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Executive Summary:

For this technical report I looked at 5 alternatives to the current structural system of the typical bays and then com-
pared the pros and cons of each of the alternative systems to the original system. The current system is a concrete
one-way system which spans in the east-west direction for each of the 3 bays that make up this cross-section of the
building. The 5 alternatives that I reviewed were: composite steel girders, beams and decking; non-composite steel
girders, beams, and concrete slab; steel girders, joists, and concrete slab; two-way concrete slab with drop panels, and
a one-way concrete system. Through my analysis I found that all of these alternatives could be viable solutions for my
building’s structural system. Each alternative resulted in a lighter system, that normally had a smaller structural floor
depth than the current system as well. This system allowed for no additional weight on the foundation system, and
due to the upward stability of the ground the foundation, could actually be made smaller. I found that a main con-
cern that developed due to the lighter systems was an increased susceptibility to vibration. However, when looking at
the girder design of the one-way slab systems, it was noticed that this susceptibility may not be as great as originally
thought. Due to a very low deflection, which in turn results in a high stiffness, the vibrations are decreased. This
assumption may not be the case for all the structural systems, especially the steel framed systems. This assumption
does, however, give an even more persuasive option with the alternatives looked at compared to the current system,
due to very little drawbacks and possible money savings because of less time or material spent. The time savings is
from the quick erection process of steel as compared to that of concrete for the steel structures, and the decrease in
the amount of material (based on weight) of the concrete structures.

After comparing all of the alternatives to the current system, I found that although all the systems made for viable
alternatives, at this time, the concrete alternatives were better suited for this structure. This is mainly due to the high
amount of labor available for concrete work in the DC area as compared to the less common steel contractor. Also,
no additional fireproofing is needed as compared to the spay on fireproofing that is needed for the steel components.
Additional lateral support is also not needed in these concrete systems, due to the stout profile as the CDRH labora-
tory, the monolithic construction causing all joints to be fixed is all the lateral support that is needed, as compared to
the necessity to have bracing or moment connections in the steel frames. Of the concrete systems, one system
seemed to stand out. The one-way system, which had its supporting members turned perpendicular to the current
system (spanning the shorter direction) in the controlling bay seemed to be the best alternative of them all. This
system allowed for a great reduction in weight as well as depth, as compared to the current system, however, due to
the low deflection, should have good stability against vibration. The only downfall of this system is that it does cause
a change in the direction of the final bay as compared to the other two bays found in this system. This can be re-
solved by making the other bays span the long direction, which would result in a larger system, however, also allow
for continuity of the building. Another resolution would be to leave the system with two different span directions,
which may cause for a lack of continuity of the structural system, but a more economic building overall.
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The FDA CDRH Laboratory is currently being built on the FDA consolidation campus in Silver Spring, Maryland.
It is made up of a main four story laboratory topped with a 5" floor penthouse suite. There is also a one story high-
bay laboratory space found on the west side of the main laboratory and office space. The building, with only the
exception of the penthouse and high-bay laboratory, is made of cast-in-place concrete.

Loading:
Loading for the bays to be studied in this report will be found using the typical laboratory sections of the building.

Dead load values derived from ASCE 7-02, Section 3
Concrete: 150pcf
Superimposed: 25psf (assumed)

Ceiling: Acoustical Fiber board 1psf
Floor: VCT 1psf
Mechanical/Electrical: 10psf
Partitions: 13psf
Total: 25psf

All live load values come from ASCE 7-20, Section 4
Light Manufacturing (Most Laboratory Spaces): 125psf
Light Storage (Supplementary Laboratory Spaces): 125psf

Live loads are reducible (See Appendices D and E)

The Current System:

The typical floor system throughout the building is made of 4.5” thick one way slabs, spanning in the north to south
direction. There are two typical joist layouts, both of which are pan-joist systems due to the monolithic pour of the
slab and joist. The first typical plan is made of 10” wide by 16” deep joists, spaced 5’-3” on center. These joists span
either 18’ or 15’-5” and are designed with the same requirements as beams due to their large size and spacing. They
are reinforced with #3 top reinforcement, #6 bottom reinforcement. The shear forces are resisted with #3 rebar.
The second typical bay is also a pan-joist system with the joist dimension of 16”X16”. They are spaced 3’ on center
and span a distance of 30’-9”. They too must be designed like a beam due to their large size and spacing. The top
and shear reinforcement is #3 rebar, with the bottom #8 reinforcement. These bays feed into a system of beams also
poured monolithically.

The typical beam is 19.7” wide by 20.5” deep and spans 21’. The reinforcement at the midspan is comprised of 3 -
#9 rebar with endspan reinforcement of 6 - #9 rebar. The shear forces are resisted with #3 rebar at 6” and then R
rebar at 9”. All concrete used in the pan-joist system, as well as the beams have a strength of 4000psi. The beams
then feed into the typical 24”X18” columns, which are made of 5000psi concrete and 6-#8 rebar. This is a fixed con-
nection causing for resistance against moments, which make up the entire lateral resistive system. The total weight
of the current system is quite large, at 163.83K per controlling (30’-9” span) bay, with a total depth of 20.5”.
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The following image is a representation of a building section of the 3 repeated panels found in the CDRH labora-
tory. For all calculations found in the appendix, the entire 3 panel system was looked at to account for load carry-
over. However, for the purpose of this report only the controlling span will be discussed in depth. This span in most
circumstances will be the 30-9” span.
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In the greater Washington D.C. metro area one will find a great deal of concrete construction. This is due to the
height restriction found in the District itself, and the ability to increase the number of floors because of thinner
structural sandwich than typical steel construction. Although, the Silver Spring area is not under this same height
restriction, the location does play a part in the local skilled labor and customary design in the area, utilizing the high
demand of concrete. The high density of concrete is also very advantageous to control vibration, which is a major

concern in a laboratory situation. There is also no need for fireproofing. However, the very large joist system used
does cause for large loads on the supporting members and foundation.

For Additional information and supporting calculations see appendix F
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Alternative Systems:

I chose to look at two types of building materials for the alternative systems: concrete and steel. The concrete was
used as an exact material comparison in different layouts and spacing. Steel was compared based on a change in con-
structability, weight, and structural system depth.

Alternative System 1: Composite Steel Beams with Composite Decking

A steel composite system with composite decking was the first system that I analyzed. For the decking I used the
2001 United Steel Decking manual to find that for the loading condition I have chosen, I would need a 4.5 slab
over a 2” lokAfloor decking system made of 22 gage steel. To allow for composite action between the steel decking
and the concrete slab, I will use 3/4” studs. There is no need for welded wire fabric in this system do to the ex-
tremely large loading capability. I then entered the required weights and design criteria into RAM Structural System,
2003. RAM calculated the needed steel beam sizes, as well as the number of shear studs needed. The end result is
shown below:
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The final result of using this system is an overall floor depth of 25.1” at a weight of only 30.234K. This system is
lighter in weight than the concrete system that is currently in place, due to the use of steel members and a thin slab.
Because of this, there is no concern of not having an adequate foundation to support the new structure. However,
there is a concern about the susceptibility to vibration, which is an important consideration for a structure with such
valuable and precise instruments in the laboratory spaces. This system, although having a similar total cost to the
steel system, will need additional preconstruction planning to allow for delivery of appropriate materials as well as
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additional staging areas, however, it will not require the expensive formwork or lengthy curing time needed for con-
crete. There will also be a need for additional lateral bracing or moment connections to support the lateral loads that
are currently being resisted by the monolithic concrete construction. This system does cause for a local dilemma due
to the extraordinary amount of concrete work found in the area. Steel construction as well as steel contractors and
construction companies are not nearly as prevalent as concrete contractors and construction. In addition, this struc-
ture will need to have spay-on fireproofing, while the current system does not need any additional fireproofing due to
its thick slabs and concrete construction. Although this systems does have some drawbacks, the loss of space and
weight are very important. Therefore, it is an okay alternative and can be further explored in the future to find how
extensive the drawbacks such as vibration truly are.

For Additional information and supporting calculations see appendix A

Alternative System 2: Non-Composite Steel Beams with Form Deck

A steel non-composite system with form deck was the second system that I analyzed. For the decking I used the 2001
United Steel Decking manual to find that for the loading condition that I have chosen, I would need a 5” slab over a
UF2X form deck made of 22 gage steel. This system will use 44-W2.9XW2.9 welded wire fabric. I then entered the
required weights and design criteria into RAM Structural System, 2003. The systems was able to calculate the
needed steel beam sizes needed. This is the end result:
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The non-composite design produced larger members with a total structural sandwich depth of 28.7” and a total
weight of 35.565K per 30’-9” bay. This result is due to the lack of “shared” strength between composite members.
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Other than the slightly larger size and weight then the first alternative system, most of the similarities and differences
between the current and alternative 2 are the same as those in alternative 1. The only advantage this system may
have over the composite system, is that the additional mass may help to reduce vibration, however, due to the non-
composite construction, this may not be a significant benefit. Again, this system is an okay alternative, having both
drawbacks and advantages, and can continue to be analyzed in the future to see if the benefits truly outweigh those
found in the current system.

For Additional information and supporting calculations see appendix B

Alternative System 3: Steel Joist System

A steel joist spaced at 2’ on center was the third system that I analyzed. For the decking I used the 2001 United Steel
Decking manual to find that for the loading condition that I have chosen, I would need a 2.5” slab over a UFS form
deck made of 28 gage steel. This system will use 66-W1.4XW 1.4 welded wire fabric. 1 also used the New Columbia
Joist Company Steel Joist and Joist Girder manual, 2002 to find that a 16K3 joist would be adequate to support the
loading conditions. I then entered the required weights and design criteria into RAM Structural System, 2003. The
systems was able to calculate the needed steel beam as well as confirming they joist type chosen. This is the end re-
sult:
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The joist design produced an intermediate design depth of 26.2”, however, due to the use of many smaller members
with a much smaller floor slab, the total weight went down a great deal, totaling only 21.7959K per controlling bay.
The additional members cause for a large addition to construction time because of the increased number of connec-
tions, as compared to alternatives 1 and 2. Also, because of the much lighter weight, vibration becomes a greatly
increased concern. There is also a need for a greater amount of fireproofing on the deck due to the less then 3” slab.
Other than the greatly reduced weight and large number of small members, most of the similarities and differences
between the current and alternative 3 are the same as those in alternatives 1 and 2. Although there is no great advan-
tage, due to the problems that are associated with the greatly reduced weight, this system can still be considered an
okay alternative, due to the fact that the drawbacks can be further analyzed to find how great of a concern they truly
are.

For Additional information and supporting calculations see appendix C

Alternative System 4: Two-Way Slab System

The fourth system that I looked at used the same material as the original system, concrete. Instead of the current
one-way joist system, I used a two-way system with drop panels around the columns. To find the required sizes and
reinforcement, I used the 2002 CRSI Design Manual. I assumed the concrete to have a strength of 4ksi with 60ksi
steel reinforcement. [ found that the controlling span of 30’-9”, would need square drop panels with a 10.33” width
and a 9” depth. The columns to support this slab would need to be 24” square. The column strip would need 17#5
top external reinforcement, 18#8 bottom reinforcement, and 14#8 top internal reinforcement. The middle strips
would need bottom reinforcement of 12#8 and top internal reinforcement of 13#7. The following are diagrams of
the size of the drop panels as well as the size and placement of the required reinforcement for both the column and

middle strip.
EXTERNAL TOP REBAR 17-#5 INTERNAL TOP REBAR 14-#8
| o’
-y -
BOTTOM REBAR 18-#8
== COLUMN STRIP TOP RERBRAR 13-#7

BOTTOM REBAR 12-#8

MIDDLE STRIP



Timothy Mueller
Structural Option
Walter Schneider

FDA CDRH Laboratory
Silver, Spring Maryland

With a total depth of 19.5” and a total weight of 96.75K per controlling bay, this systems give a large reduction to
the weight while keeping a similar structural sandwich depth. Due to the lighter weight, the impact on the founda-
tion of this system was not a concern. Cost was not a concern either, due to the similar construction method found
in the current system. This system may have a slight advantage over the current system, in the fact that there is a less
complicated formwork required for each bay. As with the current system, no additional fireproofing is needed, and
the erection time will be about the same, with a slight possibility of time savings with the actual laying out of the
formwork. There is also possible financial savings due to the reduced amount of concrete used. The monolithic
construction does not require a changed lateral support system because of the fixed ends on all members. Also, by
using the local “norm” of concrete, there is a large skilled workforce to choose from. The only possible disadvantage
to this system is that because of the lighter weight and lack of central bay spanning members, there could be an in-
crease in vibration susceptibility. Due to few disadvantages, this system is a viable alternative. Further study of the
vibrations will reveal if this system is truly provides a great advantage over the current system.

For Additional information and supporting calculations see appendix D

Alternative System 5a: One-Way Slab System in the 30’9” Direction

The fifth system I analyzed was a redesign of the current system. I changed the sizes and spacing of the current system
by using the 2002 CRSI Design Manual. I assumed the concrete to have a strength of 4ksi with 60ksi steel reinforce-
ment. By looking up the current loading conditions in the CRSI, I was able to find that a system made up of 30”
forms with 7” wide ribs and a 16” depth. A 4.5” slab is needed,
which would bring the total depth to 20.5”. The reinforcement
would include, #5 bars spaced 8” apart on the top and 2#7 bars
in the bottom of each rib. There would also be 4X12-W3.5XW2

welded wire mesh to guard against temperature and shrinkage.

