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Executive Summary

This technical report deals specifically with the flooring system of Eight Tower Bridge
located in Conshohocken, Pennsylvania. This sixteen story steel high-rise office tower
currently employs a concrete slab poured over 2” metal deck in full composite action
with wide flange steel beams. This report introduces five alternative flooring systems for
the office tower. They include:

= Long span open web steel joists

= Short span open web steel joists

= Long span one-way concrete pan joists
= Short span one-way concrete pan joists
= Precast hollow core concrete deck

The five systems were evaluated on a number of different criteria including overall
system weight, fire rating of the assembly and most importantly, and overall system
depth.

Of the five alternative systems presented, both the long span open web steel joist system
and precast hollow core concrete deck were deemed to have too deep of an overall
system thickness, which cancelled out any possible benefits the system might have. The
best alternative to further investigate was decided to be the short span, one-way concrete
pan joist system.



Existing Floor System

Eight Tower Bridge is a sixteen story steel framed office tower with a rooftop
mechanical penthouse. The entire structure is dedicated to office space with the
exception of the ground floor which houses limited parking facilities, a small retail
area and a three story main entrance lobby. The geometry of the building allows for
repetition in the floor layout for each level of Eight Tower Bridge. Floors 3-15 have
been designed with almost identical members, neglecting the columns. A typical floor
of Eight Tower Bridge is approximately 21,800 sq. ft. with close to 19,450 sq. ft. of it

being occupiable office space.

There are six different variations of flooring systems used in Eight Tower Bridge. The
systems differ only in reinforcement and slab thickness, and have been designed to
carry a range of loads found in different parts of the building (i.e. the mechanical
room of each floor has a thickened slab). A deck slab schedule is included in Appendix
E for comparison between different slabs. This floor system study will only deal with
one of these slab decks.

The typical bay being studied in this report falls between column lines 1 and 4.1 and F
and G. The existing floor system employed at this typical office bay consists of
poured concrete on metal deck with full composite action between the wide flange
steel beams. Full composite action is developed between the beams and the concrete
deck slab through %" diameter, 4” long shear studs spaced evenly along the length of
the beam. Beams span a typical 44’4” spaced at every 9’4” on center, and are sized to
at W18x40. The deck has 2” flutes and has been specified to a minimum of 20 gauge
A446 steel with 2” overlap. The deck supports 3-1/4” lightweight concrete reinforced
with 6x6-W1.4xW1.4 welded wire fabric, bringing the total slab depth to 5-1/4”. The
total floor system has a depth of 23-1/4".

Development of Floor Loads

Floor loadings for a typical bay are listed below. The typical bay being designed for
in this report has arbitrarily been chosen to be from the 6t floor. Live load reductions
corresponding to this location are applied. Other load cases are present in different
parts of the building, but the loads below will be the only conditions applied to the
bay being analyzed. The typical bay can be seen below in figure 2.1.
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Live Load
Office Live Load: 50 psf

Partitions: 15 psf

Figure 2.1- Typical Bay

Dead Load
Superimposed DL: 20 psf

Total: 65 psf

CMEP: 5 psf

Carpet/misc.:_5 psf
Total: 30 psf

Live
Office 50 psf CMEP 5 psf
Partitions 15 psf Misc./Carpet 5 psf
Slab 39 psf
Total 65 psf Total 49 psf
Tributary  Tributary . Dead Total Max
Width Area (fﬁ\lz) Re dIEJIE:tion Live Load Load Load Sggn Moment
(ft) (ft"2) (psf)  (psf) (k-ft)
9.33 414 827 0.483 49 109 44.33 249.9

Table 2.1- Load development




Alternative Floor Systems

Open Web Steel Joist, Long Span

The first alternate flooring system being investigated is an open web steel joist system
framing into non-composite steel girders spanning in the long direction. The system is
comprised of 26K12 open web steel joists spaced at 3’ on center. Joists span 44°4” and
frame into non-composite 50 ksi W21x44 wide-flange girders. The joists were selected
from New Columbia Joist Company catalog with loads based on a maximum tensile
stress of 30 ksi. The girder designed for this system was an interior girder, so exterior
wall loading was not taken into consideration. The joists support 4000psi light weight
concrete poured over steel form metal deck with a total slab thickness 3-1/2”, and
reinforced with 6x6-W2.0xW2.0 wwf. The deck is 80 ksi Tensilform 75 deck
manufactured by Wheeling and has been designated with a 2 hour fire rating by
Underwriter Laboratories for the given assembly. The total depth of the system is 29-
1/2”, as seen below in figure 2.2. Relevant calculations can be found in Appendix A.

Open web steel jOiStS are efficient Figure 2.2- Section of alternate floor system 1

engineered products. The relative
light weight of each joist can reduce
the size of beams and columns,
reducing the overall building weight,
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Additionally, construction with open
web joists is relatively quick. Once each joist is erected, decking can be laid across
them to form a working surface or to begin pouring the concrete slab.

iy
ny
o
i

(G)— Sxa0 = —

] aan

Figure 2.3- Open-Web Steel Joist, Long Direction



Open Web Steel Joist, Short Span (Alternate 2)

This alternative flooring system is comprised of the same decking and slab thickness,
but contains open-web trussed spanning in the short direction of the bay. The joists
selected are open-web 22k6 joists spaced at 4’0” on center, again from the New
Columbia Steel Joist Company. The joists are framed into non-composite 50 ksi wide-
flange steel girders sized at a W18x40 spanning 44’4”. The total depth of the system
is 25-1/2” and still retains a 2 hour fire rating designated by Underwriter
Laboratories. Calculations for this system can be found in Appendix B.

A joist with a smaller depth could be selected for this system due to the decrease in
span from the system above, which decreases the load per linear foot on the truss.

