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Executive Summary

The Gateway Commons building in Ithaca, New York is a mixed-use development building
being used for retail and residential apartments. It has a basement floor below grade and six
floors above grade at a height of 62 feet. CMU walls supporting precast concrete hollow core
planks make up the building structure. The building facade uses a combination of brick, an
Exterior Insulation Finish System (EIFS), and metal panels.

The objective of this report is to explore alternative floor framing systems for the Gateway
Commons building and analyze their feasibility. The feasibility of each system was based on
cost, constructability, floor depth, fire resistance, and the impact on the lateral system and
foundation. A framing plan for each alternative was developed and representative bays were
designed and compared against the other alternatives. The four alternatives that were analyzed
are:

Hollow Core Planks on Steel Beams
Two Way Slab with Edge Beams
Composite Steel

Non-Composite Steel

Based on the findings of this report the hollow core planks on steel beams system and the non-
composite system were discarded as possibilities. The two way slab with edge beams and the
composite design were both considered as possible alternatives to the existing hollow core
planks on CMU walls system. Due a lower cost and a shallower floor depth than the composite
steel design, the two way slab with edge beams was chosen as the best alternative to the existing
system.
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Introduction

Gateway Commons located in Ithaca, New York is a mixed use project containing retail and
residential spaces. It has a basement floor below grade and six floors above grade at a height of
62 feet. The basement has a floor to floor height of 11°-4” and the floors above grade have
height of 10° except for the first floor which has a height of 12°. The total building area is
43,000 square feet. The ground floor is retail spaces and the others contain residential
apartments. Construction for this project was completed in April of 2007. A typical floor plan
of the building is shown in Figure 1.

The building has a basement space between grid lines A and D. The floor for this space is a 5”
thick slab on grade. Between grid lines D and E there is a compacted structural fill instead of
basement space. The slab on grade that lies on that compacted structural fill is the first floor’s
floor system between grid lines D and E. Between grid lines A and D hollow core planks are
supported by concrete foundation walls that transfer the loads from above onto strip footings.

Located above the concrete foundations walls are CMU walls. Some of the walls are part of the
gravity framing system and only support the gravity loads bearing on them. Other walls are part
of the lateral system and are designed to resist lateral forces from wind and seismic.

The walls that are part of the lateral system are considered intermediate reinforced masonry shear
walls. These walls span in both the N-S and E-W directions. These shear walls are classified as
wall types MW2 and MW3. These shear walls are highlighted in green on the plan in Figure 1.

The walls that are part of the gravity framing system are considered wall type MW1. These are
all of the other walls on the plan that are not highlighted in green. These walls support the
precast concrete hollow core floor planks that act as the flooring system. The roof is constructed
out of the same hollow core planks and is also supported by CMU walls as well as two different
steel shapes that support the roof planks at their 2°-8” overhang. The building sections in
Figures 2 and 3 should also help describe the structure of the Gateway Commons building.
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Figure 1 — Typical Framing Plan
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L.oads

This gravity load information was obtained from the general notes page of the building plans.
These loads were used by the engineer to design the gravity load bearing walls. For this report

these loads will be used to size members for the alternative systems.

Live Loads

First FIoOr ..o v, 100 psf
Second — Sixth Floor...........................40 psf
Sixth Floor Terrace...........ccovcvvvvieinennnn. 100 psf
Dead Loads

First Floor.......coooii e, 100 psf
Second - Sixth Floor...........................70 psf
CMUWAaIS......oooiii e, 55 psf
Brick Facade......................oeeeenn .l 40 psf
Green Roof or Roof Top Pavers.............. 95 psf
Other Roof Areas...........ccoecvvviveiiinnn. 75 psf
Mechanical Equipment........................5 psf
Partitionwalls...................................10 psf
Snow Loads

Ground Snow load (P@)........c.ccvvvevnninne 45 psf
Flat Roof Snow Load (Pf)...................... 32 psf
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Codes and References

This section lists the codes and reference material used to design the Gateway Commons

building by the original engineer. The codes and reference material used to design the

alternative systems in this report are also listed below. Tables listing the material properties of
the existing system’s structural components are also shown below.

Applicable Codes and References-Original Design

2002 Building Code of New York State (BCNYS)
ASTM Standards

NCMA Tek Notes

ACI Standards

ASCE 7-98

Applicable Codes and References-This Report

AISC steel manual

PCA slab

The Nitterhouse Concrete Products website
RAM Structural Systems

The United Steel Deck design manual

Member 28 Day Compressive Strength (f'c)
Columns and Beams 4,000 psi
Interior Slabs on Grade 3,500 psi
Footings, Foundations Walls, Piers, Misc. 3,000 psi
Retaining Walls, Basement Walls, Exterior Slabs 4,000 psi

Material ASTM Standard Fy (ksi)
Rolled Steel W Shapes A 992 50
Rolled Steel C and MC Shapes A 36 36
Rolled 5teel Plates, Bars, and Angles A 36 36
Hollow Structural Sections [HSS) A 500, GradeBor C 46 or 50
Pipe A 53, Type Eors, Grade B 35
Reinforcing Bars A 615, Grade 60 60
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Alternative Systems

In this report I will evaluate four alternate floor systems and compare them against the existing
masonry bearing walls and precast hollow core concrete plank system. The impact that each
proposed system will have on the buildings foundation will be discussed. New lateral systems
will also have to be proposed for the alternative systems. All of the new systems use columns
instead of walls as their vertical supports. Columns should be placed in areas where walls were
originally in order to maintain the same floor plan. Light gauge steel framing will be used to
create interior partitions where the masonry walls use to be. The four systems evaluated in this
report include:

e Hollow Core Planks on Steel Beams
e Two Way Slab with Edge Beams

e Composite Steel

e Non-Composite Steel
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Existing Floor System

Between grid lines A and D, the basement floor slab-on-grade and loads from the concrete
foundations walls are transferred onto strip footings with a 28-day strength of f’c = 3,000 psi.
These strip footings sit on undisturbed indigenous soils composed of sand and gravel with an
allowable bearing capacity of 5,000 psf . The footings will have a concrete strength of f’c =
3,000 psi. The foundations walls will have a concrete strength of f’c = 3,000 psi or 4,000 psi
depending on the type of wall. Between grid lines D and E the footings sit on a compacted
structural fill that has an allowable bearing capacity of 5,000 psf.

A plan of a typical floor for the existing system is shown in Figure 4. The walls that are part of
the gravity framing system are considered wall type MW1. These are all of the other walls on
the plan that are not highlighted in green. Unlike the concrete foundations walls these walls are
constructed out of 8” thick concrete masonry units (CMU). These walls support the precast
concrete hollow core floor planks that act as the flooring system. A wall schedule describing
how these walls are reinforced can be found in Figure 5.

The primary flooring system for the elevated floors of the building is precast concrete hollow
core planks. The planks span in the east/west direction. On the first floor the planks have a
thickness of 107, but on floors two through six the plank thickness is 8”. The planks on the first
floor have a 2” thick concrete topping. All planks have a maximum width of 4’ and are allowed
to have a minimum width of 1°-6”. Planks located at interior bearing partitions must be
connected with a 6” long #3 bar or 5/16” diameter strand grouted into the keyway, as shown in
Figure 6. Planks are often connected to exterior CMU walls with #4 dowels that are bent into the
keyways, as shown in Figure 7.

The structure is laterally supported by intermediate reinforced masonry shear walls in the N-S
and E-W directions. Like the load bearing walls for the gravity framing system the shear walls
are also 8” thick CMU walls. However, the shear walls are designed to resist the lateral loads
due to seismic and wind forces. There are two different shear wall types, MW2 and MW3. The
shear walls are highlighted in green on the floor plan in Figure 4. The wall schedule in Figure 5
describes the reinforcing for both shear wall types.

Advantages

e Does not need to be fireproofed

e Less expensive

e Small floor depth

e Planks can be installed quickly and are quality insured due to being manufactured off site
Disadvantages

e CMU walls take longer to construct than steel framing

e Assembly of the planks requires a high level of skill

e CMU is a heavy building material

e The amount of load bearing walls in the building leaves less flexibility for future

modification of the floor plan
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Figure 4 — Typical Framing Plan
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Hollow Core Planks on Steel Beams

The steel framing plan for a typical floor is shown in Figure 9 with the bay that was chosen to be
designed for this system highlighted in red. Specifications and load tables provided by the
Nitterhouse Concrete Products website were used to design the hollow core floor system that
spans in the east-west direction across the steel framing. Load tables were used to select a plank
size based on a live load a 100 psf, a superimposed dead load of 15 psf, and 68 psf due to the self
weight of the planks. It was determined that untopped 10 inch thick planks reinforced with %"
diameter steel strands will support the given loads at a span of 28 feet. After the hollow core
planks were designed the beams that supported them were designed. The representative bay that
was chosen to be designed for this system is shown in Figure 8 with beams sizes labeled. In this
bay W12x19 span 27°-6”. The W12x19 beams support a brick fagade on the exterior and at the
interior they only act as lateral support for the columns. The hollow core planks are supported
by W24x76 that span 31°-5”. The beams were designed by simple hand calculations and the
AISC Handbook was referenced to aid in the design. The designs were based on moment
capacity and deflection. These calculations can be found in the Appendix A along with the load
table for the hollow core planks.