O 00—

After the necessary slab and joist system was found, a girder
needed to be designed to carry the load to the columns. 1 found
that a girder that had the same depth equal to the total depth of
20.5” would need to have a width of 48.5”. The girders would
sokor also require 6#14 reinforcing bars. These girders were also
checked for deflection and were found to have practically no de-
flection under the required loading. Below are two diagrams of
the proposed system. One is a floor plan that shows the layout of
the beam spanning the 30’-9” direction with the large girders
surrounding the main area, while the other diagram is a represen-
tation of the placement of the rebar in the joists and slab.
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Having a total depth of 20.5” and a total weight of 116.72K, I found that the one-way span using new spacing would
have the same depth as the current system, however, there is a weight reduction of almost 50K. This does not cause
impact on the foundation and only reduces cost because of the reduced amount of concrete needed. However, as
with all the other alternatives, the reduced weight may cause and increase in vibration susceptibility. Despite this
fact, because of the very low decrease in weight, this will not be as great of an increase in susceptibility, and because
of the extremely low deflection under normal loading, one can assume that there will be very little susceptibility to
vibration. Because of the extreme similarity to construction as the current system, there are also many similarities in
to the current system, from the time it takes to erect, the work force number and availability, the lateral loading resis-
tance from the fixed monolithic connections, and the fact that there is no need for fireproofing. Due to the cost
savings from using less concrete, while still having low increase in susceptibility to vibration, this system seems to be a
very good alternative, and can be looked at in more detail to see if the assumptions about the vibration are correct.

For Additional information and supporting calculations see appendix E

Alternative System 5b: One-Way Slab System in the 21’ Direction

The last alternative that I reviewed was the same one-way system that was used in the previous alternative, however,
in this alternative, instead of just changing the spacing of the current system, I also changed the spanning direction.
Because the non-controlling bays had their smaller span in the east-west direction, the controlling span also had an
east-west spanning direction, which, although caused for an
O O— increased spanning condition, also gave continuity to the
total building span direction. I, however, wanted to see
what savings and advantages could come from spanning this
bay in the non-controlling span (the 21’ direction). 1 found
using the CRSI, 2002, that if you use a one-way span in the
21’ direction, using the predetermined loading, you will
require, 20” forms with 5” rid width and 8’ rib depth.
There would also be a slab depth of 3” making a total depth
of 11”7, The reinforcement requirements are #5 bars at 10”
for the top in the slab and 2#5 bars in the bottom of each
30°-9°  rib. 4X12-W2.1XW1.4 welded wire fabric is also used for
5 reinforcement the slab. I then designed the girder system
for this bay, using the depth of the ribs and slab my girders
are 11” deep by 92.2” wide. The entire structural system per
bay weighs 91.64K. The girders are reinforced with 6#9
-1 reinforcing bars. Below are diagrams of the plan of the slab
system with its very wide girders as well as an elevation show-
ing the joist sizes and the placement of the rebar.
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Having a total depth of only 11” and a total weight of 91.645K, I found that the one-way span using the new spacing
and direction on the critical bay allows for an extreme reduction in both weight and depth of the structural system.
The huge reduction in concrete also allows for financial savings. This, as with all the other systems, does not cause
impact on the foundation. As with the one-way alternative, spanning the 30’-9” direction, the girders were found to
work extremely well in deflection and, although this system is much lighter then the current system, it should not
have much increase in vibration susceptibility. Just as with the other one-way alternative, because of the extreme
similarity to the current construction, there are also many similarities in to the current system, from the time it takes
to erect, the work force number and availability, the lateral loading resistance from the fixed monolithic connections,
and the fact that there is no need for fireproofing. Due to the cost savings from using less concrete as well as the
decrease in slab depth, while still having low increase in susceptibility to vibration, this system seems to be the best
alternative, however, further analysis will have to be done to give solidity to this conclusion..

For Additional information and supporting calculations see appendix E

The next two pages have a summary of the previously discussed pros and cons to the alternative systems as compared
to the current system in tabular form.
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Conclusion:

By looking at alternatives to the current bay systems, I found that a concern with the new systems was the vibration.
All of my alternatives reduced the weight by a great deal and most reduced the total depth of the structural system.
This reduction of weight in all the systems also caused for no problems with the foundations systems support. The
steel systems also allow for faster erection time on the project site, saving money ,however, depending on the addi-
tional lateral resistance system used, it may have additional time needed for the connections. The steel systems, be-
cause of their extreme light weight, need for fireproofing and lateral resistance, and lack of local availability of a
skilled work force makes for a useable alternative, however, not likely to be as viable of a solution as the concrete
alternatives. The concrete alternatives allowed for a the same constructability situations as the current system, how-
ever, they too allowed for a much lighter system and at times a much smaller structural depth. The ability to con-
struct with a locally popular construction method and with less material you have the ability to save money. The fact
that the concrete systems in general weigh more than steel structures the fact that additional mass will reduce the
vibrations is very useful in a situation in which vibrations must be kept to a minimum, because of the precise scien-
tific use of this laboratory. Another positive about the use of concrete when concerning vibrations is the very low
level of deflection found in the systems in which girders were used (the one-way systems), the extreme stiffness, allow-
ing for little deflections also allows for very little vibration. Concrete construction on such a stout building takes
away the need for additional lateral support because of the monolithic pour causing all connections to be fixed. This
system also allow takes away the need for fireproofing. The best alternative at this point seems to be the one-way
system that is very similar to the original design, however, by changing the spanning direction, one saves a great deal
of space and weight, which also allows for a great financial savings. This coupled with the low additional susceptibil-
ity to vibration, and the positives mentioned earlier about concrete construction allows for anticipation of a viable
and possibly superior alternative to the current structural system.
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Appendix A
Alternative 1

Composite Steel System



The first alternative bay system I chose to use was a steel composite system. I chose to evaluate this system by using
RAM Structural System, 2003. I laid out the columns in the same configuration as were used by the current system
to keep continuity between the new systems and the current architectural features and open spaces found in the
building. Ithen placed intermediate beams between each of the girders which are found spanning the column lines.
These beams were spaced so that there were 2 beams spaced equally in both the 15’-5” and the 18’ span. There were
4 beams spaced equally in the 30’-9” span. Using the 30-9” span, the largest span for the decking was found to be 6’-
2”. 1then used the United Steel Deck manual from 2001 to find the appropriate total surface weight on my struc-
ture. The loading from the concrete and decking can be found on page 28 (Appendix A.4). The appropriate slab
depth and steel decking can be found on page 29 of the USD manual (Appendix A.5). No live load reductions were
used due to the fact that they could not be used on the smaller spans (Ki; At is small then 400 sq ft).

At first I had to assume a weight of concrete and decking to see what depth of concrete would be needed to support
my load. After comparing the decking strength to the depth of the concrete I found that a 4.5” concrete slab on 22

gage deck, could be used with a total slab and decking weight of 42psf.

Loading was found by using the following values:

Live load: 125psf
Dead Load:
Superimposed 25psf
4.5” Slab 42psf
67psf
Total Load: 1.2 Dead + 1.6 Live
Total Load: 1.2(67psf) + 1.6 (125psf) = 280.4psf

For loading of decking you are to use service live load which equals: 125psf

After all calculations were completed I found that the following values and products to be appropriate for my deck-
ing to span 6.5’ (the minimum manual distance that is greater then the distance between beams) that could still sup-
port a loading of 125psf to be:

2” Lok-floor system

22 gauge steel

Slab depth of 4.5”

This will support a load of 365psf

Due to the fact that there is a great deal of additional support, to reduce cost welded wire fabric can be removed from
the slab. The amount of load that the slab can support is then reduced to:

365psf - 365psf(.10) = 328.5psf
This value is still sufficient to carry a load of 125psf..

The total surface load is then taken to be (not including self weight of the beams and girders):
328.5psf.

RAM accounts for all factors on loading and deflection limitations

[ used 3/4” studs with a 3.5” height to allow for a 1” cover in the 4.5” slab.
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I then added an additional line load along the top and bottom of the RAM model to account for exterior wall loads
of:160.33plf

This was using the assumptions of the average exterior of the building being represented by:
60% insulated aluminum sheet siding with gypsum wall board interior weighing 12psf
40% glass weighing 8psf

Total exterior wall load:

0.60(12psf) + 0.40(8psf) = 10.4psf
10.4psf (15>-5” tributary story height)=160.33plf

After applying a 6” overhang the following steel beam and girder types were found to be:
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The largest beam being a 21X50 gave a total depth of:20.8”

This added to the slab depth of 4.5” gave a total floor depth for the structural components to be:
4.57+20.8"=25.3”
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Total depth for the 30’9 bay: 25.3”

Total depth for the 18’ bay:
Depth of a W16X26: 15.7"
Total depth = 15.7"+4.5"=20.2"

Total depth for the 15-5” bay:
Depth of a W14X22: 13.7”
Total depth = 13.77+4.5"=18.2"

Total Weight for the 30’9” bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((4.5)(14)+(1)(12)21)+(1)(50)(30°9”) = 3112.51bs
Weight of decking = (weight of slab and decking)(area of decking)
= (42ps)(30°9”)(21°)=27121.5lbs
Total Weight=3112.5lbs+27121.51bs=302341bs=30.234k

Total Weight for the 18’ bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((3)(14))(21")+(1)(26)(18) = 13501bs
Weight of decking = (weight of slab and decking)(area of decking)
= (42psf)(18’)(21°)=15876lbs
Total Weight=13501bs+15876lbs=172291bs=17.229k

Total Wight for the 15’ bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((2)(12)+(0.5)(14)+(1)(10)2 1")+(1)(31)(15°-5") = 13391bs
Weight of decking = (weight of slab and decking)(area of decking)
= (42psf)(15’57)(21")=13597.51bs
Total Weight=13391bs+13597.51bs=14936.51bs=14.9365k

The longest span does have the largest depth and load, therefore it is the critical beam and will be the beam used for
comparison in the main report. However, one can also see that by splitting the span in 2 parts the depth of the struc-
tural sandwich can be reduced by over a half foot and the weight can be reduced by almost half.
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Table from United Steel Deck manual from 2002, Page 28
For a 6’-6” deck span

"DECK F =33ksi f' =3ksi 145 pcfconcrete

United Steel Deck, Inc.

2" LOK-FLOOR i '

Slab Depth

The Deck Section Properties are per foot of width. The I value
is for positive bending (in.%); tis the gage thickness ininches; w
is the weight in pounds per square foot; S, and S, are the

section moduli for positive and negative bending (in.%); R, and . - 284
V. are the interior reaction and the shear in pounds (per foot ! Lo °'$ a0 B i el e
of width); studs is the number of studs required per foot in ordler 0.0474 24 10 550 51 529 60 T 3E 5T
to obtain the full resisting moment, & M., 0.0538 34 500 700 654 654 2470 3990 72
The Composite Properties are a list of values for the - 5 conl;osrTE PR“T;““E?V Max unshored spans. &
composite slab. The slab depthis the disian_celfram the in. 2 in? ink_ Ibs. 1span 2span 3span
bottom of the steel deck to the top of the slab ininches as 1 i 4 1
shown on the sketch. U.L. ratings generally refer to the cover .00 . X 4 4 56 00,
over the top of the deck so itis important to be aware of the -g 54',2? A -3;“; : L 'ﬁ: LI 7 L ;13; ’-gi ggg
dlﬂerlenoe in names. g M_,,, is the factored remstlng moment E 00 5878 4 A7 | 6 4 6460 509 689 97 003%
provided by the composite slab when the “full” number of 25 6187 50, 1438 | 63 4795 6120 503 76 634 0038
studs as shown in the upper table are in place; inch kips (per N | 650 6495 53 458 | 66 450 6380 497 65 72 0041 |
foot of width). A, is the area of concrete available to resist B -g l;ﬁ 551‘- :gi’ 2 .:;' g-g‘; ;53'56 :'g 'g :’ ::::j—
shqear. in. per foot of width. Vol. is the volume of concrete in 75 T 63 052 | T : 0 GlE T AT 62 631 0080
ft.* per ft.2needed to make up the slab; no allowance for frame [ 45 4860 32 202 | 42 [° 126 3 3543 5450 681 97 821 008
or deck deflection is included. Wis the concrete weightin 00 5618 37, 33 | 48 | 148 4165 5000 64T 55 683 0027 |
pounds per ft.2. S, is the section modulus of the “cracked” & -g x g- R ﬁ & ; w gﬁ 3-?: : .-35%
concrete composite sIatE: in.*per foot of ‘a‘{ldlh. (] 1he_ : 50 a2 43 T | 60 95 4 5463 6680 504 85 A1 003
average of the “cracked" and “uncracked” moments of inertia [ 625 7511 500 438 | B | 207 16 796 7140 586 770 795  0.03%
of the transformed composite slab; in.* per foot of width. The l,, 8 50 7890 536 045 | 66 19 182 6131 7400 579 756 780 0041
transformed section analysis is based on steel; therefore, to 1 g nooIn ;e Be DR 1B 81 O
calculate deflections the appropriate modulus of elasticity to use 750 eads 643 0542 | 79 | 267 216 7493 610 552 705 728 0.0
is 29.5 x 10° psi. & M,,, is the factored resisting moment of the 50 5685 32 202 | 42 | 145 T 4069 5850  7.65 .76 1008 0023
composite slab if there are no studs on the beams (the deck | 500 6468 3 333 | 48 N 0 4787 6300 726 930 961 0047 |
is attached to the beams or walls on which it is resting) inch Ls “;g :;;g ;g g?; 4 '; :‘i'; :15;‘? :’;‘;ﬂ ;g: =1 ‘g '3: g;’:
kips (per foot of width). & V.. is the factored vertical shear 5008235 4800417 | @ 24 152 6290 7280 665 854 B3 003
resistance of the composite system; itis the sum of the shear | 625 8677 50 438 | 63 38 171 6676 7580 656 38 66 0.0
resistances of the steel deck and the concrete butis not O | 60 9119 5 458 | 66 | 252 102 7065 7800 648 8.3 S0 004
allowed to exceed ¢ 4(f ) A;; pounds (per foot of width). The e ng :w 39 55;] ;: £ 'x ‘2; ;gﬁ g : i ?::‘1’ ? : :g
nextthree columns list the maximum unshored spans in 750 10885 B e T T T T N - T < 1T W1,
feet; these values are obtained by using the construction 450 6208 32 292 | 42 62 TD 4534 6080 842 1048 10, 023
loading requirements of the SDI; combined bending and 500 7204 375 0333 | 48 | 190 95 5336 6670 798 983 10. 027
shear, deflection, and interior reactions are considered in I_Lzsg 2'35 :g g‘?; :1 'g :g': ;:g ??;g ;;? "‘; “"BE—%
calculating these values. A, is the minimum area of welded {600 9195 40 047 | & | 2w 169 7T0rs Tew0 T30 018 943 0036
wire fabric recommended for temperature reinforcing in the [ 625 %693 %0 0438 | 63 66 179 7450 7910 720 801 31 01038
composite slab; square inches per foot. [+ -] 50 10191 53 0456 | 6 I 200 7885 BAT0 T BES 14 04
L o 0 11187 5 0.500 1 1 24, 87.66 4720 £.93 _&54 .62 045
725 11685 619 0521 | 7 28274 0210 B340 685 840 68 004
750 12183 64 542 | * 44 302 0657 9160 677 B26 50050
450 6208 %2 202 |4 9 77 4534 6080 958 1163 1202 0023
0__ 720431 333 |4 35 4 5336 6980 908 1140 47 o0
0240 0354 | 51 | 253 9 5748 7450 885 1085 112 002
50 8200 4 % I ) 6 6166 7940 865 1063 1088 0032
| 6o o015 & M7 | 80 | 3 4 7048 8460 820 1021 1055  0.36
; 993 5 438 | 63 | 32 5 7450 8720 847 10.02 1035 0038
W0 | 55 91 & 458 | 66 | 348 218 7885 8080 B80T 084 1047 0041 |
Ol L 87 500 | 73 | 388 70 8766 95 786 050 982  0.045
725 85 521 | 76 | 408 208 9210 9750 7.7 935 966 0047
7.50 83 64 542 | 7 | 478 328 9657 9970 767 920 950 0050
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Table from United Steel Deck manual from 2002, Page 29
For a 6’-6” deck span

