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EXECUTIVE SUMMARY

Like most suburban office building in Northern Virginia, the Signal Hill Professional
Center, a four-story office structure in Manassas features composite steel construction
for both the office building and its corresponding underground parking garage structure.

In order to assess the competence of this composite system, it was compared to various
design alternatives, including:

¢ Non-composite Steel Beams
Precast Concrete Floor Planks
Steel Joists
One-Way Concrete Slab
Concrete Pan Joists
Two-Way Concrete Slab

e Trus-Joist Manufactured Wood Joists and Girders
A standard 20’-0"x 30-0” bay was analyzed for both office loads and parking structure
loads, using specifications from various manufacturers, the Concrete Reinforcing Steel
Institute Handbook, and the Precast Concrete Institute Handbook to simplify alternative
structure design processes.

Considering that building weight and architectural layout are not major considerations,
economy from easy and fast construction, material availability, and an overall shorter
building height from narrower floor section depths shows that:

e The simplest redesign would be a steel composite system where infill beams
span in the longer 30-0” east-west span. Though the longer beams are much
larger to primarily account for deflection, this creates a significantly narrower
floor section depth in both the office building and parking structure at the
expense of less space under the floor slab for additional engineered systems.

e Steel Joists produced a narrow floor section depth and light bay weights;
however, fireproofing and mechanical placement must be explored further.

¢ The most viable concrete system would be Pan Joists spanning in both
directions. This creates one of the thinnest floor section depths and is one of the
lightest concrete systems, at the expense of slightly more complicated
construction and less space for additional engineered systems.

e Precast Concrete Floor Planks resting on a non-composite steel structure would
be a good way to improve quality through prefabrication and produces a
relatively light and thin floor system.

e TrusJoist Manufactured Wood Joists and Parallam Girders, though featuring one
of the largest floor section depths and closest beam spacing, could add an
element of architectural interest to the interior architecture and are 60% lighter
than the current system. Further analysis with respect to serviceability would be
necessary before implementing this unconventional system.

e A one-way concrete slab is a possibility though it is heavier and does not
significantly reduce floor section depth.

e A two-way slab would be possible only if the column layout were redesigned to
feature smaller bays.
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CURRENT STRUCTURAL SYSTEM AND REDESIGN GOALS

The Signal Hill Professional Center, designed to be an addition to the Manassas Town
Center in Northern Virginia, is a 68,000 square foot, four story office building. The
building is made up of two sections: a 75’ x 165’ office structure, with appropriate open
office loads, resting on a 110’ x 200’ parking structure, which must support relatively
large 250 psf fire-engine live loads.
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Figure. Structural Layout, Building Highlighted in Red, Parking Highlighted in Blue
Typical Bays Highlighted in Center

The current structure features:
Bays ranging in width from 17°-6” to 30’-0” and in height from 17°-6" to 20"-0",
¢ An office building structure employing typically W10 beams resting on W18 and
W21 girders with a 3.5” thick, 4000 psi concrete slab on a 3" deck.
e A parking structure employing typically W10 beams resting on W16 and W24
girders with a 4.5” thick, 4000 psi concrete slab on a 2” deck.
e An overall floor to ceiling height of 13’-4”, and finished ceiling height of 8’-8”,
e Generally a 27.5” thick maximum floor section depth in the office area and a
30.5” thick maximum floor section depth in the parking structure.
e 2-hour fire rating between the parking structure and office building and in the
central corridor bays.
This is a relatively typical structure for suburban Washington DC buildings; there are no
stringent soil support conditions or lateral loadings. However, this building’s 53’-4”
height, which only slightly undercuts the maximum 55’-0" building height prescribed in
Manassas building codes no doubt played a role in overall design.
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OUTLINE OF PROPOSED ALTERNATIVES

Considering the flexibility of the given floor plan, with only an explicitly designed central
corridor, stairwell and bathroom area, many redesigns are possible, with an effort to:

e Maximize efficient use of building materials.

e Minimize floor thickness to shorten the building to more easily conform to
Manassas height standards, or to more easily provide for additional engineered
services throughout the building.

e Maintain a 2-hour fire rating surrounding the corridor area and a 1-hour fire
rating throughout the rest of the building.

e Provide for stable, serviceable, and comfortable working conditions.

Therefore, in an effort to improve the current structural floor system, the following
materials were considered separately under both Office and Parking Structure loads:
e Composite Steel Beams, spanning in the east-west direction, using output
from a RAMSteel model,
e Non-Composite Steel Beams, spanning in the north-south and east-west
directions, using output from a RAMSteel model,
e Precast Concrete Floor Planks, using estimates from the Precast Concrete
Institute Manual,
e Steel Joists using the New Columbia Joist Company suggested sizes,
One-Way Concrete Slab, using estimates from the CRSI Manual,
¢ Concrete Pan-Joists, spanning in the north-south and east-west directions,
using estimates from the CRSI Manual,
e Manufactured Wood Joists and Girders, using TrusJoist Specifications, and
e Two-Way Concrete Slab, using estimates from the CRSI Manual.

Since loadings are drastically different between the office structure and the underground
parking structure and driveway, it is assumed that the two can have different structures;
therefore, for most alternatives, separate designs for office (O) and parking structure (P)
conditions are considered. For both the office and parking structure, a typical 20'-
0”x30"-0" bay is analyzed, which is the largest in both. Assuming that it is an exterior
bay, designs found here could be applied throughout both structures.
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Figure. Representative Bays under differing loads showing current composite steel design.
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COMPOSITE STEEL BEAMS

Though the current structure already benefits from a composite structural beam system,
girders as large as W21 are necessary to support these beams across a maximum 30"-0”
east-west span. Therefore, this alteration seeks to reduce girder size and take
advantage of the long-span strength of composite steel framing by spanning the beams,
not the girders, in the longer 30"-0" east-west span. The same RAMSteel model used for
the original building frame analysis was altered and used for this analysis.

Loads for the office building redesign include: (see Appendix A)
e 100 psf Live Load (open office)
e 10 psf superimposed Dead Load (MEP, finishes)
e 60 psf Dead Load from 3" Composite Steel Deck and 3.5” lightweight concrete
slab
e Controlling 1.2D + 1.6L load combination

_ omt IC' W12x14 (26) IE

Loads for the parking structure redesign include: oo e

e 250 psf Live Load (fire engine loads) 2 Wize1s 24) =

e 93 psf Dead Load from 2" deck with additional 4.5” g _ 8l

normal weight concrete slab and additional 4” § B i i § &

asphalt topping o ]

e 30 psf snow load o = iR +-:45

e Controlling 1.2D + 1.6L + 0.5S load combination 2k TE

Office Building Design Results:

e W12 and W10 beams spaced on average 6-8” O.C. L Wi1Bx36 (77) i

e W14 and W12 girders & i 2

e 20.5” estimated floor thickness L 5

o 46.3k average bay weight ¥z ML Y2

Parking Structure Design Results: 2| - W2 ) g -
e W14 and W12 beams spaced on average 4’-0” O.C. W1 4x22 (25)

Hope

M 422 (22

H‘EJG

W21, W18 and W16 girders
31.5" estimated floor thickness
63.7k average bay weight

The RAM modeler designed the most efficient beams possible; while beams and girders
in the office area were fully composite, beams and girders in the parking area were only
partially composite. See Appendix A for calculations. The composite system most
effectively responds to the longer spans necessary in the rectangular beams. This
system proves to be among the lightest, and with only two infill beams per bay, there
are plenty of spaces within the floor structure to place additional engineered systems.
When the infill beams are spanned in the longer east-west direction, girder depth is
reduced by 3", providing more open spaces for additional engineered systems or
inhabitable space. However, composite steel construction requires slightly more skilled
labor than non-composite systems, and cementitious fireproofing would need to be
applied to the beams and girders to obtain the needed two-hour fire rating. In addition,
expensive moment frames would be the most logical lateral load resisting system.
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NON-COMPOSITE STEEL BEAMS

When considering non-composite steel framing, three conditions were considered:
1. Non-composite steel in an identical layout as the composite system;
2. A similar layout, with closer beam spacing; and
3. Spanning the beams in the 30’-0" east-west direction.

The same RAMSteel model from the composite design was altered for this analysis.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 10 psf superimposed Dead Load (MEP, finishes)
e 60 psf Dead Load from 3” Composite Steel Deck and 3.5” lightweight concrete
slab
e Controlling 1.2D + 1.6L load combination
Loads for the parking structure redesign include:
e 250 psf Live Load (fire engine loads)
e 93 psf Dead Load from 2” deck with additional 4.5” normal weight concrete slab
and additional 4" asphalt topping
e 30 psf snow load
e Controlling 1.2D + 1.6L + 0.5S load combination

Same Basic Layout. The current structure was able to

reduce overall floor thickness despite 20"-0” spans and S oy
10-0” spacing through its composite system; this system

however uses labor intensive and structurally heavy g g g g
shear studs. This redesign investigates the differences § = % -
between using composite and non-composite beams and

girders. i — n

Office Building Design Results: (see Appendix B)
e W16 and W14 beams spaced on average 10"-0” O.C.
e W27 and W24 girders
e 30.5" estimated floor thickness A i2Txo4 o
e 48.2k average bay weight ;
Parking Structure Design Results:

e W16 and W14 beams spaced on average 5-0” ol 8 § § § § &
0.C. 5[ =5| = 2 3 & =

e W30 and W27 girders

e 40.5" estimated floor thickness o iaean s

e 64.7k average bay weight
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Narrower Beam Spacing. In order to provide suitable

I i WiZdsS o=/ I
room for additional engineered services within the floor : :
section, narrower beam spacing was investigated in an
effort to reduce beam sizes. A 2 = g g %

] | ! N B
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Office Building Design Results:

e W12 beams spaced on average 6-0" O.C. L3 U Sy

e W27 and W24 girders
e 30.5" estimated floor thickness
e 48.5k average bay weight
Parking Structure Design Results: 5o L -]
e W16 and W14 beams spaced on average 4’-3" O.C. ' '
W30 and W27 girders

[ )

e 40.5” estimated floor thickness 3 & 8 & & & & 3

e 65.2k average bay weight s I s s e | I
Spanning Beams in the East-West Direction. Since o Risledl by
the girder sizes found in both non-composite steel designs -1 et T
featuring north-south beam spacing were significantly
larger than those used in the non-composite design, this 3 W3y 3
alteration seeks to span the beams in the larger 30’-0” i z
east-west direction to shorten the girder span and perhaps = TR 7
girder depth.