The joists were also allowed to be spaced an additional foot apart for this system. The
Tensilform 75 steel deck is capable of spanning 4’0" for both systems, but became the
limiting factor for the selection of a joist spanning the long direction. Orienting the
joists in the short direction as shown below in Figure 2.4 resulted in a longer center to
center spacing, in shallower system depth.
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Figure 2.4- Open Web Steel Joist, Short Direction

Figure 2.5- Section of alternate floor system 2




Concrete Pan Joist Girders, Long Span (Alternate 3)

The third alternate floor system being evaluated is a one-way concrete joist system in
the long span direction. The CRSI 2002 design handbook was used as the guide to
this design. The system uses 4000psi strength concrete and 60ksi strength reinforcing
bars in design. The clear span was found to be 41’107, but designed as a 42” end span.
The joist girder system selected from the CRSI handbook uses 40” forms with 10” ribs
spaced at 48” center to center. The ribs are 18” deep with a top slab of 4.5”, bringing
the total depth of the system to 22.5”. The maximum factored usable superimposed
load for this system is 447 Ib/ft?, which is greater than the calculated 396 lb/ft2. Top
reinforcing consists of # 6 bars at 9.5” on center, while bottom reinforcing consists of
a single #8 bar. The one-way concrete joist frames into a rectangular concrete girder
found to be 36”x24.5”. Both a cross section and typical bay layout for this system
can be seen below in figures 2.6 and 2.7.

Figure 2.6- Typical cross section of one-way joist

The advantages of using a one

way concrete pan joist system

include the ability to span rather
long distances and the overall R
relative lightweight of the D¢ .
system. The depth of the system . hceac
can be minimized depending on )
the span condition. l'—¢€

Disadvantages of this system

include costly formwork
assembly and tear down, as well as concrete curing time. Both of these factors can
result in increased labor costs and lost time on the project schedule.
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Figure 2.7- Typical bay layout for one-way concrete joist system, long span



Concrete Pan Joist Girders, Short Span (Alternate 4)

The forth alternative flooring system
being evaluated is similar to
alternative three, but spanning
perpendicular to the original span.
Similar to alternative 2, the floor S
system depth can be reduced when
spanning in the short direction. The : . 41 #S
CRSI 2002 handbook was again used | « ye

as the design aid for this system.

Columns were assumed to be

307x30” square, but were not Figure 2.8- Cross section of concrete girder in short span
checked for strength. The system was designed for a clear span of 26°0”, which
resulted in the selection of a joist system with 40” forms and 8” ribs spaced at 48” on
center. The ribs are 12” deep with a top slab of 4.5, yielding a total system depth of
only 16.5”. The maximum usable load for this system is 686 lb/ft?, greater than the
calculated 396 Ib/ft>. Top reinforcing consists of #8 bars at 8”, which bottom
reinforcing consist of 1 #5 bar. A concrete girder was also selected from the CRSI
2002 handbook and sized at 30”x 42”. The typical cross section of the concrete joist
system is shown to the right in figure 2.8.

This system has the same advantages and disadvantages as alternate system number
4, but the advantage that is most obvious is the reduction in system depth. This
system allows for the depth of the floor to be reduced nearly six inches. When dealing
with a high-rise office tower like Eight Tower Bridge, 6 inches per floor correlates to
height reduction of 8’, close to a fully story height. This affects the overall building
weight, seismic and wind calculations, an also building cladding costs. A designer
may be particularly interested in such a reduction when facing height restrictions.
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Figure 2.9- Typical bay layout for one-way concrete joist system, short span



Precast Concrete Hollow Core Deck (Alternate 5)

The final alternative flooring
system developed is the use of
precast concrete hollow core deck I £
on wide flange beams. The T o —— ——
Nitterhouse Precast Concrete = I vl 1N A O\ G (9
Systems catalog was used as the T — 1/ '
design aid for this system. The 1z R
planks were designed to span in
the short direction of the typical _
bay. After developing an 8 SPANDECK CROSS SECTION
unfactored floor load of 95psf, it L i

was determined that an 8”x4’ Figure 2.10- typical 8” spandeck cross section
prestressed span deck with 2”

cast-in-place concrete toping. The allowable superimposed load in psf for this system is
listed as 132 Ib/ft2. The 8 inch deep deck is cast from 5000psi concrete and reinforced
with /2" diameter, 270k Lo-Relaxation prestessing tendons. The typical section of

the precast spandeck is shown above in figure 2.10.

The precast spandeck will sit on wide-flange steel girders that span 44°4”. There were
two girders sized from LRFD Manual of Steel Construction that meet the required
moment capacity of 1645 k-ft for an interior girder. The most economical member
was a W33x130 beam. However, to minimize the depth of the system, a shallower
but heavier W27x146 was selected as this system’s girder. The overall system depth is
therefore 37”. The two inch topping was necessary in order to ensure an even floor
finish, as the girder would have to be cambered due to deflection.

Precast concrete members pose many advantages. They can be cast in a controlled
area, ensuring quality in strength. Hollow core plank and deck systems are relatively
light in weight due to their hollow cores, which also pose thermal and acoustical
benefits.

Conclusion

Out of the five alternative systems proposed, the two systems that seem to pose no
real advantage or improvement to the structure are the precast hollow core concrete
deck and the open web steel joist spanning the long direction. While both of these
systems are fairly light and do work for the required loadings, the increase in floor
system depth is too much. Weight reduction is not an issue with this structure, as the
bulk of the weight lies at the building core, and not at the perimeter where our typical
bay lies. Choosing a system that may be lighter than the current system does not
pose an advantage if the overall structure height is increased.



The remaining 3 alternative systems may have been viable options for the flooring
system of Eight Tower Bridge. Most notably would be the one-way concrete pan joist
system spanning in the short direction. The decrease in floor system depth of almost

6” could prove to be a very cost effective for the project. This system would also

eliminate the need for long material lead time for steel members. However, the

addition of form work assembly and disassembly, as well as concrete curing time may

add time to the schedule. Additionally, the system requires a very large concrete

girder, which may ruin all advantages of the system entirely. It may be worth while

to investigate what shallow concrete framing members are available to span such a

length. A summary table of the existing and alternative flooring systems is listed

below.

