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Architecture

Materials:
-Grey & Buff colored brick
- Champagne gold metal panels : penthouse
and pedestrian bridge
- Precast stone panels
Architectural Statement:
- Horizontal Element: strong roof
overhang
- Vertical Elements: protruding glass and
creme colored brick vertical components
- Narrowing Element: building narrows at
street level for to provide a more
intimate appearance.

Construction
Management

Construction Date
- Start: December 2005
- Finish: December 2007
Delivery Method:

- Design-Bid-Build: with Davis
construction as the single prime
contractor

Crane:

- Crane footing: incorporated into building

foundation system as the bridge footings

General Info

PROJECT TEAM
- Owner: L5K LLC.
- Architect: Tortis Gallas
- Structural Engineer: SK&A
- MEP: GHT Limited
- Contractor: Davis
Size
- 11 Stories
- 324,296 sqft
Occupancy
- Residential : 149 Condos

Structural

Foundation System:

- Slab on grade construction with grade beams
and a deep foundation system of augured
cast in place piles drilled 60-65 feet below
grade

Framing System:

- Cast in place concrete with Post tension
floor slabs

- Conventional reinforcement for balconies

- (4) Shear walls

Pedestrian Bridge:

- Steel framing with moment connection

- Composite slab
- Flat rubber asphalt roofing system

- Composite beam construction where bridge

connects to Building 2
Roof System:

- Post tension slab with ridged polystyrene

insulation and ballast

MEP

Mechanical System:
- (2) Roof Top Units-208 V/3 phase
4000CFM,
- Heat Pumps — 208V/1 phase located in
central locations varies from 600-1500 CFM
- Thru-the-wall heating gas heating units in
condos: Gas Powered
Electrical System:
-(2) 3000A 208/120V Systems
1-> Lobby via sub-panels
2-> Condos via 3000 A bus duct
- 230 KW diesel emergency
generator
- Contract Amount = $3,000,000




1|Page

JULIE DAVIS CITY VISTA
STRUCTURAL OPTION WASHINGTON D.C.
APRIL 9, 2008 ADVISOR: DR. MEMARI

TABLE OF CONTENTS

EXECUTIVE SUMMARY

Executive Summary 4

Acknowledgements 5

EXISTING CONDITIONS

Architectural 6
Architectural Layout 7-8
Building Systems 9-10
Structural System 10-11
System Advantages / Disadvantage 12
PROPOSAL
Problem Statement 13
Proposed Solution 13-14

LOADING CONDITIONS

Loading 15-16
PRELIMINARY ANALYSIS

Hollow Core vs. Solid slab 17-18

Topping vs. no topping 18

Ridged vs. Flexible Diaphragm 19

Expansion Joints 19

Tendons 20

DESIGN CONSIDERATIONS



2|Page

JULIE DAVIS

STRUCTURAL OPTION

APRIL 9, 2008

Optimization of members

Basic design data

New floor plan
Hollow core selection
Interior beams
Exterior beams
Columns

Member check

Gravity system issues
Connection issues
Diaphragm issues

Foundation issues

Existing conditions
Flexure check

Shear Check
Reinforcing Summary

Drift

Erection
Leeds
Cost

Schedule

Floor Plan

Section

PRE CAST DESIGN

DESIGN CHECK

LATERAL CHECK

BREADTH #1: CONSTRUCTIBILITY

BREADTH#2: ARCHITECTURAL ALTERATIONS

CITY VISTA
WASHINGTON D.C.

ADVISOR: DR. MEMARI

21

21-22

22

23

23

24

25

25

26-27

28-29

29

30-31

31

32

33

34

35-36

37-38

49-40

41-42

43-44

45-48

48-49



3|Page
JULIE DAVIS

STRUCTURAL OPTION
APRIL 9, 2008

Results

Recommendation

References

CONCLUSION

REFERENCES

APPENDIX #1: SEISMIC

APPENDIX #2: GRAVITY DESIGN

APPENDIX #3: GRAVITY DETAILING

APPENDIX #4: LATERAL ANALYSIS

CITY VISTA
WASHINGTON D.C.
ADVISOR: DR. MEMARI

50-52

52

53



4|Page

JULIE DAVIS CITY VISTA
STRUCTURAL OPTION WASHINGTON D.C.
APRIL 9, 2008 ADVISOR: DR. MEMARI

EXECUTIVE SUMMARY

City Vista, Building 2 is a mixed use
complex located in downtown Washington D.C.
Currently the building’s gravity system is a flat plate
post tension slab, tendons are unbounded and span
in both directions. Slabs are supported by a grid of
(52) cast in place columns. Resisting lateral forces
are (4) cast in place shear walls. The building is
supported with a deep foundation system consisting
of over 270 augured cast in place piles and a 4” slab
on grade. Building 2 is 324,298 sqft and 128’-5" tall
at sections taken through the mechanical
penthouse.

Developers in the D.C market buildings are

driven by the 130’-0” height restrictions. Buildings
are designed to maximize rentable space and minimize construction time while keeping the building under
the 130 ft height restriction. With a post tension system floor to ceiling height is optimized while creating a
finished ceiling with the underside of the slab.

Considering the competitive market, societies interest in “green” design, the finished ceiling
incorporated into structural system and height restriction I have propose to redesign the post tensioned
gravity system to a pre-cast system. Potentially a pre-cast system presents faster erection, possible leeds
certification and similar if not the same floor to ceiling height

Before design began preliminary analysis and design consideration were formulated. Different pre-
cast construction systems were compared and contrast. [ssues concerning cost, shipping, fireproofing,
optimization of member and connections were considered.

After preliminary analysis a hollow core floor system with 2” composite topping, interior inverted T-
beams, exterior L-beams, and conventionally pre-cast columns was choose. A new column grid was created
with span to depth ratios in mind. A lateral check was then conducted using E-tabs to verify the stability of
the (4) shear walls. Cost, schedule and initial leeds analysis was performed along with architectural
alterations to accommodate the new column grid.

After design was complete it was concluded that a pre-cast system would produce a building within
the height limit, with a fast erection time, and finished ceiling if incorporated into the preliminary design
phase of the project. The current architectural layout was conducive to the irregularly shaped bays that a post
tension system allows. The new column grid creates awkward spaces within some condo layout.

Structurally the lateral system was not adequate after redesign to support the seismic base shear.
This was un-expected because the building only increased in height by 3ft and weight by 3000 kips.

Economically the post tension system is cheaper after the cost analysis was done and it was
discovered that the post tension system is $2,000,000 cheaper. After examining these results it is obvious this
is a result of the beams added to the gravity system.

After completing the gravity, lateral, and constructability analysis it is concluded that in the D.C.
building market a post tension building is more economical and provides more rentable space. I feel the pre-
cast building could be optimized with longer spans but this would result in larger floor to ceiling heights and
a heavier building and ultimately this redesign was driven by building height
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EXISTING CONDITIONS

City Vista is a three building mixed used complex in downtown Washington D.C. Building 2,
is strictly residential and contains 149 condos along with a community room, library, steel frame
pedestrian bridge, and outdoor patio.

Building #2: This is the

/ building under examination
in this report.

Building 1A and 1B: The other
buildings in the complex.

Figure #1 : Site Plan of City Vista

This 11 story 324,298 square foot post
tension building reaches a height of 110’-6” and
128’-5” at sections that include the mechanical
penthouse. Construction of Building 2 began in
2005 and was completed in 2007. City Vista was
designed by world renounced architects Tortis
Gallas and Partners. The architecture uses strong
vertical and horizontal elements of glass and
brick. For example, the skyline is a powerful
horizontal statement through the use of metal
roof overhangs extending several feet past the
building’s facade. The horizontal elements are
counteracted with protruding glass and creme
colored vertical brick components throughout the
building’s facade. At ground level the building
narrows for a more intimate feel.

Figure #2 : Rendering of City Vista Building #2
courtesy of Torti Gallas and Partners,
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ARCHITECTURAL LAYOUT
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Figure #3: Typical floor layout
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BUILDING ENVELOPE

Typical wall construction is 4" metal gauge studs, 1/2" sheathing, air space, and face brick,
or floor to ceiling glass curtain walls. The penthouse uses 8" CMU back up wall, with a metal panel
facade. Roof construction is a post tension roof slab, covered with ridged polystyrene insulation
then sealed with a standing seam metal roofing system.

Typical wall
» construction: 4”
[ f ] 30 pflrapet metal gauge
1 wll  CH S with
with face brick sheathing and
face brick.

Typical roof * «— 7%"PTslab

i | I,
construction ,T ‘

as described
above

Figure #5: Typical Wall section at roof and floor
ELECTRICAL SYSTEM

Building 2 is fed by (2) 3000A 208/120V systems. The first system services the lobby via
sub panels, and the second services the condos via a 3000 amp bus duct. The panel boards services
corridor lighting, fire alarm equipment, and mechanical rooms. The bus duct feeds into a 120/208
volts, 3 phase, 600 amps, meter center at each floor and then is sent to individual 120/208 volt, 125
amp, 1 phase panel board located in each apartment. A 4 cycle 230 KW diesel emergency generator
with a 50 gallon fuel tank is located on the roof. The generator operates the fire alarm system, fire
pumps, elevators, and emergency lighting in the event of a power outage.

LIGHTING SYSTEM

All indoor public areas are lit by fluorescent 120V parabolic recessed lighting fixtures and
wall sconces. The pedestrian bridge’s architectural features can be seen at night by the 150W T10
halogen pendant fixtures. Condo units are equipped with a combination of fluorescent and
incandescent surface and track lighting by Sea Gull Lighting. Fluorescent lighting is used in the
kitchen of each condo, with a combination of (2) bulb 32W T-8 fixtures and track lighting with
canopy style magnetic transformers. All other fixtures are incandescent with varying wattages
depending on the rooms use.
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MECHANICAL SYSTEM

On the roof are (2) 100% outside air rooftop units containing an indirect gas furnace,
condensing unit, and compressor. Each unit is 208V/ 3 phase and pushed 4000 cfm of outside air.
Public areas are serviced with 208V/ 3 phase split system heat pumps with cooling, reverse cycle
heating and electrical heating capability. Each residential units contained its own through the wall
gas heating units. This unit also used for cooling. Each individual unit is 208V /1 phase with variable
CFM depending on the unit size.

FIRE PROTECTION

The building is 100% sprinkled with an automotive wet and dry sprinkling system. The dry
system is located in areas that are not heated (i.e. loading deck). Stairwells walls have a 2 hr fire
rating and are sprayed from top and bottom. Upon detection of smoke, water, and heat, the fire
alarm system is activated and unlocks fire access doors, turns off corridor electrical units, and
activates pressurized fans for towers. Building 2 construction is predominantly built with a 2 hour
fire rating.

TRANSPORTATION

Building 2 has (2) elevators located in the building’s central core. Both elevators are
electric traction elevators with a capacity of 3,500 lbs. Elevators are controlled by the fire system
and are equipped with emergency power. There are also (2) stairwells located at each end of the
building.

CONSTRUCTION MANAGMENT

City Vista is a design-bid-build contract, with Davis Construction as the prime contractor.
Truland Systems Corporation did all electrical and fire protection, work and Miller and Long
performed all concrete work. Construction began in December 2005 and is set to end in December
2007. A tower crane was used during construction, whose footings double as a mat foundation for
the steel pedestrian bridge connecting the 2 buildings.
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CODE

Design of City Vista was govern by the following codes:

o District of Columbia Building Code

e ACI 318-89: Building Code Requirements for Structural Concrete
e ACI530-99: Building Code Requirements for Masonry Structures
e Post Tensioning Institute Standards

o ASCE 7-05 : American Society Of Civil Engineers 2005 edition

STRUCTURAL SYSTEM

Foundation System:

Building 2’s foundation system is a 4” slab on grade with a deep foundation system. Drilled at a
depth of 60-65’ below grade there are over 250 16” diam. augured cast in place piles. This
foundation system was chosen due to the median to stiff clay located up to 22’ below grade. Piles
have an assumed service capacity of 125 tons and typically are reinforced with 1 #8 x 15’-0” LG.
Piles under shear walls are reinforced at 25’ with 4-#8 vert. and #4 ties. The slab is thickening at
interior CMU walls and location of increased service loads. Grade beams at a width of 1’- 0” are
placed around the buildings perimeter at varying depths.

Floor System:

A two way post-tension slab is used for all floors. The tendons are unbounded and span in both
directions with a minimum of (2) tendons above columns. Banded tendons are used north to south
and uniformed tendons east to west. Bundle size varies but is restricted to a minimum of 4 tendons
per bundle. The 7 %2” slab is reinforced two-ways with #4@24” bottom mesh reinforcement and #5
top bars at various locations. Rebar is also provided around the perimeter. Where tendons and
rebar intersect chairs should be placed with #4 ties for lateral stability. Tendons stressing will be
done with a hydraulic jack, anchorage blockouts are grouted and tendons cut 1” from slab edge,
stressing sequence is as follows;

BANDED PT TENDON

1. Stress 50% banded tendons
2. Stress 50% of uniform tendons

o ) N OES O
3. Stress remaining 50% banded tendons ~_ a\/ .’ o\ ee L=
4. Stress remaining 50% uniform tendons ] a 4
/ TYP. 2
CLEAR MIN

UNIFORMLY TJIST?IRUTEI']—/ REBAR

Figure #6: Typical floor section
Blue: Uniformly distributed tendon
Red: Banded Tendons

PT TENDON

Balconies are conventionally reinforced with #4 @ 12” 0.C and 2-#5 top & bottom.
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Roof System:

Post-tension roof slab is to be 10” deep with #5@24” reinforcing. A 1 2" galvanized metal roof deck
placed on top continuous over 3 spans. This is followed by an asphalt membrane, ridged insulation
and ballast

The flat plate post tension slab is supported by a grid of (52) cast in place gravity concrete columns.
Columns have an f'c of 5000 psi and take some lateral forced but predominately support gravity
loads. Cold form metal studs are used for most wall construction with the exception of stairwells,
mechanical rooms and storage areas which are masonry construction.

Lateral System:

The lateral system consists of (4) concrete shear walls, three of which surround the elevator shaft
(i.e. the central core).

Shear Walls: Shear wall footings are to be reinforced at a depth of 25’-0” with vertical bars and ties.
Typical shear wall reinforcing is #4@12” vertical and horizontal, 8#8 in the middle and #3 ties in
various arrangements. An F’c of 5000 and F; of 60,000 are used in each shear wall.

Elevator Core

]
Shear Walls Z——

Beams at Slab Openings

Figure #7: Current Building Layout
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Advantages Post Tension:

1. Shallower floor plenum: Post tension building can reduce floor to ceiling height.

2. Reduction in materials: PT slabs require less rebar and are generally thinner so less
concrete is needed.

3. Longer clear spans: PT slabs allow long continuous spans resulting in fewer columns which
ultimately results in a lighter building.

4. Strength: Higher ultimate strength because of bond between concrete and strands.

Disadvantages Post Tension:

1. Cable Integrity: Cables can distress over time, although this is not a common problem

2. Remodeling: If the building is renovated in the future the floor slab can only be punctured
once exact locations of tendons are known.

3. Shorting issues: As a result of PT ability to hold shrinkage cracks together tightly when
shorting occurs large tension cracks can occur around perimeter of building.

PROBLEM

City Vista’s presents designers with several challenges due to its design and location as a result
many structural systems are not feasible for use at City Vista.

1. City Vistais located in Washington D.C where there is a height limit of 130 ft. Currently
Building 2 is 110’-0” not including the mechanical penthouse. At sections that include the
penthouse the building is 128’-6". It will be a challenge to stay within the 130’ limit.

2. Because a flat plate system is used the underside of the floor slab is already a finished
ceiling. When choosing alternate floor systems this should be taken into consideration.

When considering alternative structural solutions for City Vista, cost and construction time were as
much a concern as floor to ceiling height. Washington D.C. construction business is very demanding
and the faster and cheaper the construction the better.

PROPOSED SOLUTION

Taking into consideration the height restriction and competitive market, [ propose a precast gravity
system for City Vista. This system would consist of hollow precast floor planks with a slab thickness
between 8-10 inches which keeps City Vista well within the height requirement. The current lateral
system will be examined for stability after the gravity system is redesigned using precast inverted
T-beams, hollow core planks and conventionally reinforced columns. Using a pre-cast system could
potentially present faster erection time, a cheaper bottom line, possible LEED certification, and the
same floor to ceiling height.
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Advantages Pre-Cast:

1.

4,

Construction Time: Since pouring and curing is done offsite construction is significantly
faster than other systems.

Efficiency of Members: Because members are poured and cured in controlled environments
defects are limited.

Lightweight: Pre-cast components have good span to weight ratios, resulting in shallower
foundation systems. And for this redesign the existing foundation will require little if any
alterations.

Fireproofing: No fireproofing needed if pieces are designed with fire codes in mind.

Disadvantages Pre-Cast:

1.

Lead Time: Since construction is done off site, a pre-cast system requires more planning so
materials arrive on time.

Size Restrictions: Planks and beams come in standard sizes; therefore column grid will be
restricted.

19'-6"

ce'-6"

|
|
| .

1'x6" HEII;}JIIV CORE PLANKS
2 TOPPING

Figure #8 : Proposed typical bay for the new pre-cast system
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LOADING CONDITIONS

The original loading conditions specified by ASCE07-05 are as follows:

DEAD LOAD LIVE LOAD
7 1/2" Post Tension Slab 150 PCF Residential Units: 40 PSF
Beams VARIES 1 ,bbies/Corridors: 100 PSF
gég:iejc %w) 95 PSF Balconies: 100 PSF
Facade #2 35 PSF Mechanical/Storage: 125 PSF
(4” Brick, Glass, Cold form) Canopy: 60 PSF
Walls Public Areas: 100 PSF
Superimposed Dead Loads: Snow: 30 PSF
Partitions 20 PSF Elevator Rooms: 150 PSF
Mechanical/Electrical 5 PSF
Roof:
Live: Live Load Reduction :
Ordinary flat Roof = 20PSF L=LoRiR:
Ri=1.2-0.001A:
R;=1.2-0.05F
Equipment: Snow:
100% outside air rooftop units Pf=0.7C.CsIPg
Units @ 40001bs a piece (0.7)(1.0)(1.0)(1.0)(30) = 21PSF
Dimension :
Snow Drift
Leeward Windward
H. (ft) Luy (ft) Lug (ft) Hyq (ft) W (ft) Hgq (ft) W (ft) % P4 (PSF)
A 10.58 27 84 1.7 6.8 151 6.04 17.9 30.43
B 10.58 15.667 163 13 5.2 2.32 9.28 17.9 41.528
c 10.58 9.5 29.58 13 5.2 0.9 3.6 17.9 23.27
D 10.58 255 23.4 13 5.2 0.9 36 17.9 23.27
E 10.58 9.5 24.8 13 5.2 0.9 3.6 17.9 23.27
F 17.83 55.5 40.2 1.9 7.6 1.125 45 17.9 34.01
G 17.83 22 36 13 5.2 1 4 17.9 23.27
H 17.83 22 46 13 5.2 1.2 4.8 17.9 23.27
[ 17.83 14.8 42 13 5.2 1.2 4.8 17.9 23.27
) 17.83 55.5 70.4 1.9 7.6 1.4 5.6 17.9 34.01
K 10.58 255 123 13 5.2 2.6 10.4 17.9 46.54
L 10.58 9.5 35.3 13 5.2 1.35 5.4 17.9 24.165
M 10.58 9.5 31.8 13 5.2 135 5.4 17.9 24.165
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Figure #9: Snow Drift Diagram

RTU 1

Design Data:
Pg=30PSF

Pd=Y*W E
W= Larger W
v=0.13Pg+14

— . . . : :

Figure #10: Typical loading diagram, Residential floors

Areas highlighted in blue are CORRODORS : LL=100PSF ? [
All other areas RESIDENTAL = 40PPSF - - *
100 PSF ** may not be reduced**
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To begin analysis decisions were made to optimize performance of the precast system. Many

sources were used to determine the design criteria:

PCI Handbook 6th Edition
ACI 318-03

BN

PCI Manual for the design of hollow core slabs

Several Manufacturers of Precast (Hanson, Nitterhouse, and Hollowcore)

The following topics were considered and a decisions was made with regards to the overall
constructability, fire rating, mechanical and electrical requirements, erection time, seismic

requirements, slab thickness, and

Hollow Core vs. Solid flat slab

Topping vs. No Topping

Ridged vs. Flexible Diaphragm
Expansion joints vs. No expansion joints
Tendons Considerations

i W

1. Hollow core vs. solid flat slabs

Solid flat slabs perform similar to cast in place solid slabs.
Optimized when used for short spans of 12-24 feet and floor
depth of 4-16 inches. This system provides a smooth undersidé
so it can be used as a finished ceiling. The slabs have a

fire rating of between %2 -2 hours depending construction.
Mechanical and electrical fittings can be embedded during
casting. Deflections are easily controlled with this system,

and depending on the manufacturer a 2 inch reinforced
concrete topping could be required.