I ) W Bed0 =142 H

Office Building Design Results:

e W18 and W16 beams spaced on average 6-4" O.C.

e W21 and W18 girders . 1 oot :

e 27.5" estimated floor thickness I i

e 49.1k average bay weight W
Parking Structure Design Results: 8 w2144 8

e W21 and W18 beams spaced on average 4’-0” O.C. § Wiz 14 §

e W27 and W24 girders S

e 37.5" estimated floor thickness

e 66.3k average bay weight - et -t-

Like composite steel construction, non-composite steel construction is lightweight, with
easy, fast, and therefore less expensive construction. However, without strength from a
composite system, non-composite systems require deeper beams or narrower spacing,
which either expands the floor thickness into inhabited spaces or makes it more difficult
to incorporate other engineered systems. Regardless, girders as large as 24” and 30"
deep are necessary to support loads for the office building and parking structures,
unless they span in the shorter 20’-0" north-south direction, which reduces depth by
about 3”. Also like composite construction, cementitious fireproofing would be necessary
on the steel members and costly moment frames would be most likely used to resist
lateral forces. In addition, like in the composite steel designs, the RAM modeler
presented beam designs just barely strong enough for the given loads.



SIGNAL HILL PROFESSIONAL CENTER Joseph Henry, Structural Emphasis

Manassas, Virginia = Morabito Consultants Dr. Hanagan, Thesis Advisor
- = Py e Study of Alternate Structures Report

October 31, 2005

PRECAST CONCRETE PLANK FLOOR SYSTEM

In order to reduce system weight and floor thickness, precast structural floor planks
were considered for two conditions:

1. Double-T Planks

2. Hollowcore Concrete Planks
The Prestressed Concrete Institute Manual was used for member sizing. Since planks
capable of supporting heavier parking loads are designed for long spans, more analysis
and possibly a new layout would be necessary to size members in the parking structure.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 15 psf superimposed Dead Load (MEP, finishes)
e Controlling D + L service load combination

Double-T Planks. Office Building Design Results: (see Appendix C)
e 8-0" wide by 12” deep Double-T

lightweight concrete Planks, untopped, = S 4 e e
number 48-S, spanning in the north-south 27 === """~ S o
20’-0" direction ¥ S it ia g

e 12" wide by 28" deep precast concrete ‘ / v V2L
beam or W24x55 steel girder spanning in ¥ R
the east-west 30’-0” direction RE

e 28"-32" estimated floor thickness

e 29.4k-47.4k average bay weight

Hollowcore Concrete Planks. Office Building Design Results:

e 4-0" wide by 8" deep Hollowcore —
lightweight concrete Planks, number 66-S, = 40 - 2
spanning in the north-south 20’-0" '_ _ _ : | 1
direction RN N N = I

e 12" wide by 32" deep precast rectangular j_;_,( . \_/uu/\_/u\ _,18
girder, 12" wide, 28" deep inverted T- [

beam, or W21x62 steel girder spanning in
the east-west 30-0" direction

e 29"-40" estimated floor thickness

e 40.3k-69.6k average bay weight

Precast concrete planks proved to provide among the narrowest floor section depths and
one of the lightest average bays. Since they are prefabricated, initial quality is expected
to be superior, quick and easy construction offsets the more expensive initial costs, and,
unlike steel systems, a two-hour fire rating is already achieved through the planks.
Ample room would be provided for additional engineered systems between girders for
both systems. However, since this system is prefabricated, longer lead times would be
necessary to procure the necessary planks, and the benefits of thin precast planks are
overshadowed by deep precast concrete beams or non-composite steel girders.
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STEEL JOIST FRAMING

When considering the larger loads in the open office building and parking structure,
prefabricated steel joists were analyzed due to their light weight and longer span
capabilities. Two conditions were considered:

1. Joists spanning the shorter 20"-0” north-south direction, and

2. Joists spanning the longer 30"-0” east-west direction.
Specification guides provided by the New Columbia Joist Company were used to size the
individual joists while hand calculations were used to determine appropriate supporting
girder sizes.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 10 psf superimposed Dead Load (MEP, finishes)
e 60 psf Dead Load from 3" Composite Steel Deck and 3.5” lightweight concrete
slab
e Controlling D + L service load combination
Loads for the parking structure redesign include:
e 250 psf Live Load (fire engine loads)
e 93 psf Dead Load from 2” deck with additional 4.5” normal weight concrete slab
and additional 4" asphalt topping
e 30 psf snow load
Controlling D + L + S service load combination

North-South Span. This alteration seeks to
minimize joist depth by spanning them in the T w22 GiRoER
shorter direction.

Office Building Design Results: (see Appendix D)
e 16K2 Joists spaced 2’-0” O.C.
e W21 Girders

2063 JOIST 24" O.C.

e 27.5" estimated floor thickness A= |
e 47.5k average bay weight Ay
Parking Structure Design Results:
e 16K3 Joists spaced 12" O.C. / ” /

e W30 girders T 00 GIROER T
e 40.5" estimated floor thickness
e 65.7k average bay weight

20
T8RS JOIST 12 O.C,

£
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East-West Span. This alteration seeks to minimize 5 w y
overall floor thickness through minimizing girder depth T T
by taking advantage of the long-span capabilities of
Steel Joists.

26K7 IOIST 24" OC,

X
W21x44 GIRDER

Office Building Design Results:
e 22K5 Joists spaced 2’-0” O.C.
e W21 Girders i

e 27.5" estimated floor thickness

o 46.8k average bay weight 1 1
Parking Structure Design Results: i

e 24K5 Joists spaced 12" O.C.

o W24 girders

e 34.5” estimated floor thickness

e 65.1k average bay weight

BT JOIST 13 O,

W24u68 GIRDER

\ N ——

The steel joist system provided a very light building weight and surprisingly an equal or
slightly smaller floor section thickness than in traditional steel framing, especially under
the large parking structure loads. While the joists were closely spaced, open areas in
the webs would provide spaces for nharrow mechanical ductwork and systems. In
addition, open web steel joist construction is much simpler than composite steel beams.
However, complicated fireproofing and long procurement times could affect the viability

of this solution.

yos
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ONE WAY CONCRETE SLAB

In an effort to reduce overall floor thickness, increase structural rigidity, and improve
fire resistance, concrete slabs and beams were considered. Due to the rectangular (20'-
0”x30"-0") spans, two-way slabs would not be possible without a significant column
redesign. The CRSI was used for this analysis, assuming normal strength concrete and
standard concrete forms.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 15 psf superimposed Dead Load (MEP, finishes)
e Controlling 1.4D + 1.7L load combination
Loads for the parking structure redesign include:
250 psf Live Load (fire engine loads)

e 50 psf Dead Load from 4" asphalt topping (conc. self-weight only for beams)
e 30 psf snow load
e Controlling 1.4D + 1.7L + S load combination

Office Building Design Results: (see Appendix E) w

e 7" thick concrete slab, spanning in the 20’-0”
north-south direction, with #6@10” top ]

16" 0" CONCRETE BEAM

reinforcement and #6@11 bottom reinforcement
e 26" deep by 16” wide concrete beams, spanning 1

in the 30™-0" east-west direction, poured ONE ViAY sLse
integrally with the slab, using 3-#10 top

reinforcement and 2-#10 bottom reinforcement.
16" 26" CONCRETE BEAM

e 26" estimated floor thickness i 0
e 72.5k average bay weight
Parking Structure Design Results:

e 10" thick concrete slab, spanning in the 20’-0” f * 1
north-south direction, with #8@12" top ] 24237 CONCRETE ek M
reinforcement and #8@13 bottom reinforcement

e 32" deep by 24” wide concrete beams, spanning
in the 30"-0" east-west direction, poured . ‘Iicﬁ;é?v’:if&i
integrally with the slab, using 6-#14 top
reinforcement and 3-#14 bottom reinforcement.

e 36" estimated floor thickness ] 232 CONCRETE BB M

e 123.0k average bay weight

The key benefit to the one-way slab was the reduction in floor thickness. Besides being
on average 1.5” narrower than all but one steel floor construction, the lack of joists
produces large areas below the slab for additional engineered systems. Unlike steel
framing, fireproofing is not a concern with a 7” thick slab; like traditional steel framing, a
one-way slab is relatively easy to construct. Since a concrete floor is capable of acting
as an effective diaphragm for lateral force resistance, shear walls would be the key
lateral structural system, requiring some architectural redesign around the corridor area.

10
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PAN JOISTS

While using a concrete floor structure, Pan Joists were considered to reduce the overall
floor thickness and more efficiently use concrete materials. For this alternative, two
conditions were considered:

1. Pan Joists spanning the shorter 20"-0” north-south direction, and

2. Pan Joists spanning the longer 30’-0” east-west direction.
The CRSI was used for this analysis, assuming normal strength concrete and standard
concrete forms.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 15 psf superimposed Dead Load (MEP, finishes)
e Controlling 1.4D + 1.7L load combination
Loads for the parking structure redesign include:
e 250 psf Live Load (fire engine loads)
e 50 psf Dead Load from 4" asphalt topping
e 30 psf snow load
e Controlling 1.4D + 1.7L + S load combination
Per the CRSI, self-weight of concrete was only considered for beam sizing.

