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Executive Summary

Purpose

The intent of this technical report is to report on the investigations of alternative floor systems for
the Edward L Kelly Leadership Center. Each floor system that was investigated contains
advantages, disadvantages, and conclusions about the system. A comparative matrix is
provided as a summary of the comparisons of all five systems. The systems of interest in this
report include:

¢ Non-composite steel/joist framing, moment connections (Existing)
e Composite steel framing

e 2-way concrete flat plate slab with drop panels

o Post-tensioned concrete slab

o Waffle slab - 2-way concrete joists

Conclusions

All the different systems each provide their own advantages and disadvantages. The existing
system has a very easy to construct steel frame consisting of beams and filler joists. Joists are
a very lightweight and cost-effective solution that also provides a means for passage of
mechanical systems. However, moment connections as the lateral resisting systems are very
laborious and costly.

The first alternative, steel composite framing, seems to be the best alternative system. The
concrete is able to work with the steel to resist loads, reduce vibration, and reduce the size of
the overall system. A new lateral system is likely to be considered, if possible, in this design.

The concrete systems added a great deal of dead load because of the heavy mass of the
concrete. This is of great advantage when considering vibration. The total system depth is
dramatically reduced compared to steel systems. The original steel system, for example, has a
depth of 32” while the concrete systems have depths of 13” or 8.5”. The two-way flat slab
investigated will require drop panels to resist punching shear around columns. The waffle slab
and two-way slab will require a new column layout for various reasons, which may be very
disadvantageous. Post-tensioned systems are difficult to construct and require much attention
to detail.

The steel composite framing is the only system that is relatively simple to construct and will
meet the needs of the building. The waffle slab, however, although a new layout of columns will
need to be done, seems to also be a good alternative. The preliminary investigation of the
column layout revealed possibilities of additional columns in the east-west direction.
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Existing Structural System

FOUNDATIONS:

A shallow foundation type is used for this building. Foundations consist of spread footings and
strip wall footings. The geotechnical engineer for the project indicated that the allowable
bearing capacity of the soil is 3000 PSF. The top of the footings are set at (-2’-0”) from grade.
Reinforcement for spread footings range from (4)#5 BOT bars for the 3’-0”"x3’-0” footings to
(11)#7 TOP & BOT for the 11’-0"x11°-0” footings. Exterior column spread footings are typically
4’-0"x4’-0” to 6’-0"x6’-0” in the one-story portion and 7’-0"x7’-0” in the three-story portion.
Interior column footings in the one-story portion are typically 6’-0"x6’-0” to 8’-0"x8-0”. The
three-story interior column footings are 9'-0"x9’-0” to 11’-0"x11’-0". The strip wall footings are
typically 2’-0” wide and 1’-0” thick. Reinforcement for strip footings are (3) continuous #5 bars.
The strength of the concrete used for foundations is 3000 psi. The concrete strength for the 4”
slab on grade is 3500 psi and contains 6x6-W1.4xW1.4 WWF at mid-depth.

COLUMNS:

All columns in the structural system are steel. In the one-story building, some typical interior
columns include W12x79 and W10x68. Exterior columns are often rectangular HSS shapes.
Typical shapes include HSS8x6x1/4 in the one-story building. In the three-story building,
columns are, again, typically W-shapes for the interior and HSS shapes for the exterior. Typical
shapes include W14x68 and W14x82 for the interior and circular HSS12.75x0.375 for the
exterior.

FLOOR AND ROOF FRAMING:

Three-story portion: -

Built up W21 shapes with HSS2; (TOP) are e

typically used for beams while W24 are used for I —
girders. The size of the bays are generally 24’ ———— ==
wide and span approximately 30°. Steel joists are |

used to span inside the bays. 28K8 joists are the

most common joist in the framing. Typical spacing

is approximately 4’ on center. Joists also frame W21 with HSS2%
the roof, where, to account for the heavy and

asymmetric loads of mechanical equipment, KCS joists are commonly found. Roof beams are
typically W18x35 and girders W21x44.

One-story portion:

This part of the building contains an elevated area that serves as an equipment platform. It
covers a good portion of the footprint of this section. The “floor joists” are 26K9 spanning 30’ in
one part of this platform and 24K3/26K4 spanning 16'/19’ respectively. Roof joists in the one-
story portion are typically slightly larger than the 3-story building (28K10) since they span a
much longer distance of around 47°. The structural plans show an area where the joists
become increasingly closer to each other. This is due to the higher roof causing snow to drift
onto the lower roof in addition to windward drift. A few special joists (KSP) are used in certain
areas of the one-story roof framing to account for unique loading. This is generally where there
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are folding partitions, causing heavy concentrated loading at points, in meeting rooms such as
the School Board Meeting room.