3 ksi 145 pcf concrete

L; Uniform Live Service Loads, psf *
Slab  #Mn = - 5 2
A i T.50 L] B.50 S0 5.50 4000 1050 19.00 41.50. 12.00

l:lr:|:_|_|:h iin:k
D 1 STUDIFT.

450 403
D MO STUDS

| 40 a0 a0 M0 355 0 35 990 M5 G20 5 47 | * Thi Uniform Live Loads are based an
#he LRFD squation & M, ={LEL = 12088,

Aghough there are other oad combing-
tions that may require invesbgation, this
M0 40 M5 0 ;5 0 395 g0 o 5 S 185 50 will cantrol mostof the lime. The
| S0b 40 400 930 135 GBF G @8 9§10 190 1 equation assumes thana & no nagative
_'H'Au_lﬂﬁ_m_\@;iiﬁ Mﬁ B bending reinforcement over the beams

and tharafare each cormposile slak s a
single span, Two sets of valuss a
shawm; ¢ M is used 1o calculate the
uniform laed when the fll required
numbsar of studs s present; 4, is
usad to calculate the load when no studs
ans present. A straight Bne intarpolation
zan be done i the avarage numizer of
sl & between 2ar0 and the regquinsd
nusmber neaded 1o develop the “ful™
factored moment. The tabulzted loecs
ang chackad for shear controling (it
salgom does), and also limited to & e
lead deflection of 17360 of the span.

16 gage | 18 gage | 19 gage

A0 upper limit of 400 pefhas baen
anpied to the abulated leads. This has
been done to guand ageinst equating
lange concantrated 1o uniform loads.
Concentrated loads may raguire specal
enalysis and design to take cane of
senvicibdity requiramants nol covared
by simply using a unifiorm loed value,
On the other hand, for any load
cambination the valies provided by the
compasite properies can be uzed in the
calzulations,

‘Weilded wire fatricin tha requirad
amount is assumed fior the izble values
waldad wire fabrc s not present,
deduct 105 from the listed neds.

Refer fo the examola prablams forthe
usa of the tables.
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Appendix B
Alternative 2

Non-Composite Steel System



The second alternative bay system I chose to use was a steel non-composite system. I chose to evaluate this system by
using RAM Structural System, 2003 as well. Ilaid out the columns, girders, and beams in the same fashion as the
first alternative in order to keep constancy with both the current system, as well as the alternative systems for more
accurate comparisons. Once again the largest spacing for the deck to span was found to be 6’-2”. I then used the
United Steel Deck manual from 2001 to find the appropriate total surface weight on my structure. The loading from
the concrete can be found on page57 (Appendix B.5). The appropriate slab depth and steel decking can be found on
page 55 of the USD manual (Appendix B.4). I then needed to check to find the appropriate welded wire mesh to
confirm slab depth as well as carrying capacity from page 59 in the USD manual (Appendix B.6). No live load reduc-
tions were used do to the fact that they could not be used on the smaller spans (K;; At is small then 400 sq ft).

At first I had to assume a weight of concrete and decking to see what depth of concrete would be needed to support
my load but after comparing the decking strength and the welded wire mesh to the depth of the concrete I found

that a 5.0” concrete slab could be used with a total slab and decking weight of 48psf.

Loading was found by using the following values:

Live load: 125psf
Dead Load:
Superimposed 25psft
5.0” Slab 48psf
73psf
Total Load: 1.2 Dead + 1.6 Live
Total Load: 1.2(73psf) + 1.6(125psf) = 287.6psf

The welded wire mesh was what actually controlled the depth of the concrete in which a 5” slab over a 6.5’ span
would need to have 44-W2.9 X 2.9 welded wire mesh to support the load or 287.6psf

After all calculations were completed I found that the following values and products to be appropriate for my deck-
ing to span 6.5’ (the minimum manual distance that is greater then the distance between beams) that could still sup-
port a loading of 287.6psf, in the three span condition, with the LRFD reduction factors to be:

UF2X floor system

22 gauge steel

Slab depth of 5.0”

44-W2.9 X 2.9 welded wire mesh
This will support a load of 332psf

The total surface load is then taken to be (not including self weight of the beams and girders):
287.6psf

RAM accounts for all factors on loading and deflection limitations
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I then added an additional line load along the top and bottom of the RAM model to account for exterior wall loads
of: 160.33plf

This was using the assumptions of the average exterior of the building being represented by:
60% insulated aluminum sheet siding with gypsum wall board interior weighing 12psf
40% glass weighing 8psf

Total Exterior load:
0.60(12psf) + 0.40(8psf) = 10.4psf
10.4psf (15>-5” tributary story height)=160.33plf

After applying a 6” overhang the following steel beam types were.
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The largest beam being a 24X68 gave a total depth of:

This added to the slab depth of 5” gave a total floor depth for the structural components to be:
57+23.77=28.7"

B.2



Total depth for the 30’9 bay: 28.7”

Total depth for the 18’ bay:
Depth of a W16X36: 15.9”
Total depth = 15.97+4.57=20.4"

Total depth for the 15-5” bay:
Depth of a W16X31: 15.9”
Total depth = 15.97+4.57=20.4"

Total Weight for the 30’9” bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((4.5)22)+(1)(1MN2 1)+(1)(68)(30’9”) = 45691bs
Weight of decking = (weight of slab and decking)(area of decking)
= (48psf)(30°9”)(21°)=309961bs
Total Weight=45691bs+309961bs=355651bs=35.565k

Total Weight for the 18’ bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((3)22)21")+(1)(36)(18) = 20341bs
Weight of decking = (weight of slab and decking)(area of decking)
= (48psf)(18’)(21°)=18144lbs
Total Weight=20341lbs+181441bs=20178Ibs=20.178k

Total Wight for the 15’ bay:

Total Weight= (Weight of steel)+(weight of decking)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((2.5)22)+HDAMNR )HDB1)(157-57) = 20321bs
Weight of decking = (weight of slab and decking)(area of decking)
= (48psf)(15’5”)(21’)=155401bs
Total Weight=20321bs+15540lbs=17572lbs=17.572k

The longest span does have the largest depth and load, therefore it is the critical beam and will be the beam used for
comparison in the main report. However, one can also see that by splitting the span in 2 parts the depth of the struc-
tural sandwich can be reduced by almost 3/4 of a foot and the weight can be greatly reduced.

B.3



Table from United Steel Deck manual from 2002, Page 55
For a 6’-6” deck span

SECTION PROPERTIES

Metal Thickness L I
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] Triole 302 1 220 250 [ 144 BT | 1887 171/ 81 152 | BE 13758 124 /48
| i Single 3357154 282197 0T | T T6s T TEZ 746 KT TEH T3
l Dauale 3837370 260 133 2277189 | 2001136 177130 158/ 110 142493 1261 B0
Trigle 418 7 288 324 1182 2837148 | Moi122 2217102 1 177173 160/ 63
Singae 484 212 363113 e/ 108 | Z7ajan 246175 197133 17648
: Crousale 505/310 3720321 | 2250281 | ZBG 215 2831178 2261 13 2034129 16834110
Triple BT /39% 463 /252 | 4047204 | J56(788 | 16140 282/ 11B | 253011 2201 B

NQTES

Yented deck wilh 1.5% apen area @ eveilable for uss wih insulating fils. Insuiating Al manufaciurers have determined load capacilies of vadgus combinations of
#1| and deck bl with and withiul famed plastc insulation boards. Refer o a fll marulacturers lileatune for loadng Imialons.

Ry 3 the neenng capacity at an saterior cordiban, R i5 e beanng canachy af an Intenar candition.

UF2X AND UF2XV

a9

B.4



Table from United Steel Deck manual from 2002, Page 57
For a 6’-6” deck span

profile considerations

Draged Mesh Slabs: Deck depth = h; Todal Slab Depth = D; Wire diameter = w.

D=25tad

+d={0-hy2 .
~d=(D-hIZ+h2=0E Th 3.

TOF COVER =0.75 T

O=3

d=(D-hi2-Iw2-075)
+d=(D-h-w2) 4T — :

TOP COVER = 0.75" _

(Mesh & draped, nal layaned.|

=d=(D-0.75- 3w B + =

+d=[0-h-wi) 1
OPCOVER =075

[Mash is drapad, nol layesed,)

[RAPED MESH welded wira fabne eles over 3° deep

drapad aver baam bolsbar

UFs INV. B UF2X
= .02Z34 G, C, =.0781 G, = .0833
a.5" t
- al, 0,268 0250 0237 0245
4.0 T (4] £V 10 3 6
- vl 0310 0.2 0.279 0,285 0,250
as | M 51 I ET; aE b
| e vl 0,352 0,333 0,320 0.328 0,287
sor | 57 a4 £z 54 T,
) al. 0.383 0,375 0,35 0370 na: |
- el B3 B0 5 0 B | ]
Se3 L vl 0435 0.447 0.404 0411 | 0ams
BT & C ] 6 B
i B 0476 0459 | o4es | 0483 0417
T e | M 75 T ! S 72 ]
B | 0518 0.500 1.487 0485 459 |
o e B i I 7 7 71 ’
o ol D580 | o0s42 | 053 1,536 0500 | |

LFFS, LIF1X and UIFX-38 have a b widsh o
12" Tor bl posiive and negatie
pending. Far D < 3" place the mesh in
the centar of the concrele thal is sbove
The ris. For D > 3, mesh ks draped,

not layarad.

x

Iroeted B and UFZY have & b widdh of
12" for postive berding, For negative
bending the b width far Inveried B dedh is
7.5 far UFZX the negedve bending b
witth is 6. For D > 3° mesh is draped,
nct kayered.