Summary of Alternative flooring systems:

Crverall Sys.tem . Further
System Weight Advantages Dizadvantages ;
Depth Invesityate?
[FSE
Concrete on metal deck with full +Relatively quick construction sMaterial lead time
: ; 314" 55 +Easy construction #Welding shear studs Existing
comp osite wide flange beams sLight framing system +Spray on fireproofing needed
. +Light framing system *Thicker floor system
Concrette Tn mftgl ?ECk ;V.Ith;.pen e 29142 42 +lo shear stud welding shaterial lead time Mo
Sleeljoists in long direction +Cluick construction +Spray on fireproofing needed

. sLight framing system shdaterial lead time

Concrete an _metgl de ck W!th nRen el 26-172" 33 oMo shear stud welding «Spray on fireproofing needed Yes
steel joists in short direction «Quick construction
One-way concrete nan inists soannin +Mo rmaterial lead time sHeavier systerm
¥ in lon dpirecjtion P 91 241020 100 +Srall flaor depth sFormwork required Yes
8 +Curing concrete cuting time
One-way concrete nan inists soannin +Mo rmaterial lead time sHeavier systerm
¥ in short Eirecjﬂon P 91 16142 95 +Srall flaor depth sFormwork required Yes
+Curing concrete cuting time

«Cluality control in casting eMaterial lead time

HCLEE .hD”DW core concrete deck on 37" a3 sLonger spans possible +Thicker floor system Mo
wide flange steel beams “Taller building




Appendix A
Calculations for Alternative Floor

System 1:

Open Web Steel Joist, Long Span

10
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Tensilform/Tensilvent 75

Maximum Allowable Unshored Construction Clear Spans

/

&

Wheeling

Form Deck

145 pcf Normal Weight Concrete 115 pef Lightweight Concrete
Slab Slab Single Double | Triple Slab Single Double Triple
Depth Type Wt. - psf Span Span Span Wt. - psf Span Span Span
26 26 3-7r 48" 4'-8" 21 3-9" 4410 | 411
2-1/2" 25 26 4'-1" 54" 5'-5" 21 4'-4" 5-T | 5'-8"
24 26 410" 6-4" 65" 21 51" 6-9" 6-10"
22 26 5-7" 7-5" 73" 21 5-11" | 7-10" 7-10"
26 32 3-5" 45" 48" 26 o ‘ 48" 49"
3 25 32 3-10" 5-1" 51" 26 O e 545"
24 32 46" 6-0" 61" 26 410" B-5" 6-6"
22 32 5.3" 6-11" 6-9* 26 57" 75" 73"
26 38 3-3" 43" 44" 31 35" 4-6" 46"
3-1/2" 25 38 3-8" 4'-10" 411" 31 a-11" 51" 5.-2"
24 38 4'-4" 5'-9" 5'-10" 31 47" 6'-1" 6'-2"
22 38 4-11" 6-7" 65" 31 54" 71" 6-10"
26 44 3-1" 4-1" 4-2" 35 3-4" 440 | a5
4 25 44 | 36 | a8 48" 35 30" FETD 50
24 44 [ e | s 5.7" 35 45" 5-10" 5-11"
22 44 48" -4" g'-1" 35 5.1" 69" 6-7"
26 50 30" 311" 4-0' 40 3-2" 4" 43
4-1/2° 25 50 3-4" 4-6° 46" 40 3.7 4-9° 410"
24 50 40" 5-4" 5-4" 0 43 5-8" 59"
22 50 4-" -1 510" 40 411" 6-6" 6-3"
26 56 210" 3-10" 3-10" 45 3-1" 41" 41"
5" 25 56 | mue 44" 4.4" 45 3-6" 47" 4.8
24 56 | 300 51" 5.0" 45 41" 5.5" 56"
22 56 e T 57" 45 48" 6-3" 61"
Allowable Uniform Superimposed Loads for Reinforced Concrete Slabs - psf
Siab Reinforcement : Three Span c_ondizion - C_enter to Center
Depth W.W.R. As (inz/ft) 3-0" 36" 40" 4'-6" 50" 5'-6" 6'-0"
6x6-W1.4xW1.4 0.028* 78 52 34
2-1/2" Bx6-W2.0xW2.0 0.040% 118 a1 57 4
BxB-W2.9xW2.9 0.058° 176 124 90 66 50 37
6x6-W1.4xW1.4 0.028° 106 71 48 32
3 Bx6-W2.0xW2.0 0.040° 160 111 79 57 41
6x6-W2.9xW2.9 0.058 240 169 123 92 60 | 53 | 40
6x6-W2.0xW2.0 0.040" 203 | 176 1270 PR 70 53 39
3-1/2" Bx6-W2.9xW2.9 0.058" 303 260 192 145 111 87 68
6x6-W4.0xW4.0 0.080 400 356 265 203 158 125 100
Bx6-W2.9xW2.9 0.058* 362 330 244 185 143 112 88
4" 6x6-W4.0xW4.0 0.080 400 400 339 261 204 162 131
4x4-W2.9xW2.9 0.087 400 400 380 292 230 184 149
6x6-W4.0xW4.0 0.080" 400 400 400 318 250 200 161
4-1/2" 4%4-W2.9xW2.9 0.087 400 400 400 356 280 224 182
4x4-WA0XWA0 | 0.120 400 400 | 400 400 390 315 258
6x6-W4.0xW4.0 0.080" 400 400 400 376 296 237 191
5" 4x4W20xW2.9 | 0.087° 400 400 400 | 400 331 265 215
| 4xd-W4.0xW4.0 0.120 400 400 400 400 400 373 306
*As does not meet A.C.l. criteria for temperature and shrinkage reinforcement (0.0018Ac)
FD-9
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STANIjARD LOAD TABLE/OPEN WEB STEEL JOISTS, K-SERIES
Based on a Maximum Allowable Tensile Stress of 30 ksi