LATERAL SYSTEM:

The lateral forces, such as wind and seismic forces, in the building are resisted entirely through
moment frames. The engineer chose to implement a moment frame to resist these horizontal
forces. The particular frame is a space moment frame, meaning that all of the steel frames are
used in the moment frame system.

Codes and Loading

The Virginia Uniform Statewide Building Code (VUSBC), 2000 edition was used for the design
of the Edward L Kelly Leadership Center. This code absorbs much of its code from the
International Building Code (IBC). IBC2000 will be used when referencing the original design of
this building. In addition to IBC, the following codes and specifications were also implemented
into the design.

ASCE 7-98, Minimum Design Loads for Buildings and Other Structures

ACI 530-99, Building Code Requirements for Masonry Structures With Commentary

AISC Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design
AISC Code of Standard Practice for Steel Buildings and Bridges

Steel Deck Institute Design Manual for Composite Desks, Form Decks, and Roof Decks

AISI Specification for the Design of Cold Formed Steel Structural Members

Live Loads IBC 2006 Snow Load
Meeting Rooms 50 + 20 PSF
Office Space 50 + 20 PSF
1st Floor Corridors 100 PSF
Corridors above 1st Floor |80 PSF
Stairwell 100 PSF
Mechanical Rooms 150 PSF
Storage 125 PSF
Flat Roof 21 PSF
Sloped Roof 21 PSF
Mechanical 4 PSF Roofing / Insulation 5 PSF
Electrical / Lighting 3 PSF Mechanical 4 PSF
Sprinklers 3 PSF Electrical / Lighting 3 PSF
Drop Ceiling 5 PSF Sprinklers 3 PSF
Drop Ceiling 5 PSF
Total 15 PSF
Total 20 PSF
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Existing Non-Composite Steel Moment Framing

The existing floor framing consists of non-composite steel W-shapes and joists filling in between
the bays. All steel beam-to-beam connections are moment-resisting connections.

Advantages:

e Fast construction
o Cheaper materials (Joists)
e Long spans

The use of steel framing enables a fast construction time. In addition, the use of non-composite
steel framing (without the use of shear studs) allows more expeditious erection. Steel joists are
relatively inexpensive compared to other framing systems. The long spans enabled by the steel
framing is advantageous to the “open-office” type of architectural layout. In addition, steel
framing fairs relatively well with vibration issues.

Disadvantages:

e Expensive and laborious connections
e Fire proofing needed

o Deep sections

e Vibration problems

Conclusions:

All steel beam-to-beam connections are moment connections. It is difficult to find good, quality
welders to perform the connections which are very intricate and time-consuming to produce.
Therefore, it is likely that cost and time savings from the lack of shear studs will be consumed
by the time and money for moment connections. Also, because the concrete slab does not
have composite action with the steel beams, the beams will tend to be of deeper section and
heavy weight. The beams are not as much a factor in the depth of the system as much as the
joists. Each joist has a section 28” deep. However, joists are very advantageous as they
enable the passage of mechanical and electrical systems. Fireproofing of steel members is also
necessary. Steel joists, in particular, are more difficult to fireproof.
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Alternate One: Composite Floor Framing

Composite steel framing consists of steel beams or steel joists “compositely” interconnected
with the concrete floor slab. By comparison, non-composite framing consists of beams or joists
with steel decking that merely serves as formwork for the above concrete floor slab. In
composite decking, the decking contains perforations and deformations that allow a mechanical
connection to the concrete slab. Even more, steel studs are welded to the steel beams or joists
and provide further mechanical fastening to the slab, allowing the
slab and beam to act together to resist loading. Steel joists were
used in the original design and can be used to provide a composite
connection; however, this alternative design will consist of steel
beams only acting compositely with the floor slab. The steel
sections were able to be reduced from W21 (d=21.1", weight = 68
plf) to W16 (d=15.7", weight = 16 plf) resulting in significant cost and
space savings. The slab thickness increases by only 0.5” from 4” to
45",

Steel deck

Shear stud

Concrete

Stesl beam

Composite Steel BeamiDeck Detail

Advantages:

o Light-weight sections compared to concrete
e Vibration control
e Greater economy/efficiency

Again, steel construction can be performed very quickly and relatively easy. Long bays can be
designed by the use of composite construction much more than non-composite construction.
Because the concrete acts in addition to the steel alone, more load can be carried overall. The
steel beams need not carry as much load and, therefore, beams will be smaller in depth and
weight per linear foot. Composite construction also allows better control of vibrations.