Some additional concerns due to changing the building structure are the lateral system,
foundation, and fireproofing. Concrete or masonry shear walls are an option for this structure’s
lateral force resisting system. This design will not call for as many shear walls as the original
design due to the new layout and reduction in weight. Also, due to this reduction in weight the
wind may become the controlling lateral force acting on this building. Steel moment frames are
also another option for the structure’s lateral system. The foundation should be able to support
the loads generated by this framing system since this is a lighter system than masonry. The way
this system is connected to the foundation will be different due to different materials.
Fireproofing for the steel beams will be necessary but the hollow core planks are concrete and
have a 2 hour fire resistance rating.

Advantages T
e Longer spans with higher load capacities Wlexls
e This system can be constructed quickly
e This system weights less than the existing masonry system " "
> %
Disadvantages ﬁ Y
e Long lead time = =
e Assembly of the planks requires a high level of skill
e Fireproofing for the steel
W1EK19

Figure 8 — Hollow Core Planks on Steel Beams
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Two Way Slab With Edge Beams

The framing plan for a typical floor redesigned as a two way slab with edge beams is shown
below in Figure 10. Two design strips were analyzed. Design strip one runs in the north-south
direction and design strip two runs east-west along the edge. A live load of 100 psf and a
superimposed dead load of 15 psf were used to design this system. Both design strips are labeled
on the plan in Figure 10. The PCA-Slab computer program was used to design both of these
strips. Normal weight concrete with a compressive strength of 5,000 psi was used for the design.
A 10” slab and 14”x20” edge beams around the whole perimeter were needed for the design.
Both are reinforced with number 6 bars. All columns are 16”x16”. Instead of using costly shear
reinforcement to resist punching shear around the columns, drop panels with a depth of 3” below
the slab were designed for this function. The design results from the PCA program can be found
in Appendix B along with a slab deflection diagram and a diagram showing the reinforcing in the
column strip, middle strip, and the edge beam.

The slab in this design is thicker and heavier than the hollow core planks used in the existing
system; however a significant amount of weight is lost by switching from CMU walls to concrete
columns. Concrete or CMU shear walls are a good option for the lateral resisting system of this
building. Less shear walls should be used in this design and they should be located in a way that
the center of rigidity and the center of mass are close to each other so that the lateral forces
create less of a torsion effect. The same strip footings and foundation walls should be able to
support this new structure. Fireproofing will not be necessary because the entire structure is
concrete.

Advantages
e Fireproofing is not required
e The use of columns instead of walls allows for more flexibility with the floor plan.
e Least expensive alternative

Disadvantages

e Precautions will need to be taken for holes made in the slab for running mechanical and
electrical equipment.

e Concrete requires curing time before the additional stories can be constructed.
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Composite Steel

The steel framing plan for a typical floor is the same as the framing for the hollow core planks
design and is shown in Figure 9. The bay that is being designed is highlighted in red. A live
load of 100 psf and a superimposed dead load of 15 psf were used to design this system. The
slab is made of 2” steel deck with 3-1/2” light weight concrete topping. To give the slab a
composite action with the beam, %4” diameter 4-1/2 in” long shear studs are used. Joists are
framed in between the girders in order to meet span requirements for the 19 gauge steel deck.
The unshored span length of 9.2” falls within the 10.01” maximum required span length for a 2”
deep 19 gauge steel deck with a 5.5” deep light weight concrete slab. The section in the United
Steel Deck design manual used to design the slab and determine the maximum span length can
be found in Appendix C. After the slab was designed and the number of joists needed to support
it was determined, the beams were designed using RAM Structural System. W16x26 joists with
a camber of either 1” or 1-1/4” were chosen to support the deck. The joists are supported by
W18x35 and W21x48 girders that span 27°-6”. The W18x35 girder also supports a brick facade
on the exterior of the building. Columns are oriented so that the girders are framed into the
column flanges for a simpler connection. A design of the representative bay is shown in Figure
11. Beam sizes are labeled with camber if they have any, the numbers of shear studs on each
span are in parenthesis, and reactions are given in kips. Appendix C also contains summaries of
the beam designs and beam deflections.

Since this structure is much lighter than the existing one wind will more than likely be the
controlling lateral load on the building. Moment frames and eccentrically braced frames are
good option for the lateral resisting systems. The foundations should be able to support the loads
generated by this framing system because it is much lighter than the existing masonry structure.
The way this system is connected to the foundation will be different due to different materials. A
3-1/2” thick concrete slab will automatically provide the two hour fire protection required for the
floor. The steel beams and columns will have to be fireproofed.

Advantages
e Fast construction time
e Lighter weight system
e High strength to weight ratio

Disadvantages
e Increases floor to floor height
e Cost of labor for installing shear studs
e Fireproofing needed for beams and columns
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Non-Composite Steel

The steel framing plan for a typical floor is the same as the framing for the hollow core planks
design and is shown in Figure 9. The bay that is being designed is highlighted in red. A live
load of 100 psf and a superimposed dead load of 15 psf were used to design this system. The
United Steel Deck design manual was used to design the non-composite slab. A 6.5” deep slab
using light weight concrete with a 19 gauge 3” deck was chosen. The slab weights 42 psf. A
5.5” deep slab would have fulfilled the maximum span length requirements but it would not have
been thick enough to provide adequate fire protection. With the slab designed RAM Structural
Systems was then used to design the beams. W18x35 joists with a camber of %" span 31°-5”.
W24x55 and W24 X68 girders span 27°-6”. A design of the representative bay is shown in
Figure 12. Beam sizes are labeled with camber if they have any and reactions are given in Kips.
Appendix D contains the United Steel Deck design manual section used to design the slab,
summaries of the beam designs, and beam deflections.

This design uses the same framing plan as the composite design but the beams in this design are
larger due to the non-composite nature. Moment frames and eccentrically braced frames are
good option for the lateral resisting systems. The foundations should be able to support the loads
generated by this framing system because it is much lighter than the existing masonry structure.
The way this system is connected to the foundation will be different due to different materials. A
3-1/2” thick concrete slab will automatically provide the two hour fire protection required for the
floor. The steel beams and columns will have to be fireproofed.

Advantages
e Faster erection time due to lack of shear studs

Disadvantages
e Not as efficient as a composite steel design
e Heavier and deeper beams compare to composite design
e Fireproofing needed for beams and columns
e Most expensive
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Comparison

The results of the comparison study are shown in the table below. Cost was determined by using
RSMeans Assemblies Cost Data 2007. All of the systems were analyzed for cost based on a
30x30 bay. The non-composite design is ruled out because the composite is more efficient and
because it is the most expensive. The hollow core planks on steel beams system is ruled out
because it is a bit more expensive than systems 2 and 3 and it is also the deepest floor system.
Systems 2 and 3 are the cheapest of the alternatives and both seem to be possible solutions. The
2 way slab with edge beams appears to be the most feasible because it is cheaper, thinner, and
does not require fireproofing.

Gary Newman

Existing System 1 System 2 System 3 System 4
Floor Framing hollow core hollow core . . non-
2 way slab with composite .
System planks on planks on steel cdee beams steel composite
CMU walls beams & steel
Total Depth 8" 34" 13" 26.5" 30.5"
Slab Depth 8" 10" 13" 5.5 6.5
Fireproofing no yes no yes yes
Lead Time long longest shortest long long
Weight heaviest lightest heavy light light
formwork,
Constructability . Iabor no formwork, curing time no formwork, | mwork
intensive fastest to required, shear studs
construct longest to build
Cost ($/SF) 17.65 23.65 21.89 22.55 28.36
Possible Solution - no yes yes no
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Conclusion

Four alternative floor systems were designed and compared to each other to determine which
will be the best alternative to the existing hollow core planks on CMU walls structural system.
The four alternatives are hollow core planks on steel beams, a two way slab with edge beams,
composite steel, and non-composite steel.

The two way slab with edge beams and the composite steel design both appear to be viable
solutions. The hollow core planks on steel beams and the non-composite steel systems were both
discarded as possible options. The non-composite steel system is the most expensive and proves
to be less efficient than the composite design. Although the hollow core planks on steel beams is
the fastest to construct its materials have the longest lead time of all of the systems. It also has
the deepest floor system and costs more than the two way slab with edge beams and the
composite steel design.