North-South Span. This alteration seeks to mimic most closely the existing system.

Office Building Design Results: (see Appendix F) 7 50 7
e 6" wide, 16" deep ribs spaced 36" O.C., . 48416.5" CONCRETE BEAN fiis
spanning in the 20"-0" direction R NN RN RN RN AR R RRNRRNNRRANER ! oo
e 4.5" thick concrete slab, poured monolithically ¥
with the joists, with #4@8" top reinforcement § ‘
and 1-#5/1-#6 bottom reinforcement & § R
e 20.5" deep by 24" wide girder, poured F
monolithically with the joists, spanning in the ;.
east-west 30’-0” direction. L T e o o e
e 20.5” estimated floor thickness %6741 5 CONCRETE BEAN
e 80.95k average bay weight e i)
Parking Structure Design Results: p = ¥
e 7" wide, 20" deep ribs spaced 37" O.C., 4624, CONCRETE BEA
spanning in the 20’-0" direction T o
e 4.5" thick concrete slab, poured monolithically g
with the joists b
e 24.5” deep by 48" wide girder, poured R % 3
monolithically with the joists, spanning in the i
east-west 30’-0” direction. 4
e 24.5” estimated floor thickness LM M
° 116,0'( average bay WElght Jii 487x24.5' CONCRETE BEAM 1Ll

11
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East-West Span. In order to reduce the total concrete used, this alteration seeks to
minimize the girder size through spanning joists in the longer 30’-0” east-west span.

Office Building Design Results: p 3 P’
e 6" wide, 12" deep ribs spaced 26" O.C.,
spanning in the 30’-0" direction YT £

e 4.5" thick concrete slab, poured
monolithically with the joists, with
#4@11.5” top reinforcement and 1-#4/1- .
#5 bottom reinforcement

e 16.5" deep by 36" wide girder, poured
monolithically with the joists, spanning in
the north-south 20’-0” direction.

e 16.5” estimated floor thickness e

e 67.0k average bay weight

6"x12" PAN JOISTS 26" O.C.
ra ¥

4.5" CONC SLAB

36"x16.5" CONCRETE BEAM

1
-
L F

For the east-west span under office loads and north-south span under parking loads,
Pan Joists were determined to be a very good possibility for redesign. Besides being the
narrowest, with floor section depths 4” and 7” less than composite steel designs in the
office and parking structure, respectively, it is also the lightest concrete system. Though
a little more complicated for construction than a one-way slab system, standard pan
sizes can be reused throughout the building. Unlike the one-way slab system, a thin
(4.5") slab means that complex fireproofing would have to be addressed or the slab
would need to be thicker and heavier; like all other concrete systems, shear walls would
be most likely the best lateral force resisting system, which would require a redesign
around the central stairwell and corridor area.

12
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MANUFACTURED WOOD FRAMING

Though not typical for commercial office buildings, TrusJoist manufactured wood joists
and girders were investigated due to their high quality, light weight, and possible
benefits. For this alteration, two conditions are considered:

1. Wood Joists spanning the shorter 20°-0” north-south direction, and

2. Wood Joists spanning the longer 30"-0" east-west direction.
For this analysis, specifications provided by TrusJoist literature were used to size joists
and girders based on service loads.

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 20 psf superimposed Dead Load (MEP, finishes, wood floor panels)
e Service Loading

Per the specifications, self-weight of wood was not considered.

North-South Span. This alteration seeks to mimic most closely the existing system
and serve as a comparison for steel and concrete pan joists.

Office Building Design Results: (see Appendix G) P 20
e 22" deep by 3.5” wide TJI H90 wood joists . 24's7" PARALLAM GIRDER
spaced 24” O.C., spanning in the 20’-0"
direction

e Traditional Plywood flooring
34" deep by 7” Parallam commercial girders
spanning in the 30’-0" direction

e 34.5” estimated floor thickness

e 18.4k average bay weight

20
20" DEEP TJI WOOD JOIST 24" 0.C

East-West Span. In order to reduce the total floor i
thickness via thinner girders, wood joists spanning in
the larger 30’-0” east-west direction were considered.

Office Building Design Results: P = /
e 30" deep by 3.5” wide TJI H90 wood joists -

Y
|

spaced 18” O.C., spanning in the 30-0"
direction
Traditional Plywood flooring

e 30" deep by 7" Parallam commercial girders ¢
spanning in the 30’-0" direction

e 30.5" estimated floor thickness
17.44k average bay weight

0" DEEP T WOOD JOIST 18" O.C

307%5.25" PARALLAM GIRDER

L

Due to the relatively large loading and flexibility of wood members, wood joist framing
was not considered for the parking garage.

13
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Though unconventional for suburban office buildings, wood framing could be a viable
alternative for the office structure, and could serve as a distinct architectural addition to
its interior appearance. Especially with wood joists spanning in the larger east-west
direction, the floor depth is only 4” greater than a non-composite steel system, and the
average bay weight is about 60% less. Due to the nature of its unconventional
construction, issues of floor flexibility and vibration isolation, fire resistance in
combustible members, and overall performance characteristics would need to be
analyzed, and, like the concrete structures, shear walls, perhaps using another material,
would need to be designed around the central stairwell/corridor area as the lateral force
resisting system.
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TWO WAY SLAB

Two-way slabs can have smaller floor section depths and simpler construction. Since a
two-way slab is impractical with rectangular bays, this redesign would only be possible if
the 165" x 75’ building footprint were arranged into bays ranging from 20’ x 25’ to 25" x
25",  (see Appendix H)

Loads for the office building redesign include:
e 100 psf Live Load (open office)
e 15 psf superimposed Dead Load (MEP, finishes)
e Controlling 1.4D + 1.7L load combination

Loads for the parking structure redesign include:
e 250 psf Live Load (fire engine loads)
e 50 psf Dead Load from 4" asphalt topping (conc. self-weight only for beams)
e 30 psf Snow Load
e Controlling 1.4D + 1.7L + S load combination

With Drop Panels. A potential design using this system mcIuded

e 9”flat slab with 7” deep, 9’-0" square drop 1 7
panels for the office building, N e
e 11" flat slab with 9" deep, 9'-0” square drop . 5 . N
panels for the parking structure. ! ]
Flat Slab. A potential design using this system T e
included:

o 8" flat slab throughout office building.
This system would work most effectively with bay sizes
approaching 20°-0" square.

Since the building features an open floor plan, with only corridors, bathrooms and
stairwells explicitly laid out in the building center, it would be easier to design the
building for three 25’-0" wide north-south bays and two 20’-0” and five 25’-0” wide east-
west bays. As the bays would approach a 20’-0” square spacing, a two-way slab would
become more practical.
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CONCLUSIONS

A cursory analysis of varying structural systems designed to resist gravity loads for both
a four story office building and its supporting parking garage showed that:

When beams are spanned in the longer East-West direction, deflection tends to
control over flexural capacity, producing much larger beams. However, girder
size is significantly reduced.

Concrete systems are significantly heavier than all other systems. Though soil
bearing capacities aren’t a major factor in this particular building design, larger
building weights would cause larger footings and foundation elements.
Composite Steel systems are the lightest and provide ample room in the floor
section for additional engineered systems. However, these systems are slightly
more complicated to construct than non-composite systems, and moment frames
become necessary for lateral force resistance.

Non-Composite Steel systems are simpler to construct than composite systems,
though large floor section depths are necessary.

Prefabricated Concrete Plank systems are most easy to install and maintain high
quality and can provide significantly lighter average bays and relatively thinner
floor section depths. Precast Planks resting on non-composite steel beams is the
most viable system.

Steel Joists provide ample room for additional engineered systems and actually
feature floor section depths similar to traditional steel framing systems. Easy
installation would be offset by long procurement times, while complicated
fireproofing would need to be addressed.

One-Way Concrete slabs, though heavy, provide a sturdy floor diaphragm to
resist lateral forces when in combination with shear walls, and provide spaces for
additional engineered systems.

Pan Joists are the most viable concrete alternative with very small section depths
and relatively light weight. Joists every 20” or 30” however may inhibit
additional engineered system placement.

TrusJoist manufactured Wood Joists and Parallam beams provide a super-
lightweight structure which has only a slightly larger depth than non-composite
steel systems. However, further research is necessary into performance
characteristics of wood structures before it is applied to an office building.