Disadvantages:

¢ Increased labor to add shear studs
¢ More expensive than concrete
e Fire protection needed

The use of shear studs will add labor to construction. As with all exposed steel, fireproofing is
necessary. Cost of composite materials and labor is slightly more than non-composite
construction. It is likely that alternative lateral resisting systems will be investigated for use with
this system.

Conclusions:

Composite steel construction has many advantages and seems to be a very good solution for
the floor system.
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Alternate Two: 2-way Concrete Flat Slab with
Drop Panels

Concrete structural systems are good alternatives if a small slab thickness is required.
However, 2-way systems generally perform better when bays span less than about 25 feet.
Because the original design called for dimensions of
24’-0” x 31’-6”, the dimensions needed to be dropped
down. This required an additional column in the N-S
direction and made the dimensions approximately
24’-0” x 21°’-0”. The slab thickness is governed by
deflection and is set at 9”. Due to punching shear
around columns, drop panels were added at an
addition thickness of 4”. The total depth of the e
system is 13". 2-way Flat Slab with Drop Panels

Advantages:

The use of concrete offers several advantages over the existing steel construction. Overall, the
structural floor system is generally decreased with mildly-reinforced concrete slabs. However,
there are other considerations that need to be accounted for. Drop panels and column capitals
could be a necessary part of the design, increasing the depth of the structural system at certain
locations. Fireproofing is also a non-issue with concrete construction because fire protection for
structural concrete. Vibrations and sound transmissions are also limited due to the solid mass
that is required for the floor.

Disadvantages:

The use of concrete will add considerable weight to the structure. At 150 PCF for normal weight
concrete, the self-weight of the system increase by 12.5 pounds per square foot for each inch of
floor thickness. The self-weight of the slab is increased from 4.5 inches (composite alternate) to
9 inches which increases the self-weight of the slab by 56.25 pounds per square foot.
Subtracting the weight of the steel, the net increase will still be increased by about 45 PSF.
Seismic loads will therefore need to be investigated further. Changes in the original column
layout will be necessary to complete a design in a two-way concrete system. These columns
may interfere with the architectural goals of the project. A new lateral system will need to be
investigated. The lead time of the project will need to be adjusted because of the time-
consuming labor involved in installing and removing formwork during the curing of the concrete.

Conclusions:

Due to the fact that the original spans cannot likely be reproduced with a two-way flat plate
design, this design does not seem like a likely alternative.
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Alternate Three: Post-tensioned Concrete Slab

This prestressed concrete system will enable a significantly reduced slab thickness. The slab
thickness, however, will be based on deflection characteristics and not strength issues. An 8.5”
slab compares to the original design of about 32”. Lightweight concrete was used in the design
in order to keep loading down. As shown in Appendix A, a preliminary analysis with NWC and
f<= 4000 psi yields failing results of concrete stresses. Research indicated that f.= 6000 psi is
more appropriate, but still not the solution. It seemed that the loading would need to be
dramatically decreased. The 6000 psi concrete was maintained and the NWC was replaced
with LWC of 110 PCF. Results were adequate. Other design changes can be made, but
involves changing the column layout, which is undesirable in the N-S direction under preliminary
investigation.

4.2500 4.2500”

Diagram of Tendon Layout

Advantages:

e Long spans
e Slim slab thickness
e Quick construction / ability to remove formwork early

A Post-tensioned concrete system offers the advantage of creating larger spans when
compared with a typical 2-way system. Therefore, the original design of the column grid, which
includes bays approximately 32’ in length, will not necessarily have to be altered. The system
will offer the opportunity for significantly reduced floor depths as well. The system has the
potential to be reduced from 2’-8” down to 8.5”. Formwork is generally removed earlier in the
construction process after only a few days, allowing a faster project schedule. Also, because
this is a mass concrete system, sound and vibrations will deaden quickly.

Disadvantages:

o Necessary experience
e Potential material cost savings

Post-tensioning requires contractors knowledgeable and familiar with the system. Experienced
contractors can be difficult to find and will be looked into if this system continues to be a
considered alternative.
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Conclusions:

Although the system will provide a much thinner slab, this does not seem to be of concern to the
owner. The original design called for 28” joists with 4” non-composite slab. With a floor-to-floor
distance of 15’-4” and a drop ceiling at 11°-0”, it seems that reducing the system thickness is a
non-issue. This system will be studied further to determine the effects of using lightweight
concrete in a prestressed situation. If it will work, this system seems to be an acceptable
alternative.