The two way slab with edge beams proves to have advantages over the composite design. Itis
cheaper although not by much. The two way system has 20" deep beams but they are located on
the building perimeter and do not affect the floor depth. The composite system has a floor depth
of 26.5” due to the beams; this will cause an increase in the floor to floor height. The existing
system proves to be the cheapest and have the shallowest floor system when compared to the
alternatives. The two way system however proves to be the best choice out of the four
alternatives.
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Appendix A:

Hollow Core Planks on Steel Beams
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Planks

This load table from the Nitterhouse Concrete Products website shows that this plank is able to
span 27’°-6” while loaded with 164 psf. This is the factored loading due to the live load,
superimposed dead load, and the self weight of the planks.

Prestressed Concrete
10"x4'-0" Hollow Core Plank

2 Hour Fire Resistance Rating (Untopped)

PHYSICAL PROPERTIES
Precast

A=262in? Sp=640in’

| =3196 in? S;=638in?

Yo=4.99in. Wt= 272 PLF

Y =5.01in. Wt= 68.00 PSF

e=3.24in.

3-10§"
R SR SO, RO SO, S 3
DESIGN DATA iy ]
1. Precast Strength @ 28 days = 6000 PSI
2. Precast Strength @ release = 3500 PSI or 4000 PSI. & }
3. Precast Density = 150 PCF . = . = 3 . s gl
4. Strand = 1/2"@ and 0.6"@ 270K Lo-Relaxation.
5 i
5. Strand Height = 1.75 in. EE A Ly
6. Ultimate moment capacity (when fully developed)... 4-0" +0"-1/8"
7-1/2"@, 270K = 163.8 k-ft
7-0.6"@, 270K = 221.2 k-ft

7. Maximum bottom tensile stress is 7.5 yfic = 580 PSI

. All superimposed load is treated as live lbad in the strength analysis of flexure and shear.

Flexural strength capacity is based on stress/strain strand relationships.
Deflection limits were not considered when determining allowable loads in this table.

. Load values to the left of the solid line are controlled by ultimate shear strength.

. Load values to the right are controlled by ultimate flexural strength or structural fire endurance.

. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.
. Camber is inherent in all prestressed hollow core slabs and is a function of the arnount of eccentric

prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

SAFE SUPERIMPOSED SERVICE LOADS IBC 2003 & ACI 318-02 (1.2D+1.6L)
Strand SPAN (FEET)
Pattern 282930 31[32]33[34[35]36[37]38]39[40[41]42]43]44[45]46
7-1/2"9 | LOAD (PSF) 166)|150(136|123(111|100| 91 |82 | 73 | 66 | 59 | 52 | 46 | 41 | 36 | 31 | 27
7 -0.6"2 | LOAD (PSF) 212(202(194(186|178]165|152|139|128|118(108| 99 | 91 | 83 | 76 | 69 | 63 | 57 i 52
% H T TE RH @u@ E This table is for simple spans and uniform loads. Design data
for any of these span-load conditions is available on request.
CONCRETE PRODUCTS Individual designs may be furnished to satisfy unusual conditions
h\ of heavy loads, concentrated loads, cantilevers, flange or stem

openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflect a 2 Hour & 0 Minute fire resistance rating.
Chambersburg, PA 17201-0813

GLG207T4n0y. Rl raniple 05/14/07 10F2.0
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Beam Design

JoB

SHEET NO. OF JOB NO.

structura’

DATE an engineering collaborative

275" ] A
I B I LL“ Ljo PTF}.SM(“"'MF‘\’—* “FQ"‘“\"‘“
Wl'?;;(l‘l DL 2 68415 = B3ps5p
== + 16 (405= | GY ¢SF
.5\.51 | (%3') b
<
E_B,. E baved 0w Load Wabler (se o 10" dexp
§ Jg‘ﬂz Rallow tore | plowd wWivh o | Selt WATYRY
i ok Ge st
Frg 1t
WITX1q
Teib width =275
" 0'.|5l1(7-7'5>: DI.Sl PLF
r =
Mz Witz USLELS)  goq
% 2
WMREE = Qo= 5747551,
AL g S =158
T 40T Z90
] ;7
A= 25 fslég U ).08
8 5(11‘5‘)(3"5)%(‘“?‘)_ 30758 LY
234 (2900 (15%0) ~ : ik 2
( ( L5yt (1728) esize For o‘tgm}h\
o= S(1ae)3) S I
—_—ee——— T (),47]
7’34 (TWUQ){\SSQS
401 NORTH WASHINGTON STREET 1301987 9234

SUITE 900 SDG F301987 9237
ROCKVILLE MD 20850 SRG F240499 0155
STRUCTURA-INC.COM
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Joe

e structura :

SCALE DATE anengineering collaborative
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s S -~ 71%0 2100 5e Yo LW

1E2(234) (29%9) | TS P
s el Te (Fram Fable 3-3) |
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Appendix B:

Two Way Slab with Edge Beams
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Design Strip 1

This is a deflection diagram for the slab. The largest deflection in the slab is 0.129”.

0128
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| | |
1 I [
11 | |
11! | |
11! | |
1! | |
1 | l
£ ! I |
5 —|! [ |
=] ' ' '
] | |
= — T 7|
=
= ' '
P ) ! |
o ! '
o — | | |
— 1! | |
1 | I
1 | I
|l | |
! | |
1! | |
! ! LEGEMND:
—] I | I Dead Load
i I i Live Load
— Total Deflection
-0.128
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Technical Assignment 2

This is a diagram of the top and bottom reinforcing that PCA Slab designed for the column strip

and middle strip.
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pcaSlab vl.51 (TM)
A Computer Program Analysis, Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

Copyright & 2000-2006, Portland Cement Association
&1l rights reserved

Licensee stated above acknowledges that Portland Cement Association
(PCR) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaSlab  computer program. Furthermore, PCA neither makes any warranty
expressed nor implied with respect to the correctness of the output
prepared by the pcaSlab program. Although PCA has endeavored to
produce pcaSlab error free the program is not and cannot be certified
infallible. The final and only responsibility for analysis, design and
engineering documents is the licensees. Accordingly, PCA disclaims all
responsibility in contract, negligence or other tort for any analysis,
design or engineering documents prepared in connection with the use of
the pcaslab program.

[2] DESIGN RESULTS

Top Reinforcement:

Units: .
Span Strip Zone Width Mmax Xmax AsMin AsMax SpReg AsReqg Bars
1 Column Left 14.75 274.26 0.667 3.186 33.381 10.412 7.093 17-#86
Middle 14.75 0.38 20.275 3.186 33.381 17.700 0.009 10-#6 *5
Right 13.34 §26.82 30.833 2.880  30.179 2.963 23.432 S4-H6
Middle Left 12.7% 44.55 0.867 2.754 28,855 17.000 1.122 9-fe  *5
Middle 12.75 0.10 20.275 2.754 28.855 17.000 0.003 9-#6 *5
Right 14.16 275.61 30.833 3.060 32.057 9.899% 7.140 17-#6
2 Column Left 13.34 -~ T70.80 0.667 2.880 30.179 2.963 21.624 54-f6
Middle 13.34 86.71 9.534 2.880 30.179 17.780 2.195 9-#6 *5
Right 13.34 121.32 26.003 5.688 55.781 12.309 1.237 13-%#6
Middle Left 14.18 256.93 0.667 3.060 32.057 9.939 6.640 17-46
Middle 14.16 28.90 9.534 3.060 32.057 16.998 0.726 10-#6 *5
Right 14.16 40.44 26.003 3.060 32.057 16.998 1.017 10-#6 *5
NOTES:

*5 - Number of bars governed by maximum allowable spacing.

Top Bar Details:

Units: Length (ft)

Left ___ Continucus__ Right
Span Strip Bars Length Bars Length Bars Length Bars Length Bars Length
1 Column 7-#6 10.62 ooy 10-#6 31.50 22-#6 10.62 22-%6 6.70
Middle —-—- —-_— 9-%6 31.50 B-#6 7.30 e
2 column  23-#6 9.65 22-#6 5.73 9-#6  26.67 4-%6 9.03 -—
Middle 1-%6 6.24 —— 10-#6  26.67 T i

Bottom Reinforcement:
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Units: Width (ft), Mmax (k-ft), X¥max (ft}, As (in"2), Sp (in}

52416-1010277-4-22545-28F4D

Span Strip Width Mmax Amax AsMin AsMax

1 Column 14.75 222.18 12.750 3.186  33.381

Middle 12.75 148.12 12.750 2.754 28.855

2 Column 13.34 144.67 16.196 2.880 30.179

Middle 14.16 96.44 16.196 3.0860 32.057
HOTES:

*5 — Number of bars governed by maximum allowable spacing.

