fopcase 1, constractalbility aOwme all beaws are WISx29
hrmfi O T B v
M, = _\" )(| 5) $ 127, . H) ¥/
4 £
T —
. M. _s_}_mw)m)u,u, m(};\ + %
i T/ |
i Moz 12007+ 2082w, :-ir‘ .
| & {
(iR~ S — %
‘n Kip S e 33—k
? 4 ?
E IL 'l‘ t "!“/;-mn
H z
P,,-[o.wo('vu) * 0.015 49,005
+142(2.25)33+2873)/2
: +0.084(33+28%3)/2
beep = i%'/’“) PD:EA-I*:(.'}’
o ( P et LD . PD - :L‘I'S e sundacsoyed Dead Lead
i bess = ISI = 8as”
i in ( 30.2 P - 0.080(7.25)(33028%) /2
! PL - 2104 Kip ,un‘n('bort‘l Live Lead §
’: A, F,: ~.85 {:" bq(-; A , asswne F “: Nopo psi
i © QS v Pu‘: L2Py4 .6 P
| 0,55 (4)(8.25)(1x) Puz LA(549.2)+ 2.6 (2e.4)
3' A 0MAA, b reatral wxis (Plastrie) o oon P.= 28Y Kip
! one.

? Wz 1.2 Wy e den
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- | '
RAZon Hguyen i | raviey Spat Cheek
! | Vi3

Check W24 x4 “iing ATSC MHEJ, Takle 3-14, Table -
* Assame perkect Sicor Yrawmsder
Az 224wt
A - 0.049(22.4)

a : 334" > 3" (set.4 povt oF Liser ;!ob) , PNA 5 n flange of sTi.

Mewi bev
o Y —— L'N‘——‘-—-———* >
; A;Fr = 0 85F bepe Tois + 2 ,':)'L‘ x N PR
; A;cl -0.385 C‘ u,“_.\"h‘,:_" = M — —{
A4, by T | sond”
! X = 22,4(50)-0.85()8.25*1)(3} A ”- bl
., I 2(50)(2.13)
= ¢ X: 1o.2/%44 i
- Xz 0.23 ;
- i
i t Y.~ X —-'](:.za
i X —bg——X
Mo = 12407.7 + 204, (76 /1000) R (0.17- 0.125) (4270-Y580).
M, = 1233, 2 kipefr 217
+ 4580

Tig= H632.5 tnY

PM,= (0.07-0.03) «(1320-1257) +1260 ,iaterpoiarion of Table 3-14
0.i7
IMu= 2700 kepeft 212330 Ripofr V) Good

A £ L3160 , Sinal live Losel B, ot L1360
B = S(P /33)(33%)(n2g). Aot 3502) [360
38y (1«000)(755:.5) Aot tit”

Ay = 01237 <11/ | Good

Pooer. = [0,150 (1) 40,005
+1321(8,25) (33 +23%5)

May use W 24«75 w/ Shear Sruds +0.084 (33423%3) /2
teonipaiite Peov.-. 4B.342.7: 51.0 Kip
Pt ‘V’-r"a[) Wsar.‘t_‘f = D.076 k‘P /ﬂ

B 500.076)(33°)(1ns).
184(2a000) (2100 )
+5(51/33)(33%)01g)

384(22000)(2150)

D o= 0.033+ 0,677

ALLD = 0"7‘””,Jw..~y Ca.ufn».-q',J-\

0.2 11"V, ne shorig

V‘c,_
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| Gravity Spot Chec k

5/5

('] Column

B-2

pne a pase

Location?®

#Asyaiie

J:‘;‘-' C'L-""':)[F'w. ,}[\S—F‘fﬂﬂt}
.PI_ - p.ofa(aa .2 N5)

'J,_ : 3961 K, live load wib reduc+ios,
P = 3 a170" 2.5)

R - - F N

P, /& , Yan loag

(3La5e33) |

-

T
a(33025%)

| oo

Aoy =1905 p'ten J

=

- :'.—&--

"

-

R

' S _ H
g I Ngtes J ge—
. = Lw cone. 0y 1o Arch Geephics Standard 11 EJ, ',
'f-\ [ Root Deck 46 b/dr | Vulcws £+ 2005 Pock Manaal, 1.SBAY 1{'
| Joist 12T Valerade 2007 Jout Moov 11k 6 N
D30y -Root J POtk ADCIMES Table 17700 I 4
NW Cane |50 104 ATse M EJ Table 17-13
Flage Ure w 162 Yodere £+ 108 Dock Maneal, 2pr 22
Bea . T4 Te dH ATSt (W Ey | Wi a7y
frirde T8 ayr [ ATdC ol W aNaTG
L oMEp R N 7 S
L2} § i " oos flear level ,dead Isad cplfateval  to be jwciwaed

3 ) 420.5) + peg(a90.5) » @232 190005 Es) e ({490, 7)

I +[15o(" (290.5) +1.62(220.5) 5 74(33 + 12% N05)(3.5) + 74 (3bs a)es) ]
+15(390.7)(g) + F(a=0.5(¢)

P, = 64.3+ ELA(C) = 14.305) « 5.0(8)

P’ - ‘l‘i&'}' 1Y P N TgtF | frna

P2 12Pp 6P 2 0.5 0,
Py = 1143.7 Ep

ka, = tlis) =57
K, - W) D187, weak axis beuding  centwols.
~Check WHxIL0 using Takle 4=l 1 ALIC ML
PPz 1310 s > QM3 ko V|, Geod
May use

Wids 20 (v Oolime w2

.

