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executive summary

Technical report 2 analyzes and discusses the existing floor system and three
alternatives. The original floor system is composed of mosite beams and deck.
The three alternatives chosen were composite cellular beams (SmartBEAMS),
non-composite steel joists, and ongay concrete slab on beams. These systems
were chosen to providegariety in materials and construction, and are analyzed in
this report based on depth, weight, cost, and several other factors.

The original system is found to be the least expensive at $17.30 per square foot,

¢S3i I SN IS AY RSLIWK YR ¢gSAIKG® LGA 2¢
approximately 64 PSF. It lsolught that this system was chosen for its inexpensive

price.

{@&a0GSY H O{YINI.9!'a{0v A& GKS RSSLSaild ae
Ada t2y3 aLIly OFLIOAGEET AYONBIFaAy3d GKS
costs $17.31 per square fgonly 1 PSF and $0.31 more than the existing system.

This is could be a viable alternative if the architect wanted to take advantage of its
aesthetic appeal and MEP integrating potential. SmartBEAMS also remove a
significant number of columns, opening the floor plan even more.

The third system analyzed in this report is the fommposite steel joists system.

This system is found to be the lightest at 61.4 PSF, and in the middle in all

OF 0STI2NASad LG O2ada bwmy doStedjoistSaxd gaidk dzl NB
to construct and is viable, but this system does not have enough advantages to be
preferable to the existing.

A oneway slab system is analyzed to provide a concrete comparison to the three

steel options. The concrete systemhasthésimf Sad RSLIGK |0 2y f @
costs the most at $21.58 per square foot. As a massive system, the concrete has
excellent deflection characteristics (deflecting less than half an inch in total load
deflection). This alternative would be good if the aalebuilding height needed -,

to be reduced. Otherwise, it costs more and can be more laborious to construct

Included in the appendices aa#l hand computer program [RAMINd excel
calculations for each of the floor systems analyasdvell as some drangs that
may be useful in understanding the building.

((@xecutive sum
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building introduction

The MultiTenant Office Building is currently hgiconstructed in Pennsylvania
and is expected to be done in July 2013. MTOB is designed-st®iry 5152,000
square foot dfice building to be leased into different office spaces for multiple
tenants.lIt is designed to hold higand office spaces and sits in a luxury office
park created by a develop€eFhe architecture plays off of the existing buildings in
the office park, with is mostly new construction. Ovsized windows allow
natural light to penetrate deep into the spaces without being uncomfortable or
distracting. It is expected to have full tenant lease agreements before the
completion of the building, which will enseia successful venture.

6 building introduction

[[MTOB pennsylvania
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structural o verview

MTOB is astory steel structure with eccentrically braced frames sitting on

drilled concrete caissons. The floors are concrete slab on grade and concrete slab
on deck. All calculations are based on OcaggaCategory I, for office buildings
[ASCE2OQ].

included in this section:
building materials
foundation system
framing system

floor system

lateral system

roof system

((étructural overview
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building materials

Although the building exterior has some brick masonry work steel frame CMU walls, and
concrete floors and foundations are the only structural aspects of this building. The materials
used in this building can be found in Figute3® ¢ KSaS GSNBE FT2dzy R 2V

steel
shape/type | grade
structural W shpe ASTM A992
structural M, S, C, MC, L ASTM A36

HSS steel tube

ASTM A500, grade B

round HSS steel pipe

ASTM A500, grade B

plates and bars

ASTM A36

masonry

shape/type strength [psi]

yé [a) ol tf 1500
MHE [ a; ol ff 1500
My e [ a;, ol ff 1500

concrde

Figure 1y(left)
Structural steel shapes

and standards for the
project

Figure 21(left)

Masonry wall sizes and
standards for the project

weight [pcf]

strength

[psi]

footings, grade beams, caisson caps > 144 3000
caissons [drilled piers] > 144 4000
Walls > 144 4000
slabs on grade > 144 4000
elevated floor slabs > 144 4000
balconies, with 2 %2 gallons of corrosion inhibitor @af > 144 5000

Figure 3(above)

Concrete usage and standards for the project

[[MTOB
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foundation system

The foundation system of MTOB was designed by AES after reviewing the recommendations of
the geotechnical reports from the geotechnical engineer, Professional Service Industries, Inc.

preliminarygeotechnicalecommendtion

Professional Service Industries, Inc. (B@)mnitteda preliminarygeotechnicatecommendation

report in December, 2011 based on geotechnical information from existing geotechnical reports

and drawings from various geotechnical firms. From thetiegseports, PSI noted 14 boring

logs of interest to the projecErom these borings, it was interpolated that rock can be

expected between the approximate elevations of 102IB0 ft, NGVDL { L  ANBSR 6A G K |
proposed foundation system of drilled piessth grade beamsinitial design values were given

as follows:

25ksf net end bearing pressure
2ksf preliminary slide friction

geotechnical report {
A new geotechnical survey was conducted /7 3
by PSin February, 2012. The geotechnical "“ ([ -
engineering firm executba total of 12 W%z /725
additional borings: 6 in the proposed W
footprint of the building and 6 in the parking ..
lot areas surrounding the building footprint \m AN
(seeFigured). From borings & through B6, | "< i

PSI recommends the drilled pier foundation®-
extend to the limestne/sandstone bedrock
(found between 9 and 27 feet below the

finished floor elevation). Figure 4{above

Locations of PSI test borings. Image taken from PSI geotechnical
report

For adequate ground water control, sump
pumps shall be used to keep water a minimum of two feet below the subgrade elevation.

structural overview

[[MTOB pennsylvania 7]v
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foundation design
The MTOB foundation @esigned as drilled piers and grade beams along the exterior walls. The

O2yONB (S 3INIRS o0SIVYan &Nl yARBS VY RSIEE&HEH WERY TRINDS
varies, but generally the grade beams are reinforced with #7 bars on top and bottom and #5
barsmthe sidest KS Ol Aadaz2ya NS RSaA3IYySR Fa oné RALFYS
caisson caps depending on the corresponding framAnglan of the caissons and grade beams

can be seen in Figufe Note that the grade beams have been highlighted iregrand the

caissons in pink.

