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Technical Assignment 2
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Executive Summary

Technical Assignment 2 is the pro-con structural study of alternate floor systems. The
purpose of this report is to pick various other floor systems other then the one provided and
compare the advantages and disadvantages of them. Many different factors are going to be
taken into consideration. Some of these factors include; cost, weight, ease of construction,
floor-to-floor height, fire ratings, material benefits, and structural benefits. The alternative
floor systems are chosen based on typically used systems in low-rise multi dwelling units.

The 6 alternate floor systems analyzed are:
Existing — Hollow core precast planks.
Non-composite beam with composite metal deck and slab
Open web steel joists with composite metal deck and slab
Precast pre-stressed double tees (with interior bearing wall removed)
Precast pre-stressed double tees (with existing bay size)
One way concrete joist system (with interior bearing wall removed)
One way concrete joist system (with existing bay size)

oakrwdE

It was concluded that the existing floor system is the most efficient for the building design
because of the follow:
1. Fire rating was not achieved by systems 1 and 2
2. All the alternate systems increase the building height.
3. System 5 had a much higher dead load for the slab.
4. System 2 may have large vibrations which will affect serviceability.



2 Existing Floor System

Technical Assignment 2 is the pro-con structural study of alternate floor systems. The
purpose of this report is to pick various other floor systems other then the one provided and
compare the advantages and disadvantages of them. Many different factors are going to be
taken into consideration. Some of these factors include; cost, weight, ease of construction,
floor-to-floor height, fire ratings, material benefits, and structural benefits. The alternative
floor systems are chosen based on typically used systems in low-rise multi dwelling units.

The chosen alternate floor systems are going to be analyzed for a typical bay within the
existing building. They will then be compared to the existing designed floor system and an
analysis of whether further investigation into the use of those floor systems will be feasible.
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The existing floor system is 8” Hollow Core Pre-Cast Concrete Planks. Where the plank is
used as flooring, an additional 2” of topping will be added. Where the plank is used as the
roof structure, no additional topping will be added. The concrete used in the pre-cast
planks must reach a compressive strength of no less then 5000 psi after 28 days of curing.
Where the planks meet a load bearing wall or a lintel, the plank is to be grouted solid as to
make a connection to transfer lateral loads.

Live Loads (acquired from ASCE 7-02 Table 4.1)
Corridors — First floor...... 100 PSF

Others.............. 40 PSF
Lobbies.......cccccovvvivivenennn. 100 PSF
Mechanical Rooms........... 150 PSF
Storage (Light)................. 125 PSF
Dwelling Units................... 40 PSF
Partitions .........cccocvevveiennnn 20 PSF

Dead - Loads

Plank w/o Topping............. 63 PSF
Plank w/ Topping............... 88 PSF
HVAC ..., 5 PSF
(0011 110 o [ 2 PSF
Framing.......cccoooevveiciinnnnn, 10 PSF
MISC..oveieeieceece e 3 PSF
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3 Alternative Floor Systems

There are numerous types of different floor systems which could have been selected and
analyzed for this report. However, many of these systems would be impractical. Systems
such as a two-way concrete slab can not be used in the current bearing wall plan and would
require that bearing walls be placed thus that they provide a ratio of roughly 2 to 1 bays or
less.

3.1 Alternative Floor System *1
Non-Composite Steel Beam with Composite
Concrete Slab and Metal Decking

The first alternative floor system is a non-composite steel beam system with a composite
concrete slab and metal deck floor system. Through wheeling deck products, a 1.5 SB
Light Weight floor system was chosen. This floor system will have 20 gauge metal
decking, 4” of total slab thickness, and welded wire fabric of 6 x 6 - wl.4 x wl.4.

