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EXECUTIVE SUMMARY :

THIS REPORT IS A COMPARISON OF ALTERNATE FLOOR SYSTEMS FOR GEORGE
READ HALL. FOUR DIFFERENT SYSTEMS WERE DESIGNED AND COMPARED TO THE
EXISTING HAMBRO FLOOR SYSTEM. THE FOUR SYSTEMS WERE A ONE-WAY SLAB, A
TWO-WAY FLAT PLATE SLAB, PRECAST HOLLOW-CORE PLANKS, AND NON-COMPOSITE
STEEL JOISTS.

THE ONE-WAY SLAB SYSTEM REDUCED THE FLOOR DEPTH AND IS ECONOMICAL TO
CONSTRUCT BECAUSE OF THE ABILITY TO REUSE THE FORMWORK. THE CONS OF THIS
SYSTEM ARE THAT IT REQUIRES A REDESIGN OF OTHER GRAVITY LOAD AND LATERAL
LOAD MEMBERS AND INCREASES THE TOTAL WEIGHT OF THE BUILDING.

THE TWO-WAY FLAT PLATE SYSTEM IS ECONOMICAL TO CONSTRUCT BECAUSE OF
THE SIMPLICITY OF THE FORMWORK. IT ALSO PROVIDES THE SHALLOWEST FLOOR
DEPTH. ON THE OTHER HAND, IT GREATLY INCREASES THE TOTAL WEIGHT OF THE
BUILDING, WHICH COULD PRODUCE HIGHER SEISMIC LOADS AND INCREASE THE FOOTING
SIZES. FURTHERMORE, IT REQUIRES A MINIMUM OF 29” SQUARE COLUMNS.

A PRECAST HOLLOW-CORE PLANK SYSTEM IS SIMPLE TO CONSTRUCT AND CAN BE
DONE RATHER QUICKLY. IT CAN ALSO BE ECONOMICAL BY DECREASING LABOR TIME.
THIS SYSTEM ALSO RESULTS IN A SHALLOWER FLOOR, BUT ALSO BRINGS SIGNIFICANT
ADDITIONAL WEIGHT TO THE BUILDING. THE SUPPORT FOR THIS SYSTEM COULD BE A
VARIETY OF THINGS, INCLUDING MASONRY BEARING WALLS, STEEL BEAMS, AND
POSSIBLY METAL STUD BEARING WALLS.

NON - COMPOSITE JOISTS WITH A 4” SLAB IS EASY TO CONTRUCT AND
LIGHTWEIGHT. THE DOWNFALL OF THIS SYSTEM IS THAT IT REQUIRES MUCH DEEPER
JOISTS THAN THE EXISTING COMPOSITE SYSTEM IN ORDER TO BE ECONOMICAL.
ADDITIONALLY, THE SPACING OF THE JOISTS IS HALF AS MUCH, RESULTING IN THE
NEED FOR TWICE AS MANY MEMBERS.

THEREFORE, AFTER ANALYZING AND COMPARING THESE ALTERNATE SYSTEMS, IT
WAS DETERMINED THAT THREE OF THE FOUR SYSTEMS SHOULD BE CONSIDERED WITH
FURTHER INVESTIGATION. THE NON-COMPOSITE JOIST SYSTEM DOES NOT WARRANT
FURTHER INVESTIGATION BECAUSE IT HAS NO REAL ADVANTAGES OVER THE EXISTING
COMPOSITE SYSTEM. THE OTHER THREE SYSTEMS WARRANT FURTHER INVESTIGATION
BECAUSE THEY DO HAVE ADVANTAGES OVER THE ORIGINAL HAMBRO COMPOSITE SYSTEM
AND COULD PROVIDE MORE ECONOMICAL OPTIONS.
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EXISTING SYSTEM:

THE EXISTING FLOOR SYSTEM IN GEORGE READ HALL IS COMPOSED OF A
HAMBRO COMPOSITE FLOOR SYSTEM. THIS SYSTEM USES 14” DEEP STEEL 50 KSI
STEEL JOISTS WORKING WITH A 23/,” CONCRETE SLAB. THE JOISTS ARE SPACED AT
4’-1"/,” ON CENTER. THE TYPICAL SPAN FOR THE JOISTS IS 23’ -6" WITH AN
INTERIOR SPAN OF 6’ -0” FOR THE CORRIDOR. THE TYPICAL BAY IS SHOWN BELOW.

268"

27-0"

METAL STUD
BEARING WALLS

SHEAR WALLS J

27-0"
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THE SHADED AREA REPRESENTS THE CORRIDOR AREA WHERE THE LIVE LOAD IS
INCREASED TO 100 PSF. THE SPAN ARROWS SHOW THE DIRECTION OF THE STEEL
JOIST FRAMING IN THE HAMBRO FLOOR SYSTEM. THE LIVE LOAD IN THE NON - SHADED
AREA IS 40 PSF AS DETERMINED BY IBC.

ALTERNATE SYSTEMS:

FOUR ALTERNATE SYSTEMS WERE ANALYZED AND COMPARED TO THE EXISTING
SYSTEM TO DETERMINE IF A MORE APPROPRIATE DESIGN COULD BE INCORPORATED.