Figure 5:(above)
Modified AES foundation plan with caissons highlightealue and grade beams highlighted anange

structural overview

[[MTOB pennsylvania 8]v



technical report 2

framing system

MTOB framing consists of five stories of steel columns. Column splices occur on level four at

varying heights so that stability is not jeopardized. The majority of columns range from W12x40
to W12x78, buthey reach W12x152 in the areas supporting heavier loads under the
mechanical penthouse.

floor system

The rectangular building shape is mirrored
with regularly spaced bay sizes. Figire
shows a typical floor plawith the two

typical bay sizes.

victoria interval [ STRUCTURAL

Level Ifloor is a typical slab on grade, and

levels 25 floors are slalon composite
RSO1® {LISOAFAOITt&xX
H n dedkfodzadal

concreteonH €

0 KA O1 Yy S 3Bacauerof the oyé

odzZAf RAYy3Qa
of floor system. &e Figures to see the
typical floor system on beams.

NB 3 dzf |
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lateral system

Braced frames resist lateral loads in the MTOB. There are a total ——q
8 braced frames throughout the building, withree different ===

(though all eccentricgonfigurations.The franes are eccentric so H

that none of the bracing crosses behind the large windows that i = f} =

the exterior walls at every levehee Figur® for the typical L/ Al

St SGlLriAazy 2F a¢h.Qa oNIOSR FN LW I &2dz

frames is spaced so that the lateral forael be adequately
acknowledged no matter which direction they approach from. ,
Figure9 shows the location of each of the 8 braced frames in the ?; _________ \
building. A components and cladding check has not been include
with this technical report, but will be exploden a later reportto

check that the lateral forces are adequately reaching the braced

T g,
n&‘w
ﬁ

frames. o .
(i I Figure 8:(above)
e | c——— T e —— Modified AES braced frame elevatior
1 1 Figure 9¢(left)
Modified AES floor plan with

locations of braced frames
highlighted in pink

.

As lateral forces are
applied to the building
exterior (specifically the components and cladding),
bearing connections transfer the loads to the
composie floor system. The load travels parallel to
the original force. From there, the loads then travel
perpendicularly to the braced frames at that
particular level through the beams or girders. A
lateral load path can be seen in Figure 10.

Figure 10{above)
Modified Kernick Architecture building section showing
lateral load path

structural overview

[[MTOB pennsylvania 10]v
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roof system

The roof of MTOB is an unassuming, simple structure because it does not play an architectural
role for the building. The structure consistsef oyé 3 f JI yoh buppertingBearis. RS O
Like most steel construction buildings with concrete slabs on deok $ystems, the roof deck

does not have any concrete because it is not structuralsessary and the extra weight would

cause inefficiencies in the structure. The roof is finished with white TPO Membrane Roof (fully
adhered) as the weather resistant @ing on top of sloped structure and tapered 20CI

insulation. White roofing is becoming more and more popular because of its reflective

properties that allow it to minimize heat gain. In an office building, people are often a large
contributor to mechanichload and so they have to be cooled most of the year, even in cooler
climates like Pennsylvania.

design codes

original codes MTOB was designed using:
2009 International Building Code (IBC 2009)
Minimum Design Loads for Buildings and Other Structuk&CE -05)
Building Code Requirements for Structural Concrete (AGO8)L8
AISC Manual of Steel Construction, Allowable Stress Design (ASD)

codes used to complete the analysis in this technical report:
2009 International Building Code (IBC 2009)
Minimum Design Loads for Buildings and Other Structures (ASICE 7
Building Code Requirements for Structural Concrete (AGL31L8
AISC Manual of Steel Construction, Load Resistance Factor Design (LRFD)

structural overview

[[MTOB pennsylvania 11]
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load summary

Gravity loads for live, dead, flat roof snpand drift snow are found usilASCE-7
10 codeand estimations. Tables are included tabulating the values of the load in
each corresponding categoryateral loads are also calculated using ASOE 7

included in this section:
dead load

live load

snow lad

gravity spot checks
wind load

seismic load

(((oad summary

[[MTOB | pennsylvania ]12]
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dead load
superimposed dead loads
description load

level 1 ceiling + misc. mechanical 10 [psf]
levels 25 ceiling + misc. mechanical 15 [psf]
roofing 20 [psf]
mechanical spaces 80 [psf]
brick veneer @ G KA O1 0 60 [psf]
FHgure 11:(above)
Deadloads used in design and in technical report

live load

The design live loads of the building are found using ASIBEI7 comparing these with ASCE
7-10, the loads are found to be the sanmiehe mechanical floor allowance is not higher because
no expansion is expected for MTOB

live loads |
description design load ASCE~ ASCE-10 [psf]
05 [psf]
public areas 100 100
office lobbies 100 100
office first floor corridors 100 100
office corridors above first floor 80 80
offices 50 50
partitions 15 15
mechanical 100 100
stairs 100 100

Figure 12{above)
Live loads used in design and in technical report

load summary

[[MTOB pennsylvania
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snow load

Flat roof snow load was calculated using ASC& A summary of the factors used and the
results can be found in Figur& bhelow. Although the maps from ASGEI chapter 7 (Figure-7
1) indicate a design ground snow load of 25 fu&fal code governs with a 30 psf design limit for
the area.

flat roof snow load

description value
exposure factor, C 1.0
temperature factor, C 1.0
importance factor,d 1.0
ground snow load, gpsf] 30
flat roof snow load, gpsf] 21

Figure 13(above)
Deadloads used in design and in technical report

There were two types of areas on the roof

that can cause snow drifGince the

YSOKI yAOFf LISyiliKz2dzaS ail
than the main roof, snw drift may

accumulate around its wall¥he

penthouse is centered on the roof and is

in the same rectangular sipe of the

MTOB footprintAlso, alonghe South

and North facing facades, a small portion

of the roof has a tall parapet as an

B decorative parapet
mechanical screenwall

JE' = architectural feature. See Figurd,1

AL IRE | A :
— highlighting the areas that will cause

snow drift.

Figure 14{above)
Modified Kernick Arckecture elevations showing the parapet and
screenwall that cause snow drift

To simplify drift loadthe worst ase drift was calculated
(using the longer rectangle dimensiohthe mechanical
screenwall for use along the exterior perimeter of the
mechanical penthousand along the decorative parapet
Figure 15 shows a summary sketch of the reseid.

snow loaddrift load calculations can be found in
Appendix A.