RAM Structural System was used to size the new beams. There are two lengths of beams
used; the first beam is 19 in length and the second is 25 in length. The spacing of the
beams is 8’-10”. The shorter spanned beam is going to be a W12x19 while the longer
spanned beam is to be a W16x26. The RAM model can be seen below:

" o o o
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9 e 0 9

3 > 3 3
Alternative Floor

iy iy iy & System #1

X X X X -

< < < < Non-composite

3 > 3 3 Beam with
Composite
Concrete Slab and
Metal Deck
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Advantages and Disadvantages:
Using beams to support the new floor system will require that spray-on fireproofing be
provided on any steel member to achieve the necessary 2 hr fire rating within the building.
If beams are going to be used in the current wall design bearing plates must be inserted into
the existing load bearing masonry walls. Although unlikely because of the use of the
building, vibrations may play a role in the feasibility of this system. Using a beam system
will be much lighter then using the existing system. The decking, which was originally
provided as a structural component, will dub as a way to suspend the ACT ceiling. The
dead load of the system is less than that of the original and thus the foundation can be
reduced or left alone.

3.2 Alternative Floor System *2
Open Web Steel Joists with Composite
Concrete Slab and Metal Decking

Instead of large bulky beams spanning such short distances, the option of using open web
steel joists is going to be analyzed. The same decking and concrete slab can be used as in
alternative floor system 1. This is a wheeling deck, 1.5 SB light weight floor system. This
will be of 20 gauge steel and have a total slab thickness of 4”. Also, welded wire fabric of
size, 6 x 6 —w1.4 x wl.4 will be used.

RAM Structural System was used to size the joists. The two lengths of the joists will be 19’
and 25’. The sizes needed are 18K3 and 22K5 respectively. The RAM model can be seen
below. Spacing will be provided at 4’-0” O.C.
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Advantages and Disadvantages:
Using joists to support the new floor system will require that spray-on fireproofing be
provided on any steel member to achieve the necessary 2 hr fire rating within the building.
Due to a joist floor system, the vibrations may play a key role in this alternatives
feasibility. This new system will make dead loads much less and therefore the foundations
may be reduced and lower cost. The ACT ceiling may be suspended from this new decking
system.

3.3 Alternative Floor Systems "3 and "4
Pre-stressed Double Tee Topped 10°-0” x 24
(44’ Span)

Although the existing design of the building is precast concrete, it is hollow core planks
which are slightly heavier then the Double Tee Topped 10°-0” x 24’ precast concrete.
Using a Double Tee allows for extremely large clear spans along with higher allowable
loading. PCI design handbook is used to select the Double Tee based on superimposed

service loads. The actual Double Tee selected is the Spancrete 10DT24 — C148H series.
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Pre-stressed Double Tee Topped 8°-0” x 20
(25’ Span and 19’ Span)

This is the same type as floor system #3 except that the span of the Tee’s is going to be
decreased as to lessen the depth. The actual Double tee selected for this option is the
Spancrete 8DT20 — C48h series.

Advantages and Disadvantages:
Precast members have many benefits including higher quality control and short onsite
erection time. This particular type of floor system will require some additional type of fire
protection because the slab thickness is not as great as it needs to be. This system is also
less (but still rather similar) than that of the existing and therefore the foundations should
be left alone. A way to join this floor system with the shear walls will need to be acquired
as to pick up the shear from wind and seismic loading. Floor system 2 will allow for the
interior load-bearing wall to be removed and converted to a lightweight partition. This will
decrease the load on the foundations.

3.4 Alternative Floor System "5 and *6
One Way Concrete Joists
(44’ Span)
(25’ Span and 19’ Span)
Using concrete joists systems along with a 4.5 slab, a 2 hour fire rating can be achieved.
Using the loads mentioned earlier in this report and load factors of 1.4 for dead loads and

1.7 for live loads and CRSI Design Handbook 2002 edition, a One Way Concrete Joist
system was chosen for both the 44’ Span and the combination of a 25’ span and a 19’ span.