See the following comparison table for a summary.
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STRUCTURAL FLOOR SYSTEM COMPARISON TABLE

Floor System Depth Bay Wt. Pros Cons Further
(in) (kips) Analysis?
Composite Steel, 27.5 (0) 46.0 (0) e Lightweight e Additional N/A
N/S Span 34.5 (P) 63.2 (P) e Fast Construction Fireproofing required
e Narrow Floor e Moment Frame
Section Depth most possible lateral
system
Composite Steel, 20.5 (0) 46.3 (0) e Lightweight ¢ Additional Yes
E/W Span 31.5(P) 63.7 (P) e Fast Construction Fireproofing required
e Narrow Floor e Moment Frame
Section Depth most possible lateral
system
Non-Composite 30.5 (0) 48.2 (0) e Lightweight o Additional No
Steel, 40.5 (P) 64.7 (P) e Traditional Fireproofing required
Given Layout Construction e Moment Frame
most possible lateral
system
e Large Floor Section
Depth
Non-Composite 30.5 (0) 48.5 (0) e Lightweight ¢ Additional No
Steel, 40.5 (P) 65.2 (P) e Traditional Fireproofing required
Narrower N/S Span Construction e Moment Frame
most possible lateral
system
e Large Floor Section
Depth

e Multiple Joists
inhibit MEP system

placement
Non-Composite 27.5 (0) 49.1 (0) e Lightweight e Additional Yes
Steel 37.5 (P) 66.3 (P) e Traditional Fireproofing required
E/W Span Construction ¢ Moment Frame
e Reduced Floor most possible lateral
Section Depth system

e Enlarged beams
for deflection due to
long 30’-0" span

Prefabricated 28.0-32.0 29.4-47.4 e Good Fire Rating e Can have larger Yes
Concrete Double-T  (O) (0) e High Initial floor section depths
Plank Quality from e Long Procurement
prefabrication needed for planks
o Easy, Fast
Construction
Prefabricated 28.0-40.0 40.3-69.6 e Good Fire Rating e Can have larger
Concrete (0) (0) ¢ High Initial floor section depths Yes
Hollowcore Plank Quality from e Long Procurement
prefabrication needed for planks

Easy Construction
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STRUCTURAL FLOOR SYSTEM COMPARISON TABLE, CONTINUED

Floor System Depth Bay Wt.  Pros Cons Further
(in) (kips) Analysis?
Steel Joists, 27.5 (0) 47.5 (0) ¢ Lightweight e Complicated No
N/S Span 40.5 (P) 65.6 (P) e Fast Fireproofing required
Construction e Moment Frame

e Open Web Joists  most possible lateral
provide spaces for  system

MEP placement e Very Large Floor
Section Depth
Steel Joists, 27.5 (0) 46.8 (0) e Lightweight e Complicated No
E/W Span 34.5 (P) 65.1 (P) e Fast Fireproofing required
Construction ¢ Moment Frame

e Open Web Joists lateral system
provide spaces for e Very Large Floor

MEP placement Section Depth
One-Way Concrete  26.0 (O) 72.5 (0) e Easy, Simple e Very Heavy Weight  Yes
Slab 36.0 (P) 123.0 (P) Construction e Shear Walls most
e Narrow Floor likely needed for
provides space for lateral system
MEP systems e Possible foundation

e Good Fire Rating  redesign for weight
e Floor Diaphragm

capable of
resisting lateral
forces
Concrete Pan 20.5 (0) 81.0 (0) e Very narrow e Complicated Yes
Joists, 24.5 (P) 116.0 (P) floor section depth  Fireproofing required
N/S Span e Lightest e Shear Walls most
Concrete likely needed for
Construction lateral system
e Standard Pan e Possible foundation
Sizes redesign for weight
o Easy
Construction
Concrete Pan 16.5 (0) 67.0 (O) e Very narrow e Complicated No
Joists, E/W Span floor section depth  Fireproofing required
e Lightest e Shear Walls most
Concrete likely needed for
Construction lateral system
e Standard Pan e Possible foundation
Sizes redesign for weight
e Easy
Construction
Wood Framing, 34.5 (0) 18.4 (0) e Most e Complicated Yes
N/S Span Lightweight Fireproofing required
e Easy e Shear Walls most
Joist/Hanger likely needed for
Construction lateral system
e Generates Visual e Flexible Floor
Interest Diaphragm subject to
e Average Floor vibrations and
Depth creaking
e High quality e Close Joists inhibit
prefabrication w MEP placement
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STRUCTURAL FLOOR SYSTEM COMPARISON TABLE, CONTINUED

Floor System Depth Bay Wt. Pros Cons Further
(in) (kips) Analysis?
Wood Framing, 30.5 (0) 17.5 (0) e Most Lightweight e Complicated Yes
E/W Span e Easy Fireproofing required
Joist/Hanger e Shear Walls most
Construction likely needed for
e Generates Visual lateral system
Interest ¢ Flexible Floor
e Average Floor Diaphragm subject to
Depth vibrations and
e High quality, creaking
prefabricated e Close Joists inhibit
MEP placement
Two-Way Concrete  15.0 (O) 83.8 (0) e Good Fire Rating e Complicated No
Slab with Drop 20.0 (P) 126.0 (P) e Small Floor Construction around
Panels Section Depth Drop Panels
e Requires New
Layout

e Very Heavy —
possible foundation
redesign required
Two-Way Flat Slab 8.0 (O) 69.0 (O) e Good Fire Rating e Requires New Yes
o Very Narrow Layout
Floor Section Depth e Very Heavy —
e Lighter than One-  possible foundation
Way Slab redesign required
e Very Easy to
Construct
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APPENDIX A: COMPOSITE STEEL DESIGN CALCULATIONS/REFERENCES

COMPOSITE. STEEL. WEIGHT ¢ALLULATIONS

STANDARD SYSTEM

'OFFILE RUILDING WEIGHT:  [xaspge=st. |, TOPSF DL
G+ 70)(20X30) = gk 42/
4(Wiow12y(20') = 0.0
Z(Wlex3l) (30') - 1.BL0'%
ASSUME |10Vb/SHEAR SRUD (134) = 1. 340

§ -t 4010
;Paumo SMeuciuge WEIGHT:

wtemsigiB 93 2F D 5o
@2X)20)(30) = 55.8 *
C(wW)12x14) (20) ~ 1LBO*
I(WIDX12) (0') = 0240%
IlwW2) x48)(30') = I. 440 <
(W24 % 58)(30) = /. L50%
228 Vswps (\0) = 2.280%
& (63.09

DIFFERING SPANS

|

'OFFICE BUILDING WT: 70 PSF DL~

. (710)( 20)C30) = 41

! I(wizxiL)(30) ~ /440
| (WIZx14) (20') = 0420
2(Wi4x 22)(20) " 0880
154 srwps (10W) -~ -S40

540.28%

PARMANG STRUCTURE WP 93 PSF DL
(93)(20%30) =55.8 ¢
L (W14x22)(30) = 3960
2(W2]x 44)(20) " - TL0O
2)4 sSwos (\0) = 2. 140
AN
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SAMPLE (OMPOSITE. BEAM CAUUATIONS

CHECEING WITI( (24 SHEAR Svvos) BFRCE_BEAM)

100Pse L (1) + TOPsFD (1.2) * 244 P3¢ ((-8" mB) ~ 1620 PLE
Mumaxs Bwl*s Z()b2X0O") 7 189 Fr

& FroM sPeS
ZQu» 240196 ¥ fspp) = 470.4% /2 22352 ML —»FULLY (OMPOSITE

ASsuME X\-0
72552 .
a:ges@s) " ' 2:65-3a 513
betr- BlL3) ~ 48 PR

CHECUNG WIARZZ (24 sHeae sOS) TRIZKIG BEAM]

250 PsF LULLY+ 9D PSP D (1LL)4 SO RSES(QS) ~ SZ6.4 PSF (1'10g) 2.10T v
Mmaxs Bwt®s 237 P

Z@n LU0 Y/ 3v0) = S09.L% /2 « 258 —» noT PuLet coMPosirE
LefE- 45 265 .

j A= Qes(4)43)
ASSUME ZQus U~ f Mo~ 25 Frrke> 2377 ok

1.5¢" Y2+06S-} g. 573

CHECKING WIAXTZ (2S suizae sns) [OFACE QIM1
| z Z Q= 25(19.6 sno)s 255%

VNG REDUCED LIME LOABS, M= [12.(1.24 +698) +1. (804 + £.10))b it
=2 (OFT-I&

as FRsN) “ 125 Y2:05- 1q- ge1s
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APPENDIX B: NON-COMPOSITE STEEL DESIGN
CALCULATIONS/REFERENCES

NON (DMPOSITE STEEL. WEIGHT CALCULATIONS

SAME_BASIL. LAYOUT

OFFILE TAVILDING WEILHT:  TO PSF DL~

aoYao(ze) = 42-
3AWIn2L) (20") = 1.90
W(WIAR22) (20') = 6.440
1(W21x55) (20") = 1.L50
1(W27x B4) (20) = 2.520
£,48.7 w
PARKING STRUCTURE WEILHT: 93 PSF pl-

(93)(20)(%0) = 558'
T1(Wlox 26)(20') = 3.0L40%
(w272 B9 (D0') " 2.520'
| (W Z0x90) (30)=_2.700 %

& Gh bl -
| NA F. IN

|OFFICE BUILDING # WEIGHT: 70 P5F PL
f (IOoEo) ~ 420'
L(WVX19)(2D') = 2.280'
ey oM C3he_2520
1 (W27 1 B4) (30) _L
PR

PARKING STRUCTURE WEIGHT: 93 (sF DL

(a3)20(W) -+ S5.8 <
8(Wlbx2X20) - 4.1LO
W(WLTRB8NHI(Z0) = 2.520
(W 30%0)(0N :_2.700

& LoIBwn '

EAST- WEST BEAM SPACING

CFACE BUILDING WEIGHT © 70 PSF DL < 1
(10)(20)L30) , - 420 %
3(WIBR39)(20') + 3050
i‘w’?“"?ym%‘ ’zg:?.
(W24x00)20') T
£ 4907 %

PARKING STRULTEE WEIGIAT: 93 PSF DL

(93)(20)(30) * 558 '

S(WZIx#H4)(ZD') * 6.4 -

| (WIBx40) (30') « :-?-_,';- 5

2(w2x(8)(20'):__2.720
¢ GL3TW
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SAMPLE NON- OMPOSITE  BEAM CALLGWANONS

CHELENG WIWKZle BEAM  (NOZMAL OF PILE CONFIGURATICN)

244 Pse (100" TUR): 2.444 U |
M» Bul® 122.2F 10 |
ALY RALED —» ¢ Mp= 1ok prae /  CTBL S-4 LRFOSPeL)

oM WIOX90 OIL0EL. (NopuiL PARKIMs CONFIGURANON) |

1815 |
521 Psr ti‘rﬁ&) * NONCemr 9.8 KU

M- éw’-"‘" PR - /02 K Fr |
“> PLMp* I0LO K-FT 2k POINT LOADS FROM BEAMS |

=  LESSTHAN THIS DISIAUED LoAD
. Mu~= 920PI-u v Ok
';QLEL“% WIBxX3S BeAM (EW (ONFIGUBATION)