Figure 15{above)
Drift load sketch

load summary

L

[[MTOB pennsylvania 14]V
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wind load

While the original MTOB design pressures were found using ASG6ER& pressures in this
technical report were calculated using the updated code, ASTEAIl hand calculations
following chapter 26 and 27 of ASCE®can be found in AppendB The design criterion for
these calculations matches the design criteria of the original design, except for the main wind
velocity. As part of the ASCHG update, the
maps found in chapter 26 otain slightly
higher values than the previous maps found in
1B ASCE-D5, chapter 6With the changes in
both procedure and criteria values, the
pressures calculated in this report are slightly
higher than the design values on the drawings.

21.12 PSF
20.08 PSF
18.89 PSF
17.30 PSF
15.18 PSF

>
>
>
>
»
>
>
»

VRV S IV RV,

i i

Figure B: (above) The buildings considered rigid since its

North-South wind load pressures, story shears, base shear, a fundamental frequency is less than 1 hz (see

overturning moment Appendix B for calculationd)sing this, the

gust factor was calculated for both the N|S

and E|W wind directions. Since this is an office building, it is not necessary to withstaned
than the basic code recommended values for wind velocity. For the purpose of simplifying, the
NE2FEAYS 61 a |adadzYSR aidNIYAIKEG G 7TnQd ¢KS F22
nature, SO no extreme simpllflcatlons were necessary for calonis.

; Figure T: (below)
The wnd pressures, story Shear’ bas EastWest windload pressures, story shears, base shear, and overturnir

shear, and overturning moment
moments can be seen

in Figuresl7and18for ~ 2174PsF ] st . piEa sl
the N|S and E[\W wind 2% SEEE T R
directions, bl | - .
respectively. The excel 15.58 PSF » i
spreadsheet
calculations of these e —" —
values can be found in 121k P ; T ; |
appendixCwith the 174k » n '
hand @lculations. 223k =

274k » i

363
10966 ft-k

load summe

[[MTOB pennsylvania 15]v
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seismic load

The area MTOB is located is not high in seismic activity. From the comparison between the base
shear and overturning moment contributed by seismic forces vs. those contributed by wind
forces, it is only about a quarter of the grtude. The summary of seismic findings is tabulated

in Figure 19, and full hand calculations can be found in appé&hdix

seismic

overturning

k
level  hlfl  hE wK e R e

0 1849 0.0 0.0
14 18.86429 2603.5 | 0.0779 | 10.424 146
28 40.80251] 2603.5 | 0.1684 | 22.547 631
42 64.07321 2603.5 | 0.2645 | 35.406 1487
56 88.25377 2603.5 | 0.3643 | 48.767 2731
70 113.1343 697 0.1250 | 16.736 1172

¥ 630780.4  base shear[k]: 134
total overturning moment [ft-Kk]: 6167

Figure 18{above)
Summary of seismic forces

load summary

[[MTOB pennsylvania 16]v
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analysis of floor systems

Four systems are analyzed and discussed in the following section of this technical
report. Syseém 1 [existing] is composite beams and deck. The alternative three
systems are [2] composite cellular beams, [3] {womposite steel joists, and [4]
one-way slab on beams.

These systems are analyzed in weight, depth, cost, and other factors. They will be
compared in the next section.

Included in this section:

system 1: composite beams and deck
system 2: composite cellular beams
system 3: norcomposite steel joists
system 4. onevay slab on beams

((@nalysis of floor systems

[[MTOB | pennsylvania |17]
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system 1. [existing] composite beams+deck

The existing MTB floor system consists of composite slab/decking on composite beams and

girders. This system was analyzed for the purpose of comparing it with three selected possible
alternative floor systemd. A SNAS& 2F IAINI @A Ge alLRiirdogK&md| a 27F
columns are found adequate for the building lodds ¢ KS o6 | & . 8de AfpendixdD far n QE o n ¢
system 1 calculations.

Figure B: (above
onQEonQ olée 27F {

analysis

¢tKS SEA&aGAY3T aédadiSYy Ay at¢h. 6+a F2dzyR (2 KI @S
PSF. DeflectionsaMA YA Y f 0SOFdzaS 2F GKS OF YOSNAYy3AY ndc
braced frames in the lateral system, which is much lighter than shear walls.

The overall cost was found to be approximately $17.30 per square foot. This is the least "
expensive, althougall of the systems were very close in price. This may be one of the reasogs
for choosing this type of system in MTOB. 1%

[[MTOB | pennsylvania ]18]
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advantages

Composite systems are often chosen for their efficiency with member section. Composite vs.
non-composite will turn up lightesections because of its capability to use the slab for
compressive purposes while handling the tension in the steel. This method uses each material
efficiently, so members are often lighter and shallower than they would be ingqoomposite
construction.

disadvantages

The main disadvantage of composite system is in constructability. Each shear stud must be
welded to the beam, which is a laborious and time consuming process. Fireproofing must also
be sprayed to the beams, girders, and deck to meet theréitieg.

Figure20: (above)
Typical construction of System 1. Image altered from
meanscostworks.com

analysis of floor systems

[[MTOB pennsylvania 19]v
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system 2. composite cellular beams

Smartbeams (a composite castellated beam system) resting on steel girders was chosen as the
third alternative floor system. Castellated beams are most economical when using longer spans
(40+ feet). Becaus2 ¥ (KA &YX (GKS oleé& aA1TS gl a R2dzwf SR Ay
chosen because of its potential to reduce the number of columns and integration capabilities

with MEP systemsSee figure21 below for the layout plan. Note that the left girder andtlom

beam were designed as edge members, with no other loads framing in. All other member are

for an interior typical bay. Calculations for this system can be found in Appendix E.