1186

12

5 Strand 100 249 249 248 248 106G

& Strand 100| 199.2 198.2 1892 198.2 188.2 | 100

Hollow core slabs are utilized in intermediate spans of 12-40 feet and depths of 4-16 inches. The
continuous voids reduce weight and provide space to run electrical and mechanical equipment. If

designed properly the voids can be engineered as a passive
solar system. Floor covering can be applied directly to the
planks or a concrete topping can be applied. The concrete
topping is % to 2” in width and can be non-structural or
structural composite concrete. The underside of the plank
can be utilized as a finished ceiling. Depending thickness a

1 to 4 hour fire rating can also be accomplished with hollow
precast planks. A hollow core system also provides excellent
sound transmission, fast onsite construction, durability, and

precision casting is an added bonus.
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Conclusion Hollow Core Slab: For the redesign of City Vista I would like to accomplish spans of up
to 20+ feet, as little interference with other trades, fast erection, and adequate fire rating. As a
result [ have chosen a hollow core system which is optimized when used for intermediate spans,
has better fire rating than the flat slab, and is friendlier to the space requirements of other trades.

Selling factor: Longer spans,
mechanical and electrically
friendly, and sound
absorption.

",
| 4

2. Concrete vs. No concrete topping

Topping: Using a composite topping will provide added stiffness and strength with a min. topping
thickness of 2 inches, and f'c between 3000-4000 psi. The added topping weight can cause
significant deflection, camber can be included in the original design to combat this. Diaphragm
design can also be simplified with the use of a composite topping. When the shear between the
planks and topping is limited to 80 psi the topping can contain all the diaphragms reinforcing. This
will eliminate the need to keyhole and grout all the planks to one another.

Un-topped: (PCI 3.8.4.5) An un-topped system may be used if the shear strength is proven to meet
ACI requirements. This system usually requires a reinforced perimeter and grouted joints to
achieve required shear strength. An untopped system is also inherently lighter, which could
potentially reduce base shear. Un-topped systems still consist of a 34” leveling concrete slab.

Dead Load Comparison for Hollow Core Planks Minimum Cover to Achieve Fire Resistance
Plank Size Dead Load (PSI) 60
6in 0.350 Plank Size Min | 120 Min | 180 Min | 240 Min
6 in Topped 0.564 6" - 1" 2.5" 3"
8in 0.446 8" - - 1" 2"
8 in Topped 0.568 10" - - - 1"
10 in 0.527 12" - - - -
10in Topped 0.789 ** Information based on data from Hanson Precast
12 in Topping 0.848 and is converted from metric so answers are approx. **
Topping=60mm_which is approx. 2.3" Figure #12: Required thickness to achieve specific fire ratings
** Information based on data from Hanson Precast
and is converted from metric so answers are approx. **

Figure #11: Dead load comparison between topped &
un-topped

Conclusion: A topped composite slab is industry standard. I will design for a 2” composite slab,
although if the additional strength isn’t needed I will only apply a 34” topping to level the floor. The
2” topping will result in additional camber consideration.
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3. Ridged vs. Flexible Diaphragm

Ridged diaphragm distributes horizontal forces to vertical elements proportionate to their relative
stiffness. In a ridged system deflections of the diaphragm have little effect on the overall system. In
high seismic zones a stiff ridged diaphragm is ideal and requires much less analysis. Chord
requirements (Chord: the tension or compressive elements creating a flange for the diaphragm
used to develop flexural integrity) for this system are larger than a flexible system, but potentially
creates a safer distribution of forces.

Flexible diaphragms are used mainly for distribution of story shear when the lateral deformation is
twice the average story drift. To keep elastic analysis simple a factor of 2R/5 is applied. This system
is less demanding on vertical elements with smaller chord requirements, and smaller shear and
moment diagrams, although the stability of the floor can be unsafe compared to a ridged system.

Figure #13. Ridged
Diaphragm : You can
see deformation of the
diaphragm is limited.
For a pre-cast system

Figure #14:
Flexible
Diaphragm: You
can see large

deformations are
experienced in the
diaphragm.

this is ideal.

Courtesy of the University of Virginia : [urban.arch.virginia.edu/~kmé6e/arch721/content/lectures/lec-03 /home.html]

Conclusion: A ridged diaphragm will be used, this system will be provide simpler analysis,
performs better in seismic zones and is inherently stronger and safer.

5. Expansion joints vs. No expansion Joints
Expansion joint requirements are specified in (PCI FIG 3.10.20)
Maximum Seasonal Climatic Temp. Change: 50°

600

Rectangular
Multi-Framed
Configuration
400 - with Symmetrical
Stiffness

Non-Rectangular
Conflguratlons

See Modification

Factors Below 300 =

200

Length Between Expansion Joints (ft)

Seasonal Temperature Change (‘F) (From Figure 3.10.11)

Conclusion: No expansion joints needed. Max building length is 179’-4”
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7. Tendons:

Prestressed vs. Non-Prestressed

Prestressed concrete members achieve higher span to depth ratio and better resistance to cracking.
Conventionally reinforced is only used in small construction projects where small loads are
experienced.

Post tension vs. Pre-tensioned

Post-tension tendons are placed in conduits during casting then tensioned in the field after erection
and grouted. They are placed in conduits so they do not bond to concrete during curing. Post
tensioning is usually used in conjunction with pre-tensioning when a component cannot sustain the
full stressing before stripping, or to stop cracking during production.

Conclusion: Pre-tensioned, 270Kksilow relaxation (7) wire strands, 2-3 strands per bundle and
varying diameters.

Strand placement: The number of depressions: varies from 0-2. (2) points of inflection can
potentially create a higher capacity. Depending on fire rating thicker cover is required.

Debonding: When there is an area of high stress concentration and as a result pragmatic cracking
occurs, which could cause failure. In prestensioned concrete there are areas of high stress at the
edges. The tendons begin to separate from the concrete causing cracking and a decrease in capacity.

DESIGN CONSIDERATION

When determining preliminary framing dimensions the following were considered:

Framing Dimensions

Span to Depth Ratio

Connection Concepts

Mechanisms for control of volume change
Optimization of member sizes

Basic Design Data

A

Framing Dimensions: Select modular dimensions from standard pieces. Optimize this selection by
choosing the least amount of components that satisfy structural, architectural, cost, production,
shipping, and erection requirements.

Optimization of Members:

Beams: Due to the height restriction in Washington D.C. choosing a beam depth is the first concern.
Therefore, a T-Beam is the most sufficient, depending the size of the beam 8-16 inches could be
added to the floor slab. The column to beam connection creates and moment due to eccentricity. To
minimize or subtract this spans should of equal length and loading. Other ways to optimize
member are:
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1. Maximize repetitive and modular dimensions for plan layout and member dimensions.

2. Use simple spans whenever possible.

3. Minimize the number of different member types and sizes.

4. Minimize the number of different reinforcing patters in the particular member type.

Columns: Because this is a condominium building space is money. As a result smaller column sizes
are desired.

Span to Depth Ratio

Hollow-care floor slabs 30 to 40
Hollow-core roof slabs 40 to 50
Stemmed floor slabs 2510 35
Stemmed roof slabs 3510 40
Beams 10 to 20

Architectural: City Vista is a condominium building whose previous gravity system used longer
spans and less columns than a precast system. The column grid was also skewed to accommodate
the architectural plan. When planning a new column layout it will be a challenge to create a
uniform grid while considering the open architectural plan. Although additional columns will
reduce column sizes.

Cost Info

Hollow Core Planks | $8.15 (8” plank 20 ft span)
Beams $143.00 (12x16 T beam 20 ft span)
Columns $69.00 (14 ft 14x14 column)

Figure #15: All info is from RSM and only includes material cost

Transportation:
Weight: Dimensions:
No Permit: 20 Tons of Material No Permit: 8ft x 40ft
Permit: up to 100 Tons Permit: 13.5ft x 70ft
Washington D.C.: Washington D.C.: 13.5":tall 8’: wide (2’ overhang limit)
-Per load permits available but expensive
Permit Restriction: Limited to Monday: After Noon

Friday: Until Noon
M-F: Not during rush hour (8-9 am & 5-6pm)

Connection Concepts: Pre-Cast connections can be complicated, as a result during preliminary
design connection options should be examined.
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Erection Connections:

Wet Cast: Allows for many types of anchors because they are installed during casting.

Dry Cast: Limited to shallow anchors because anchors are inserted with grout after production and
curing.

Member Connections:

Beams connect to columns using hanger. These connections are expensive, provide little bearing
area, and are susceptible to fabrication errors although, these connections work well in areas where
floor to ceiling height is an issue.

Control of volume change: Once preliminary design has been established charts located in the PCI
handbook should be used to establish totally shortening/expansion due to creep and shrinkage.
These strains will be used when designing connections.

Basic design data:
1. Occupancy of the structure : Residential | R-2
2. Fire ratings
TYPE: 11
Walls: 2 Hours Min Slab Thickness: 6 inches
Floors: 2 hours
Cover: Concrete topping 2 > 2.5”

Slab Width: 8” (6” plank 2” topping)

PRELIMINARY DESIGN

Preliminary Column Layout:

iy B -] L] ™ L — = i

ca

1
=

[ ] [ | [ ] L} [
/ L | 5¥ Existing
= = columns are

o

u " = BLUE
< i 0 I I /_r[, u B =
New column = " L]
locations are L ! |
RED
Figure #16: New column grid with old & o

overlaid
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Hollow Core Planks:
Planks were selected from manufacturer Nitterhouse [ www.nitterhouse.com ]. This company was

chosen because it services the D.C. area and has a good reputation for quality.
USE: 4’ x 6” hollow core planks with 2” topping (2 hr fire rating) 7-1/2” @ strands
(See Appendix #2 for Calculations)

Ac=253 in2

PHYSICAL PROPERTIES

Precast Spc = 370 in3

[c=1519 in* Topping Ste= 551 in3
Ybc=4.10in Wt=195plf
Ytc=1.90in Wt=48.75psf

3-103"
AU, ST SO SO U Y
n 2"
‘ 181‘ | o]
i — — 1 —
© ¢ ()( ]or ]c—“ 70( 10[ ]-: ]o |

Exterior-Beams: (See Appendix #2 for full calculations)

20LB20/ 98-S: (9) 2”@ low relaxation strands - stralight !

1’-0”
<>
PROPERTIES 20LB20 :
A=304 in? Sb=1,163 in3
hy [=10,160in* 5= 902 in3
h1=12in fc=5000psi
h2=8in fou=270ksi
Ce=11.260In A - 9(0.153)= 1.377 in2
..... S DR AN == e Co= 8.74 in Poc 2788 Kips
Wt=317 plf
e h; e=6.33"
..... - ooeoeeeew®® | — |- ——— CGS
1!_8"
Beam Designation | Wu plf | TRAIL SIZE Beam Designation | Wu PIf | Trial Size
LB-1 1147.3 20LB20 LB-16 353.0 20LB20
LB-2 1147.3 20LB20 LB-17 353.0 20LB20
LB-3 1147.3 20LB20 LB-18 353.0 20LB20
LB-4 1147.3 20LB20 LB-19 1059.0 20LB20
LB-5 353.0 20LB20 LB-20 1059.0 20LB20
LB-6 353.0 20LB20 LB-21 353.0 20LB20
LB-7 1558.5 20LB20 LB-22 353.0 20LB20
LB-8 1558.5 20LB20 LB-23 353.0 20LB20
LB-9 1270.8 20LB20 LB-24 353.0 20LB20
LB-10 1270.8 20LB20 LB-25 353.0 20LB20
1B-11 353.0 20LB20 LB-26 353.0 20LB20
LB-12 353.0 20LB20 LB-27 353.0 20LB20
LB-13 353.0 20LB20 LB-28 353.0 20LB20
1B-14 353.0 20LB20 LB-29 353.0 20LB20
1B-15 353.0 20LB20 LB-30 353.0 20LB20
LB-16 353.0 20LB20 LB-31 353.0 20LB20
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Interior Beams: (See Appendix #2 for calculations) .
12RB16 / 58-S: (8) %2" low relaxation strands - straight Interio Beams
b DESIGNATION | Wu pif TRAIL SIZE
E 5 T8-1 2665.15 28IT24
T8-2 2665.15 28IT24
T8-3 2665.15 28IT24
T8-4 2665.15 28IT24
—hidr o = CGC T8-5 2757.25 281124
T8-6 - 28IT24
e T8-7 3855.00 28IT20
--lteeesee | Y. - CGS T8-8 3855.00 28IT20
TB-10 2797.29 28IT24
TB-11 469299 28IT20
28IT20 / 98-S: (9) 2”@ low relaxation strands — straight Igig i:i:;; ;::EZ
28IT24 / 188 -S: (18) ¥2"@ low relaxation strands — straight TB-18 2118.00 281120
10" TB-15 2733.40 28IT20
<> TB-16 . 28IT24
T8-17 2829.49 28IT20
T8-18 2733.40 28IT24
Cr TB-15 . 28IT24
hy T8-20 2319.49 28IT20
v — Vo cac T8-21 2733.40 28IT24
T8-22 . 28IT24
Cs e$ h; TB-23 2738.76 28IT24
-y eeesssnss — 40— (s TB-24 2733.40 28IT24
T8-25 . 28IT24
T8-26 3202.36 28IT24
T8-27 2733.40 28IT24
PROPERTIES 12RB20 : PROPERTIES 28IT24 : TB-28 * 28IT24
A=192in2 A=480 in2 T8-29 2734.46 28IT24
[=4096 in* f£c=5000psi 1=20,275 in* Yb=9.60in TB-20 2733.40 28IT20
h=16 in fpu=270ksi h1=12in Sb=2,112 in3 TB-31 - 28IT24
S=512in3 Agyp=5(0.153)=0.765 in? h2=12in S= 1,408 in3 TB-32 2734.46 28IT24
b=12in  Po=154.9Kips Ce=14.4in £c=5000psi 1833 333172 28728
Wt=200 plf Cb=9.60 in fpu=270ksi TB-34 233174 281128
e=5 Wt=500 plf Asp=18(0.153)= 2.754 in2 —
d=g" . =687 Poc 557.6 Kips RE-1 1563.20 12RB16
RB-2 2316.25 12RB16
RB-3 485 .44 12RB16
PROPERTIES 28IT20: RE4 s13.57 128816
A=368 in Yb=7.91in RB-5 513.57 12RB16
1=11,688 in* Sp= 967 in? RB-6 2316.25 12RB16
h1=12in St= 1,478 in3 RE-7 . 12RB16
}cltzz_i;.lomn Fc=5000psi RE- 545.00 12RB16
Coe 7.91 1n fpu=270Kksi RBS ~ 12RB1E
: Asp=9(0.153)= 1.377 in2
Wt=383 plf Po= 278.8 Kips _ _ _
e=5.47" * Designate beams with special

loading conditions. Analysis for these
beams can be seen in Appendix #2
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Columns The following columns were selected:

A summary of the column sizing and loading can be
found in appendix #2. Columns were sized every 4
floors to accommodate both the decrease in gravity
loads and the ability to cast columns to span 2
stories. Columns were designed and then checked
in PCA column.

16"x16" | f£c=5000 psi | 4-#8 Bars
18"x18” | fc =5000 psi | 4-#9 Bars
20”x20” | £c=5000 psi | 4-#9 Bars

24"x24” | £c=5000 psi | 4-#11 Bars

FINAL LAYOUT / MEMBER CHECK

I : : .
R R s T =

e e [ g ey

| i i
Ii ill il

Highlighted pre-cast members are
either worst case scenarios or special
loading conditions and detailed
checked were done for the following:
(results can be seen in appendix #2)

Flexure

Shear

Transfer Stress
Pre-Stress Losses
Serviceability
Deflection and Camber

ok wN e

1: Hollow Core Planks: Corridor Loading

2: Hollow Core Planks: Residential
Loading

3: Exterior L-Beam: Special loading
condition

4:Exterior L-Beam: Special loading
conditions

5. Interior T-Beam: Combined loading
conditions (LL 40-100)

6. Interior T-Beam: Combined loading
conditions (LL 40-100)




26|Page

JULIE DAVIS CITY VISTA
STRUCTURAL OPTION WASHINGTON D.C.
APRIL 9, 2008 ADVISOR: DR. MEMARI

PRELIMINARY CHECK

GRAVITY SYSTEM ISSUES:

Floor Section: Due to pre-cast construction the floor depth and composition has changed. Initially
City Vista was a 7 %" flat plate slab. Now it is an 8” slab with beams framing in every bay.

. _ . —<«—— 2" Composite topping

I N N N /7
ROR O O
e @ } e g
6” Hollow core planks

24"
16" eoe000000Q '\
so0O0OOBDOGE
A . 28IT24 Pre-cast beam
‘ 2'-4
4 g a
20’ ) C) C 20LB20 Pre-Cast Beam
— ./
[ R N N N N N N N
20” Figure #17: Typical floor composition for interior and exterior beams
Load Distribution:

ISSUE: If load is not applied to the center of a plank the plank has the tendency to twist and deflect,
grouting forces neighboring beams to take some of the deflections. Shear forces are now created
causing torsion and now the system act as a 2 way slab that transfers bending moment.
SOLUTION: The 2”composite topping will create a monolithic slab so forces will be distributed
between planks. Also no significant point loads are seen by the hollow core planks, therefore load
distribution won'’t be an issue
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Creep and Shortning:

Creep occures over time by continuous loading, causing pre-stress losses, deflection, and stresses in
non bearing members. Concrete shortens as it cures. These factors and others were considered in
the pre-stress losses calculations found in appendix #3.

TOTAL STRAIN = 4.43E-4+150E-6= 5.93 x 104
TOTAL SHORTNING = 5.93E-4(12)(26)= 0.185 in

CONNECTIONS:

Column to Foundation: Currently City Vista Building 2 is slab on grade construction with augured
piles. Columns sit on pedestal pile caps 48” deep and 4’-6” to 12’-6” in length. For the new pre-cast
system [ am proposing the current augured pile pedestal system with the addition of base plates
and anchors to secure the pre-cast columns. (For calculations see Appendix #3) The following
calculations were done for a column C18 a 20”"x20” column.

1se Plate T \/

1” Plate

Hooked anchor bolts

Use 2(4) 1” g Bolts

Deformed anchor bars

USE -(8) %2” anchors

Figure #18 :Typical detail as per PCI 6t edition
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Hollow Core to Beam: Both the L-Beam and T-Beam use ledgers to support the hollow core planks,
therefore the ledgers must be reinforced to support the load. A bearing pad is placed on ledgers to
help distribute the load. Uneven loading on T-beams create torsion, a remedy is additional
reinforcing in the ledgers. (All calculations in Appendix #3) Bearing pads are to be %" past edge,
and hollow core planks are required to bear a minimum of 3 in or 1,/180 past ledge.

Aq #3 # 127 0.C Awy = #3
1
\ () C, Bearing Pad
A
® e As#3@ 127 0.C

Figure #19: T-Beam ‘®
Reinforcing detail for
Hollow core planks ® ® o

bearing loads.

A #3 Top and Bot

Beam to Column: Beams will be poured with dapped ends to connect to columns with hanger
connections. Hangers are the most expensive and prone to errors during production. Although in a
situation where floor to ceiling height is tight it is the best option to minimize space. Corbels may be
easier to manufacture and erect, but take up considerably more space. Reinforcing will be added for
direct shear, flexure, tension, and diagonal. All calculations are located in Appendix #3.

/

Ash

/ Ah
= i Av=2 #4
\ Ash’=5 #4
| Ash=4 #5
T~ ' Ah=2 #4
As As=2 #4
Development
Length :
—— H As, Ah and Ash’
=26.6"
.5D
>4
/ Figure #20 : T-beam reinforcing detail for column
Ash’ < > bearing

D



29|Page

JULIE DAVIS CITY VISTA
STRUCTURAL OPTION WASHINGTON D.C.
APRIL 9, 2008 ADVISOR: DR. MEMARI

Figure #21 : Typical hanger detail as found
in PCI 6t edition.

The actual hanger and bolts have not
been designed. In this exercise only the
reinforcing relating directly to the T, L
and R beams manufacturing.

Qe
Lu:"\v?t\":. ‘;’a‘

Full calculations can be found in
appendix #3

DIAPHRAM

In the pre-design stages a composite topping was selected for its load distribution, additional
strength, connection of planks, and fire rating. When the horizontal stress between the topping and
hollow core planks is limited to 80 psi the diaphragm can be contained in the topping eliminating
keyways and grouting in hollow core planks.

If Horizontal Shear: VQ/I < 80 PSI; the chords struts and drags can all be contained with-in the
topping. The actual design of the diaphragm is out of the realm of knowledge, and is not included in
the scope of this gravity analysis.
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FOUNDATION CAPACITY:

The current foundation system will be compatible with the pre-cast system as well. The new system
may require additional pile caps but not many. The new system is 3,000 kips heavier than the PT
system, so additional piles will need to be added, although this will be accounted for by the
additional pile caps and pedestal footings for the 5 additional columns.