PSR
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Appendix D: Current Structural System

}Tl\m:mh Hﬁﬂyi'\\ . [Curvent Steaetured Lyoten i |//1
! ; L
T
‘ #% 2 bee Bond Caleniad ons 1n fﬂ‘l'-w'f:{jpo‘r Chook = k) Beavnd . &iveders
I: for Beewm and Greder Sizes .
1
|
i J\}De-rtrlhiﬂt Wewa o o f shear  study pev fieder
Y,z 0ard
La: out-ody (lie-as7) + q67
.o fan i
TGQ.- (0093 kip '
"
l R, = 1.3 kip }Mi dien Shene s4ad
= be = 3990 For wauaTe
T X i
“ e a.
! studs /Givicr = 207 705 ) '
i Stud, e der = A4 Jveq. mere than | Staa pec eb i 3 shady Sl
{
r. Bl Determine WE of Topieal Boy, steactocal Jany I
; R : i
E | M be | We-}h*’ . | '
i ] 1 v
i |owidaTy | 7 "‘".J i
I wwid 476 t LR
| ML Deci-2VLL21 ! il iied g
i L Conciere [ s f.;-g,r_‘*__l i
i anx Ariame MTL, decs hay eqial Lot o :
] fq.‘..nft..& Cene. Begths 5-% i
i Equ valen t Cene, Depty - 4 ! |
i i
1 f n e . . 3 |
: Weight ¢4 Typical By = (BNENM2)0ise) + (323)061) 4 (33)174) i
i : + B30T [
i Weight o+ Typical Bay = 68440, L f,
E Efice + w0 \"I’e‘.fi-" ek T, greal lbay = W{"(,rf-" -f ’_,-I,J:gd\i Bay
| w0k fsead ¥ 4
H Effoctrve Weight of Toyical Bay - 630,21 b, ;
f
Ji I
} :
i E
i |
| }
| |
| '
|
| !
i i
i -'
|
] !
i 1
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FThoen i o Rl B3 ;A!_f.";-.\(‘lc Chpaot ol S;yb'hi.m; v
! 17
) AU — [
Pl Membes Typrcal LI Vo Aliswagie bwe Lomd Locat s |
i ) . trs i L .
Lo Trps | Spans ) Spacg{ith | Detie tion, L /380 (in) | | ;
, fea 33 Buih AL Bl g
[ Gurder 33 EX] Lo Bloci |
I LRoer Joist P oY g5 .06  BloBL l
|
i TY.:liﬁ Gl Lolumn Triburary  Apes = 940.5 ?'.[l L Lolwnng Bl, pes Grrav,+, Spot Checrn ~Calumiin
ter Auuie 247 Meanber Deptt Livm
I v Asiume po floor >i‘-_-'-|"':i dw-..-.»J Conitract fin
::‘- I A Systein: -'(_ol“{.'m..-ﬂ Joiats i Nﬂjn-Cou:P@sl‘fE Jott=-Giraer w/f
4 CompositC Kirl Jog b
(— 1 - i o
%.-\ i Compotise Joont Spae = 33
b [} ¥
| Mre Loinpr e Jast a s coty Span o 43
i ! i pa
i
-i"'L = DL!\‘I\N-!].{RI * D;—tnlhwrn,
DL = 1545
bo - &9 b/ docsn't 1aciude slab spstesi , Joist, oo Joint ~girda, feld we,
i
j LL = BO L/
| ;
i A aow Naloratt 2008 steci Ronk and Floer Poow wime wal , for deck solection
:E Ao Asiuc 5‘—‘-}11" Caba = 8y, Leien+r taus ;"’--!,1-'-»»_ Fibire toe P.-;.g-i_ gy
Cond . | ST P o
i spac gl Fiooy Jeck Tyyc el T Supey e pubed | Max '.M"S-]-..TH"-J; Deck W“'} Total Slab I .
; e N Live Load Capacity, Ib/fr, Lei.sh-n:::rj DUt | Thosk Gnd !
{ 550 | 1sveal 3265 75" T4 4.0 L
| | - . ' {
i 60 | hIVLAS ! EF R i 1-5 L OnIg 4.0 |
S ¥t 3 | | e~ | w0
J ;
L
DL;»\- B l Lig 31 = : H3 B Spe,u_"..?: 5.5 and £.0 (Joists)
Ao e nT | S e g = AL (Tous+)
| . .
I i rl}ﬁ'.f et Floer  womper o Jou+ aod Jooot- 0 ge. }
| s Use Valcros+ Abpd C;-.J.-.go-. L Ja.*v Mapaand
— ) ! o l S —Y . :
opacieg BLUAE) DL Uleda | LL Ge/gr) TLutuwﬂ,'-] Thus L2UDL+ Plew) i
) ¢
i ¥ [ ! ) . SN ehoellL) P "U(fif
| 5.50 ho.p booJaas iohyre 1ii;u‘.| j
| . i ) 1
| YT O ! E 264.1 S1E.0 1£2k. 2 ! i
5 T R T3t S PR g6, 15613 J
i
] s
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T ; : —