T NI 744 PSP (873 0R): 20300 M~ 20 FrIL |
ALY BeAcel o Mpr 249 fre |

CHELING W2l v BEAM (BW ONFGURATION) i

27 Pk (4' TOR) - 2.10BvS M- 237.2 Mk
dikp: IR Vo (yspug3,30) 4'+ 492 |

A _SAt St 128) e 101"~ "
24T 334[:’@)( 645)
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APPENDIX C: PClI PRECAST CONCRETE PLANK DESIGN
CALCULATIONS/REFERENCES

_ PrecasT PLANKE FlooRs , = S e LN

LOADING (SERNICE)

OFFILE: |OOPSFL + 1Spsg b = ||S Psk
ARKANG., 250 Pst L + S0Pse D + 30PsF S 330 PSP

MEMBER SELECTION

OFAICE. UsE £-0"X12" DOUBLE-T INTPPEL 48-S

| CAPABLE OF 120°PSF  INTs 29 PsF

* GepkR, (115+29)(20' ruB®) = 2880 pp STEEL , Mu+ 476, D¢r- 1

USE 12" wibe RY 28" pex:p Peasr BEAM | Zrin 2 (277183
CAPABLE OF mpu WT.+ 250 PP USE

i OFFILE ALTEQNATE. USE 4-O'x B LN (ONC. HOUOWORE (b- S
CAPABLE OF (S2 psF wr* 4l PSF

Glevil. (1151 40) (20' &)« 3220 PO
USE WEIERE |27 WIDE BY 327 DEEP AmM

PR

CAPABLE OF 426D 0  wr~ 400 P
‘ ALTEANADIVE GieDel - USLE 28" DIEEP, 10" WIDIE  INVERTED TEEBELAM
SUSECEREERS (HWQFE PUNK. SITSON T )
' SUAG

100 SHEETS
200 SHEETS

22-141 50 SHEETS

22142
22-144

<))
EAMPAL" 5544

S
28

Aviovanve SteEL Giepee. [(61)01.2)4 10001.4)] 20" - SBeRs 4. 064 v
Miax > B wl®: To-sommmsr -S24TH-C

i Zrin 2 140 )N
! USE

WEIGHT

DOUBLE T, PRECAST 6IRDEL  (15+ 29)(20)(20) * 264«
(350)(2)( %) ¢ 2h.0"
&a14*
DOUBLE T) SMEEL GIRDEZ  (15¢29)(20)(30) ¢ 26.4'
¢ W20 .

Hovow CoRE, PREtAST SOVALE GIRDER. \IS+40)(20X30) » 3L.6 %
(f00)(2)(20) = 289
£60.4%
HoLLoWLORE, INVERMED T  (151406)(20)X30) : 366
(ss0)(2)(w) = 33.0
9.6 -

7ad)
Houow(ore, SnarL 61RDER (1 S+ 46 (20)(30) ~ 4. ( *
( N2Z)30)
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airana ramnern vesignauon D
Ne. of strand (6) OUBLE TEE Section Properties b 4
. - § = straigt D = depressed B-0"x12" Untoppet! T ki
88-D1 Lightweight Concrete e §
AR A= 287 in: — A
—— No. of depression points (R - Loz 2l87§ mA81E i, }
Diameter of strand in 16ths 2.0 s Yo = 815 w1082 3
WD .. N Yo = 287 in 318
Safe foads shown include dead load of 10 - p— 2’ S o= 315 m 445 ::a
pst for untopped members and 15 psf for T Lakrrtlie v 8 = 1001 in° 151
topped members. Remainder is live lpad, & \ S wio= 220 pif I
Long-time cambers include supermposed \/ Vi 12 = B 429 oy
dead Ioad but do not include live load, A i 29 pst 54 py
T = 122 in
Key = .
186 — Safe superimposed service load, psf e i
0.2 —Estimated camber at erection, :n.ps fe = 5,000 psi
0.3 —Estimated long-time camber, in. oo = 270,000 psi
Table of safe superimposed service load (psf) and cambers (in.) No Topping
Strand | e, . Span, ft
{Pattem | ecin 12 1a 16 18 20 22 24 26 28 30 32 34 36 38 A0 &2 ]
713 |186 144 116 B89 68 53 41 31 —
28-S 713 |02 03 04 05 05 06 06 06
03 04 05 06 06 07 07 06
5.13 ~ 185 153 12095 77 62 50 41 33
48-8 5.13 06 07 08 10 11 12 13 13 13
08 09 11 12 13 13 14 13 12
3, 1691133 106 88 70 57 47 3
68-5 S:g 6] 08 0B 10 10 11 11 1,? ?g
¥ 08]10 11 11 11 11 10 08 08
a3 72 B1 52 45 38 33
68-D1 6.63 26 28 80 31 32 32
29 20 20 27 24 29
Strand Pattern Designation HOLLOW-CORE OPP
76-8 4-0" x 8" Untopped Topped
TR " Lightweight Concrete A = 215 in2 i
——35 = straight i .
Diameter of strand in 16ths o= 1‘533' o 3’::3 Ly
= 4, in. X in.
———No. of strand (7) ! 40" I ::' - i :n. i :n_
Safe loads shown include dead load of 10 U |} S = 416 in> 619 in
pst for untopped members and 15 psf for T - — - S = 416 in? 821 im
topped members. Remainder is live foad. | )(‘ NN ;"_'\: Y g b, = 1200 in. 1200 in.
Long-time ¢ include superimposed ¥\ /. /S SNy wt o= 184 pif 272 pif
dead Joad but do not include live load. [ 46 pst 88 pst
Check availability of lightweight sections. VIS = 182 in
Capacity of sections of other configura- ' = 5,000 psi
tions are similar, For precise values, see fo =5, psi
jocal hollow-core manufacturer. f, = 3,500 psi

Key
346 — Safe superimposed service load, psf
0.3 —Estimated camber at erection, in. 4LHCB

0.4 — Estimated long-time camber, in.

Table of safe superimposed service load (psf) and cambers (in.) No Topping

Strand Span, ft

i
Code | 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3B

T 346 207 257 224 196 172 152|135 120 107 95 85 76 68 61 55 49 44 39 35

i B86-S 03 03 04 04 04 05 05 05 05 05 05 05 05 04 04 03 03 02 01 00

ll 04 04 05 05 05 08 0806 06 05 05 05 04 03 02 00 -01 -03 -0.5-08

| == 348 302 263 231 204 181 161 144 120 115 104 O3 84 76 68 62 56 50 45 41 36
78-S 04 04 05 05 068 08 06 OF7 07 07 07 07 07 06 08 06 05 04 03 02 00O

05 06 06 07 07 07 0B 08 08 0B 07 07 06 05 04 03 01 -01-03-06-03
350 325 304 286 265 236 211 189 170 154 139 126 114 104 95 86 79 72 66 60 55 50

58-S 05 06 07 07 08 08 09 08 10 10 11 11 11 11 11 11 11 10 1.0 08 08 07
07 08 09 09 10 11 11 12 1.2 12 12 12 12 12 11 11 08 08 07 05 02 00 !

334 313 292 274 258 243 229 206 187 169 154 140 128 117 107 98 90 83 76 70 64

68-5 07 08 02 10 11 11 12 1.3 1.3 1.4 15 18 15 16 16 16 16 1.8 1.5 15 14

1.0 1,0 1.2 12 13 14 15 18 1.8 17 17 17 17 17 1.7 18 15 14 1.3 1.1 09
343 319 301 283 267 249 237 225 212 197 181 165 151 139 127 117 108 100 92 85 78
78-S 09 1.0 1.1 12 1@ 14 15 18 L7 1.7 18 19 20 20 21 21 21 22 22 21 21
1.2 1.3 1.4 1.5 16 18 19 20 20 21 22 22 23 23 23 23 22 22 21 20 18
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APPENDIX D: STEEL JOIST FRAMING DESIGN
. STEEL JosT FAMING |

_N&TH-WHSPHN
LOARING

OFFICE BLDG : (100)4 (70) = |70 PSF (210 0.¢.\ > 340 PF
PARKING STRLLTURE : (250) ¢ L93) + L30) » B 73 ps (9 1L0) * 37D oLF
MEMBEZ SELECTION

SEE SPEC. AMACHEL

OFFICE CIRDER: (K2 : 5.9 PU /20 Oc. = ZTISPSF

(1L QoY+ 1 2(70) + L2072 7sNUB 7S ™VUR) * 4. B30 K F
Mrax= Ful= 52106 Fr-i * 0US0) Zx

ZMIN - BN > W2Ix (62
Vmax: 3wl = (9.0% < uVy - 22T%

PAREING OIRDLEC: Ul kD * LB DU N0 - (D
(Lt 2s+ .2(99 3)+ 0. 50N B.TS) = 10.02 v
MMAX = -‘BwL"'s H2ZBrFrt-k (12)=452Z X

ZMIN- 300.8 — WI0x99
Umax= 2 wbs 150.2¥% < @\ Un-417%

WIAGHT CALcurIoN

OfFIcEE AD6G Wr: 720 PSE DiL-
(20)20)(70) *+ 42.0'%

l(ibk2)(20') ' 1. 7L*
Lwakl)se) 312
4748k
PARKING STRUCMREWT: 93 psf DL ¥
L*e.o}czoswsg + SS.8
(k320 3.90L
UWIKANW) : _$.940
2 0S.LAL™
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__STEEL JOIST FAMING
EAST-WEST soan

LOADING

OFFICE BLDU . B4AO PY
PAZKING STRULTRE : 3T3PLF

ME cnoN
SEE SPEL. ArACHED

OfFILE GIpmsR: 22KS - 8. Doy |t' = 44psF
.60+ L 2L0) 4 12144 (30) = 1.4DwrF
MAX> 3wl = 3T4pr-L= 452 |