(44’ Span)

Using the CRSI Design Handbook 2002 edition the following one way concrete joist system

was chosen. N — ‘
M1 111 1710
) . ) T [ A T
40” Forms + 8" Ribs @ 48” c.c. I A I AR A
18” Deep Ribs + 4.5” Top Slab = 22.5” Total Depth T O [ O
Total weight = 403psf I I P |
J P [ II] %*ﬁl TR

I

Top Bars........ccccveenee #6 bars @ 11” o.c. S J H H H H H
Bottom Bars................ 1# 8 bar I A T
SHITUPS ..o #3 Stirrups @ 10” c.c. up to L T T [ VY
146” away from the face of the I Il 111110 111110 01011111
t T T R A
suppor (O AR A A IR
T [ A TR [ R A A
i IH Il II‘ 1 IH o N
Layout for One Way

Concrete Joist System with

Solomon 25’ Span and 19’ Span 7
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(25’ Span and 19’ Span)

Using the CRSI Design Handbook 2002 edition the following one way concrete joist system
was chosen.

30” Forms + 6” Ribs @ 36” c.c. T I
10” Deep Ribs + 3.0” Top Slab = 13” Total Depth Il | |
Total weight = 80psf I | |
*Form work is the same for both spans : : : :
19’ Span : : : : L
el londs || [] 1] W
AT 1 I m | |
111 | |
[l | |
[l | |
[l | |
Il | |
11 | |

Top Bars.....c.ccceeuenee. #4 bars @ 12” o.c. 7KL e N
Bottom Bars............... 1#5 bar

25’ Span

Top Bars......ccccceevvenene #5 bars @ 12” o.c. _

Bottom Bars............... 1# 6 bar Layout for One Way Concrete

Joist System with 25’ Span and
19’ Span

Advantages and Disadvantages:
The weight of the 44’ span is so great, the foundations will most likely need to be
recalculated. This could also affect the walls which the floor system is being supported by.
The 19’ span and 25 span have a lower weight then that of the existing system but not by
much so the foundations should be able to be left alone. Floor to floor height will surely
increase with either of these new systems and both will also delay onsite construction time.
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4 Conclusion

Building . Amount of .
Alternative System D(_epth Height Wt./Area Impact on Fire Possible Impact on Investigate
(in) (psf) Rating I Foundation Further
Increase Vibrations
Existing | Hollow Core Precast | g N/A 83 N/A Very Little N/A N/A
Non-Composite Decrease of
1 Beam w/ Composite 20 Y;fs ~25 Steﬁ:r?er%(ff;(é be Little Foundation Yes
Deck and Slab P Possible
Open Web Steel Decrease of
2 Joists w/ Composite 26 ng ~25 Steﬁ:r?eri‘ffég be Al;r{:‘(r)%f\t Foundation No
Deck and Slab ) P Possible
Increase
3 Double Tee 44 o Y?s -80 None Very Little Foundation No
Span 4 Because of
Removal of Wall
Double Tee 25’ Yes .
4 Span and 19’ Span 20 3 75 None Very Little None No
Increase
One-way Concrete )
X , Yes _ . Foundation for
5 Joist Ssys;re]m 44 225 3625’ 403 None Very Little Larger Load and No
P Removal of Wall
One-way Concrete Yes
6 Joist System 25’ 13 1.05° ~80 None Very Little None Yes

Span and 19’ Span

After analysis of several other possible systems for Spring Run Assisted Living have lead to
the conclusion that the existing system is the most efficient. The existing system meets the
modular for the masonry walls, meets fire code and transfers little vibrations. The only
other system which is comparable to the existing is really the one way concrete joist system
but it does not fall into the CMU modular. The other benefit that the hollow core pre-cast
plank has over the one way concrete joist system is that it does not require long erection
time. The precast can be prepared offsite and brought to site ready for erection. Waiting
for concrete to cure on site will not only delay future work, but also the day of a pour for
concrete must be coordinated with the weather. This does not happen with the hollowcore
precast concrete planks.

