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Executive Summary:

In this second technical report for The Butler Health System - New Inpatient
Tower Addition and Remodel the existing floor system and three alternative
system designs are investigated and analyzed. These four systems are then
compared side-by-side with multiple general conditions and criteria to determine
which systems would be a good fit for the structure and which ones deserve
further consideration and analysis.

The floor systems proposed are:

1. Existing- composite steel beam with lightweight concrete

2. Non-composite steel beam construction with one additional beam per bay
3. Concrete two-way flat-slab with drop panels

4. Precast hollow plank concrete slabs on steel beams

A final criteria summary chart is depicted in Figure 2.25 which lists fourteen
different aspects. Final conclusions show that the non-composite steel system has
no merit to be considered as an alternative design for this type of structure. The
final conclusions also show that the two way flat-slab with drop panels is a good
and viable alternative solution on a general basis. Floor system four is a fair
alternative for the existing one.

Systems 3& 4 as listed above both deserve a further analysis with the flat slab
being the better choice.
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Introduction:

Butler Health System’s new addition consists of two sub grade levels which have
limited facade and entrances at ground level on the plan west end of the structure.
There are five other at or above grade levels that comprise the bulk of the hospitals
general facilities. One more final level, the penthouse level, encompasses the
mechanical equipment on the roof top.

The structure is approximately 206,000 square feet with floor to floor heights of
14'-8” each. It stands at just a little over 100’ tall above the highest grade level and
is situated on the middle of a hillside. With the exception of the slightly arcing plan
north facade the floor plan is quite regular with typical bay sizes being 28" x30'.

Drilled caissons were used for the foundation system which range from 30” - 78”
in diameter and reach depths of up to 79'. Grade beams between the caissons on
the below grade level areas transfer wall loads to the foundation system and
provide interior perimeter walls for the lower levels as well as provide support for
the slab on grade at the second level. The superstructure is composed of steel W-
shape members with a steel HSS lateral bracing system. Almost all member
connections are shear connections with the exception of a few moment
connections at cantilevering beams. These moment connections however do not
contribute to the lateral force resisting system.

This report examines the existing floor construction system and three alternative
design methods to determine each systems viability and possible implementation
into the structure. Factors for this analytical review are system weight, depths,
costs, fire ratings, foundation impacts, constructability, changes to the lateral force
resisting system, vibration concerns and if each system warrants future
consideration for a thesis proposal.

All calculations and designs are purely schematic and are only taking into account
a typical bay and therefore are not an exhaustive analysis for each type of floor
system.
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Structural System:

Existing System:

Existing conditions for the originally designed floor system consists of composite
steel decking with lightweight concrete (f'c = 3500psi @28 days). It has 20 gauge
steel decking with 3” deep flutes, 34” diameter 5” long shear studs and an
additional 3.5” of concrete. The girders supporting the beams and floor system are
typically W21x50, 28' long with 38 shear studs. There are typically four beams per
bay including the ones at each column line. The beams are W18x40 evenly spaced
at ten foot intervals and are 30 feet long with 28 shear studs each.
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Figure 2.1: Third floor framing plan with typical bay shown
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Figure 2.2: Typical bay to be considered enlarged view
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Figure 2.3: existing slab & beam/girder conditions
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4 SLAB/DECK SCHEDULE N\
war | TOTAL o DECK CONCRETE | grup REINFORGING
THICKNESS DEPTH | GAGE [FINISH | THICKN | TYPE |LENGTH|  ReINF DETAIL
o COMP . o ., WWF 6x6
1 81/2 DECK 3 20 |GAv | 312 LW 5 W2 121
W@ 12'0C
" comP . " .
s2 81/2 DECK 3 18 | GALV | 31/2 LW 5 T&B
44 @ 12'0C
TRANSVERSE
. ROOF .
\31 3 DECK 3 20 | GALy . . . . )
NOTES:

1. ALL COMPOSITE SHEAR CONNEGTORS (STUDS) ARE 3/4"@ UNO.
2 NW=NORMAL WEIGHT CONCRETE; LW=LIGHTWEIGHT CONCRETE.
3. STUD LENGTHS ARE LENGTHS AFTER WELDING.

4. SEE DETAILS 1.2.3/8701 FOR SLAB REINFORGING.

5 SEE 14-16/S700 FOR DECK WELDING.

6. SEE 17/5700 FOR COMPOSITE DECK STUD PLACEMENT.

o TRANSVERS BARS TOP BARS
/
|

\ \
——— S

s

BOTTOM BARS COMPOSITE DECK
NOTE:
SEE SLAB/DECK SCHEDULE

FOR BAR SIZES & SPACING

SLAB/DECK SCHEDULE
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Figure 2.5: Existing slab/deck schedule
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Design Standards & Codes: For all four design cases

2006 IBC
2000 NFPA 101
2006 Guidelines for Design & Construction of Health Care Facilities
1998 Pennsylvania Department of Health Rules and Regulations for Hospitals
ASCE 7-05: for wind, seismic, snow and gravity loads
ACI 318-08: for concrete construction
AISC Thirteenth Edition: for steel members
United Steel Deck Catalog #303-16 Copyright 2002
RS Means Square Foot Costs Guide 2008
CRSI Design Handbook 2002
Nitterhouse Concrete Products Inc. design guide
Floor deflections limited to: L/360 for construction load
L./360 for live load,
L/240 total

Fire Protection & Ratings:

FIRE RESISTIVE CONSTRUCTION:

HR UL DESIGN
EXTERIOR LOAD BEARING WALLS 2 UL U906
FIRE WALLS NA NA
FIRE WALLS
(EXITS, SHAFTS, ELEVATORS) 2 UL U438
FIRE BARRIERS
(MIXED USE) 2 UL U412
FIRE PARTITIONS NA NA
SMOKE BARRIERS 1 UL U465
FIRE BARRIERS
(INCIDENTAL USE) 1 UL U465
STRUCTURAL FRAME 3 UL X772
STRUCTURAL FRAME
(SUPPORTING ROOF ONLY) 2 UL X772
NON-BEARING EXTERIOR WALLS 0 NA
FLOOR CONSTRUCTION 2 UL D916
ROOF CONSTRUCTION 1 UL P741

Figure 2.6: Table from construction documents
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Design Load Summary:

