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Executive Summary

In the second technical report regarding the 8'™" Street Office Building, the existing floor system is
analyzed in depth and three alternative floor systems are investigated. The comparison of floor systems
was based on a variety of criteria including self weight, depth, constructability, cost, and fire ratings. A
typical exterior bay of 20’-0” by 40°-6” was utilized since it represents the worst case scenario for the
building. The existing floor system consists of composite metal decking and slab on composite steel
beams. Itis an ideal system due to its light self weight and efficient constructability, but it is very costly.
The alternative floor systems that are studied are the following:

e One-Way Solid Slab
e One-Way Joist Slab
e Pre-Cast Hollow Core Planks on Steel Beams

The design of the one-way solid slab system resulted in a 6” thick slab with 27” deep girders. This
system has a self weight of 75 pounds per square foot, which is the largest self weight of the four floor
systems. It also has a relatively high cost of $24.35 per square foot. Additionally, the costs of other
components, such as the columns and foundation, may increase due to the large self weight. Therefore,
it was determined that the one-way solid slab floor system should not be considered any further.

The design of the one-way joist slab system produced more promising results than the one-way solid
slab system. The slab was designed to be 3 /," thick with 6” wide by 13” deep joists spaced 36” on
center spanning the 20°-0” direction. The self weight of this system is lighter at approximately 64
pounds per square foot, and the cost is lower at $19.95 per square foot compared to the one-way solid
slab. Furthermore, it may be beneficial to design the joists in the 40’-6” direction. Therefore, the one-
way joist slab floor system should not be eliminated as an alternative in the future.

Nitterhouse Concrete Products were used for the pre-cast hollow core planks on steel beams floor
system. It was determined that 6” thick by 4’-0” wide planks with a 2” topping is sufficient to carry the
required service loads in the 20’-0” direction. Unfortunately, none of the planks had a large enough
capacity to span the 40’-6” direction. Therefore, large W27x161 girders are required to span between
columns in the long direction. The main advantages of this system are its extremely low cost of $13.09
per square foot and its efficient constructability; however, the main disadvantage is the system’s large
self weight. It was determined that the advantages may potentially outweigh the disadvantages, so the
pre-cast hollow core plank system may require additional study as an alternative.
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Introduction

The new 8" Street Office Building will be located in the bustling Richmond, VA commercial district near
the Virginia State Capitol Building. It is intended to be a legacy building that will serve both the needs of
the state government and the general public. Initially, the Virginia General Assembly will occupy the 8"
Street Office Building for approximately five years while renovations to the Capitol Building are being
completed. After that time, it is expected that various Virginia government agencies will move into the
new office building.

The 8" Street Office Building will be comprised of 3 */, underground parking garage levels with spaces
for 201 cars, ten floors above and a mechanical penthouse. The completed building will stand 176’-5”
tall and will enclose approximately 307,000 square feet. Rooftop terraces with planters will be an
integral part of the construction on the 3™, 7*" and 10" floors.

A secure main lobby on the first floor will efficiently handle high volume traffic to the large assembly
areas. Ground level retail will be located on the corner of East Broad Street and 9" Street. The
remainder of the floors will be open office spaces with meeting areas that can be flexibly rearranged to
meet the needs of the various tenants. Finally, a six story atrium will connect the building along its
southern edge to the existing 9™ Street Office Building. The 9™ Street Office Building is another Virginia
government office building, and the atrium is expected to provide seamless passage between the two
buildings. See Figure 1 on the next page for a general site plan.
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Figure 1 — Site plan

The 8" Street Office Building is designed as a primarily steel structure. However, concrete will play a
major role in the construction of the underground parking garage and the shear walls around cores
within the building. The fagade will consist of several different glass curtain walls and precast concrete
panels. Aluminum will be used to frame individual windows and doorways. Finally, a standing seam
stainless steel roof will cantilever dramatically over 30°-0” off of the mechanical penthouse. See Figures
2 and 3 for elevations that display facade materials and the cantilevered roof. For a more detailed
discussion of the 8" Street Office Building’s structural system, please continue to the next section.
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Figure 2 — Broad Street Elevation
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Figure 3 — 9" Street Elevation
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Structural System

Foundation

The geotechnical engineering study was conducted by Froehling & Robertson, Inc. of Richmond, VA. A
total of nine test borings ranging from 50 to 100 feet were performed in September, 2006 and June-July,
2007. Based on the data from the borings and experience with other buildings located in Richmond, it
was recommended in the geotechnical report that the 8" Street Office Building be supported on a mat
foundation system. The mat foundation is located at elevations of 130°-0” and 140’-0” since the fourth
level of the underground parking garage is only located on the western half of the site. Based on the
elevations, it was recommended that the 4000 pounds per square inch concrete mat foundation be
designed for a maximum allowable bearing pressure of 3,500 pounds per square foot. Ultimately, the
mat foundation was designed to be 48" thick reinforced with #10 at 12” each way on the top and the
bottom throughout the entire foundation.

According to the geotechnical report, the mat foundation system at the proposed elevations will be
above the permanent groundwater table. However, the permanent perched water system may cause a
substantial flow of water. Therefore, it was recommended that the 12” thick foundation walls be
constructed with a minimum of 6” of free-draining granular filter material. Furthermore, the 48” thick
mat should be placed on a 12” layer of free-draining aggregate for drainage and to provide uniform
bearing pressure.

Parking Garage

The 8" Street Office Building’s underground parking garage is comprised of 3 % levels and can
accommodate 201 vehicles. The concrete columns are sized to be 30”x30” and tend to be reinforced
with 16 #10 bars. Typical bay sizes are either 20’-0” by 40’-6” or 20’-0” by 30’-0”. The concrete beams
are typically sized to be 30”"x30” although there are several exceptions. Primary reinforcement for the
beams ranges anywhere from #7 to #11 bars. The one way concrete slabs span in the 20’-0” direction,
and the majority of the slabs are 8” thick and reinforced with #5 bars spaced at 12”.
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Superstructure

The most typical bay sizes for the 8" Street Office Building are either 20’-0” by 40’-6” around the
perimeter or 20°0” by 30’-0” through the middle portion of the building. However, there are several
variations due to the shape of the building from floor to floor. The composite floor system consists of
3 %" of lightweight concrete and 2” deep, 18 gage metal deck for a total depth of 5 %4”. The deck spans
W-shape infill beams spaced at 10’-0” on center. The beams tend to be W16x31, W18x35, or W18x40
depending on the length of their span. Composite action is achieved between the floor system and the
beams through %” diameter, 4” long headed shear studs. The beams then transfer their loads to W-
shape girders whose sizes vary greatly. The girders are connected to W14 columns that range in size
from W14x43 to W14x283. The columns are typically spliced every three floors. See Appendix A for
typical floor framing plans.