Ryan Pletz AE 481W

Technical Report 2 October 29, 2007

Alternate Four: Waffle Slab

Waffle slabs are a 2-way concrete joist slab system. The
“‘dome” form used will be 30” x 30” and have a 3” slab
above 107 ribs serving as the joists, resulting in a system
depth of 13”. In preliminary investigations, it seems that
there are some options for additional columns. The best
option seems to be increasing the E-W dimension of the
bays to 30’ which would eliminate 2 bays altogether and
produce a relatively square bay (30'x31°-6”). These
preliminary investigations do not seem to impose on the
architectural layout of the space; however, a more in-
depth inspection will need to be conducted.

Advantages:

e Medium to long spans

e Lightweight

e Carries heavy loading

e Good vibration characteristics

Waffle slabs can span long distances, which is advantageous for this project with the already
long spans designed. The waffle is efficient in utilizing only the usable concrete by creating
square voids where it is not needed. Thus, there will be considerable material savings and
decrease in dead loads. Fireproofing is a non-issue and this system is very good at keeping
vibrations to a minimum.

Disadvantages:

e High formwork costs / increased labor

o Deeper slab system

e Time-consuming construction

e Deeper section relative to other concrete systems
e Little deflection

Conclusions:

Although long spans can be created, the ideal system for a waffle slab has the same
dimensions on all sides of the bay. The column grid will need to be altered for this design to
work due to the fact that the bays are long and rectangular. Construction of this type of slab is
very difficult and time-consuming because of the difficult, domed formwork to create individual
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voids. More investigation will need to be made regarding a new column layout for this to be a
viable alternative.

Comparative Matrix and Overall Conclusions

Non-Composite 2-way Concrete

Composite Steel 2-way Flat Plate w/  Post-tensioned Joists (Waffle

Frame Drop Panels Slab

Structural System Steel Beam/Joist

Moment Frame Slab)
System Depth 32" 25.5" 13" 8.5" 13"
Maximum Self Weight 67 64 162.5 78 162.5
Difficulty of Construction Hard Medium Medium Hard Medium
Vibration Poor Good Better Better Best
Fireproofing Required Required Not Required Not Required Not Required
Changes to Lateral System |NA Likely Yes Yes Yes
Changes to Column Grid NA No Yes No Yes
Costs -
Material Cost $ 940($ 995(% 690 9% 793(% 10.05
Labor Cost 4.98* $ 487 1% 805|% 1097 [ $ 9.60
System Cost (per SF) $ 14.38 [ § 1482 $ 1495| $ 18.90 | $ 19.65
Feasible NA Yes No Yes Yes

*Cost of moment connections not included in data

Overall Conclusions:

The matrix clearly shows how all five systems each have individual qualities that are beneficial.
The key is to decide which factors are desired in the design that is reflected by the architect.
Clearly, the Edward L Kelly Leadership center is not meant to pack as many floors as possible
into the space. The building is three stories tall to fit the needs of the owner and is certainly not
cramped for space. Future expansion was incorporated to the site design, but, as for now, the
building provides adequate space. There are also no height restrictions in the area. The
building floor-to floor height is 15’-4” with 11’-0” drop ceiling heights. There is certainly no need
to limit the system depth for a reason other than cost. The current system provides adequate
space for mechanical systems and other conduit though the use of open web steel joists. The
2-way concrete flat plate slab is eliminated based upon the severe impact to the column layout.
The waffle slab also requires rearrangement of the column layout in the form of additional
columns. It seems likely that additional columns in the east-west direction would not severely
impact the architectural goals and would nearly make 30’-0” x 30’-0” bays. Overall, the system
that stands out and seems most worthy of additional study is the composite steel framing. The
system offers a low cost, reduction is depth, good vibration characteristics, and would not
impact the column grid.
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Floor Tyvpe: Floor 2

Beam Number =217

SPAN INFORMATION (ft): I-End (318.63,228.76) J-End (318.63,259.65)

Beam Size (Optimum)
Total Beam Length (ft)

COMPOSITE PROPERTIES (Not Shored):

Conerete thickness (in)
Unit weight concrete (pef)
fe (kst)

Decking Orientation
Decking type
beff (in)

Seff (in3)

Teff (ind)

Stud length (in)
Stud Capacity (kips) q =
#ofstuds:  Full = 46
Mumber of Stud Rows =1

LINE LOADS (k'fi):

= WI16X26
= 3092
Left
3.00
150.00
3.00
perpendicular
VULCEAFT 1.5VL
72.00 Y bariin)
38.10 Str (in3)
83253 Itr (ind)
3.50 Stud diam (in)
8.6
Partial =31 Actual =31

Ey

Right

3.00

150.00

3.00

perpendicular
VULCEAFT 1.5VL
= 16.13

S 62.40
1009.43
0.75

Percent of Full Compesite Action = 67.38

CLL
0.000
0.000
0.000
0.000
0.000
0.000

Type
NonE

NonE.