PT System

: : ¢ —t— M, -
- | _ N N S

| | T aamaira Bl e
' —] . — - . 1 i

Pile Cap # 1

1 LS

Pile Cap #2 Pile Cap #3

#1 : Column load 0-500 Kips

#2 : Column load 0-700 Kips

#3 : Column load 700-999 Kips 2 =3"12-10" 210" 2’3",

#4 : Column load 1000-1030 Kips

Foundation Capacity Numbers _"‘:4:’_'-_ | _-'_‘4:7-_
. i i

1 Pile = 125 Tons o

1 Kips = 0.446 Tons :

[ 1ton=2.24Kkips ] "*J?iff" | 5\{7'“'_
] 1

Pile Cap #4




31|Page

JULIE DAVIS

STRUCTURAL OPTION

APRIL 9, 2008

CITY VISTA
WASHINGTON D.C.
ADVISOR: DR. MEMARI

Pre-cast System,

The maximum column load is 984 kips, therefore all the columns in the new system fall into one of
the four pile cap categories. The only alteration to the foundation system will be the column to
pedestal connections shown in the connection section on page 27.

LATERAL CHECK

The new floor system created a slightly taller and heavier building; therefore new seismic and wind
calculations were formulated. A lateral check was then conducted for lateral stability. PCA Column
was used flexural strength, shear reinforcing and building drift was also examined. The (4) walls
were not expected to need any alteration due to only a 3’ increase in wall height and 3000 kip
increase in weight. [For more detail see appendix #4]

— Wall #2 : 1Ftx 13Ft
: (H5@12” V, #4@12"H)
: ) ) ) ) ) Wall #3: 1Ft X 18 Ft
. . // (#5@12” V, #4@12"H)
- <-\
: = 1T Wall #4: 1Ft X 13 Ft
. ' - (#5@12” V, #4@12"H)

Wall #1 : 1Ft x11Ft
(#5@12”7 V, #4@12"H)

Figure #22: Shear Wall Locations, Size, and Reinforcing

Load Combinations : Strength Design

[ASCE 7-05 2.3.2 & 12..2.3]

#1:1.4D

#2: 1.2D + 1.6L + 0.5S

#3: 1.2D + 1.6S + 0.8W

#4: 1.2D + 1.6W + L + 0.5S

#5: (1.240.2S45)D + pE + L + 0.2S )

#6:09D + 1.6W + 1.6H —» p [Design Category D, H/L<1 1.0

#7: (0.9 - 0.2S45)D + pE + 1.6H Sis=.163
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-2000 -

Figure #23: Interaction Diagram for

Shear Wall #2 & Wall #4

Pu =1,401.9 Kips

Mu= 9,806.8 Kip-ft

COMBO 50

Reinforcing: #8 @ 12” 0.C (Floor 1-2)
#5 @ 12" 0.C (floors 3-11)

Mx (k-ft)

(Prnin)

Figure #25 : Interaction Diagram for Shear wall # 1
Pu= 162.3 Kips

Mu= 2,035.7 Kip-Ft

COMBO 48

Reinforcing: #5 @ 12” 0.C

R b o
-14000 14000
Mx (k-f)

(Pmin)

-1000 -

Figure #24 : Interaction Diagram for Shear Wall #3
Pu= 264.57 Kips

Mu=7,144 Kip-ft

COMBO 48

Reinforcing: #5 @ 12” 0.C

Combo 48= 0.867D + 1.0 Quake X(-)Y eccentricity
Combo 50= 0.867D + 1.0 Quake Y(-) X eccentricity

All shear walls are adequate in flexure. Shear walls #1
and #3 reinforcing were consistent with the original
schedule (see appendix #4). Shear walls #2 and #4
were not and needed larger reinforcing for the first 2
stories.
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SHEAR CHECK

Controlling Factors : From code

(2) Curtain of Reinforcing needed when : V, = 2AVFc = 20.36 kips
Boundary Element needed when: Pu/Po < 0.30
Wall Thickness 2 1u/16 =7.5” < 12” OK

Wall #1

Combo 30:1.233 D + 1.0L + 0.2S + 1.0 Quake X (-) Y eccentricity

63.8 > 20.36 : Use 2 Curtains
Reinforcing: #4 @ 12" 0.C As= 0.20 * 2 curtains = 0.40 in2 > 0.36 in2 Required
Boundary Element : 0.0328 < 0.30 None Required

Wall #2&4:

Combo 48: 0.867D + 1.0 Quake X(-)Y eccentricity

272.48 >20.36 : Use 2 Curtains
Reinforcing: #5 @ 12” 0.C As; = 0.31 *2 curtains = 0.62 in2 = 0.62 in2 Required
Boundary Element: 0.79 < 0.30 None Required

Wall #3:
Combo 30:1.233 D + 1.0L + 0.2S + 1.0 Quake X (-) Y eccentricity
400.288 > 20.36 : Use 2 Curtains
Reinforcing: #4 @ 12” 0.C A; = 0.20 * 2 curtains = 0.40 in2 = 0.36 in2 Required
Boundary Element: 0.34 > 0.30 Required 4 ft each side

Flexural —
Reinforcing >4

Figure #26 : Typical Shear wall Detail
Shear Reinforcing—

Again shear walls #1 and #3 were consistent with the original reinforcing schedule (see appendix #4)
specified by the engineer. Shear walls #2 and #4 were not and required larger reinforcing. Bars were
increasing from #4 to #5. This was expected after flexural reinforcing was increased.
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Wall Reinforcing Summary
#5@ 12" 0.C
Wall #1:
L] J L L L] @ -] @ >
127 ’:-H-k-\'k"’;;-
L] L ] L ] @ @ L & @ B
~.
#4 @ 12" 0.C
Wall #28&4: #5@12"0.C
A
& L] L @ L] @ @ @ B
16" ‘
L ] L ] L ] @ @ L] L] L ]
LS
\— #8@ 12" 0.C (Story 1-2)
#5 @ 12” 0.C (Story 3-11)
#5@ 12" 0.C
Wall #3 :
L] L] L , L] @ -] @ >
12’
L] L ] L ] @ @ L & @
~

#4 @ 127 0.C

For full reinforcing detail and the existing reinforcing schedule see appendix #4
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DRIFT CHECK

An E-tabs serviceability model was created to check the displacement and story drift. PA affects
were taken into consideration during E-Tab’s analysis, with the non-iterative mass base method.
Seismic base shear controlled, therefore seismic displacement was examined. Story drift and
displacement values are taken from the E-Tabs output. To comply with ASCE7-03 story drift was
multiplied by an amplification factor (C4) and then divided by the importance factor (I.) before
comparing it to the story drift limit (Ap) specified in ASCE7-03 Table 12.12-1. In the charts below
story drift and 8. (story displacement) are taken from the E-Tabs output. §; is the amplified
displacement.

Story Drift Requirement = (8.-6.)Cd/lc <A

Wall #3 Wall #1 Quake X Direction
Story | Story Drift bei oi Drift oei oi Total Story Drift (6t) Ab |[6t<Ab
11 0.26 1.17 0.91 0.26 117 091 1.82 2.40 || OK
10 0.26 1.16 0.90 0.259 117 091 1.81 2.40 || OK
9 0.26 1.16 0.90 0.258 1.16  0.90 1.81 2.40 || OK
8 0.26 1.15 0.89 0.255 1.15  0.89 1.79 2.40 || OK
7 0.25 1.11 0.86 0.247 111 086 1.73 2.40 || OK
6 0.23 1.05 0.82 0.234 1.05 0.82 1.64 2.40 || OK
5 0.21 0.96 0.75 0.214 096 0.75 1.50 2.40 || OK
4 0.19 0.85 0.66 0.188 0.85 0.66 1.32 2.40 || OK
3 0.15 0.69 0.54 0.153 0.69 0.54 1.07 2.40 || OK
2 0.11 0.51 0.40 0.1137 051  0.40 0.80 2.40 || OK
1 0.07 0.32 0.25 0.0715 032 0.25 0.50 3.12 || OK
Symbol Key Wall #2&4 Quake Y Direction
_ Story Story Drift Sei i Total story Drift (6t) Ab || 6t<Ab
z‘fi = lElaSt‘C . 11 0.54 243 1.89 3.78 240 | NG
oD e e 10 0.53 239 1386 3.71 2.40 || NG
9 0.52 234 1.82 3.64 2.40 | NG
8= [Cadei/1] Amplified 8 0.51 230 1.79 3.57 240 || NG
displacement 7 0.48 216 1.68 3.36 2.40 NG
6 0.44 198 1.54 3.08 240 || NG |
Ap=0.020hg Allowable 5 0.43 1.94 151 3.01 240 | NG |
story drift 4 0.41 1.85 1.44 2.87 240 || NG
3 0.39 1.76 137 2.73 2.40 || OK
2 0.25 113  0.88 1.75 2.40 || OK
1 0.165 0.74 0.58 1.155 312 || oK

Both the X and Y direction met
displacement and drift requirement

Total Displacement: X =1.82 in OK

Y=3.78in NGJ

N

~
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Displacement Summary

Wall #1 : Deformed
shape under seismic
forces in the X
direction.

Wall Adequate

Wall #2 & 4 :
Deformed shape
under seismic forces
in the Y direction

Wall Inadequate

Wall #3 : Deformed
shape under seismic
forces in the X
direction

Wall Adequate

After examination of the lateral system it can be concluded that shear walls #2 and 4 are
inadequate and will need to be redesigned. Even after thickening these walls to 16” the walls were
unable to resist seismic displacement. This was partly expected after reinforcing was increased to
support flexure and shear in both walls. To correct this problem an increase in length or different
placements of the (2) walls will need to be examined further.
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BREADTH#1: CONSTRUCTABILITY

There are several constructability issues with the redesign of City Vista.

1. ERECTION: With pre-cast the erection of the structural system is much different from post
tension. Members are set in place with a crane. This process caused forces in the member
which can sometimes affect the design.

2. LEEDS: Pre-cast concrete allows for easier obtainment of a Leeds rating. An in-depth analysis
was not performed, although advantages are discussed showing that LEEDS certification is
more feasible with a pre-cast building.

3. COST: A Cost analysis was done to compare the gravity system cost of the PT and pre-cast
system.

4. SCHEDULING: A simple schedule was also assembled to show potential time savings the
precast system could provide.

ERECTION

Currently a saddle jib tower
crane is being used at City Vista.
After examining the cut sheets it
is sufficient for erection of the
pre-cast members.

Concerns:

Design of pre-cast members is influenced by storage and stripping, the number of pick points and
location of the crane. All these variables create forces in the member need to be considered during
design. For example the figure below shows a two point pick using a spreader beam.

Predominantly line lifts will be used to assemble City Vista since all components have long spans
and thin depths. As a result the inclined lines created by the two pick point creates a moment due to
pA affects. Eccentric moments created by picks not at the center of the member are also an issue. As
a safe practice a minimum safety factor of 1.2 is applied to all pre-cast products, this factor
accounts for stripping and dynamic forces.
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Here is an example of the forces
that can be seen during erection of
the gravity system.

As shown in the figure a moment is
seen in the component from lifting.
For example a 291T24 beam, self
weight : 500plf, length: 26ft.

Mxmax = 49 in-klpS
Mymax = 46.73 ln-kipS

Although these moments are
insignificant when compared to
the flexural moments, although it
could be a concern

Smooth erection at City Vista: Building 2 superstructure is erected before Building 1, as aresult a
lay down area is available (see diagram below). Currently the crane is located between the two
buildings on the pedestrian bridge footings which double as crane footing.

.........
.......
. ‘e
o .,

Potential lay

down area for
pre-cast pieces

(
\

S I }
B

Location for Building 1, Construction begins I—\J,, —r e T

/

s

after Building 2 structure is assembled Existing building

'

\_\—,_,_/—‘_; T ~
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LEED POTENTIAL

LEEDS ASSESMENT

Sustainability is the development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.

Pre-Cast concrete is a sustainable practice because it uses:

1. Integrated design

2. Materials efficiency

3. Reduces waste, site disturbance, and noise

Integrated design, when you examine a building as a whole not as individual parts. By doing this
you can concentrate on energy efficiency, durability, environmental impacts, and cost.

Material efficiency is the combination of reducing energy and emissions created by building
materials.

Reductions, is reducing the amount of material and toxic waste created when buildings are built.

WHY?

Operation Cost: $0.60-1.50 sqft vs. $1.80 sqft of conventional buildings.

Lower energy cost translates into smaller cooling equipment = lower first cost for equipment.
Green design first cost ranges from 0-2% more than conventional buildings.

This 2% increase = 10 times the initial cost in operation cost.

HOW?

e Material savings when precast panels are used for interior walls. This eliminates the need for
drywall and additional framing.

e Eliminate duct work when hollow core planks voids are used as ducts.

e Concrete is a durable material therefore reducing maintenance.

LEED RATING AT CITY VISTA:

As discussed above a pre-cast building can obtain 23 /26 points required for green certification, but
exactly how is this accomplished by simply changing the method of concrete casting from onsite
post tension to offsite pre-tension.

o Material Recourses: Precast components can be reused when building is renovated or
demolished, reducing air and land pollution caused by demolition. Corrosion resistance which
in return means less maintenance. This is because precast is made under ideal circumstances
so things like steel cover are carefully monitored.

e Sustainable site: The heat island effect is minimized by concrete because pre-cast concrete
provides a reflective surface.

e Production: Pre-cast plants create little waste. About 2.5% of the volume used in production
is disposed of, and 95% of the water used is reused for other process. Steel formworks are also
reused over and over again.

e Recycled Content: Concrete is a recycled material, and reinforcing bars are 90% recycled
material. 95% of the waste water and steel formworks are reused
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e Energy: Hollow core plank voids can be used as a passive solar system. This can be done by
using the voids themselves as ducts changing the planks thermal mass. Energy reduction
during production can be accomplished through the use of slag cement or silica fume. These
items would be waste if not utilized in concrete products.

e Local Materials: Most suppliers are within 200 miles of the site.

e Reuse: Atthe end of the useful life of the building pre-cast pieces can be unassembled and

reused.

LEEDS SUMMARY

Sustainable Site

Site Development, restore habitat

Site Development, maximize open space
Heat island effect

Energy and Atmosphere
Prerequisite: Minimum Energy Performance

Optimize Energy Performance

Material and Resources

Reuse, maintain 75% existing shell

Reuse, maintain 25% existing shell

Construction waste management divert 50% by wt.
or vol.

Construction waste management divert 75% by wt.
or vol.

Recycled Content (10% of material on project,
based on cost)

Recycled Content (20% of material on project based
on cost)

Local/Regional material (minimum of 10%, based
on cost)

Local/Regional material (minimum of 20%, based
on cost)

Indoor Environmental Quality

Construction Indoor air quality , during
construction

1 Innovation and Design Process
High volume supplementary cementious

1 materials 1
Apply for other credits demonstrating

1 performance 1
Apply for other credits demonstrating
performance 1
Apply for other credits demonstrating
performance 1

1-

10 LEED accredited professional 1

| TOTAL 23

1

1 Figure 27 #: LEED ChecKklist for pre-cast building, courtesy of
www.PCl.org

1

1

1

1

1

1

1
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COST ANALYSIS:

Pre-Cast Gravity System Cost Analysis:

E 3153131215 33 33 Pre-Cast System : a typical floor
AEERE E R
335 E:ilA385a Materials: $583,934.00

Installation: $ 169,412.00

TOTAL : $753,347.00 / FLOOR

Tadnl MkFE

Analysis was done using the program cost works by
RSMeans. Values were drawn from Commercial/
New construction cost book released in 2008. A
stand union labor was assumed and no mark ups
were included.

MR
En AT H

Mut. Hadwrinl  Fed. Dnaisllsbize Fedended
MR
38 B0 AR B S ERR L 5
& LA AT & e AT AN \.T"-'l_.'l-‘li.ﬂ‘

gl% % ;
M BH
0 £E|i|B:E
‘s EIE £
P EL Y EL K
T EEHE
bk T ¥ Total Cost :
' [$753,347 * 6] + [$647,372*5] =
** The two different floor prices take into consideration the double
i 1 E height columns **

Approx. TOTAL=$ 7,756,942.00

dApprmkdy Humber
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Post Tension Gravity System cost Analysis:

PT. System : a typical floor

Laltsr Typec

A Materials: $18,120.00
Installation: $ 286,465.00

TOTAL : $604,584.00 / FLOOR

refended Trksd
AP
S 5. 150,425.80

Analysis was done using the program cost works by RSMeans.
Values were drawn from Commercial/ New construction cost
book released in 2008. A stand union labor was assumed and no
mark ups were included.

[EL
$ 3,151,112.00

Approx. TOTAL =$ 5,150,425.00

(AP

Mut. Maferiml | Fet. Testadistinn

£ 0,79, LT

Unit

Cetoriigsllun

;4 The post tension system cost considerably less. This is due to the
additional beams needed to support the hollow planks. The post
tensioned slab and planks with topping price is competitive with one
another. The same can be said when comparing the pre-cast and cast

: in place conventionally reinforced columns. Economically a post

tensioned flat plate building is considerably cheaper.

HAzsembly Hesmbor

Juanlily
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Pre-Cast System:
Typical erection of pre-cast is 400m?2 /week of pre-cast=62,000 in2 /week

Typical Floor:

Member Quantity Total Area
Column #1 [20x20] 24 66.69 in2
Column #2 [16x16] 10 17.68 in2
Column #3 [24x24] 23 92 in?
L-Beams 31 9424 in?
T-Beams 34 16 320 inZ2
R-Beams 9 1728 in2
Planks 200 50,600 in2
TOTAL 78,249 in2

A two floor schedule was done in Microsoft project to reflect this erection pace, while taking into
consideration the double floor column height. This analysis shows erection pace of 2 floor in 9

Days.
Tazk Mame Duration Start Finizh Predecessor P9, 06 Apr 16, '08 Apr 23, '08 Apr 30, '08
WAT W TIFIS|SMTW T|F|S|SM[TW|T|FIS|S|M|TW|T|F|S
= Structural System 10,25 days ? Fri 42106 Fri 5/506 7 -
=l Floor 1 4.5 days Fri 421706 Thu 42706 —
Columns 0.25 days Fri 4/21108 Fri 472106
L-Beams 0.75 days Fri 421108 Fri 4/2106 3
R-Beams 0.25 darys . don 42406 Mon 42406 3
T-Beams 1 day Mon 42406 Tue 472506 5
Halloewy Core Planl 2davs Tue 42006 Thu 42706 &
Topping 025 days Thu 42706 Thu 42706 7 1
=| Floor 2 4.25 days?  Mon 5106 Fri 5/5/06 [
L-Beams 0.5 days? fdan 50106 bdan 54106 (9]
R-Beams 0.25 days fdan 56106 bdan 541106 "
T-Beams 1 dayy Tue 55208 Tue SL206
Hallavy Care Planl 2days  Wed 306 Thu 2406 12 9&&
Topping 0.25 days Fri Sr5m6 Fri S/5m6 13

Pre-Cast erection saves about 5.5 days in the schedule. Not a significant difference when

considering the higher cost of the system.
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Post Tension System: Courtesy of Davis Construction
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Activity ‘ Activity Orig | Rem Early Early Total
D Description Dur Dur Start Finish Fleat
Building 2
Concrete Siructure
Level 1
02010010 |Bidg 2 - Sitework/ Foundations & SOG 80’ &0'] 29DECOS | 20APROG 0
02010020 [Install Test Piles 5 5| 29DECOS | 05JANDS 0
02010022 [install Test Probes, Test reports & Mobilize 14| 14| o6uan0s | 250ANDB 0
02010024  |Install Tower Crane Foundation 8 8| O09FEBOG 20FEBOG 36
02010028 |Eroct Tower Crane 2 2| 21FEB06 | 22FEBOB 36
02010030 |Start Auger Gast Piles - Bldg 2 0 0| 26JANO0G 0
02010035 [Install Auger Cast Piles 20] 20| 2ean06 | 22FEBOS 0
02010040 |Start Concrete Foundations - Bldg 2 0 0| 23FEBDG 0
02010045 |F,R&P Pile Caps & Grade Beams 25| 25| 23FEBO6 | 29MAR0S 0
02010050 |Selective Demo/Cut Site 25| 25| 24FEBO6 | 30MAROS 0
02010065 |Foundations / Slab on Grade - Bidg 2 41" 41| 29FEBOG | 20APRO6 0
02010060 |F,R&P Foundation Walls & Cols 25] 25| oamaros | 06APRODS 0
02010070 _|Backfill Foundation 10] 10| 10maRDE | 0BAPRDS 0
02010080 |Rough-in Underground Plumbing 10] 10| 10maRrDE | 06APROS 0
02010085 [Inspect Undarground Plumbing 5 5| o7APROE | 13APROS 0
02010090 |Rough-in Underground Electric 10] 10| 10MARDE | 0BAPRDS 0
02010095 |Inspect Unde rground Electric 5 5| O7TAPRODG | 13APRDG 0
02010100 |Prop & Pour Slab-on-Grade 5 5| 14aPROE | 20APROS 0
02010110 |Slab-on-Grade Complete - Bidg 2 0 0 20APR0B 0
Level 2
02020090 |Startt Concrete Structure - Bldg 2 0 0| 21APROG 0
02020095 |Concrate Structure (1st - Roof) - Bldg 2 60*| 60| 21apRoE | 17JUL0B 0
02020100 |F,R&P Slabs, Walls & Cols - 2nd 7 7| 21aPROE | O1MAYDS /ﬁ
Level 3
| 02030100 |F,R&P Siabs, Walls & Gols - 3rd 5| 5| oamavos | oswavos [/ o
Level 4
| 02040100 |F,R&P Slabs, Walls & Cols - 4th 5| 5| osmavos | 15mavos 0
| 02050100 |FR&P Slabs, Walls & Cols - 5th 5| 5| iemavos | 2amavos 3
Level 6
| 02060100 |FR&P Slabs, Walls & Cols - éth 5| 5| 23amavos | somavos 5
Lavel 7
| 02070100 |F.R&P Slabs, Walls & Cols - Tth 5| 5| simavos | osJunoe 8
Level 8
| 02080100 |F.R&P Slabs, Walls & Cals - &th 5| 5] 07JUNDE | 13JUMDE E
Level 9
| 02090100 |FR&P Slabs, Walls & Cols - 9th 5| 5| 14uunos | 200unoe 15
Level 10
| 02100100 |F RSP Siabs, Walls & Cols - 10th 5| 5| 21un0e | z7aunoe 16
Level 11
| 02110100 |FR&P Slabs, Walls & Cols - 11th 5| 5| 2siunos | osJuwoe 16
Roof
02RF0100 |F,R&P Slabs, Walls & Cols - Main/PH Roof 8 8| osuLoe | 17JULDE 16
02RF0195 |Conerete Top-Out - Bldg 2 0 0 17JULDG 16
02RF0198 |Dismantle Tower Crane 1 (NE) 0 0 05APRO7 0

On average
the current
structure is
assembled at
arateof 1
floor per
week
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BREADTH #2: ARCHITECTURAL ALTERATIONS

The hardest part about coordinating the existing architecture plans and the new column grid was
the acquiring of the cad files. The cad files were not acquired until very late in the design process as
a result there were small discrepancies between the plan created by hand in cad for analysis and
the actual CAD files. The column grid was overlaid on a typical floor then 3 problem areas were
chosen and architectural alterations were made. A section is also included showing the altered floor
to ceiling height and ceiling appearance with the addition of T-Beams.