Lateral System

The primary lateral load resisting system for the 8" Street Office Building consists of reinforced concrete
shear walls surrounding four cores within the building. The cores are the locations of the main elevators
and stairwells for the building. Therefore, openings are provided in the walls for doorways. See Figure 4
for the exact locations of the shear walls. The shear walls are 12” thick and reinforced horizontally with
#6 bars spaced at 12” on each face and vertically with #8 bars spaced at 12” on each face. There are a
total of 16 shear walls. All of the shear walls are located on the 3™ level of the parking garage through
the 10" floor. However, only 8 shear walls extend downwards to the 4™ level of the parking garage, only
12 shear walls extend upwards to the Penthouse level, and only 4 shear walls extend upwards to the
Penthouse Mezzanine level. It is assumed that the floor system of the 8" Street Office Building acts as a
rigid diaphragm and transfers the lateral loads due to wind and seismic activity completely to the shear
walls. The shear walls then carry those loads down to the mat foundation.
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Figure 4 — Locations of Reinforced Concrete Shear Walls
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Materials

Structural Steel:

ROIIEA SHAPES...ceiiieice ettt st r et st st st e e e s b e e ASTM A992, Grade 5
Channels, ANgIEs and Plates.......cuuivieieie ettt st e r et sr e e st st sre e e eraens ASTM A36
T o 1T TSR SUS SRRSOt ASTM A53, Grade B, F,=35 ksi
Tubes (Square and Rectangular HSS).......ccoceveeecveveiveeneeerieieeeeenen ASTM A500, Grade B, F,=46 ksi

Metal Decking:

31, Lightweight Concrete over 2” Composite Deck (5 17," total depth)......ASTM A653, 18 Gage
1 ) ROOT DECK v vevereeee e eeeeeers s eeeeseeee e ses s essessaseeres e sensssseseesssensen s eeserseresensenenn ASTM A653, 20 Gage

Headed Shear Studs:

2 IAIMIETE ettt eee e ets e e et et s s e ees et seteee s eee s eneeeesesees e ASTM A108
High Strength Bolts:

28" BOIES e veeeeess e eessss e ee st e et et R RS R R ASTM A-325N
Welding Electrodes:

30 )0 G USRI Tensile Strength = 70 ksi

Cast-in-Place Concrete:

S1abs 0N Grade (INTEIIOI)..ccuiii ettt et ter e ea bbb e sresresresaesbeesesanessneraens f'.=3000 psi
S1abs 0N Grade (EXEEIION) ..ottt ettt ettt et r s e saeete st st s e s bes e s s easaneetesaenen f'.=3500 psi
20 0] oY gol=Te BT F=1 o 1S OO USSR f'.=5000 psi
REINTOICEA BEAMIS..c..oo ittt ettt sttt st et st st eabe et saesenaessaesaseesbsesesansennnseesnns f'.=5000 psi
(11T oW\ I<] =1 B =Tl SRR f'.=3500 psi
GO UMINS ettt et e et et e st e etesaesae st et et eeeeeseessensen e stasteseeseesresneesensenseene f'.=5000/7000 psi
LAY 11T f'=4000 psi
1Y/ T o YUT 0T = L Yo ORI f'.=4000 psi
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Reinforcement:
Deformed ReINFOrCING Bars.......coceicueierieiineiece et enietass s e sre st st seeenneas ASTM A615, Grade 60
Welded Wire FaBIIC. ..ottt et s e e s e ens ASTM A185
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Codes

Applicable Design Codes:
Model Codes:
Virginia Uniform Statewide Building Code 2003
International Building Code 2003
Structural Standards:
ASCE 7-02, Minimum Design Loads for Buildings and Other Structures
Design Codes:
ACl 318-02, Building Code Requirements for Structural Concrete
AISC Manual of Steel Construction — Allowable Stress Design, 9" Edition
AISC Manual of Steel Construction — Volume Il, Connections — ASD, gth Edition/LRFD, 3" Edition
Applicable Thesis Codes:
Model Codes:
International Building Code 2006
Structural Standards:
ASCE 7-05, Building Code Requirements for Structural Concrete
Design Codes:
ACI 318-05, Building Code Requirements for Structural Concrete

AISC Steel Construction Manual, 13" Edition
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Gravity Loads

Gravity loads were determined using ASCE 7-05.

Dead Loads:
Typical Floor:
2” Composite Metal Deck, 18 Gage 2 psf
3 !/," Lightweight Concrete Slab (115 pcf) 41 psf
Approximated Self Weight of Steel Framing 7 psf
Curtain Walls and Precast Concrete Panels 25 psf
Total for Floor System Design (2 +41 +25) > 68 psf
Total (2+41+7+25)> 75 psf

Superimposed Dead Loads:

Typical Floor:
Fireproofing 2 psf
Finishes 10 psf
Partitions 20 psf
Ceiling 5 psf
MEP 5 psf
Total SDL 42 psf

Atrium:

To account for finishes and catwalks, 20 psf is assumed for each level that the atrium extends upwards.
Structural slabs, partitions and ceiling loads are not included.

Penthouse and Penthouse Mezzanine:

Due to large mechanical spaces, a dead load of 100 psf is assumed to account for concrete pads, sloped
floors and other miscellaneous loads. This load replaces the superimposed MEP load. Furthermore,
partitions are not included.

Terraces/Roofs: A load of 125 psf is assumed to account for self weights of system components and
planters and finishes.
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Live Loads:

Typical Spaces:

ASCE 7-05 Design Loads
Lobbies & First Floor Corridors 100 psf 100 psf
Corridors above First Floor 80 psf 100 psf
Stairs 100 psf 100 psf
Walkways & Elevated Platforms 60 psf not available
Retail — First Floor 100 psf not available
Assembly Areas with Movable Seats 100 psf not available
Offices 50 psf 50 psf + 20 psf for partitions
Ordinary Roof 20 psf 30 psf minimum
Roofs used for Roof Gardens or 100 psf not available
Assembly Purposes

A comparison between the live loads from Table 4-1 in ASCE 7-05 and the live loads from Table 4-1 in
ASCE 7-02 shows no differences. Thus, only the loads from ASCE 7-05 are tabulated above. The design
loads that have been provided by the engineers of record are slightly more conservative than the
minimum loads from ASCE 7-05. In addition, the engineers classified the partitions as a live load as
opposed to a superimposed dead load, which is not unusual. Finally, a design load of 150 psf was
specified for mechanical rooms. Since ASCE 7-05 does not provide a live load value for mechanical
rooms, a live load of 150 psf will be used in future analyses.
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Analysis of Floor Systems

A typical 20°-0” by 40’-6” exterior bay was utilized in the analysis of the existing floor system and three
proposed alternative systems. An exterior bay was chosen, as opposed to an interior bay, since it
represents the worst case scenario due to its long span. See Figure 5 for a plan view of the typical bay
that was utilized.
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Figure 5 — Typical Exterior Bay

In order to provide flexibility for future tenants who may want to move partitions to rearrange office
spaces and corridors, a live load of 80 psf has been used in the floor system analyses and reduced
whenever possible. As indicated earlier, the total superimposed dead load is 42 psf. Finally, see the
appropriate appendices for the self-weight of each system.
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Existing Floor System: Composite Metal Deck with Composite Steel Beams

The existing floor system for the 8" Street Office Building is a composite steel system. It was
determined from the structural general notes and the framing plan notes that the composite metal deck
is 2” deep with a minimum thickness of 18 gage. The slab is of lightweight concrete and has a total
depth of 5 %4”. Furthermore, it was stipulated that the deck be provided by United Steel Deck with the
following properties:

DECK PROPERTIES

| S ; w1 studs

2 ] 0.440 )
2 0.0358 18 0540 0.420 0.367 0.387 1010 2410 0.52
18 0.0474 4 0710 0.560 0.523 0.529 1680 3180 0,69

Table 1 — United Steel Deck 2” Lok-Floor Properties

The maximum unshored span of 10.97 feet was obtained from Table 2 below. In the 8" Street Office
Building, beams are typically spaced 10 feet on center, so the clear span must be less than 10.97 feet.
Therefore, the decking is adequate to span the beams.