Gravity Loads
Description/location DL/ ASCE 7-05/ HGA’s Reduction Design
LL IBC 1607.9 values available/used value
values
Concrete floors DL 90-115pcf 115pcf NO/NO 115pcf
MEP /partitions/finishes | SDL 20-25psf NO/NO 35psf
1st floor mechanical LL 125psf YES/NO 125psf
2nd floor/ lobby LL 100psf 100psf YES/NO 100psf
Hospital floors LL 40-80psf 80psf YES/YES 80psf
Stairs & exits LL 100psf 100psf NO/NO 100psf
5t floor roof LL 115psf NO/NO 115psf
Mech. Penthouse floor LL 125psf NO/NO 125psf
Elevator Machine room LL 125psf YES/NO
floor
Roof top equipment LL 125psf NO/NO 125psf
areas (er actual
equipment wt.)
Balconies LL 100psf 100psf YES/YES psf
Snow LL 24-30psf 24-30psf NO/NO 24-30psf
Figure 2.7
Gravity Loads:

Dead loads for the floor area were determined in technical report 1 and were
calculated at 48psf for the lightweight concrete, 7psf for the wide flanges, 3psf for
the steel decking, and 35psf for MEP /partitions/finishes. Live loads are 40-80psf
for hospital floors, therefore 80 will be used for calculation purposes and no live
load reduction will be taken since there are other areas with larger load criteria
and reductions are not permitted.

Total DL= 93psf
Total LL= 80psf

1.2DL + 1.6 LL = 239.6psf

Jim Rotunno - Technical Report #2 Page 10
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3 x12" DECK F, = 33ksi ‘.= 3 ksi - 115 pcf concrete

LUEN United Steel Deck, Inc. @

3" LOK-FLOOR o)

Slab Depth

| 24" and 36" cover (36" shown)

Figure 2.8: Composite steel decking used for existing floor design & non composite
beam floor design.

Note: f'c= 3000psi for table values, f'c of 3500psi is used in design, therefore these
values will be slightly conservative

COMPOSITE PROPERTIES

TR L. oM. oV, Maxunshoredspans,ft. A

« a

in* inkk Ibs. 4span 2span 3span

Wl

550 6281 376 0333 3B 151 81 4229 5250 935 1175 1214 003
600 7137 420 0375 43 173 104 4361 5870 892 1127 1165 0027
625 7565 443 0396 46 185 117 5189 6180 873 1106 1143 0029
650 7002 466 0 8 '
53

650 7992 466 0417 197 130 5523 G470 855 1085 1121 0.032
700 8848 513 0458 21 161 6207 6800 823 1048 1082 0.036
725 9276 538 179 1030 1064  0.038
1013 1047 0.041

750 97.03 563
800 10559 €13
825 10987 639
B.50 11415 666

982 1015  0.045
9.67 999  0.047
9.53 9.85  0.050

Figure 2.9: Shows the ®Mn (in*k) & the maximum unshored span for a 3span
system

The ®Mn value of 79.92 equates to 959ft*k, which is well above the design of
Mu=270 ft*k. The design span is equal to 10’ which is below the 11.21" specified.
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Slab
Depth ir

&Mn
ink ™

9.00

9.50

Butler, PA

L, Uniform Live Service Loads, psf *

10.00 10.50 11.00 11.50 12.00 12.50

13.00 13.50 14.00 14.50 15.00

Blemisl kil

PSS el

Figure 2.10: Shows the uniform live service loads (NO factors) of combined DL &
LL for a 10" span as 195psf which is above the 173psf design value.

U.L Fire Ratings - Compaosite Deck, cont'd.

RESTRAINED ASSEMBLY RATINGS (HOURLY)

U.L.DES.NO. FP. USD PRODUCTS
D772 C 2 % NW.LW LF2,LF3*
D773 C 2% LW BL" — -
D774 c | 2mw LF2" - -
D775 c 2 V5 NW,LW BL.INV. BL.LF2 LF3" S
D779 c 2 Y2 NW,LW BLLF15LF2LF3
D822 F 2% NW.LW LF2,LFC2,LF3,LFC3,NLNLC* _
D824 F 2 Vs NW.LW BLBLCLF15LFC1 1
D825 F__ | 2%nNwLw | BL,BLC,LF15,LFC1,LF2 LFC2LF3LFC3NLNLC" |
D826 N 3ValW BL,BLC,LF15LFC1,LF2 LFC2,LF3LFC3NLNLC*
D&31 F 2 ¥ NW, LW BLBLC,LF15 LFC1,LF2LFC2LF3 LFC3 NLMNLC* ]
Da3z2 F 2 Ve NW,LW BLBLC LF15LFC1.LF2LFC2LF3 LFC3NL NLCY |
D833 | F | 2% NWLW | BLBLC.LF15LFC1,LF2LFC2LF3,LFC3"
D837 F 2 Yo NW BLBLC.LFISLFC1*
D840 N 3 YlW BL,BLC.LF15,LFC1,LF2 LFC2,LF3,LFC3,NLNLC*
D847 F 2 15 NW,LW LF2,LFC2 LF3LFC3,NLC*
D852 F 2 % NW.LW BLBLC,LF15LFC1,LF2LFC2LF3,LFC3" o
D858 F 2ViNWLW | LF2LFC2LF3LFC3AWC2AWCE
D859 F 2 NW,LW LF2,LFC2,LF3,LFC3" -
D860 F 3V LW LF15,LFC1,LF2,LFC2,LF3,LFC3,NL,NLC* ]
D861 F 2 % NW,.LW LF2,LF3* B .

_Deg2 | F | 2WIW | LF2LF3"

D870 F 2 ¥ NW,LW | BLBLCLF15LFC1,LF2LFC2F3LFC3* |
D902 N 45 NW BL.BLC,LF15,LFC1,LF2,LFC2 LF3,LFC3,NLNLC
D902 N 3% LW BL.BLC,LF15,LFC1,LF2,LFC2,LF3,LFC3,NL,NLC
D902 N 3% LW BL,BLC,LF15,FC1,LF2,LFC2,LF3,LFC3,NL,NLC
D96 | N | 3%Lw NC ]
D907 N 3 VLW BL,BLC,LF15LFC1,LF2,LFC2,LF3,LFC3
D908 N 3WLW BL,BLC,LF15LFC1,LF2,LFC2,LF3LFC3,NLNLC
D913 N VLW BL,LF15,LF2,LFCZ.LF3LFC3
D96 | N 4 VaNW_ | BLBLCLF15LFC1,LF2LFC2LF3,LFC3,NLLNLC
nate | N | 3uviw | B BICIF15IECT LE2 LEC2ATRIECANL NI C
D916 N 3%LW BL,BLC.LF15LFC1,LF2 LFCALFILFC3NL.NLC
D918 N 4 % NW LF15LFC1,LF2 LFC2,LF3 LFCSALNLC ]

Flgure 2.11: Shows that the flooring system meets the U.L. designation code as
specified in the construction documents with 3.5” LW Concrete. Therefore spray-
on fireproofing is not needed on the underside of the deck as designated by the N.
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Note: Design calculations for the girder and beam can be found in Appendix B. The
calculations vary from those of technical report 1 in the fact that the typical bay
was chosen from a different area which used W18x40 non-cambered unshored
beams instead of the W16x26 34” cambered beams. Both typical bays are
predominating and found on all levels and this is a good check to see how each one
performs given the same loading.