Tver e gL i {Are - are Stvuetitral S ystren., 1K
_| ; . s
i -'_S ) - 1 ey S
I | 2padieg P Eeonem coh Comporite 1 Sheas — Jo.a ¥ Wr. [L —AUsing !
i |_.,..i.&'1;) . STES | e A bialing syl lfer-Soust L3 (lbigz) i
j $:50 |-y eynos/7dlnn | 1/ 1 L7y
660 | crnau/msiisa | /p N Aug
Lsas [ Movwsa/ins/ 197 1 6/5 |34 ga | dRip |
fxr Use  STE Mansed re Sclec® Towd- Girder i
waoe Use L=357 sPase Ldue 0 ke 35 pron and gonivivat e
r 4 ! ! ! o _ S T} |
!: i Jot 5 pacien Tla Eecnoniical Joist-Giries LL Deffgetiom I :
S RN UbjgaseVB) Your-sndor, walblfSameia) | )22 100
= E . ssp ETCR Y8ESNTHF yan | 2.3e7 1654 i
[ i . b5 Hegls | HEEMNLIF ¢ M Lomes 1584 :
| - £.19 RLLTEN o OMEE3NIgSF ig T F{HIE
| A Vel /
' DLz 2 ADL DL v Dby, s led |/ ¥ of Prane | Poinrs
: 1= 0,008 » Nujber 2! -.)..;,.;I-_ Y load@Geach Pﬂ:n(‘_‘[#slua'h ': éL-‘pH"{m} Fer i
} [ LL Beflecrico = LIS » Joust bpgn:.l.;_:} aLivg Load » Span =& ll'?jl_';,/ﬁ}g‘-hE,‘[ ) Wiahe o = |
(o) Culgr') (g e
i U1 Jovst =Giedev Wt o assemed to equal 46" degp mem ber Jaist g,
Joiut -
] o ',.‘.;,,..;) Yulevars L0od ﬂompc;;'tt Foist Manaal , derermine Grarovd |
I Maxmui, Pact Zide Manual |
| H
:. - . . ‘ - .
i (Etonomical L Max, Puct Sire N §
i | = . I ; - !
i 'td-:.-é'-d"--*f‘f v Round S | Rectngodai, ;
] - g TR | " "
: VAERENTME 12270 220307 187a2a
i I P TS SRS 3o T S R R BT S L
: L . '28”]}@ ! j'"l-".-{,- . :l nr ‘\.]rih i .
Due 4o 247 g 4g” deep Jout ~ Sideis ot Mfr'.-'-ly;,.j) LL deflections | !
Cither we  Caste(late 4 9.',.:.'{»-; ay '.-'/-lepe Bird'm';,. |
{ IJ DQ};_-;'GW—_)RU:J&' fHivder (Floor ) |
i MK Anuare 9irders uie shear stud: fo hase comiposite detion i
: L, =0 .
! wux it pute Jout leads z'l'i"l') entire ]eh?—lf\. ot girde; ‘
i
.} !
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| ; | &1
I i {
|
i r ) : o o . - — 'r
— Load Derecivation(o/fr apbicdec) | 1
Long | -;ﬁ“’ (£ ) Nate s I.
T 5.50 | 6.0 | 85 e E
Wu: 141 ‘( : §60 Gt incluac slab Spste s T LOF le fdev SG‘.4 W, | :
'}- ”m - MOET 102, Sjab syote o wad Joied SEDE we
I Dwaaens i (260 | I
sz. ‘ﬂ“'- DL e "oz st theuns 4 -.r‘”- a/l '
1 Eé] w, DL.--.'- I O T S / )/ Fohaepee o Topt ¥ Jms“h.?{i' ] ;
# Joint LE.jT,]
'::'. . [ Girde, !-{',--:/,-!_i. ;
< L7) W= LU# (Bease | Spon + Bees 2 Span) i
5 |
‘i?\ | xua o ATSC Steel Manunal 19T EL. i
| !
, | Jois Total Facvaed Hhtu_r(drgj! Totak Fac tored c'-ompaL-ft:mJ? |
1 §op guﬂ Slab Lend (lb/igr af Guroc }l Stap Loaa {1.47 7 Girder)l ,|
| 5.50 21017 ! 67624 {
| 660 1143 i 6695 ._
| T i a0t ! _gmo.3 S |
- i
! !
\ I
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?E‘um lj Spain t Beam ) i
| _ , . Spar
5 1 Load - 2 (W,, L+ W, ) e 16 () -
i !
ey i
E Joiut (- Mo LF\ i) i .
! Spocing 1Y Uncured Slab | Cowpoii” U_ﬂh_ Loicoed 2 =
: [ 5o 1 ;A | aM
5 5.4 | 1941 TP
i £25 1 32,7 Loase i
! UD] Nia= W-uj‘:/.g It
! Wl I, Swil’ ; Ez19000 4,7 11" wis i kip ?
4 BIEAL i
. !
; Check 18 W24 261 wiores, Wiing ATSC STCOLMannal 4% £ !
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a

b (ft)