Joist
nation 24K4 | 24K5 | 24K6 | 24KT | 24KB | 24K9 | 2d4K10 | 24K12 || 26K5 | 26K6 | 26K7 | 26K8 | 26K9 | 26K10 | 26K12
Depth (In.) 24 24 24 24 24 24 24 24 26 26 26 26 26 26 26
Approx. WL
bs ) 8.4 9.3 9.7 10.1 115 12.0 13.1 16.0 9.8 106 10.9 121 12.2 138 16.6
Span (ft.)
v
24 520 550 550 550 550 550 550 550
516 544 544 544 544 544 544 544
25 479 540 550 550 550 560 550 550
456 511 520 520 520 520 | 520 | 520
26 442 499 543 550 550 550 550 550 542 550 550 550 550 550 550
405 453 493 499 | 499 499 499 499 535 541 541 541 541 541 541
27 410 462 503 550 550 550 550 550 502 547 550 550 550 550 550
361 404 439 479 479 479 479 479 477 519 522 522 522 522 522
28 381 429 467 521 550 550 550 550 466 508 550 550 550 550 550
323 362 393 436 456 456 456 456 427 464 501 501 501 501 501
29 354 400 435 485 536 550 550 550 434 A73 527 550 550 650 580
280 325 354 392 429 436 436 436 384 417 463 479 479 479 479
30 331 373 406 453 500 544 550 550 405 441 492 544 550 550 550
262 293 M9 | 353 387 419 422 422 346 ar7 417 457 459 459 459
3 310 349 380 424 468 510 560 550 arg 413 460 509 550 550 550
237 266 289 320 350 are 410 410 314 341 378 413 444 444 444
92 290 327 357 397 439 478 549 549 356 387 432 477 519 549 549
215 241 262 290 318 344 393 393 285 309 343 375 407 431 431
33 273 308 335 a3 413 449 532 532 334 364 406 448 488 532 632
196 220 239 | 266 289 313 368 368 259 282 312 342 370 404 404
34 257 290 315 351 388 423 502 516 315 343 3a2 422 459 516 516
179 201 218 242 264 286 337 344 237 257 285 312 338 | 378 378
35 242 273 297 331 366 399 473 501 297 323 360 398 433 501 501
184 184 200 221 242 262 308 324 217 236 261 286 310 356 356
36 258 281 313 346 377 447 487 280 305 340 a7e 409 486 487
169 183 203 222 241 283 306 199 218 240 263 284 334 334
a7 244 266 296 327 356 423 474 265 289 322 356 87 460 474
1] 169 187 205 222 260 280 183 189 221 242 262 308 315
38 252 281 310 338 401 481 274 305 337 367 436 461
156 172 189 204 240 275 184 204 223 241 284 299
39 266 294 320 380 449 289 320 348 413 449
159 174 188 222 261 188 206 223 262 283
40 253 280 304 361 438 275 304 axn aa3 438
148 161 175 206 247 174 191 207 243 269
4 241 266 290 344 427 262 289 315 ar4 427
137 150 162 191 235 162 177 192 225 256
42 229 253 276 az7 417 249 275 300 356 a7
127 139 151 177 224 150 164 178 210 244
43 263 32 406 263 286 339 407
1 h | 213 153 166 185 232
44 298 387 324 308
154 199 182 | 222 |
45 285 370 310 380
144 185 170 212
46 272 354 296 380
135 174 158 203
47 261 339 284 369
126 163 149 192
48 250 325 272 353
118 153 14 1
49 339
169
50 325
159
51 313
150
52 301

142
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Appendix B
Calculations for Alternative Floor

System 2:

Open Web Steel Joist, Short Span
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Desi nﬁmn 14KB | 18K5 | 22K4 | 1BK6 | 20K5 | 24K4 | 18K6 | 16K7 | 22K5 | 20K6 | 18KT | 22K6 | 20K7 | 24K5 | 22K7
[ 14 18 22 16 | 20 24 8| 1 22 20 18 22 20 24 22
rOX. 1 | 7.7 | 80 [ B1 . 84 X 66 | B8 | 89 | 90 | 9.2 03 [ 93 [ o7
Ibs./ft
pan (it)
14 550
550
5 550
507
18 0 550
467 550 550
17 550 550 550
443 526 526
8 550 | 550 T550 | 550 550
408 | 550 490 550 | 490 550
19 | 550 550 | 550 550
383 | 523 455 523 | 455 523
T 550 | 550 550 | 550 550 | 550 550
347 490 428 550 490 426 550 490 550
21 475 | 550 545 | 550 | 550 550 | 550
299 | 460 405 | 520 460 | 406 520 | 460 520
22 432 | 518 | 550 | 498 | 550 550 | 550 | 550 | 550 | 550 | 550 | 580 550
259 | 414 | 548 | 351 | 490 438 | 385 | 548 | 490 | 438 | 548 | 490 548
23 305 | 473 | 518 | 455 | 529 516 | 507 | 550 | 550 | 550 | 550
226 | 362 | 491 | 307 | 451 393 | 339 | 518 | 468 | 418 | 518 | 468 518
28 362 | 434 | 475 | 418 | 485 | 520 465 | 536 | 528 | 526 | 550 | 550 | 550 | 550 | 550
199 | 318 | 431 | 269 | 396 | 516 | 345 | 298 | 483 | 430 | 382 | 495 | 448 | 544 | 495 | 544
[t 334 | 400 | 438 | (7446 | 479 | 435 | 426 | 493 | 486 | 485 | 537 | 541 | 540 | 550 | 550 |
175 | 281 | 381 | 238 | 350 | 456.| 305 | 263 | 427 | 380 | 337 | 464 | 421 | 511 | 474 | 520
26 7| 208 68| 41z | 442 305 | 455 | 449 | 448 | 495 | 500 | 499 | 550 | 543
156 | 249 | 338 | 211 | 310 | 405 | 271 | 233 | 379 | 337 | 200 | 411 | 373 | 453 | 454 | 493
7 285 | 342 374 3 410 372 366 422 [ 418 463 | 462 512 503
139 | 222 | 301 | 188 | 277 | 361 | 241 | 208 | 337 | 301 | 267 333 | 404 | 408 | 439
i} 265 | 318 | 348 | 306 | 355 | 381 | 346 | 340 | 392 | 386 | 429 | 475
124 | 199 | 270. | 188 | 248 | 323 | 216 | 186 | 302 | 260 | 239 N 328 N 298 | 362 | 364 | 393
L) 706 | 324 7 | 365 | 400 | 443 | 435 |
179 | 242 | 151 | 223 | 290 | 194 | 167 | 272 | 242 | 215 | 295 | 268 | 325 | 327 | 354
30 276 331 | 301 | 34T | 336 | 335 | 371 | 374 | 373 | 413 | 406 |
161 | 219 | 137 | 201 | 262 | 175 | 151 | 245 | 218 | 194 | 266 | 242 | 293 | 295 | 2319
3 258 | 283 | 249 | 289 | 310 | 281 | 277 | 319 | 314 | 313 | 347 | 350 | 349 | 387 | 380 |
146 | 198 | 124 | 182 | 237 | 158 | 137 | 222 | 198 | 175 | 241 | 219 | 266 | 267 | 289
32 242 | 23 | N 264 | 250 | 209 | | 254 | 326 | 3 327 | 363 | 357 |
132 | 180 | 112 | 165 | 215 | 144 | 124 | 201 | 179 | 159 | 219 | 199 | 241 | 242 | 282
kK] 228 | 249 254 | 273 1 | 277 | 276 | a06 | 308 | 341 | 335 |
121 | 164 150 | 196 | 131 183 | 163 | 145 | 199 | 181 | 220 | 221 | 239
34 —rm | 257 | 233 265 | 261 | 260 | 288 | 200 | 321 | 315 |
110 144 137 170 190 187 440 4an 4an aoE e Anm
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Appendix C
Calculations for Alternative Floor