Bottom Bar Details:

Units: Start (ft), Length (ft)

Short Bars

Bars Start Length

2-#6 4.72 22.05

Long Bars
Span Strip Bars Start Length
1 Column 13-%€ 0.00 31.50 —-=
Middle 7-#6 0.00 31.50
2 Column 9-%6 0.00 26.67 -
Middle T-i6 0.00 26.67

3-#6 4.00 18.87

PhiMn+

222.57
222.57
222.57
222.57
222.57
222.57
222.57
222.57
222.57
121.04
121.04
121.04
154.90
154.90
154.90
154.90
154.90
121.04
121.04
121.04
121.04

155.04
155,04
155.04
155.04
155.04
155.04
155.04
155.04
155.04
155.04
155.04
155.04
155.04
121.23
121.23
121.23
121.23
172.11
172.11
172.11
172.11
17z2.11
121.23
121.23

Units: From, To (ft}, As (in"2)}, PhiMn (k-£ft)
Span Strip From To AsTop AsBot PhiMn=
1 Column 0,000 0.667 7.48 5.72 -28B8.69
0.667 8.610 7.48 5.72 -288.69
8.610 10.622  4.40 5.72 =172.25
10.622 11.225 4.40 5.72 -172.25
11.225% 15.750 4.40 5.72 =-172.25
15.750 20.275 4.40 5.72 -172.25
20.275 20.878 4.40 5.72 =-171.88
20.878 22.970 4.40 5.72 -171.88
22.970 24.799 14.08 5.72 -522,97
24.799 26.891 14.08 5.72 -522.97
26.891 30.833 23.76 5.72 -836.85
30.833 31.500 23.76 5.72 -836.85
Middle 0.000 0.667 3.96 3.08 =154.90
0.667 4.725 3.96 3.08 =-154.90
4.725 6.752 3.96 3.08 -154.30
6.752 11.225 3.96 3.96 -154.90
11.225 15.750 3.96 3.96 -154.90
15.750 20.275 3.96 3.96 -154.90
20.275 24.196 3.96 3.96 -155.22
24.196 24.748 3.96 3.96 -155.22
24.748 26.221 3.96 3.08 -155.22
75.221 26.775 7.48 3.08 -288.28
26.775 30.833 7.48 3.08 -288.28
30.833 31.500 7.48 3.08 -288.28
2 Column 0.000 0.667 23.76 3.96 -836.85
0.667 3.804 23.76 3.96 -836.85
3.804 5.735 14.08 3.96 -522.97
5.735 7.715 14.08 3.96 -522.97
7.715 9.534 3.96 3.96 -155.04
9.534 9.645 3.96 3.96 -155.04
9.645 13.335 3.96 3.96 -155.04
13.335 17.136 3.96 3.96 -155.04
17.136 17.622 3.96 3.96 =155.04
17.642 18.642 3.96 3.96 -155.04
18.642 21.870 5.72 3.9% -221.95
21.670 26.003 5.72 3.96 -554.40
26.003 26.670 5.72 3.96 -554.40
Middle 0.000 0.667 7.48 3 08 -288.28
0.e867 4,000 7.48 3.08 -288.28
4.000 4.358 7.48 3.08 -288.28
4.358 5.178 4.40 3.08 -172.11
5.178 6.241 4.40 4.40 -172.11
6.241 9.534 4.40 4.40 -172.11
9.534 13.335 4.40 4.40 -172.11
13.335 17.136 4.40 4.40 -172.11
17.136 21.492 4.40 4.40 -172.11
21.492 22.670 4.40 3.08 -172.11
22,670 26.003 4.40 3.08 -172.11
26.003 26.670 4.40 3.08 =172.11

Slab Shear Capacity:

Units: b, d (in), Xv (ft), PhiVe, Vu(kip)

Span b d Vratio

Phivc Wu

121.23

12-22-2007,

*5

04:41:49 PM
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310.64
310.64

1.000
1.000

1 330.00
2 330.00

8.88
8.88

Flexural Transfer of Negative Unbalanced Moment

Gary Newman
12-22-2007,
52416-1010277-4-22545-28F4D

162.32
150.43

30.09
1.41

at Supports:

Units: Width (in), Munb (k-ft)}, As (in"2)
Supp Width GammaF*Munb Comb Pat AsReq  AsProv Additional Bars
1 85.00 271.48 U2 All 7.296 3.592 9-46
2 85.00 103.29 02 Odd 2.652 12.621 el
3 85.00 150.73 U2 Even 1.540 3.038 m—
Punching Shear Around Columns:
Units: vu (kip), Munb (k-ft), vu (psi), Phi*vc (psi)
Supp vu wu Munb Comb Pat GammaV vu  Phi*vc
il 125.43 77.4 250.04 U2 all 0.320 127.0 2l1z.1
2 340.23 103.86 -82.62 U2 All 0.400 112.5 212.1
3 93.64 57.8 -110.25 Uz 53 0.320 79.7 212.1
Punching Shear Around Drops:
Units: vu (kip), va (psi}, Phi*vc (psi)
Supp Vu Comb Pat v Phi*vc
1 108.12 UZ  All 46.5 142.1
2 305.72 U2 All 67.8 142.1
3 84.74 U2 53 36.5 142.1
Maximum Deflections: .2
Units: Dz (in)
Frame Column Strip Middle Strip
Span Dz (DEAD) Dz (LIVE) Dz (TOTAL) Dz (DEAD) Dz (LIVE) Dz (TOTAL) Dz(DEAD) Dz (LIVE) Dz (TOTAL)
1 -0.074 -0.054 -0.128 =-0.097 =-0.071 =-0.167 =0.047 -0.035% -0.082
2 -0.027 -0.018 -0.0486 -0.038 -0.026 -0.064 -0.017 -0.012 -0.029
Material Takeoff:
Reinforcement in the Direction of Analysis
Top Bars: 3074.5 1b <=> 52.85 lb/ft <=> 1.922 1lb/ft"2
Bottom Bars: 1737.6 1lb <=> 29.87 lb/It <=> 1,086 lb/ft"2
Stirrups: 0.0 1b <=> 0.00 1p/ft <=> 0.000 lb/ft"2
Total Steel: 4812.0 1lb <=> 82,72 lb/ft <=> 3,008 lb/ft"~2
Concrete: 1590.6 f£t~3 <=> 27.34 ft~3/ft <=> 0.994 ft~3/ft"2

04:41:45 PM

Page 3
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Design Strip 1

This is a deflection diagram for the slab. The largest deflection in the slab is 0.186.
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This is a diagram of the top and bottom reinforcing that PCA Slab designed for the column strip

and middle strip. This diagram also shows the reinforcing for the edge beam.
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pcasSlab v1.51 (TM}
A Computer Program Analysis, Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

Copyright © 2000-2006, Portland Cement Assocliation
All rights reserved

Licensee statfed above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaSlab  computer program. Furthermore, PCA neither makes any warranty
expressed nor implied with respect to the correctness of the output
prepared by the pcaSlab program. Although PCA has endeavored to
produce pcaSlab  error free the program is not and cannot be certified
infallible. The final and only responsibility for analysis, design and
engineering documents is the licensees. Accordingly, PCA disclaims all
responsibility in contract, negligence or other tort for any analysis,
design or engineering documents prepared in connection with the use of
the pcaSlab program.

12-22-2007,

[2) DESIGH RESULTS

Teop Reinforcement:

Units: Width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)

Span

2

3

Strip Zone Width Mmax Xmax AsMin AsMax SpReq
Column Left 7.23 125.94 0.667 1.562 16.370 10.850
Middle 7.23 0.00 16.000 0.000 16.370 0.000
Right 5.88 264.88 31.333 1.271 13.315 4.153
Middle Left 5.70 42.98 0.667 1.231 12.900 17.100
Middle 5.70 0.00 16.000 0.000 12.900 0.000
Right 7.05 90.35 31.333 1.523 15.955 14.100
Beam Left 1.17 - 73.29 0.667 0.897 5.392 4.942
Middle 1.17 0.00 16.000 0.000 5.392 0.000
Right 1.17 154.14 31.333 0.897 5.392 2.471
Column Left 5.88 192.67 0.667 1.271 13.315 4.153
Middle 5.88 14.53 9.884 1.271 13.315 17.8650
Right 5.88 138.96  27.003 2.815 30.680 10.0886
Middle Left 7.05 74.41 0.667 1.523 15.955 14.100
Middle 7.05 5.41 9.884 1.523 15.955 16.920
Right 7.05 51.79 27.003 1.523 15.955 16.920
Beam Left 1.17 147.84 0.667 0.897 5.352 2.471
Middle 1.17 10.76 9.884 0.176 5.392 9.884
Right 1.17 102.8% 27.003 0.897 5.392 3.295
Column Left 5.88 141.80 0.6867 2.815 30.680 10.086
Middle 5.88 3.03 17.788 1.271 13.315 17.650
Right 5.88 177.57 27.003 2.815 30.680 10.086
Middle Left 7.05 52.85 0.667 1.523 15.955 16.920
Middle 7.05 1.13 17.786 1.523 15.955 16.920
Right 7.05 66.17 27.003 1.523 15.955 16.920

T-4#6
T-46
5-486

5-46
5-#6

*5

*5
*5

L

)

05:00:25 PM
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Beam  Left 1.17 105.00 0.687 0.897
Middle 1.17 2.25 17.7886 0.037

Right 1.17 131.48 27.003 0.897

4 Column Left 5.88 1B6.B6 0.667 2.815
Middle 6.28 0.00 13.335 0.000

Right 6.28 52.78 26.003 1.357

Middle Left 7.05 71.73 0.667 1,523
Middle 6.65 0.00 13.335 0.000

Right €.65 20.28 26.003 1.438

Beam Left 1.17 147.64 0.667 0.897
Middle 1.17 0.00 13.335 0.000

Right 1.17 41.70 26.003 0.690

NOTES:

*5 = Humber of bars governed by maximum allowable spacing.