COMPOSITE PROPERTIES

Vol. w l,, oM., &V, Macunshoredspans, ft
2/t : int ink Ibs. 4span 2span 3sp

4299 4560

00 0354 41

9195 480 0417 239 121 6707 6530 801 1002 1036 0.036
9693 508 04338 25 136 T.29 6730 TEE 984 1047 0.038
650 10191 536 0458 269 152 7555 690 TN 968 10,00  0.041

48
0
650 53
700 11187 55 0500 5 300 188 8417 7340 144 93 967 0045
&
62

18 gage
B(S(BI5:

725 11685 @19 052 316 207 BBS2 TS0 72 9 952  0.047
TS0 12183 643 0542 3y X8 91 Ter0 724 2907 938 20050

Table 2 — United Steel Deck 2” Lok-Floor Composite Properties

Finally, the maximum uniform live service load was obtained from Table 3 below. The metal deck and
slab can support 235 pounds per square foot for an 11’-0” span and a total depth of 5 %4”. This is greater
than the total service load of 190 pounds per square foot, so the metal deck and slab are sufficient. In
fact, the load provided by United Steel Deck already takes into account the self weight of the deck and
slab, so it was conservative to use 190 pounds per square foot.
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L, Uniform Live Service Loads, psf *

7.50 8&00 B850 900 950 1000 1050 11.00 11.50 12.00

k|

325
s
380

Table 3 — United Steel Deck Uniform Live Service Loads for 2” Lok-Floor

The composite beam that was checked in this report was designed by the engineers of record to be a
W18x35 [45] with a camber of 1 %", Likewise, the composite girder that was checked in this report was
designed by the engineers to be a W18x35 [22]. See Figure 6.
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Figure 6 — Existing Composite Beams and Girders with Composite Metal Deck
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It was found in this study that a W18x35 [54] with a camber of 2” is needed for the composite beam and
a W16x36 [54] is needed for the composite girder. These members are similar in size to those designed
by the engineers, and it is assumed that the slight discrepancies are due to load variations. Therefore,
the existing floor system is adequate for the 8" Street Office Building. See Appendix B for all supporting
calculations.

Pro-Con Analysis: Composite Metal Deck with Composite Steel Beams

Advantages of the existing floor system include its low self weight and constructability. The system’s
self weight of 41 psf is significantly lower than the self weights of the alternative floor systems
investigated in this report. Therefore, the amount of gravity load that will need to be handled by the
foundation will be significantly lower. The construction of the existing system will be simple compared
to the alternative systems since the 10 foot spans are achieved without shoring. In general, steel
erection takes less time than forming, placing, and curing concrete. In this particular system, the metal
decking will act as formwork for the concrete slab, which will allow for a very efficient construction
process. Additional advantages include the fire rating of 2 hours and the relatively small total depth of
23 inches. This will leave more space for mechanical ducts and pipes in the ceiling.

Although the existing system is the lightest as well as very efficient to construct, it is also the most
expensive system due to the large bay size and costly materials. However, the costs associated with the
columns and foundation should be lower due to the low self weight. Also, the steel beams will need to
be protected with fireproofing, and the associated cost and labor were not investigated.

In summary, the existing floor system of composite metal deck and composite steel beams was a good
choice for the 8" Street Office Building. The long spans and loads did not present a challenge, and the
self weight of the system should minimize the weight of the total building. Despite the high cost of the
floor system, overall costs may be kept reasonable through smaller columns and foundations.
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Alternative Floor System #1: One-Way Solid Slab

The one-way solid slab was designed to span the 20’-0” direction of the typical bay. 24” by 24” columns
were chosen as a reasonable size, and a 6” thick slab was found to be reasonable to limit deflections.
Flexural reinforcement for the positive moment was designed to be #5 bars spaced at 12” on center, and
flexural reinforcement for the negative moment was designed to be #5 bars spaced at 8” on center.
Temperature and shrinkage reinforcement was checked, and no shear reinforcement was necessary.

A beam spanning 40’-6” was designed as the worst case beam for the floor system. A 24” wide beam
was designed to match the assumed columns in order to provide for better constructability. For
deflection control, a total depth of 27” was used for the beam. Eight #9 bars are needed as flexural
reinforcement for the negative moment, and seven #8 bars are needed for the positive moment. See
Appendix C for all supporting calculations.

| : |
20
| |

\ 24" by 24" Column (typ.)

40'_6" \

\ 24" by 27" Girder

6" Concrete Slab

Figure 7 — One-Way Solid Slab Floor System
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Pro-Con Analysis: One-Way Solid Slab

A one-way solid slab floor system was chosen as the first alternative system due to the high aspect ratio
of the typical exterior bay. Initially, several two-way concrete floor systems were investigated since the
aspect ratio is only slightly higher than the limit of 2. However, preliminary calculations showed that the
required slab thicknesses for the various two-way systems were prohibitive due to the 40°-6” span.
Therefore, one of the main advantages of the one-way solid slab is its relatively small thickness of 6”.
Other advantages include the slab’s fire rating of 2 hours without the need for additional fireproofing as
well as the slab’s ability to limit vibrations.

Unfortunately, the disadvantages of the one-way solid slab system outweigh the advantages. Even
though the slab has a relatively small thickness of 6”, the self weight of the system is the largest of all of
the systems considered in this report since normal weight concrete was used. Furthermore, the cost of
the one-way solid slab system is the second largest, only behind the existing system. It must, therefore,
be considered that the total cost of the building may actually surpass the total cost associated with the
existing system because the large slab self weight will require larger columns and foundations. Other
disadvantages include increased time for construction as well as a slightly larger total depth of the floor
system.

In summary, a one-way solid slab will not be considered in any future reports primarily due to the large
self weight of the slab and the high cost.
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Alternative Floor System #2: One-Way Joist Slab

The one-way joist slab was designed to span the 20’-0" direction of the typical bay, and 24” by 24"
columns were chosen. A 3 %” slab was used in conjunction with 6” wide by 13” deep joists spaced 36"
on center. The 13” depth is adequate for deflection control. The flexural reinforcement required for the
positive moment is two #4 bars in each joist. The flexural reinforcement required for the negative
moment is #3 bars spaced at 8” on center. The reinforcement in the slab perpendicular to the ribs is #3
bars at 16” on center and was dictated by temperature and shrinkage.