NonE.

Tension Flange

b
11.54

21.69
25.60
21.69

Load Diist DL CDL LL Red%
1 0.000 0.283 0.283 0.000 ==
i0ole 0.283 0.283 0,000
2 0.000 0.090 0.000 0.480 —
inole 0.000 0.000 0.480
3 0.000 0.026 0.026 0.000 —
iNols 0.026 0.026 0.000
SHEAR: Max V (DL+LL) =13.59 kips fv=3.62 ksi Fv=17.89 ksi
MOMENTS:
Span Cond Moment @ Lb Ch
kip-ft fr fi
Center PreCmp+ 360 155 0.0 1.00
Max + 105.0 135 e e
Mmax/Seff
Meenst/Sx+Mpost/Seff
Controlling 105.0 155 --- -—
feo (ksi) = 037 Fc = 135
REACTIONS (kips):
Left Right
Instial reaction 478 478
DL reaction 6.17 6.17
Max +LL reaction 742 T42
Max +total reaction 13.59 13.50

Fo
33.00

33.00
45.00
33.00

= 500 ksi

Compr Flange
fix Fb
1134 33.00



AE 481W

October 29, 2007

Ryan Pletz

Technical Report 2

DEFLECTIONS:

510

LD
LD
LD
LD

07238
-0.380

-0.458
-1.183

15.46 ft

at

in)

¥
i

Initial load

o962

1546 ft

at

Live load (in)

210
313

1546 ft

at

Post Comp load (in)
MNet Total load (i)

1546 ft

at

Floor Tvpe: Floor 2

o (1£) 6 PZ I o (22) ZZXp LA =
4 (1€) 9ZX9LAN 5 (2€) 9ZX9LIA s
i el &l
o 3 o
b (1€) 9Z¥9 LA = (Z€) 9ZX9LIA &
3 = ¢
= s =

(1€) 9ZX9LAN (2€) 9ZX9LIA

o (1€) 9ZX9 LA i (Z€) 9ZXOLIA 4
= (1€) 9ZX9LAN = (Z€) 9ZX9LIN =
& 5] &
2 3 o
A (1) 9ZX9 LA m (Z€) 9ZXOLIA P
= s =

(1€) 9ZX9LA (z€) 92X9LIA

25 (1£) 9ZXa LM L (2€) 92911 =
= (1€) 9ZX9LAn S (Z€) 9ZX9LIA 5
X 0 x)
o 3 o
A (1€ 9Z¥9 LA m (Z€) 9ZX9LIA %
3 < =

(1£) 9ZX9LAN (Z€) 9ZX9LIN

£y ESiaa i

I (1€ 9Z¥9 LA u_m (Z€) 9ZX9LIA m
= (1£) 92X9 M\ P~ (Z€) 92XaLIA =
g 8| &
b 3 o
b (1) 9Z¥9 LA = (Z€) 9ZX9LIA =
= v ©
= < P

(LE) 9ZX9 M (ZE) 92XOLIA

ot B

(FETGIRZ I 7 (CEI CCRPIIT

23

(21)

(20)

A3



Ryan Pletz

AE 481W

Technical Report 2

2-way Flat Slab

October 29, 2007

Output from PCA Slab
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Punching Shear Arcund Column=:

Unit=: Vu (kip}, Munb (k-£t), wvu (p=i}, Fhi*wc (pai)
Bupp T ru Munb Comb Fat GammaV wa Phi®wre

1 —— Hot checked -—
2 154.47 208.2 =0.03 02 All 0.&4z2 20E.2 21z.1
1 -— Hot chacked ---

Punchiing Thezr Arannd Tireope -

Unit=: Vi (kip}, wa {psi), Phi‘vc (p=i)
Supp Vu Comb wu Dhitws

1l -— Hot chacked --———-
2 1s0.4C U2 AlL ol.0 144.18

3 -—- Mot checked ----—-

Maximum lUerlections:

Unit=: Dz (in]
_ 2 Middle Strip
Dz (OEAD) Dz({LIVE] Dz (TITAL)

Span
-0.086 -0.038 0. 054
-0.056 -0_038 =054
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Output from PCA Slab
North-South Reinforcement