Conclusions from the floor analysis show that construction load deflection
controlled the beam size for the W16x26 analyzed for technical report #1as well as
the size of the W18x50. The reason for using the smaller beams with camber could
be that there are depth limitations in that area, which could be a limiting factor for
design #2, non-composite beams with one additional beam per bay.

Non-composite steel beam construction:

The first alternate floor design has the same bay size as that of the existing design.
In this configuration I chose to resize the girders and beams to try and get a more
even distribution of strength and serviceability requirements. Members will try to
be selected so as to minimize depth and still keep costs down. The beams and
girders will still have the same lengths and direction. A lighter gage deck will be
used for the shorter span and there will be no composite beam action.

30n - On Y.

|
1 /]
H H—-
Beams

2 o
S %
5

H H—-<

Figure 2.12: Bay beam layout
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A 2” LOK-FLOOR using 22 gage steel and a 3.5” LW concrete topping for a total
depth of 5.5” is used in this design.

Table values listed below can be found in figures 2.14 - 2.15

@®Mno = 38.29in*k, the factored resisting moment of the composite slab with no

shear studs
W=43, the weight of the concrete in psf
@®Vnt=4970Ibs, the factored vertical shear resistance of the composite system
Maximum unshored span=7.86 ft, for 3 spans this is the maximum unshored
distance

2x12"DECK F =33ksi f'.=3ksi 115 pcf concrete

fom)

Slab Depth

24" and 36" cover (36" shown)

Figure 2.13: Composite steel decking
Note: f'c= 3000psi for table values, f'c of 3500psi is used in design, therefore these
values will be slightly conservative

COMPOSITE PROPERTIES

S, I, oM, &V, Max unshoredspans,ft

in3 in4 ink Ibs.: 1span 2span 3span
1.00 44 6.32 ] i A
1.18 6.0 3312 4610  6.03 809 819  0.027
1.27 6.9 3569 4790 590 793  8.02 0.029
1.36 79 3829 4970 5.7 7.77 786  0.032
1.55 101 4358 5340 555 7.49 758  0.036
1.65 113 4626 5540 545 7.36 745 0038
1.75 127 4897 5730 536 724 132  0.041
1,94 157 5444 6150 518  7.01 710 0.045
204 174 57120 6310 510  6.91 699  0.047
214 192 5997 6480 505  6.81 6.89  0.050

450 4021 326
500 4644 315 0333
525 4953 400 0354
550 5261 426 __ 0375

6.00 58.78  48.0 0.417
625 6187 508 0438
650 6495 536 0458
700 7142 595  0.500
725 T4 61.9 0.521
750 7729 643 _ 0542

am e e o ~ s

H AR E R ED S

A~ e TrEr

Figure 2.14: Composite properties
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L, Uniform Live Service Loads, psf *

10.00 10.50 11.00

8.00

8.50 9.00 9.50

Butler, PA

11.50 12.00-

Figure 2.15: Shows the uniform live service loads (NO factors) of combined DL &
LL for a 7.5" span as 250psf which is above the 173psf design value.

U.L Fire Ratings - Composite Deck, cont'd.

RESTRAINED ASSEMBLY RATINGS (HOURLY)

U L. DES. NO. FP. USD PRODUCTS
D772 c 2% NWILW LF2,LF3*
D773 C 2%LW BL* _ - -
D774 C | 2w | LF2" e
D775 c 2 ¥a NW,LW BL,INV. BL,LF2,LF3* o
D779 c 2% NW.LW BLLF1SLF2LF3
D822 F 2% NWLW LF2,LFC2,LF3 LFC3 NL NLC* _
D824 F 2 ¥a NW,LW BLBLC,LFi5LFC1 ]
D825 | F | 2¥NWLIW | BLBLCLF15LFC1LF2LFC2LF3LFC3NLNLC" |
D826 N 3 ValW BL.BLCLF15LFC1,LF2,LFC2LF3,LFC3,NLNLC*
D831 F 2 ¥ NW LW BL,BLC,LF15,LFC1,LF2 LFC2LF3,LFC3,NL,NLC* |
D832 F 2 Yo NWLW BL,BLC LF15LFC1LF2LFC21F3FC3NLNLCY |
D83z | F | 2% NWLW | BLBLC.LFI5LFC1,LF2,LFC2,LF3,LFC3"
D837 F 2 Ya NW BLBLCLF15LFC1* o
Da40 N 3 YW BL,BLC,LF15LFC1,LF2 LFC2.LF3,LFC3,NLNLC"
D847 F 2 Y5 NW,LW LF2 LFC2 LF3LFC3,NLC*
| D852 F 2 %5 NW,LW BLBLC,LF15LFC1LF2FC2LF3LFC3" .
D858 F_ | 2%NWLW | LF2FG2LF3LFC3,AWC2AWC3" ]
D859 F 2 NW,LW LF2LFC2,LF3LFC3*
D860 F IULW LF15,LFC1,LF2,LFC2,LF3,LFC3,NL,NLC" ]
D861 F 2 % NWLW LF2,LF3* - -
D82 | F | 2wmw | LF2LF3" )
D870 F 2 %2 NW,LW | BLBLCLF15.LFC1.LF2LFC2LF3LFC3" |
D902 N 4% NW BL,BLC,LF15,LFC1,LF2,LFC2,LF3,LFC3,NL,NLC
Dgo2 N 3%LW BL,BLC,LF15LFC1,LF2FC2LF3LFC3NLNLC
D302 N 3% LW BL,BLC,LF15LFC1,LF2LFC2,LF3LFC3,NLNLC
D906 | N | 3ulw NLC B
D307 N 3 %LwW BL,BLC,LF15,LFC1,LF2,LFC2,LF3,LFC3_
Dao08 M AN BLBLC,LF15LFC1,LF2,LFCZLF3,LFC3,NL,NLC
D913 N 3¥alw BL.LF15LF2|FC2IF3LFC3
D96 | N 4%NW | BLBLCLF15LFC1,LF2LFC2LF3LFC3,NLNLC
0916 N '%'AI_W _ 1 Bl F!I.PIF1RIFP1,{’F'$\IFF9IF'%IFF?N[ NEC
D916 N 3%LW
D918 N 4 ¥ NW