The wisighls &re shown in pounds par
soueEre oot and are based on 145 pcf
concrate. Volumes ane in I per i1E G s
thwie vakame of concrete requined fa Tl he
rie. Mulliphy e volame shase in e
taiie iy 144 fa find the gross ama of
concrete in in?ft.
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Table from United Steel Deck manual from 2002, Page 59
For a 6’-6” deck span

concreie slahs on UF2X form deck . unirorm Loaps, psF

|
|
Cl ol | U U L) 0
66 - W2.0x 2.0 1919 | 3.007 | 4.060 | 6.326 157 127 105 88 75 65 57 50 44
B6-W2.9x29 1904 | 2962 | 5785 | 8.921 224 18 150 126 107 93 81 m 63 56

66 - W40 x 4.0 | 2.387 | 3.412 | 9975 | 14.062 | 386 313 259 217 185 160 139 122 108 a7
44 -W29x29 | 2404 | 3.462 | 10.893 | 15.463 | ### 342 282 237 202 174 152 133 118 105
44 - W40 x40 | 2387 | 3.412 | 14708 | 20.585 | ### s 381 320 273 235 205 180 160 142

66 - W40 x 40" | 2887 | 3912 | 12135 | 16.222 | ### 381 315 264 225 194 169 149 132 17
44 -W29x29 | 2904 | 3.962 | 13.242 | 17.812 | ### iiifid 343 289 246 212 185 162 144 128
44 - W40 x 4.0 2887 | 3912 | 17.948 | 23825 | ## i wi 389 332 286 249 219 194 173

I»;' 44 - W29 x 2.9 | 3.404 | 4.462 | 15501 | 20161 | ### #HH 392 329 281 242 1 185 164 146
o 44 - W40 x 4.0 3.387 | 4412 | 21.188 | 27.065 | ### g with i T 325 283 249 220 197

44 - W40 x40 | 3.887 | 4912 | 24.428 | 30.305 | ### L2 g it #i 364 N7 279 247 220

44 - W40 x40 | 4387 | 5412 | 27.668 | 33.545 | #= L] i i i 351 308 273 244

i

44 - W40 x 4.0 | 4.887 | 5.912 | 30.908 | 36.785 | ## aEz #HH

i

i i 385 338 299 267

24.gage 22gage 20gage —

66 - W2.0x2.0" 1919 | 2507 | 4.080 | 5.274 194 153 124 103 86 73 63 55 48
66 -W2.9x29 1904 | 2462 | 5785 | 7.414 273 215 174 144 121 103 89 78 68

66 - W4.0 x 4.0 2.387 | 2912 | 9.975 | 12.015 s 349 283 234 196 167 144 126 10 98
44 - W29 x 29 2404 | 2,962 |10.893 | 13.248 | ### 385 312 258 216 184 158 139 122 108
44 - W4.0 x 4.0 2387 | 2012 | 14.708 | T7.500 | #u# #i# H 342 288 245 n 184 162 143

B6 - W4.0 x 4.0° | 2.887 | 3.412 | 12135 | 14175 | ### #it 334 276 232 197 170 148 130 115
44 - W29 x 2.9 2804 | 3462 | 13.242 | 15.507 | & L] 387 303 255 217 187 163 143 127
44 - W40 x 4.0 2887 | 3412 | 17.948 | 20.839 | ##H it it it 341 290 250 218 192 170

44 - W29 x 29" | 3404 | 3.962 | 15591 | 17.946 | ### #i i 349 293 250 215 188 165 146
44 - W4.0 x 4.0 3387 | 3.912 | 21188 | 24.079 | ### b bz i 393 335 289 252 221 196

44 - W4.0 x 4.0 3.887 | 4.412 | 24.428 | 27.319 | #u# e i i i 380 328 286 251 222

44 - W40 x 4.0 | 4.387 | 4.912 | 27.668 | 30.559 | #u# Hh #an #in s i 367 320 281

44 - W40 x 4.0° | 4.887 | 5412 | 30.908 | 33799 | ### e it i His Hat ittt 353 kall
—— 22gage 20 gage 18 gage 16 gage-

Slab, +d, and -d are in inches.

+M and -M are in kip inches. (per foot of width).

* A, does not meet ACI criterion. (.0018 A, for temperature steel.)
Heavy lines are based on three span conditions.

### means the calculated live loads exceed 400 psf.

DRAPED MESH CONSTRUCTION
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The third alternative bay system I chose to use was a open web steel joist system. I also chose to evaluate this system
by using the RAM Structural System, 2003. I laid out the columns, girders, and beams in the same fashion as the
first and second alternative in order to keep constancy with both the current system, as well as the other alternative
systems for more accurate comparisons. I chose to space joist 2’ apart, and they will run parallel to the 21’ girders.
The 21’ direction was chose due to the large span of 30’-9” controlling the spanning direction for the entire floor
system. The constancy with spanning direction is preferred due to necessity to order differing lengths of joist as well
as confusion on the job site if changing of joist direction is implemented. I then used the United Steel Deck manual
from 2001 to find the appropriate total surface weight on my structure. The loading from the concrete can be found
on page57 (Appendix C.5). The appropriate slab depth and steel decking can be found on page 52 of the USD
manual (Appendix C.4). The appropriate welded wire mesh can be found on USD page 58 (Appendix C.6). No live
load reductions were used do to the fact that they could not be used on the smaller spans (Ki; At is less then 400 sq
ft).

At first I had to assume a weight of concrete and decking to see what depth of concrete would be needed to support
my load but after comparing the decking strength and the welded wire mesh to the depth of the concrete I found
that a 2.5” concrete slab could be used with a total slab and decking weight of 27psf.

I found the joist weight by first estimating a weight and using RAM to find a good estimate of the joists to be used. I
then used this value to find the exact joist that would hold the total weight of the slab, decking, and self-weight from
page 23 of the New Columbia Joist Company Steel Joist and Joist Girders manual from 2002 (Appendix C.7). I con-
tinued to work between RAM and the manual until both the manual and RAM values for the joist matched. The
self-weight of the 16K3 joists was found to be 6.3plf which when divided by the tributary width of 2’ was found to be
3.15psf.

Loading was found by using the following values:

Live load: 125psf
Dead Load:

Superimposed 25psft

2.5” Slab 27pst

16K3 Joist 3.15 psf

55.15psf

Total Load: 1.2 Dead + 1.6 Live
Total Load: 1.2(55.15psf) + 1.6(125psf) = 266.18psf

The welded wire mesh to support this load over the depth of the concrete in which a 2.5” slab over a 2’ span would
need to have 66-W 1.4 X 1.4 to support the load of 272psf.

I found that this system needed:
2.5” slab

16K3 Joist

28 gage UFS Form deck

66-W 1.4X 1.4

The total surface load is then taken to be (including the self-weight of the joists and not including self-weight of the
girders):266.18psf.

RAM accounts for all factors on loading and deflection limitations

C1



I then added an additional line load along the top and bottom of the RAM model to account for exterior wall loads

of: 160.33plf

This was using the assumptions of the average exterior of the building being represented by:
60% insulated aluminum sheet siding with gypsum wall board interior weighing 12psf

40% glass weighing 8psf
Total Exterior load:
0.60(12psf) + 0.40(8psf) = 10.4psf
10.4psf (15>-5” tributary story height)=160.33plf
After applying a 6” overhang the following steel beam types were .

v w Floor Map
I FAM Steel vB 1

““ DataBasze: FDA-CDEH Laboratory Fleor Open Joist Slab System
riesins) Building Code: IBC

10/26/05 00:36:46

Floor Type: First

A W12w14 W12v14 W12x14
S o iy ToF2 B TOF.Z I TOFZ i
i TEF.3 TER.3 TEFR.3
g o 16 pr TER.3 p TEFR.3 -
: o 16F.a o ToFa o T6R3 k-
i = 16K3 @ 16K3 o T0K3 =
B e 63 = TRRa = TBK3 £
TR 164 T6F.a T6K3
- WIZXT8 PR ES WIZ14
S i 163 + TEK3 £3 T6K2 e S
Iy 16Ka TER.3 TEFR.3
i TEF.3 TER.3 TER.3 -
i g T6R3 @ TER3 o TBR.3 &
! s 1BR3 & EE% & 15?3 e
| 16K =
L 5 16K3 = T K3 =
2 hy 18R TER.3 TEF.3
N o r WIS T WITKTZ T WTOxT i
L 16K3 § TER.3 i TER.3
- 16K3 TGRS TER3
| 1BR TEF.3 TBR3
' 16K3 16K3 T0K3
! 16K3 16K3 16K3
: - 16Ra p ToRa py T6FR3 e
! E 18R © TER.3 © TEF.3 =
! r THR.3 < TER.3 = TER.3 =
| 3 6K 2 TEF.3 2 TBK3 S
i T6K3 - T6K3 - T6K3 -
| T6R.a Toka T6R3
| TEF.3 TER.3 TEF.3
5 TER3 TEF.3 TER3
rain 16K3 16K3 16K3
I A Wikxid i W14 s WiZx1d =
| & 7 [ 8 ) [ 9 [ 10 )
’ 4 e * d p " g

The largest beam being a 24X62 gave a total depth of:

This added to the slab depth of 2.5” gave a total floor depth for the structural component to be:

2.57+123.7°=26.2"

C.2



Total depth for the 30’9 bay: 26.2”

Total depth for the 18’ bay:
Depth of a W18X35: 17.7”
Total depth = 15.77+4.57=22.2"

Total depth for the 15-5” bay:
Depth of a W16X26: 15.7"
Total depth = 13.77+4.5"=20.2

Total Weight for the 30’9” bay:

Total Weight= (Weight of steel)+(weight of decking)+(weight of joists)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((0.5)(12)+(1)(14)(21")+(1)(62)(309”) = 2326.51bs
Weight of decking = (weight of slab and decking)(area of decking)
= (27psh(30'9”)(21")=17435.251bs
Weight of Joists=(weight of joist)(area joist support)
=(3.15psH)(30°9”)(217)=2034.1125lbs
Total Weight=2326.5lbs+17435.25lbs+2034.1125lbs=21795.91bs=21.7959k

Total Weight for the 18’ bay:

Total Weight= (Weight of steel)+(weight of decking)+(weight of joists)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((0.5)(12)+(0.5)(14)N2 1)+(1)(35)(18’) = 9031bs
Weight of decking = (weight of slab and decking)(area of decking)
= (27psh)(18’)(21")=10206lbs
Weight of Joists=(weight of joist)(area joist support)
=(3.15psf)(18’)(21")=1190.71bs
Total Weight=9031bs+10206lbs+1190.71bs=12299.71bs=12.2997k

Total Wight for the 15’ bay:

Total Weight= (Weight of steel)+(weight of decking)+(weight of joists)
Weight of steel= ) (weight of each piece)(length of each piece)
= ((L5)(14))Q21)+(1)(26)(15’-5”) = 841.831bs
Weight of decking = (weight of slab and decking)(area of decking)
= (27psH)(15°5”)(21°)=8741.251bs
Weight of Joists=(weight of joist)(area joist support)
=(3.15psf)(15°5”)(21°)=1019.8125Ibs
Total Weight=841.831bs+8741.25lbs+1019.81251bs=10602.91bs=10.6029k

The longest span does have the largest depth and load, therefore it is the critical beam and will be the beam used for
comparison in the main report. However, one can also see that by splitting the span in 2 parts the depth of the struc-
tural sandwich can be reduced by almost half foot and the weight can be reduced by almost half.

C.3



Table from United Steel Deck manual from 2002, Page 52
Fora 21’ span

SECTION PROPERTIES

Metal Thickness Wwt. 1,
Inches (psf) (in.3)
|26 0.0179 1.00 0.015 : 0.046 0.047 1956 547 797 2321 826 1104
24 0.0239 1.00 0.020 0.065 0.064 2595 864 1670 3087 1238 2323
22 0.0295 1.50 0.025 0.080 0.079 3224 1248 2803 3787 1690 3773
UFs
) 30" cover |
J = I = -11%
% — PSRNV D N N A" A" A e Wa WY,
. o L 13"
24" Pitch T%
approx. scale: 1%" = 1'0"

UNIFORM TOTAL LOAD / Load that Produces /180 Deflection, psf

Gage c:::fl?tri.on S 6 ] 30" AN S R |
Single 216/131 138 /67 96/39 71125 29/6

28 Double 2197316 1411162 98 /94 72159 55/40 44/28 35120 29/15 25112

Triple 2721 247 1751127 122173 90/ 46 69/ 31 55/ 22 44 (16 37/12 31/9

Single 276/ 164 177184 123149 90/31 69/21 56/14 4/ 1 36/8 36

26 Double 2781395 1791202 124 1117 92/74 70/ 49 56 /35 45/(25 37119 31715

8 Triple 345/300 |[|222/158 155 /82 114 /58 88 /39 69/27 56 /20 46115 39/1

P~ Single 390/219 ||250/ 112 173165 127141 98 /27 77719 62114 52/ 11 4318

Double 3781527 ||243/270 | 169/156 | 125/98 96 /66 76 /46 61/34 51125 43/20

Triple 469 /412 302 /211 2111122 185 /77 119 /52 94736 76/ 26 63 /20 53/15

Single 4801274 ||307/140 213/81 157151 120134 95/24 77118 63713 53/10

Double 466 /659 |[300/337 209/195 154 /123 118/82 93/58 76142 63/32 53/24

Triple 579/515 ||373/264 261/153 192 /96 147/ 64 116 /45 94 /33 78125 86 /19

Single 3427131 219167 152/39 12125 85/16 68/12 55/8 45/6 38/5
Double 2571316 ||206/162 154 /94 114 /59 87140 €9/28 56/20 46 /15 39/12
Triple 2027247 [[2347127 192773 142746 1089731 BB 22 70716 58112 4979
Single 437164 280784 1947149 143731 109/ 21 86714 70711 5878 4978

434395 ||281/202 | 196/117 144 /74 111748 88/35 71125 59/19 49/15
502/309 |[348/158 244192 180/58 138/39 109727 89/20 73115 62/ 11
617/219 |[395/112 274 /65 202741 154127 122718 99/14 82/ 1 69/8
590/527 |[382/270 | 267/156 197 /98 151/66 119/46 97 /34 80/25 67/20
729/412 |[473/211 | 331/122 245177 188 / 52 149736 121/26 100/20 84/15
760/274 ||486/140 338781 248151 190/ 34 150/ 24 122118 100/ 13 84./10
Double 7281659 |[471/337 | 329/195 | 243/123 186/ 82 147158 119/ 42 99/32 83/24
Triple || 839/515 ||584/264 | 409/153 302796 232 64 184 /45 149/ 33 123125 104 /19

NOTES:

R, is the bearing capacity at an exterior condition. R; is the bearing capacity at an interior condition.