Design Moment {Kip-ft)

3533 | 4240 |
-0.089

713.4

b = depth to rebar, assume #8 rebar

b (ft) Design Moment (Kip-ft)
237.8 2826 3533 | 4240 | 7134
8.25 9.25
16.5 9.25
C
b (ft) Design Moment (Kip-t)

-62.81

A. (in?), flexure

Design Moment (Kip-ft)

2826 353.3 424.0
9.32

713.4

*** Use #8 rebar, 1" aggregate

Ij:—:::luc—:l =

8.25 in

CQluantity of #8 Rebar in Strip, flexure

b (ft)

Design Moment (Kip-ft)

Actual Rebar Area (in2]|

Design Moment (Kip-ft)
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Appendix F: Structural Computer Modeling

Units: Widch (ft), Mmax (k-ft), ¥max (fc), As (in®Z), Sp (in)

Span Strip Zone Width Mmax Hmax AzMin AzMax SpReg LzRedq Bars
1 Column Left 1&. &0 o.1a 0.z17 4. ET77 31.740 lz.000 0.00k 11-#e
Middle 1&. &0 0.6l 0.40z 4 ET77 31.740 la.000 0.0lk 11-#&

Bight 1&. &0 1.38 0.&l9 4 ET77 31.740 la.000 0.035 11-§&

Middle Left 1&. &0 o.0o o.00o 4 ET77 31.740 la.000 o.00o 11-§&
Middle 1&. &0 o.0o 0.309 4 ET77 31.740 la.000 o.00o 11-§&

Bight 1&. &0 o.0a 0.&l9 4. ET77 31.740 lz.000 0.o0oo l1l-g¢

Zz Column Left 1&. &0 leg_ 7k 0.7&32 4. ET77 31.740 lz.000 43219 11-#e
Middle 1&. &0 o.0o 1&. 499 o.00o 31.740 o.00o o.00o -—-

Bight 1&. &0 TR 93 IE. 244 4 ET77 31.740 2,960 El.gz7 EO-#&

Middle Left 1&. &0 0.40 1.385 4 ET77 31.740 la.000 o.0lo 11-§&
Middle 1&. &0 o.0o 1&. 499 o.00o 31.740 o.00o o.00o -—-

Right 1. 50 ZhE_EB5 3Z.244 4. 277 31.740 1z.375 5. 648 le-ge

Table AF.1, spSlab Model — Two Way Flat Slab Design, M’

Units: Width (ft), Mmax i(k-ft), Hmax (ft), As (in"Z), Sp {in)

Span Strip Width Mmazx Hmazx AsMin A=Max SpReqg A=Req Bars=s
1 Column 1&._ L0 o_oo 0.z0% 0. o000 31.740 o.o0o0 o_ooo -—-
Middle 1&._ L0 o_oo 0.z0% 0. o000 31.740 o.o0o0 o_ooo -—-

2 Column 15 L0 475 51 13_981 4. 277 31.740 6.8E8 1z.7E&0 Zo-fc
Middle 15 L0 31774 13_981 4. 277 31.740 10._4z71 8_.30E 19-#c

——TT-#6(9 0
16-#6(108.3)

Ll 11-#6(92.2)
L1 16-#6(123.4)

10-#6(396.0)c
9-#6(336.6)

Figure AF.1, spSlab Model — Illustration Flexural Reinforcement for Middle Strip
.______________________________________________________________________________________________________________________________________________]|
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Figure AF.2, spSlab Model — Illustration of Flexural Reinforcement for Column Strip
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Appendix G: Cost Analysis

Cost associated with the material and construction of the four structural systems was
estimated with the use of RS. Means 2012. The electronic version of RS. Means incorporates
the location factor into all unit costs. Since Largo, FL. is not in the RS. Means database; the
closest city was used (Tampa, FL.).

Assumptions and simplifications were used to expedite the cost analysis, which include:

1. Open-Shop labor

2. Only two types formwork panels are used, one type is for establishing edges

. Formwork is bought for project and can be used multiple times

. Each shoring component has a 10 kip load capacity

. Use of chemical additives to improve concrete workability and prevent premature
water evaporation

. All composite joists are a combination of K-joists and welded shear studs

. Use 5/8” shear studs, since 3/4” shear studs aren’t present in RS. Means

. All rebar are galvanized to increase corrosion resistance

. All rebar development length is 72 bar diameters

o~ W

© 00 3 O

An excel spreadsheet was used to calculate the cost (USD/bay) of each structural system, see
Table AG. 4 for details. Also located below are the RS. Means 2012 tables used for the unit
estimate.