I
s
|
|
|
I
I
T
I
L
1
T
I
A
1i

Toen

._I
n'

¥ — e e——] |
ARE : :

]

LI E]
" |___
AREA 1 i S Sl

Existing Plan

|LB15 Area 1 is a one bedroom/den combo layout
is shown on the left with the new column
grid in blue. It is evident that a 16” x16”
column circled in blue, location is
unacceptable. The column creates a tight
an unusable space between it and the
neighboring walls. Alterations were
necessary to maximize the rentable space,
ILB16 and correct the flow issue created by the

WF AT ] column.

Master Bedroom

B9 x0°6 136" kNG

TB29

C45

20747 127

J Llmrg Liwing/Daning
Rl L 1

e -k SQFT approx= 780 sqft

Photo courtesy of Lowes developers
www.cityvisatdc.com. [Figure N.T.S]
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Er ________ S o7 Area 1 Alterations
' KITCHEN : The floor plan was essentially
i LIVING/DINNING mirrored to accommodate the
_?:—:' ! column. Column C44 is now located
| ) ==t within the wall between the kitchen
- A and master bedroom. All spaces were
L HvaC kept to their original dimensions as
---------- = shown above.
B wD .
' Fig # : New proposed floor plan for apt units
MASTER WALK . DEN 112,212,312,412,512,612,712,812,912,
BEDROOM IN BATHROOM 1012,and 1112. [Figure N.T S]
CLOSET
AREA 2

-

Kityhen
.9 9k 8
— —

Conraguter
Mook

f z*
| =

Living/Diming
154"« 1576

LB10

Master Bedroom
WET 12N

C26

Existing Plan

Area 2 is part of a one bedroom condo,
layout is shown on the left with the new
column grid in blue. (2) Columns are in
critical locations and the floor plan needs
alterations.

SQFT approx= 650 sqft

Photo courtesy of Lowes developers
www.cityvisatdc.com [Figure N.T S]
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i
EE Area 2 Alterations
I T
= ﬂ SATH Unlike area 1 area 2 has (2) obstructions, as a
KITCHEN E j result it was difficult to redesign the space to
L Ei optimize both the window space and the
] % rentable space. A decision had to be made
] \ ™ i between a smaller closet, or eliminating the
" awkward cubby between column C25 and the
< wall. Closet space is a definite plus for renters,
' so closet space was not reduced. It was
LIVING / DINING decided the “cubby” space could be used as
MASTER bookshelf or bench area.
EEDROOM
ﬁ E Fig # : New proposed floor plan for apt units 102, 202,
g E 302,402,502, 602,702,802,902,1002, and 1102.
H ? [Figure N.T S]
| | 1 T 1
AREA 3
C3
LB2 LB3

Existing Plan

Area 3 is a two bedroom condo, layout
is shown on the left with the new
column grid in blue.

Master Badroom
W e 13780

Badroom n W 38

SQFT approx.= 1000 sqft

Photo courtesy of Lowes developers
www.cityvisatdc.com [Figure N.T S]
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Area 3 Alterations

Area three was the most difficult area to alter
to accommodate the new column grid.
Columns run down the center of the main
living space. Column C3 is blocking the edge of
glass curtain walls reducing its span from
9’-9” to 8’ -9”.

Fig # : New proposed floor plan for apt units 104, 204,
304, 404, 504, 604, 704, 804, 904, 1004, and 1104
[Figure N.T S]

Currently City Vista uses varying ceiling height to add volume and create a separation between
spaces in the condos as seen in figure #28. The underside of the slab in the new design is a grid of

exposed pre-cast beams. This grid could be
used to further develop the volume or other
architectural interest in the ceiling, or a
finished ceiling could be built under the
beams. In general there is one grid line of
beams running though each condo.

Floor to ceiling height was changed
to accommodate the new system. A new
north/south section is shown in figure #29.
This section can be compared with figure #4
on page 6.

Figure #28 : Typical condo in City Vista Building 2 courtesy of The
Lower enterprise www.cityvistadc.com
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17’-10”

PENTHOUSE

1.5 ROOF F.O0R
EL 1685
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EL.13BS

See Figure #15 on page 24 for and enlarges

floor section

TS EGHTHFLOOR | _ | _ _ .=
EL12LS _

113’- 6” : Overall building height / 131’-4” with pent house
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Figure #29 : New floor to ceiling heights
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CONCLUSION

After closely examining the pre-cast gravity system I would not suggest it for this
application. If it was incorporated during preliminary design I feel it would have better success,
although still a PT system is more efficient and economic for an open plan condominium building
with a height restriction.

Column Grid:

In the D.C. market the height restriction and overwhelming demand for rentable space
control the design. The PT system provides a less restrictive column grid. The irregularity in
column placement the post tension system allows is very conducive to architectural plans where
column placement cannot govern. The pre-cast system does provide considerably smaller columns,
but the requirement for a rectangular bay is an architectural issue no matter how it is laid out. Both
systems use conventionally reinforced columns. The P.T column grid consists of (52) 28"x15” cast
in place columns, mostly irregularly shaped bays are used. Typically bay sizes are in the range of
20ft x 22 ft. The pre-cast grid uses strict rectangular bays arranged to reduce the eccentric moment
created by the hanger connection, (57) columns are needed decreasing in size every 4 floors.

Floor System:

The 7 %2” flat plate is about as efficient as they come for achieving small floor to ceiling
height. The pre-cast system does provide more convenient for electrical and mechanical system
because the hollow cores in the planks can double as conduits. The post tension system restricts
the other trades because conduits, rebar, and tendons must fit inside the 7 %2” slab.

During redesign member, spans, and connection types were chosen to minimize the story
height, although in the end an additional 8” was added to each story increasing the overall building
height to 130’-6” at sections when the penthouse is considered. This is 6” over the height
restriction in Washington D.C. The mechanical penthouse hasa 17°-10” floor to ceiling height. In
my analysis the possibility of decreasing this height was not considered, although it could be a
possibility and the max building height could be obtained.

Building Weight:

The building weight did increase by approximately 3000 kips. The diaphragm (hollow core
planks and 2” topping, weight = 73.75PSF) was lighter than the 93.75 PSF post tension slab
although with the addition of T, R and L-beam each floor gained about 275 kips of additional dead
weight. The composite topping contributed 25 PSF of the 73.75 PSF dead load. A 34” leveling
topping could have been used reducing the dead weight, but it was not because the composite
topping presented more benefits to the overall serviceability of City Vista. The 2” topping benefits
include: fireproofing, load distribution, diaphragm reinforcing and seismic capabilities. The
additional mass did in return affect the story shear and displacement of the building.
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Lateral System:

The lateral system was inadequate to support the building in the event of an earthquake.
This was unsuspected due to the small height and weight increase in the building. Shear walls 2&4
used to resist lateral forces in the Y direction were significantly inadequate. The displacement was
well above the minimum and walls were heavily reinforced compared to the walls used to resist
forces in the X direction. Further investigation of this problem is needed before a decision can be
made to either relocate or increase wall length. This is outside the scope of my thesis although it
needs to be resolved before a final decision could be made by the developer to use a pre-cast
system.

A possible explanation for the failure of shear walls 2 and 4 could be the modeling method
in E-Tabs. The gravity system was assumed to take minimum of none of lateral forces. This may not
have been the original assumption when the walls were originally designed. Another may be the
simplification made to the model during analysis. Instead of drawing the entire gravity system in E-
Tabs weightless floor diaphragms were modeled and then assigned a uniform mass to account for
the planks, beams, and columns.

Constructability:

Both systems present constructability issues. A post tensioned system is dependent on
weather during pours. Many admixtures and construction procedures have been created to combat
this, although it is a concern. Pre-cast is not weather depend, although it requires a more intensive
pre-design process. Considerable lead time is needed for the manufacturing and designing of the
pre-cast members by the manufacturer. This limits last minute architectural and structural design
changed.

Transportation of pre-cast members is crucial to erection. Laws and traffic in Washington
D.C. restrict transportation of members. Shipping is restricted to Monday after noon to Friday
before noon. During these times traffic patterns in down town D.C. are still an issue. In some
instances pre-cast requires special permits for oversize loads or roadways to be closed to
accommodate wide members. During design this was considered and no member in the new gravity
system requires a permit.

Post tension system present shortening and cable integrity issues during erection and
curing of the structure. Cables have the capability of rupturing during tensioning and blowing out
entire bays. During curing the concrete tends to shrink creating tension cracks around the
perimeter of the floor plates. Pre-cast is cured in a warehouse before transportation to site,
therefore shrinking is not as big of a concern during curing.

If erection of the pre-cast system is not done correctly structural integrity could be in
jeopardy. Connections between members must be executed to resisted lateral forces and distribute
load correctly. The composite topping makes this procedure easier by creating a monolithic slab.
Hangers connection are a concern due to high probability of manufacturing mistakes.
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Cost:

The post tension gravity system cost considerably less than the pre-cast. Like building
weight this is a result of the beams needed to support the planks. The post tensioned slab and
planks with topping prices are competitive with each other. The same with the pre-cast and cast in
place conventionally reinforced columns. If a strictly economical approach is taken the post
tensioned system is about 2 million dollars cheaper when materials and installation was
considered.

Pre-Cast System: $ 7,756,942.00
Post Tension System: $ 5,150,425.00
Architecturally:

Architects Tortis Gallas uses an open plan for condos at City Vista. This system requires long
clear spans so kitchen/ living room/ dining areas are not obstructed by columns. As seen in the
architectural portion of the report, several floor plans are redesigned to accommodate for the new
column grid, although even with alterations the rectangular grid is inadequate to support the open
plan condos. The T-Beams does present architectural interest but may not be what the architect
had in mind during design.

Recommendation:

As aresult a pre-cast system would have been more successful if incorporated during
preliminary design. Condos could still use an open plan if designed around rectangular bays.
Although, it is very difficult to incorporate rectangular bays after a design for irregular bays is in
place. To accommodate the current plan beam sizes would need to be increased resulting in larger
member, a heavier building, and larger floor to ceiling heights.
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REFERENCES:

Pre-Cast Design:
e PCI 6t edition

e Hollow core handbook :
http://www.pci.org/view file.cfm?file=MNL-126-981.PDF

e Nitterhouse Pre-cast products.
http://Nitterhouse.com

Leeds:

e PCI Sustainability article:
http://www.pci.org/publications/designers _notebook/dn view.cfm?ascent id=47

e U.S Green Building Council:
http://www.usgbc.org/DisplayPage.aspx?CategorylD=19

Cost:

e RS-Means Cost Works:
http://www.rsmeans.com/




Appendix #1
SESMIC AND WIND CALCULATIONS

REVEISED BUILDING

Seismic Calculations 2
Seismic Diagrams 3
Wind Calculations 4

Wind Diagrams 5-6



Latitude / Longitude :

RESULTS FROM SOFTWARE :
Ss=0.153
S1=0.05
Fa=1.6 (Table 11.4-1)
Fv=_2.4 (Table 11.4-2)
Sm, = FaS; = 0.2448g
Sm;=FvS:1=0.12g

Seismic (asec7-05 : chapter 11-12)

Site Classification : D

Design Category: B

Occupancy Category: 11

Building Height : 128’-0”

Seismic Use Group: Group Importance Factor: 1.0

Table 12.8-1 Cy= 1.7 [Sp1 <0.1] SDs =0.163g
Table 12.8-2; Cr=0.02 x=0.75 SD1=0.08g
Ta= CHnx = (0.02)(113)275 = 0.69
T : Fundamental Period of Structure = C, T, = (1.7)(0.69) = 1.17
Tw. = [Fig 22-15] Long-Period transition period = 8 Sec
Table 12.2-1: Ordinary plain concrete shear walls R=5.0
0=25
CD = 45
Sps/(R/1) =(0.163)/(5/1) = 0.0326
Cs=y Sp1i/T(R/I)=(0.08)/(1.17(5/1)) =.0.013
SpaTL/(T2(R/1)) = (1.292*8)/(1.2922(5/1)) = 1.24
Building Weight
(W) = DEAD LOAD + 20% SNOW LOAD + ROOFTOP UNITS+20PSF PARTITION
Building Weight Summary
Beams Shear Columns Walls
Floors Plank (psf) Partitions | 2" Topping (psf) Area Total (Kips) (Kips) (Kips) (Kips) (Kips)
1 48.75 20 25 15405 1444 566.82 92.76 225 101
2 48.75 20 25 15405 1444 566.82 92.48 215.4 193
3 48.75 20 25 15405 1444 566.82 92.48 215.4 184
4 48.75 20 25 15405 1444 566.82 92.48 215.4 184
5 48.75 20 25 15405 1444 566.82 92.48 215.4 184
6 48.75 20 25 15405 1444 566.82 92.48 215.4 184
7 48.75 20 25 15405 1444 566.82 92.48 215.4 184
8 48.75 20 25 15405 1444 566.82 92.48 215.4 184
9 48.75 20 25 15405 1444 566.82 92.48 215.4 184
10 48.75 20 25 15405 1444 566.82 92.48 215.4 184
11 48.75 20 25 15405 1444 566.82 92.48 215.4 92
Pent 78.75 20 25 1738 215 41.82 92.48 25.6 337.7
TOTAL 16101 6276.84 1017.6 2404.4 2195.7
Additional Weight:

Rooftop Units = 8 Kips

Snow =102.8 Kips

TOTAL BUILDING WEIGHT = 28,076 Kips

Base Shear: V= C;W = 0.0326*28,076 = 915.27 Kips

Overturning Moment = 73,601.43 Kip-Ft




Seismic Loading

=11 | Level | W, Hy W,H' Cux (k) F (kips) | Vx (kips) Mx (Kip-Ft)
11 12 2321 113.46 422670.75 0.17 155.39 155.39 17630.10
10 11 | 2321 | 103.46 381878.20 | 0.15| 14039 | 295.78 14524.70
9 10 | 2321 | 93.46 341478.60 | 014 | 12554 | 421.32 11732.73
8 9 2321 83.46 301509.75 0.12 110.84 532.16 9251.02
7 8 | 2321 | 7346 262018.02 | 0.11 9633 | 628.49 7076.07
6 7 2321 63.47 223100.47 0.09 82.02 710.50 5205.70
5 6 | 2321 | 5347 184755.06 |  0.07 67.92 | 778.43 3631.75
4 5 2321 43.47 147124.07 0.06 54.09 832.51 2351.17
3 4 2321 33.48 110392.39 0.04 40.58 873.10 1358.73
2 3 | 2321 | 2348 74721.06 |  0.03 27.47 | 900.57 644.99
1 2 2248 13.47 39273.60 0.02 14.44 915.00 194.48
Overturning Moment 73601.43 Kip-Ft
Base Shear 915.00 Kips
15539 KIPS
i - FLOOR 1]
140.39 KIPS OOR
. . FLOOR 10
195 54 KIPS OOR 10
110.84 KIPS FLOOR 9
. q
96.33 KIPS FLOOR §
2202 KIPS FLOOR 7
67.92 KIPS FLOOR 6
54.00 KIPS FLOOR 5
e FLOOR 4
40,58 KIPS OOR
o7 47 KIPS FLOOR 3
A 3
14.44 KIPS FLOOR 2
FLOOR |
315 KIPS




Wind: (asce7-05: chapter6)

General Info:

Rigid Building T= 0.76 Sec < 1 Sec
Exposure Category = B

Enclosure Category = Enclosed Building
Basic Wind Speed: V = 90 mph
Importance Factor:1=1.0

Mean Roof Height = 128’-0”

Calculations:
K,: Table 6-3
Kzt . 10

p=9qGCp-qi(GCpi)

Kq: Table 6-4 / Building Main wind force resisting System = 0.85

G=0.925 (1+1.7gl.Q)/(1+1.7*gl,) {

Iz = ¢(33/2) /6 = 0.3(33/76.8)1/6 = 0.38
7= 0.6h = 76.8ft

N-S =0.854

W-E =0.867

[Table 6-2] Zmin= 30 L.=¢/(z/33):=320/(76.8/33)33=423.9
c=0.30 g= 3.4
e=1/3 g, =3.45
£=320
Q =( W-E=0.909
N-S =0.888

Cpi: FIG6-5=+/-0.18

Cp: FIG 6.6 —» W-E: LEEWARD =-0.5 (L/B=.616)
WINDWARD= 0.8
N-S: LEEWARD =-0.3 (L/B=1.6)
WINDWARD = 0.8

GC, = +/-0.18

East/West Cr Windwara = 0.80
Cp Leeward = -0.50
Crsige=-0.70

North/South  Cp windwars= 0.80
Cp Leeward = -0.30
Crsige=-0.70

Roof:

EaSt/WESt CP Windward = O'h/z 9 -1.3
Cp windward = >h/2 ->-0.7

NOFth/WESt CP Windward = O'h/2 9 -1.3
Cp Windward = >h/2 - -0.7




Wind From W-E

Windward Leeward . .
TOTAL Area (ft%) P (kips) Shear Moment
h P h p
0-15 | 15.73 | 0-15 | -17.29 33.02 2700 89.154 829.52 0.00
20 16.7 20 -17.29 33.99 900 30.591 740.37 611.82
25 | 1749 | 25 -17.29 34.78 900 31.302 709.78 782.55
30 18.27 30 -17.29 35.56 900 32.004 678.47 960.12
40 | 19.44 | 40 -17.29 36.73 1800 66.114 646.47 2644.56
50 | 20.42 | 50 -17.29 37.71 1800 67.878 580.36 3393.90
60 21.2 60 -17.29 38.49 1800 69.282 512.48 4156.92
70 | 2199 | 70 -17.29 39.28 1800 70.704 443.20 4949.28
80 22.77 80 -17.29 40.06 1800 72.108 372.49 5768.64
90 | 23.35 | 90 -17.29 40.64 1800 73.152 300.38 6583.68
100 | 23.94 | 100 -17.29 41.23 1800 74.214 226.17 7421.40
116 | 24.92 | 120 | -17.29 42.21 3600 151.956 151.96 18234.72
Base Shear= 830 Kips
Moment= 55507.59 FtKips
Wind From N-S
Windward Leeward TOTAL Area (ft?) P(Kips) Shear Moment
h P h p
0-15 | 15.49 | 0-15 | -12.02 27.51 1665 45.80415 436.4853 0
20 | 1645 | 20 | -12.02 28.47 555 15.80085 390.6812 316.017
25 17.22 25 -12.02 29.24 555 16.2282 374.8803 405.705
30 18 30 | -12.02 30.02 555 16.6611 358.6521 499.833
40 19.15 40 -12.02 31.17 1110 34.5987 341.991 1383.948
50 | 20.11 | 50 | -12.02 32.13 1110 35.6643 307.3923 1783.215
60 20.89 60 -12.02 32.91 1110 36.5301 271.728 2191.806
70 21.66 70 -12.02 33.68 1110 37.3848 235.1979 2616.936
80 | 2243 | 80 | -12.02 34.45 1110 38.2395 197.8131 3059.16
90 23 90 | -12.02 35.02 1110 38.8722 159.5736 3498.498
100 | 23.58 | 100 | -12.02 35.6 1110 39.516 120.7014 3951.6
120 | 24.55 | 120 | -12.02 36.57 2220 81.1854 81.1854 9742.248
Base Shear = 437 Kips
Moment= 29448.97 Ft-Kips
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GRAVITY SYSTEM
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Prestressed Concrete
6"x4'-0" Hollow Core Plank