Table from United Steel Deck manual from 2002, Page 57
Fora 21’ span

B profile considerations

Draped Mesh Slabs: Deck depth = h; Total Slab Depth =D; Wire diameter = w.
D=25"t03" \ yrtal UFS, UF1X and UFX-36 have a b width of
oy ih A \tdy, 1 12" for both positive and negative
+d=(D-h)2 ) B . . . £ |D bending. For D < 3" place the mesh in
- d=(D-h)2+hi2 = D2 h - v, the center of the concrete that is above
TOP COVER =0.75 L.g the ribs. For D > 3", mesh is draped,
not layered.
D>3"
-d=(D-h/2-3w2-0.75")
+d=(D-h-w2) .d ] | D
TOP COVER = 0.75" !
(Mesh is draped, not layered.)
\ \ Inverted B and UF2X have a b width of

-d=(D-0.75-3wf2 W 12" for positive bending. For negative
+d=((D_h_w;2) ) dﬁ' 2 & i b 5|*d] p bending the b widlh for Inverted B deck is

i o - ] v . . = 7.5 for UF2X the negative bending b
TOP COVER =0.75 b \‘_\ Jin\ /_\_/_\_/—u b width is 67, For D > 3" mesh is draped,

not layered.
(Mesh is draped, not layered.)
DRAPED MESH welded wire fabric slabs over 3" deep
draped over beam bolster .
\ %" cover .
slab - x
depth - !
:{ \ uniform deck E‘

FORM DECKS weights and volumes

h Dep 0234 04 054 D78 D8 The weights are shown in pounds per
square foot and are based on 145 pef
2.5" Wit Vif concrete. Volumes are in ft.? per ft2 C,is
7 Vol 0.185 the volume of concrete required to fill the
3.0" Wit 33 30 28 ribs. Multiply the volume shown in the
z Vol 0.226 0.208 0.195 table by 144 to find the gross area of
3.5 Wi 19 y 36 Y1 6 concrete in in?/ft.
% Vol. 0.268 0.250 0237 . 0.245
4.0" Wit 45 42 40 4 36
B Vol. 0.310 0.292 0.279 0.286 0.250
a.5" Wit 51 48 46 48 42
z Vol. 0.352 0.333 0.320 0.328 0.292
5.0" Wt 57 54 52 54 48
Z Vol. 0.393 0.375 0.362 0.370 0.333
5.5~ Wt 63 60 59 60 54
] Vol. 0.435 0417 0404 0411 0.375
6.0" Wit 69 66 65 66 60
3 Vol. 0.476 0.458 0445 |E 0.453 0417
6.5" Wt 75 73 M 72 67
e Vol. 0.518 0.500 0.487 0.495 0.459
7.0" Wt 81 79 77 78 73
: Vol. 0.560 0.542 0.528 0.536 0.500

FORM DECK SLABS




Table from United Steel Deck manual from 2002, Page 58
Fora 21’ span

Spans, feet
21gn

30" 33"

| 66 - WTdx 147 0960 | 1250 | 1423 | 1.848 103 89

25 66 - WZ U X 20" 0969 | 1.250 | Z.008 | 2615 385 304 246 203 17 146 126
66 - W2.9 x 2.9 0969 | 1.250 | 2.856 | 3.737 e il 352 291 244 208 179

1
66 - W14 x 1.4* | 1219 | 1.500 | 1.801 | 2.226 327 259 210 173 146 124 107
3.0" 66 - W2.0 x 2.0* | 1.219 | 1.500 | 2.548 | 3.155 367 2071 245 206 176 162
66 - W29 x 29" | 1.219 | 1.500 | 3.839 | 4.520 HH i 352 295 252 217

W L 370 319

66 - Wa.0 x 40" | 2.825 | 2.131 | 11.865 | 8.866 i wat bz

4.0" 66 - W2.9 x 2.9* | 3.392 | 2681 | 10.287 | 8.218
5 66 - W4.0 x 4.0* | 3.325 | 2.631 | 14.025 | 11.026

g
#H
v 66 - W2.9 x 29" | 2.842 | 2.181 | 8.721 | 6.852 #it Hht
3.5
i
i
fiiidid

i

el jizz2d
i HH i W i 395
it fiiiiid i fizizid iz fiz

28gage 26 gage I 24 gage —'

concrete slahs on UFIX form deck . unirorm Loans, psr

Spans, feet
40" 46"

3.0" 66 - W2.0 x 2.0* | 1.000 | 1.500 | 2.075 | 3.155 | #

66-W29x29 | 1.000 | 1.500 | 2.954 | 4.520 | #4# 37 257 189 145 114 93 77 64

86 - W40 x40 | 2387 | 1.912 | 9975 | 7.921 | ## #HH i 380 291 230 186 154 129 110
3.5" 44 -W29x29 | 2404 | 1.962 | 10.893 | 8.817 | ## fizi2 3 HH #ih 324 256 207 171 144 123

44 -WA0x 40 | 2387 | 1.912 [14.708 | 11.628 | s #HiH HH i i 338 274 226 190 162

66 - W40 x40 | 2887 | 2412 | 12.135 | 10.081 | # HH 1 i 371 293 237 196 165 140
4.0 44 -W29x29 | 2904 | 2462 [13.242 | 11.166 | ### #HH HH HH i 324 263 217 182 155

44 - W40 x 40 | 2887 | 2412 [17.948 | 14.868 | ### #HH i iz el 4 350 289 243 207
45" 44 -W2.9x29 | 3404 | 2962 | 15591 | 13515 | #ut HH i 1 i 393 318 263 221 188 |

3 44 -W4.0x 4.0 | 3.387 | 2912 [21.188 | 18.108 | ## HH i i i i i 352 296 252
5.0" 44 - W40 x 4.0 | 3.887 | 3.412 |24.428 | 21.348 | ### 14 i i i i i #H 349 297
5.5" 44-W40x 4.0 | 4.387 | 3912 | 27.688 | 24.588 | i i i H HH HHH i £ 342
6.0" 44 -W4.0 x40 | 4.887 | 4.412 | 30.908 | 27.828 | i i i i HH ot i HHH
26gage 24 gage 22 gage 20 gage

concrete siahs on UFK-36 form deck . unirorm Loaos, psk

Spans, feet
56" 60"

™ 3g" a0

3.0 66 - W2.0 x 2.0 0.844 | 1500 | 1.738 | 3.155
66 - W29 x 29 | 0.844 [ 1500 | 2.465 | 4.520 158 121 95 77 64 o4 40
66 - W40 x40 | 2075.| 1.756 | 8.625 | 7.246 348 266 210 170 141 18 101 86 75 66

3.5 4-W29x28 | 2092 | 1.806 | 9.425 | 8.083 388 297 235 190 157 132 113 97 84 74
44 -W4.0 x40 | 2075 | 1.756 | 12.683 | 10.615 | ### 390 308 250 206 173 148 127 m a7

66 - W4.0x 4.0 | 2575 | 2.256 | 10.785 | 9.408 f 346 273 221 183 154 131 12 98 86
4.0" 44 -W29x29 | 2592 | 2306 | 11.774 | 10.432 | #H 384 303 245 203 170 145 125 109 95

44 - W40 x40 | 2575 | 2.256 | 15.923 | 13.855 | ## T i 326 269 226 193 166 144 127
4.5" 44 -W29x29 | 3.092 | 2.806 | 14.123 | 12.781 | ### wig 371 301 249 209 178 163 133 17

44 -W4.0x 4.0 | 3.075 | 2.756 | 19.163 | 17.095 | ### nig #HH HHH 332 279 238 205 178 157
5.0" 44 -W40 x40 | 3575 | 3.256 | 22403 | 20.335 | #H# W i diad 395 332 283 244 212 186
5.5" 44 -W4.0 x40 | 4075 | 3.756 | 25.643 | 23.575 | ### ditg B i iz 385 328 283 246 216
6.0" 44 - W4.0 x 4.0 | 4.575 | 4.256 | 28.883 | 26.815 | ### it £ i i HH 373 N 280

26gage I 24 gage 22gage 20gage —| ‘




Table from New Columbia Joist Company Steel Joist and Joist Girders manual 2002, Page 23
Fora 21’ span

STANDARD LOAD TABLE

FOR OPEN WEB STEEL JOISTS, K-SERIES

Based on a Maximum Allowable Tensile Stress of 30 ksi
Adopted by the Steel Joist Institute November 4, 1985;
Revised to May 1, 2000 — Effective August 1, 2002

The black figures.in the following table give the TOTAL safe
uniformly_distributed load-carrying capacities, in pounds
per_linear foot, of K-Series Steel Joists. The weight of
DEAD loads, including the joists, must be deducted to
determine the LIVE load-carrying capacities of the joists.
Sloped parallel-chord joists shall use span as defined by
the length along the slope.

The figures shown in RED in this load table are the LIVE
loads per linear foot of joist which will produce an approxi-
mate deflection of 1/360 of the span. LIVE loads which will
produce a deflection of 1/240 of the span may be obtained
by multiplying the figures in RED by 1.5. In no case shall

The approximate joist weights per linear foot shown in
these tables do not include accessories.

The approximate moment of inertia of the joist, in inches®is;
I; = 26.767(Wy, )(L°)(10°), where Wy, = RED figure in the
Load Table and L = (Span - .33) in feet.

For the proper handling of concentrated and/or varying
loads, see Section 5.5 in the Recommended Code of
Standard Practice for Steel Joists and Joist Girders.
Where the joist span exceeds the unshaded area of the

load table, the row of bridging nearest the mid-span shall
be diagonal bridging with bolted connections at the chords

the TOTAL load capacity of the joists be exceeded. and intersections.

STANDARD LOAD TABLE/OPEN WEB STEEL JOISTS, K-SERIES
Based on a Maximum Allowable Tensile Stress of 30 ksi

Joist [ gy || 10K1 || 12K1| 12K3 | 12k5 || 14K1 | 14K3 | 14ka | 14ke || 16K2 || 16K3 16K4| 16K5 | 16K6 | 16K7 | 16K9
Designation !
Depth (in.) 8 10 12 12 12 14 14 14 14 16 16 16_| 16 16 16 16
Approx. Wt
(Ibs /1) 5.1 5.0 605 |57 |2 71 52 | 60 | &7 77 55 | 63 | 70 | 75 | 81 86 | 100
SDa;\ (ft)
8 550
| 550 |
9 550 ~
550
10 550 550
480 550
11 532 550
a7 542
12 444 550 550 | 550 | 550
288 455 550 | 550 | 550
13 377 47 550 | 950 | 550 [
225 367 510 | 510 | 510
14 324 41z 500 | 550 | 550 550 | 550 | 550 | 540
179 288 425 | 463 | 483 550 | 550 | 550 | 550
5 281 3 434 | 543 | 550 511 | 550 | 550 | 550
145 234 344 | 428 | 434 475 | 507 | 507 | 507
16 246 13 380 | 476 | 550 448 | 550 | 550 | 550 550 | 550 | 550 | 550 | 550 | 550 | 550
119 92 282 | 351 | 396 390 | 467 | 467 | 467 550 | 550 | 550 | 550 | 550 | 550 | 550
17 277 336 | 420 | 550 395 | 495 | 550 | 550 512 | 550 | 550 | 550 | 550 | 550 | 550 |
59 234 | 291 | 366 324 | 404 | 443 | 443 488 | 526 | 526 | 526 | 526 | 526 | 526 |
18 246 299 | 374 | 507 52 | 441 | 530 | 550 456 | 508 | 550 | 550 | 550 | 550 | 550
34 197 | 245 | 317 72 | 339 | 397 | 408 409 | 456 | 490 | 490 | 480 | 490 | 490
19 221 335 | 454 15 | 395 | 475 | 550 408 | 455 | 547 | 550 | 550 | 550 | 550
13 167 | 207 | 269 230 | 287 | 336 | 383 347 | 386 | 452 | 455 | 455 | 455 | 455
20 99 247 | 302 | 4 284 | 356 | 428 | 525 368 | 410 3 | 550 | 550 | 550 | 560
| g7 42 177 230 9 46 287 47 247 426 26 426
21 218 | 273 | 310 257 | 222 | 388 | 475 333 | 371 | 447 | 503 550 | 550
= 163 | 108 212 | 248 | | 333 | 373 | 405 | 406 | 406
— 99 | 249 | 337 234 353 | 432 i 406 | 458 | 498 | 550 | 550
06 | 132 | 172 147 | 184 | 215 | 258 222 | 247 | 2809 | 223 | 351 | 385 | 385 |
Z3 61 227 | 308 214 | 268 | 322 | 395 Zi7 | 308 | 371 418 | 455 | 507 | 550
93 116 | 150 128 | 160 88 | 276 94 | 216 | 252 | 282 | 307 | 339 | 363
24 166 | 208 | 282 1 245 | 295 | 362 754 | 283 | 340 | 384 | 418 | 465 | 550
81 101 | 132 113 | 141 65 | 199 70 | 189 | 221 | 248 | 269 | 298 | 346
25 180 | 226 | 272 | 334 734 | 260 | 313 | 353 | 384 | 428 | 514
100 24 | 145 | 175 1650 | 167 | 195 | 219 | 238 | 263 | 311
76 166 | 209 | 251 | 308 216 | 240 A6 | 355 | 395 | 474
88 110 | 129 | 156 133 | 148 | 173 | 194 | 211 | 233 | 276
27 1547 193 | 233 | 285 200 | 223 | 268 | 302 | 329 | 3686 | 439
79 98 115 | 139 119 32 | 155 | 173 | 188 | 208 | 246
Z8 143 | 180 | 216 | 265 186 | 207 || 249 | 281 | 340 | 408
70 88 103 24 1086 18 | 138 | 155 | 168 | 186 | 220
29 173 T3 || 232 | 261 | 285 | 317
95 06 |l 124 | 139 | 151 | 167 98
30 161 80 | 216 | 244 | 266 | 296 | 355
86 96 112 | 126 a7 | 151 78
31 51 [P BB | 203 | 228 | 249 | 277 32
| 78 87 101 4 24 | 137 6
32 142 | 158 | 240 233 | 259 | 31
| 71 L 79 | 92 pa | 112 | 124 | a7
23
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Appendix D
Alternative 4

Two-Way Concrete System



For my fourth alternative I chose to use the material of the current structure (concrete), however, I am going to try an
alternative 2-way system. I used the CRSI 2002 edition to find the slab information needed.