System 3:

Concrete Pan Joist Girders, Long Span
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L E/6S5~60¢) 7 [)2(30)c 9Fp,sF - 606

CLeAR  SPAN:

g9y’ = (1S77(S7) = w0 . use 42’ A5 CibAx  seAN
TRy 40" Forms + 9" e1ss @ Ue' ¢-C. , enD SPAN

(99 5E)( 49/:2) = 336 PLF

/8" beep R/B 4 Y.5" 7P SLAE - 22.5" TTAL prriH
MAx TACTOKED LoAD; PLF. Wl ar 7 290 RF

Zeintste ent’ P PG @ 95"

pemm’ 1*H
STIRRGPS: B2 -/432 [C eS| zoawz i &(oz.'j
GieDER -
L ToIST BT Y5 (Yyx 7)) (/8 1 &)
S O 22
: ¥ = Y07 PSF
Y5 e——— TACRKCD Lehs: 9 Ps¥

TOAL Ligert Ledo.  YiesF + /2(970%) = S8 (22'2') £ 134/

Mapy: W37 . (1342557 | pose.c ;,.ﬁ/ 7Y e
8 2 1

CEPAN 26" > L:3eY, heozust dMe - 1Ze) Ak

Rentoane: Tor: F- 14 ] Bemop. |4 M6 in L rows EC(?SI_ 2007 % 12-9¢]

~

20



WIDE MODULE ) 40" Forms + 8" Ribs @ 48" c.-c.
ONE-WAY JOISTS| 18" Deep Rib + 4.5" Top Slab = 22.5" Total Depth fe = 4,000 psi
MULTIPLE SPANS | FACTORED USABLE SUPERIMPOSED LOAD (PLF) | f, = 60,000 psi
ropBARs  NO[ #4| #5| #5| w6l #6 ] | #4| #4| #5| #6 e |
AT| 15| 105) 95| 10| 95 g, 85| 50] 70 ] 80 | 70 Span
BOTTOMBARS NO| 2#4 | 1#5| 2#6 | 1#8 | 148 |pefi. | 2#4| 1#5] 246 | 148 | 1#8 | Defl.
BARS No| s | 266 1#6 | 1#8| 1#9 |Coefr| 1#5| 2#6| 146 | w8 [1#9 [Coeff.
ISTEEL ®esk|. 72| 118 133 166| 187 | @ 64| 64| a4 | 64| 84 | D
CLEAR SPAN END SPAN INTERIOR SPAN
32°-0" (3) 12| ew| 73| aro| 1177 | 4000 | 463 1144] 1327] 1680 1969 | 2461
STIR | #3-38 |#3-111 [#3-122 |#3-138 [#3-134 #3- 66| #3-117| #3-124 #3-137 | #4-144
33'-0" 10| s540| ese| 887| 1073 | 4523 | 402| 1042] 1214 1546| 1818 | 2784
STIR | 3-33 |#3-111 |#3-123 |#3-140 |#3-142 #3-64 | #3-118| #3-126] #3-140 | #3-147
340" 61| 476| s87| s02| ovs| 5007 | 346 948l 1111 1424 | 1680 3.137
STIR | #3-28 |#3-111 [#3-123 |#3-141 |#3-151 #3- 62| #3-119] #3-129 #3-142 |#3-149
35'-0” 7| 52| 725| 892 5724| 204 8e4| 1016 1312| 1554 | 3522
STIR #3-110 |#3-123 |#3-142 [#3-154 SH3- 60| #3-120| #3-129 #3-124 | #3-152
36'-0" 33| 463 655| 812 | 6407| 247 785| 930| 1209 1437 | 3.942
STIR #3-110 [#3-123 | #3-143 |#3-156 #3- 57| #3-121| #3-130[ #3-131 [#3-155
37°-0" 314| 408| 590| 738 7.149| 204 73] 85 1114 1331] 4399
STIR #3-109 [#3-123 |43-144 [#3-157 #3- 54| #3-121] #3-131| #3-139 | #3-157
380" 268 | 357 | 30| 6717953 14| 647| 77| 1027| 1232) 4.8%4
STIR #3-108 [#3-123 |#3-145 [#3-159 #3- 51| #3-122] #3-139 #3-146 | #3-159
390" 26| 31| ara| 08| 8824 127| 586 709 947 1141| 5430
STIR #3-106 [#3-122 | #3-146 [#3-160 #3- 47 | #3-122| #3-133 #3-150 | #3-162
40'-0" 187 | 267 | 423| 550 | 9.765 93| 529] o640  872| 1057 6.009
STIR #3105 [#3-121 | #3-146 |#3-161 #3- 43| #3-122] #3-134 #3-151 |#3-144
410" 151 227 | 375| 496 [10.778 61| 476| 5871 803| 979 6.633
STIR #3-103 |#3-120 | #3-146 (#3162 #3- 39| #3-122] #3-134 #3-153 | #3-151
L) 42'-0” 17| 190 | 331] 447 |11.869 32| 4271 533 738| 906 7.304
STIR #3-101 |#3-119 | #3-147 |#3-163 #3- 35| #3-122| #3-139 #3-154 | #3-158
43'-0" 86| 155 | 290 300(13.040 31| 483 679 839| 8025
STIR #3- 98 [#3-118 | #3-147 |#3-164 #3-121| #3-139 #3-155 | #3-166
44'.0" 57| 123| 252| 357 [14.206 330| 436 623| 776 8.798
STIR #3-96 |#3-116 | #3-146 |#3-164 #3-121| #3-139 #3-156 | #3-169
PROPERTIES FOR DESIGN (CONCRETE .67 CF/SF)
NEGATIVE MOMENT
STEEL AREA (SQ.IN)| .83 142 | 157 | 192 | 222 113 192 | 213 | 264 | 302
ACTUAL STEEL % M4 704 | 779 | 958 [1.100 550 | 951 | 1.057 | 1.317 |1.505
EFF. DEPTH, IN. 2075 20.69 | 2069 | 20.63 |20.63 20.75] 20.75 | 20.69 |20.63 |20.63
- ICR/IGR 119| 81| 196 | 227 | 253 52| 230 | 247 | 287 | 315
POSITIVE MOMENT
STEELAREA (SO.IN)| 71| 119 | 132 [ 158 | 1.79 71| 119] 132 | 188 | 179
ACTUAL STEEL % 42| 575 | 638 | 768 | 871 342| 575 | 638 | 768 | 871
EFF. DEPTH, IN. 2072 | 20.64 | 2063 | 2050 |20.46 2072 | 2064 | 2063 | 2050 [2046
+ICR/IGR 125 200 | .220 | .255 | .284 25| 200 | 220 | 255 | .284