2 Hour Flre Reslstance Rating With 2" Tepplng

PHYSICAL PROPERTIES
Composlle Sactlon

A=253 07 Precasl 8.=370 |
l.= 1519 In! Topplng S« =551 In’
Yoo = 410 In, Precast S, =799 |n?
.= 18901In, Wt= 185 PLF
Wit= 48,75 PSF
DESIGN DATA i}
1, Precast Strength @ 28 days = 6000 PS| ST S LA T AL DT A .
2. Pracast Strength @ release = 3500 P3I, y a8
3, Precast Denslty = 150 PCF L . + -
4, Strand = 1/2°8 270K Lo~Relaxatlon, I - — ]
5, Strand Helght = 1,75 In, =7l [ N N N N R 1
&, Ultimate moment capaclty (when fully developed)... . .
4-12°3, 270K = 67.5 keft L= |—-_'=’—-| -
T=1027E, 270K = 104,2 k-ft A0 A0
7. Maxlmum bottomn tens|le stress |s 7.5 JE= 580 Ps| | |
B, Al supardmposed load |5 treated as [lve load |n the strength analysls of flexure and shear,
8, Flaxural strength capaclty |s based on stress/straln strand relatlonshlps,
10, Deflectlon limlts were not consldered when determinlng allowable loads In this table,
11, Topplng Strength & 28 days = 3000 PS|, Topplng Welght = 25 PSF,

12,

13,

14

15
16,

Thess tables are based upan the topplng having & unlform 2 thicknass over the entlre soan, A lesser
tnlckness might oocur IF camber |5 not taken Into account durlng deslgn, thus reduclng the load capaclty,
Load values to the |eft of the solld line are controlled by ullmate shear strangth,

. Load valuas io the right are confrolled by ultlmate flexural strength or fire endurance mits,

Load values may be different for IBC 2000 & ACI 318-83, Load tables are avallable upon request,
Camber I3 Inherent In all presiressed hollow core slabs and |3 a functlon of the amount of eccentric
prastressing force neaded to carry the superlmposad deslgn [nads along with a number of other
varlables, Because pradictlon of camber |s bassd on emplrical formulas |t s &t best an estimate, with
the actual camber usually higher than calculated values,

SAFE SUPERIMFOSED SERVICE LOADS [BC 2003 & AC| 318-02 (12D +181L)
Strand SPAN (FEET)
Pattern 11|12 13|14 | 18] 18] 17| 18] 19| 20|21 | 22|23 |24 | 25 [ 28| 27| 28 | 20
=107 [ LOWAD (EESF) 23T (187 | 380 (306 [#8E]| 320|194 | 16| 141 120|102 | 83 | 73 | 61 | 50
T =15 |LOAD (FEF) 3BT (305|485 (4535 (18| FATR4A0| 2| 275 | 243 | 215 (1B (167 147 (130 (14| 97 | B3 | 7O

ﬁ E TWJEQH@Eﬁ E This table k for mple spars ard unlform loads. Deslan date

far ary of Tass spandaad condlikng | avalsble or reguesl,

CONCRETE FEODUCT: Indhsldual daslgns may oe furlshad to satlsty unusaal conaltlans

aof heavy loads, concenaled |oads, canllevers, farge ar stem
openings and narroay widths, The alowable lcads shown In s
2655 Mally Plicher Hay, South, Box M table reflect & F Rour & O Minats e reslslance radng

Chambersburg, PA 172010813
TIT-267-4505 Fax T17-267-4518 R 6F2.0T




HOLLOW CORE CHECKS:

Pre-cast F'e=6000psi E.=33(145)15V6000 =4463ksi (11.2.2)
F'i=3500psi Eq=33(145)15v/3500=3408ksi
EC =4463ksi Fse= 170Kksi

Topping F’.=5000psi
Ec=4074 Kksi

Service loads : Fu=7.5Vf. = 580psi

Fei= 0.6(f¢) = 3600 psi
Allowable @ transfer: Fi=3Vfq=+180psi
F.=0.6f¢ =-2160psi

Corridor Design Check Plank by Nitterhouse: www.nitterhouse.com
Span =16.33’ -6"x4’ Hollowcore plank 2 hour rating w/ 2”
Length =17’ topping
Slab Thickness: 6” plank + 2” topping = 8” A.=253in2
LOADING: [=1519 in*
Topping W=25PSF Thc=4.10 in
LL=100PSF Yi=1.90in
Super=20PSF Dp=6"
Span-Depth:17/.667 =25.5<40 OK Wt=48.75 psf
St=799 in3
1. Preliminary Design Loads : Sg =307in3

W=1.2(20 )+1.6(100)= 184psf
6" Slab+ 2” Topping and 7-1/2"@ strands

Capacity = 189 psf
M Capacity = 104.2 k-ft

2.Transfer Stresses: 7-1/2” @ 270ksi low relaxation strands

Agp=7(0.153)= 1.071in?

e=2.25"

L=17"

Wu=1.2*(48.75+25)*4ft=354 plf

Mp= (295)(172)/8=10.6 ft-kips > 127 in-kips
P0=0.6ApsFpu = (1.071)(270)(0.60) = 173.5 Kips
Pi= 0.153*270%.75*7=216.87

CHECK

Fe= Po/A + Poe/S + Mp/S =

Frop =0.685-0.708+0.15= = 0.127 KSI < F; OK
Fpor=0.685+1.055-0.41 = =1.33KSI<F; OK




3. Prestress Losses:

Pi=216.87kips fou=270ksi
Pe=Pi-RApS fpi: Pi/Aps = /1071
R= ES+CR+SH+RE fou/fi=0.749

E.=33(145)15V6000 =4463ksi  A,=384in?
E=33(145)15v3500=3408ksi 1,=2048in3
RH.= 75% e=225"
V/S=384/884=4.36

Elastic Shortening: KesEpsFeir/Ec = (1)(28.5E3)(0.82) /3400 = 6.80 KSI
Fer= Ker(Pi/Ag + Pie2/15)-Mge /I, (Mg=1.2(48.75+25)*4*182/8)= 153.5 in-kips
=0.9[(216/384)+(216*2.252)/2048)]-( 153.5*2.25/2048) = 0.82ksi

= 6.80 KSI
Concrete Creep: Ker(Eps/Ec) (feir-feas) = 2(28.5E3/4400)(.78 -.16) = 7.6 kips
feas=Msae/lg= (153.5*2.25) /2048 = 0.16 Kips

= 7.64 KSI

Shrinkage: (8.2E-6)KEps(1-0.06V/S)(100-RH) = (8.2E-6)(1.0)(28.5E3)(1-0.06(4.36))(100-75) =
=4.31KSI

Steel Relaxation: R.E=(Kre-] (SH+CR+ES))C = (5000-0.040( 6.80+7.64+4.31)1.441 =
Kwe=5000 J=0.040 C=1+9(0.749-.7) = 1.441 = 3.0 KSI
TOTAL LOSSES AT MIDSPAN = 6.80+7.64+4.31+3.0 = 21.75 KSI > 10%

4. Service Load Stresses:
MSustained =222.8 in-kips
MService =153.5 in-kips
P=0.75ApsFpu= (.75)(7)(41.3)(1-.10)= 195.1 Kips

CHECK:

F=P/A +Pe/S +Mse*e/S% OR +Mgus*e/S =

Frop/service = 0.77-0.55+1.0 =1.22 KSI< F¢ OK
Frop/sustainable= 0.77-0.55+2.4 = 2.62KSI < F; OK
Fsor = 0.77 + (0.55-2.4)(799/511) -.21KSI > -F, _OK

5. Flexure Check:
PCI 6th edition FIG 4.12.3
M,= 104.2 kip-ft
fse=0.5fp, [1402135]
Bonded YES

-OM, > M,
Cwpu=1.13(1.071*270,000)/(48*6*6000) + (8/6)(0) = 0.189
fos= 250Ksi



@M,= @Asp*fps(dy-a/2)

a=As*fps/0.85f ¢, = 1.071*250/0.85*6*48 = 1.09
c=1.09/0.75 =1.46

1.46/6 =.24 <0.375 2> @=0.9

@M, =0.9%1.071*250*[6-1.46/2] = 105.82 kip-ft > 104.2 kip-ft _OK
-OM, > 1.2M,,

P: from part 4

e=2.25"

1.2Mo=1.2(P/A + Pe /Sy +7.5Vfc) * Sy =

1.2(.762+0.543+.581)*370 = 83.7 kip-ft < 105.82 kip-ft OK

6. Shear Check
PCI 6th edition: FIG 4.12.5
oV, 2 Vy
x=50dp=50(.5)=25"
x/€=25"/23*12=0.09
d=6.981 bw=18"
Vu=4.6 Kips
Mu= 222.8 in-kips
Vn=Vc
Ve= (0.6Vfc +700* Vud/Mu) bwd = [46.47+700(4.6%6.981/222)bwd
Vc=.147bwd
@Vn=@2Vf b,d=14.6 Kips 14.6 Kips > 18.56 Kips OK

7. Deflections
Hollow core design handbook Table 2.4.1

Deflection :

Aropping = 5*.025%4%1741728/384*4463*529 = 0.079”
Long Term = (0.079)(2.30) = 0.182”

Asuperimposep = 5*.02%4%174%¥1728/384*4463*2048 = .016”
Long Term = (.016)(3) = 0.05”

Live Deflection = (100/20)(.05) = 0.25”

**Muilt from Table 2.4.1 of Hollow core design paper **

ApnvaL=-.079 - .016 - .25 =-0.336"

Camber: Poel2 /8EI - 5wl4/384EI

Initial Camber = [173.5%2.25%(17%12)2/8*3408%*1519]-[5*.195*174*1728/384*3408*1519]
0.39”-0.1” = 0.49”

Erection Camber =0.39(1.80)-0.1(1.85)= 0.517"

Final Camber = 0.39(2.45)-0.1(2.70) = 0.68”

Camber = 0.68”

TOTAL = Acamper-AperLection =0.68-0.336=0.344"
Limit=L/360 =17*12/360 = 0.567" 0.344” < 0.567” OK




Residential Design Check Plank by Nitterhouse: www.nitterhouse.com

Span =16.67 -6"x4’ Hollowcore plank 2 hour rating w/ 2”
Length =18” topping .

Slab Thickness: 6” plank + 2” topping = 8” Ac= 253 in2

LOADING: [c=1519 in*

Topping W=25PSF Tbc=4.10 in

LL=20PSF Ytc=1.90in

Super=20PSF Dy=6"

Span-Depth : 18/.667 = 26 <40 OK Wt=48.75 psf

1. Preliminary Design Loads :

W=1.2(20 )+1.6(40)= 88 psf
6" Slab+ 2” Topping and 7-1/2"@ strands

Capacity = 165 psf
M Capacity = 104.2 k-ft

2. Transfer Stresses: 7-1/2” # 270ksi low relaxation strands

Asp=7(0.153)=1.071in2

e=2.25"

L=17"

Wu=1.2(48.75+25) = 88.5 psf*4ft=354plf

Mg= (354)(182)/8=14.3 ft-kips > 171.6 in-Kips
Po=0.75ApsFpu= (1.071)(270)(0.60) = 173.5 Kips
Pi=0.153*270*.75*7=216.87

CHECK

Fe=P,/A £ Poe/S £ Mp/S =

Frop =0.685-0.708+0.22 =0.195 <F; OK
Fgor=0.685+1.055-0.56 =1.10 sF.; OK

3. Prestress losses

Elastic Shortening: KesEpsFeir/Eei = (1)(28.5E3)(0.91)/3400 = 7.57 KSI
=0.9[(216.87/384)+(216.87*2.252)/2048)]-(171.6*2.25/2048) = 0.91
=7.57 KSI

Concrete Creep: Ker(Eps/Ec) (feir-feas) = 2(28.5E3/4400)(.91-.24) = 8.6 kips
fas=Msae /1, = (218*2.25)/2048 = 0.24 Kips
=8.67 KSI



Shrinkage: (8.2E-6)KsnEps(1-0.06V/S)(100-RH) = (8.2E-6)(1.0)(28.5E5)(1-0.06(4.36 ))(100-75) =
=4.31 KSI

Steel Relaxation: R.E=(K.-J(SH+CR+ES))C = (5000-0.040( 7570+8679+4310 )1.441 =
K.=5000 ]J=0.040 C=1+9(0.749-.7) = 1.441
=3.815KIS

TOTAL LOSSES AT MIDSPAN = 7.757+8.679+4.310+3.815= 24.5 KSI 2 11.3%

4. Service Load Stresses:
Msustained = 343 in-kips
MSerVice =218.7 in-kips
P=0.75ApsFpu= 216.87(1-.113)=192.3 Kips

CHECK:

F = P/A +Pe/S +Mse*e/S+ OR +Msus¥e/S =

Frop/service = 0.760-0.54+0.61 0.83KSI< F¢ OK
FTOP/Sustainable: 0.760-0.54+0.96 1.18 KSI < Fc;; OK
Fgor = 0.760 + (0.54-0.96)(799/551) = 0.103 KSI > -F, OK

5. Flexure Check:

PCI 6th edition FIG 4.12.3
M,= 104.2 kip-ft
fse=0.5fp, [1402135]
Bonded YES

-OM, 2 M,

Cwpu=1.13(1.071¥270,000)/(48*6*6000) + (8/6)(0) = 0.189
f,s= 250ksi

@M,= @Asp*fps(dy-a/2)

a=Aqp*fps/0.85F, = 1.071*250/0.75%6*48 = 1.23
c=1.23/0.75 = 1.64

1.64/6 =.27 <.0375 > @=0.9

@M, =0.9%1.071*250*[6-1.23/2] = 108.13 kip-ft > 104.2 kip-ft 0K
-OM, > 1.2Mcr

P: from part 5

e=2.25"

1.2Mo=1.2(P/A + Pe/S, +7.5Vfc) * Sy =

1.2(.762+0.543+.581)*370 = 83.7 kip-ft < 108.13 kip-ft _OK




6. Shear Check
PCI 6t edition FIG 4.12.5

oav,=2V,

x=50d,=50(.5)=25"

x/£=25"/18%12=0.12

d=6.981

bw=18"

Vu=6.35 Kips

Mu=28.5 Kip-ft=343 Kip-in

Vn="Vc

Ve= (0.6Vfc + 700* Vud/Mu) bwd = [46.47+700(6.35%6.981/343)bwd
Vc=136.9 bwd

@Vn=@2f b,d= 14.6 Kips > 6.35 Kips OK

7. Composite Deflections :
Hollow core design handbook Table 2.4.1
Deflection:
Aropping = 5*.025%4*1841728/384*4463*529 = 0.100”
Long Term = (0.100)(2.30) = 0.23”
Asuperivposep = 5*.02*4*184*%1728/384%4463*2048 = .0206”
Long Term = (.0206)(3) = 0.0618”
Live Deflection = (100/20)(.0206) = 0.13”
AFINAL: -23-.0618-.13 :M

**Muilt from Table 2.4.1 of Hollow core design paper **

Camber: [Poel2/8EI - 5wl4/384EI]

Initial Camber = [173.5*2.25*(18%12)2/8*3408*1519]-[5*.195*1841728/384*3408*1519]
0.43”-0.0889” = 0.34”

Erection Camber =0.43(1.80)-0.0889(1.85)=0.93"

Final Camber = 0.43(2.45)-0.0889(2.70) = 0.813”

Camber = 0.813"

TOTAL = Acamper-AoerLecrion = 0.813-0.422 = 1.391”
Limit = L/360 = 18*12/360 = 0.6 0.391” < 0.6” OK
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EXTERIOR BEAMS

DESIGNATION Span Trib W (ft) 1.2* Dead (psf) 1.6*Live (psf) Wu psf | Wu plf | TRAIL SIZE
LB-1 26.8 6.5 112.5 64 176.5 | 1147.3 20LB20
LB-2 26.8 6.5 112.5 64 176.5 | 1147.3 20LB20
LB-3 26.8 6.5 112.5 64 176.5 | 1147.3 20LB20
LB-4 26.8 6.5 112.5 64 176.5 | 1147.3 20LB20
LB-5 13.2 2 1125 64 176.5 353.0 20LB20
LB-6 16 2 112.5 64 176.5 353.0 20LB20
LB-7 14.4 8.83 112.5 64 176.5 | 1558.5 20LB20
LB-8 14.4 8.83 112.5 64 176.5 | 1293.6 20LB20
LB-9 17.6 7.2 112.5 64 176.5 | 1270.8 20LB20
LB-10 23 7.2 1125 64 176.5 1270.8 20LB20

| w11 [ess| 2 [ m2s | e [ 1765 | 3530 | 201B20 |
LB-12 11.25 2 112.5 64 176.5 353.0 20LB20
LB-13 6.6 2 112.5 64 176.5 353.0 20LB20
| w1 2216 | 2 [ m2s | es [ 1765 | 3530 | 201B20 |
LB-15 17 2 112.5 64 176.5 353.0 20LB20
LB-16 17 2 112.5 64 176.5 353.0 20LB20
LB-17 17 2 1125 64 176.5 353.0 20LB20
LB-18 12.16 2 112.5 64 176.5 353.0 20LB20
LB-19 32 6 112.5 64 176.5 | 1059.0 20LB20
LB-20 32 6 112.5 64 176.5 | 1059.0 20LB20
LB-21 12.16 2 112.5 64 176.5 353.0 20LB20
LB-22 17 2 112.5 64 176.5 353.0 20LB20
LB-23 17 2 112.5 64 176.5 353.0 20LB20
LB-24 17 2 1125 64 176.5 353.0 20LB20
LB-25 17 2 112.5 64 176.5 353.0 20LB20
LB-26 17 2 112.5 64 176.5 353.0 20LB20
LB-27 17 2 112.5 64 176.5 353.0 20LB20
LB-28 17 2 112.5 64 176.5 353.0 20LB20
LB-29 18 2 1125 64 176.5 353.0 20LB20
LB-30 17 2 112.5 64 176.5 353.0 20LB20
LB-31 13.167 2 112.5 64 176.5 353.0 20LB20




DESIGN CHECKS

Load Self @Vvn

DESIGNATION (plf) (plf) | @Mn (kip-ft) (kip) | Mu (kip-ft) | Vu(kip) | @Mn=>Mu | @Vn=Vu
LB-1 2318 317 187.30 27.96 103.00 15.37 oK OK
LB-2 2318 317 187.30 27.96 103.00 15.37 oK OK
LB-3 2318 317 187.30 27.96 103.00 15.37 oK OK
LB-4 2318 317 187.30 27.96 103.00 15.37 oK OK
LB-5 6556 317 128.51 38.94 7.69 2.33 oK OK
LB-6 6556 317 188.81 47.20 11.30 2.82 oK OK
LB-7 6556 317 152.94 42.48 40.40 11.22 OK OK
LB-8 6556 317 152.94 42.48 33.53 9.31 oK OK
LB-9 5131 317 178.81 40.64 49.21 11.18 oK OK
LB-10 2768 317 164.73 28.65 84.03 14.61 oK OK

| | aos [ 37 [ - [ - [ - [ - [ ok [ ok |
LB-12 6566 317 93.49 33.24 5.58 1.99 oK OK
LB-13 6566 317 32.18 19.50 1.92 1.16 oK OK

| w1 | oss [ 37 [ - [ - [ - [ - [ ok [ ok |
LB-15 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-16 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-17 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-18 6566 317 109.22 35.93 6.52 2.15 oK OK
LB-19 2768 317 318.87 39.86 135.55 16.94 oK OK
LB-20 2768 317 318.87 39.86 135.55 16.94 oK OK
LB-21 6566 317 109.22 35.93 6.52 2.15 oK OK
LB-22 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-23 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-24 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-25 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-26 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-27 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-28 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-29 5131 317 187.02 41.56 14.30 3.18 oK OK
LB-30 5131 317 166.82 39.25 12.75 3.00 oK OK
LB-31 6566 317 128.06 38.90 7.65 2.32 oK oK




L-BEAMS

Hormal Weight Concrete

Cesignation .h .h"':!-'! .A': . I4 yb .Sba _5:3 WL
AL S l2oLB20 20 12/8 304 10,180 8.74 1,183 apz 317
J0L=524 24 1212 S 1rae8] 1080 [ 1672 | 1,301 EN]
20828 28 168M12 432 27,883 12.22 | 2,282 | 1,787 450
200832 3z 2012 420 41,600 14.00 | 2871 | 2,311 00
h, 20LB835 g 2412 528 B2 118| 1582 | 3,737 | 2,920 E&80
L 200240 40 24186 608 81,282 1747 | 46582 | 2608 33
20L2344 a4 28M16 858 108,107 18.27 | 5810 | 4,372 883
T 20LB48 43 3216 TO& 140,133 21.08 | 6,848 | 5208 733
ha 20852 52 3818 7E2 177,752 2204 | 7,740 | 6117 782
20LB58 ala] 4016 800 |221,355| 2450 | 8,028 | 7,085 233
| 1uae | 20LB880 a0 44116 848 |271,332] 2658 |10,170 | 5,143 282

Check local area for ava“ability of other sizes.

f = C.000 osi Safe loads shown incwde 507 superimposed dead load and S0% live load. 800 psi top
c = e ) tension has been allowed, therefore, addtional top remforcement is reguired

fo = 270,000 psi 3. Safe loads can be significanfy increased by use of structural composite topping.