Each bay was designed separately due to the different sizes using chapter 10 (two-way systems) of the CRSI manual.
Each span may also have different loading conditions depending on the allowed live load reduction.

Each slab had to be looked at as if were square due to the 2-way system being used for equal widths and depths. 1
will go over the each bay by it largest length to ensure that they system will hold the required loading.

For the 30’-9” span
The bay is considered 31’ X 31’ external
Live load reduction (from ASCE7-02 equation 4-1)
L=L,(0.25 + 15/V(K,;Ap)
K. = 1 (from ASCE7-02 table 4-2)
Ar=30.75x 21 = 645.75 sq ft
KAt is greater then 400 sq ft therefore live load reduction can be used
L=(125ps0)(0.25 + 15/9/(1 x 645.75)) = 105psf
Live load with reduction 105psf

Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(105psf) = 213.5psf

Using page 10-25 (Appendix D.6) of the CRSI I found the following characteristics needed to support this span with
a load of 213.5psf:

Drop panels with a 9.00” depth by 10.33” width.
Columns that are 24” square
Column Strip Reinforcement:

Top External: 17-#5

Bottom: 18-#8

Top Internal: 14-#8
Middle Strip Reinforcement:

Bottom: 12-#8

Top Internal: 13-#7

The load limit of 300psf greatly exceeds the required strength of 213.5psf.

Total Depth: 19.5”
Slab Depth: 10.5”
Drop Panel Depth: 9”

Weight per bay = (Area of concrete structure)(150pcf)
Area slab = (10.5”)(30’-9”)(21")=565cf
Area drop panels = (9”7)(10.33°)(10.33’)=80cf
Total Area = 565cf+80cf=645cf

Weight per bay
=(645pcf)(150pcf)=967501bs=96.75k
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For the 18’ span

Live load reduction (from ASCE7-02 equation 4-1)
L=1,(0.25 + 15/V(K_ A7)
KL= 1 (from ASCE7-02 table 4-2)
Ar=15.4167 x 21 = 323.75sq ft
KAt is less then 400 sq ft therefore live load reduction can not be used

Live load is 125psf
Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(125psf) = 247 .5psf

The bay size is considered 21’ X 21’ external (Due to the depth being shorter then the width of 21°)

Using page 10-11 (Appendix D.4) of the CRSI I found the following characteristics needed to support this span with
a load of 247.5psf:

Drop panels with a 6.00” depth by 7.00’ width.
Columns that are 19” square
Column Strip Reinforcement:

Top: 14-#5

Bottom: 19-#4
Middle Strip Reinforcement:

Top: 14-#4

Bottom: 12-#4

The load limit of 300psf greatly exceeds the required strength of 247.5psf.

The total depth of this slab system is :

Total Depth: 13”
Slab Depth: 7”
Drop Panel Depth: 6”

Weight per bay = (Area of concrete structure)(150pcf)
Area slab = (77)(18°)(21')=220.5cf
Area drop panels = (6”)(7°)(7")=24.5¢f
Total Area = 220.5¢f+24.5cf=245cf
Weight per bay
=(245pcf)(150pcf)=367501bs=36.75k

For the 15™-5” span

Live load reduction (from ASCE7-02 equation 4-1)
L=1,(0.25 + 15/V(K;;Ap)
K. = 1 (from ASCE7-02 table 4-2)
Ar=18x21=378sq ft
K At is less then 400 sq ft therefore live load reduction can not be used
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Live load is 125psf
Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(125psf) = 247 .5pst

The bay size is considered 21’ X 21’ internal (Due to the depth being shorter then the width of 21’)

Using page 10-11 (Appendix D.5) of the CRSI I found the following characteristics needed to support this span with
a load of 247.5psf:

Drop panels with a 6.00” depth by 7.00’ width.
Columns that are 16” square
Column Strip Reinforcement:

Top External: 12-#4

Bottom: 19-#5

Top Internal: 2244
Middle Strip Reinforcement:

Bottom: 19-#4

Top Internal: 16-#4

The load limit of 300psf exceeds the required strength of 247.5psf.

Total Depth: 13”
Slab Depth: 7”
Drop Panel Depth: 6”

Weight per bay = (Area of concrete structure)(150pcf)
Area slab = (77)(15°-5")(21°)=189cf
Area drop panels = (6”)(7°)(7°)=24.5¢f
Total Area = 189c¢f+24.5¢f=213.5¢f

Weight per bay
=(213.5pcf)(150pcf)=320251bs=32.025cf

As one can guess the worst case is the largest span with a total depth of 19.5” and total weight of 96.75k. Both the
other bays were over a half foot shallower with a depth of only 13” as well as almost one third the weight (averaging
around 35k). Although the smaller spans will not be looked at further in this design, they can be used to compare
how making a bay contain smaller spans can allow for a lower total floor sandwich depth and a much lower weight.
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Table from CRSI 2002, Page 10-11

For the 18’ span
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Table from CRSI 2002, Page 10-11

For the 15-5” span
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Appendix E
Alternative 5

One-Way Concrete System



The fifth comparison that I did was a comparison using my current floor system (one-way slab) with a new spacing. |
used the CRSI 2002 to find the slab requirements. Each bay was designed separately due to the different sizes using
chapter 8 (one-way systems) of the CRSI manual. Each span may also have different loading conditions depending on
the allowed live load reduction.

Each slab will have a 1, of 1’ less then the length of the actual span due an assumed square column of 12”7 (6” from
each column supporting the beam).

For the 30’-9” span
The bay is considered 30’ exterior clear span

Live load reduction (from ASCE7-02 equation 4-1)
L=L.(0.25 + 15/+/(K,; A7)

KL= 1 (from ASCE7-02 table 4-2)

Ar=30.75x 21 = 645.75 sq ft

KAt is greater then 400 sq ft therefore live load reduction can be used
L=(125ps0)(0.25 + 15/9/(1 x 645.75)) = 105psf

Live load with reduction 105psf

Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(105psf) = 213.5psf

Using page 8-30 (Appendix E.10) of the CRSI, I found the following characteristics needed to support this span with
a load of 213.5psf:

30” forms

77 ribs width

16” rib depth

37” center to center distance

4.5” slab depth

Reinforcement:
Top bars: #5@8”
Bottom bars: 2-#7

Using page 8-2 (Appendix E.9) of the CRSI, the following welded wire fabric should be placed with the larger diame-
ter wires placed normal to the span of the joints.

4X12-W3.5XW2
The load limit of 260psf exceeds the required strength of 213.5psf.

There is no need for deflection limitation calculations due to the chosen values being above the deflection line on

the table.

Total Depth: 20.5”
Slab Depth: 4.5”
Rib Depth: 16”

Total Weight of slab and joists= (Square area of slab)(weight from CRSI page 8-13) (Appendix E.14).
=(30.75")(21’)(101psf)=65220751bs=65.22k
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For the 18’ span
The bay is considered 17’ interior clear span

Live load reduction (from ASCE7-02 equation 4-1)
L=L.(0.25 + 15/7/(K,; A7)
KL= 1 (from ASCE7-02 table 4-2)
Ar=18x21=378sqft
K Ar is less then 400 sq ft therefore live load reduction can not be used

Live load is 125psf
Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(125psf) = 247.5psf

Using page 8-14 (Appendix E.11) of the CRSI, I found the following characteristics needed to support this span with
a load of 247.5psf:

20” forms

5” ribs width

8” rib depth

25” center to center distance

3” slab depth

Reinforcement:
Top bars: #4 @ 10”
Bottom bars: 1-#3, 1-#4

Using page 8-2 (Appendix E.9) of the CRSI, the following welded wire fabric should be placed with the larger diame-
ter wires placed normal to the span of the joints.

4X12-W2.1XW1.4

The load limit of 273psf exceeds the required strength of 247.5psf.

There is no need for deflection limitation calculations due to the chosen values being above the deflection line on

the table.

Slab Depth: 3”
Rib Depth: 8”

Total Depth: 117

Total Weight of slab and joists= (Square area of slab)(weight from CRSI page 8-13) (Appendix E.15)
=(18")(21")(60psf)=226801bs=22.68k
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For the 15°-5” span
The bay is considered 15’ exterior clear span

Live load reduction (from ASCE7-02 equation 4-1)
L=L.(0.25 + 15/V (K A7)
KL= 1 (from ASCE7-02 table 4-2)
Ar=15.4167 x 21 = 323.75sq ft
K Ar is less then 400 sq ft therefore live load reduction can not be used

Live load is 125psf
Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)
= 1.4 (25psf) + 1.7(125psf) = 247.5psf

Using page 8-14 (Appendix E.12) of the CRSI, I found the following characteristics needed to support this span with
a load of 247.5psf:

20” forms

5” ribs width

8” rib depth

25” center to center distance

3” slab depth

Reinforcement:
Top bars: #4 @8”
Bottom bars: 2-#4

Using page 8-2 (Appendix E.9) of the CRSI, the following welded wire fabric should be placed with the larger diame-
ter wires placed normal to the span of the joints.

4X12-W2.1XW1.4

The load limit of 321psf exceeds the required strength of 247.5psf.

There is no need for deflection limitation calculations due to the chosen values being above the deflection line on

the table.

Slab Depth: 3”
Rib Depth: 8”

Total Depth: 117

Total Weight of slab and joists= (Square area of slab)(weight from CRSI page 8-13) (Appendix E.16)
=(15"5")(21°)(60psf)=194251bs=19.425k

I also made a comparison using my current floor system (one-way slab) with a new spacing and a new direction for
the 30’-9” bay. By making the floor span in the 21’ direction, I will be able to reduce the depth of the concrete, how-
ever, this will cause for discontinuity between each spans direction of span. I used the CRSI 2002 to find the slab
requirements.

Each slab will have a 1, of 1’ less then the length of the actual span due an assumed square column of 12”7 (6” from
each column supporting the beam).
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For the 21’ span
The bay is considered 20’ exterior clear span

Live load reduction (from ASCE7-02 equation 4-1)
L=L.(0.25 + 15/+/(K,; A7)

KL= 1 (from ASCE7-02 table 4-2)

Ar=30.75x 21 = 645.75 sq ft

KAt is greater then 400 sq ft therefore live load reduction can be used
L=(125ps0)(0.25 + 15/9/(1 x 645.75)) = 105psf

Live load with reduction 105psf
Dead load = superimposed dead load = 25psf

Total Load = 1.4 Dead + 1.7 Live (due to the use of 2002 CRSI manual)

= 1.4 (25psf) + 1.7(105psf) = 213.5psf
Using page 8-30 (Appendix E.10) of the CRSI, I found the following characteristics needed to support this span with
a load of 213.5psf:

20” forms

5” ribs width

8” rib depth

25” center to center distance

3” slab depth

Reinforcement:
Top bars: #5 @ 10”
Bottom bars: 2-#5

Using page 8-2 (Appendix E.9) of the CRSI, the following welded wire fabric should be placed with the larger diame-
ter wires placed normal to the span of the joints.

4X12-W2.1XW1.4
The load limit of 233psf exceeds the required strength of 213.5psf.

Due to the chosen values location below the deflection limitation line, a deflection limitation calculation did have to
be performed using the following equation:

Thickness > 1, /18.5
1,=20’
3>(20/18.5)=1.081

This is true, therefore deflection is satisfactory

Slab Depth: 3”
Rib Depth: 8”

Total Depth: 11”

Total Weight of slab and joists= (Square area of slab)(weight from CRSI page 8-13) (Appendix E.17)
=(30.75")(2 1")(60psf)=387451bs=38.745k
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The longest span does have the largest depth and load, therefore it is the critical beam and will be the beam used for
comparison in the main report, however, it will be compared in both spanning directions due to the fact that by
changing the spanning direction the weight of the slab and joists, as well as the depth was reduced by about one half.
Although the two smaller spans are not being compared, the 21’ spanning direction does allow for a good under-
standing of how these shorter spans will reduce weight as well as depth a great deal compared to the larger span.