Top Bar Details:
Units: Length (ft)
Left Continuous__
Span Strip Bars Length Bars Length Bars Length
1 Column 4-#6 10.79 4-46 6.80
Middle 4-46 7.41 ——— Ao

Beam 3-#6 7.17 i e
2 Column 7-46 9.36 6-46 5.93 4-§6  27.67
Middle 1-#6 &, 46 - 5-4¢ 27.87
Beam 2-46 5,01 1-46 2.80 ‘2-86  27.67
3 Column 3-46 9.36 —— 4-46 27.67
Middle --= --- 5-#6  27.67
Beam 1-#6 4.09 1-#6 2.24 2-#6  27.67
4 Column 7-#6  11.06 --- -—
Middle 5-#6 11.24 —-— —
Beam 3-#6 11.16 2-46 4.04 ==

Bottom Reinforcement:

Units: Width (ft), Mmax (k-ft), Xmax (ft), Bs (in"2), Sp {in)

Span Strip width Minax Xmax AsMin AsMax
1 Column 7.23 94.79  14.250 1.562 16.370
Middle 5.70 53.36  14.250 1.231 12.900
Beam 1.17 55.16 14.250 0.897 5.392
2 Column 5.88 43.24 14.706 1.271 13.315
Middle 7.05 25.26 14.706 1.523 15.955
Beam 1.17 32.02  14.706 0.528 5.392
3 Column 5.88 47.15 13.213 1.271 13.315
Middle 7.05 27.54 13.213 1.523 15.955
Beam 1.17 34.91 13.213 0.576 5.392
4 Column 6.28 62.03 15.699 1.357 14.220
Middle 6.65 36.75 15.699 1.436 15.050
Beam 1.17 49.01  15.699 0.813 5.392
NOTES:

*5 - Number of bars governed by maximum allowable spacing.

Bottom Bar Details:

B

Units: Start (ft), Length (ft)

Long Bars__ ~ Short Bars
Span Strip Bars Start Length Bars Start Length
1 Column 6-#6 0.00 32.00 v
Middle 3-#6 0.00 32.00 1-{6 4.80 22.40
Beam 3-#6 0.00 3z.00 i
2 Column 4-#6 0.00 27.67 -—
Middle 4-46 Q.00 27.867 1-#¢ 4.15 19,37
Beam 2-#6 0.00 27.867 -—
3 Column 4-46 0.00 27.87 —-——
Middle 4-#6 0.00 27.67 1-#6 4.15 19.37
Beam 2-#6 0.00 27.67 —_——
4 Column 5-#6 0.00 26.67 -—
Middle 4-#6 0.00 26.67 1-#6 4.00 18.67
Beam 2-#6 0.00 26.67 o

12-22-2007,
5.392 3.29% 1.337 4-86
5.382 9.6884 0.028 2-86
5.392 2.471 1.692 5-#6
30.680 10.086 1.916 7-#6
14.220 0.000 0.000 vy
14.220 15.080 1.341 5-#6 *5
15.955 16.920 1.828 5-#6
15.050 0.000 0.000 i
15,050 15.960 0.510 5-46 *5
5.392 2.471 1.912 5-#6
5.3982 0.000 0.000 -——
5.392 9.884 0.519 2-#6
Right
Bars Length Bars Length
9-#6 12.05 8-#6 6.80
6-f6  11.92 .
3-#6  11.92 2-%6 4.51
3-#6 9.36 ===
1-#6 4.01 1-#6 2.18
3-#6 9.36 o e
2-f6 5.13 1-#6€ 2.18
1-#6 9.03 1-#6 5.73
5-#6 6.24 -—-
2-f6 5.14 =
SpReq AsReq Bars
14.467 2.428 6-#6
17.100 1.358 4-#e
4.942 0.690 3-#6
17.650 1.096 4-#6 *5
16.920 0.636 S5=86. *5
9.884 0.397 2-%6
17.850 1.187 4-f6 *5
16.920 0.694 5-f6 *5
9.884 0.433 2-fi6
15.080 1.579 5-f6 *5
15.960 0.929 5-#6 *5
9.884 0.611 2-%6
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Flexural Capacity: >
Units: From, To (ft}, As (in~2), PhiMn (k-ft)
Span Strip From To AsTop AsBot PhiMn~- PhiMn+
1 Column 0.000 0.867 3.32 2.84 -136.05 102.88
0.667 4.842 3.52 2.64 -136.05 102.88
4,842 6.801 1,76 2.64 -69.16 102.88
6.801 8.828 1,76 2.64 -69.1% 102.88
8.828 10.787 0.00 2.64 0.00 102.88
10.787 11.400 0.00 2.84 0.00 102.88
11.400 16.000 0.00 2.64 0.00 102.88
16.000 19.653 0.00 2.64 0.00 102.88
19.953 20.600 0.00 2.64 0.00 102.88
20.600 22.000 0.00 2.64 0.00 102.88
22.000 25.199 3.96 2.64 -151.10 102.88
25.199 27.247 3.96 2.64 -151.10 102.88
27.247 31.333 7.48 2.64 -273.56 102.88
31.333 32,000 7.48 2.64 -273.586 102.88
Middle 0.000 0.667 1,76 1.32 -68.85 51.91
0.667 4.800 1.76 1.32 -68.85 51.91
4.800 6.101 1.76 1.32 -68.85 51.91
6,101 6.4386 0,00 1.32 0.00 51,91
6.436 T.414 0.00 1.76 0.00 68.85
7.414 11.400 0.00 1.76 0.00 68.85
11.400 16.000 0.00 1.76 ’ 0.00 68.85
16.000 20.083 0.00 1.76 0.00 68.85
20.083 20,600 0.00 1.76 0.00 68.85
20.600 21.942 0,00 1.76 0.00 68.85
21,942 25,564  2.64 1.76 -102.82 £8.85
25.564 27.200 -2.64 1.32 -102.82 51.91
27.200 31.333 2.64 1.32 -102.82 51.91
21 =333 32.000 2.64 1.32 ~102.82 51.91
Beam 0.000 0.667 1.32 1.32 =-103.71 103.71
0.667 6.167 1.32 1.32 -103.71 103.71
6.167 7.167 0.00 1.32 0.00 103.71
T.167 11.400 0.00 1.32 0.00 103.71
11.400 16.000 0.00 1.32 0.00 103.71
16.000 20.083 0.00 1.32 0.00 103.71
20.083 20.600 0.00 1.32 0.00 103.71
20.600 21.841 0.00 1.32 0.00 103.71
21.841 27.493 1.32 1.32 -103.71 103.71
27.493 29.250 1.32 1.32 =-103.71 103.71
29.250 31.333 2.20 1.32 -1l68.4% 103.71
31.333 32.000 2.20 1.32 -168.46 103.71
2 Column 0.000 0.667 7.48 1.76 -273.56 68.90
0.667 4.426 7.48 1.76 =273.56 68.90
4.426 5.935 4.84 1.76 -182.76 68.90
5.935 7.850 4.84 1.76 -182.76 63.90
7.850 9.358 1.76 1.75 -68.90 68.90
9.358 9.884 1.76 1.76 -68.90 68.90
9.884 13.835 1.7¢ 1.76 -68.90 68.90
13.835 17.786 1.76 1.76 -68.90 68.90
17.78¢6 18.312 1.76¢ 1.76 -68.90 68.90
18.312 19.312 1.76 1.76 -68.90 68.90
19.312 22.870 3.08 1.76 -118.74 68.90
22.670 27.003 3.08 1.76 -298.62 68.90
27.003 27.670 3.08 1.76 -298.62 68.90
Middle 0.000 0.667 2,64 1.76 -102,.82 69.13
0.667 4.150 2.64 1.76 -102.82 69.13
4.150 4.937 2.64 1.76 -102.82 69.13
4.937 5.150 2.20 1.76 -86.05 69.13
5.150 6.461 2.20 2.20 -86.05 B6.05
6.461 9.884 2.20 2.20 -86.05 B6.05
9.884 13.835 2.20 2.20 -86.0% B6.05
i3.835 17.786 2.20 2.20 -86.05 - §6.05
17.786 22.520 2.20 2.20 -86.05 86.05
22.520 23.520 2.20 1.76 -86.05 69,13
23.520 27.003 2.20 1.76 -86.05 69.13
27.003 27.670 2.20 1.76 -86.05 69.13
Beam 0.000 0.667 2.20 0.88 -168.46 70.02
0.667 1.121 2.20 0.88 -168.46 T70.02
1.121 2.802 1.7¢ 0.88 -136.52 70.02
2.802 4.231 1.76 0.88 -136.52 70.02
4.231 5.912 0.88 0.88 -70.02 T0.02
5.912 9.884 0.88 0.88 -70.02 70.02
9.884 13.835 0.88 0.88 -70.02 70.02
13.835 17.786 0.88 0.88 -70.02 70.02
17.786 23.657 0.88 0.88 -70.02 70.02
23.657 24,735 0.88 0.88 =70.02 70.02
24,735 25.493 1.32 0.88 -103.71 70.02
25.493 26.571 1.32 0.88 =103.71 T0.02
26.571 27.003 1.76 0.88 -136.52 T70.02
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27.003 27.870 1.76 0.88 -136.52 70.02
3 Column 0.000 0.667 .08 1.76& -29B.62 €8.90
0.667 5.000 .08 1.76 -298.62 68.90
5,000 8,358 .08 1.76 -118.74 68.90
8.358 9.358 .76 1.76 -68.90 68.90
9.358 9.884 J76 1.76 -68.90 68.90