Yz in. diameter

low-relaxation strand

[

Key
6566 — Safe superimposed servics load, pif.
0.3 — Estimated camber at erection, in.
0.1 — Estimated long-time camber, in.

Table of safe superimposed service load [plf) and cambers (in.)

Desig- | Mo. | ygiend) in. Span, ft
nation [Strand|yelcenter)in.| 45 48 20 22 24 28 28 30 32 34 36 38 40 42 44 46 48 5D
244 |F006 5131 4105 2345 2764 2318 1861 1674 1438 1245 1070
20LB20| 98-8 : 03 04 05 08 07 08 08 10 10 11 12
244 01 02 02 02 02 02 03 03 03 03 02
2 80 OO 7 1200 CUUD 3002 J000 o313 DEOT 0200 oTar 1002 1gnr 1418 1242 1097 e
20LB24 | 108-8 : 03 03 04 D5 05 0 0F OB 08 08 10 10 11 1.1 12
2.80 01 01 01 01 01 02 02 02 02 02 01 01 01 00 0O
233 B398 6733 5506 4711 4000 3445 2070 2505 2273 2000 1789 1567 1204 1245 1170 942
200828 | 128-8 433 04 D4 05 08 08 OF 0B 00 08 10 11 11 12 12 12 13
: 01 D1 02 02 02 02 02 02 02 02 02 02 01 01 00 OO
371 E047 7440 G251 5350 4611 40071 3405 3071 2712 2406 2142 1014 1715 1540 1386
20LB32 | 148-5 g 04 D5 05 06 07 OF 08 08 10 10 1.1 12 12 13 13
: 01 02 02 02 02 02 02 03 03 03 02 02 02 02 01
125 57 TOSE GE23 HAED 5113 4476 3041 3430 3103 2771 2452 2231 2011 1218
20LB26 | 168-8 : D4 05 05 06 0OF 08 08 08 10 11 11 12 12 13
4.25 D2 02 02 02 02 03 03 03 03 02 03 02 03 02
.89 TE12 B350 7235 0203 5513 4950 4305 3637 3425 3073 2765 2405 2057
20LB40 | 188-5 439 04 05 06 06 O7 08 02 09 10 10 11 11 12
- 02 02 02 02 02 02 03 03 02 03 03 03 03
=05 BO50 7803 AR45 6047 5383 4783 4284 3851 3474 3143 2850
20LB44 | 198-8 s D5 D6 06 OF 08 08 02 08 10 11 11
: 02 02 02 02 02 02 02 02 02 02 02
581 0026 2100 7158 280 5272 G002 4554 4140 2751 2408
20LB48|218-8 581 0F 08 06 07 08 02 08 00 10 1.1
: D2 02 02 02 02 02 03 02 03 03
c1T TF34 5501 7578 6774 G052 HAG2 4050 2400 4004
20LB52 | 228-8 617 06 06 07 07 08 08 08 10 10
: 02 02 02 03 02 03 03 03 03
™ T054 S8R0 7027 7124 G427 5820 5287 4216
20LB56 | 258-8 : 06 D7 07 02 OB 0O 10 10
6.64 02 02 03 02 02 03 03 03
33 D080 B172 7350 BGEE AOB0 5544
20LBE0 | 278-8 : D7 07 02 0O 00 10
7.33 D3 02 02 03 03 03
=01 Design Handsook Shen Eclian 243

First Priming'CD-ROM Edeon



EXTERIOR BEAM DESIGN

3 BEAM LB-11

) Loading Capacity: 4105 PLF
20LB20 / 98-S: (9) %2"@ low relaxation strands
- straight Moment Capacity: M, = 196.75 Ft-Kips
£=5000psi fp,=270Kksi
Ec=33(145)1-5\/5000 =4074 ksi Shear Capacity: V, =40.2 Kips
Fse= 170ksi
f,u=270Kksi Beam Properties
L=19.58 ft
A=304 in2
LOADING CONDITION: 1=10,160 in*
Self 20LB20 = 317plf Ybe =8.74 in
Self TB18 = 500 plf St=902 in3
Wu =166.4PSF OR 2929.5PLF Sp=1163in3
Span-Depth : 19.58/1.67 =11.7 <40 OK hi=12  h;=8in
P (TB18)=((2.829+.5)*18.83)/2=31.4 Kips wt =317 plf

** Detailed loading conditions See spreadsheets**

1. Flexure and Shear
Using Stadd-Pro:
Vu: 30.7 Kips

l P=31.4 K

1=.353 K-ft ,
| i | M.: 76.92 kip-ft
gM,>Mu OK
AN A
<> 258 V2V, OK
19.58'
Fyikip) Mz(kip-in)
40 30,7 r0 1200 - 1200
20 ) ano ] :BDEI
10 0 326 o™
= 5 70 7 r 59.—3 105 1 T | 2
20 4 TR0 004 5 10 19.68l400
40 L40 800 7 :BDD
1200 4 -923 L1200
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2.Transfer Stresses:
9-1/2” @ 270Kksi low relaxation strands

Service loads : Fu=7.5VF. = 580psi
Fei= 0.6(f¢) = 3600 psi

Allowable @ transfer: Fi=3vVfy =+180psi
Fc=0.6f =-2160psi

CHECK

Fe= Po/A + PoeC/1 + MpC/I =
Frop =-0.92+2.48-0.92=
Fgor=-0.92-1.93+0.71=

3. Pre-Stress Losses

Asp=9(0.153)=1.37 in2
e=6.33" ct=11.26" cb=8.74"
L=19.58"

USING STADD

Mp=658 kip-in

M= 264 kip-in
Po=0.153*270*.75%*9=278.8
[=8000 in*

= 0.64 KSI< Fy

OK

=2.14KSI>-F; OK

** Pre-Stress loss assumption of 15%** [ this is conservative full calculations were done for hollow core planks

yielding losses of 10-11%]

Pe = (1-0.15)278.8=236.9 Kips

CHECK:

F=P/A +PeC/1+MpC/I £ M.C/I
Frop =-0.78+1.66-0.92-0.26=
Fpor=-0.78-1.28+0.71+0.23 =

4. Cracking Moment

Case #1: M=P.e+P,l1/Ac : zero stress at bottom

-0.30 KSI 2 -F; OK
1.3 KSISF; OK

M=278.8 *6.33+236.98*10106/304*11.26= 483.8 ft-Kips < 196.75 ft-kips OK

Case #2: M=Case#1+f.I/C : cracking at bottom

M=483.8+(530*10106/8.74)= 534.86 ft-kips <196.75 ft-kips OK

15



BEAM LB-14

20LB20/ 98-S: (5) ¥2"@ low relaxation strands - Loading Capacity: 3345 PLF
straight ) _
f.=5000psi f,=270ksi Moment Capacity: My, = 205.3 Ft-Kips
= 15 = i
E;jf%ﬁi? V5000 =4074 ksi Shear Capacity: V, =37.0 Kips
fpu=270ksi Beam Properties
L=22.16 ft
LOADING CONDITION: A=3041n®
L1240 PSF ' [=10,160 in*
- Ybe =8.74 in
Super D=5 PSF St =902 in3
Self 12RB16 = 250plf Sb=1163 in3
Self TB18 = 300plf H1=12" H2=8"
Wu=176.5PSF OR 353 PLF _
wt =317plf
Span-Depth : 22.16/1.33 = 16.66 <40 OK
P (TB-24)=((2.733+.5)*25.5)/2=41.22 Kips
** Detailed loading conditions See spreadsheets**
1. Flexure and Shear
l P=41.22k Using Stadd-Pro:
wu=.353 KIf Vu:35.5 Kips
| | My: 175.75 Kip-Ft
A AN gM,>Mu OK
<—> 516
22.16 gv,2V,  OK
Mz(kip-in) Fyikip)
3000 0
2000 -
1000 0
0 L
1 T T 2
1|:|D|:| ™ b I )
2000 3520
3000 Lan
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2.Transfer Stresses:

9-1/2” @ 270ksi low relaxation strands Asp=9(0.153)=1.377 in2
e=6.33" ct=11.26" cb=8.74"
Service loads : Fu=7.5VF = 580psi L=22.16
Fei=0.6(fc) = 3600 psi From Stadd
Allowable @ transfer: Fi=3Vfq=+180psi Mp= 1245 in-kips
Fc=0.6f " =-2160psi M,= 864 in-kips
Po=0.153*270*.75%*9=278.8
[=10160 in*
CHECK
Fc=Po/A + PoeC/1 + MpC/I =
Frop =-0.91+1.95-1.37= =-0.33 KSI< F;; OK
Fgor=-0.91-1.52+1.07= =1.36 KSI >- F; OK

5. Pre-Stress Losses

** Pre-Stress loss assumption of 15%™** [ this is conservative full calculations were done for hollow core planks
yielding losses of 10-11%]

Pe = (1-0.15)278.8=236.98 Kips

CHECK:

F=P/A +PeC/1+MpC/I £ M.C/I

Frop =-0.77+1.66-1.37-0.95 = -1.43 = -1.43KSI> F. OK
Feor=-0.77-1.28+1.07+0.743 = =-.237 KSI=<- F,; OK

6. Cracking Moment

Case #1: M=P.e+P,l/Ac : zero stress at bottom
M=278.8 *6.33+236.98*10106/304*11.26= 483.8 ft-kips > 205.3 ft-kips OK

Case #2: M=Case#1+f.I/C : cracking at bottom
M.=483.8+(530*%10106/8.74)= 534.86 ft-kips > 205.3 ft-kips OK

17



INTERIOR BEAMS

DESIGNATION | Span | TribW(ft) | 1.2*Deod(psfl | 1.6%Live (psf KLt AT ir Wupsf | Wuplf TRAIL SIZE
TE-1 26.8 15.1 112.5 64 2 404.63 64 176.50 | 2665.15 28IT24
TE-2 26.8 15.1 112.5 64 2 404.63 64 176.50 | 2665.15 28IT24
TB-3 26.8 15.1 112.5 64 2 404.63 64 176.50 | 2665.15 28IT24
TE-2 26.8 15.1 112.5 64 2 404.63 64 176.50 | 2665.15 28IT24
TE-S 26.8 17.5 112.5 64 2 469.00 47 159.85 | 2797.29 28IT24

_ me [2ee | - [ - T - - T - T - - - [ 2sma |
TE-7 18.1325 10.5 112.5 * . . . . 3855.00 28IT20
TE-S 18.1325 10.5 112.5 * . . . . 3855.00 28IT20
TE-10 26.8 17.5 112.5 64 2 469.00 47 159.85 | 2797.29 28IT24
TB-11 12.3 17.5 112.5 160 2 215.25 156 268.17 | 4692.99 28IT20
TB-12 18.1325 17.5 112.5 64 2 317.19 54 166.62 | 2915.77 28IT20
TB-13 18.128 17.5 112.5 64 2 317.24 54 166.61 | 2915.71 28IT20
TE-14 17.66 12 112.5 64 2 211.92 63 176.50 | 2118.00 28IT20
TE-15 26 17 1125 64 2 443 00 48 160.79 | 2733.40 28IT20
TE-16 22 . 112.5 - . . . . . 28IT24
TB-17 18.83 17 112.5 64 2 320.11 54 166.44 | 2829.49 28IT20
TE-13 26 17 112.5 64 2 443 00 48 160.79 | 2733.40 28IT24
TB-19 22 . 1125 - . . . . . 28IT24
TB-20 18.83 15.6 112.5 64 2 293.75 56 168.11 | 2319.49 28IT20
TB-21 26 17 112.5 64 2 443 00 48 160.79 | 2733.40 28IT24

_ me2 [ 22 [ <+ [+ [+ [+ e e e e T 2amas |
TB-23 25.5 17 112.5 64 2 433.50 49 161.10 | 2738.76 28IT24
TB-24 26 17 1125 E4 2 442 .00 48 160.79 || 27323.40 28IT24
TB-25 22 . . - . . . . . 28IT24
TE-26 25.9 20.25 112.5 64 2 524.43 46 158.14 | 3202.36 28IT24
TB-27 26 17 112.5 64 2 443 00 48 160.79 | 2733.40 28IT24
TB-23 22 . . - . . . . . 28IT24
TB-29 259 17 11258 Ed 2 440.20 43 18085 | 273448 238124
TE-30 26 17 112.5 64 2 443 00 48 160.79 | 2733.40 28IT20
TE-31 22 . . - . . . . . 28IT24
TB-32 25.9 17 112.5 64 2 440,30 48 160.85 | 2734.46 28IT24
TB-33 32 14.58 112.5 64 2 466.56 47 159.93 | 2331.74 28128
TE-34 32 14,58 1125 =4 2 456,56 47 159,93 | 2331.74 28IT22
RE-1 17.66 8.5 112.5 64 2 150.11 71 183.91 | 1563.20 12RB1E
RE-2 1467 8.5 112.5 160 2 124.70 160 272.50 | 2316.25 12RB1E
RE-3 17.66 2.00 112.5 64 2 35.32 130 242.72 | 48544 12RB1E
RE-2 14.00 2.00 112.5 64 2 28.00 144 256.79 | 513.57 12RB1E
RE-S 14.00 2.00 112.5 64 2 258.00 144 256.79 | 513.57 12RB1E
RE-E 10.17 8.50 112.5 160 2 86.42 160 272.50 | 2316.25 12RB1E
RE-7 10.67 . . * . . . . . 12RB1E
RE-S 10.67 2.00 112.5 160 2 21.34 160 272.50 | 545.00 12RB1E
RE-Z 10.67 . . * . . . . . 12RB1E

* :Wu found by hand due to loading combinations

*:These beams are the same indepts analysis can be found in appe ndix 2

:Mu and Wuwere found in STADD due to loading conditions

Beams checked for structural integrity

BLUE
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DESIGN CHECKS
DESIGNATION Lood [pifi |@Mn (kip-ft]| & Vn(kip) | Mu [kipft] | Volkip] [@Mazo|@Vnzvu
TB-1 3374 272.63 40.69 235.28 35.71 OK OK
TB-2 3374 272.63 40.69 235928 35.71 OK OK
TE-3 3374 272.63 40.69 23928 35.71 OK OK
TE-2 3374 272.63 40.69 23928 35.71 OK OK
TB-5 3374 272.63 40.69 251.14 37.48 OK OK
I me | 332 | amaes | =069 | 26190 [ <230 [ ok [ ok |
TB-7 LovE 187.67 41.42 153.30 3404 oK oK
TE-2 5078 187.67 4142 158.30 34584 OK OK
TB-10 3374 272.63 40.69 251.14 37.48 OK OK
TE-11 6511 110.82 36.04 88.75 28.B6 OK OK
TB-12 5076 187.60 41.40 205.00 30.70 OK OK
TE-13 5076 187.66 41.41 119.77 26.43 OK OK
TE-14 5076 178.10 40.24 32.57 18.70 OK OK
TB-15 3374 256.59 33 48 23097 35.53 OK OK
TB-16 4882 265.82 42 33 199 830 39.50 OK OK
TB-17 5078 202.56 43.03 125.41 26.64 OK OK
TB-12 3374 256.59 35.48 230.97 35.53 OK OK
TB-1% 4882 265.82 42.33 199.30 39.50 oK oK
TB-20 5076 202 .48 43.01 102.830 21.84 OK OK
TB-21 3374 256.55 35 48 230.97 35.53 OK OK
TB-23 3374 24E.82 38.72 222,61 34582 OK OK
TB-24 3374 256.59 35,48 230.97 35.53 OK OK
TB-25 4882 265.82 42.33 199.30 39.50 oK oK
TB-26 3374 254 62 3532 268.52 41.47 OK OK
TB-27 3374 256.55 3548 230.97 35.53 OK OK
TB-22 4882 265.82 42 33 1559 30 39.50 OK OK
TH-25 3374 254.62 39.32 229.29 35.41 OK OK
TB-30 3374 256.59 35.48 230.97 35.53 OK OK
TE-21 4882 253.62 50.72 1959 .30 39.50 OK OK
TB-32 3374 254 62 3532 22929 35.41 OK OK
TB-23 2976 342 24 42 85 293 .46 37.31 OK OK
TE-24 2976 342 B4 42 85 293.46 37.31 oK OK
REB-1 2772 597.26 22.03 £0.94 13.80 OK OK
RB-2 2772 67.11 18.30 E2.31 16.95 oK oK
RE-3 2772 57.26 22.03 18.82 4258 OK OK
RE-2 2772 61.12 17 .46 12.58 3.59 OK OK
RBE-5 2772 61.12 17 .46 12.58 3.59 OK OK
RB-& 3553 41.32 16.26 29.93 11.77 OK OK
RB-7 3553 45.51 17.06 * * OK OK
RE-Z 3553 45.51 17.06 1.76 2.91 oK oK
RBE-2 3553 45.51 17.06 - - OK OK
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RECTANGULAR BEAMS

Mormal Weight Concrete

b Section Properties

I_'_"I Designation b h 'a'z ! 4 ¥e s 3 wi
in. in. in. in. in. im. plf
12RE15 12 16 192 | a4pss| 800 | 512 | 200

| RN 12 ] Za0 | B.000] i0.00 Bo0 | o0
N ZmDsg £ . - 1o 13,059 ] 113L UL
12RE25 12 ] 338 | 21882 | 1400 | 1588 | 350
12REI2 12 3z 384 |32.78s| 1500 | 2045 | 400
12RE535 12 35 432 | 48856 | 1200 | 2582 | 450
16RE24 16 24 384 | 1843z | 1200 | 1536 | <00
.. ) 1BRE2E 16 25 445 | z2o.280| 1400 | 2081 | 487
f; =5,000psi 18R222 18 2 | 512 | 43801 1600 | 2731 | 533
Tow = 270,000 psi 1BRE3S 18 38 575 |&2.208| 1300 | 2456 | 800
‘% in. diameter 16RE40 16 40 840 | 85333 | 2000 | 4287 | &7

lowe-relaxation sfrand

=

3
Key
35953 — Safe superimposed service load, plf.
0.4 — Estimated camber at ersction, in.
0.2 — Estimatzd long-ime camber, in.

Check lozal anea for ava ability of other sizes.
Safe loads shown nclude 50% superimposed dead load and 503 live load
200 psi top tension has been alowsd, therefore, additional top reinforcement is

requined.

Safe loads can be signficantly increased by use of structural composite fopping.

Table of safe superimposed service load (plf) and cambers (in.)

Desig- | Mo. y“ai';:l;:]' Span, ft
nation |Strand| Y15 16 18 20 22 24 26 28 30 32 34 36 40 42 44 46 48 S50 52
o S22 2212 1T 230 1047
12RB18 58-5 | z
3.00 - e T o8 e
12RB20( 888 | S0 04 05 08 O7 08 10 14 13 14 15 17
: 02 02 03 03 04 04 04 05 05 05 05
360 |F95D TO18 5638 4813 3835 3230 2740 2282 2045 1782 1562 1375 1216 1070 060
12RB24|108-5 | Lo 04 04 05 O7 0B 08 10 11 13 14 15 18 18 10 20
: 02 02 03 03 03 04 04 05 05 06 08 08 08 07 06
00 O7E1 7000 6440 5370 4532 3000 3320 2800 2625 2220 1962 1741 1562 1367 1244 1118 1008
12RB28(128-8 | o0 04 05 06 07 0B 0% 10 12 13 14 15 17 18 106 20 21 22
' 02 02 03 03 04 04 05 05 06 08 D7 07 07 08 D8 08 08
e 300 8036 5850 5005 4216 3752 3284 2602 2581 2278 2034 1623 1828 1477 1334
12RB3Z|128-8 | 05 06 07 08 08 10 11 12 13 14 15 16 17 18 19
: 02 03 03 03 04 04 04 05 05 05 05 06 06 06 08
s D015 7624 6521 5631 4002 4206 3702 1364 2000 2684 2411 2173 1964 1780
12RE36(158-8 | o 05 06 07 08 08 10 11 12 13 14 15 18 17 18
' D2 03 032 D4 D4 04 05 05 06 06 06 08 07 07
= 8387 7547 B177 5136 4325 3682 2184 2730 2367 2002 1243 1620 1446 1267 1140 1027
16RE24|128-5 | ) 04 05 06 0B 08 10 11 12 14 15 16 17 18 18 20 21
: 02 02 03 03 04 04 05 05 05 05 06 06 08 06 08 05
o E730 7272 6137 5237 4510 3915 3423 3010 2860 2382 2105 1663 1822 1513 1368
16RE28|148-5 | 57, 05 06 07 08 08 11 12 13 14 15 16 17 18 19 19
' 02 02 03 03 03 04 04 04 04 04 04 04 04 04 03
= 0340 7801 G741 5813 5054 4425 3807 2451 2070 2742 2458 2210 1992 1300
16RE32( 188-S | 00 06 07 08 09 10 11 12 13 15 16 17 18 19 20
: 03 03 04 D4 05 05 05 08 08 06 OF 07 07 07
T DD45 5805 7343 6301 5603 4042 4353 2005 3404 3138 2827 2555 2314
16RE36|208-8 | 00 06 07 08 08 10 11 12 13 14 15 16 17 18
' 03 03 04 04 04 05 05 05 06 06 D& 08 08
600 0122 7040 BOTG G160 5470 4881 4374 3035 3552 3215 2018
16RE40( 228-5 | = 0.7 08 08 10 11 12 13 14 15 16 17
' 03 04 04 04 05 05 05 05 06 06 06
2-42 ={ Dezign Handoook Shan Eclian

First FrinEng’'CO-ROM Edfon
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10"

g

INVERTED TEE BEAMS

Normal Weight Concrete

244"

Key

f, = 5,000 psi

fo. = 270,000 psi

Y2 in. diameter
love-relaxation sfrand

Section Properties
Designation L hy/h, .Aa . I; e s .5";-, wi
in. inJdinm. | im. in. in. in. in. plf
e - T PR, B s For T T
28IT24 24 12412 420 20,275 .80 2,112 1408 500
281728 28 168412 528 32.078( 11.09 2,882 | 1897 A0
w [ujriy W N [ L L = U7 MR e page
281736 a5 24712 g24 B8 101 1£.31 4,782 3.140 BAD
281740 40 24718 738 83.503( 15.83 5,807 | 3.8G8 787
28174 44 28718 T4 124,437 17.43 7,132 | 4883 817
281748 458 3218 832 181,424 18.08 8,480 | 5582 857
281752 52 38/18 820 |204.B84| 20.76 0,882 | 8,558 817
281758 i} 4W18 828 |255,228| 2245 [ 11,354 | 7814 957
281TE0 80 44718 g78 |312,865) 2423 | 12812 | 8747 |1.017

1. Check local area for availability of other sizes
Safe loads shown include 50% superimposed dead load and 507 Pee load. 800 psi top
tension has been allowsd, thersfore, additional top reinforcement is required.