The next element that needed to be designed was the girders. By looking at the two worst cases (both span directions
of the 30’-9” bay) a good picture of how changing the span direction will greatly effect the girder size and weight.
Also this smaller span will give a good example of what the girders for the smaller bays will be.
Girder Designs (for the 2 worst cases—30’9” X 21’ and 21’ X 30’9”)
Long span design (30’-9” X 21’)
The girder has a 30-9” X 21’ tributary width
Live load reduction (from ASCE7-02 equation 4-1)
L=L.(0.25 + 15/ (K, A7)
K. = 1 (from ASCE7-02 table 4-2)
Ar=30.75x 21 = 645.75 sq ft
KAt is greater then 400 sq ft therefore live load reduction can be used
L=(125psf)(0.25 + 15/ (1 x 645.75)) = 105psf
Live load with reduction 105psf
w, = 1.2 (62.55psf+25psf) + (1.6)(105psf) = 314.1psf
W, = (314.1psf)(21’) = 6596.1plf = 6.6kIf
Girder is spanning 30-9”(2(6")=29-9”

M,= W, L= (6.6kIf)(30-9")* = 780.1’k

8 8
F(,= 41(51
f,= 60ksi
p=0.6pnax = 0.6(0.0206) = 0.0124 (for tension controlled section)
d=20.5"-2.5"=18"

M, < ®M, ~ dpbd*f(1-059p(f,/f )
780.1°k=0.9(0.0124)(bd*)(60ksi)(1-0.59(0.0124)(60ksi/4ksi))(1’/12”)
bd*=15703.6
d=18”
b= 48.5
h=20.5"

W b= (1.2)(48.57)(20.5”)(150pc)/(144in’/1ft)= 1242.8plf = 1.24kIf

M, beam= 780.1k + (1.24k1(30'9")* = 926.66’k
8
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Steel Design

M, < @A AL(1-059p(f,/F )
926.66’k=0.9A,(18”)(60ksi)(1-0.59(0.0124)(60ksi/4ksi))(1’/12”)
A.=12.85in’

Use 6#14 (A=13.5in?

Deflection Check
I= (1/12)(bh’) = (1/12)(48.57)(20.5”) = 34819.46in*
W, = 6.6klf+1.24klf=7.84Kklf (1’/12”)=0.653k/in=6531b/in
E=3.6 X 10°psi

A<L/240
A<(30.75°)(127/1)/240=1.5"

A=5W, L*= ((5)(6531b/in)(30.75)))/((384)(3.6 X 10°psi)(5102in*)=0.000000014"
384El

0.0000000147<1.5”

Beam is more then adiquite for deflection

Assume each column is 12” then beams are spanning length-1’

Weight of beam:
Weight of beam=(area of beam)(150pcf)
=(297-9”)(20.5”")(48.5")(150pcf)=30811.41bs=30.8k (long span)
=(20")(20.5”)(48.5")(150pcf)=20713.541bs=20.7k (short span)

Total Weight of bay (assuming 1/2 of a beam on each side)
=(weight of 2(1/2) beams) + (weight of 2(1/2) beams) + (wieght of slab and joists)
=30.8k + 20.7k + 65.22k=116.72k

Short span design (21’ X 30’-9”)

The girder has a 24-4.5” X 21’ tributary width
Tributary width was found by: ((30-9”+18”)/2) X 21’

Live load reduction (from ASCE7-02 equation 4-1)
L=L,(0.25 + 15/V(K,;Ap)

Ky =1 (from ASCE7-02 table 4-2)

Ar=24.375x21=511.875sq ft

KAt is greater then 400 sq ft therefore live load reduction can be used
L=(125ps0)(0.25 + 15/9/(1 x 511.875)) = 114psf

Live load with reduction 114psf
w,= 1.2 (38.745psf+25psf) + (1.6)(105psf) = 244.494psf
W, = (244.494ps)(24'4.57) = 5959.5plf = 6.0klf

M,= W, L= (6.0klN(21")* = 330.75’k
8 8
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f o= 4ksi

f,= 60ksi

p=0.6pmex = 0.6(0.0206) = 0.0124 (for tension controlled section)
d=11"-2.5"=8.5"

M, < ®M, ~ ®pbd*f(1-059p(f,/f )
330.75’k=0.9(0.0124)(bd*)(60ksi)(1-0.59(0.0124)(60ksi/4ksi))(1’/12")
bd*=6658
d=8.5”
b=92.2"
h=11"

W beam= (1.2)(92.2”)(117)(150pcf)/(144in*/1£t%)=1267.75plf=1.27kIf
M, beam= 330.75’k + (1.27kIN21’)* = 400.76’k
Steel Design
M, < @A f(1-059p(f,/ o))
400.76’k=0.9A,(18”)(60ksi)(1-0.59(0.0124)(60ksi/4ksi))(1’/12”)
A,=5.56in’
Use 649 (A.=6in%)
Deflection Check
I[= (1/12)(bk°) = (1/12)(99.2”)(117)* = 11002.93in*
W, = 6.0klf+1.27klf=7.27klf (1’/12”)=0.605k/in=6051b/in
E=3.6 X 10°psi

A<L/240
AL(21°X127/1°)/240=1.05"

A=5W, L*= ((5)(6051b/in)(21")}%)/((384)(3.6 X 10°psi)(11002.93in*)=0.00003868”
384E1

0.00003868"<1.05”

Beam is more then adiquite for deflection.3
Assume each column is 12” then beams are spanning length-1’

Weight of beam:
Weight of beam=(area of beam)(150pcf)
=(20°)(117)(92.2”)(150pcf)=21129.1671bs=21.1k (short span)
=(29.9’)(11”)(92.9”)(150pcf)=31827.931bs=31.8k (Long span)

Total Weight of bay (assuming 1/2 of a beam on each side)

=(weight of 2(1/2) beams) + (weight of 2(1/2) beams) + (wieght of slab and joists)
=21.1k+ 31.8k + 38.745k =91.645k
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Tables from CRSI 2002, Page 8-2

For all spans

lTup Slab Welded Wire Fabric*™

I'I'lid-mam - Bdar?sﬂ

iond race Cine Way** Square
2 FI@I2* | B H 12W2 T X W14 g x 5-wae xwae
3 #3@IGY | B X 12W2 A W4 |8 K B X Wa
e #3@17 | B X 12W25 X W4 |6 X 6w xwa |

! 4 #3E@NE | 4K 12 W3 K W2 4 ¥ 4-w2,9 X W2S

! | s | #3I@IZ | B K 12W3E X W2 |[4 X 4W35 X W35

PR ciab thick-
* Mamimum spacing permiitsd by ACHT.12.2.2 (5 nmes siab thic

nass -~ 18 in

“* Larger diametar wiras are 1o be placed normal 1o 508

[aIstE.

¥ Commonky avatiaols wire sizes

For the 30-9” span

n of the
lTﬂp Slab Welded Wire Fabric™™™
iThickness | >ars
I {In) |Grade€0 One Way** Square
24 #FI@127 [l X 12W21 X W14 | 6 X W29 XW2E

| 3 #3@15% (4 X 12W2.1 X W14 | 6 X 6B-WaXWE ]
| 3 #3@17 | X122 5 W4 | 6 X GNa RV '
P4 #3@EN5 |4 K 1203 X W2 4% 429 W28
! Al #3@12 |4 X 12-W3.5 X W2 4% 4W35 X W35

* Mamimum snacing permittsd by AGH 712,22 (5 nmes sieo thick-

nass 2 18ing .
= Larger diametar wires are 19 be placed pormal to span of e
|Ists.

R ommon by gatiable wire slzes

lTup Slab 3 Welded Wire Fabric™™™ For the 18’ span
I Thickness ars
l {In) |Grade €0 One Way*™ Sguare
Dl #3@12* |8 X 12W2.1 X W14 | 6 X GW2.9 X W29
| 3 #3@15* |[4 X 12W2.1 X W1.4 | 6 XB-WAXWE ]
‘ 3v. | #3@17 |44 12W2E XA W14 [ 6 X e aATE
| 4 #3@16 |4 X 122W3 X W2 4% 428 X W28
| 4% (#3@12 |ja X 12:W35 X W2 | 4X4W3S A W35

* Mmamum spacing permiited by ACH 7222 (5 nmes slab thick-

nass — 18in. -
r Largar digmetar wiras are 10 be placed normai to soan of the
|[asts.

“EY S omm only avatiable wire zizes

For the 15°-5” span

ITap Slab Welded Wire Fabric™™*
Iﬂidmass . Bars
ioting rads 60 One Way** . Square

2 FI@12* |4 X 12W2.1 X W14 |6 % gawzg xwae
IE #3@16" |4 X 12W2.0 AW1.4 || 6 X 6-Wa X W4 |
| 3 | #3@17 |4 X 12W25 X WL4 || 8 X BwWe XK WE
[ 4 #3@1E |40 12-W3 X W2 4K 4W2.9 XW28
|4 #3124 X 12W35 X W2 |4 K 4WIE A5

“Ew

IR eiab Tick-
 Iasmmum spacing permittsd oy ACHT12.2.2 (5 nmes lep e
nass - fding  h
Largar diameter wiras are 19 be placed normal 19 5030 of the
jarsts.

Commanly avatiable wire sizes

For the 21’ direction of the 30’-9” span
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Table from CRSI 2002, Page 8-30

For the 30’-9” span
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Table from CRSI 2002, Page 8-14

For the 18’ span
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Table from CRSI 2002, Page 8-14
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Table from CRSI 2002, Page 8-13
For the 30’-9” span

TABLE 8-1 CROSS SECTION PROPERTIES — STANDARD JOIST CONSTRUCTION (1)

3-Inch Top Slab 4.5-Inch Top Slab
(2 Gross Gross
Joist Areal® | w4 Ycam |3 Mg | M) | Areal@ |l Wi ¥ gt I3 My, | @
(in2 | tpsf) | Gnd | Gind) | (ftk) | (Ft-kl | (n2 || (psh (in.) gy | G-k | (ko
120.3 5 749 1,104 58| 124 1578 74 1,630 78] 181
B+ 5+20 :
152.3 575 1.582 14.7 | 1898 2.340 19.4
131.3 83| 7.32| 1,254 58| 135 1703 87 1,852 88 178
8+5+ 20 -- - ; . s
163.3 667 | 1700 | 185.8| 202.3 785 | 2528 | 208
04590 133.3 67| 878| 182 82| 17.0/| 1708 a5 985 | 2551 103 218
1 -+ -+ { — S R
173.3 789 | 2504 20.1 | 2108 8.93| 3,659 26.0
0 " 146.3 70| &8s58| 2089 98| 18.4]| 1853 89 965| 2906| 11.9| 237
+ 8+ - B ! .- — :
N 186.3 7.80 | 25801 [ 213 2253 8.83 | 3951 | 275
147.0 74 2789 11 221 | 1845 92| 11.16| 3787| 134 281
12+ 5+ 20 e - o : -
195.0 3,951 26.1 | 2325 10.10 | 5388 333
162.0 78 3,165 201.0 97| 1082| 4300| 156| 305
12 . 5 +20 S S——
. 210.0 4264 249.0 997 | 5818 35.2
150.3 54 1,223 202.8 72 889 | 18123 8.1 10.8
8+5+30 : - S
180.3 1914 2428 B.O8 | 2825 | 253
1613 56 1,393 2153 75/  8.74| 2058 93! 218
8+6+30 : e :
201. 2,051 255.3 799 | 3008 | 258
163.3 58 2032 215.8 77| 1035 2841 08| 271
10 + 5+ 30 - — .
2133 3,145 265.5 035 | 4422 339
s 176.3 &1 2,307 230.3 ao|| 1006 3227 126 294
226.3 3,366 280.3 924 | 4737 354
177.0 83 3,128 229.5 82| 1177 4218 142 352
12 + 5+ 30 ~ . ~ -
237.0 4750 289.5 10.57 | 8520 435
o 192.0 a7 3,541 246.0 85| 11.53| 4783| 164 380
T 952.0 5,124 20680 1045 | B.979 45.6
1913 BB 4,549 2438 g7|| 1313 s5988| 180 44
14 41 5 S 3C - — i R N I—————————
261.3 5,905 338 11.76 | 9,174 53.8
208.3 72 5,13 262.3 g1 286 | 6773| 208 474
14 4+ 5 + 30 e e e — H S e
278.3 7,382 44| 3323 1162 ] gae 56.4
) 205.3 78 7127 2200 455| 2782 97 8,23 258 575
1B+ /=230 SR — - S - — — — -
053 10,197 54,1 | 3593 | AR |
e 2443 a3 | 780 | 248 483 2998 101 3. 24 292, A12
T 3242 | 10.844 5665 | 3798 2684 | 14137 711
. . 261.3 N 12460 | 325 A30| 5153 el 1685 ) 157AE| 374 794
M+ 5+ 3 - S I —— - i i — SR
. 261.3 17.741 | 7EA | 4153 1505 | 22,454 | 930 |
— = =4
284 3 96 3783 | 386  B7.0| 3398 sl 1e33 4 422 243
0+ 7 =30 SR i i B e St it ptatll I ) T
| 3843 ' 5,854 704 | 4398 489 38.1
» = | tp 12,
second value 1s the riby width, and the third valug 1 the pan width {in)
n; SECOn: 3 tapered end.
50 pef ladded weight of tapars 15 neglectad. ]
COMNCRETE REINFORCING STEEL INSTITUTE
3-13

E.14



Table from CRSI 2002, Page 8-13
For the 18’ span

TABLE 8-1 CROSS SECTION PROPERTIES — STANDARD JOIST CONSTRUCTION (1)