SINGLE LEG STIRRUP AT 10 IN. CONSTANT SPACING-DISTANCE (IN.)

(1) For gross section properties, see Table 8-3.
(2) Computation of deflection is not required above horizontal line (thickness > (,,/18.5 for end spans,
(,,/21 for interior spans).
(3) Single leg stirrup size space at X in. c.-c. Distance over which stirrups must extend from face of sup-
port at each end (in.).
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APACITY U=1.4D+131° L | +«bm, | DEFL |
S 1-0M, | ©
i | - SPAN[;-24ft L BPAN =06 e e
I [ tonD | smR [T, [ ¢ | STEEL | toAD. | STR T@T,[ a0 | STEEL | ®©) | (D
@ rmEs e leg T WET L ) L TIES e fesp, OWET [ 0 o endD
isibs o] ol o (5] | Kip3| in: b | kit | (5 Pkps| m ¢ b | kD | N

> 595 6.4 | 133H | 18 = 645 B4 | 83K e - 685 350 353
9 932 165H | 74| 1.9 | 1041 166H | 73| 1.9 1115 368

S 721 6.7 | 133H | 18 5 779 873 A93H & 88 - 828 350 312
9| 1058 195H | 74| 1.9 | 1175 165H | 73| 19 1258 547

- | 1194 10.7 | 154H | 18 - | 1306 91 | 164H | 18| - 1401 560 257
9| 1620 2158 | 73| 19| 1766 228E T2 18 1878 742

- | 1663 13.1 | 155H | 18 - | 1728 1.2 3| A6sH [ 183 .z 5| 21853 685 227
9| 2109 245D | 73| 19| 2140 228k Slesr2al wlie 2170 886

& 818 90 | 123H | 33 - 875 75| 483H o radi) 942 471 231
8| 1438 | 166H [133 | 28 | 1341 523A | 131 | 27 1465 580

-| 1126 11.1 | 133H | 33 - | 1082 94 | 143H | 3| - 1163 580 222
8| 1621 215E (133 | 28| 1770 225E ([ 1314 27 1881 697

- | 1735 16.6 | 155H | 33 - | 1904 142 | 165H | 33| - 2042 886 177
8| 2359 245D | 133 | 2.8 | 2301 265D | 131 | 27 2578 956

- | 2244 19.3 |165EeH| 33 -'| 2375 164 |175EcH| 33| - 2546 | 1010 153
8 | 3466 295C | 132 | 27 | 3026 315C | 131 27 3245 | 1261 <

- | 1081 122 | 123H | 49 - | 1159 104 | 133H | 49| - 1248 701 175
7| 1665 294C | 197 | 3.7 | 1826 1195 0.0 1110 701

- | 1298 134 | 133H | 49 - | 1277 114 | 133H | 49| - 1362 701 172
7| 1882 294C | 197 | 37 | 1933 314C | 195 | 3.6 2074 845

- | 2365 23.1 | 165FeH | 49 - | 2549 19.7 |175EdH| 49| - 2734 1 1213 129
7| 3320 3658 197 | 3.7 | 3603 3958 | 195 | 36 3886 | 1329

4l 80 256 |185DiH | 49 - 3065 21.8 |185EgH| 48 | - 3250 | 1339 116
7| 4218 3658 | 196 | 3.6 | 4054 395B | 194 | 36 | 4369 | 1633

open stirrups, secondline is for closed ties. See Fig. 12-4. At | (g) +pM, and —dM, are design moment
iterior Spans”. For b > 24 in., provide 4 legs (two stirrups) of strength capacities for rectangular section

nomenclature, see page 12-13. bx h.

E NOT REQUIRED (7) Midspan el4astfc deflection (in.) = C x

\CING IS LESS THAN 3 INCHES. NOT RECOMMENDED g‘k“ﬂj)s)gnxmﬂ;t_‘ A = inuipter doao

3S IS GREATER THAN 10,/f] “Average service load” is taken as w/1.6.

ESS EXCEEDS ALLOWABLE
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Appendix D
Calculations for Alternative Floor

System 4:

Concrete Pan Joist Girders, Short Span
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JLNLILSNI T133LS DNIOHOANIZY 313HINOD