A beam spanning 40’-6” was designed as the worst case beam for the floor system. A 24” wide beam
was designed to match the assumed columns in order to provide for better constructability. For
deflection control, a total depth of 27” was used for the beam. Eight #9 bars are needed as flexural
reinforcement for the negative moment, and seven #8 bars are needed for the positive moment. See
Appendix D for all supporting calculations.

]

-
Vi

= \ 24" by 24" Column (typ.)

________ N
________ \ 24" by 27" Girder

40'-6" e ————

——— — — — — 6" by13"JOiSt$

———————— spaced 36" on center

———————— 3 1/2" Concrete Slab

Figure 8 — One-Way Joist Slab Floor System
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Pro-Con Analysis: One-Way Joist Slab

A one-way joist slab system was chosen to investigate after the one-way solid slab in order to determine
whether any material or cost savings could be achieved. It was discovered that the one-way joist slab
does indeed have a smaller self weight than the one-way solid slab; there was an approximately 15%
decrease. Similarly, the cost of the one-way joist slab decreased by approximately 18% compared to the
one-way solid slab. Other advantages of the one-way joist slab system are identical to those of the one-
way solid slab. It is capable of a 2 hour fire rating without additional fireproofing, and vibration issues
should be negligible.

Disadvantages include the fact that the self weight is still substantially larger than the self weight of the
existing system, so the impact on the foundation will need to be taken into account. Also, the
construction will not be as efficient as the existing system due to the necessary formwork. Another
disadvantage is that the total depth of the one-way joist floor system is slightly larger; however, there is
the possibility to run raceways between the joists, so the depth may not be a problem. Furthermore, it
is possible to design the joists to span in the long direction, so that the concrete beams would only be
needed to span 20’-0”. The beams would then not have to be nearly as deep, and the total depth of the
floor system could be reduced.

In summary, it may be worthwhile in the future to compare the total cost of the building associated with
the one-way joist slab against the total cost of the building using the existing floor system. The potential
exists for the comparatively low floor system cost to outweigh the effects of the larger self weight. On
that basis alone, it was determined that the one-way joist slab is a feasible alternative that may require
additional study. Furthermore, it would be interesting to design the joists with a span of 40’-6” and
ascertain whether any more advantages could be obtained.
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Alternative Floor System #3: Pre-Cast Hollow Core Planks on Steel Beams

The pre-cast hollow core planks were sized according to Nitterhouse Concrete Products. It was
determined that a 6” thick by 4’-0” wide plank spanning 20’-0” has a capacity of 127 pounds per square
foot and is sufficient to carry the required services loads. See Table 4. Additionally, a 2” topping of
lightweight concrete was assumed to level floors from camber of the planks and to create a more rigid
floor system for lateral loads. See Appendix E for more specific information.

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2 D + 1.6 L)
Strand SPAN (FEET)
Pattern 12[13[14]15[16[17[18]19[20]21[22]23]24[25] 26 [ 27| 28] 2930
4-1/2"g | LOAD (PSF) 3491317290258 227|197 | 174 (149|127 (108 | 92 | 78 | 66 | 55
6-1/2"s | LOAD (PSF) 524|478 |437 377|334 (292|269 (237|215(188|165(142|122(104| 88 | 73 | 61 | 49 | 39
7-1/2"s | LOAD (PSF) 541492451 |416§364 |331|293 (274|242 (214|190 (167|144 (124|107 | 91 | 77 | 64 | 53

Table 4 — Load Capacity for Nitterhouse Prestressed Concrete 6” by 4’-0” Hollow Core Plank

A girder was designed to span 40’-6” between columns perpendicular to the hollow core planks. It was
determined that a W27x161 is the most economical shape that will carry the loads. See Appendix E for
calculations. See Figure 9 for the hollow core planks bearing on the girder.

Cs/L OF BEAM__| GROUTED BUTT JOINT ¢BY NCP)
17 EXCELSIOR GROUT DAM BY NCP

#4 (ASTM A61S5, GR 60> 2" TOPPING
FURNISHED & INSTALLED BY OTHERS
BY NCP Y

ot - — - — -

GROUT END CORES

BY NCP. HEADED ANCHOR STUDS (BY DTHERS)

SEE LAYOUT FOR BEAM SIZE

MINIMUM RECOMMENDED
FLANGE WIDTH

Figure 9 — Nitterhouse Detail of Hollow Core Plank Bearing on Steel Beam
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Pro-Con Analysis: Pre-Cast Hollow Core Planks on Steel Beams

The main advantages of the pre-cast hollow core planks are the low cost and efficient construction
process. The hollow core plank floor system has the lowest cost compared to all of the floor systems
investigated in this report. In fact, the cost is approximately 67% lower than the cost of the existing
floor system. The pre-cast members are constructed in a plant where curing can take place year round
under controlled conditions. Therefore, the planks will be completely up to strength when it is time for
erection, thus accelerating the construction process. Another advantage is the 2 hour fire rating without
the need for additional fireproofing.

Unfortunately, a couple of rather large disadvantages to the pre-cast hollow core plank floor system
argue against its use. The self weight of the system is almost as large as the self weight of the one-way
solid slab system, which will affect the sizes of the columns and foundation and possibly increase costs.
The hollow core plank system also has the largest total depth due to the large girder that is necessary to
span 40’-6". It was attempted to span the pre-cast hollow core planks 40’-6”, but none of the
Nitterhouse Concrete Products were capable of carrying the required service loads over that length.
Finally, the planks may not perform well when introduced to vibrations.

Despite the significant disadvantages, the pre-cast hollow core planks on steel beams may warrant
further study due to the very low cost and good constructability. The planks may be an ideal solution if
the bay sizes of the 8" Street Office Building can be modified slightly.
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Comparison of Floor Systems

Floor System Comparison - Typical Exterior Bay

Criterion Existing Composite One-Way One-Way Pre-Cast Hollow Core
Steel Solid Slab Joist Slab Planks on Steel Beams
Self Weight of Slab {psf) 41 75 64 73.75
Slab Depth (in.) 5, 6 3Y, 6
Total Depth (in.) 23 27 27 33°/,
Fire Rating (hrs.) 2 2 2 2
Constructability Good Below Average Below Average Good
Foundation Impact not applicable High Medium High
Architectural Impact not applicable Medium Medium High
Vibration Average Good Good Below Average
Total Cost per SF ($) 40.10 24.35 19.95 13.09
Possible Alternative not applicable No Yes Yes
Additional Study not applicable No Yes Yes

Table 5 — Floor System Comparison of Typical Bay
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Conclusion

In the second technical report regarding the construction of the 8" Street Office Building, alternative
floor systems were designed for a typical exterior bay of 20’-0” by 40’-6”. The alternative systems were
compared to the existing floor system as well as to each other. The existing floor system consists of
United Steel Deck 2” Lok-floor supporting lightweight concrete for a total depth of 5 '/,". The major
comparison factors were self weight, cost, and constructability.