Figure 2.16: Shows that the flooring system meets the U.L. designation code as
specified in the construction documents with 3.5” LW Concrete. Therefore spray-
on fireproofing is not needed on the underside of the deck as designated by the N.
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Gravity Loads:

Dead loads for the floor area are determined from figure 2.14 at 43psf for the
lightweight concrete, 1.5psf for the steel decking, and 35psf for

MEP /partitions/finishes. Live loads are 40-80psf for hospital floors, therefore 80
will be used for calculation purposes and no live load reduction will be taken since
there are other areas with larger load criteria and reductions are not permitted.

Total DL= 79.5psf
Total LL= 80psf

1.2DL + 1.6 LL = 223.4psf

Floor deflections limited to: L/360 for construction load
L./360 for live load,
L/240 total

Note: Design calculations for the girder and beam can be found in Appendix C.

Conclusions:

The first alternate floor analysis shows that it is not possible to achieve an even use
of the member through its strength and serviceability (deflection criteria). Without
the use of the composite beam/girder system the members will either have to be
deeper or their weight per lineal foot will increase by at least a factor of two.
Addressing the depth issue is not a problem for strictly height as there are no code
restrictions on floor to floor heights. This does however lead to other issues with
an increased ceiling cavity that would require more energy to control, and increase
in the amount of fire protection that would be required to protect the structural
members. There are also structural concerns to deal with which include increased
load on the columns and footings and well as an increase in unbraced lengths both
of which would contribute to larger columns. If smaller depths were used there
would still be the concern for the above mentioned structural issues. Either way
the costs would be the most prohibitive fact. Costs associated with steel tonnage,
increased footing sizes, increased connection sizes and number of fasteners, and
labor associated with these would all be factors. The composite system is a better
overall system.
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Butler, PA

Concrete two-way flat slab with drop panels:

Alternate floor design number two will utilize the same bay size and configuration
as the existing structure. The column layout will remain the same (see figure 2.17
for details), but column sizes will be increased due to the additional loading and
type of material used, which will be reinforced concrete. In this design all strength
and serviceability requirements will be met while trying to achieve a smaller floor
to floor height with the least depth slab and drop panels. A design aid from CRSI
2002 (Figure 2.21) was used to compare hand calculations against tabulated values

after an initial floor thickness had been determined using ACI Table 9.5(c).
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Figure 2.17: Existing and proposed column layout
Note: Footing & column sizes may need to be increased
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System description:

This system is an all concrete flat slab with standard size reinforcing, generally #5.
Each floor level will need to be formed and shored and then reshored after
stripping forms until the concrete reaches its 28day field strength. The system can
have edge beams to help carry facade loads and transfer them to the columns; this
report however will only consider the inside bays. The system is based on the
criteria that the columns carry the entire load from the slab and punching shear
will most likely control the thickness and design.

An assumption for the design of this type of system is that the Direct Design
Method is going to be used. The actual layout of the current building does not meet
all of the requirements for this assumption; therefore, the Equivalent Frame
Method should be used. As stated in the start of this report this is not an exhaustive
analysis and only one interior bay is being compared so the Direct Design Method
will be utilized for simplicity.

To achieve preliminary slab and drop panel thicknesses the 2002 CRSI Design
Handbook was used. A minimum slab thickness was first determined using ACI
318-08 §9.5 Table 9.5(c). See figure 2.19 for layout. Calculations are presented in
Appendix D.

System Components:
Concrete F’c=4000psi

Steel reinforcement (rebar) Fy=60,000psi  Typically #5

Two-Way Flat Slab
with Drop Panels

Figure 7: Two-Way Slab with Drop
Figure 2.18: System type Panels. Taken from www.crsi.org
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Figure 2.19: Typical interior span layout

TABLE 9.5(c)—MINIMUM THICKNESS OF SLABS
OUT INTERIOR BEAMS*

Wi_t_hc_rut drop [.’JB.I"IE!S-t With drop panelst

_ | Interior | Interior
Exterior panels | panels | Exterior panels | panels

Without | With Without | With
edge adge adge acdge
[ pst" beams | beams® beams | beams®

6,033 | £,/36 | /36 | £,/36 | £,/40 | i,/40

/33 | £,/33 | €,033 | £,/33 | £,/36 | ¢,/36

628 | 6,031 | 6,031 | £,/31 | £,/34 | ¢,/34

o bwd-way conatruction, £, is the length of clear span in the long direction,
asurad face-to-face of supports in slabs without beams and face-1o-face of
5 or ather supports in other cases.

FOr §y batween the walues given in the table, minimum thickness shall be
Ined by linear intarpaolation.
U panelz as dafined in 13.2.5.
sabs with beams between columng along extericr edges. The value of ay far

Mecos beam shall not be less than 0.8,

Figure 2.20: Table from ACI 318-08 for minimum slab thickness
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f; = 4,000 psi FLAT SLAB SYSTEM SQUARE INTERIOR PANEL
Grade 60 Bars SQUARE EDGE PANEL With Drop Panels With Drop Panels(2
Mo Beams No Beams
Fachmjedl [t REINFORCING BARS (E. W.) MOMENTS Factored| REINFORCING BARS (E. W.)