3-Inch Top Slab ‘ 4.5-Inch Top Slab
2 Gross Gross
Joist Arealdl | w4 v:aial ()] +M, | _Mcr{ﬂl Areal?) | Wt 4 ch{al |3 +M,, _Mcl,cal
(in?) | Cpsf) || (in) | Gin4) | (Ft-kd | (ft-k) | (in2 | (pad {in.) () | (k) | (fiek)
: 120.3 5 749 1,104 5.8 12.4 | 1578 79 1,630 78| 184
+5+20 t
152.3 575 | 1.582 14.7 | 1898 2.340 19.4
131.3 53 732 1254 68| 135 1703 82 1,852 a3 176
B+6+20 - - i e . —
163.3 BET | 1,708 | 15.8| 2023 785 | 2,528 | 208
- 1333 87 876 1828 8.2 170| 1708 as 986 | =561 103 2148
1 -+ -+ — S R
173.3 789 | 2504 201 | 2108 8.93| 3,659 26.0
0 " 146.3 70 B56| 2089 98| 18.4]| 1853 89 9.85| 2908 11.9 23.7
R = + - - s + -- - e
N 186.3 7.80 | 25801 [ 213 2253 8.83 | 3951 | 275
s 20 147.0 74 2.99| 2799 1.1 221| 1845 9z | 11.6| 3797 13.4 | o8 1
195.0 201 | 3951 261 | 2325 10,10 | 5388 333
B, 162.0 78 978 | 3,165 128 239 2010 97 | 1092 4300 156 | 305
L+ 00 e = sl Bl — it
. 210.0 890 | 4284 | 276 2400 997 | 5815 352
854 a0 150.3 54 788 1223 61| 155 2028 72 883 | 1813 8.1 19.8
L5y : - |
180.3 707 1914 | 193] 2428 808 | 2825 | 283
6650 1613 56 773 1393 7.1 168 2153 75 8.74 | 2058 9.3 21.6
e 201, 699 | 2051 | o202 o553 7.9 | 3028 | 286
10 -5 163.3 58 926 | 2,032 87| 215| 2158 77| 1035 2841 10.8 27.1
+ 5+ - i e -
213.3 826 | 3,145 I 282| 2658 8935 | 4422 33.9
. 176.3 61 9.06 | 2307 10.1 231 | 2303 80| 1016 | 3227 12,6 29.4
226.3 8161 3365 275 | 280.3 924 | 4737 354
. 177.0 B3| 1058 3128 1.7 280 | 2295 82 1177 4219 14.2 352
+3o+ 3 - -~ S
237.0 942 | 4790 340 2895 10.57 | 6520 435
P, 192.0 87| 1034 354 135 30.1 | 2480 8| 1153 4783 1841 380
e 252.0 8.31 | 5,124 356 | 2080 10.45 | 6979 458
s 191.3 BE| 1186 | 4549 15,2 2434 87| 1313 50985 12.0 44,1
N 261.3 1056 | 5905 3138 11.76 | 9,174 53.8
208.3 72| 11.89| 5,138 17.5 262.3 9 286 | 8773 208 474
14 4 G-+ 30 — — - - et S S PR S S ——— R e TR
278.3 1044 | 7,382 444 | 3323 1ez| 9812 56.4
) 225.3 || 1281 7127 220 455 | 2793 97 9,23 25.8 57.5
16+ A +30 P — SRR S— — — —— -
| 3053 11.55 | 10,197 54,1 | 358.3 13,205 5a.1 |
o | 2443 83| 1255} 7.B90 249 48,2 | 299.8 101 3 0245 292 812
co T 3043 | ' 6| 3798 264 | 14,137 711
2613 3 3153 wal 1885 | 15768 37.4 70.4
20 +8+30 - bl B kel I * s
. 261.3 15,3 15.05 | 22,454 | 33.0 |
— = .
2843 26 339.8 15| 1/.33 r 42.2 24.3
20 +7 =30 ] B S - —
| 3843 4398 489 98.1
» = | tp 12,
second value 1s the riby width, and the third valug 1 the pan width {in)
n; SECOn: 3 tapered end.
50 pef ladded weight of tapars 15 neglectad. ]
CONCRETE REINFORCING STEEL INSTITUTE
3-13

E.15



Table from CRSI 2002, Page 8-13
For the 15-5” span

TABLE 8-1 CROSS SECTION PROPERTIES — STANDARD JOIST CONSTRUCTION (1)

| 3-Inch Top Slab l 4.5-Inch Top Slab
(2 Gross Gross
Joist Areald | wi.[4) v:aial [T il W3 | Arsal® | W ch{al |3 M, | =i 8
(in2) | tpsf) [| Gnd | (n4 | (ft-k) (in2) | (psf {in.) () | (Fi-k) | (fi-k)
120.3 5 7491 1,104 5.8 157.8 79 1,630 761 184
8+5+20 - . . i |
152.3 675 | 1.582 189.8 2.340 19.4
131.3 g3[| 732 1,254 58 170.3 a2 1,852 88 178
B+5+ 2D -- - ; : s
163.3 667 | 1700 ; 202.3 765 | 2528 | 208
e a0 1333 67| 878 1,826 8.2 1708 85 986 | 2561 103 218
45+ S B——
173.3 789 | 2504 210.8 8.93| 3,659 26.0
o " 146.3 70|| @58 2089 96 | 1853 89| 985| 28906 118 237
+ 8+ - B ! — . SE— :
N 186.3 7.80 | 25801 : 225.3 8.83 | 3951 | 275
147.0 74 2799 111 184.5 o2| 1.18| 3797 134 281
12+ 5+ 20 e - e : -
195.0 3,851 232.5 10.10 | 5,388 333
9600 1682.0 78 3,165 12.8 | 201.0 97| 1082 4300 156| 305
L5e00 |- acd - s
. 210.0 4264 | 2490 997 | 5815 35.2
150.3 54 1,223 B.1 | 202.8 72 889 | 18123 8.1 10.8
8+5+30 : - i S
190.3 1914 | 242 8 8.08| 2825 | 253
161.3 56 1,393 7.1 2153 75 B.74 | 2058 93! 218
8+6+30 - -1 :
201. 2,051 [ 255.3 7.95 | 3028 | 258
163.3 58 2,032 8.7 | 215.8 77| 1035 2841 108 271
10 + 5 + 30 - ! - -
213.3 3,145 265.8 035 | 4422 339
s 176.3 61 2,307 10.1 230.3 80| 1016 32927 126 294
226.3 3,366 280.3 924 | 4737 354
177.0 63 3,128 11.7 229.5 82| 11.77| 4218 142 352
12 +5 + 30 - - ~ -
237.0 4,790 289.5 1057 | 8520 435
. 192.0 a7 3541 135 246.0 85| 11.53| 4783| 164 380
T 952.0 5,124 2080 1045 | B.979 45.6
s g 191.3 B8 4540 16,2 2438 87| 1313 5988 18.0 44
N 261.3 5,905 ' 3138 1176 | 9,174 53.8
208.3 72 5,13 17.5 | 262.3 g1 286| 6773 208, 474
14 4 G-+ 30 — — I — _— S PR S S ——— - ——————
278.3 7.382 44| 3323 1162 | 9812 56.4
. 225.3 78 7.127 2201 455| 2783 97 8.23 258 575
G+ /=230 R N o - g — —— -
| 3053 10,197 541 | 359.3 12,205 58.1 |
e | 2443 83 7890 248 483 2993 101 3. 0246 292 812
o 3243 | 10,844 566 | 379.8 964 | 14,137 711
- . 261.3 AN 12460 325 A30| 3153 wa! 1865) 15788 | 374 794
g R R - S " B - I I — -
. 261.3 17.741 | 7EA | 4153 15.05 | 22,454 | 93.9 |
— = =4
S 284.3 96 3768 366 B70| 2398 1ns| 1833 4 4221 843
e | 843 Basd | 704 4308 489 98.1
» = | tp 12,
second value 1s the riby width, and the third valug 1 the pan width {in)
n; SECOn: 3 tapered end.
50 pef ladded weight of tapars 15 neglectad. ]
CONCRETE REINFORCING STEEL INSTITUTE
3-13
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Table from CRSI 2002, Page 8-13
For the 21’ span of the 30-9” bay

TABLE 8-1 CROSS SECTION PROPERTIES — STANDARD JOIST CONSTRUCTION (1)

E.17

3-Inch Top Slab 4.5-Inch Top Slab
(2 Gross Gross
Joist Areald | wi.[4) v:aial [T il W3 | Arsal® | W ch{al |3 +M,, | I, (3
(n2) | (esb) || Gnd | tn) | cfld | (Fek) | Gn2 | tpaP) | () | oy | Rl | el
120.3 50| 749 1,104 58| 124 1578 79| 850| 1630| 76| 161
grsx 152.3 675 | 1582 ] 14.7 | 1898 774 | 2340 | 194
i 131.3 83| 732| 1254| 88, 135 1703 82| 8a33| 1es2| 88 178
Brb+20 163.3 667 | 1700 156 2023 765 | 2,528 | 208
_ 133.3 67(| 878| 1828| 82| 170]| 1708 85| o986 zs61| 103| 218
10+5+20 173.3 789 | 2504 201 | 2108 893 | 38%9| | 260
. 146.3 70| ss8| 208s] 96| 184 1852 go| o8s] 2%6| 113 237
10+6+20 863 780 | 2801 | 213 22853 | s3] zest 275
147.0 74| oss| 2799| 111, 221 1845 o2 1118] 3797| 134 284
2+8+20 eeh 901 | 3951 26.1 | 2325 1010 | 5388 33
piseo - 162.0 78| 976] 3165| 128] 233] 2010 97| 12| 4300] 156 308
: 210.0 8.90 | 4264 | 278]| 2490 997 | 5815 352
150.3 54| 7m9| 1223 61 1s55| 2028 72| s8sa| 1ez| 81 128
8+5+30 - - e e
190.3 707| 1814 | 103| 2428 8.08| 2825 | 253
. 161.3 s&| 773| 1393 71| 168| 2153 75| 874| 2088 93| 218
5r6+30 201. 699 | 2081 202| 2553 | | 7.99| 3028 | 2866
163.3 sg| woz5| 2082 87| 215| 2158 77| 1035 2841| t1o8| z7a
1055+ 2133 8.26| 3145 262 | 2658 935 | 442 339
o 176.3 61| 908| 2307| 104 231 2303 80| 1016 3227| 126 294
R 2263 8.16 | 3366 27.5| 280.3 a2a| 4737 BECT
i 177.0 63| 1058 | 3128| 117 280 2295 g2| 1177| a219| 142 a3m2
1275430 2370 || g42 | 2780 340 | 2895 1057 | 6520] 435
e 1920 || 67| 1034]| 3541 135  301] 2460 86| 1153| 4783 164 380
252.0 931 | 5.124 356 | 2080 1045 | 8979 458
1455430 19131 68| 1186] 4549) 152 350 2438| 87| 1813 5086| 180 441
261.3 10.55 | 5,905 I az4| 2138 1176 | 9.174 53.8
egasy | B2Y| T2l 1189 S13B| 17.5] 3I7E| 2623| 91| 1286| 6773 208 474
278.3 1044 | 7.382 4.4 | 3323 1162 9812 56.4
BeBean |df| 78| 281} Ti27] 220] 455 2793 ) 87| 1415) 9238| 258 575
| 3053 11.55 | 10197 54.1 | 359.3 1278 | 13.285 8.1 |
borea |243]] m] tass) a0l 2407 s wea| 01| i3es]i0ak] m2 612
3243 | 1142 | 10,844 66| 3798 264 | 14137 711
9| 1518|1246 325 830 3153 10a! 1ees|s7ER| 274 704
574 | 17741 | | 7s58| 4153| | 1505| 22.4s4| 930 |
96 | 1488 | 13788| 388 70| 2398| 15| 1633 422 843 |
| 13s1 | smea| 794l 48| 489 | ' a8.1
=1t 12
ond valua 15 the rib width, and the third value s the pan width {in.)
SBCTON: S8cond vaiee i3 at 3 tapered end.
ed weight of tapars is neglected. |
COMNCRETE REINFORCING STEEL INSTITUTE
3-13
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Appendix F
Current System

Depth and Weight



Slab: 4.5”

Joist: 16”X16”.

Center to Center Distance: 3’
Joists Span: 30-9”.

Bay Dimension: 30’-9"X21’

Total Number of joists per bay:
30'9”=369"/30” =12.3 = 13 Joists/bay

Total Depth = Joist Depth + Slab Depth
=16"+4.5"=20.5"

Total Weight of joist and slab=(area of joist)(number of joists)(150pcf)+(Area of Slab)(150pcf)
=(16”)(16")3079”)(13)(150pcH)+(30-9")(21°)(4.5”)(150pcf)=142923.43751bs=142.92k

Typical beam is 19.7” wide by 20.5”
Assume each column is 12” then beams are spanning length-1’

Weight of beam:
Weight of beam=(area of beam)(150pcf)
=(20’)(19.7”)(20.5”)(150pcf)=8413.541bs=8.41k (short span)
=(29.9°)(19.7”)(20.5")(150pcf)=12515.141bs=12.5k (Long span)

Total Weight of bay (assuming 1/2 of a beam on each side)
=(weight of 2(1/2) beams) + (weight of 2(1/2) beams) + (wieght of slab and joists)
=8.41k+ 12.5k + 142.92k =163.83k