CB30x62 (23) c=1-3/4"

EH dt=6.000, e=4.000-5.750 K
. CB30x62 (23) c=1-3/4"
- dt=6.000, e=4.000-5.750
L | -
>
5 | 2
g CB30x62 (23) c=1-3/4"
dt=6.000, e=4.000-5.750
CB30x44 (22) c=1-1/4"
C%')l dt=6.000, €=3.000-9.750 5
Hgure21: (above)
cnQEonQ GeLMOFE ol & 1 &z2dz
analysis

The use of Smartbeams is average in weight at 65.2HR&iFis muchdeeper than the others

I 0 o $ndpbéams tend to be deeper than traditional steel beams because of the way they

are fabricated. However, with the desipuild approach to the MEP systems, the openings

could easily be taken advantage of in tteling space by running smaller duct feeasl ”
(Eor]dyits thr9ugh the beams,. Because of this, ,th? overall E)ujlding height mavy rv1ot ir]crease aeGE)aII
SPSY U0UK2dzAK UKAa aeadusSyY [FRRa |y | RRi\Ui\zyl-‘gt b

oor s

The spacing between tHaeams is 10 feet, which is allowable for the unshored 3+ span
O2yRAGAZY 2F +dzZf ONI Fd H=[ L wmdbpédIYdzES a2 YO E S

The cost for cellular beams was estimated at about $0.31 per square foot extra than its
counterpart Wishapesystem. This puts it in second place for inexpensive systems. However

lysis o

ana

MTOB | [ 20
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the bay size has been doubled so if the decrease in number of columns is taken into account,
the true difference in price between the two may be a null issue.

advantages

There are mangdvantages of cellular beams, especially when compared to traditional W
shape beamdrirst, longer spans are ideal. The sections of a cellular beam are much taller,
which increases its section properties (giving it more strength capacity). The web opaisng
greatly decrease the weight of the beam, allowing its strength properties to be used for other
building loads besides selfeight. Second, MEP systems can be run directly through the
structure, which can save ceiling space and thus make up fordtiéi@nal depth required by
these long span member$hird, since each beam is cut and welded back together, camber can
be added at no additional cost.

disadvantages

Because the members span such a long distance, the deflection of this system is thedtighes
Hdmynéd LG Ffaz2 O02adta | o0Ad Y2NB -shgpBs, siced |
each one must be cut (typically using either a water stream or a laser) apart and welded back
together.

analysis of floor systems
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system 3. non -composite steel joists

The thid system analyzed was n@omposite steel joists. This system was chosen for its

simplicity and its ease of constructionith tK S o6 I @ & A {kept a8 ékistiogh @ddEa n Q

aLJ) OAy3 G pQ OK2aSys (G(KS t21F R& uScHOPR&KR SR G & LA
figure 22 below for the layout plan. Note that the left girder and bottom joist were designed as

edge members, with no other loads framing in. All other member are for an interior typical bay.

Calculations for this system can be foundAppendix F.

241 HO8

H H
24 HO8
_ 24 HO8 _
QY N
i i
9 241 HO8 9
b [v0]
> >
— I~
g 241 HO8 g
24 HO8

22K7
H H

Figure22: (above)
onQEonQ GeLAOLE ol & 1 &2dz

analysis
{ealdSY o 0O2YSa 2dzi +ta GKS tA3IKGISad aeadasSy I
per square foot, which is on the upper end. This system has fast construction time, but it does

not have excessive benefits when cpaned to the existing system. Its lightweight construction
YIF]1S&a Al adzaOSLIiAoctS (G2 GAONI GA2Yy A OB/@nLISOA I f f
though it is viable, this system is not specifically suggeaseah alternative to the existing
system

analysis of floor systems
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advantages
This system has a very simple design. Joists are easy and fast to erect. It is also very light.

disadvantages

Because of the lightweight floor system, steel joist construction can often exhibit bad vibration
qualities. It also has a mudarger deflection than some of the other systems, and it is the
second deepest system investigated.

Figure23: (above)
Typical construction of System 3. Image altered from
meanscostworks.com

analysis of floor systems
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system 4: one -way slab on beams

The final floor system that was investigated was a-o/ag slab on beams. The bay size was
1SLI 4 o nrdimedia® béam Gelterédyn the bay. This alternative was chosen to
examine the use of a concrete system for MTOB, which has some advantages and
disadvantages in comparison to the other three stkated system<Calculations can be found
in Appendix G.

girder 18" x 20" —

30"

© © ©
=1 =1 —
x x x
N N N
— — —
= = =
< < <
3} L} [}
o o a

girder 18" x 20" —

Figure24: (above)
onQEonQ deéeutthr SysttmboH | & | &

analysis

The total depthofthe B @ &f 6 aedaidSyYy ¢l a F2dzy Rwesof 6 S 2yt
GKS ftOGSNYyIFGA@S aeadasSvyaszs |G 2yteé o02dzi Hko (K
deep).In contrast, it is also the heaviest system atf&&F. This was expected, since concrete

tends to create much more massive and heavier buildings than steel.

Its cost was estimated at $21.58 per square foot. This was the most expensive option, but ngt
by very much. The extra cost can be attributed to therfwork and extra labor required to
install a concrete beam and floor system.

analysis of floor system
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advantages

A concrete system has several advantages over its steel peers. For one, concrete systems tend
to be shallower, which can decrease the overall building height. Tadyvantageous in areas

with strict zoning height restrictions and also in buildings with expensive facade materials. A
concrete floor has inherent fire proofing properties. In addition, its heavy mass provides
excellent vibration performance, especially shcompared to some of the very light weight
framing options (like steel joists).

disadvantages

Concrete systems can bring many problems to a building, since the material itself is so variable.
Creep and shrinkage are typical problems, as well as excesanleng and spalling when

moisture conditions are poorly cared for. Concrete can be laborious to place, since forms,
reinforcing steel, and rebar chairs must all be used in addition to concrete finishing after it is
placed.

Figure25: (above)
Typical construction of System 4 Image altered from
meanscostworks.com

[[MTOB | pennsylvania |25]
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comparison of floor sys tems

Each of the floor system alternatives were analyzed and compared. A summary of
the findings can be found in figu6 below.

system [1] system [2] system [3] system[4]

criterion ) .
composite beams SINEILEEINS steel joist 1-way slab

weight [psf] 65.2
depth [in] 29.5 38.5 32.5 20
cost [psf] $17.30 $17.61 $18.89 $21.58
total load \
detiection [in] 0.65 2.184 [60' span] 1.256 0.331
bay size 30'x 30' 30' x 60' 30' x 30' 30'x 30'
depends on
architectural
fire protection spray-on preferences: enclosure inherent
spray-on if
enclosed
forms required N N N Y
foundation [none] [none] [none] possbile increase
Impact
lateral impact [none] [none] [none] need shear walls
constructability moderate moderate easy moderate
lead time long long moderate moderate
Y Y Y Y

Figure26: (above)
Comparison chart of Systems 1 through 4

comparison of floor systems
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conclusion

This technical report investigated the existing floor system of MTOB as well as
three alternative systemslhe existing system of composite steel beams and deck
has been compared with composite cellular steel beams;cmnposite steel

joists, and onewvay concrete slab on beams. These systems are compared in the
preceding reports based on several factors|udmg overall depth, weight, and

cost.