ALTERNATE SYSTEM #1: ONE-WAY CONCRETE JOIST SYSTEM

SUPERIMPOSED LoAD = 1.2(25) + 1.6(40) = 94 PSF > LIVING SPACES
SUPERIMPOSED LOAD + 1.6(100) = 190 psr - CORRIDOR

1l
N
o1

UsING THE CRSI MANUAL FOR CONCRETE CONSTRUCTION, 6”WIDE X 8” DEEP
RIBS SPACED AT 26” ON CENTER WITH A 3” CONCRETE TOPPING CAN SAFELY SPAN
24° -0” WITH A FACTORED SUPERIMPOSED LOAD OF 104 PSF WHEN REINFORCED WITH
#4@8.5” TOP BARS AND 1-#4 AND 1-#5 BOTTOM BARS. THE TABLES ALSO TAKE
DEFLECTION INTO ACCOUNT. THE DEFLECTION WAS LIMITED TO L/360, BUT THIS
SPAN IS CONTROLLED BY FLEXURAL STRENGTH. IT CAN ALSO BE SEEN FROM THE
TABLE THAT THE SAME JOIST CAN EASILY SPAN THE 6’ -0” CORRIDOR UNDER THE
CALCULATED LOADS.

ONES\L%QT'?!?;;S“ : 20" Fcrmn + e" Alb @ 2&' . c "i ¥ ?“-_"_ ife= '4$ K
MULTIPLE SPans | FACTORED USABLE SUPERIMPOSED LOAD (PSF)’ h= ;'P- X

5" Dacp Aib + 20" Top Sisb = 11,0 Total Depth
ToP Size | #a4 | #4 | #a | #5 | #6 #4 | #4 | #4 | #5 | #8
BARS @ |12 |1 |8s 10512 | End | 12 |105| 8 | 95 |105]| Int
BOTTOM | # |[#a3 |#a [wa |#s |#s g‘fﬂ" #3 | #a3|#a ]| #a|ws %‘fﬂ“
BARAS # |#a|#a | W5 w5 |6 |- p | #3 | #4 | 84| @5 | @5 ]
Steel (psf) 6 | 78| 97 [120 |148 | (3 84| 79 [104 |133 170 | @
CLEAR SPAN END SPAN INTERIOR SPAN
1400 260 | 360 | 450° |4g2* | 476* | 334 | 275 | 418 | 514%| 523° | 534 | 208
0 0 | 477 | 596 | 678" 0 0 | 563 | 734 | 770*
1507 215 | 302 | 404 | 414* | 426% | 440 | 228 | 353 | 465*| 472*|482* | 2T
0 0 0 | 508 | 613° 0 0 | 479 | 628 | TOO*
1608 178 | 255 | 344 [374* | 384 | 570 189 | 289 | 411 | 430% | 438% | 351
0 0 0 435 | 538 0 0 0| s41 |Ba1*
1700 T8 | 215 | 295 | 340° | 348" | .726 | 158 | 255 | 353 | 303°| 400* | 447
0 0 0 |376 | 487 0 0 0 | 469 | 587
180 122 | 182 | 253 [3n1*|3i7=| s13| 131 | 218 | 306 | 3627 | 367* | 582
0 0 0 |326 | 407 0 0 0 | 409 | 514
1900 101 | 155 | 218 (283 |2m+| 1933 | 109 | 187 | 265 | 334" | 330° | .Ea7
0 0 0 0 | 356 0 o} olasejasz | |
2007 82 | 131 | 188 247 |268°| 1391 [ B89 | 160 | 231 | 309" | 13- | 8o
0 0 0 o |23 0 0 o | 314 |ase
210 66 | 111 | 163 | 216 | 247 | 191 | 73 [ 137 | 200 | 277 |291* | 1041
0 0 0 0 | 275 0 0 0 0 | 354
2.0 52 | 93 |140 |189 |220°| 2037| S8 | 117 | 175 | 244 | 271* | 1.254
0 0 0 0 | 243 0 0 ] o |35
230 a0 | 77 | 121 |18s | 2137 | 2.433| 48 | 99 | 153 | 216 | 253° | 1.407
0 0 0 0 | 215 0 0 0 0 | 280
2408 64 | 104 [144 | 190 | 2.88s 84 | 133 | 1:1 | 238° [ 1.775
0 0 0 0 ] 0 0 | 250
2508 52 | 89 [126 | 188 | 3.397 70 | 16 | 169 | 222* | 2.090
] o o 0 0 0 0 | 224
260 41 | 75 [110 | 149 | 3874 58 | 100 | 150 | 200 | 2.445
0 o| o 0 0 0 0
2ro 53 85 | 132 | 4621 48| &7 132 179 | 2844
0 0 0 0 0

(1) For gross section propertios, se rTnhIeS1

(2) First load Is h:ur 8t anda rd squane ;o sl ends: second lead is for special tapered joiat ends.

(3) Computation of deflection sired above horizonal line (thickness {,/18.5 for end spans,
021 for interior spans).