9.884 13.835
13.835 17.788
17.786 18.312
18.312 19.565
19.565 22.670

.76 1.76 -68.90 68.90
.76 1.76 -68.90 68.90
.76 1.76 -68.90 68.90
.76 1.76 -68.20 68.90
.08 1.76 -118.74 68.90

22.670 27.003 .08 1.76 -298.62 68.90

27.003 27.670 .08 1.76 -298.62 63.90

Middle 0.000 0.667 .20 1.76 -86.05 69.13
0.667 4.150 .20 1.76 -86.05 69.13

4.150 5.150 .20 1.76 -86.05 69.13

5.150 9.884 .20 2.20 -86.05 686.05

9.884 13.835
13.835 17.786
17.786 22.520
22.520 23.520
23.520 27.003

.20 2.20 -86.05 BG6.05
.20 2.20 -86.05 86.05
.20 2.20 -86.05 86.05
.20 1.76 -86.05 69.13
.20 1.76 -86.05 69.13

27.003 27.870 .20 1.76 -86.05 69.13

Beam 0.000 0.667 .76 0.88 -136.52 70.02
0.667 1.138 .76 0.88 -136,52 70.02

1.138 2.238 .32 0.88 © =103.71 70.02

2.238 2.994 .32 0.88 =103.71 70.02

2.994 4.094 .88 0.88 =70.02 70.02

4.094 9.884 .88 0.88 =70.02 70.02

.B8 0.88 -70.02 J70.02
.68 0.88 -70.02 70.02
.88 0.88 -70.02 70.02
.88 0.88 =70.02 70.02

9.884 13.835
13.835 17.786
17.786 22.535
22.535 24.021

MNMNNMNNOCOOOCOONNNNMNNHHOOOOOWWWW MR EOOOOOOFFKFEFEMNMMNBMNMNMNMNMNMMNMNMMNWWWE =P e www
-~
o

24.021 25.493 .76 0.88 -136.52 70.02
25.493 26,978 0.88 -136.52 70.02
26.978 27.003 .20 0.88 -168.46 70.02
27.003 27.870 .20 0.88 -168.46 T0.02
4 Celumn 0.000 0.667 .08 2.20 -298.62 85.82
0.667 5.000 .08 2.20 -298.62 85.82
5.000 9.534 .08 2.20 -118.74 85.82
9.534 9.742 .08 2.20 -119.01 85.82
9.742 11.0862 00 2.20 0.00 85.82
11.062 13.335 .00 z2.20 0.00 85.82
13.335 17.138 000 2,20 0.00 85.82
17.136 17.642 .00 2.20 0.00 85.82
17.642 18.934 .00 z2.20 0.00 85.82
18.934 20.935 .76 2.20 -6B.99 85.82
20.935 22.228 .76 2.20 -68.90 85.82
22.228 26.003 .20 2.20 -85.82 85.82
26.003 26.670 .20 2.20 -85.82 “85.82
Middle 0.000 0.667 .20 1.76 -86.05 69.06
0.667 4.000 20 1.76 -86.05 69.06
4.000 5.000 .20 1.76 -86.05 69.06
5.000 9.479 .20 2.20 -86.05 B5.94
9.479 9.534 .00 2.20 0.00 85.94
9.534 11,241 .00 2.20 0.00 B5.94
11.241 13.335 .00 2.20 0.00 85.94
13.335 17.138 00 2.20 0.00 85.94
17.136 20.42%9 .00 2.20 0.00 85,94
20.429 21.429 .00 2.20 0.00 85.94
21.429 21.670 .20 2.20 -85.94 B85.94
21.8670 22.870 .20 1.76 -85.94 69.06
22.670 26.003 .20 1.76 -85.94 69.06
26.003 26.670 .20 1.76 -85.94 69.06
Beam 0.000 0.687 .20 0.88 -168.4% 70.02
0.667 2,363 .20 0.68 -168.4%6 70.02
2.363 4.041 1.32 0.88 -103.71 70.02
4.041 9.479 1.32 0.88 =103.71 70.02
9.479 9.534 0.00 0.88 0.00 70.02
9.534 11.157 0.00 0.88 0.00 70.02
11.157 13.335 0.00 0.88 0.00 70.02
13.335 17.136 0.00 0.88 0.00 70.02
17.136 21.531 0.00 0.88 Q.00 70.02
21.531 22.531 0.00 0.88 0.00 70.02
22.531 26.003 0.88 0.88 =70.02 70.02
26.003 26.670 0.88 0.88 =-70.02 70.02

Longitudinal Beam Shear Reinforcement Required:

Units: d (in), Start, End, Xu (ft), PhiVe, Vu (kip), Av/s (in"2/in)
Span d Phive Start End Vu Xu Av/s

1 18.13 26.91 2.177 6.126 25.77 2.177 0.0124
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2 18.13
3 18.13
4 18.13

26.91

26.91

26.91

License

6.126 10.078

10.076 14.025
14.025 17.975
17.975 21.924
21.924 25.874
25.874 29.823
22177 5.508

5.508 8.839

8.839 12.170

12.170 15.500
15.500 18.831
18.831 22.162
22.162 25.493
2.177 5.508

5.508 8.832

8.839 12.170

12.170 15.500
15.500 18.831
18.831 22.162
22.162 25.493
2.177 5.365

5.365 8.553

8.553 11.741

11.741 14.929
14.929 18.117
18.117 21.305
21.305 24.493

Longitudinal Beam Shear Reinforcement Details:

Units: spacing & distance (in).
Span Size Stirrups (2 legs each unless otherwise noted)

Beam Shear Capacity:

+
+

B o+ d==
+

-
L=

P -

. Start,
PhivVc

94.8 -->
79.9 -->
79.9 —>
76.5 -=>

End, Xu
Start

End

Gary Newman

16.76
8.56
7.85

16.05

24.286

33.49

31.96
22.76
14.76

6.99
10.62
17.68
26.44

27.57
18.37
11.16

5.90
13.64
21.64
30.83

35.07
25.89
17.94
10.00

6.60
13.84
22.75

Av/s

6.126
10.07¢
17.975
21.924
25.874
29.823

2.177
5.508
§.839
12.170
18.831
22.162
25.493

2.177
5.508
8.839
15.500
18.831
22.162
25.493

2.177
5.365
8.553
11.741
18.117
21.305
24.423

Sp

0.0124
0.0000
0.0000
0.0124
0.0124
0.0124

0.0124
0.0124
0.0124
0.0000
0.0000
0.0124
0.0124

0.0124
0.0124
0.0000
0.0000
0.0124
0.0124
0.0124

0.0124
0.0124
0.0124
0.0000
0.0000
0.0124
0.0124

Phivn

ID: 52416-1010277-4-22545-28F4D

Vu

Units: d, Sp (in)
Span d

1 18.13

2 18.13

3 18.13

4 18.13

Slab Shear Capacity:

Units: b, d (in), Xu (ft), PhiVe, Vu{kip)
b

26.91

26.91

26.91

27.8670

0.917

8.839 0.

15.500

26.753 0.

27.670

0.917
11.741 0
18.117

25.753 0.0264

26.670

Span d Vratio Phive
1 155.20 .88 0.567 146.10
2 155.20 §.88 0.499 146.10
= 155.20 B.88 0.499 146.10
4 155.20 g.88 0.481 146.10

Flexural Transfer of Negative Unbalanced Moment at Supports:

Units: Width (in), Munb (k-ft), As (in"2)

12-22-2007,

05:00:25 PM

Page 5
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Supp Width

1 52.10
2 52.10
3 52.10
4 52.10
] 52.10

GammaF*Munb Comb Pat

Punching Shear Around Columns:

131.
152.
52.