Table AG. 1, General Conditions — Construction Equipment
Source: RS. Means 2012: Commercial Cost Data

- - . Daily Labor Bare Bare Bare Bare
Line Number ‘ Description Unit | Crew Output | Hours | Material Labor |Equipment| Total Total O&P
015419600010 Crane crews, tower crane, monthly use, excludes. ..
015419600100 Crane crew, tower crane, static, 130" high, 106’ jib, 6... Month A3N 0.05 176.000 5341.88 22144.20 27486.08 33176.10
015433602800 Rent crane self-propelled, 4x4 telescoping b...Ea. 15.73 232.46 696.39 2079.15 265.13
0154335029 Rent crane self-propelled, 4x4 telescoping boo... Ea. 28.21 370.74 1117.23| 3356.70 445.10
01 Rent crane self-propelled, 4x4 telescoping boo... Ea. 28.91 390.78 1177.35 3532.05 466.73
01 Rent crane, self-propelled, 4x4 telescoping boo... Ea. 31.11 450.90 1357.71| 4083.15 520.44
01 Rent crane self-propelled, 4x4 telescoping boo... Ea. 32.72 506.01 1523.04 4559.10 566.33
015 Rent crane, self-propelled, 4x4, telescoping boo... Ea. 40.33 571.14 1713.42| 5135.25 665.33
Table AG. 2, Concrete — Formwork, Reinforcement, Finish, Labor & Materials
Source: RS. Means 2012: Commercial Cost Data
- S . Daily Labor Bare Bare Bare Bare
Line Number ‘ Description Unit | Crew Output | Hours | Material Labor |Equipment| Total Total O&P
031113050010 FORMS, BUY OR RENT
031113050015 Aluminum, smooth face, 3' x 8", buy SFCA 14.45 14.45 15.91
031113050020 2'x g SFCA 18.93 18.93 20.81
031113050050 12" x 8' SFCA 23.99 23.99 26.60
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031113050100 6" % 8' SFCA 32.85 32.85 35.98
031113050150 3" x4 SFCA 16.90 16.90 18.57
031113050200 2' w4 SFCA 21.38 21.38 23.47
031113050250 12" x 4' SFCA 28.16 28.16 31.29
031113050300 6" x 4' SFCA 38.59 38.59 42.76
031113050500 Textured brick face, 3' x 8', buy SFCA 16.32 16.32 17.99
031113050550 2'x g SFCA 22.95 22.95 25.55
031113050600 12" x 8' SFCA 32.85 32.85 35.98
031113050850 6" x 8' SFCA 51.11 51.11 56.32
031113 700 3 w4 SFCA 20.29 20.29 22.42
03111305 0 2'w 4 SFCA 27.64 27.64 30.77
031113 S00 12" x 4 SFCA 39.63 39.63 43.28
031113050850 6" x4 SFCA 51.54 61.54 67.80
031113051000 Average cost incl. accessories but not incl. ties, buy SFCA 25.55 25.55 28.16
031113051100 Rent per month SFCA 1.27 1.27 1.41
031505700010 SHORES
031505700020 Erect and strip, by hand, horizontal members
0315 Aluminum joists and stringers Ea. 2 Carp 60.00 0.267 7.34 7.34 12.35
0 Steel, adjustable beams Ea. 2 Carp 45.00 0.356 9.82 9.82 16.44
0315 700 Wood joists Ea. 2 Carp 50.00 0.320 8.82 8.82 14.84
031505700800 Wood stringers Ea. 2 Carp 30.00 0.533 14.72 14.72 24.86
031505701000 Vertical members to 10' high Ea. 2 Carp 55.00 0.291 §.02 8.02 13.47
031505701050 To 13" high Ea. 2 Carp 50.00 0.320 8.82 8.82 14.84
031505701100 To 16" high Ea. 2 Carp 45.00 0.356 9.82 9.82 16.44
031505701500 Reshoring S.F. 2 Carp 1400.00 0.011 0.52 0.31 0.83 1.10
031505701500 Flying truss system SFCA (C17D 9600.00 0.009 0.25] 0.08 0.33 0.51
032110000000 Uncoated Reinforcing Steel
032110500010 REINFORCING STEEL, MILL BASE PLUS EXTRAS
032110500150 Reinforcing, A615 grade 40, mill base Ton 706.42 706.42 775.58
032110500200 Detailed, cut, bent, and delivered, average Ton 968.24 968.24 1062.10
032110500650 Reinforcing steel, A615 grade 60, mill base Ton 706.42 706.42 775.58
032110500700 Detailed, cut, bent, and delivered, average Ton 968.24 968.24 1062.10
032110600015 REINFORCING IN PLACE, 50-60 ton lots, A615 Gra...
032110600020 Includes labor, but not material cost, to install...
032110600030 Made from recycled materials
032110600100 Beams & Girders, #3 to #7 Ton 4 Ro... 1.60 20.000 968.24 731.33 1699.57 2330.73
032110600150 #8 to £18 Ton 4 Ro... 2,70 11.852 968.24 432.83 1401.07) 1818.30
032110600200 Columns, #3 to #7 Ton 4 Rodm 1.50 21.333 968.24 781.08 1749.32 2430.23
032110600210 #3 to #7, alternate method Lb. 4 Rodm| 3000.00 0.011 0.50 0.39 0.89 1.23
032110600250 #8 to #£18 Ton 4 Rodm 2.300 13.913 968.24 512.43 1480.67 1947.65
032110600250 #8 to #18, alternate method Lb. 4 Rodm| 4600.00 0.007 0.50 0.26 0.76 1.00
032110600300 Spirals, hot rolled, 8" to 15" diameter Ton 4 Rodm 2.20 14.545 1506.70 532.33 2039.03 2604.95
032110600320 15" to 24" diameter Ton 4 Rodm 2,200 14.5435 1457.30 532.33 1989.63 2506.15
032110600330 24" to 36" diameter Ton 4 Rodm 2.300 13.913 1383.20 512.43 1895.63 2392.25
032110600340 36" to 48" diameter Ton 4 Rodm 2.40 13.333 1309.10 487.55 1796.65 2283.33
032110600360 48" to 64" diameter Ton 4 Rodm 2.50 12.800 1457.30 467.65 1924.95 2396.70
032110600380 64" to 84" diameter Ton 4 Rodm 2.60, 12.308 1506.70 452.73 1959.43 2465.65
032110600350 84" to 96" diameter Ton 4 Rodm 2.70) 11.852 1580.80 432.83 2013.63 2509.90
032113100010 GALVANIZED REINFORCING
032113100150 Add to uncoated reinforcing price for galvanizi...Ton 444.60 444.60 489.06
033105350010 MORMAL WEIGHT CONCRETE, READY MIX, delivered
033105350012 Includes local aggregate, sand, Portland ceme...
033106350015 | Excludes all additives and treatments
033105350020 2000 psi C.Y. §9.85 §9.85 95.18
033105350100 2500 psi C.Y. 92.31 92.31 101.15
033105350150 3000 psi C.Y. 100.16 100.16 109.98
033105350200 3500 psi C.Y. 97.71 97.71 108.02
033105350300 4000 psi C.Y. 101.15 101.15 110.97
033105350350 4500 psi C.Y. 104.09 104.09 113.91
5000 psi C.Y. 107.04 107.04 117.84
6000 psi C.Y. 121.77 121.77 133.55
8000 psi C.Y. 198.36 198.36 218.99
033105350413 10,000 psi C.Y. 281.83 281.83 309.33
033105350414 12,000 psi Y. 338.79 338.79 373.16
033 1000 For high early strength cement, add C.Y. 10.00%
0331 010 For structural lightweight with regular sand, add C.Y. 25.00%
033105351300 For winter concrete (hot water), add C.Y. 4,17 4,17 4.60
033105351400 For hot weather concrete (ice), add C.Y. 9.18 9.18 10.07
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033105351410 For mid-range water reducer, add C.Y. 4.06 4.06 4.46
033105351420 For high-range water reducer/superplasticize... C.Y. 6.24 6.24 6.82
033105351430 For retarder, add C.Y. 2.66 2.66 2.93
033105351440 For non-Chloride accelerator, add C.Y. 4.74 4.74 5.20