E |

6511 — Safe superimposed service load, pif.
0.2 — Estimated camber at ersction, in.
0.1 — Estimatad long-time camber, in.

Table of safe superimposed service load [plf) and cambers (in.)

Safe loads can be significantly increasad by use of structural composite topping.

Desig-| Mo. y"[':izi:t;:l' Span, ft
nation | Strand | Y551 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
FEERE Z=z
28IT20 | 98-8 ;ﬁ 02 03 04 04 05 6§ 07 07 0.2
’ 04 01 01 01 01 ©1 00 00 00 00 -01
573 |PB12 7504 54T 4557 4034 3374 2650 2427 2081 1795 1555 1351 1178 1020
28IT24 | 188-5 373 02 03 03 04 04 05 06 08 OF 07 0OF OB O D08
3 01 01 01 01 01 ©1 01 01 01 01 00 00 -01 D2
308 T T T e T T T rra o 11e7 1081
2BIT28 | 138-5 408 03 03 04 05 05 08 06 07 OF OB 08 03 08 OE D8
- 01 04 01 01 01 01 01 041 01 01 00 00 01 02 D2
o D043 7521 5333 G900 4009 2006 3490 2057 2691 2379 2110 1876 1673 1485 1337
28IT32 | 158-§ 3 47 D3 04 04 05 05 06 0O 07 OF 02 08 09 02 09 09
: 04 01 01 01 01 ©1 01 01 01 01 01 00 00 00 01
250 2332 8205 7075 6092 5267 4610 4060 3587 3182 2835 2534 2271 2040 1836
2BIT3E | 168-5 250 D3 04 04 05 05 08 08 OF 07 08 08 02 09 09
- 01 01 01 01 01 01 01 01 01 D1 00 00 00 01
or EEaE 7440 D460 L7 4000 2300 3508 3474 3107 2767 2508 2958
2BIT40 | 198-§ 491 D4 05 05 0F 08 OF 07 08 08 02 09 09
: 04 01 01 01 01 01 01 D1 01 01 01 01
4.40 21238 7980 6007 6185 5462 4861 4244 3306 3505 2162 2350
2BITA4 | 208-5 44D 04 05 05 08 0B 07 D07 O7 0Of 08 08
- 04 01 04 01 ©1 01 01 01 04 01 00
e G710 B625 7503 OG70 HOGs G230 4707 4320 2907 3542
2BIT4S | 228-5 465 04 05 05 06 06 0OF O7 OB 08 09
: 01 01 01 01 01 01 01 01 01 041
517 DOST 8223 7533 6OBS 6274 5847 4100 4619 4196
2BIT52 | 248-5 17 05 05 06 06 DB 07 07 08 08
- 01 01 01 04 D01 01 01 01 04
o T307 8310 (460 6731 GOBE 5502 G026
2BITSE | 268-5 5 23 05 06 DB OF 07 08 08
- 02 02 D2 02 02 02 02
567 OE4% BE60 7820 7081 6432 5350
2BITROD | 288-5 gl 06 08 D07 0OF 08 08
- 02 02 02 02 02 02
=1 Ceslgn Handooos Shan Exttnn 2-45

First Prinng'CO-ROM Edlfon
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5

INTERIOR BEAMS DESIGN

BEAM TB-6

Beam TB-6

28IT24/ 188-S: (18) 2”@ low relaxation strands
- straight

£=5000psi f,,=270ksi

E.=33(145)15v5000 =4074 ksi

Fse= 170Kksi

fou=270Kksi

LOADING CONDITION:

Self 28IT24 = 500plf

Wu = differs

Span-Depth: 26.67/2=13.35<40 OK

** Detailed loading conditions See spreadsheets**
1.Flexure and Shear

Mu=261.9 ft-Kips < .9M, OK
Vu=42.3 Kips <.9V, OK

2.Transfer Stresses:
10-1/2” @ 270ksi low relaxation strands

Service loads : Fu=7.5VF. = 580psi
Fei= 0.6(f¢) = 3600 psi

Allowable @ transfer: Fi=3+/f=+180psi
F=0.6f¢ =-2160psi

CHECK

Fe= Po/A + PoeC/1 + MpC/I =
Frop =-1.16+2.72-0.09=
Fpor=-1.16-1.82+0.06=

3.Pre-Stress Losses

Loading Capacity: 3374 PLF
Moment Capacity: M, = 299 Ft-Kips

Shear Capacity: V, = 45 Kips

Beam Properties
A=480in2

L=26"-8"

[=20,275 in*

c=1in

h1=12" h2=12"
St=1408in3

Sb=2112

Wt=500 plf

Asp=18(0.153)= 2.75 in2
e=6.87" ct=14.4" cb=9.6"
L=26.8"

From Stadd

Mp= 1537.2 ft-kips

M= 1605 ft-kips
Po=0.153*270*75*18=557.68K

= 1.47 KSI<F,; OK
=-2.92 KSI >- F; OK

** Pre-Stress loss assumption of 15%** [ this is conservative full calculations were done for hollow core planks

yielding losses of 10-11%)]

Pe = (1-0.15)557.68 = 474 Kips

CHECK:



F = Pe/A + PeeC/1 + MpC/1 + M .C/1
Frop =-0.98+2.31-1.09-1.13= = -0.89 KSI>F, OK
Fpor=-0.98-1.54+0.72+0.75 = =-1.05 KSI < F; OK

4.Cracking Moment

Case #1: M=P.e+P,I/Ac: zero stress at bottom
Mo=474*6.87+557*20275/480%14.4= 434.7 kip-Ft

Case #2: M=Case#1+f.1/C : cracking at bottom
Mcr=434.7+(530*20275/9.6)=527.9 kip-ft

Beam RB-22
Loading Capacity: 7882 PLF
Beam RB-23
28IT24/ 188-S: (10) ¥2"@ low relaxation strands Moment Capacity: M, = 269.4 Ft-Kips
- straight
£=5000psi fo=270ksi Shear Capacity: V, = 38.5 Kips
E=33(145)5V5000 =4074 ksi
Fo.= 170ksi Beam Properties
f,,=270ksi A=480in?
L=26’-8"
[=20,275 in*
LOADING CONDITION: c=in
Self 28IT24 = 500plf h1=12" h2=12"
Wu = differs St = 1408 in3
S - : =
**pDEaegillZ: lro):glingchn/dzition: Szee< sgrgadglle(ets** Sb=2112
Wt=500 plf
1.Flexure and Shear
Mu=199.8 ft-Kips <.9M, OK
Vu= 39.7 Kips <.9V, OK
2.Transfer Stresses:
18-1/2” @ 270Kksi low relaxation strands Agp=18(0.153)=2.75 in2
e=6.87" ct=14.4" cb=9.6"
Service loads : Fy=7.5VF. = 580psi L=22"
Fi=0.6(f¢) = 3600 psi From Stadd
Allowable @ transfer: Fi=3vf=+180psi Mp=1388 ft-kips
F=0.6f =-2160psi M. =1008 ft-Kips
Po=0.153*270*75*18=557.6K

CHECK
Fe= Po/A + PoeC/1 + MpC/I =
Frop =-1.16+2.72-0.082= = 1.47 KSI < F; OK
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Fgor=-1.16-1.82+0.054=- =-3.03 KSI >- F; OK

3.Pre-Stress Losses

** Pre-Stress loss assumption of 15%** [ this is conservative full calculations were done for hollow core planks
yielding losses of 10-11%]

Pe = (1-0.15)557.6=473.966 Kips

CHECK:

F=P./A +PeeC/l + MpC/I £ M C/I

Frop =-0.98+2.31-0.98-0.71= = -0.36 KSI>F. OK
Fgor=-0.98-1.54+0.65+0.47 = =-1.4KSISF; OK
4.Cracking Moment

Case #1: M=P.e+P,l/Ac : zero stress at bottom
Mo=474%6.87+557*%20275/480*14.4= 434.7 kip-Ft

Case #2: M=Case#1+f.1/C : cracking at bottom
Mcr=434.7+(530*20275/9.6)=527.9 kip-ft
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Column Sizing Charts from PCI 6th edition
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Column Sizing [Fig2.7.1 PClhandbook Btk edition]

Per Floor [ Level 1-4 ] Level 5-3
Lesignatios | Suttingf] Myt [ Onkinaifh Al g Fas b S el | & Aol -t Fad
Ci 7| AvSl | @lv07 | Av6dz | f6ule|Fo-5000psii4-#8 | 024 | 507 | 16wl6 | Fe-5000psi 468
Cz 392 | 000 | 39243 | 000 | 16416 |Fo-6000psi|4-#5 | 23546 | 000 | 16ul5| ro-5000psi| 4.8
3 392 | 000 | 39243 | 000 | 16ui6|Fo-56000psi|4-#5 | 23546 | 000 | 6uls| fo-5000psi| 4-#3
C4 392 | 000 | 39243 | 000 | f6ul6|Fo-G000psi|4-#6 | 23546 | 000 | f6uls| fe-5000psi| 4-#E
C5 27 | 4367 | 207 | #436.04 | o4u2#|Fo-5000psi|#-#1| 1024 | 6204 | iBate|Fo-5000psi| +-H11
C6 472 | 1935 | 47191 | 19347 | 1oui6|Fo-6000psi|4-#5 | 28315 | 11608 | fouls|fo-5000psi| 4-#3
CT B48 | 000 | 84820 | 0.00 | 1618 Fo-G000psi|4-#9 | 508.85 | 000 | f6sls| Fo-5000psi| 4-#E
Cs 588 | 000 | 4522 | 0.00 | 19418 |Fo-6000psi|4-#9 | 50893 | 000 | 16ul5| ro-5000psi| 448
C3 548 | 000 | 54822 | 000 | 15418 |Fo-56000psi|4-#9 | 50893 | 000 | 16uls| fo-5000psi| 448
Ci0 473 | 2079 | 47277 | 21786 | 20u20/Fo-5000psi 449 | 28966 | 072 | f6ulel fo-B000psi| 4-#E
Cii 498 | 3693 | 49848 | 96930 | 24u24 IFo-5000psi|4-#11] 29909 | 22158 | fawls|Fe=5000psi| 441
Ciz 70 | 657 | 96962 | 6574 | 20420(Fo-5000psi 449 | 68177 | 3345 | Tbuls| ro-5000psi| 448
BE 803 | 000 | 80341 | 000 | 15418 |Fo-56000psi|4-#9 | 48205 | 000 | 6uls| fo-5000psi| 4-#3
Ci4 795 | 000 | 7ak7td | 000 | 16ui6| Fo-G000psi|4-#9 | 47687 | 000 | f6ule| fe-5000psi| 4-#E
Ci5 B56 | 532 | 65699 | 16320 | 1oui6|Fo-6000psi|4-#9 | 33360 | 9192 | buls| ro-5000psi| 4.8
Ci6 163 | 665 | 18256 | G551 | f6ulo|fo-b000psi|4-#3 | 10953 | 3348 | 16w16 |Fo=5000psi 462
CiT 604 | 3729 | 60387 | 57289 | 24u04 Fo-5000psi 4-#11| 50232 | 22574 | faxls|Fe=5000psi 441
Ciz 786 | 737 | 7e626 | 7368 | 1ouiB|Fo-6000psi|4-#9 | 47076 | 4421 | Touls|ro-5000psi| 48
Ci3 §23 | 000 | 62324 | 000 | 16ui6|Fo-5000psi|4-#6 | 57394 | 000 | 6uls| fo-5000psi| 4.8
Ca 8 | B0 | G757 | 6104 | el Fo-GO0Upsi 48 | 4054 | G063 | lGuie| Fo-G000psi 485
Cat B2 | 040 | 6156 | 105 | f6wls Fo-GO00psii 48 | 5684 | 063 | 6uiE| Fe-5000psi| 448
Cez B41 | 560 | 4066 | 5501 | fou15|Fo-b000psi|4-#9 | 32440 | 3300 | 16w16 |Fo-5000psi| 468
R 267 | 006 | 26738 | 10163 | 1oui6|Fo-56000psi|4-#5 | 16043 | 60.85 | 6uls| fo-5000psi|4-#3
Ca4 BEd | 133 | G603 | 330 | 16uie| Fo-G000psi|4-#9 | 93842 | 6T.88 | f6ule| o-5000psi| 4-#E
C5 360 | 305 | 36003 | 3146 | Touie|Fo-6000psi|4-#6 | 21608 | 1888 | Touls| ro-5000psi| 48
Ct 181 | 713 | 1a078 | 7189 | 16wi6|Fo=5000psi 463 | 10847 | 434 | 16w16 |Fo=5000psi 462
Car 74 | 3520 | 4748 | 95205 | 24u04 Fo-5000psi 4-#11| 28450 | 2023 | faxls|Fe=5000psi 441
Cas 955 | 962 | 99481 | 9615 | 20420(Fo-5000psi|4#9 | 59089 | 6763 | Touls|ro-5000psi| 48
C23 650 | 042 | 65036 | 423 | 1oui6|Fo-5000psi|4-#6 | 39022 | 254 | buls| fo-5000psi| 4.8
Ca0 474 | 3520 | 47408 | 35205 | 24u24 Fo-5000psi 4-#11| 28451 | 2023 | fawls|Fe=5000psi 441
Cat 985 | 962 | 9481 | 9615 | 20u20/Fo-5000psi 449 | 6590.89 | 6769 | f6ule|fo-5000psi 4-#8
R B0 | 371 | G0L04 | 370 | f9u15|Fo-b000psi|4-#9 | 36063 | 2206 | 16w16 |Fo-5000psi| 448
C33 322 | 63 | 32183 | 11625 | 1ouiE|Fo-56000psi|4-#5 | 1930 | 6977 | 6uls|fo-5000psi|4-#3
C34 £0 | 406 | 4046 | 4157 | 6wl Fo-GODUpsi 4B | 2400 | 2484 | fesiE| Fe-G000psi| 488
Cata B0 | 33 | 6047 | 3.3% | fouls|ro-6000psi| a8 | 3028 1861 | 16ulG | Fo-5000psi| +-HE
C35 474 | 3521 | #7431 | 36213 | 24u24 [Fo-5000psi (4-#11| 28459 | 2128 | 16413 Fo=5000psi (441
C36 985 | 961 | 96494 | 9607 | 20:20/Fo-5000psi 449 | 590.96 | 6764 | {f6uls| fo-5000psi| 448
Car 757 | 68 | 76E8E | 67 | 1oui8|Fo-B000psi|4-#9 | 4540 | 40.08 | 16uls| ro-5000psi| 48
C38 474 | 3520 | 47415 | 35205 | 24w [Fo-5000psi(4-#11] 28451 | 2023 | 16419 Fo=5000psi |41
C39 385 | 962 | 99481 | G615 | 20u20IFo-5000psi 449 | 690.89 | 6768 | feule| fo-5000psi| 448
C40 B86 | 199 | Go649 | 1986 | 18ui8|Fo-6000psi|4-#9 | 4183 | N9z | 16ul6| re-5000psi| 4-#E
C4t 423 | 628 | 42253 | 16283 | 1bul6|Fo-6000psi|4-#5 | 25385 | @170 | 16ul5| ro-6000psi| 4.8
Caz 474 | 3520 | 47415 | 35205 | 24w [Fo-5000psi (4-#11] 28451 | 2123 | 16413 Fos5000psi (441
C43 985 | 962 | 98481 | 965 | 20u20/Fo-5000psi 449 | 690.89 | 6768 | feuls| fo-5000psi| 4-#8
Ca4 739 | 650 | 73920 | 6500 | fouie|Fo-6000psi|4-#9 | #4352 | 3300 | Tbuls| ro-5000psi| 4.8
Ca5 465 | 2020 | 46474 | -202.04 | 20s20|Fo-5000psi 443 | 27884 | 12123 | 6uls| fo-5000psi| 4-#3
Cit 474 | 3521 | 47431 | 35243 | 24u24 Fo-5000psi 4-#11| 28459 | 2028 | fawls|Fe=5000psi 441
Ca7 950 | 793 | 95975 | 7927 | 20420(Fo-5000psi|4#9 | 67585 | 4756 | Touls|ro-5000psi| 48
Ca3 351 | 869 | 9605 | 6588 | 204207o-5000psi|#-#9 | 57030 | 5153 | 16w16 |Fo-5000psi| 468
C43 465 | 2020 | 46474 | 20204 | 20u20/Fo-5000psi 449 | 27884 | 12123 | f6ulel ro-B000psi| 4-#E
C50 626 | 3942 | 5571 | 39405 | 24ud IFo-5000psi|4-#11| 31543 | 23649 | fowls|Fe=5000psi| 441
C52 483 | -28.28 | 48320 | -282.80 | 24w [Fo-5000psi|4-#11| 28992 | -16968 | few19 |Fos5000psi |41
C53 70| 3134 | 46957 | 31345 | 24u24 [Fo-5000psi (4#11| 28174 | 188.07 | 16413 |Fo=5000psi (411
C55 246 | 1823 | 24647 | 18227 | Voule|Fo-G000psi|4-#9 | M7.88 | 109.95 | f6ulE| fo-5000psi| 4-#8
C56 230 | 401 | 23006 | W01 | TouiE|Fo-56000psi |4-#5 | 13800 | -B405 | T6ul5| ro-5000psi| 448
Co7 261 | .76 | 26077 | 16758 | f9u15|fo-5000psi|4-#9 | 16046 | 10055 | 16w16 | Fo=5000psi 462
C53 241 | 193 | 24077 | 830 | f6al6|Fo-G000psi 485 | H4dE | 7158 | 16ul6|Fo-5000psi| 448




Column Sizing [ Fig 2.7.1 PCl handbook Gtk edition]

_ Level 10-11
Lesignating | © S fhinel | & e A7 T
Ct 43.41 70.05] 16416 | Fe=5000psi | 4-#3
Cz TEAT 0.00] 161 | Fo=5000psi | 4-#5
2 TE43 0.00] 16416 | Fo=5000psi | 4-#2
= TEAY 0.00] 1616 | Fo=5000psi | 4-#5
C5 4341 17489] 18418 | Fo=5000psi| 4-#11
CE 34.33 77.33]_16aT6 | FosB000psi | 4-#8
c7 B5.64 0.00] 1616 | Fo=5000psi | 4-#8
C2 ESLE4 0.00] 1841 | Fo=5000psi | 4-#2
C3 1E9.E4 0.00] 18216 | Fo=5000psi | 4-#2
it 34.55 B7.4| 16416 | Fo=5000psi | 4-48
Cif 35.70 147 72| 18u1 | Fo=5000psi | 4-#11
C1z 193.82 22.30] 16416 | Fe=5000p=i | 4-#8
E 16063 0.00] 1616 | Fo=5000psi | 4-#6
CH 152,96 0.00] 141 | Fo=5000psi | 4-#2
Ci .20 6128|1646 | Fo=5000psi | 4-48
CIE 3651 22.32] 16u16 | oz 5000psi | 4-#8
Cf7 100.77 1316|8418 | o= 5O00psi | 4-#11
o 157.25 294716416 | Fe=5000psi | 4-#3
E] 124.65 0.00] 1841 | Fo=5000psi | 4-#2
C20 1251 2042 16416 | Fe=5000p=i | 4-#2
Czi 1231 042| 18418 | Fe=5000p=i| 4-#11
Ciz 0813 Z2.00] 16416 | Fo=5000psi | 4-#8
C23 5243 4065|6416 | Fe=5000psi | 4-#3
C24 11231 45.32] 16416 | Fe=5000psi | 4-#3
C25 7203 12.59]1B41E | Fo=5000psi | 4-#8
C2E 36,16 ZB.7E| 16al6 | Fe=5000psi | 4-#8
C27 3454 140.82] 1818 | Fo=5000psi | 4-#11
Cz8 13696 35.4E|] 16ul6 | oz 5000psi | 4-#E
Cz3 130,07 68| T6ulE | Fe-5000psi | 4-8E
30 3484 140.82] 1812 | Fo=5000psi | 4-#11
Ca 196,96 324616416 | Fo=5000psi | 4-#2
Ciz 120.21 84| 1E41E | Fo-5000psi | 4-48
33 E437 465116416 | Fo=5000psi | 4-#5
T3t E 1663|164l | Fo=5000psi | 4-H8
Cita 1009 T254| 16ul6 | Fo=5000psi | 4-8E
35 3456 140,95 1x12| Fo=5000psi | 4-#11
36 19699 3243 16416 | Fe=5000p=i | 4-#2
it 15137 ZE.7I| 1616 | Fo=5000psi | 4-#5
36 3454 140.82] 18x18 | Fo=5000psi | 4-#11
39 196,96 46| 16aT6 | Fos5000psi | 4-#8
40 137.30 T38| T6alE | Fo=5000psi | 4-8E
CHi 8452 B112| 16ulE | Fe-5000psi | 4-#2
RE 3484 140,82 18x18) Fo=5000psi | 4-#11
RE 136,96 3846 16ul6 | oz 5000psi [ 4-#8
CH 754 Z2.00] 16416 | oz 5000psi | 4-#E
45 32.95 80.82] 16416 | Fe=5000psi | 4-#3
C4E 3456 140,85 1812 | Fo=5000psi | 4-#11
47 19195 LTI 16xlE | Fo-5000psi | 4-#2
RE 130,10 34.35]16a16 | Fe=5000psi | 4-#2
RE 32.95 B0.82] 16416 | oz 5000psi | 4-#8
C50 105.14 157 66| Tax1 | Fo=5000psi | 4-#11
Ch2 3664 Aadz| T6ulE | Fo-5000psi | 4-88
Ch2 32.91 126.32] 1818 | Fo=5000psi | 4-#11
C55 49.29 7291|1841 | Fo=5000psi | 4-#8
56 4603 56.04] 16416 | Fe=5000p=i | 4-#2
Ch? 50,15 B7.03] 16416 | oz 5000psi | 4-#E
58 4515 47.72] 16x16 | Fe=5000p=i | 4-#3

Full column checks, and columns

loading can be obtained upon request.