WIDE MODULE (1) 40" Forms + 8" Ribs @ 48" c.-c.
ONE-WAY JOISTS| 12" Deep Rib + 4.5" Top Slab = 16.5" Total Depth fi = 4,000 psi
MULTIPLE SPANS | FACTORED USABLE SUPERIMPOSED LOAD (PLF) | f, = 60,000 psi
TOPBARS ~ NO[ #4 | #4 | #4 | #5| #5| | #4] #4 HESET
AT| 120 | 10| 90| 115 | 100 | gpq, | 120 80 || 105 | 115 | 105 spén
BOTTOM BARS NO| 1#4 | 1#5 | 146 | 1#6 | 145 | Defl. | 1#4 [ 1#5 || 1#6 | %6 | 1#5 | Defl.
BARS nol 15 | 1e6 | 146 | 1#7 | 246 | Coeff. | 15 | 1#6 [ 1#6 | 1#7 | 2#6 | Coeff.
STEEL psh| s6| 76| 92| 100|120 @ 30| 39| 30| 3| 38| @
CLEAR SPAN END SPAN INTERIOR SPAN
24'-0" (3) 68| ae2| 621] 814| 1002| 1.265| 459 888| 1118 1399 1672 0.779
STIR | #3-30| #3-73| #3- 86| #3- 99| #3-107 #3- 51 #3- 80| #3- 90 #3-100| #3-107
25'-0" 17| 3sa| s35] 713| 8ss| 1490 386| 781 993 1252| 1504 0.817
STIR | #3- 25| #3- 72| #3- 86| #3-100 | #3-109 #3- 400 #3811 #3- 91| #3- 91| #3-109
26-0" 73| az24| 450] 623| 84| 1743 | 321| ess| 8e3[ 1122f 1355 1.073
STIR | #3- 20 #3- 70 | #3- 86]#3-101 [ #3-111 #3- 46| #3- 81 #3- 93| #3- 99| #3-111
270" 33| o66| 391| 44| 692| 2027 | 26370z 7B4| 1006) 1222 1.247
STIR #3- 69 | #3- 86| #3-101] #3-112 #3- 44| #3- 81| #3- 94| #3-104| #3-114
287-0" o14| 331 4ar2| 61| 2344 212| s27| 696 902| 1103f 1443
STIR #3- 66 | #3- 85| #3-102| #3-114 #3- 41 #3- 81| #3- 94| #3-106 #3-116
29'-0” el 276| 408| 37| 2698 [ 165 459 617] 809] 996 1.660
STIR #3- 64 | #3- 84| #3-102 | #3-115 #3- 37| #3- 81| #3- 95| #3-107 | #3-107
30°-0" 126| 227| 351 471| 3000 | 123| 3e8| 545 7250 900 1.901
STIR #3- 61| #3- 83| #3-102| #3-115 #3-34| #3-80| #3- 95| #3-108| #3-114
310" gs| 183| 28| 411] 3523 86| 343| 481| 40| 813 2168
STIR #3-58 | #3- 81| #3-102] #3-116 #3- 30| #3- 79| #3- 95| #3-110| #3-119
32'-0" 53| 142| 251] 357] 4.000 51| 202| 422| 580 734] 2461
STIR #3- 55| #3- 79| #3-101| #3-117 #3- 26| #3- 78| #3- 95| #3-110| #3-121
33'-0” 06| 208 307| 4523 247| 38| 517| 662| 2784
STIR #3- 77| #3-100 | #3-117 #3-77| #3- 95| #3-111| #3-122
34'-0" 72| 168| 262| 5.097 205 320{ 460 59| 3.137
STIR #3- 75| #3- 99| #3-117 #3- 76| #3- 95| #3-112] #3-124
35'-0" 4| 132 21| 5724 167 275 407| 538 3522
STIR #3- 72| #3- 98| #3-117 #3-74| #3-94| #3-112 #3-125
36°-0" 99| 183| 6.407 132| 234| 359 480[ 3.942
STIR #3- 97| #3-116 #3-72| #3- 93| #3-112| #3-126
PROPERTIES FOR DESIGN (CONCRETE .56 CF/SF)
INEGATIVE MOMENT
STEELAREA (SQ.IN)| 80| 87| 107 | 129| 149 80| 120| 142| 184| 201
ACTUAL STEEL % 588| 41| 784 | 955 1.098 588 .882 | 1.046 | 1.362 | 1.492
EFF. DEPTH, IN. 1475 1475 | 1475 | 14.69 | 14.69 14.75| 14.75 | 14.69 [ 14.63 [ 14.63
- ICR/IGR 39| 49| 74| 200 222 39| 91| 214 258 273
POSITIVE MOMENT
STEEL AREA (SQ.IN)[ .51 75 88| 104 119 S 75 88| 104] 119
ACTUAL STEEL % 34| 537 | 631| 748| 853 64| 537| 31| 748| 853
EFF. DEPTH, IN. 14.71] 1465 | 1463 | 1459 | 14.64 1471] 1465 | 14.63 | 14.59 | 14.64
+ICR/IGR 16| 64| 19| 218| 248 6| 64| 19| 218 | .248

SINGLE LEG STIRRUP AT 7 IN. CONSTANT SPACING-DISTANCE (IN.)

(1) For gross section properties, see Table 8-3.
(2) Computation of deflection is not required above horizontal line (thickness 2 (,/18.5 for end spans,
{,/21 for interior spans).
(3) Single leg stirrup size space at X in. c.-c. Distance over which stirrups must extend from face of sup-
port at each end (in.).
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1347 7.6 | 104R | 30 - | 1334 69 | 114R | 30| - 1407 784 45
1913 305F | 122 | 28 | 2000 2856 (121 | 27 | 2007 | 1098
1347 76 | 104R | 30 - 1334 69 | 114R | 30 - 1407 784 45
1913 305F | 122 | 2.8 | 2000 285G 121 | 2.7 2007 | 1098
2575 13.2 | 185GIR| 30 -| 2670 ] 119 |195GIR| 30| - 2805 | 1424 34
3411 485C | 122 | 28| 3579 506C | 121 | 27 | 3746 | 1913
3227 15.0 |235EqR| 30 -| 3288 | 136 |235EqR| 30| - 3428 | 1730 30
1194 605B [ 122 28 | 4413 6358 | 121 | 27 | 4633 | 2179
1222 71 | 103R | 41 -1 1292 65 | 103R | 41| - 1360 | 791 35
2302 275G | 165 | 3.3 | 2406 285G | 163 | 3.2 2509 | 1038
1862 | 10.0 | 114R | 41 - | 1945 91 | 114R | 41| - 2028 | 1113 36
2026 305F |165| 3.3 | 3055 285G | 163 | 3.2 | 3046 | 1451
2857 145 |1260cR| 41 - | 2082 13.2 |1350cR| 417 - 3145 | 1451 30
1140 405D | 166 | 3.3 | 4357 365E | 163 | 3.2 | 4298 | 2261
3427 17.2 | 145KR | 41 - | 3577 156 |145MMR| 41| - 3728 | 1772 a7
3001 405D 1166 | 3.3 | 4875 4250 (163 | 32 | 5117 | 2498
1749 10.2 | 104R | 59 - | 1827 92 | 104R | 58| - 1906 | 1051 30
2898 305F | 236 | 4.0 | 3025 285G | 234 | 40 | 3006 | 1478
2445 125 | 114R | 58 -| 2389 | 113 | 114R | 58| - 2493 | 1478 28
3602 345E | 236 | 4.0 | 37585 365E | 234 | 40 | 3057 | 1814
3406 18.1 | 145KiR | 59 -| 3597 | -165 |145MeR| 58 & - 3747 | 1814 24
K12 485C | 236 | 4.0 | 5380 426D 1234 | 40 | 5219 | 2742
1511 215 [175HR| 59 - | 4669 19.5 | 166liR | 58| - 4826 | 244 21
3016 485C 1236 | 40| 6311 505C | 234 | 40 | 6606 | 3122 —
1926 106 | 094R | 79 - 2014 96 | 104R | 78| - 2129 | 1060 22
3367 345E | 314 | 4.8 | 3506 365E | 311 | 47 | 3696 | 1842
2654 150 | 115R | 78 - | 2769 136 ¢ 116R | 78| - 2884 | 1496 25
131 405D | 314 | 48 | 4348 3658 | 311 | 47 | 4259 | 2177
165 | 21.8 | 155IhR| 78 - | 4295 19.8 |186JgR| 781 - | 4478 | 2177 20
3830 485C (314 | 48| 6114 506C |31 47 | 6398 | 3234
3226 | 258 |206FnR| 78 -| 5455 | 234 |195GIR| 78| - 5643 | 2814 18
7294 6058 (314 | 48| 7677 6358 | 311 47 | 8059 | 3747