Zmw e 100NE— WZIX 48

NMak = Lzz«.zl.- = 4. BL_q,Vu - 23|

PARKING GIRDLE: 24k = 93)1'* 33 PS(-
Qw2+ ). 2{93’)&!.2(9-3»(36) = 15068 vU
MMAX = OVIBYWL™ ¥ 78 4.140Fr-|L» (45) 2 e |
ZmiN s 20PINS — W2AX E :
Nmats (2 ke » 1308 < < 30k

WEILUT (AL JATION
OFFILE BLDL WT 70 psf DL
7030 (20) 42.0
nN(8.8)(30) 2.904
(w248 20) 2%

2 4 gU"

PARIM> SYLULIURLE WT: 93 Psf DL
9%)(2%0)(20) 559

2 (24L$)(30) 4899
2Uw2AxB4)(20) 330D
£ esoM*
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K-SERIES ECONOMY TABLE k
Joist | T T T T T r 3
Designation | 10K1 l 12K1 | BK1 | 14K1 | 16K2 | 12K3 | 14K3 1em1 18K3 L 14K4 | 20K3 | 16K4 | 12K5 | 18K4 | 16K5 | 20K4
Depth(n) | 10 | 12 8 | 14 16 12 14 16 18 | 14 20 | 18 12 | 18 16 20 E
Approx. Wt. | [ ] | ]
(ibs.fit) § | 5 5.1 ’ 52 | 55 | &7 [ 63 | 66 | 87 | 87 | 7 74 72 | 75 | 78 | E
Span {ft.) J[ |I | |
l 1 | E
B 550 [ i |
550 | | 1 [-
9 550 |
550 !
10 550 550 |
550 480 | | F
il 550 582 | | 2
542 377 | E
12 550 | 550 | 444 550 550
455 | 550 | 288 550 550 - E
13 479 | 550 | a77 550 550
363 | 510 | 225 510 510
14 412 | 500 | 824 | 550 550 | 550 550 550 =
289 179 | 550 463 | 550 550 463
15 358 | 434 | 281 | 511 543 | 550 550 550 [
' 234 | 344 | 145 | 475 428 | 507 507 434 =
16 313 | 380 | 246 | 448 | 550 | 476 | 550 | 550 550 550 | 550 550
192 | 282 | 119 | 300 | 550 | 351 | 467 | 550 467 550 | 396 550 =
17 277 | 336 395 | 512 | 420 | 495 | 550 550 550 | 550 550
159 | 234 324 | 488 | 291 | 404 | 526 443 526 | 366 526
18 246 | 299 352 | 456 | 374 | 441 | 508 | 550 | 530 550 | 507 | 550 | 550 F
134 | 197 272 | 409 | 245 | 339 | 456 | 550 | 397 490 | 317 | 550 | 480
19 221 | 268 315 | 408 | 335 | 395 | 455 | 514 | 475 547 | 454 | 550 | 550 -~
13 | 167 230 | 347 | 207 | 287 | 386 | 494 | 336 452 | 269 | 523 | 455 =
20 199 | 241 284 302 | 356 | 10| 463 | 428 | 517 | 493 | 409 | 550 | 550 | 550 ;
97 | 142 197 Q297 | 177 | 246 | 330 | 423 | 287 | 517 | 386 | 230 | 490 | 426 | 5850 [
21 218 257 273 | 322 | 371 | 420 | 388 | 468 | 447 | 370 | 506 | 508 | 550
123 170 | 255 | 153 | 212 | 285 | 364 | 248 | 453 | 333 | 198 | 426 | 373 | 520 =
2 199 234 | 303 | 249 | 293 | 337 | 382 | 353 | 426 | 406 | 337 | 460 | 458 | 514 ~
106 147 | 222 | 132 | 184 | 247 | 316 | 215 | 393 | 289 | 172 | 370 | 323 | 461
23 214 | 277 | 227 | 268 | 308 | 349 | 322 | 380 | 371 | 308 | 420 | 418 | 469 =
128 | 194 | 116 | 160 | 216 | 276 | 188 | 344 | 252 | 150 | 323 | 282 | 402
24 196 | 254 | 208 | 245 | 283 | 320 | 295 | 357 | 340 | 282 | 385 | 384 | 430 E
13 | 170 | 101 141 | 189 | 242 | 165 | 302 | 221 | 132 | 284 | 248 | 353
25 226 | 260 | 294 | 272 | 329 | 313 355 | 353 | 396
124 | 167 | 214 | 145 | 286 | 195 | 250 | 219 | 312 =
26 209 | 240 | 272 | 251 | 304 | 289 328 | 326 | 386
110 | 148 | 190 | 129 | 238 | 173 222 | 194 | 277 =
27 193 | 223 | 252 | 233 | 281 | 268 303 | 302 | 339 o
98 132 | 1689 | 115 [ 211 | 155 198 | 173 | 247 -
28 180 | 207 | 234 | 216 | 261 | 249 282 | 281 | 315 [~
88 | 118 | 151 | 103 | 189 | 138 177 | 185 | 221
29 193 | 218 243 | 232 263 | 261 | 293 -
106 | 136 170 | 124 159 | 139 | 199 L=
a0 203 227 | 216 245 | 244 | 274
123 153 | 112 144 | 126 |- 178 f~=4
31 212 | 203 226 | 228 | 256 -
138 | 101 130 | 114 | 182 -
a2 3 240 -
147
33 226 -
134 e
34 1 =
35 —
-
% -
%7 =
® G2 K
* |3
-
48 E
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K-SERIES ECONOMY TABLE

UGN ™Y

; Des‘,-] ,°,§§lum 14K6 | 18K5 | 20K4 | 16K6 | 20K5 | 24K4 | 1BK6 | 16K7 | 22K5 | 20K6 | 18K7 | 22K6 | 20K7 | 24K5 | 22K7 | 24K6
. 1 Depth (In.) 14 18 22 16 20 24 18 16 22 20 18 22 20 24 22 24
Approx. Wt.
k| (lbs.it) 7.7 7.7 8 8.1 8.2 8.4 85 8.6 8.8 8.9 9 9.2 9.3 9.3 9.7 9.7
Span (ft.)
K| 1
14 550 .
= 550
3 15 550
507
3 16 550 ggg ggg
. 467
' 17 550 550 550
i 443 526 526
® 18 550 | 550 550 550 550 550
. 408 | 550 490 550 | 490 550
o 19 550 | 550" 550 550 | 550 550
383 | 523 455 523 | 455 523
E 20 525 | 550 550 | 550 550 550 550 | 550 550
347 | 490 426 | 550 490 | 426 550 | 490 550
21 475 | 550 548 | 550 550 | 550 550 | 550 550
= 299 | 460 405 | 520 460 | 408 520 | 480 520
= 22 432 | 518 | 550 | 498 | 550 550 | 550 | 550 | 550 | 550 | 550 | 580 550
B 259 | 414 | 548 | 351 | 490 438 | 385 | 548..| 490 | 438 | 548 | 490 548
3 23 305 | 473 | 518 | 455 | 529 516 | 507 | 550 | 550 | 550 | 550 | 550 550
226 | 362 | 491 307 | 451 303 | 339 | 518 | 468 | 418 | 518 | 468 518
o 24 362 | 434 | 475 | 418 | 485 | 520 473 | 465 | 536 | 528 | 526 | 550 | 550 | 550 550 | 550
- 199 | 318 | 431 269 | 396 | 516 345 | 208 | 483 | 430 | 882 | 495 | 448 | 544 | 495 | 544
25 334 | 400 | 438 | 384 | 446 | 479 435 | 428 | 493 | 486 | 485 | 537 | 541 | 540 550 | 550
- 175 | 281 381 238 | 350 | 456 305 | 263 | 427 | 380 | 337 | 484 | 421 511 474 | 520
26 308 | 389 | 404 | 355 | 412 | 442 402 | 395 | 455 | 449 | 448 | 496 | 500 | 499 550 543
L 156 | 249 | 338 | 211 310 | 405 271 233 | 379 | 337 | 299 | 4n 373 | 453 454 | 493
j 27 285 | 342 | 374 | 329 | 382 | 410 372 | 366 | 422 | 416 | 415 | 459 | 463 | 462 | 512 | 503
139 | 222 | 301 188 | 277 | 361 241 208 | 337 | 301 | 267 | 367 | 333 | 404 406 | 439
= 28 265 | 318 | 348 | 306 | 355 | 381 346 | 240 | 392 | 386 | 385 | 427 | 430 | 429 | 475 467
| 124 | 199 | 270 | 168 | 248 | 323 216 186 | 302 | 269 | 239 | 328 | 298 | 362 364 | 393
29 206 | 324 | 285 | 330 | 354 322 | 317 | 365 | 360 | 359 | 398 | 401 | 400 | 443 435
C 179 | 242 | 151 223 | 290 194 167 | 272 | 242 | 215 | 295 | 268 | 325 327 | 354
= 30 276 | 302 | 266 | 308-| 331 301 296 336 | 335 | a71. 374 413 406
161 219 | 137 | 201. | 262 175 151 218 | 194 | 266 242 3 295 | 319
E 31 258 | 283 | 249 | 289 | 310 281 277 | 819 | 314 | 313 | 847 | 350 | 349 387 | 380
= 146 | 198 | 124 | 182 | 237 158 137 | 222 | 198 | 175 | 241 | 219 | 266 | 267 | 289
= 32 242 [ 265 | 233 | 271 | 290 264 | 259 | 299 | 205 | 294 | 326 | 328 | 327 | 363 357
] 132 | 180 | 112 165 | 215 144 124 | 201 179 | 159 | 219 | 199 | 241 242 262
33 i ] 249 254 | 273 248 281 277 | 276 | 306 | 309 | 308 341 335
- 1 164 150 | 196 131 183 | 163 | 145 [ 199 | 181 | 220 | 221 239
E 34 & : i 257 233 265 | 261 | 260 | 288 | 290 | 290 321 315
; ] 179 120 167 | 149 | 132 | 182 | 165 | 201 202 218
E 35 C Y > 242 246 245 272 274 273 303 297
1 164 137 | 121 167 | 151 184 185 200
= 36 § : z 232 |§ 259 | 258 | 286 | 281
L 3 | 111 139 | 169 169 183
a7 : % 245 | 244 | 2N 266
= L 128 | 155 156 169
i 38 ! 1 232 256 | 252
: & 1 118 144 156
g 39 a 2;33
3 1
C 40 § [
FY i ] :
= a2 B g
E 43 - 14 2 - 16
C [ — [ :
45 | f‘f | ¥
46 % k-
1 8 | | e ;
| i P i 5 i |
48 | ! [ A
| . | e