SPAN (Superm-| Square Drop Square Column S e B T Superim-| Square ] e i

cc. | posed |  Pamel Column Strip (1) Middle Strip | Total | Edge | Bot. Int | posed | gglymn | Column Stip | Middle Strip Total | feufi
f1= 15 | Load | papth [ Width | Size Top | Top Top | Stesl | 5 (+) ) | Load ! - | Steal |{——
| ® (%S0 J ) [ @ | Gm) | Yy | Ext * |Botom| Int |Bottom | nt | (s | (k) | (Rk) | (%K) | (sl |Size(in)| Top |Bottom| Top | Bottom | (psf) |\SG

h=10in. = TOTAL SLAB DEPTH BETWEEN DROP PANELS h=10in. = TOTAL SLAB DEPTH BETWEEN DROP PANELS

25 | 100 | 550 | 833 | 12 |o7e | 12452 10#s | a5 | o#s | sas | 230 [ 1304

25 | 200 | 550 | 833 | 15 | 0809 | 12454 | 1346 | 1345 | 1245 | 1045 | 295 | 1713 | [ |
25 | 300 [ 700 | 833 | 18 | 064 | 12451 | 1746 | 1686 | 155 | 946 | 350 | 2124 | 4247 | G718 | 300 [ 21 | 1466 | 1585 | 1245 1045 | 310 | 0.898
25 | 400 | 850 | 833 | 19 | 0632 | 1245 1 | 1547 | 1247 | 04T | 1585 | 425 | 2543 | G086 | 6846 | 400 23 | 1546 | 1895 | 1046 | 1245 | 363 | 0912
25 | 500 | 850 | 1000 | 20 | 0744 | 13453 | 1149 | 2645

2602 | 3503 | 100 | 12 | 1345 | 945 | 945| ©45 | 219 | 0sss
3426 | 4612 | 200 | 18 | 1266 | 1245 | 1045 | o#5 263 | 0884

1546 | 1047 | 497 ! 2954 590.8: 7953 500 | 25 | 1387 | 1546 | 65 1046 426 | 0947

NES | 1085 | 280 | 1466 | 2937 | 3953 100 12 1585 | 1N#5 | 1045 1045 240 | 0884
1086 | 1246 | 34T | 1940 | 3880 | 5223 200 | 18 | 175 | 1445 11-#5 | 1045 273 089
97 | 1645 | 385 | 2406 | 4811 | 8476 300 21 1486 | 947 | 1345 1S i3 | 0912
NHT | 94#7 | 473 | 2817 | 5755 | TTAT 400 23 1347 | 147 | 1645 | 10448 417 0912
10488 | 1486 | 549 | 3309 | 6618 | 8309 500 26 | 2745 | 1048 | 04T | 1645 465 0847

o] 00 | 550 | 86T | 12 | 0810 | 12453 | 1145 | 1645
26 | 200 | TO0 | 86T | 15 | 0704 | 1245 1 | 147 | 1486
% | 300 | &S0 | 867 | 13 | 0633 | 1245 1| 1148 | 1545
26 | 400 | 880 | BE&T | 19 | 0745 | 1345 3| 1348 | 16-#6
26 | 500 | B.SD | 1040 24 | 0745 16-#5 4 | 1349 | 1288

1245 | 1045 | 263 | 1654 | 3308 | 4454 | 100 | 12 | 1545 | 1245 | 1045 1045 | 237 0808
M5 | 1345 | 33T | 2182 | 4353 | 5874 | 200 | 18 | 1446 | 1146 | 1245 1045 | 292 0808
1945 | 16#5 | 412 | 2707 | 5415 | 7289 | 300 | 21 | 1247 | 1845 | 1525 9#6 | 356 0912

2r | 100 | 7.00 9.00 12 0746 | 1245 2 | 1845 | 16-#5
21 | 200 | TOD | 900 | 15 | 0804 | 12855 | 176 | 15-#6
2f | 300 | BSD | 900 | 18 0BT4 | 1245 2 | 1667 | 1347

2 | 400 | BED | 1080 | 22 | 0756 | 1445 5 | 1249 | 1248 | 1048 | 1945 | 500 | 3216 | 6432 | BG5A | 400 | 24 | 3645 | 1048 | 1047 | 1545 | 435 | 0847
27 | 500 | 850 | 1080 | 27 | 06B2 | 1645 3 | 178 | 1348 | G0 | OB | 576 | 3666 | 7IBI| 98TA [ 500 | 27 | 1647 | 148 | 1147 | 1845 | 502 | 0.947
% | 100 ' 7.00 ' 9.33 12 | o784 | 13452 | 1445 | 1845 | 1245 | 1145 | 276 | 1850 | 3700 4981 | 100 f2 | 1745 | 1345 | 10e5 | 1048 242 | 0898
28 | 0 | B5D | 933 | 16 | 0714 | 1345 si 185 | 1546 | 1T#5 | 15#5 | 556 | 2432 | 4854 | 6348 | 200 19 | 1446 | 1745 | 1385 12#5 | 302 | 0912
28 | 300 | BSD | 933 19 | 0757 | 1345 5 | 1149 | 1447 i 1247 | 1047 | 456 | 3024 | 6048 | 81| 300 | 2 1347 | 2245 | 1286 | 1046 | 385 | 0912
28 | 400 | B50 | 120 | 25 | 0682 | 1645 3 | 1748 ! 1348 | 11#8 | 1247 | 547 | 3570 | TI43 | G615 | 400 | 24 | 1647 | 1148 | 2045 | 1246 | 4T1 | 0947
| | | | | | | | |
2 | 100 | BSD | 967 12| 0737 | 1345 2 | 2245 | 1845 | 1545 | 1245 | 291 | 2067 | 4134 | 5565 | 100 12 | 1745 | 1545 | 1285 11#5 | 258 | 0912
29 | 00 | BS0 | 067 16 | 0758 13454 | 1248 | 1347 | 1945 | 1645 | 381 | 2712 | 5425 | T3 [ 200 19 | 1646 | 1945 | 1585 1345 | 327 | 0912
29 | 300 | BSD | 967 | 22 | 0718 | 15854 | 2047 | 1647 | 1048 | 2045 | 492 | 3343 | 6685 | 8001 | 300 | 21 | 1547 | 1088 | 107 1645 | 434 | 0912
% | 400 | BS5D | 160 | 28 | 0639 | 1765 2 | 159 | 1488 | 1248 | 10#8 | 583 | 3927 | 7854 10573 | 400 | 26 | 1348 | 1248 1247 1047 | 606 0.947
| | | | | | | |
0 | 100 | 850 | 10.00 12| 0774 | 14452 | 1098 | 2085 | 1645 | 1046 | 316 |
| | |

peEn | annn A LA As o o | a4 g s g

2294 | 4588 | 6176 100 12 :14-#8 1286 | 13#5 0 1145 277 | 0812

an 200 LT An Aac oo o o d i Loange | oam P

Figure 2.21: Table from CRSI 2002, to obtain preliminary sizes along with figure
2.20. These figures are for 30' square bays (designed is 30'x28"), therefore
numerical values should be conservative.