033105700010 PLACING CONCRETE
033105700020 Includes labor and equipment to place, strike...

033105700050 Beams, elevated, small beams, pumped C.Y. |C20 60.00 1.067 22.69 12.88 35.57 51.83
0100 With crane and bucket C.Y. |CF 45.00 1.600 34.40 26.05 50.45 86.52

200 Large beams, pumped CY. |C20 90.00 0.711 15.01 8.57 23.58 34.67

With crane and bucket C.Y. C7 65.00 1.108 23.79 18.14 41.93 59.52

Columns, square or round, 12" thick, pumped C.Y. |C20 60.00 1.067 22.69 12.88 35.57 51.83

Wwith crane and bucket C.Y. |CF 40.00 1.800 38.80 29.56 68.36 96.99

18" thick, pumped C.Y. |C20 90.00 0.711 15.01 8.57 23.58 34.67

03310570065/ with crane and bucket cY. |CF 55.00 1.309 28.18 21.54 49.72 70.40
033105700800 24" thick, pumped C.Y. |C20 92.00 0.696 15.01 g.42 23.43 34.11
033105700850 with crane and bucket cY. |CF 70.00 1.029 22.33 16.83 39.16 55.51
033105701000 36" thick, pumped C.Y. |C20 140.00 0.457 9.77 5.51 15.28 22.16
033105701050 with crane and bucket C.Y. |CF 100.00 0.720 15.37 11.77 27.14 38.60
033105701400 Elevated slabs, less than 6" thick, pumped C.Y. |C20 140.00 0.457 9.77 5.51 15.28 22.16
033105701450 With crane and bucket C.Y. C7 95.00 0.758 16.47 12.42 28.89 40.76
033105701500 6" to 10" thick, pumped c.Y. C20 160.00 0.400 8.53 4.83 13.36 19.51
033105701550 With crane and bucket C.Y. CF 110.00 0.655 14.09 10.72 24.81 35.24
033105701500 Slabs over 10" thick, pumped C.Y. (C20 180.00 0.356 7.58 4.29 11.87 17.35
033105701650 With crane and bucket C.Y. C7 130.00 0.554 11.93 9.07 21.00 29.73
0331057019 Footings, continuous, shallow, direct chute C.Y. C6 120.00 0.400 8.31 0.46 8.77 14.33
03310570195 Pumped C.Y. C20 150.00 0.427 9.11] 5.16 14.27 20.67
033105702000 With crane and bucket cY. C7 90.00 0.800 17.20 13.13 30.33 42.58