It is found that all three of the alternatives are feasible, but the steel joist system

is the least preferable. Between system 2 (cellular beams) and system-dvéyne
aflovsE GKSasS OFy o02ZiK {d NI IiS @GS R éladl Sivk
reasons. The concrete system is the shallowest, which would lower the overall

building height. The cellular beams allow for much longer spans, which double the

bay size and create a more open floor plan. Since the camereitem costs

significantly more than the cellular beam systets concluded here that the

cellular beams are the best alternative to the existing system.

In future technical reports, these systems may be investigated further to better
understand thei impacts on other building systems, such as the foundation
system and lateral system.

orclusir
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appendices

included in this section:

appendix A: snow calculations
appendix Bwind calculations
appendix Cseismiccalculations
appendix Dsystem 1

appendix Esystem 2

appendix F: system 3

appendix G: systerh

appendix H: comparison calculations
appendix I: additional drawings
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appendix A : snow load calculations

oNOW LoaDs (ASCE 1-10) p I/,
FLAT ROOF SNOW LoAD

P;" 0--’ c&CtIl Pﬂ

G 2l D TH-2 , TERRAIN CATEGORY £ | PARTIAUY EXPOSED
Ce = 1O T1-3

Ts = 0 TIS=2, REBK cATEDoRY IT,

Pg * A PEE

Ll
~
o0
i
w
o

P« L0, 73(30) *

DRIFT LOAD [ALoMn G MECHANILAL PERTHOUSE)
-};,m = (o0’ > hy - %{2,'?5'] = 200" (LowvER RoGF W)

jl{.m = 12’ = hp . a5 CONTROLS {lupper MU?,L.W\

s Nyl e
=2 W= Uhy = Y(378') = 16

b‘=o.na?ﬂ M2 0uB(m)eiyd = 1T € Bo pet

Py = X‘Ikb » 11.9(2.78) = LT esf

BRese = LT+ 2
P 21 psF

e \J

T 7
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appendix B: wind calculations

wind pressures [N|S direction]

windward leeward trib area force story overturning

lpsfl z ke glpsfl o [psf] [sf] [K]  shear[k] moment [ft-k]

1 25.61| 0| 057 | 16.40| 1518 -14.93 3360 101 663 0
2 25.61 [14| 0.57 | 16.40| 1518 -14.93 3360 101 562 1417
3 25.61 | 28] 0.684| 19.68| 17.30 -14.93 3360 108 461 3032
4 25.61 (42| 0.77| 22.16| 18.89 -14.93 3360 114 352 4773
5 25.61 | 56| 0.834| 24.00| 20.08 -14.93 3360 118 239 6588
o 2561 (70| 089 | 25.61| 21.12 -14.93 3360 121 121 8479
base shear [K]: 663
total overturning moment [ft-k]: 24288

wind pressures [E|W direction]

windward leeward trib area force story overturning

level  dn[psf] ke Qelpstl g [psf] [sf] [K|  shear[k] moment [ft-k]
1 25.61| 0| 0.57 | 16.40 15.58 -11.03 1680 45 363 0
2 25.61 | 14| 0.57 | 16.40 15.58 -11.03 1680 45 319 626
3 25.61 | 28| 0.684| 19.68 17.77 -11.03 1680 48 274 1355
4 25.61 (42| 0.77 | 22.16 19.43 -11.03 1680 51 225 2149
5 25.61 |56 0.834( 24.00 20.66 -11.03 1680 53 174 2982
roof 25.61 |70 0.89 | 25.61 21.74 -11.03 1680 55 121 3854
base shear [k]: 363
total overturning moment [ft-Kk]: 10966

[[MTOB pennsylvania 30]
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WIND LoADS (ASCE 1-10) p /3

BAslc WIND SPEED e MPH (Flo 2.5 A)
IMPORTANCE FACTOR 10
DLin PANCY CRITERIA I
EXPOSURE (ATEGORY &

ENCLOSED
Olp; to. g T2 01~
o L) 0.% Fit 27,4~
G oINS\ L o 120 1 = -0.5 Z
AR Fib 2.4+
Ejw L 140 .3 4 0.3
B 2o
oy 0.8% T 2. G-
ks l.o
K, VARIES W/HETLHT e By (2 R
GCusT EFFecT FALTOR |, G
CHELK \F BLDEL 15 RlGID: (j'. > | He) §l2.%’.2..l
Yoo x Loh X
Ce - 0.03
-0 er

01§
Tou = Bi633 (200 | = 0.2l
J:_J -11: - 3:’:,‘2" T .37 > He <. BLPG (s rIGID

CHLULATE 6 usiNG §Z¢..Q.q R pleiP STRUCTUREY
Ger Pe 2 calcs)
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WIND Loaps (AE T-10) p 2/3

GFUST EFFELT FACTOR . G $26.9.4 (2i6D)

& = O,‘I‘Z_S{ I+ "13Gr“Q]
t {'I.“’gvr.‘
Ts. 5 33 \Ye
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= 2%\
L 0307 )" = 0.98¢
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WIND LOADS (ASCE T-10) p 2/3

q, = & 0o2S ke, kd VT
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appendix C: seismic calculations
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UISMIC LOAD (ASCE T-10)  2/1
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Floor WEIGHTS (Al ) V2
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FLOOR. (0TS 2/2
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appendix D: system 1
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system 1: RAM beam analysis

”‘ Gravity Beam Design
l RAM Steel v14.04.07.00

DataBase: SmartBeams + Joist + 1-Way
Building Code: IBC

10/07/12 19:04:31
Steel Code: AISC 360-10 ASD

Beam Number = 49
I-End (135.00,0.00)

Floor Type: Typical
SPAN INFORMATION (ft):

Number of Stud Rows = 1
LINE LOADS (k/ft):

Percent of Full Composite Action = 26.01

J-End (135.00,30.00)

Beam Size (User Selected) = WI16X36 Fy = 50.0 ksi
Total Beam Length (ft) = 30.00
COMPOSITE PROPERTIES (Not Shored):