tirrups, secondline is for closed ties. See Fig, 12-4. At
Spans”. For b > 24 in., provide 4 legs (two stirrups) of
nelature, see page 12-13.

'REQUIRED

N'3INCHES, NOT RECOMMENDED

8) +¢M, and —OM, are design moment
strength capacities for rectangular section
bx h.

{7) Midspan elastic deflection (in.) = C x

(wi1.6) x {,% where w = tabulated load

(kit.), £, in ft.

“Average service load" is taken as w/1.6.
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Appendix E
Calculations for Alternative Floor

System 5:

Precast Hollow Core Concrete Deck
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Prestressed Concreie
8" x 4' SpanDeck — U.L. - J917

(2" C.I.P. TOPPING)

DESIGN DATA
. Precast Strength @ 28 days = 5000 PSI.
. Precast Density = 150 PCF
. Strand = 1/2"@, 270K Lo-Relaxation.
. Composite Strength = 3000 PSI.
. Composite Density = 150 PCF.
. Strand Height = 1.5 in.

=~ ®m oo =

4-1/2"8, 270K = 94.6'K
6—1/2"9, 270K = 133.3K

PHYSICAL PROPERTIES
Composite
A" = 254in2 Sb = 547in2
I' = 2944 in4 Sy = 1124in.2 (At Top of SpanDeck)
Y = 5.38in. Sy = 637 in.3 (At Top of Topping)
¥y = 2.62in. (To Top of SpanDeck) Wt'= 330PLF
Yy = 4.62in. (To Top of Topping) Wt.'= 82.5 PSF
g 2 1-0 58" g 1-0uz 1-0 58" 2V Ve

238
T

N E 114"

—tn

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

8. Maximum bottom tensile stress is 6./fc = 424 PSL.
9. All superimposed load is treated as live load in the strength analysis of flexure and shear.

10. Flexural strength capacity is based on stress/strain strand relationships.

11. Load values to the left of the solid line are controlled by ultimate strength. Load values to the right are

controlled by service stress.

~ STANDARD #3 STIRRUP
@ 10" FROM ENDS

8" SPANDECK CROSS SECTION

UL FIRE RATED 4817

12. Shear values are the maximum allowable before shear reinforcement is required.
13. Deflection limits were not considered when determining allowable loads in this table.
14. All loads shown refer to allowable loads applied after topping has hardened.

8" SPANDECK W/2" TOPPING ALLOWABLE SUPERIMPOSED LOAD (PSF) |
SPAN (FE
STRAND PATTERN - (FEED -
10|11]12]13| 14|15 15]17 [18 [ 19|20 |21 |22 [23 |24 | 25|26 |27 26|29 | 30 | &1 32
Flexure 4 - 1/2' |795|718|650|500|500| 426|366(317 |275 |240[210 [184 [162 [142|125/110{ 96 |84 §73 | 60 | 48 | 39
Shear 4 - 122 |571)|500|458|415|378| 347| 320|206 |275 |257 [240 [222 [199 |178|160(145[133 [126 11151103 ] 93 | 84
Flexure 6 - 1/2'c 11551040 945|858 | 732|629| 544474 [416 |366 324 267 |258 |228|204|183/164 [147§132 18/103| 80| 77
Shear 6 - 1/2°¢ |[s89 525|472 428|391/ 360|331/308 |286 | 266 [249 235 207 195184175 [160 [T45k132|120] 110{100)
NITTERHOU SE This table is for simple spans and uniform loads. Design data for any of these
span-load conditions is available on request. Individual designs may be
CONCRETE PRODUCTS P . ety

2655 Molly Pitcher Hwy. South, Box N
Chambersburg, PA 17201-0813
717-267-4505 = FAX: 717-267-4518

furnished to satisfy unusual conditions of heavy loads, concentrated loads,
cantilevers, flange or stem openings and narrow widths.

REVISED 12/83
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Appendix F

Slab Schedule for Eight Tower Bridge

Feinforced Metal Deck Slab Schedule fr=4000psi
Deck Slab | Superimposed Load .
Thickness| Thickness {PSF) UL G UGG M?PEE;C Location
{ir) {ir) Live Dead Top Bottom
Mech. Fan Hoom,
2 B 125 g #0127 |[#A@e” 145 Elev. Mach. Room
00 10 #4 @ 12" |#4 @ 18" 145 hlech. Penthouse
i_omposite Metal Deck Slab Schedule fr=4000psi
Deck Slab Superimposed Load Cne Layer Wt Conc Locati
Thickness| Thickness Live Dead Reinforcing PCF) pLaton
2 3-1/4 a0 28 BxB-Y41 .4 4 115 Typical Office
2 3-1/4 125 28 BxB-YW1 4001 5 115 Mech. Level2
2 3-1/4 30 75 BxB-YW1 41 B 115 Terrace Level 15
2 3-144 30 17 Bxb-WW1 W T 115 FPenthouse Level
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