The first alternative floor system that was investigated was a one-way solid slab system. A 6” slab was
found to be sufficient in flexure, shear, and deflection. It was immediately concluded that this system is
not a viable alternative due to its prohibitive self weight and cost, which would result in a large total
building cost. The foundation and column sizes would be severely impacted by a one-way solid slab
system.

Although the one-way solid slab system had a few major disadvantages, some advantages indicated that
a one-way joist slab floor system should be designed. It was determined that a 3 %" thick slab with 6”
wide by 13” deep joists spaced 36” on center was sufficient to carry the loads and limit deflections. The
system had the same advantages as the one-way solid slab system, such as an inherent 2 hour fire rating
and negligible vibration issues. It was also found that the self weight and cost of the one-way joist slab
system decreased compared to the one-way solid slab. Furthermore, it is anticipated that more
advantages may be obtained by designing the joists in the 40’-6” direction rather than the 20’-0”
direction. Therefore, the one-way joist slab system is an alternative that should be considered in the
future.

The last alternative floor system that was investigated was the pre-cast hollow core planks on steel
beams. Nitterhouse Concrete Products were used, and 6” thick by 4’-0” wide planks were chosen to
carry the required service loads in the 20°-0” direction. This system also warrants further study because
of its low cost per square foot and efficient constructability. However, the rather large self weight
associated with the planks cannot be ignored.
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Appendix B — Composite Metal Deck with Composite Steel Beams
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Appendix C — One-Way Solid Slab
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B 0.80

£o2 Eu (d-e) = 0902 (4.99-0.684) = 00187 20,00F
¢ 0,684 =» ®:=09

OMy = & d- =)= 0,90 ¢o)(y.94 - 9.547
n T OAEy (4- ) = o8(0ndes)(Go) (w14 - 2507 /g

PMn= 76 Ftle 7 M7 = §%0 fhk 5o okay
Tempacakune & Shriv\\ux.?t Reanf @

Ay = 00018 bh = 00018 (12)(6) = 0,13 in? [#+

use ¥4 @ 18" |= 0u33 in?/p+ |
Crack Contral> 5= |5 /Hoo00 ) -25¢, =138
(%%

=Sz 12" and 8" 5o
Spo.c'm5 & p olay bT fnspu-h‘wr. | IM#-
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Checle Shear in 12" slab strip *°  (Reference Example 5-7

of W ¥ M eyt boolk
Fromn Shear coefficients "k

Nw = s Wu dn =1_|;!258,4!(I%! = 2778 lb/‘_pr
=

Moy -

Ne= 2 MFkbyd = 200WSe00 (12)(4A34) = 8383 b
Ve = 075(338%) = 6298 lb)> 2778 lb/gso ohay

#5@3
\ S / N s 'i‘uv-PJr S"nr\'m.LLa‘?,n_
—/P_u__'_k \ bM’S noT SLWW'{‘-
45@ 0" L for clouerj
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Must celewlade deflechon since Toble 9:5(a) cowld not be
used dua %o partitows ¢

Mecordd Yo Sechion 9:5.2.4 calewlate deflechon @
midspam  Compars with _A a.ce.ord.i.nj +o Table 4.5 (b).

440
Reference PCA Erample 101 and AE HoZ notes:
W, = 0042 + 0075 = OulIT  Ref

Mp = Wele = oli7(8)* = 2.7) fe-k
4 4

Wy = 0080 ksf

M, = Woeldt = 0080(18)%= 185 ft-k
14 4

fr = 7;5”7. = 7,5yS000 = 530 psu

B w,'”33\FL = 150" (33)Bove = 429 xio® i
n = Bs = 729x0® = G706
Ee 429 % 1o
Tg= bh = 12(e)® = (26 int|
i B 12
2= b = |2 = 57173 {n

nhs ¢ 76 (0%l)
k= (Nzae+l -\)/e = (Ve(dat)(sa3)*] -1) /572

= LIS In

Io- b_(l;.i? * 0hg (d-kd)* = m__%l_s)s + 676(0.31)(4.99-115)"
= [36.18 int }

Ia = 26 = 597

Tee 361%

Mee = £cTaq =

530 (216) /|Zooo = 13,18 f4-l
3¢ <
Mg;," = lei v ll%g - *'56 'Ft'k—
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(Te),,, = (Mw { _(Mee }Tw

(L ENS N\m-\.

= (Bl +[! 248 ° ](34 18) =977 it

456
bi,bﬂ, = K(;['H.) Mose L
Be (Te)nar
K= L2-02 Mo where Mg= wi® = (0. 117 +0108)(20)*
Ma 2 3
= 9,85 ft-k
017

= K= L,2- 02 {935
4,56

Qi pe, = 0 (S/48)(4:5€)(20)* x12* = 0.00061 in
2t xleé (97.07)

ALp = [mv ) Bl pai & :.."H (6:0004] )= 0,00036 in
D+L 156

Bi,u = BipeL T Ay T 0.00061-0,00036 = 000025 tn

Bfusus = OS5 Ag, = 0.5(0:00025) = 0,000(% in

,p ° 0:00036 (w — remmval o" .skore,'r.g_

Boo = Bip * Bt Bap thg sy & long derne

deflecthon
Boop = 2 Ajp = 2(000035) = 0.00072 in

ho = By

AQ)LSV-S = 2 &")Lsus = 2(0!009[3} = 000026 dine

D g0 0:00036 + 060025 + 000072 + 000026 = 0,00159 (n

Do = Qg -bp = 0.001S9- 0:00036 = [0,00122 (n

Ta.-F‘i'w attachmest «% honsﬁwcw de\m-i-s

L

A rT = 05" > ool g, olf—a.g
430 486
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Desiﬂw beam. spann

oJ
Use span = do-6" for worst case fy=gokst
s fle = 5000 pst
Use 24" wide beam Yo motch columns
Foc deflection controd  from Table 95(2) use s 4
18,9
[ for worst case owe. end conhnuous = h= PSxI2 = 26.3"
:" ‘3!5
5 wse h= 27"
‘:, d = 2"*05”
E Lrom owe | sl strip DL =75 ps ; SDL= 42 Fs-F
L\ = 80 ‘95'9 Yol reduzr wit = L,Q),ZS IS5 ‘)
LL= 8o (0'151’. 18 = 80 (0:62) - SOPS\J"F‘L:.AT
\[ 205 )()
Wy = h2(0.015 +o.o4'2.')+ E-Q(n,oso]r 0.2204 k/ft
sladb

Use Vuw = 115 (0.2004)(1g") + 0:2204(13') = .26 k[ft
z Y=

Wew = M'(21") x 156 = 0675 k[t
L 44 £
We = %26 yet + 12(0678) = 507 g)ét
Yeaum
.07 kift Use moment coefleiendn
. ¥ LV V) becomas continuows and
”+ for do wmd spor Since wr)rﬁ'l