Left Right
Conerete thickness (in) 3.50 3.50
Unit weight concrete (pef) 115.00 115.00
f'e (ksi) 3.00 3.00
Decking Orientation perpendicular perpendicular
Decking type VULCRAFT 2.0VL  VULCRAFT 2.0VL
beff (in) = 90.00 Y bar(in) 16.09
Mnf (kip-ft) = 543.04 Mn (kip-ft) = 392.35
C (kips) = 137.84 PNA (in) 12.62
Teff (ind) = 975.27 Itr (ind) = 1481.92
Stud length (in) = 4.00 Stud diam (in) = 0.75
Stud Capacity (kips) Qn = 172 Rg = 1.00 Rp = 0.60
# of studs:  Max = 60 Partial = 16 Actual = 16

Load Dist DL CDL LL Red% Type Partl CLL
1 0.000 0.540 0.427 0.600 4.3% Red 0.000 0.000
30.000 0.540 0.427 0.600 0.000 0.000
2 0.000 0.036 0.036 0.000 --- NonR 0.000 0.000
30.000 0.036 0.036 0.000 0.000 0.000
SHEAR: Max Va (DL+LL)=17.25 kips Vn/1.50 =93.81 kips
MOMENTS:
Span Cond LoadCombo Ma @ Lb Cb Q Mn/Q
kip-ft ft ft kip-ft
Center PreCmp+ DL 522 15.0 0.0 1.00 1.67 159.68
Init DL DL 522 15.0 ---
Max + DLALL 1294 15.0 - -—- 1.67 234.94
Ceontrolling DLA+LL 1294 15.0 --- 1.67 234.94
REACTIONS (kips):
Left Right
Initial reaction 6.95 6.95
DL reaction 8.64 8.64
Max +LL reaction 8.61 8.61
Max ~+total reaction 17.25 17.25
DEFLECTIONS:
Initial load (in) at 1500 ft = -0.650 LD = 554
Live load (in) at 1500 ft = -0.370 LD = 973
Post Comp load (in) at 15.00 ft = -0.443 LD = 813
n
)
Q
©
3
system 1: RAM beam analysis S
@
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"‘ Gravity Beam Design
k RAM Steel v14.04.07.00 Page 2/2
DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC Steel Code: AISC 360-10 ASD
Net T 1 ’ V6 it -1.093 LD = 329
system 1: RAM beam loads
"‘ Load Diagram
l RAM Steel v14.04.07.00
DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31

Building Code: IBC

Floor Type: Typical Beam Number = 49
Span information (ft): I-End (135.00,0.00) J-End (135.00,30.00)

Wi

Load Dist DL LI+ LL- PLA PL-  Max Tot

ft kMt K/t K/t kAt k/ft K1t
Wi 0.000 0.576 0.574 0.000 0.000 0.000 1.150
w2 30.000 0.576 0.574 0.000 0.000 0.000 1.150
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system 1: RAM girder analysis

”‘ Gravity Beam Design
l RAM Steel v14.04.07.00
RAM DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC Steel Code: AISC 360-10 ASD
Floor Type: Typical Beam Number = 44
SPAN INFORMATION (ft): I-End (120.00,30.00) J-End (150.00,30.00)
Beam Size (User Selected) = W24X68 Fy = 50.0 ksi
Total Beam Length (ft) = 30.00
COMPOSITE PROPERTIES (Not Shored):
Left Right
Concrete thickness (in) 0.00 3.50
Unit weight concrete (pef) 0.00 115.00
e (ksi) 0.00 3.00
Decking Orientation parallel parallel
Decking type Noncomposite VULCRAFT 2.0VL
beff (in) = 45.00 Y bar(in) = 17.71
Mnf (kip-ft) = 1097.28 Mn (kip-ft) = 875.12
C (kips) = 106.10 PNA (in) 14.41
Teff (ind) = 2781.39 Itr (ind) = 3681.06
Stud length (in) = 4.00 Stud diam (in) = 0.75
Stud Capacity (kips) Qn = 17.7 Rg = 1.00 Rp = 0.75
#ofstuds: Full = 46 Partial = 12 Actual =12
Number of Stud Rows =1  Percent of Full Composite Action = 26.42
POINT LOADS (kips):
Dist DL CDIL RedLL Red% NonRL StorLl. Red% RoofLI, Red%  Partl
L
7.500 864 695 9.00 173 0.00 0.00 0.0 0.00  Snow 000 0.00
15.000 8.64 6.95 9.00 17.3 0.00 0.00 0.0 0.00  Snow 0.00  0.00
22.500 8.64 695 9.00 17.3 0.00 0.00 0.0 0.00  Snow 000 0.00
LINE LOADS (k/ft):
Load Dist DL CDL LL Red% Type Partl. CLL
1 0.000 0.068 0.068 0.000 --- NonR 0.000 0.000
30.000 0.068 0.068 0.000 0.000 0.000
SHEAR: Max Va (DL+LL)=25.16 kips Vn/1.50 = 196.71 kips
MOMENTS:
Span Cond LoadCombo Ma (@ Lb Cb Q Mn/Q
kip-ft ft ft Kip-ft
Center PreCmp+ DL 112.0 15.0 7.5 1.11 1.67 441.62
Init DL DL 112.0 15.0 -
Max + DL+LL 249.0 15.0 -—- 1.67 524.02
Controlling DLALL 249.0 15.0 - 1.67 524.03
REACTIONS (kips):
Left Right
Initial reaction 11.46 11.46
DL reaction 13.99 13.99
Max +LL reaction 11.17 11.17 0
Max +total reaction 25.16 25.16 8
=
c
)
o
o
@
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system 1: RAM girder analysis

”‘ Gravity Beam Design
l RAM Steel v14.04.07.00 Page 2/2
RAM DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC Steel Code: AISC 360-10 ASD
DEFLECTIONS:
Initial load (in) at 15.00 ft = -0.326 L/D = 1104
Live load (in) at 15.00 ft = -0.213 LD = 1689
Post Comp load (in) at 15.00 ft = -0.261 LD = 1377
Net Total load (in) at 15.00 ft = -0.587 LD = 613
system 1: RAM girder loads
”‘ Load Diagram
l RAM Steel v14.04.07.00
RAM D:Base: SmarBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC
; rchat Use.
Floor Type: Typical Beam Number = 44