49

Y
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APPENDIX E: ONE-WAY SLAB DESIGN CALCULATIONS/REFERENCES

100 SHEET 5
200 SHEETS

72-142

22144

LOADINL

]

ONE \NAY CONCRETE suls

s e e e S

OFFILE BLOG : 14USY+ 1770100) * 19| pPse
PARKING VL4 1T 250)4 L30) = 25 psF

MEMBEQ SELECTIGN Sge CRS\ TABLES ANACHLD

OFFICE L20'~ CLEM SPAN) USE MAY. REINFORCEMIZNT
T ™ML B8 s

PARKIM (20' Ar CLEARL SPAN) D SIE MAR REINRRLEMENT
JO" ALl 125 PsF
Lo PRoBABLY LSE 9.8" (-L S0AN L BWHO™)

SURolnM, BEMOIACE: dns BO-O" |
LOAD: 19\ + 14(8R): (4.2 PsE)(20' rR) = (L.2B4 WD
usStE 26" DEEP, 18" WItE Y3z AM

SUPPoRNHs BEAM PARUIM, ¢ A - 20"-0"
LOAD" 524+ L4 (128) = (700 psP(2d TRIB) - 14.0 vF
USE B4" DEEPR , 24" WIDE
LeovlD r’ossusl.‘{ USE A NAROWES BM (
SizeD 2 fy~32°0"]

WELGHT CALCUUTION

OlfILE: [BB+1S]) = 108 PsF DL (20)(30) » b ). 2%
! uNLAD i) (o) L1so )t 1O T
Z125 -

PAReNe: LSOt 1251 = 175 oy pL (20')(22) = 1 06
(20028 (11144) (30) (150 PCF) -~ 18

2.0
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SOLID ONE-WAY SLABS—END SPAN Top Steel for -M,,
f, = 3,000 psi Grade 60 Bars p = 0.0075
Thickness (in.) 4 4% | 5 s&| 6| 6u| 7| 7| 8| 8xn | 9| o [0
Top Bars w4 | #a | #5 | #5 | # | #6 | #6 | # | # | # | #7 | # | #8
Spacing(in.) | 10 | 9 11| 9| 8 1 10 | 12| 12 o1 10 12
— - | | || I ! ! 1 - :
BottomBars | #4 | #4 | #5 | #5 | #5 | #6 | #6 | #6 | #6 | #7 | 7| #T | #7
Spacing (in.) 89| 8 I 10 | 0| 9 | 12, 1| w0, 10| 12, N | o ;10
| I ! | | I I T =t
TopBasFreeEnd |  #4 #4 #4 # o # | # | M # | #4 | #4 | #4 # | #4
Spacing (in) | 12 | 12 ' 2| 12 | 12 | 12 12 12 12 12 1 10 | 10
| 1 | ! | ' ! - |
T-S Bars | #3 | # | # | #3  #a # | #4 | w4 | #4 | # | 4| #5 | #5
Spacing (in) | 15 | 13 | 121 n | 18 loa7 | 15 14| 13 } 13 ﬁ‘w | 17
Areas of | I | I [ l | | _T
Steel (in 2/ft) | i - - | .' s' -
Top Interior | .240 ‘ 267 | 338 | 413 | 465 | 480 | 528 | 600 | 60D | .B55 | 655 | .720  .790
Bottom | 267 | 300 | 372 | 372 | 413 | 440 | 480 | 554 | 528 | 528 | 655 | .65 | .720
Slab Wt. (psf) i 50 | 56 | 63| 69| 75| 81 88 j 94 | 100 | 106 l 13 i 19 | 125
L Il
CLEAR SPAN | FACTORED USABLE SUPERIMPOSED LOAD (psf)
: : - -
oo || | | | | R
6'-8" | 777 | . | | | |
| | | | | | | |]
7.0 | ee0 | 873 | | | ! [ |' l . .
76" | 566 | 750 | j , ; | | | i
80" | 489 | 650 | 939 | : . | | . | , | i
8'-6” 425 | 566 | 822 | 941 . ‘ ,
90" 372 | 497 | 723 829 | i | | | J
96" 326 | 438 | 640 | 734 | 922 [ | | |
100" | 288 | 387 | 555" | 653 | 822 ‘ 963 | ‘ | ! | _
10'-6" | 200 | 273 | 409 | 583 | 735 | 847 ‘ | ' { ‘
110" | 176 | 242 | 365 | 523 | 661 | 761 | 928 | [
116" 185 | 215 | 326 | 470 | 596 | 687 | 839 | r f | : -
120" | 137 | 191 202 | 424 | 538 | 622 | 760 | 931 | | : | !
126" 121 | 170 | 262 | 384 | 488 | 564 | 691 | 847 | 923 | , i
o o I | i
130" | 106 | 151 : 236 | 347 | 443 | 513 | 629 | 774 | 842 | .
136" 93 | 134 | 212 | 314 | 403 | 467 @575 | 708 | 771 | 929 | !
14'0" 82 | 119 | 191 | 285 | 368 | 426 | 526 | 649 | 707 | 853 | 919
14'6" 71 | 106 | 172 | 257" 335 | 390 482 | 596 @ 650 | 785 | B46 |
150" 62 94 | 155 | 232 301*| 357 | 442 | 548 | 598 | 724 | 780
15'6" 54 | 83 140 | 210", 275" 327 406 505 551 & 669 | 720 ' 859
16"-0" 46 73 | 126 189" 250" 300 @ 373 466 | 508 | 619 666 = 795 932
16'-6" | B4 113 173* 228" 275 344 430 470 | 573 | 817 | 738 866
17'-0" 56 | 101 157 208" | 253 = 317 = 398 434 = 531 572 686 805
175" a8 90 143 190" 232 292 368 402 493 531 638 750
18'0" T 31 130" 174 213 269 340 = 372 | 457 493 593 599
188" 72 119* 159" 196 248 315 345 425 458 553 653
63 109" 145° 179 229 200 320 395 426 516 610
56 100 134" 165 211 268" 296 368 397 481 __ 570 J
48 30 123* 151 ‘ T4 ‘ 248" 275 342 369 448 533
Hote: See Fig. 7-1 for reinforcing bar details,

-

¢ "Service ioa0s corresponding to 1/1.7 tabulated supenmposed load result in calculated mmsciate «<eflection of */360 span. |

[
d

CONCRETE REINFORCING STEEL INSTITUTE

7-13
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APPENDIX G: TRUSJOIST MANUFACTURED WOOD PRODUCTS DESIGN
CALCULATIONS/REFERENCES

__HANUFAUUQ-ED WOOD FRAMING

' Noery - soumy e
| LOARINL

OFFICE BLpG: (100) 420 = 120 psk (2'070.¢ ) = 240 PP
' MEMBER SELECTION
" SEE SPEC AMACMED

GIRDEL: (.0 P 12°0+ BPSE
(mc's)ua.'ls' me) = 13006 pLr

WEIGHT (ALUATION

S OFFILE: LOPSED

& (20)(306%20) - lz.o“‘“_

& | 1L( T IL)(20") . 1920

9 2 ( PALuAmM) (30') = 2300724 ) (49)(20) = 4 40L3
$ 18.383 «

| CAST-WEST SPAN

| LOADINU

| (00t zm:.s'o.c.) = 150 P
MEMBLE SELIECMION

| SEE SPEC AWACHED

cepie 1| e l# 16" = 4. peE
(1201 4.8) 30" TRIB) O A4 PP

WEIGHT CALCUATION

20 PSF D o
(20)(%0120) + 172.0 "
14 (T3 0I(S0") » 2.982 g
200 28X i) (49)(20) :_2.480
& L EsL V-
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TiIe® H90 . Allowabie Umform Load (PI.F)

Depth| 4675 30"
100% : L 100% TL[115%
.Spa_n : IL|100% LL|125% TL|

365 | 419 | 387 | 445 | 410 | 471 | 410 | 471
» 456 ¥ 483 A 512 " 512

319 | 367 | 338 | 389 | 358 | 412 | 358 | 412
-

14

16
3

248 | 2B6 | 248 | 286 | 266 | 306 | 283 | 326 | 283 | 326 | 301 | 346 | 318 | 366 | 318 | 366
197 | 311 * 3 iz 332 =4, 354 E 354 = 376 el 398 i 398
224 | 257 | 224 | 257 | 239 | 275 | 255 (¥293 | 255 | 293 | 271 | 311 | 287 | 330 | 287 | 330
135 | 280 | 172 | 280 | 212 | 299 & * ¥ 319 2 319 ¥ 338 A 358 & 358
203 | 234 | 203 | 234 | 217 | 250 | 232" | 267 | 232 | 267 | 246 | 283 | 260 | 300 | 260 | 300
105 | 254 | 134 | 254 | 166 | 272 | 201 | 290 = 290 o 307 b 326 - 326
186 | 214 | 186 | 214 | 199 | 229 | 212 | 244 | 212 | 244 | 225 | 259 | 239 | 275 | 239 | 275