033500000000 Concrete Finishing

033529000000 Tooled Concrete Finishing

033523300010 FINISHING FLOORS

033529300012 Finishing requires that concrete first be placed...
033529300015 Basic finishing for various unspecified flatwork

033525300100 Bull float only S5.F.  |[C10 4000.00 0.006 0.14 0.14 0.22

Bull float & manual fleat S5.F. |C10 2000.00 0.012 0.27 0.27 0.45
033529300150 Bull float, manual float, & broom finish, w/e... S.F. C10 1850.00 0.013 0.29 0.29 0.48
0335 0200 Bull float, manual float & manual steel trowel s5.F. |[C10 1265.00 0.019 0.43 0.43 0.70

033923000000 Membrane Concrete Curing
033923130010 CHEMICAL COMPOUND MEMBRANE CONCRETE CURI...

033923130300 Sprayed membrane curing compound C.5.F. 2 Clab 95.00 0.168 7.32 3.34 10.66 13.65

Curing compound, solvent based, 400 5.F./gal., 55 g... Gal. 19.64 19.64 21.60

5 gallon lots Gal. 26.51 26.51 28.97

Curing compound, water based, 250 5.F./gal., 55 gall... Gal. 19.44 19.44 21.60

033523130820 5 gallen lots Gal. 22.59 22.59 25.04
033923230010 SHEET MEMBRANE CONCRETE CURING

033923230200  Curing blanket, burlap/poly, 2-ply C.5.F.2 Clab 70.00 0.229 16.79 4.54 21.33 26.07

034113000000 Precast concrete planks, hollow core
034113500010 Precast slab planks
034113500020 Precast slab, roof/floor members, grouted, solid, 4" t... 5.F. |C11 2400.00 0.023 5.22 0.89 0.76 6.87 8.07

034113500050 Precast slab, roof/floor members, grouted, solid... C11 2800.00 0.020 5.60 0.76 0.65 7.01 8.16
034113500100 Precast slab, roof/floor members, grouted, hollow,. Ci1 3200.00 0.018 6.16 0.67 0.57 7.40 8.52
034113500150 Precast slab, roof/floor members, groute. ci1 3600.00 0.016 6.38 0.59 0.51 7.48 8.59
034113500200 Precast slab, roof/floor members, grouted, hollo.|5.F.  |C11 4000.00 0.014| 6.81 0.54| 0.46 7.81 8.89
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Table AG. 3, Steel — Shear Studs, Joists, Metal Decking, Labor & Material