Span information (ft): I-End (120.00,30.00) J-End (150.00,30.00)

P1 P2 P3

Load Dist DL LL+ LL- PL+ PL- Max Tot

ft kips kips kips kips kips kips
P1 7.500 8.641 7.446 0.000 0.000 0.000 16.087
P2 15.000 8.641 7.446 0.000 0.000 0.000 16.087
P3 22.500 8.641 7.446 0.000 0.000 0.000 16.087

ft k/ft /At k/ft kit K/t k1t
W1 0.000 0.068 0.000 0.000 0.000 0.000 0.068
W2 30.000 0.068 0.000 0.000 0.000 0.000 0.068
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appendix E: system 2
system 2: RAM beam analysis

”‘ SMARTBEAM Design
l RAM Steel v14.04.07.00

DataBase: SmartBeams + Joist + 1-Way

10/07/12 19:04:31
Building Code: IBC SMARTBEAM Code: AISC 360-10 ASD

; et Use.
Floor Type: Typical Beam Number =12

SPAN INFORMATION (ft): I-End (0.00,20.00) J-End (60.00,20.00)
Castellated

COMPOSITE PROPERTIES (Not Shored):

Stud Capacity (kips) Qn=17.2
# of studs:  Full = 96 Partial = 23 Actual =23
Number of Stud Rows =1  Percent of Full Composite Action = 25.85

LINE LOADS (k/ft):
Load Dist DL CDL LL CLL
1 0.000 0.720 0.570 0.800 0.000
60.000 0.720 0.570 0.800 0.000
2 0.000 0.062 0.062 0.000 0.000
60.000 0.062 0.062 0.000 0.000

SHEAR (Ultimate):
Gross:  Max Va (DL+LL) = 39.86 kips Vn/1.67 = 184.06 ki
Net: Max Va (DL+LL) = 3837 kips at 1.12 ft

Horizontal:
Precomposite:
At 2.04 ft Max Vave = 17.68 kips Va =12.33 kips

Beam Size (User Selected) = CB30x62 Fy = 50.0 ksi

Top: W21x62 Bottom: W21x62

dt = 6.000 in emin = 4.000 in emax = 5.750 in
phitop = 58.00-62.00 degrees phi bottom = 58.00-62.00 degrees

b: Min. = 4.752 in Max. = 5.585 in

Tee Depth at Web Post: Top = 14.938 in Bottom = 14.938 in
Beam Depth = 29.875 in

Connection Type: Left: Web Right: Web

Total Beam Length (ft) = 60.00

Left Right
Concrete thickness (in) 3.50 3.50
Unit weight concrete (pef) 115.00 115.00
fe (ksi) 3.00 3.00
Decking Orientation perpendicular perpendicular
Decking type VULCRAFT 2.0VL  VULCRAFT 2.0VL
beff (in) = 120.00
leff (ind) = 4614.00 Itr (ind) = 6361.01
Stud length (in) = 4.00 Stud diam (in) = 0.75

ps 1.67Va/Vn=0217

Top: Va= 19.19 kips Vin/1.50 = 48.00 kips  1.50Va/Vn = 0.400
Bot: Va= 19.19 kips Vn/1.50 = 48.00 kips  1.50Va/Vn = 0.400

Control Va (DL) = 12.33 kips Vn/1.50 =32.00 kips ~ 1.50Va/Vn = 0.385

system 2: RAM beam analysis
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SMARTBEAM Design

”l‘ RAM Steel v14.04.07.00

RAM DataBase: SmartBeams + Joist + 1-Way

Building Code: IBC SMARTBEAM

Page 2/3
10/077/12 19:04:31
Code: AISC 360-10 ASD

ACACETTIC LK v‘; T OECCH ft
Vn/1.50 = 32.00 kips

WEB POST BUCKLING:
Precomposite Max Va (DL) = 11.16 kips at 2.28 ft

1.50Va/Vn = 0.730

Ma Mp Mocr Q Mn/Q QOMu/Mn
kip-ft kip-tt kip-ft kip-ft
Top: 8.31 75.99 30.24 1.67 18.11 0.459
Bot: 8.31 75.99 30.24 1.67 18.11 0.459
Composite Max Va (DLALL) = 21.12 kips at 57.72 ft
Ma Mp Mocr Q Mn/Q2 QMu/Mn
kip-ft kip-ft kip-ft kip-ft
Top: 15.73 75.99 30.24 1.67 18.11 0.869
Bot: 15.73 75.99 30.24 1.67 18.11 0.869
VIERENDEEL:
Precomposite:
Beam: Va= 3.87 kips Ma = 272.66 kip-ft at 23.87 ft (DL)
Top Tee: Pa = 119.04 kips Ma = 0.00 + 0.46 = 0.46 kip-ft
Pn/1.67 = 219.36 kips Mn/1.67 = 9.86 kip-ft
Hl-1a: 0.543 +0.042 = 0.585
Beam: Va = 3.87 kips Ma = 272.66 kip-ft at 23.87 ft (DL)
Bot Tee: Pa = 119.04 kips Ma = 0.00 + 0.46 = 0.46 kip-ft
Pn/1.67 = 219.49 kips Mn/1.67 = 9.86 kip-ft
Hl-la: 0.542 +0.042 =0.584
Composite: Ve =6.33 kips
Beam: Va =26.75 kips Ma = 328.73 kip-ft at 9.87 ft (DL+LL)
Top Tee:  Pa= 62.71 kips Ma = 0.00 +2.45 = 2.45 kip-ft
Pn/1.67 = 219.36 kips Mn/1.67 = 9.86 kip-ft
Hl-la: 0.286 +0.220 = 0.506
Beam: Va =10.47 kips Ma = 556.69 kip-ft at 22.12 ft (DL+LL)
Bot Tee: Pa = 208.74 kips Ma = 0.00 + 0.50 = 0.50 kip-tt
Pn/1.67 = 219.49 kips Mn/1.67 = 9.86 kip-ft
Hl-la: 0.951 +0.045=0.996
MOMENTS (Ultimate):
Span Cond LoadCombo Ma (@
kip-ft ft
Center  PreCmp DL 284.5 30.0
Center  InitDL DL 2845 30.0
Max + DLALL 597.9 30.0
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system 2: RAM beam analysis