System Loading & Deflection Criteria:

Gravity Loads: Dead loads for the floor area are 125psf for normal weight
reinforced concrete @ 10”, and 35psf for MEP/partitions/finishes. Live loads are
40-80psf for hospital floors, therefore 80 will be used for calculation purposes and
no live load reduction will be taken since there are other areas with larger load
criteria and reductions are not permitted.

Total DL= 160psf
Total LL= 80psf

1.2DL + 1.6 LL = 320psf

Floor deflection calculations are not required since ACI 9.5.3 Table 9.5c was used.
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Advantages:

4 [tis possible to reduce the overall floor to floor heights by approximately
10” per level, over the total height of the structure this would equate to
about five feet in overall height.

4+ Areduction in height would reduce some of the lateral forces caused by
wind and would improve lateral resistance itself.

+ Reduction in the cost of all vertical elements such as exterior walls,
elevators, stairs, mechanical system components

4+ Additional unobstructed ceiling space for MEP’s.

+ Eliminate the need for spray on fireproofing of the structural frame

+ Increased mass would reduce vibrational concerns

+ Reduce noise transmission from floor to floor

+ Works well with the current foundation and column layout

4 There are no large lead times with this type of system

+ Simple construction and formwork

+ Can use flying forms

4 Span range up to 40 feet

4 Ideal for offices, hospitals, parking decks, warehouses, & industrial plants

Disadvantages:

+ A different shear wall lateral system would have to be designed

#+ Increases the overall weight of the building, therefore making another
analysis of the foundation system necessary.

+ Longer to complete each level and weather could play a significant role (cold
& rain) in western Pennsylvania.

+ This method is also not very conducive to letting other trades get in behind
(below) to start other work until at least three levels are complete and the
concrete has reached sufficient enough strength so falsework and shoring
can be removed. In a building of this size that is nearly half of the structure.

+ Increased column sizes

4+ The increased weight dramatically increases the seismic load and analysis

4+ Mechanical component adjustments for two different slab thicknesses
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System Conclusions:

Costs and associated construction time frames would be the two biggest factors
affecting whether or not this system should be used. From the list of advantages on
the previous page it can be seen that this system is a good viable solution. A cost
analysis of savings due to the advantages such as no spray on fireproofing, lower
material and labor costs, and less MEP clashes due to more open space would have
to be compared to the additional costs of increased foundation bearing and
construction schedule timelines as discussed earlier. Another seismic analysis
would have to be done and determined if this might control.

Note: Values obtained for this system taken from CRSI Found in Figure 2.21 do not
match the calculated numerical values found in Appendix D. Possible reasons for
the differences could be 1) Bay sizes in the table are 30' x 30, calculated is 28" x 30'
2) Calculated moments do not include the moment due to the increased size of the
drop panels, and 3) The table values may be upsizing the rebar to account for the
need for additional shear reinforcement instead of adding additional bars.

Precast hollow plank concrete slabs on steel beams:

System Description:

The idea behind the use of this system is to reduce the overall floor depth, while
trying to develop a quicker to install and less expensive system. For the purpose of
this design Nitterhouse Concrete Products Inc. published load tables with the
10”x4’ hollow core plank with 2” topping with .5”@ 270K Lo-relaxation strand will
be used for the floor decking. Typically the planks are placed on top of the steel
members and the joints are grouted along with the topping keeping the floor
system as a rigid diaphragm and the ability to use the existing lateral system.
However, to cut down on total system height a wide flange will be designed to
carry the moment and more importantly control the deflection. To achieve this, a
section will be selected and an angle with the long leg placed out will be secured to
the girder to carry the planks. (See figure 2.22 for details). The angle leg will have
to be longer than % of the top flange of the supporting member to be able to place
and support the plank.
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Figure 2.22: Modified wide flange to reduce depth

A better way to achieve this would be to use a modified castellated section with a
shorter top flange that can resist the applied moments and control the deflections
to within acceptable limits. (See figure 2.23 & 2.24 for details)

B
GIRDER

PRECAST SLAB ~ -

Figures 2.23 & 2.24: Modified castellated sections

The infill beams used in the existing design are eliminated except for the beams
between the columns. These beams are not used in the gravity load system and
therefore will not be analyzed here.
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Advantages:
4+ Easy & fast to install
+ The lateral system can still be utilized
+ No formwork required and concrete slabs are already at usable capacity
when they arrive
4+ No intermediate beams in interior of bays needed
+ Can be installed in any type of weather
4 Other trades can start work underneath almost immediately
4+ Additional unobstructed ceiling space for MEP’s.
4+ Meets or exceeds floor fireproofing requirements
4+ Reduce noise transmission from floor to floor through baffled cavities
4+ Can work with the current foundation and column layout
+ No increase in floor to floor heights
4+ Reduces overall weight of the structure

Disadvantages:
+ Large lead times with this type of system
%+ Girders and columns would need fireproofing
4+ Much more efficient and cost effective at shorter spans
4+ Column spacing may have to be reduced, increasing footing requirements
4+ Floor penetrations must be well coordinated with the slab
designer/manufacture

System Conclusions:

The advantages outweigh the disadvantages for this system if the girders that

support the loading can be designed and manufactured at a cost that could be

offset in time and labor savings as well as the need for no intermediate beams.
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Summary:

Floor Comparison Summary Table

Floor System Comparison of a Typical Bay

Floor systems

Existing Steel Concrete |Precasthollow-core
Criteria Composite Steel| Non-Composite] Two-way concrete planks
Flat-slab on steel beams
System weight (psf) 58 63 125
Slab depth (in) 6.5 5.5 10 10
Total depth (in) 28 32.5 18.5 27
Column size W14 W14 24x24 W14
Fire rating (hr) 2 2 3 2
Additional Fire Proofing required Yes Yes No Yes
Column (cost/V.L.Ft) 185.65 105.00
Material (cost/sq.ft) 13.95 19.05 8.20 8.45
Labor (cost/sq.ft) 6.10 8.70 9.15 2.05
Total (cost/sq.ft) 213.40 122.35
Foundation impact None Moderate None
Constructability Easy Easy Easy
Vibration concerns No
Lateral force resisting N/A No Yes No
system changes
Alternative N/A No Yes Yes
Additional study N/A No Yes Yes
Figure 2.25: Comparison summary
Good ‘
Fair <>
Poor ‘
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Conclusions:

By comparing the three alternate floor systems to the existing composite slab and
composite beam system a determination can be made if each system is a viable
option to replace the existing system or at least a good candidate for further
analysis.