83 | 233 | 106 | 233 | 132 | 249 | 161 | 266 | 191 | 266 L2 282 4 298 = 298
79 1 106 | 115 | 154 | 155 | 198 | 172 | 198 | 184 | 211 | 196 | 226 | 196 | 226 | 208 | 239 | 220 | 253 | 220 | 253

=
” 34 | 106 | 50 | 154 | 66 | 207 | 86 | 215 | 107 | 230 | 130 | 245 | 156 | 245 | 183 | 260 | 212 | 275 | * | 275
28" 86 | 93 [ 125 | 126 | 168 | 160 | 184 | 171 | 196 | 182 | 209 | 182 | 209 | 193 | 222 | 205 | 235 | 205 | 235
86 | 40 | 125 | 54 | 168 | 70 | 200 | 87 | 213 | 107 | 228 | 128 | 228 | 151 | 241 | 175 [ 256 | 202 | 256
10" 70 | 77 | 102 | 104 | 138 | 134 | 171 | 159 | 183 | 170 | 195 | 170 | 195 | 180 | 207 | 191 | 220 | 191 | 220
70 | 33 [ 102 | 44 | 138 | 58 [ 179 | 72 | 199 | 88 | 212 | 106 | 212 | 126 | 225 | 146 | 239 || 169 | 239
32 58 85 | 86 | 115 | 112 | 150 | 141 | 170 | 159 | 183 | 159 | 183 | 160 | 194 | 179 | 206 | 179 | 206
58 85 | 37 [115 | 48 [ 150 | 60 [ 285 | 74 | 159 | 89 | 199 | 105 | 211 | 123 | 224 | 142 | 224
34 49 71| 72| 97 | 94 | 126 | 119 | 150 | 144 | 165 | 150 | 172 | 159 | 183 | 168 | 194 | 168 | 194
§ 49 71 | 31| 97 | 40 [ 126 | 51 | 150 | 63 | 180 | 75 | 187 | 89 | 199 | 105 | 211 | 121 | 211
36 41 60 82 | 80 | 107 | 101 | 134 | 125 | 148 [ 140 | 161 | 150 | 173 | 159 | 183 | 150 | 183
41 60 82| 34| 107 | 43 [135 | 53 [ 160 | 64 | 175 | 76 | 188 | 89 | 199 | 103 | 199

38! 35 52 | 70 | 69 | 92 | 87 | 116 | 107 | 132 | 126 | 144 | 136 | 157 | 146 | 168 | 151 | 173 |
35 52 70 | 29 | 92 | 37 | 116 | 46 | 143 | 55 | 157 | 66 | 170 | 77 | 183 | 89 | 188
40' 30 44 60 79 | 75 [ 100 | 93 | 119 [ 112 | 130 [ 123 | 141 | 132 | 152 | 141 | 163
30 44 60 79 | 32 [100 | 39 | 124 | 48 | 142 | 57 | 154 | 67 | 165 | 77 | 177

42 S | [ T 52 | 69| 65| 87 | 80 [ 107 | 98 | 118 | 111 | 128 | 120 | 138 | 128 | 148 |

o 38| [ s2[ ] 69| 28] 87 | 34| 107 | 42| 128 [ 49 [ 139 [ 58 | 150 | 68 | 160 |

*Indicates total load value contrals.
See instructions and notes on page 6

= =
[ &

33 | 6750 | 1,925 | 450 512 561 1,375 | 1,745 | 1,885 | 1,925 | 2,745 | 3,120 | 3,365 |3,735

3.6 | 8030 | 2,125 | 666 752 821 1,375 | 1,750 | 1,885 | 2,125 | 2,745 | 3,365 | 3,365 |3,985

39 | 9,210 | 2,330 | 913 1,025 1,116 1,375 | 1,750 | 1,885 | 2,330 | 2,745 | 3,490 | 3,365 4,105

42 | 10,380 | 2,535 | 1,205 1,348 1,462 1,375 | 1,750 | 1,885 | 2,535 | 2,745 | 3,615 | 3,365 | 4,230
44 | 11,540 | 2,740 | 1,545 1,722 1,864 N.A. | 1,750 | N.A. | 2,740 | N.A. | 3,740 | N.A. 14,355
47 | 12,690 | 2,935 | 1,934 2,149 2,322 N.A. [ 1,750 | N.A. | 2,935 | N.A. | 3,860 | N.A. |4.,480
50 | 13,830 | 3,060 | 2,374 2,632 2,838 N.AA. | 1,750 | N.A. | 3,060 | N.A. | 3,875 | N.A. 4,605
53 | 14,960 | 2,000 | 2,868 3172 3,416 N.A. [ 1,750 | N.A. | 2,900 | N.A. |4,7250] N.A. |5,3450

55 | 16,085 | 2,000 | 3,417 3,772 4,056 N.A. | 1,750 | N.A. | 2,900 | N.A. |4,8507] N.A. |5,4709

58 | 17,205 | 2,000 | 4,025 4,434 4,762 N.A. | 1,750 | N.A. [2,900 | N.A. (4,975 N.A. |5,5000

90 Jo

4.2 9,605 | 1,925 621 687 741 1,400 | 1,715 | 1,885 | 1,925 | 3,350 | 3,665 | 3,965 |4,285
45 | 11,430 | 2,125 | 913 1,005 1,079 1,400 | 1,875 | 1,885 | 2,125 | 3,350 | 3,825 | 3,965 |4,440
4.7 | 13,115 | 2,330 | 1,246 1,366 1,462 1,400 | 2,030 | 1,885 | 2,330 | 3,350 | 3,980 | 3,965 | 4,600
5.0 | 14,785 | 2,535 | 1,635 1,786 1,008 1,400 | 2,030 | 1,885 | 2,515 | 3,350 | 3,980 | 3,965 |4,600

53 | 16,435 | 2,740 | 2,085 2,272 2,422 NA. | 2,190 | NA. | 2,675 | N.A. | 4,140 | N.A. |4,755
5.6 | 18,075 | 2,935 | 2,597 2,824 3,006 N.A. | 2,345 | N.A. [ 2,830 | NAA. | 5,090 | NA. [5,705
5.8 | 19,700 | 3,060 | 3,172 3,442 3,659 N.A. | 2,345 | N.A. | 2,830 N.A. | 5,405 | N.A. |6,020
6.1 | 21,315 | 2,000 | 3,814 4,132 4,387 N.A. | 2,450 | N.A. | 2,900 | N.A. [5,8007| N.A. |5,8000
6.4 | 22,015 | 2,900 | 4,525 4,895 5,191 N.A. | 2,450 | N.A. | 2,900 | N.A. |5,8007] N.A. |5,800%
6.6 | 24,510 | 2,900 | 5,306 5,732 6,073 NA. | 2,450 | N.A. 172,900 | N.A. [5,8007| N.A. |5,8000

90 Jo

4.6 | 10,960 | 1,925 687 755 810 1,400 | 1,715 | 1,885 | 1,925 | 3,495 | 3,810 | 4,100 |4,420
4.9 [ 13,090 | 2,125 | 1,015 1,109 1,185 1,400 | 1,875 | 1,885 | 2,125 | 3,495 | 3,970 | 4,100 |4,575
5.2 | 15,065 | 2,330 | 1,389 1,512 1,610 1,400 | 2,030 | 1,885 | 2,330 | 3,495 | 4,130 | 4,100 4,735
5.4 | 17,010 | 2,535 | 1.827 1,082 2,106 1,400 | 2,030 | 1,885 | 2,515 | 3,495 | 4,130 | 4,100 |4,735

| 52 | 18,945 | 2,740 | 2,331 2,522 2,676 NA. | 2,190 | N.A. | 2,675 | N.A. | 4,285 | N.A. |4,890
" 760 7 20855 | 2,035 | 2,004 3,136 3,321 NA. [ 2,345 | N.A. 2,830 | NA. | 5,235 | N.A. |5,840
| 637 | 22,755 | 3,060 | 3,540 3,825 4,046 N.A. | 2,345 | N.A. | 2,830 | N.A. | 5425 | N.A. |6,155
65 | 24,645 | 2,000 | 4,266 4,590 4,850 N.A. | 2,450 | N.A. | 2,900 | N.A. |5,8009 N.A. |5,800%)

| 6.8 | 26,520 | 2,900 | 5,059 5,436 5,737 N.A. | 2,450 | N.A. | 2,900 | N.A. |5,8007 N.A. |5,8000
S17aTl 28,380 | 2,900 | 5,930 6.363 6.710 N.A. [ 2.450 | N.A. 12.900 | N.A. 15,8001 N.A. |5.8000
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APPENDIX H: TWO-WAY SLAB DESIGN CALCULATIONS/REFERENCES
TWO WA1 SUs S

WITA DROP PANLELS

LOADING

OFClcl BU: L4US)+17000) = 19| psf
PACKIN v ) 4 (e T2 1 1.0L30) =S IS s e

SUR SELECTION

Offite Un»25'0 97 PUT SUB,T" Lnops,B1"SOALE, I57S6. caoL

iG0 SHEET®
200 SHEET

P2-144 20 SHEET.

Preeins. Ly 25t0" 1Y Rar sus(ﬁ“boop PANIRLS, 10'0 Seume

OFACE Wh (0760 190) < 1S * |21SPSE (20)(30) = 6.8

22142

L 83)(B33) (712)(1$0)(36/28) = 1.3
T 838"
S preerowr: ()IsO) + SO ~ 1 B1Sesk (20N) 1 12S ¢
% 9 QYU BTHUSO)(30/K) ~ 13.5%
: 2/20o-

T—
OFF e An® 25%0"  B"sue
Wr. (0. + 15+ 1S psr (20)(30): (,9.0%
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