Spring Run Assisted Living
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APPENDIX A
DECKING AND SLAB SELECTION (ALT SYSTEMS 1 AND 2)
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APPENDIX B

WWEF SELECTION (ALT SYSTEMS 1 AND 2)

Concrete Volume and Welded Wire Fabric

Spring Run Assisted Living
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APPENDIX C

HAND CALCS. (ALT SYSTEM 1)
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APPENDIX D
HAND CALCS. (ALT SYSTEM 2)
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APPENDIX E
HAND CALCS. (ALT SYSTEMS 3 AND 4)
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APPENDIX F
DOUBLE TEE SELECTION (ALT SYSTEM 3)

% 1.4 Double tee
SPANCRETE, load tables m
- 8'-0" x 20" i
& Double tee topped g
Issued 10/94
p————-8"- 0" (Nominal) ——— o - 55
20" Dead Load Weight of Tee with Topping = 75 pst

L

SECTION PROPERTIES
A=517inz2 Yi=5.87in.
= 17,697 ind Yp= 16.13in,

!“l'(‘mmmm

BDT20- | 80T20- | BDT20- | 8DT20-
SERIES | “capt | coH | cas | CrosH

ALLOWABLE SUPERIMPOSED LOAD IN POUNDS PER SQUARE FOOT

2

£

oo R
Camber

Solomon
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APPENDIX G

DOUBLE TEE SELECTION (ALT SYSTEM 4)

srnmlfz%
|

Issued 10/94

1.4 Double tee
load tables

10'-0" x 24"
Double tee topped

1.0

Double
Tees

p—————10" - 0" (Nominal) ——

~2"

24

S

2 Inch Bonded Structural Topping
Dead Load Weight of Tee with Topping = 80 psf

SECTION PROPERTIES
A=701in2 Yi=7310n.
1=198,176 in.* Yo=18.69in.

552 675 792 903 1039

100T24- 1&3‘1— 100T24- 100T24- 100T24- | 100T24-

C108H | C128H | Cid8H | Cte8H

ALLOWABLE SUPERIMPOSED LOAD IN POUNDS PER SQUARE

195

161

281 | 9

5 xe
srwsss:nsas&ssaazifgi_g
3

Solo

111" - 112" or More
Camber Camber

mon

Spring Run Assisted Living
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APPENDIX H
HAND CALCS (ALT SYSTEMS 5 AND 6)

Aer  Fropn  Lysrém £ 6 4
ORNE LY CONLIETE TazsTa
LOARTN O

LL - 4o s Draswtmidgs usnsr / copmtbef
1O  PsE DARTDOMS
O mr 1T 10T TR

WL - ;“g Hype
T PEF Cexoxnm
W Pev  FoaAmTO;m
L2 = Hane

2SPSE - 0 = 35 PsE
TorAL Wlo= 137 SF

For g4t e 0 SOAN)
Py Bz

vaE Yo" Foams + & Pops @ bt oc.
15" D2EP MIp +Y.E" oP SR =22.5" Tome Sebvw

To— Baws *t e e ne"” oe.

Bortom Bars | # %

ST + 2 Q@ prce up e IW" Faem TAcE oF
Supforn

Z] Foa 14" <iee f 29 Soaed
.PS 2-Z)

USE  Zo% Teems * G" Rres @ 2e" o,
/0" DEEF i2fR + 20" ToP 5uAGB = 13V Tamir ThERTW

19 S7Aw ToR  2ARS By @ 2Vec,
FEoTom Bars | ®5

zs' SPav ToP [EAnS s 8 plVeie
Bormer TRhns ! &g
Solomon

Spring Run Assisted Living




APPENDIX |
ONE-WAY CONCRETE JOIST SYSTEM SELECTION (ALT SYSTEM 5)

WIDE MODULE () 40" Forms + 8" Ribs @ 48" c.-c.
ONE-WAY JOISTS 18" Deep Rib + 4.5" Top Slab = 22.5" Tota| Depth fi = 4,000 psi
MULTIPLE SPANS | FACTORED USABLE SUPERIMPOSED LOAD (PLF) | #, = 60,000 psi