PCA Column was used to check
columns on level 1-4 interaction
diagrams are on the next page.
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PCA Column: Interaction diagrams for columns on ground level.
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Appendix #3
GRAVITY SYSTEM DETAILING

CREEP & STRAIN

Volume Calculations

CONNECTIONS

Column to Foundations
Plank to Beam

T&L Beam to Column

6-7



VOLUME CHANGE:

PCI 6t edition: Fig 3.10.13-3.10.16
Location: Washington D.C

Normal Weight Beam 12RB24

10 -1/2” diam. 270 low relaxation strands

Length 26 ft V/S=4in

Aps =0.153*10=1.53 in? F’c=5000 psi
P0=1.53*270*.75%(1-.15)=263.35 kips R.H=75%

Po/A=914.5 psi Design Temp. Change = 50°F
At 60 Days:

Creep Strain: 169 x 10-6

Shrinkage Strain: 354 x 10-¢

Creep correction factor: 1.325

Relative humidity correction (creep): 0.96

Relative humidity correction (shrinkage): 0.9,
Volume-to-surface ratio correction (creep): 0.48
Volume-to-surface ratio correction (shrinkage): 0.46

At final

Creep Strain: 315 x10-6

Shrinkage Strain: 560 x 10-6

Creep correction factor: 1.325

Volume-to-surface ratio correction (creep): 0.77
Volume-to-surface ratio correction (shrinkage): 0.75
Temperature Strain = 150 x 10-6

Creep = 169 x 10¢*0.96*0.48*1.325 = 1.03 x 10*
Shrinkage = 354 x 10-6*0.93*0.46 = 1.512x 104
Total Strain = 2.546 x 10-*

Total Shortening = 2.546 x 10-4(26)(12)= 0.079 in

Creep = 3.08x10

Shrinkage = 3.906x10-*

Total = 6.98 x 104

Difference = 6.98 x 10-4- 2.546 x 104 =4.43 x 10+

TOTAL STRAIN = 4.43E-4+150E-6= 5.93 x 104
TOTAL SHORTNING = 5.93E-4(12)(26)= 0.185 in




COLUMN TO FOUNDATION CONNECTION

A 20”x20” column located in the corner with type “P2” column cap details
Column C18

Factored Axial Load : 790 Kips
Column f'c=5000

Pedestal f'c= 4000psi

Base plate & Anchor bolts= 36Kksi

Reinforcing bars=60ksi

®=1.0

¢Tu=200Ag=.2(202)=80 Kips or 20 Kips/Bolt

Base Plate Thickness: t=V/((Tu(4)x)/(®BF,)

B=13.79in .
X=3.71in 7 T
T=/20(4)(3.71)/(1.0)(13.79)(36) = 0.77in O e e Oy
USE —— > 1” Plate ] sk 5 sy (2%

| 20" |
Deformed Anchors: ' '

As=Tu/pFy = 1.33in?
Try — [8(0.2)=1.6>1.33 OK] (8)-1/2”

Anchor Bolts:

[Fig 6.16.3] 1” Diam Bolts A=0.785 in2 Tension=25.6 Kips Shear = 13.7 Kips
4(25.5)=102.4 >80 OK

[hea<11] Hooked anchor bolts

Cerp=1.0 [ concrete assumed
uncracked]

Spacing 15.5in <3her [Fig 6.5 Do=1.0

En=3.97in

Breakout :

Cbs=3.33Asqrt(f'c/her) = 3.33(1)(v4000/6.683)=80.6psi
An=36(36) 1296 in2

¥=0.7+0.3(10.25/1.5*%6.83)=1.0

Cerb(Designed for corner cracking)= 0.8
Nep=CpbsAnCcebWed = 83.6 Kips < 102.4 OK

Detail of Column Connection to Column Cap

v agh




BEAM - HOLLOW CORE CONNECTION

TB-15 : Evenly loaded
Vu=5.46
Nu=0.2
Vu=1.09 A=1.0
de=4in d=11in
b=12in b = 20in
h=24in hj=12in
Fy=60ksi b=8in
F’c=5000psi s=48in
de=Bt/2= 4in
S >bt+hl = 16"

de<2(bl-b)+bt+bl=44"

Eq: 4.5.1.2 gVn=gAVf chi[2(bi-b)+b¢+hi+2d.]
0.75*1.0*v5000*12[2(20-12)+8+1+2*4 = 21 >5.46 OK
Shear Span a = 34(bi-b)=3/4(20-12)= 6in

Flexural Reinforcing : As = 1/gfy[Vu(a/d)+Nu(h/d)]
1/(.75*60)(5.46(6/11)+1.09(24/11) = 0.11 in2
Spacing = 6h; > s/2 >12in [lesser of these 3]

Longitudinal Reinforcing :
Attach ledger to web Ash = Vu/gfy(m)

M: Table 2.5.4.1
hi/h =0.5
bi/b=1.667

An=[5.48/.75*%60]1.19 = 0.145 in2

—» M=1.19

A= 200(bi-b)d;/fy= 0.29in2

Additional reinforcing due to e:

Vue=5.46*5=27.3

Awl=Vue/2¢fyDw = 27.3/2*.75%60*10.5= 0.028 in2
Awi = #3

USE :

Avwv: #3

Ap: 1-#3 top & 1-#3 bot
Aqn: #3 bars @12”0.C
Ag: #3 Bars @ 12”7 0.C

with 2 additional bars at the beam end to provide reinforcing for stems placed near the end




BEAM TO COLUMN

301: Dapped ends

28IT24

Vus®Vn

Vu=42.41 Kips
Nu=0.2Vu=0.2(42.41)=8.48 kips
F’c=5000

Fy=60,000

1. Flexure in extended end
Shear span a=6" d=15"
As=1/®fy[Vu(a/d)+Nu(h/d) =1/.75%60[42.41*(6/15)+8.48(24/15) = 0.62 in?
2. Direct Shear:
n=1000Abhp/Vu = 1000*1*28*24*1.4/42.41*1000 = 3.4
As=2Vu/3PFyp.+Nu/Pfy = 0.373 in? < 0.62in2
As: USE 2> 2 #4 As = 0.62in2
Ap=0.5(As-An)=0.5(0.62-0.188)=0.216 in2
Vumax=1000A2Acr = 1000(1)(18)(16.75) = 226 Kips > 42.41 OK
Ap: USE 2 2 #4 Ah=.4in2
3. Diagonal tension at re-entrant corner
As=Vu/®fy = 0.94 in2
Agn: USE 2> 4 #5 Ash =1.24in2
Ag: USE 2> 5 #4 Ash =1 in2
4. Diagonal Tension in extended end:
Concrete capacity = 2AVFfcbd = 55.15 kips
Av=1/2fy[Vu/®-2bdAVFfc] = 0.011 in2
USE - Stirrup
OVn=P (A fy+Anf,+2AVFcbd) =
®Vn>Vu

Anchorage: A; Design Aid 11.2.9:
Fy=60000 f'c=5000 ld=

#5 Bars: Ld=21in

Ash’ Ld =17” Extension = H-d+ld = 24-14.4 + 17 = 26.6"
As Ld = 17” Extension = 26.6”
Ah Ld=17"Ex=26.6"
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Appendix #4
LATERAL CHECK

ETABS
Existing Reinforcing
Input
Output

Shear Wall Reinforcing Details

3-5

5-7

7-8



A different numbering system was used during my analysis wall

Existing Shear wall reinforcing

numbers on the left is the alternate numbering used for the lateral check.
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INPUT

Additional Mass: was added to each diaphragm to account for the planks, beams, topping, and
partitions = (22377.84/11)/386)15405*12 = 4.6E-6

F22 : Was changed from 1 to 0.5 for the concrete in the shear walls to account for the cracked
section

P-Delta : affects were included in the analysis with a non-iterative (mass based) method

Dynamic analysis: was also included considering all 12 modes.

Figure #1: A snapshot of a typical floor that was input into E-Tabs for analysis

Load Combinations (Strength): The following load combinations were put into E-Tabs to determine
reinforcing in all shear walls.

#1:1.4D

#2: 1.2D + 1.6L + 0.5S

#3:1.2D + 1.6S + 0.8W p=1.0
#4: 1.2D + 1.6W + L + 0.5S
#5: (1.2+0.2Sds)D + pE + L + 0.2S Sas = 0.163
#6:0.9D + 1.6W + 1.6H
#7:(0.9 - 0.2Sds)D + pE + 1.6H




(50) Load Combinations Inputted into E-Tabs once all combos were considered

O N ULE WD

1.4D

1.2D + 1.6L + 0.5S

1.2D + 1.6S + 0.8 Wind
1.2D + 1.6S + 0.8 Wind2
1.2D + 1.6S + 0.8 Wind3
1.2D + 1.6S + 0.8 Wind4
1.2D + 1.6S + 0.8 Wind5
1.2D + 1.6S + 0.8 Wind6
1.2D + 1.6S + 0.8 Wind 7

. 1.2D + 1.6S + 0.8 Wind 8
. 1.2D + 1.6S + 0.8 Wind 9

1.2D + 1.6S + 0.8 Wind 10
1.2D + 1.6S + 0.8 Wind 11

. 1.2D + 1.6S + 0.8 Wind 12

. 1.2D + 1.6Wind + L + 0.5S

. 1.2D + 1.6Wind2 + L + 0.5S

. 1.2D + 1.6Wind3 + L + 0.5S

. 1.2D + 1.6Wind4 + L + 0.5S

. 1.2D + 1.6Wind5 + L + 0.5S

. 1.2D + 1.6Wind6 + L + 0.5S

. 1.2D + 1.6Wind7 + L + 0.5S

. 1.2D + 1.6Wind8 + L + 0.5S

. 1.2D + 1.6Wind9 + L + 0.5S

. 1.2D + 1.6Wind10 + L + 0.5S

. 1.2D + 1.6Wind11 + L + 0.5S

. 1.2D + 1.6Wind12 + L + 0.5S

. 1.233D + 1.0QuakeX + L + 0.2S

. 1.233D + 1.0QuakeY + L + 0.2S

. 1.233D + 1.0QuakeXeY + L + 0.2S
. 1.233D+ 1.0QuakeXenY + L + 0.2S
. 1.233D + 1.0QuakeYeX + L + 0.2S
. 1.233D + 1.0QuakeYenX + L + 0.2S
. 0.9D + 1.6Wind

. 0.9D + 1.6Wind 2

. 0.9D + 1.6Wind 3

35.
36.
37.
38.
39.
40.
41.
42,
43,
44,
45,
46.
47,
48.
49,
50.

0.9D + 1.6 Wind

0.9D + 1.6Wind 4

0.9D + 1.6Wind 5

0.9D + 1.6Wind 6

0.9D + 1.6Wind 7

0.9D + 1.6Wind 8

0.9D + 1.6Wind 9

0.9D + 1.6Wind 10

0.9D + 1.6Wind 11

0.9D + 1.6Wind 12
0.867D +1.0 Quake X
0.867D + 1.0 Quake Y
0.867D + 1.0 Quake XeY
0.867D+ 1.0 Quake XenY
0.867D + 1.0 Quake YeX
0.867D + 1.0 Quake YenX

WIND: Because seismic controls wind values were calculated in

E-Tabs

E1=0.15(108)
E2 =0.15(179)

Exposure and Pressure Cosfficients
@ Exposure fiom Extents of Rigid Diapragms
O Exposure from Area Dbjects

Wind Expasure Parameters
Wind Direction Angle 0
Windward Coeif, Cp 08
Leeward Coelf, Cp 05
Case [ASCE 705 Fig. 541

el Ratio (&5CE 7.0 16.2

atin (45CE 7-05 Fig B-9) 26.86

Madify/Show Exposure Widths

Evpasure Height
Top Story STORY11
Bottom Story BASE

[include Parapet
Parapet Height

“wind Coefficients
‘Wind Speed (mph)
Exposure Typs
Importance Factor
Topographical Factor, Kzt
Gust Factor
Directionality Factor, Kd

Solid / Gross Area Ratio

30

;
0.854
0.85



SEISMIC: Was calculated as seen in appendix #1 and then input by hand for each of the 6 cases.

OUTPUT

Controlling Combination:

Combo 50 = 0.867D+1.0Quake Y (-) X eccentricity : Controls in Flexure
Combo 48 = 0.0867D + 1.0 Quake Y(-)X eccentricity : Controls in Flexure and Shear
Combo 30 =1.22D +1.0L +1.0 Quake X (-) Y eccentricity: Controls in Shear

Figure #2: Deformed shape after analysis of seismic displacement in the X direction.



Wall #1 Output: (Units Kip-in)

Uniform Reinforcing Pier, Section - Design (UBC97)

Story ID: STORY1 Pier ID: SHEAR1 X Loc: 4466667 Y Loc: 35.33333  Units: Kip-it

Flexural Design for P-M2-M3 [RLLF = 1.000)
Station Required Current Flexural Pier
Location Reinf Ratio Heinf Ratio Combo Pu M2u M3u Ag i i
Top 0.0025 0.0047 COE14 143.048 0.000 0.000 11.000 Values IHPUt into PCA
[_Eottom 0.0034 0.0047 COME12 162.274 0.000 2035.736 11.000 |

column for flexural check
Shear Design

Station Rebar Shear Capacity Capacity
Location in~ 2t Combo Pu Mu Yu phi ¥c phi ¥n
Toplegl 0.360 COME12 143.045 1177.897 £3.819 100.970 215018
BotLeg1 0.360 COmME12 162,274 2035.736 B3.819 BE.752 180.200

Boundary Element Check

Station B-Zone B-Zone
Location Length Combo Pu Mu Yu Pu/Fo
Toplegl Mot Meeded COMBS 203.432 0.000 0.000 0.0293
BaotLeg1 Mot Needed COmMes 230,777 0.000 0.000 0.0328

[ Combos.. ] [ Ovenarites... ]

Wall #2&4 Output: (Units Kip-in)
Uniform Reinforcing Pier Section - Design (UBC97)

Story ID: STORY2 PierID: SHEAR2 X Loc: 470 Y Loc: 1655  Units: Kip-in

Flexural Design for P-M2-M3 [RLLF = 1.000)
Station Required Current Flexural Pier
Location Reinf Ratio Reinf Ratio Combo Pu M2u M3u Ag
Top 0.01E5 0.0035 COMB14 -1026.284 0.000 75371.383 2489763
Battom 0.0138 0.0035 COMBT4 -1180.360 0.000 93602.479 2489763
Shear Design
Station Rebar Shear Capacity Capacity
Location in"27ft Combo Pu Mu Yu phi ¥c phi ¥n
ToplLegl 0.562 COMET4 -1026.284 75371.383 2EE.E90 56123 266.690
BotLeg1 0589 COME14 -1180.360 93602.479 2E6.E30 4E6.313 266.690
Boundary Element Check
Station B-Zone B-Zone
Location Length Combo Pu Mu Yu Pu/Po
Toplegl Mot Meeded COMET4 1026284 7R37F.383 2BE.E30 0.0797
BotLegl Mot Meeded COMET4 -1180.360 93602.479 2B6.630 0.0886
I Combos... ] [ Overwrites...




Wall #3 Output: (Unit Kip-in)

Uniform Reinforcing Pier Section - Design (UBC97)

Story ID: STORY1
Flexural Design for P-M2-M3

Pier ID: SHEAR3

X Loc: 48.16667

(RLLF = 1.000)

Station Required Current
Location Reinf Ratio Reinf Ratio
Top 0.0033 0.0045
Bottom 0.0051 0.0045
Shear Design
Station Rebar Shear
Location in"2/1t Combo
TopLeal 0.360 COMB12
BotLeg 1 0.360 COMB12
Boundary Element Check
Station B-Zone B-Zone
Location Length Comhbo
TopLeal 4115 COMBS
BotLeg 1 4.445 COMBS
[ Combos... ] [ Owvenwrites... ]

Flexural
Combo Pu
COMB12 234.037
COMB12 264572
Pu Mu
234.037 5070183
264.572 7144.829
Pu Mu
3530436 0.000
4040.927 0.000

REINFORCING DETAILS

Y Loc: 144 4167

M2u
0.000
0.000

Yu
4n0.284
400.284

Yu
0.000
0.000

Units: Kip-ft

Pier
M3u Ag
5070183 18.000
7144.829 18.000
Capacity Capacity
phi ¥c phi ¥n
219.938 453.218
219938 453.218

Pu/Po

0.3072

0.3439
QK [ Cancel

TYPICAL TIE ARRANGEMENT DETAILS

SCaLE

= i

)

TIE BREBNGEMENT #]

(8 BARS)

(TYPICAL AT E=CH END)

‘J"—'—'—
TIE AREANGEMENT #2 (10 BRES)

(TYPICAL AT ERCH ENDD

NOTE
SEE SHEAR WALL SCHEDULES FOR SIZE OF TIES AMD

LOCATION OF TIE PREEFENGESMENTS.

IFH = 1-0°
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TYP. AT N = . 3
EACH END— ‘ i‘| \ 4515
“\_-_._:\_\_)-‘_—.—o- L] L] L3 !"

r
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] L]
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\Lna TIES \ H
(TYP. ERCH END) L1
(SEE DETAIL 2/52-08)

NOTES!
L. SEE KEY PLANS FOR SHEAR WALL DESIGNATION NUMBERS.

~c

2. PROVIDE CORMERE BARS WITH CLASS "B" SPFLICES TO MATCH "H" BARS SHOWN ON SCHEDULE
3. WHERE FOSSIBLE. EXTEND "H* HORLZ. BRRS INTO RDJACENT FPERPENDICULAR WALL AND HOOK.
4,

SEE SHEAR WALL SCHEDULES FOR FURTHER INFORMATION.

TYPICAL SHEAR WALL DETAIL

SCALEr 374" = I'-0°

SEE KEY PLANS FOR WALL NUMBERS
SEE SCHEDULE FOR REINFORCING

— =

&

| XTEND HORIZONTAL

| "H" BARS TO

CORNER EXTENTS
AND HOOK.

TYPICAL CORNER DETAIL

(3

SCALE: 3747 = 1'-07

PLAN FOR WaLL NUMBER

SEE KEY

SEE SCHEDULE FOR REINFORCING
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