\ ol
Yo:s' = Qg = 3?.51'

My~ = Wudh™ = $.07(385)% = 152 ft-e
1o io

M“‘\' = Weldn* = 5.07’(33:5)'L = 537 ft-1
Y iy

E st Nﬂﬁ. Raunf, ¢

@Pg"’!-\;' - C'P-FSJ,As +Mw =0
\1£L b
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(0:9(60)> | A - 02(60)(245) A, + 152 (12) =0

| wes)a) |
AS: -Lgi.\’\.l

| Wee  (8) Fq bars) Ay = 8in"

d - ,LTH = IIS“ = j.“ | i’}?.%" - Zl{.qq'r

coN A %‘ 2z
S-hrruf J"!'l—
Se= mox (1) 1123, $(1")) = 133"
b= Ly - ndy - (n-1)se = 24- 2(3) - 8(1128) - 7(1.33)

N = 067" ¥ 2(1.5")
=7 Copin M SPWM.,: o‘ﬂ-btj

Ao min olccuj L\f ingpectine | also cracl conhrok
Pray = 0358, £& _Eu = 0./%5 (o,go)(§_>(o-ooa>
6o

-Fj Eut 0004 m

1]

0:072L4%
Agmox = Pwmay bd = 0:0243(29)(24.44) = 14.25 1n®

Chec DMp? My~ ¢ s Okgj
A ssumna %5 7 ij

o= Asty = o) = g
035¢,. b 0185 (5)(4)

C -"_a‘__ 3 qo—ll = 5'83"
Bi 0:30

€5 = &a (d-¢) = 0003 (2444 -5.88)= 09,0095 75_3
c 5.93 4

also, £470005 > $:0,9 o 03:37,07
AWMy = tbkycs(d.— %) = 017(3)(_60)(‘%_%\{4 _ ‘%‘_ )/!’L
= 795 ft-k T 752 ft-o ooy
Eshimate Ths. Roiwf °

[o.a(eo)z '}AJ‘ - 019(60)(2h5) Ay + 537(12)
WT(5)(24)

"
o

A5 = 50 a® .
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s ()% 8 bars) A= 553 n*
- o ot Mk
d= 271" 15 .

JES= a4 s
z
Cover, spociva | Agmin ) Asmax ,crac contrel all oka? by

C sl OMy ¥ Mu+ . mgpec Lo
assuva £¢ 7Cy

o=Pefy = 553(e0) = 3.25"
0.85fF% b 0.35(5)(24)
Q:_f:_ = 3*7-5" = 4!07’{
&l 0'80
25 = Eu (d-¢) = 0093 (24.5 -4.87) = 0,015 7 &y
S 4.07 500207
O‘(-.Q.j o
also £¢ 70005 = & =z0.9

OMn= & ALy (d-) = 04(5.53)(60) (245 - 5 ) /12
= 569 ft-k ¥ 537 ft-k okay
Swear *  Ne = 22\FL by, d = 205000 (24)(24:5) /l000

$2,7 w
DPNn = 0.5 N, = 0.5(0T5Y832) = 3.2

Nu = L1s(5.07 ¥et)(2858") = 122k
Mo 9

Sowill waed, stivewps
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Appendix D — One-Way Joist Slab

One - Way Joist Design Referemer PCA Example 116
) v

Use 6" wide joists spo.u..a\ 2¢%.c.
Assuwet  cpandred beamn watdth = 24"
omd.  nderise eame widke = 26"

fy = 60000 psi
Q"I_ = 5000 Ff;{
A 20, [}
- 1
//// /,- ' 7y ; . L
/] L/ 1
i - —
2,{» \'f\.‘\s 3‘”
Jw

From Tolle 4.5(s) )Pre)-im{v\oxt'\j begin with W=l = 20%
12:% 18.S

ho= 13"

{

Also, wse a 35" Halek slode

LL= 30 psf & no reduchom gince ow\L:’ 3" trib widtle

SvL= M7 psf

wse DL = im"u” + 35"%%")] (150 /a2 ) = 191 lbfes
144

Wu = hz({oo42)(2") + LWz(oe1) + LEe(0.08)(2') = 6.764MY K[t

Look ot end spave = discophnuous end \'nkjrd w[ Support -
MY and M4 sinee  worst case momaents from
Moment Coeffietand Nethed  and Vury close de inorior spain

rMom ants
MY = Wuldn® = 67644 (11.3)% = 16.72 §+-k
4 14
My = Waln™ = o704 (11.5)" = 23.4) fi-k
) 1o
for FL=5000 psi & fu= Gokst =P pu= 0,02125
set p= 05 Pt 0:S(0102125) = 0:0l062%
reg'd depth of poist 2wz pfy = owr0ces(es) = 01218
e &
Fhuw Mu = 0,179
% £ ba*
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ol.=\‘ Mu -\\ 2341 %12 = 9,4 ln
@£l (01179) 0,9(5)(6)(0.1179)
J'usi- continue usivxj h=1%" & should be a bt
conservahive
d= 13" - 125" = q1,75"
Reinf. for pos. NMowmand
Mu = 18z r12 = 0.052%
@£l ba* 017 (5) (6)(115)*>
WX 0,056

Ag = ‘““‘f&. = o.ose(e)(n-TS)(_g__>= 0.329 in*
-(-“j éo

Chetl re.t."'o.'\3uﬂ-ﬁ- seethiom behouier

o= APy = 0.329(60) = 074" £ 387 o oley
035 fLh 0.35(s )(6) ;

Use | (2) 24 boars| fr Ay 7 04D in™

Ruwt. Hr v\.bs- Mowa X ¢

Mw = 34| rl2L = D.OTS\-}
B 1% bd* 0:1(5)(e)(N1S)*
w ".: 0,090

Ao: wobaft = 0-02[6)(_&\.15)(_5__>-. 04T n*
£ 6o

Diskribuke m@..ij o S\ab -
0MTint = 05T inY = use |23 @ 3" |
3 Tt
he= 0,165 In® /et

Rurnt. for Slab  norwmal Yo ribs:
Loceke ot mid-depth of slab for both pos, & neq. moments

Use Mu = Wule® where, DLz 35" (150 %/g)= Uy gof
1% -

so Wy= L2(o,044+ 00042) + \6(00%0) = 0,2312 ¥ [ec”
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My = 02312 (25)* = 0,120 ft-\

1=
Mu = 01120 % |2 = 000874
?f, ba® 0:9 (s )(12)(175)*>
W ¥ 0,009

Ay = whdfe = 0,009 (12)078)(5) = 0,016 in* /Lt
(-3

for slabs , Rs,min governed by kmperature &

shrinlea
Rgwin = 010012 bl = 0.0013 (127)(3.:5) ‘ &
= 0,076 in*/ft

Spaciny  Spey = Sho= 5(357)= 17.5" > 18"
‘ " over
wse [ﬂ.? bars @ 16 J A_ﬁ 0,68 in* ¢4 3 MiE