Top Reinforcement:

Units: Width (£ft), Mmax (k-ft}, ¥max (ft), &s [in"Z), Sp (in}
Span 3trip Zone Width Mmax Xnax AsMin LsMax
1%.245 1
1%.2435
1%.245
Middle Left 10.50 1%.245 T-%5
Middle 10_50 1%.245 -
Right 10.50 1%.245 B8-%5
Z Column Left 1G.20 1%.2435 3 .5
Middle 10.350 15.2435 0 000
Right 10.50 1%.245 18 1.278
Middle Left 10.30 1%.245 2.
Middle 10.50 1%.245 0.
Right 10.50 19.245 0.000
Top Bar Details:
Unite: Length (£t)
Ieft Continuous__
Span Btrip Baro Length Boro Longth Barao Longth
1 coulumn T-%3 8.26 - -—=
Middle T-%5 5.84 -—= -——=
2 Column 12-%5 8.2¢6 11-%5 5.40 -——=
Middle B-%#5 g.12 === ==

Bottom Reinforcement:

Units: Width (ft), Mmax (k-ft), ¥max (ft), &s [in"2), Sp (in)

Span Strip Width Mmax Xmax AsMin TiesMax SpRag I=Reqg Ezxs
Column 10.50 111 .54 10.000 2.041 15.245 10.500 3.54¢6 12—-%5
Middle 10.50 74 .36 10.000 2.041 19.245 15.750 2.34 8—#5

Z Column 10.50 111.54 14.000 2 19.245 10.500 3.54 12-45
Middle 10.50 74 .36 14.000 2 15.245 15.750 2.342 2—%5
Bottom Bar Details:
Units: Start (ft), Length (ft)
Long Bars Short Bars
Span Strip Bars Start Length Bars Start Length
1 Column 12-%3 0.00 24,00 ———
Middls T-%3 Q.00 24.00 1-%3 3.60 lg.g0
Z Column 12-%3 0.00 2400 =
Middle T-%3 0.00 24,00 1-%35 3.60 lg.B0



Ryan Pletz

AE 481W

Technical Report 2

October 29, 2007

1 --- Not checksd
2 154.47
3 --- Not checksd ---

[V S I B

Frams

Span Dz (DEAD)

Dz (LIVE) Dz (TOTAL)

Dz (DERD)

Dz (LIVE)

Column Strip

Dz (TOTLL)

Dz (DELD)

Middle Strip
E) Dz (TOTAL)
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TYPICAL SECTION - MIDOLE STRIP

MNOTE integnty reinforcament s reguired (ACI 13.3.8.5%). All bottom bars in the colurmn strip must be contwuous or splicad over
tha support with Class A tensoon lap sphoes. Al keast two of the column Strip boltom bars in esch direction must pass sathin the col-
wmin ong #nd be anchored at extdrior Supports

For other end support conditions: see Figs. 11-2and 11.3

Figure 11-1 Reinforcimg Bar Details and Layout

*AN references to ACT 31899 are given as “ACT” fallowed by the appropriate sectiom number.

11-2 CONCRETE REINFORCING STEEL iINSTITUTE
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e Composite Floor System

bolted.

Composite steal deck varies from
22 gauge to 16 gauge, galvanized.

Description: Table 2elow lists costs ($/5.F)
far a floor syatem using compasite steal
beams with welded shear studs, composita
stesd deck, and ligh: weight concrete slab
reinforced with WW.F. Price includaes
sprayed fiber fireproafing on steal baams
Design and Pricing Assumptions:
Structural steel is A38, high strength

Shear Studs are 3/4°,

WWE, 6 x 6 - W14 x W14(10 x 10)

Concrete fc = 3 KS|, ightweight.
Stesl trowed finish and cure,
Fireproofing is sprayed fiber (nan-

ashasiog).

Spandrels are assumed the same as

intericr beams and girders 1o allow for

extenor wall lads and bracing of
moment connactions.