Vu

16
a4
a0

1

1

Gary Newman
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AsReq AsProv Additional Bars

5.242 2
2.263 5
0.498 2
0.552 2
2.552 1

Units: Va (kip), Munb (k-ft)}, vu (psi), Phi*vc (psi

vu Munb Comb Pat G
82.6 235.15 U2 All
00.6 -92.98 U2 All
B0.2 16.72 U2 All
oo0.8 45.57 U2 All
78.8 -104.10 U2 Even

Shear Around Drops:

Maximum Deflections:

Units: Dz (in)

Frai

me

: Vu (kip), vu (psi), Phi*vec (psi)
Vu Comb Pat vu
62.34 U2 All 32.4
143.91 Uz All 38.8
115.51 u2 53 26.9
132.34 U2 All 35.3
47.44 02 55 37.1

Column Str

1 -0.082
2 -0.018
3 -0.024
4 =-0.040

Material Takeoff:

memmEeEngEEE e

Top Bars:
Bottom Bars:
Stirrups:
Total Steel:
Concrete:

-0.
-0.
=0.
-0.

225
1596

68
490
165

104
017
021
043

1.9
8.5
1.9
2.2
5.4

Span Dz (DEAD) Dz (LIVE} Dz{TOTAL) Dz(

-D.1886 -
-0.034 -
-0.045 !
=0.083 =

1b <m> 19,75
1b <=> 17.27
1b <=> 5.98
b <=> 43,00
f£ 3 <=> 14.52

DEAD) Dz (LIVE) Dz (TOTAL)

Reinforcement in the Direction of Analysis
_______ e e s i e St

1b/ft <ml
1b/ft <=>
lb/ft  <=>
lb/ft <=>
ft 3/t <=>

)
ammav

0.342

i

wu Phi*vc

-0.187 -0.089
-0.037 -0.015
-0.04% =0.020

1.401
1.225
0.424
3.050
1.030

lb/ft~2
1b/frn2
lb/ft 2
lb/ft"2
ft~3/ft"2

Middle Strip

12-22-2007, 05:00:25 PM

Page 6
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Composite Slab Design

The United Steel Deck design manual was used as a design aid as described in the report.

2x12"DECK F =33ksi f' =3ksi 115 pcfconcrete

Slab Depth

The Deck Section Properties are per foot of width, The | value
is for positive bending (in.%); tis the gage thickness ininches; w
is the weight in pounds per square foot; §, and §,are the

section moduli for positive and negative bending (in.?); Ry and 15
V,. are the interior reaction and the shearin pounds (per foot fg "-ﬁ E] m Lg m ﬁ: 1& :::g L:
of width); studs is the number of studs required per footin order 8 ] ¥ 570 %50 Yo 5 60 $ia R
to obtain the full resisting moment, oM. 16 0538 3 0500 1,700 0654 0654 2470 3560 0.87
; COMPOSITE PROPERTIES
The Composlte Properties area list olf values for the SISE Vol W e e e e Sty
composite siab. The slab depth is the distance from the Depth N2 Atz psf ins Gt ASPan 2sn 85030
bottom of the steel deck to the top of the slab in inches as

shown on the sketch. U.L. ratings generally refertothecover | . | 500 4644 375 038 118 60 3312 4610 603 809 819 0.0

overthe top of the deck so it is important to be aware of the § 525 @55 400 0.54

]

38

a

difference in names. oM is the factored resisting moment g ;2; ﬁ &:ﬁ g
pravided by the composite slab when the “full” number of 50
studs as shown In the upper table are in place; inch kips {per 53
foat of width). A, Is the area of concrete available to resist D
&2

2]

)

a1

(5]

)

625 6187 508 0438

&

g

g
A

P

@

B

75
.94 157 5444 5150 518 701 710 0045
o

shear, in.2per foot of width. Vol. is the volume of concrete in o s
ft.*per ft.2needed to make up the slab; no allowance forframe [~
ordeck deflection is included. Wis the concrete weightin

€
g
B
&
g

pounds per fi.2, 8, is the section modulus of the “cracked” 909 935 0029
; . : : 91 920 0032
concrete composite slab; in.* per foot of width, |, is the T RS 0005
average of the “cracked” and "uncracked” moments ofinerfia 142 870 0039 |
of the fransformed composite slab; in. per foot of width, The |,, 827 855 0041
transformed section analysis is based on steel; therefore, lo 800 827 % -

calculate deflections the appropriate modulus of elasticity o use
is 29.5 % 10° psi. oM, is the factored resisting moment of the
composite siab if there are no studs on the beams (the deck

1010 1043 0027

is attached to the beams orwalls on which itis resting) inch & :ﬁ 4
kips (per foot of width). V.. is the factored vertical shear 06— 0.0% |
resistance of the composite system; it is the sum of the shear =] 947 0038
resistances of the steel deck and the concrete butis not 930 0041
allowed to exceed 4(f.)%A.; pounds (per foot of width). The :g t g
next three columns list the maximum unshored spans in : 572 0,050
feet; these values are obtained by using the construction 53 54 3 820 13 1710023 |
loading requirements of the SDI; combined bending and B1 73 5072 5240 B75 1084 120 0027 |
shear, deflection, and interior reactions are considered in -ﬁ g« :g g Hg_._:gs%m %
caloulating these values. A, is the minimum-érea of welded 5 Wt WD WE i
0.038

wire fabric recommended for temperature reinforcing inthe
composite slab; square inches per foot.

254 136 T129 6730 7.86 984 1047
269 154 7555 6920 TN 568 1000 0041

300  18% [ 36 967 0045
316 20. B352 7500 732 21 952 0047
331 28 o201 7670 724 07 938 0050

R B R
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Beam Design Results

The beams that were being designed for the representative bay are highlighted in the reports.

Beam Summary

12/22/07 04:54:36
Steel Code: ASD 9th Ed.

Seff
in3
63.8
81.7
81.7
65.5
65.5
309
89.8
67.9
139.5
105.1
525
71.8
525
71.8
309
71.8
91.2
105.1
71.8
71.8
1.2

12

Fy

ksi
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0

”l‘ RAM Steel v11.0
DataBase: Newman
prerioed] - Building Code: IBC
STEEL BEAM DESIGN SUMMARY:
Floor Type: Typical
Bm # Length +M -M
ft kip-ft  kip-ft
3 31.53 156.0 0.0
7 24.60 192.4 0.0
11 24.60 222.6 0.0
14 31.53 177.8 0.0
15 31:53 177.8 0.0
1 26.67 82.7 0.0
10 27.50 243.9 0.0
2 3153 186:0 0.0
8 27.50 380.7 0.0
12 27.50°  273.0 0.0
20 26.67 143.1 0.0
16 3553 194.3 0.0
21 26.67 143.1 0.0
17 3153 194.3 0.0
- 26.67 82.7 0.0
< 353 194.3 0.0
9 27.50 2352 0.0
13 27.50 273.0 0.0
18 31.53 194.3 0.0
19 31.53 194.3 0.0
1 31.53 166.8 0.0
* after Size denotes beam failed stress/capacity criteria.
# after Size denotes beam failed deflection criteria.
u after Size denotes this size has been assigned by the User.

Beam Size

W16X26
WI18X35 u
WI18X35 u
W16X26
W16X26
Wi12X14
WI18X35 u
W16X26
W21X48 u
W18X35
W14X22
W16X26
W14X22
W16X26
Wi12X14
W16X26
WI18X35
W18X35
W16X26
W16X26
W16X26

__H_

16

17

Studs

[SS IS e e B
ik Sl
——
~

LD — =
N = RN NS S ]
(%)

16,1,

25,4, 2

20
32
20
32
14
32
131
25,4,
32

32

36

16
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Technical Assignment 2

RAM Steel v11.0
DataBase: Newman
INTERNATIONAL Bulldll'lg Code: IBC

/\
RAM

Gary Newman

Beam Deflection Summary

12/22/07 04:54:36

Steel Code: ASD 9th Ed.

STEEL BEAM DEFLECTION SUMMARY:

Floor Type: Typical
Composite / Unshored

Bm # Beam Size Initial

in
3 W16X26 0.832
7 W18X35 0.584
11 W18X35 0.584
14 W16X26 1.430
15 W16X26 1.430
1 W12X14 1.533
10 W18X35 0.773
2 W16X26 1.511
8 W21X48 ~ 0.853
12 W18X35 0.908
20 W14X22 1.224
16 W16X26 1.591
21 W14X22 1.224
17 W16X26 1.591
4 W12X14 1.533
5 W16X26 1.591
9 W18X35 0.908
13 W18X35 0.908
18 W16X26 1.591
19 W16X26 1.591
6 W16X26 0.912

PostLive
in
0.368
0.323
0.323
0.554
0.554
0.499
0.364
0.541
327
0.311
0.445
0.511
0.445
0.511
0.499
0.511
0.394
0.311
0.511
0.511
0.339

PostTotal
in
0.744
0.378
0.475
0.645
0.645
0.573
0.551
0.632
0.397
0.462
0.516
0.599
0.516
0.599
0.573
0.599
0.463
0.462
0.599

0.599.