Cratw conre o h spaci ole b mspech &
pos. and, ""j- J”f“) . Pdesg;\.. oLy Y Thspec ‘m P
Chet Shear ¢ Referance PCA  Example (2.4

Ww = 07689 k& iF"t

Vo = [iSwedn = WS (07644)(11:5) = 169 k
z 7

oy
By Sechiomv 3128 Ne  cam be inoreased by 0%
Ve = M @ 2{Fl b d = 1i(oas)I@WEees (6)(11T5) /ja0o
®Ve= 823k > Tib9k s aluj |

23 @ 8"
e = 1 ‘\’Q.»W\? % -Skr{l\h—ﬂ-
%_L < E bors wet sfww?: for
! I —;F—— il | c!o.rEJ-j
()% 4 boxs
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Check deflectow since Table 2S(a) cannot be used dua
+o For‘cw'.‘\-\'.m :

Colcwloake deflechon @ midspaan ond compoar. to L
Bovn CTable. 45(b). 480

Referance PCA Example 10,2 ond  AE HoZ notes:

Wy, = 0042 (3') + 0,18 = 0317 k/¢¢

W, = 00%0(3') = 0,240 K/ft

Mo = Wodn®* = 0317(11.5)% = 6,93 $t-k
i 4

My = Weln® = o240 (I15)* = §.25 fi-i
i Y

M‘D*rb.' 6:9% + 5.25 = 1218 f-k

.= T.S‘;Fz— = T.5\ 5600 = 530 PS;.
Ee= w. 22(F, = 50" (32500 = 4,29 x [o¢ psi

n= € = 29 % = 676
[ H.Z?x(d‘
Ye = h-os @-mm + mﬁ-) he13'
h-F - 3' n
- by = 6"
(Kb bh\))‘f\@ - bwk\) bwr- 36“
ug = 13- 05 [[35-;)(3577— t o)) = 923"
(36-6)(3s) + 6013) |
Tg= (o-bw)he® + bwh? + (h-bw)h,c(h-bj -M’-
12 17 2

w - b\

+ bul (‘j‘t '2.)

Ig= 30(a57% + (1) + 30(3.5)&\'5—15 -3-25)?-
17 1z :

* o) (qas- 2 -

g = b = 26 = \3|5\
s 6.76(00)

Page 46 of 54



Carol Gaertner | Structural Option 8th Street Office Building | Richmond, VA
Dr. Andres Lepage November 4, 2009

Technical Report #2

Checle deflechHows since Table S(a) cannot be used dua
+o Par’cth :

Colcwloake deflechion @ midspaan wnd compoar to L
Feren Toble 45(b). 4go

Referance  PCA Example. 10,2  ognd AE H0Z notes:

Wy = 0042 (3') + 0,191 = 0317 k/ft

W, = 0:0%0(3') = 0,240 K/ét

Mp = Woda® = 0217015)" = 693 ft-k
i 4

My = Weln™ = odo (1.5)* = 525 $-k
\y Y

MpeL = 6.9% + 5,25 = 1218 f1-k
fe= T.SVFL = 15(Soe0 = 530 psi
Eez w5 33(F, - 5o’ (32 W Seoo = 4,29 x 0¢ psi

n= € = 2 re® = 676
Ee ‘M.?x(o‘
Y = h - o5 &-bw)hf’ + ‘ow\«") h=13"
h-F = 3-”5
(&b—\aw)k‘ * ‘bwk\) ‘bbw__: SGGH
ug = 13- oS [(36-6)(3.50 + ¢(13)* ] = 922"
(36-6)(35) + 6(12)
Tg=  (u-bw)he® + buh® « (h'bw)h;(h-h_-l: -M‘
12 (5 s

+ bul [‘jt‘z)z
13-‘- 30(35)% + 6(12)* + 320(3.5)(\»-35S -‘!|23>?—
V= k =T .

1z 2
v (- Y -
B= b = _ 36 = 133
b 6,76 (00
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=2 a8+t -1 = \2(WAsHBAD*F =1 = 1,26 n
B

2.3

hl6 ln & \v\{; = 2.5 So ok +o dreak as TP-C+MA.3'4-[¢-'—
Compressfm oreo—

i

"

b (kd)® + nhg(d-ka)*
=
36(026)* + 6726 (o) 115 - 126 )T = [3220 |
3 S
Mee = & Ty = 530 (2213) /nooo = |lo.60 ft-k

o

Ter

Y 923 |

KIQD-H_ = M.Ur 3 Ij = '_ Mt.'r Iu— '
Mpa\-g, \qu- |

B * (R8T (28) r; |- )|

(A1), = K (%48) Mon )
E: (Zelorr

where, ¥z W2 -0,2 Mo 3 M, = Wit = (013”"’9‘?-"'0)(7'032- ‘

Ma. 3
= 2185 ft-k
=)= ;.'L-o.z(zmss = p74
12:18

\
|
(8)per = 074 (48) 11248)(20)* o 122 = 0,0000 9 . ‘

Y.29%0¢ (|57°) ’:

Nip = (MD By psy = (0193 1\ (0090096) = 0,000055 (n :
Mpsr 12+ 13 t

Bige: & Bipa - Biy = 0.000096 - 010000SE = 0,00004 | iy |
b,;,._s% = 0:% B, = o.';(o.ooww) = 0,000012 (n r
\

Dy = Blp = 0.000055 i € removal of Skor£w3

b = Bip ™ B TA,,+ Doy & lowg +erm.

aLeJ-F[er.'Hm-v
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Bopop = 2 Bip *® Z(o.ooooSs) = 0,000l n ;

1 +S0p! f

\

Do sus 2 ﬁt',,.,g,% = Q-(9'°°°°"L) = 0.0000 24w i’

1+S0p' }

\

&, = 0000055 + 9.0000Y[+ 0,0001] + 0.000024 = 0.0002 3 Q.

Ao 3 Bp =0, = 0000023 - 0.00055 = ‘o. ooo!‘.'sgm,l
Rafir ottachmendt of nenstructuval elemedte
L = 20%'2 = 05"¥ 0.000075" So o"—q.}

—

40 430
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Desian. beam sp_amnx'n,j Hrom column + column Pupemh'cu,lu

bo one - way jms‘}s‘
Use span = 40'-6” -ng- worst case -P;f = 60 kst

" e = Booo psi
Use 24" wide beam 4o wateh columns

aguim wse, h=27"  for deflechom contred a,cc_ord.u‘wg +o
e end conhnwous frew  Takle 9.5(a)

Hem d= 245"

from onb-woy  Joist SOL = %2 psf , DL= 019] k/ft
LL = 0psf reduced 4o 50 psf  (see beam Hr one-wajifab)