”‘ SMARTBEAM Design
i RAM Steel v14.04.07.00

RA DataBase: SmartBeams + Joist + 1-Way

Page 3/3
10/07/12 19:04:31

Building Code: IBC SMARTBEAM Code: AISC 360-10 ASD
REACTIONS (Unfactored) (kips):
Left Right

Initial reaction 18.97 18.97

DL reaction 23.47 23.47

Max +LL reaction 16.39 16.39

Max +total reaction 39.86 39.86
DEFLECTIONS: (Camber = 1-3/4)

Initial load (in) at 30.00 ft = -2.265

Live load (in) at 30.00 ft = -1.310

Post Comp load (in) at 30001t = -1.669

Net Total load (in) at 30.00ft = -2.184

LD = 318
LD = 550
LD = 431
LD = 330

system 2: RAM beam loads

”‘ Load Diagram
l RAM Steel v14.04.07.00

RA DataBase: SmartBeams + Joist + 1-Way
Building Code: IBC

10/07/12 19:04:31

Floor Type: Typical ~ Beam Number = 12
Span information (ft): I-End (0.00,20.00) J-End (60.00,20.00)

Load Dist DL LL+ LL- PL+ PL- Max Tot

ft K/t k/ft k/ft K/t K/ft K/t

W1 0.000 0.782 0.546 0.000 0.000 0.000 1.329

W2 60.000 0.782 0.546 0.000 0.000 0.000 1.329
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system 2: RAM girder analysis

DataBase: SmartBeams + Joist + 1-Way
Building Code: IBC

”‘ Gravity Beam Design
‘ RAM Steel v14.04.07.00

10/07/12 19:04:31
Steel Code: AISC 360-10 ASD

Floor Type: Typical Beam Number =35
SPAN INFORMATION (ft): I-End (60.00,0.00) J-End (60.00,30.00)
Beam Size (User Selected) = W33X118 Fy = 50.0 ksi
Total Beam Length (ft) = 30.00
Mp (kip-ft)y = 17291
7
POINT LOADS (kips):
Dist DL RedLlL. Red% NonRLL StorLl. Red% RooflLl. Red%  Partl
10.000 2347 24.00 31.7 0.00 0.00 0.0 0.00 Snow 0.00
20000 2347  24.00 31.7 0.00 0.00 0.0 0.00  Snow  0.00
20,000  39.01 16.39 31.7 0.00 0.00 0.0 0.00  Snow 0.00
10.000  39.01 16.39 31.7 0.00 0.00 0.0 0.00  Snow 0.00
LINE LOADS (k/ft):
Load Dist DL LL Red% Type PartL
1 0.000 0.118 0.000 - NonR 0.000
30.000 0.118 0.000 0.000
SHEAR: Max Va (DL+LL)=91.84 kips Vn/1.67 = 325.06 kips
MOMENTS:
Span Cond LoadCombo Ma @ Lb Cb Q Mn/Q
kip-ft ft ft kip-ft
Center Max + DL+LL 9139 15.0 10.0 1.00 1.67 987.48
Controlling DLALL 913.9 15.0 10.0 1.00 1.67 987.48
REACTIONS (kips):
Left Right
DL reaction 64.25 64.25
Max +LL reaction 27.59 27.59
Max ~+total reaction 91.84 91.84
DEFLECTIONS:
Dead load (in) at 15.00 ft = -0.617 LD = 583
Live load (in) at 15.00 ft = -0.267 LD = 1348
Net Total load (in) at 15.00 ft = -0.884 LD = 407
()
)
Q
©
c
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system 2: RAM girder loads

”‘ Load Diagram
l RAM Steel v14.04.07.00
DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31

Building Code: IBC

Floor Type: Typical Beam Number = 5
Span information (ft): I-End (60.00,0.00) J-End (60.00,30.00)

P1 P2
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appendix F:system 3
system 3: RAM joist loads
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system 3: RAM jst analysis

”‘ Standard Joist Selection
‘ RAM Steel v14.04.07.00

RA DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC

Floor Type: Typical Beam Number = 38
SPAN INFORMATION (ft): I-End (75.00,15.00) J-End (105.00,15.00)
Joist Size (User Selected) = 24L.HO08
Total Beam Length (ft) = 30.00
LINE LOADS (k/ft):
Load Dist DL LL Red% Type PartL,
1 0.000 0.360 0.400 0.0% Red 0.000
30.000 0.360 0.400 0.000
2 0.000 0.000 0.000 --- NonR 0.000
30.000 0.000 0.000 0.000

Maximum Total Unif. Load at any location (Ibs/ft) : 760.0

Allowable Stress Ratio: 1.00

Design Loads Allowable Loads (1bs/{t)
Dead: 360.0
Live: 400.0 605.1
Total: 760.0 793.4
MOMENTS:
Span Cond Moment @
kip-ft ft
Center Max + 85.5 15.0
REACTIONS (kips):
Left Right
DL reaction 5.40 540
Max +LL reaction 6.00 6.00
Max +total reaction 11.40 11.40
DEFLECTIONS:
Dead load (in) = 0.595 LD = 605
Live load (in) = 0.661 LD = 345
Total load (in) = 1.256 LD = 287
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system 3: RAM girder loads

”‘ Load Diagram
l RAM Steel v14.04.07.00
RA DataBase: SmartBeams + Joist + 1-Way 10/07/12 19:04:31
Building Code: IBC
Floor Type: Typical Beam Number = 42
Span information (ft): I-End (105.00,0.00) J-End (105.00.30.00)
P1 P2 P3 P4 P5
W e

\

Load Dist DL LL+ LL- PL+ PL- Max Tot

ft kips kips kips kips kips kips
P1 5.000 15.450 8.604 0.000 0.000 0.000 24.054
P2 10.000 15.450 8.604 0.000 0.000 0.000 24.054
P3 15.000 15.450 8.604 0.000 0.000 0.000 24.054
P4 20.000 15.450 8.604 0.000 0.000 0.000 24.054
P5 25.000 15.450 8.604 0.000 0.000 0.000 24.054

ft k/ft k/ft k/ft k/ft k/ft k/ft
Wil 0.000 0.084 0.000 0.000 0.000 0.000 0.084
w2 30.000 0.084 0.000 0.000 0.000 0.000 0.084
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system 3: RAM girder analysis
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