TCPBARS NO| #4] #5( es5] 46| & Eng | P4 #4] #S | k6 | #s ;
AT| vs| w0s| as| 10| us Spr;“ 85 S0 7o | 80 | 70 F’L';r
BOTTOM BARS NO| 224 [ 1456 | 26 | 18| 1#8 | Desi | 2#4| 146| 228 | 168 | 1¢8 Dall
BARS NO| 185 | 246 ) 18 | 1#8| WY |Coeff| 1#5| 2u8| 1v6 | 148 | o (Cosff
STEEL (PSR 72| 108 [ 138 186 | 147 | @ Bl @ B[ b o | @
CLEAR SPAN END INTER|OR SPAN
32'-0" (3) "2 60 736 A0 1327) 16RO | 1960
STIR | #3-28 [#3-111 [na-122 ¢ #3-13
330" 100 S40 A58 4523 3
STR | & 3111 |#3-123 #3140
340 | i 5007 1424
STIR | 4328 #3-119 #3-142
850" 5724 864 1312
STIR H3-120 83124
36'-0" G407 785
STIR #3121
K T 7149 713
STIR #3-144 |43
380" i j 530 4884
STIR #3-108 [#3-123 | #3-145 #3146 | #3150
390" 26| 31| an 047 | 1141 | B30
STIR #3106 [43-122 | 43: 145 #3-160 | #3-162
40':0¢ 87| 267 | 4m B7Z| 1057 | 6,000
STIR 43105 (#3121 |#3-148 MA-151 | #3-124
41707 151 | zzw| ars 1nree (5] BO3| 679 6633
STIR 1#3-103 [#3-120 [#5-146 |4 £3- 39 #3-153 | 43151
42°.0* ne 190 81 11.860 az T38| 906 | V304
STIR #3101 183118 | #3147 #3-35 5| #3-154 | 43-158
430" B8 | 15| 290 13040 679| B38| 8005
STIR #3- 98 |#3-118 | #3147 #3164 3-155 | #3-166
a4'.0* 57| 123 | 52| 357 [14.208 ! 623 776 8798
STIR 3-06 |#3-118 | #3148 |43-184 F3121| A3-135 #3156 |43-160
PROPERTIES FOR DESIGN (CONCRETE |67 CF/SF)
NEGATIVE MOMENT
STEEL AREA(SQ.INY| 83| 142 | 167 | 192 | 222 113 ne2 | 2193 | 264 | o2
ACTUAL STEEL % A4 704 | 779 | 858|100 558 [ 861 | 1067 | 1317 | 1508
EFF DEPTH, IN, 2005 | 2069 | 2089 |2063 | 2083 2075 | 2075 | 2069 | 2063 | 2063
~IGR/IGA mal a8l | e 253 152 280 | 247 | 287 | 815
POSITIVE MOMENT
STEEL AREA, (SO, IN) JU| 19| 132 | 158 | 179 J1| 18 132 | 158 | 179
ACTUAL STEEL % 42| & 638 768 | a7t 42 75 | 838 | 7R8 | A7
EFF. DEPTH, IN 20.72| 2084 | 2063 2050 |2048 2072 | 2054 | 2083 | 2050 | 2046
+HICR/AGH fgo| 200 | 220 | 285 | 204 125 200 | 220 | 285 | 2m

SINGLE LEG STIRRUP AT 10 IN. CONSTANT SPACING-DISTANGE (1N

(1) For gross section properties. see Table 8.3

(2) Computation of defiection is not required abeve horizontal line (thickness 2 1, /185 for end spans,
0#21 for interior spans).

(3) Single leg stifrup size space at X in. ¢.-c. Distance over which stirrups must extend froni face of sup-
port at each end (in.)

Solomon
Spring Run Assisted Living
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APPENDIXJ
ONE-WAY CONCRETE JOIST SYSTEM SELECTION (ALT SYSTEM 6)