We, = L2(odt1) + L2(0042)(3') * 1.6 (0.050)(3')= 0.6204
jn\S't R/¥t
Use Vu = jig(06204)(18') + o0:6204(18') = 12,32 k/g{‘f
L =
Wew = 0:678 kfft  (Ser beam for ons-wnny slab)
heawm
W = ‘\?.(0.57‘5} + 13T - 492 k/FE
beam 2
Use mowm et ecostie ot
P \:ITLL‘L,‘F‘I, 1 Bmmse. Cokk‘\v}u.ouS» ond da
o e cusL.SPm SIRERiorsR

|
4o,s' =p fn =3%.5'

W = Wade™ = w92 (28.9)% = 729 Fi-k
\Q io
Mu¥ = Wale™ = %92 (33.9)* = 521 ft-k

1L 14
Eshwmafe Nqﬁ, R alnf, *

$ fy= A - ®fydAs +Muzo
1fe b

!(ozﬁ(eo)"‘ ]As"— - 0:9(e0)(24.5)As + T29(12) = O
)t Ag= T-2d in*
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[Use ()% purs \ Aoz 3%

See

beaw destan for ene-w slab  for calewlatons
s\now\'v\J CoNee , sFudnﬁ  ebe T are alr..a_j

IMa = 795 ft-k > 129 ft-k 5, ok.qj
Estimate P RQatnf -

(0,9 (60)=7 A - 0.9¢e0)(24.6) Ag + 521 (12) =0
Mo Aoz 503 in?

[Wse (1)% 8 bers| Ag:= 553 in*

A ww.e ) See b eann olu!'rjm fr m—wa.j slab for
&M\W& colewl ehrna . ¢

Mu= 59 fi-% ? 52| fE-ko

Shear *  Ne = 205090 (24)(2458) /loo0 = 83,2k
¢\j\’\ = 015 ¢\f¢ = 0.5(01‘15)(83@.) = 3\I'LV-
\j\,k =

s (4:92)(2%:5) = (08,7 k
3 '

Cowl wand S‘Hrru.fs

WL
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Appendix E — Pre-Cast Hollow Core Planks on Steel Beams

Pre Cost Hollow Core Plomls on Steld Beawms -

Wee woret case, el b
o, 3‘\wkus stJrjP:io'- 5".&5

Loa.ddvxs Lr Planles -

Whare Pia.w‘:'ws span 20!

Sofe Swgvr;m?usl.«a sexrvice lemd = LL+ SDL

g0 + 42 = o
s already Hakews ¥o account i “table,
= Use Nitrerhouse

presh-#.
hallow core pla

conc &

whe w[ 2 hp.puu:{ 5 i

at o 20 Spans  With i‘-l'_\_['!_“ ¢l$+ra_nd$ =¥ can cary
s S {r?.'fgi!

Assume. wituan, deflechons limits :

Planl ¥ -}-oppfnj Sw

-
-

U318+ 25 = 73715 psf
Desigw

_ 3iro\ur betwatas columng ruum‘uj PWFthd)v‘Cuﬁd.“ﬁ
P\""" LS
SODL = 42 psf
DL = 13.75 psf

i

LL = 80 psf & reduced Yo LL: 30(0-15 +
\ \]1(40.5)(10))

w = %0(0.62) = 5p PS‘F
Wu = p2(42+ 73.75)(20') + Le(Se)(20f) = 4,38 /et
4,38 k/ft
R
X —
\ 1
f HO:S'
Mw = Wud® = 428(40.5)% = 898 fe-p
3 3
Vu = U_)_'-_L_-_Qa_ = 43_8_(3&5) = 1.1 e
o 7
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Frown Tadole 2-10% WUse a !wmx 161)
(®Ma = 1035 £4-% o} unbraced Ien3%= 38,5')
o imfue @My @ Yo.5' 7 398 fh-k

ol«-euj
dVUn = SUE6 L 5 80T k ,ko.j (Table 2-2)
Chece defleechon -
Construchion A >  DL= 0.07375 (20/) + o.l6l
= 636 kfft
A= 5 (1e3e)uas)t(728) < 5.54"
384 (24020 )(6210)
L or V" 05 eriteria =v 0:54" ¢ ¥
3to0 akaa}_
Wve a: &= 5 (o.05x20')(40:5) (1728) = 0,23"
334 (29090 )( e 210)
L = qosxiz = 125" Y 033" Lk
%260 T QEL
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Carol Gaertner | Structural Option 8th Street Office Building | Richmond, VA
Dr. Andres Lepage November 4, 2009

Technical Report #2

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

2 Hour Fire Resistance Rating With 2" Topping

PHYSICAL PROPERTIES
Composite Section
Ac=253in? Precastby =16.13in.
le=1519in* Precast Spp=3701in?

Yocp= 4.10in.  Topping Sw: = 551 in?

Yeo=1.90in.  Precast Sip, = 799 in?

Yot =3.90i0n. Precast Wt. = 195 PLF
Precast Wt. = 48.75 PSF

DESIGN DATA

1. Precast Strength @ 28 days = 6000 PSI 1" . O

. Precast Strength @ release = 3500 PSI 51 s s

. Precast Density = 150 PCF

. Strand = 1/2"@ 270K Lo-Relaxation.

. Strand Height =1.75 in.

. Ultimate moment capacity (when fully developed)
4-1/2"Q, 270K = 67.4 k-ft at 60% jacking force
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OO,
6-1/2"0), 270K = 92.6 k-ft at 60% jacking force

Ls | SEY
7-1/2"@, 270K = 95.3 k-ft at 60% jacking force s

. Maximum bottom tensile stress is 10{fc = 775 PSI ‘ '

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

. Flexural strength capacity is based on stress/strain strand relationships.

10. Deflection limits were not considered when determining allowable loads in this table.

11. Topping Strength @ 28 days = 3000 PSI. Topping Weight = 25 PSF.

12. These tables are based upon the topping having a uniform 2" thickness over the entire span. A lesser
thickness might occur if camber is not taken into account during design, thus reducing the load capacity.

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

14. Load values to the right are controlled by ultimate flexural strength or fire endurarnce limits.

15. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.

16. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

O oo~

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2D + 1.6 L)
Strand SPAN (FEET)
Pattern 12[13[14[15 |16 17] 18] 19]20] 21|22 23] 24]25] 26 [ 27 [ 28] 29 30
4-1/2"g |LOAD (PSF) 349|317|290(258 (227|197 | 174 (149|127 |108| 92 | 78 | 66 | 55
6-1/2"s |LOAD (PSF) 524|478|437|377|334|292|269|237(215(188|165|142|122|104| 88 | 73 | 61 | 49 | 39
7-1/2"s |[LOAD (PSF) 541|492 |451|416]364 | 331|293 |274 (242 |214|190|167 | 144|124 107 | 91 | 77 | 64 | 53

% E T ?E @% @u% E This table is for simple spans and uniform loads. Design data

for any of these span-load conditions is available on request.
CONCRETE " PRODUCTS Individual designs may be furnished to satisfy unusual conditions
k\ of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflect a 2 Hour & 0 Minute fire resistance rating.

Chambersburg, PA 17202-9203
717-267-4505 Fax 717-267-4518 i 6F20T
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