COST PER 5F.
QUANTITY UNIT INST. TOTAL
SYSTEM B1010 256 2400
2025 BAY, 40 FSF 5. LOAD, 5-1,2° SLAB, 17-1,/2" TOTAL THICKNESS.
Structural steel 430 Lh &5 L&D B.5/
Welded shear comnctors 3047 dameter 4.7/ long 163 fa 0 .| B
Matal decking, noncellular composite, gak, 37 deep, 17 gauge LIE0 SF L5 2 18
Sheet mecal edge closure form, 127, v2 bends, 18 ga, gak M5 LF 16 10 .
Weldad wire fabnc rolls, 6 k 6 - W18 o WL 110 2 100, 21 ey 1000 SF 4 k] | B
Concrete ready mix, [ight wesghl, 3,000 PSI 33 CF. 24 241
Mace and virate concrete, eleveted siob less than B, pumped 333 CF A3 a4
Finishing focr, mondlittec steel trowel fnish for finsh floar L0 SF 76 .
Cunng i eprayed merrhrane pug corrpound i) (4] CSK. B 08 13
Shares, erect ard stop verbical fe 107 high 00 Ea. 5 5
Sprayed minesal fiber/cemend Ton freproct, 17 Bick on beams A3 SF 4 Al i
TOTAL 9.92 515 1507
23l 20 82 1-112 CE] 4995 [FH] 1482
L] 512 1-112 119 10.70 4492 1562
125 2 1-11-112 170 1240 .35 1755
20 s 2-614 52 15.35 6.30 2165

Total System Cost: $14.82
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PO‘IO Floor Construction

General: Flat Slab: Solid uniform depth
concrate two-way slabe with drop pansis
al columns and no column capitals.
Design and Pricing Assumptions:

Conerete fe = 3 KEI, placed by

concrate pump.

Reinforcement, fy = 60 KSI.

Forms, four use.

Finign,_ stead trowel

Curing, spray on membrane,

Based on 4 bay x 4 bay structurs,

COST PER SF.
System Components quatry | o WAT WL | TOTAL
SYSTEM B1010 222 1700
157%15 BAY 40 PSF 5. LOAD, 12" MIN. COL. 6" SLAB, 1-1/2" DROP, 117 PSF
Forms in place, flat slab with drop panels, to 15 high, 4 wes 243 &F 1.73 4 B8 6.63
Forms in place, edencr spandrel, 17 wide, 4 uses 034 SFCA 04 29 33
Resforcng m place, eleyated slabs 849 w #7 1588 Lb 8l 55 1.40
Concrata ready mix, refular weight, 3000 psi 513 CE 218 218
Fiace and whrate concrete, elevated slab, 6 to 107 punp i3 CF. 5 a7
Finish fioor, monoldfic steed troweel finish for finish flgor 1000 &F. 78 T
Care wilh sorayed membrang cnng compound 010 CSF 05 08 A3
TOTAL 441 217 12
L] B0 0 it a172-7 168 6,90 B.L5 | 14,95
5200 5 13 S1/2-1 20 .35 8.35 13.70
5600 1% 2 91/2-8 56 1.1 855 16.25
5800 20 ! 10-10 W2 RIS 880 1695

Total System Cost: $14.95
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For this cost analysis, a 2-way flat slab will be used for the base cost. The tendon strands will be added

for the final cost.

2-way flat slab

General: Flat Pates: Solid uniform depth
concrete two-way slab without drops or
mteror baams. Primary design limit is

shear at columns,

Design and Pricing Assumptions:
Caoncrete f'c 1o 4 KSI, placed by

concrate pump.

Reinforcemant, fy = 60 K31

Fommns, four usa.
Firwsh, steel trowe

Curing, spray on membrane.
Based on 4 bay x 4 bay structura.

COSTPER SF
fysiem Components guanTTy | unim MAT ST, TOTAL
SYSTEM B1010 223 2000
15°X15 BAY 40 PSF 5. LOAD, 12" MIN. COL.
Forms in place. flat plate to 15' bigh, 4 usas 992 &F 1.56 173 629
Edge fprms 10 6 high on elevated slab, 4 uses &5 LF 01 2 23
Rendorcing in place, clevated slabs B4 1o 87 1.706 Lb 87 B3 1.50
Concrate ready mix, regulsr weight, 2000 ps 453 1.95 1.5
Place and vikrate congrete, elevated stab less than &7, pumg A58 CF &0 80
Fruzh loor, monolthic steel trowel Snich for finish floor 1.000 Sk
Cure with sprayed membiane curing compound Dig CAF 05 s 3
TOTAL 444 11%d 45

The slab thickness used is 8.5” despite the bay size, so a cost of $13.40 is used as the base cost.