Source: RS. Means 2012: Commercial Cost Data

Line Number H Description Unit | Crew D[::;gzt :ﬁ:;:; H:taerreial I?aahr:r Equl?:::ent '?:trael Total O&P
050523870010 WELD STUDS
1/4" diameter, 2-11/16" long Ea. E10 1120.00 0.021 0.35 0.83 0.34 1.52 2.35
4-1/8" long Ea. E10 1080.00 0.022 0.33 0.86 0.36 1.55 2.39
3/8" diameter, 4-1/8" long Ea. E10 1080.00 0.022 0.38 0.86 0.36 1.60 2.46
6-1/8" long Ea. E10 1040.00 0.023 0.50 0.89 0.37 1.76 2.66
1/2" diameter, 2-1/8" long Ea. E10 1040.00 0.023 0.36 0.89 0.37 1.62 2.52]
3-1/8" long Ea. E10 1025.00 0.023 0.44 0.90 0.38 1.72 2.62
4-1/8" long Ea. E10 1010.00 0.024 0.51 0.92 0.38 1.81 2.75
5-5/16" long Ea. E10 990.00 0.024| 0.63 0.93 0.39 1.95 2.92
6-1/8" long Ea. E10 975.00 0.025 0.68 0.95 0.40 2.03 3.02]
3-1/8" long Ea. E10 960.00 0.025 0.96 0.96 0.40 2.32 3.36
5/8" diameter, 2-11/16" long Ea. E10 1000.00 0.024 0.62 0.92 0.39 1.93 2.87
4-3/16" long Ea. E10 990.00 0.024| 0.77 0.93 0.39 2.09 3.07
6-9/16" long Ea. E10 975.00 0.025 1.00 0.95 0.40 2.35 3.37)
8-3/16" long Ea. E10 960.00 0.025 1.35 0.96 0.40 2.71 3.78
051223770010 STRUCTURAL STEEL PROJECTS
051223770015 Made from recycled materials
051223770020 Shop fab'd for 100-ton, 1-2 story project, bolte...
0512 Apartments, nursing homes, etc., 1 to 2 stories Ton EB 10.30 6.990 2350.00 264.42 157.31) 2771.73 3261.77
3 to 6 stories Ton [ES 10.10 7.129 2397.00 269.51 160.32, 2826.83 3321.94
7 to 15 stories Ton E6 14.20 8.451 2444.00 315.27 126.25 2885.52 3418.31
Over 15 stories Ton [E6 13.90 8.633 2538.00 325.44 129.26 2992.70 3554.07
Offices, hospitals, etc., steel bearing, 1 to 2 stories Ton ES 10.30 6.590 2350.00 264.42 157.31 2771.73 3261.77
3 to 6 stories Ton EG6 14.40 8.333 2397.00 315.27 124.25 2836.52 3364.22
7 to 15 stories Ton E6 14.20 8.451 2444.00 315.27 126.25 2885.52 3418.31
Ower 15 stories Ton [E6 13.90 8.633 2538.00 325.44 129.26 2992.70 3554.07
For multi-story masonry wall bearing construction,... Ton 30.00%
Industrial bldgs., 1 story, beams & girders, steel bear...Ton [E5S 12.90 5.581 2350.00 211.54 125.25 2686.79 3125.00
0521159100020 K series, 40-ton lots, horiz. bridging, spans to 30', sh... Ton E7 15.00 4,800 1525.50 184.37 116.23 1826.10 2173.46
052115100050 Average Ton E7 12.00 6.000 1723.25 229.69 145.29 2098.23 2450.582
052115100080 Maximum Ton E7 9.00 8.000 2062.25 306.94 193.39 2562.58 3083.63
052115100130 8K1, 5.1 Ib./L.F. L.F. [E?7 1200.00 0.060 4.41 2.30 1.45 8.16 10.82
052115100140 10K1, 5.0 Ib./L.F. L.F. |EF 1200.00 0.060 4.33 2.30 1.45 8.08 10.73
052115100180 12K3, 5.7 Ib./L.F. L.F. [E?7 1500.00 0.043 4.93 1.84 1.16 7.93 10.19
052115100180 14K3, 6.0 |b./L.F. L.F. [EF 1500.00 0.048 5.19 1.84 1.16 8.19 10.48
052118100200 16K3, 6.3 |b./L.F. L.F. [E7 1800.00 0.040 5.45 1.53 0.97 7.85 9.95
052119100220 16K6, 8.1 |b./L.F. L.F. [EF 1800.00 0.040 7.01 1.53 0.97, 9.51 11.64
0240 18K5, 7.7 Ib./L.F. L.F. [E?7 2000.00 0.036 6.67 1.38 0.87 g.92 10.93
052119100260 18K9, 10.2 |b./L.F. L.F. |EF 2000.00 0.036 8.81 1.38 0.87 11.06 13.30
Span 30' to 50, minimum Ton E7 17.00 4,235 1457.25 162.74 102.200 1762.19 2087.95
Average Ton E7 17.00 4,235 1695.00 162.74 102.20 1959.94 2285.70
Maximum Ton E7 10.00 7.200 1508.00 276.04 174.35 2258.39 2694.18
20K5, 8.2 |b./L.F. L.F. [EF 2000.00 0.036 6.95 1.38 0.87 9.20 11.21
20K9, 10.8 |b./L.F. L.F. [E7 2000.00 0.036 9.15 1.38 0.87 11.40 13.64
22K5, 8.8 |b./L.F. L.F. [EF 2000.00 0.036 7.46 1.38 0.87 9.71 11.77
22K9, 11.3 |b./L.F. L.F. [E?7 2000.00 0.036 9.61 1.38 0.87 11.86 14.09
052119100580 24K6, 9.7 Ib./L.F. L.F. |EF 2200.00 0.033 8.25 1.26 0.79 10.30 12.29
052113100600 24K10, 13.1 Ib./L.F. L.F. E7 2200.00 0.033 11.13 1.26 0.79 13.18 15.45
052119100620 26K6, 10.6 |b./L.F. L.F. |EF 2200.00 0.033 8.98 1.26 0.79 11.03 13.14
26K10, 13.8 |b./L.F. L.F. [E?7 2200.00 0.033 11.70 1.26 0.79 13.75 16.13
053113500010 FLOOR DECKING
053113500015  Made from recycled materials
053113505100 MNon-cellular composite decking, galvanized, 1-1/2" d... |S.F. |[E4 3500.00 0.009 3.33] 0.35 0.03 3.71 4.38
053113505120 18 gauge S.F. E4 3650.00 0.009 2.70 0.34 0.03 3.07) 3.66
053113505140 20 gauge S.F. E4 3800.00 0.008 2.15 0.33 0.03 2.51 3.03
053113505200 2" deep, 22 gauge S.F. E4 3860.00 0.008 1.86 0.32 0.03 2.21 2.71
053113505300 20 gauge 5.F. E4 3600.00 0.009 2.07 0.34 0.03] 2.44 2.97
053113505400 18 gauge 5.F. E4 3380.00 0.009 2.64 0.37 0.04 3.05 3.64
053113505500 16 gauge 5.F. E4 3200.00 0.010 3.29 0.39 0.04 3.72 4.40
053113505700 3" deep, 22 gauge 5.F. E4 3200.00 0.010 2.03 0.39 0.04 2.46 3.02]
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