0.657

NetTotal
in
1575
0.962
1.059
1.076
1.076
1.107
1.324
1.143
1.250
il
0.990
0.940
0.990
0.940
1.107
0.940
1:371
1.371
0.940
0.940
1.569

Camber
in

3/4
1-1/4
3/4
1-1/4

1-1/4

1-1/4
1-1/4
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Technical Assignment 2 Gary Newman

Appendix D:

Non-Composite Steel
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Technical Assignment 2 Gary Newman

Non-Composite Slab Design

The United Steel Deck design manual was used as a design aid as described in the report.

NO STUDS F =33ksi f°' =3 ksi 145 and 115 pcf concrete

N-LOK : B

Slab Depth

The Deck Section Properties are per foot of
width. The | value is for positive bending (in.*);
tis the gage thickness in inches; w is the weight
in pounds per square foot; S, and S,are the
section moduli for positive and negative bending

:: m: ; gﬁ; ﬁg, g ﬁ; 2;1,; g (in.%); Ry, and ¢V,,. are the interior reaction and
16 0.05%8 4 1188 524 ).882 833 4020 8770 the shear in pounds (per foot of width).

Light Weight Concrete (115 pef) . =~

S. lw  OM. OV  Max.unshored spans, L.
5 = psf in® int _in.k Ibs. 1span2span3span

50 211 40 120 74 3363 3930 701 945 955 R 113, 57 - SIFT 2950 78 - A0 1057

500 236 % 142 97 378 490 65 .98 09 1l T 3757 320 725 876 988

25 249 [ 153 110 429 4630 43 .78 .88 £ A5 B 4064 3470 708 955 966

650 262 52 166 125 4620 4870 34 .59 .69 [ R 4378 %50 693 635 046

700 28 5 1,88 158 5285 5370 .07 24 .34 4% 79 121 5022 4000 665 699 909

725 3. B2 200 176 5624 5620 57 .08 18 % 191 135 5353 420 652 BA2  B42

50 31, W2 196 5967 5060 S0 784 803 51 203 150 5687 4410 640 &7 77

00 34 il 238 241 6664 A0 575 B 775 55 227 183 6368 4810 618 8.8 3.48

25 359 74 250 266 7017 6630 568 5 763 58 239 201 6713 5010 608 B25 B4

50 374 Ti 263 292 7373 6890 662 2 751 61 25 221 7062 520 599 82 82
=f 550 211 4 A 80 4018 3990 626 1083 1120 | 32 134 63 3768 2950 902 1169 1208 |

| 600 236 | 4% 69 105 4749 430  7.62 1032 1067 | a7 59 B2 4467 RN  BS6 18 55
{625 249 4 83 120 5129 4630 63 1009 1043 | 39 d2 983 4831 M70 B3 84 31
650 262 52 197 135 5516 4870 45 o8l 1020 | 42 85 105 5204 3650 817 1072 1108

700 28 T Y 848 980 [ 213 132 5974 4030 7.2 1032 1067

= 12502 62 240 190 6719 5620  7.01 930 61 49 227 147 6360 4220 767 1014 1048
| 750 38 65 254 212 7180 5880 692 913 943 51 241 96 10.30
| 800 % il 284 259 7967 6410 674  BS1 .11 56 270 B4 096 |
| 8% 359 4 299 285 B352 6630  6b6  B6B %5 58 TH )49 080 |
350 374 77 314 313 8320 6960 653  BS52 B8l 61 .00 34 65
T80 2. 1) 165 86 4h24 3830 A3 1183 1222 | 32 4 1275 1318 |

[ 600 23, [ 185 113 5462 4390 8B4 1127 1165 | 37 B3 _ 330 1261
D65 2 49 210 128 5898 4630 B43 1102 1139 | 39 g LG4 1235
550 26. 52 225 144 6344 4870 623 1048 1104 | 42 171 1210

= 00 28 50 250 182 7260 G530 787 1035 1000 | & 65
= 725 0. 62 276 203 7729 5620 773 1006 1050 | 49 a4
M [ 75 3 65 293 225 8205 5880 763 847 1031 | 51 25
| 800 34 7 321 715 9172 6410 743 853 955 5 0.88
— EREE 74 344 303 9663 66%0 34 847 979 | 5 0.71
50 374 77 362 333 10158 ©6%60 726 932 963 61 0.55

50 21, 40 85 92 5192 3930 997 1263 1305 | %2 .07

00 23, 46 )18 120 6126 43%0 43 1200 1244 | & 146

625 209 49 236 136 6613 4630 19 1771216 | 3 118
650 2. 52 254 153~ 7112 4870 897 1152 1190 | 42 252 |

7.00 28, 59 200 192 6138 5370 858 1106 1143 | 4 X 44

TEE 0 52 309 214 8664 5620 843 85 1122 | 49 291 167 8161 420 24 82 ¥7]

750 318 65 320 238 9197 5880 831 1085 101 | 5 09 185 8676 4410 906 1162 1201

800 344 7 367 290 10283 6410 10 1029 1063 | 5% 347 226 G728 4810 873 1124 1182

825 35 7 386 310 10834 6690 800 1012 1046 | 58 66 248 10264 5010 B58 1107 1144

850  avd 71 406 50 11381 6960 790 996 1029 | 61 385 271 10805 5220 846 1090 1127
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Technical Assignment 2 Gary Newman

Beam Design Results

The beams that were being designed for the representative bay are highlighted in the reports.

Beam Summary

RAM Steel v11.0
DataBase: Newman-NonComposite
Building Code: IBC

12/22/07 04:02:00
Steel Code: ASD 9th Ed.

STEEL BEAM DESIGN SUMMARY:
Floor Type: Typical

Bm # Length +M -M Seff Fy Beam Size
ft kip-ft kip-ft in3 ksi

3 31.53 143.8 0.0 57.6 50.0 WI1BX35
7 24.60 169.3 0.0 81.6 50.0 W21X44
11 24.60 199.9 0.0 93.0 50.0 W21X48
14 31.53 155.8 0.0 68.4 50.0 W18X40
15 31.53 155.8 0.0 68.4 50.0 W18X40
1 26.67 73.3 0.0 384 50.0 W16X26
10 27.50 219.5 0.0 93.0 50.0 W21X48
2 51.53 162.6 0.0 68.4 50.0 W18X40
8 27.50 329.3 0.0 154.0 50.0 W24X68
12 27.50° 245.0 0.0 115.0 50.0 W24X55
20 26.67 125.2 0.0 57.6 50.0 W18X35
16 31.53 169.5 0.0 68.4 50.0 W18X40
21 26.67 1252 0.0 57:6 50.0 W18X35
17 31.53 169.5 0.0 68.4 50.0 W18X40
4 26.67 73.3 0.0 384 50.0 W16X26
5 31.53 169.5 0.0 68.4 50.0 W18X40
9 27.50 206.5 0.0 93.0 50.0 W21X48
13 27.50 245.0 0.0 115.0 50.0 W24X55
18 31.53 169.5 0.0 68.4 50.0 W18X40
19 31.53 169.5 0.0 68.4 50.0 W18X40
6 31.53 153.2 0.0 57.6 50.0. W18X35

* after Size denotes beam failed stress/capacity criteria.
# after Size denotes beam failed deflection criteria.
u after Size denotes this size has been assigned by the User.

12
_-H-i- --'_H"_

Studs
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Technical Assignment 2

RAM Steel v11.0

Gary Newman

Beam Deflection Summary

DataBase: Newman-NonComposite

nisreioes] - Building Code: IBC

12/22/07 04:02:00
Steel Code: ASD 9th Ed.

STEEL BEAM DEFLECTION SUMMARY:

Floor Type: Typical

Noncomposite

Bm # Beam Size
3 W18X35
7 W21X44
1l W21X48
14 WI18X40
15 W18X40
1 W16X26
10 W21X48
2 W18X40
8 W24X68
12 W24X55
20 W18X35
16 WI18X40
21 W18X35
7 WI18X40
4 W16X26
5 W18X40
9 W21X48
13 W24X55
18 WI18X40
19 W18X40
6 WI18X35

Dead

in
1.048
0.323
0.404
0.636
0.636
0.412
0.561
0.670
0.408
0.445
0.429
0.705
0.429
0.705
0.412
0.705
0.442
0.445
0.705
0.705
1.090

Live
in
0.692
0.447
0.393
0.935
0.935
0.663
0.531
0.969
0.455
0.416
0.655
1.004
0.655
1.004
0.663
1.004
0.590
0.416
1.004
1.004
0.764

NetTotal
in
0.990
0.770
0.797
1.071
1.071
1.075
1.093
1.140
0.863
0.861
1.084
1.209
1.084
1.209
1.075
1.209
1.032
0.861
1.209
1.209
1.104

Camber
in
3/4

1/2
172

1/2

12

172

172

172
3/4
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