50 N 40 18 B2 145 R85 T45 140
00 i 2 g 188 615 755 7
B0 15 % 9172 Pl B.65 175 44
50 175 kD 10 00 690 # 175
$5.50 is used at the cost for the post-tensioned tendons
23 05.50 Prestressing Steel o | tow Outpot Bows Unt | Motwid  lobor  Copwent ol | I 08P
PRISTRESSING STEEL [ - |
Grouted strond post-tensioned in field, S0° spen, 100 kip |3 1200 083 Ih 198 m I‘ 404 5.50
300 tip | 700 024 A7 50 M 181 743
100" span, 100 kip | 1700 038 198 143 0% | 43

Total System Cost: $18.90
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General; Waffle siabs are basically flat
slabs with hollowed out domas on bottom
side o roduice weight, Soid concrete
heads at columng function as crops
withou! increasing depth. Tha concrete
ribs furction as two-way right angle joist
Joists are formed with standar: sized
darmeas Thin slabs cover domes and are
usually reinforced with welded wire fabnc.

Desigr and Pricing Assumptions:
Congrete 'c = 4 KSI, nomal weight
placed by concrete pump.
Beinoncement, fy = 60 KSI.
Forms, four use
4-1/2° slab.
JUr X 30 voigs.
6" wide ribs.
fribs @ 38" 0.C)

: Rl gepth filler DEaMSs as required,
- :[ﬁi;: V;Ermyw sl ey ave Sclid concrete heads al columns.
Firush, steel rowel.
Curbg, spray o0 nenirans,
Bassd on 4 bay » 4 bay structure
COST PER S.F.
System Components quantry | unT WA T TOTAL
SYSTEM B1010 227 3900
20X2X BAY, 40 PSF 5. LOAD, 12° iN. COLUMN
Foemmwork, fioor stab wet 307 Sterglass domes, 4 uses SF 53 6.40 11.65
Edge forms, te 6" high on slevarind siab, 1 ast SFCA 03 28 a1
Forms i place, bulkhead for slab with keveay, 1 uze, 3 pece LF e 06 0
Remforcing m place, elevated sizbs #4 10 47 LE. Bl 58 1.9
‘Walkleg wee f20nc rols, 5 €6 - W x Wd 141 4) 58 sl 5F Al 40 N
Concrete mady min, eguler weight. L4000 s CF. 3.05 308
Place and vbrate conceets, slewtad sisk, ower 107, pamp CF. (] H
Firesh flocs, monoliiee sieel trowl fash for frsh Boor 13 N T8
Cure wilh sgrayed membrand cuwing compaound C.5F. 05 i 13
TOTAL 95 9.36 13.88)
™ F TR 0 T | 0 5 1005 & |
o m 16 10 189 1030 9.75 2008
5500 125 18 10 2 1050 2.50 204
8000 ) 20 A l 12 ke 11.40 10.35 il

Total System Cost: $19.65
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Table below lists coats for a floor system
on steal columns and beams using open
wiab steel joists, galvanized steel slab

Slat form is 28 gauge galvanized.
Column costs in tabla are for columns to
support 1 floor plus roof Ioading in a 2-

with welded wire fatnc.

Design and Pricing Assumptions:
Structural Steel is A3B

form, ana 2-1/2° concrete siab reinforced shory

Concrete f'c = 3 KSI placed by pump.

building: howewver, column costs are
from ground floor fo 2nd fioor only. Joist
costs include appropriate bridging
Deflection is hmited to 1/360 of the span.
Screads and steal trowal finigh,

WWF 6 x5 - W14 x W14 (10 = 10) Design Loads Miin. Max,
Columns are 12° high. S5 & Jossts 6.3 PSF 153 P5
Building & 4 bays long by 4 bays wide.  Slab Form 10 10
Joists are 2" O.C. * and span the long  2-1/2 Concrete 270 270
direction of the bay Ceing 30 30
Joists at columns have hottamn cherds Whsc 5.7 17
extended and are connected to columns, 430 PSF 480 F3
COST PER SF.
System Components quantry | umir AT, A
SYSTEM B1010 250 2350
1520 BAY 40 PSF 5. LOAD, 17° DEPTH, B3 PSF TOTAL LOAD
Structural siesl 1974 Lb 223 13 i
(Open web joisis 30 Lb. 245 1 i
Slab fomm, galvanized steel 9/16° deep, 28 gauge 1020 SE 1.02 5
Welded wire fabwric rolls, 6 x 6« W14 x W14 (10« 10, 21 Ib/esf 1,000 5F. 14 31
Concrete ready mix, regular weight, 3000 psi 210 CE g
Place and wibrate concrete, slevated siab less than 6, pumped 210 CE 28
Fimishing fiocr, moncihc steed trowed Sinesh for finish figor 1.000 SE 76
Cunng with sprayed membrane curing compoend 0o SE 05 (8
TOTAL f.78 381 Ir
00 2530 Ei) ] fu 8.4 [ 43
800 Coem BI i L16

Total System Cost: $14.38%*

Significant cost will be added for the moment connections
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