STANDARD 1 m 1 ; 2
ONEWAY JOISTS O 30" Forms +'6" Rib @ 36" ¢.-¢. 12 = 4,000 psi

MULTIPLE SpaNg | PACTORED USABLE SUPERIMPOSED LOAD (PSF) | £, = 60,000 psi

~

10" Deap Rib + 3.0° Top Slab = 13.0" Total Depth

TOP Size # 4 #4 # 4 #5 #5 #4 #a #4 #4 #5
BARS @ |12 |2 |gs |12 10 End | 12 | 115 | 85 7 |85 | Int
BOTIOM | # |#4 |#4 |#5 |#5 [#6 | 2090 [y | #a | #4 | #5 | #5 | oo
BARS # |wa |#s |#s |96 |#e oo | #4 | #a | #5|#6 | %8 |go0
Steel (psf) 58| 6o | 86 105 [125 | @ | 83| 74| o5 |18 148 | @
CLEAR SPAN END SPAN INTERIOR SPAN
170" 180 | 251 308* | 317* | 3287 1.006 | 215 301 358%| 3657 | 374~ ike]
a 0] 322 | 404 478> 0] i 404 | 508 | 570
18-0" 151 214 278 | 288" | 297" 1.264 | 182 258 328° | 334" | 342° 778
o| ol o |sst |a25 o| o a1 |44 [
1900 127 | 184 | 241 |263* | 2717 | 1569 | 185 | 224 | 301+ | 307+ [314- [ .5me
o| o o |ae |372 0| o306 |30 |48
200 106 | 157 | 208 |241* | 248” | 1926 | 131 | 194 | 268 | 284+ |28+ [ 1088
1] 8] Q 268 328 o o 0| 343 | 429
210" 88 135 182 221" | 22| 2342 | 111 168 235 | 263*| 267" | L.441
o 4] Q |235 290 0 0 0| 303 |391
2.0 73 115 158 | 204* | 210* 2.820 94 145 207 | 244* | 248~ | 1.736
o| o| o |207 |25 ol ol olzes |34
230" 59 98 137 182 194" | 3.368 78 126 182 | 227*| 231" | 2.073
i o] L] o 227 0 0 0| 232 | 303
24.9" 48 83 118 160 180* | 34885 B5 108 160 | 212" | 2157 | 2:458
ol o| ol o |202 ol o| ol o]z
250" 10 103 141 1677 | 4.703 53 83 141 189 | 201~ | 2.894
a 0 0 179 0 1] o] 0 | 244
260" 58 gaze] 124 166% 5.502 43 80 123 168 | 188~ | 3.386
[ <] [¢] 0 158 o a o Q1218
270" 48 76 108 141 6.398 88| 108 150 176" 3.938
9] 2 (4] 0 o 0 (4] 187
28.0" 65 95 125 7.400 57 85 133 | 168 | 4.554
o o e o| o ofw
29.0" 54 82 m B8.516 a7 82 118 | 186~ | 5:240
0 o [¢] o] ¢ 0 | 159
300" 45 Fil 58 B.752 T 106 | 143 6.001
ol o] o ol of o

(1) For gross section properties, see Table 8-1

(2) First load is for standard square juist ends: second load is for special taperad |oist ends

(3) Computation of deflection is not required above horizonal lirie (thickness > (,/18.8 for end spans,
/21 for interior spans).

(4) Exelusive of bridging joists and tapered ends.

‘Controlled by shear capacity, +Capacity at elastic deflection = [, /360

PROPERTIES FOR DESIGN (CONCRETE .41 CF/SF) &)

NEGATIVE MOMENT
STEEL AREA (SQ. 1IN B0 6D 16 83§12 .BD .63 85| 1.03] 1.3
STEEL % (LINIFORIV) 73 s B2 14| 137 73 76| 1.03| 1.25] 1.61
(TAPERED) 43 43 54 66 80 43 44 B0 for B4
EFE DEPTH, IN 11.8 o O - O B e T T B 2 11.8] 118 11.8] 11.8| 117
— ICR/IGH 178 179 | 214 | 246 280 A79 185 232 | .268| 314
FOSITIVE MOMENT
STEELAREA (S0.IN) 40 51 B2 75 .88 3 40 51 a2 75
STEEL % 09 12 15 18 21 a7 .08 T2 5 18
EFF DEFTH, IN 11.8 M 1T 116 116 11.8 11.8 W 1.7 11.6
+|CR/IGR 162 200 | .239 280 323 128 162 | .200 238 .280
Solomon
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