Alternate system one, the non-composite steel beam and steel column system, has
no apparent advantages over the existing design in respect to any of the criteria
listed in Figure 2.25 and is therefore not a candidate for future analysis.

Figure 2.25 shows that while the two way flat-slab with drop panels may have a
significant impact on the foundation system with respect to bearing capacity, the
potential cost savings as discussed earlier in the system conclusions could very
well out weigh this impact. As discussed with the architect this was the initial
design intent for the structure before the geotechnical report came in. The
increased time in the foundation completion due to the deep socketed piers did not
allow for the increased time for superstructure completion; therefore, a quicker to
install steel frame with composite action was decided on. This would still be a good
choice for an alternate system if it were not for this fact.

The third alternate design of the precast hollow core planks recessed down into
the girders appears to also be a fair to somewhat reasonable design if a cost
analysis as mentioned in the system conclusions shows that it would have minimal
impact. All other aspects of the design criteria shown in Figure 2.25 are relatively
comparable in numerical values. If a girder can be manufactured to carry the
required moment at the larger span economically this would be a fair candidate for
further study.
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Appendix: A

View looking from magnetic north
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Appendix D
Table 2.3—Minimum cover in concrete floors and
roof slabs
Cover ' for corresponding fire resistance, in.
Agpregate Restrained Unrestrained
tvpe 4orless | 1hour |1-1/2 hours| 2 hours | 3 hours | 4 hours
Nonprestressed
Siliceous 3/4 3/4 3/4 1 1-1/4 1-5/8
Carbonate 374 34 34 3/4 1-1/4 1-1/4
Semi-
lightweight 3/4 34 3/4 /4 1-1/4 1-1/4
Lightweight /4 /4 3/4 34 1-1/4 1-1/4
Prestressed
Siliceous 3/4 1-1/8 1-1/2 1-3/4 | 2-3/8 | 2-3/4
Carbonate 3/4 | 1-3/8 1-5/8 | 2-1/8 | 2-1/4
Semi-
lightweight 3/4 1 1-3/8 1-1/2 2 2-1/4
Lightweight 3/4 ) | 1-3/8 1-1/2 2 2-1/4

L ' T i
Shall also meet minimum cover requirements of 2.3.1.
'Measured from concrete surface to surface of longitudinal reinforcement.

Table taken from ACI 216.1 - 07
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poaColumn vi. 64 ¥ Portland Cement Associacian Fage i
Ligenged to: Penn Scate University. License ID: 52411-1010265-4 -2R545-2AP4D 1827008
Whaep, cosaccess, peu.eduiprofiless’ jdr2 T4\ Deektop\PCA column TECH 2 .col 12:05 AM

OROOTE0 DOT00 Qo0 TOA00 COaon 00
O O g0 G G o 00 ol a0 Q0 0]
[sls] [o N+ R N o w R o I o e S o« o I o 2 ]
] O (e I+ 4 ace 0o oo
] ol o COOO000 00 oo 0D oo
COCODO0 oD 00 S0 4D 007 00 0o 0D 00
el LU CI R S [ T v«
s ] COOO0 0D 20 OD00D D000 O000D TM)

CompuCer program for the Strength Desian of Reinforced Concrete Secticone

Licensee stated above acknowledges that Fortland Cement Association
\FoAy is not and  cannot  be responsible for  either the acouracy or
adeguacy o the materlal supplied ag ingut Tor procesalng By Cche
prafolumn (tml  computer program. Furthersore, BCA peither makes  any
warranty cxpressed nor implied with respect to  the correctness of the
autput prepared by the pealtolumn(tsl program Althowgh POA had endeavored
to produce pcaColumnitm) error free, the program  is not and can't be
certifiod infallible. The £inal and only responsibility for analyais,
desiqn  and emgineeciong docusents Qs the Licensees, Aocordingly, POR
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in  connestion
with the uwse of the pealolusnitm) prodgram.
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poafolumm vi. &fd ¢ Partland Cement Associatcion Fage 2
Ligenged Co: Penn State Univeraity. License ID: S52411-1010365-4-32545-2EF4D 1027708
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Run QOpnian: Deaign Elenderneas: Mot considered
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Hacerial Properties:
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L.09 Bl 1.27% 1,27 # 11 L.41 1.5
225 # 1E 2.2E 4. 00

Confinement:s Tied; #31 tiées with #8 bars, #4 with larger bars.
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Fattern: All Sides Equal (Cover bto transverse reinforcement]
Total steel area, Ag = 12.64 in™2 at 2,19%

16 &4 Cover = I in

Factored Leads and Momenbe with Corresponding Capacities: lsee user's manuval for notation)

Fu Hux M
Ha. kip k-Et k-ft £MnS M
1 GE4.0 395.0 g39.1 1. 368

*er Progran oompleted ag requested! =«
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F {kip)
1600 (Pmax)

34 x 34 in

; \ o
Code: ACI318-02 fs=0.5fy s=0.50y

Units: English
Rur axis: Aboul ¥-aos
Fun aption: Design I et 1 ; 1 : i 1 4 i i I 1
_ <TO0 oo
Slendarness: Mot consideresd . W {k-Ft)
Calumn lype: Stoscbural
Bars: ASTM AG1S
Dale: 1002785
Time: 00: 10042

[Fmin)
-B00 -

peaCalumn w384, Licenged k; Pann Slale University, Licengs 1D 52411-1010265-4-22 54 5-2BF 40

File: Yiaap.coesccess. psueduiprofdesSdr2T4\Deskiop\PCA colurmn TECH 2 col

Froect: TEGH I

Coaluma: Engirigér

P =4 ksi Ty =G0 ksi Ag = 576 in"2 16 #B bars

Ec = 3805 ksi Es = 20000 ksi A5 = 1264 in"2 Rho =2.18%

fo = 5.4 ksl fo = 3.4 ko Ko = 0.00 n I = 27648 in"a

€_u = D03 indn Yo =0.000in by = 2TE4E in™4
Betal =085 Clear spacing = 3,56 in Chesr cower = 2,36 in
Confinemend: Tied phita) = 0.8, phith) = 0.9, phifc) = 0,65

&)
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Appendix E

Butler, PA

Prestressed Concrete
10"x4'-0" Hollow Core Plank

(2 Hour Fire Resistance Rating With 2" Topping]

PHYSICAL PROPERTIES
Composite Section
A.=327in? Precast Sy.= 824 in’
I.= 5102 in* Topping S« = 1242 in?
Yo =6.19in.  Precast Sy, = 1340 in?
Y.=3.81in. Wt=272PLF
Wt= 68.00 PSF

3-10"

DESIGN DATA 5‘8" ?&n ?gn ?gn ?&..

?é" sgn

. Precast Strength @ 28 days = 6000 PSI

. Precast Strength @ release = 3500 PS| or 4000 PSI.

2"

. Precast Density = 150 PCF

DO W N =

. Ultimate moment capacity (when fully developed)...

7-1/2"@, 270K = 192.2 k-ft —

-

7-0.6"@, 270K = 256.4 k-ft 0" +0" -1/8"
. Maximum bottom tensile stress is 7.5\!% =580 PSI b Bl ol

x| e
. Strand = 1/2'@ and 0.6"@ 270K Lo-Relaxation. 5| | .
. Strand Height = 1.75 in. . . . o o oMo
K3 L8|

L 1%-

7

8. All superimposed load is treated as live load in the strength analysis of flexure and shear.
9. Flexural strength capacity is based on stress/strain strand relationships.

10. Deflection limits were not considered when determining allowable loads in this table.

11. Topping Strength @ 28 days = 3000 PSI. Topping Weight = 25 PSF.

12. These tables are based upon the topping having a uniform 2" thickness over the entire span.

13. Load values to the left of the solid line are controlled by ultimate shear strength.
14. Load values to the right are controlled by ultimate flexural strength or fire endurance limits.

the actual camber usually higher than calculated values.

thickness might occur if camber is not taken into account during design, thus reducing the load capacity.

15. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.

16. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with

A lesser

SAFE SUPERIMPOSED SERVICE LOADS

IBC 2003 & ACI 318-02 (1.2D + 1.6 L)

Strand SPAN (FEET

Pattern 26|27]28 29'@ 31323334 35 36]37]38] 39 40141|42|43 44
7-1/2" | LOAD (PSF) 234 210|189] 170|153 137|123]110] o8 | &7f 77} 68 [ 60 | 52
7-0.6" |LOAD (PSF) 256|244 |233]222| 202| 185|168 | 154 140§128| 116|106 SG—I 87 | 78 | 70 | 63

Chambersburg, PA 17201-0813

T17-267-4505 Fax 717-267-4518 05/14/07

E ?T E @ E.E @ EE E This table is for simple spans and uniform loads. Design data

: for any of these span-oad conditions is avallable on request.
CONCRETE ‘ PRODUCTS Individual designs may be furnished to satisfy unusual conditions
T h\ TR of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflect a 2 Hour & 0 Minute fire resistance rating.

10F2.0T

J

1
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L TECH B /0-28-0F | H6ULOW PLIANE n STEEL | TJJ/ foTer/NG

-

o
B ‘E*'“*.
- J.-j"'}f‘;'" IH'I,C- P ArMpe
la P
L ] ——
=
k—E‘ s

PLANK BESIGH
"L-"l"rL.r_. = B p&.p {_:l .I__
g R T B %
Woo = 36 psf | MEP, packlbiovs,

W]- - ']'E-Ll 5h?‘(':’npﬂ'§rd‘ _j{iy_{g_c I'I-m-c! Eﬂ’
..'"Jll' “rf Eﬂm_!:,'r ‘T-"—Ila.f-r

. !
. sl 7
See Fryorr JAX in oope

= u< psf
Ffort aITTER HOULE  DESIGA GorlE  IGF2.0T  5/i/sT
@A e P{ Supes ™ I_r;:&'_%.rgl LIl dae J -'-'\P 14737 pl ‘-u,'

P o
I.:H_JL:fL Tt :'Iud‘.lf{.. |'II"'-'f lDd--J- 'f';"l -?"'} "lP‘-‘-""" #

IS 1 N -'v,@—&'
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\TEH T 10-08-0F _|folloW PIANK o0 STEEC | I RTTONNO
PEsIGH «F sTEEL CIepER

SRw. = 28’

Tle Giddec 14 aswmed do be folly btaced E:l'd'wf'e ils Fméllh
Lﬁ b ifﬁu-].ra-'l hallsopate F?‘“k

The r*c‘l*» ¢P #—- eﬁdwt alt a]'Qr_m d!‘;-;(_,wr.:l lo l:sc | |
Biwp"b o ppot fed w};j M. Shear comncebion s Lo He colowmi

Wy * TLsv8 k/EF

”g 4 1 3 37 V] Wo 7 LIDEI1GL
JPER—- -l Lo einhd N Pl“‘k = 8pst
e | .R*.}'”-?‘”# (,gpa_,ﬁ{:r.c&‘].'- Jodo 11 [}
. MEP / pec )i Liaws J Fovisbes
A | N sc(z0') = [0S k4
i-;.'.;'.‘ll" Tmun TE %ﬂplpfjt‘-‘]:l#}q’ﬂ-
_ 120 4 bl
' dﬁ;\\ Wz (294 HEE) (241 1S BHR
Y. W ‘
MT J*"‘{:' A= SRR

H
{h.i'rﬂ

\ 5 wd?
ﬂu .5_ %{.Q‘j = jﬁﬁ%ﬂﬁ = 6.‘?3};“ = /{fﬁff £z }

Ar it € Yowe ~ ’?M”ygm = b
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Butler, PA

|\ TErH T J0-08-0F | WLtaW PIANK an STEEL | TIM LOTONNG

fﬁiﬁ_:ﬁﬁ = __-?g ﬂfrd’ﬂ:{_

.fa.f L

.5 fulpa)alnel)

THe Zaoes (0.933) )

= AT in

7. s e :e:*ﬁhﬂ%l) _ -';J':;, ﬂ“{r?
T far Talal E:f { .?I_.ﬂ-‘{lﬂﬂ_{ reit) £ gl
if . p
Meeed W Sfe'i'f-”’* G 1 f:(n,lﬂzﬂf 1--1"3 -::-1[
- |
'{'ﬁl'lv]rﬁ 2190 A * ..'} ;g?l.f ;HL" _E.Fi.(d( c.r.'-'l'l pot {Gu :Evc:j
"W e ¥id3  GMa T 1248 k- Ty = JTE0 .'.qu
. w o e il dMa = 050 o P T, - 2670 s
i BEmeot
M Wy el e *?3_1":;: o, =0
w1 yed  Pa T8 E 1, = 2850 in’
THE WBYH3 taguld be Hoe least deplh
.-"?emlurt' | |
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