(4) Exclusive Df bridging joists and tapered ends

*Controlled by shear capacity. +Capacity at elastic deflection = {,,/360.

3
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THE CORRESPONDING GIRDER WAS DESIGNED FOR THIS SPAN, CARRYING HALF
OF THE LARGER SPAN LIVING AREA AS WELL AS HALF OF THE CORRIDOR SPAN. THE
DESIGN LENGTH WAS TAKEN AS 26’ -8”. CALCULATIONS SHOW THAT AN 11” x 20”
GIRDER WITH 7-#9 TOP BARS AND 5-#9 BOTTOM BARS IS REQUIRED TO CARRY THE
APPLIED LOADS. THE DEPTH WAS LIMITED TO 11” TO MATCH THE DEPTH OF THE
JOISTS. THIS WILL MAKE THE CONSTRUCTION PROCESS OF THIS SYSTEM MUCH MORE
EFFICIENT. DETAILED CALCULATIONS OF THE GIRDER DESIGN ARE SHOWN IN
APPENDIX A.

IN ADDITION TO A MORE EFFICIENT CONSTRUCTION PROCESS, THIS SYSTEM
CAN BE MORE ECONOMICAL THAN OTHER CONCRETE SYSTEMS BECAUSE THE FORMWORK IS
REUSABLE THROUGHOUT THE ENTIRE PROJECT. THE TOTAL DEPTH OF THE SYSTEM IS
11”. THIS IS APPROXIMATELY 6” LESS THAN THE EXISTING FLOOR SYSTEM. THIS
COULD PROVIDE BENEFICIAL IF THE FLOOR TO CEILING HEIGHT IS CONSTRICTED.
HOWEVER, THE FLOOR TO CEILING HEIGHT IN GEORGE READ HALL IS APPROXIMATELY
8’-7”. THEREFORE, THE NEED TO REDUCE THE FLOOR SYSTEM DEPTH DOES NOT
SEEM TO BE VERY CRITICAL. THIS SYSTEM IS ALSO MORE ECONOMICAL BECAUSE FIRE
PROOFING IS NOT NEEDED SINCE THE SLAB ACTS AS THE FIRE PROTECTION.

THIS SYSTEM MAY BE A MORE ECONOMICAL CONCRETE FLOOR SYSTEM, BUT THAT
DOES NOT MEAN THAT IT IS THE MOST ECONOMICAL OVERALL SYSTEM. THE LABOR
COSTS OF CONCRETE ARE MUCH HIGHER THAN THAT OF A STEEL SYSTEM.
ADDITIONALLY, THIS SYSTEM WOULD REQUIRE THE USE OF INTERIOR CONCRETE
COLUMNS AND GIRDERS IN LIEU OF THE EXISTING COLD FORMED METAL STUDS. THESE
NEW COLUMNS COULD BE QUITE SIZABLE IN COMPARISON TO THE EXISTING HSS
COLUMNS, POSSIBLY CREATING A LOSS OF ARCHITECTURAL SPACE. THE EXTRA
CONCRETE WILL ALSO GREATLY INCREASE THE TOTAL WEIGHT OF THE BUILDING WHICH
WILL CAUSE GREATER SEISMIC FORCES. THE ADDITIONAL BUILDING WEIGHT COULD
ALSO CAUSE AN INCREASE IN THE FOOTINGS SIZES. THE TYPICAL ONE-WAY JOIST
LAYOUT IS SHOWN BELOW.
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ALTERNATE SYSTEM #2: Two-WAY FLAT PLATE

SUPERIMPOSED LOAD = 94 PSF

AGAIN USING THE CRSI MANUAL, WITH A DESIGN SPAN OF 27’ IT CAN BE

SEEN THAT A 9” THICK SLAB IS NEEDED. THE REQUIRED COLUMN STRIP

REINFORCEMENT IS 14-#5 TOP BARS AT THE EXTERIOR SUPPORT, 9-#7 BOTTOMS
BARS, AND 12-#8 TOP BARS AT THE INTERIOR SUPPORT.

11-#5 TOP BARS AND 14-#4 BOTTOM BARS ARE REQUIRED.
A SQUARE PANEL. THE ACTUAL PANEL DIMENSIONS ARE 26’ -8” x 23’ -6".
DIFFERENCE BETWEEN THE TWO SPANS IS RELATIVELY CLOSE, SO THE SAME
REINFORCEMENT CAN BE USED IN BOTH DIRECTIONS WITHOUT BEING UNECONOMICAL .

IN THE MIDDLE STRIP

THESE NUMBERS ASSUME
THE

FLAT PLATE SYSTEM

f. = 4,000 psi

(WITHOUT SHEARHEADS) SQUARE EDGE PANEL SQUARE INTERIOR PANEL | Grade 60 Bars
S:g” sF:pl‘.t:ﬂr:ld Total Panel Momanis Relnforcing Bars - End Panel @3) | (1| Reinforcing Bars
y posed M| MM | Eash = Stesl (psh) Min. - e e
Bt [l Column Strip ; ! Localion of Panel 1 [ Acoumt eS|
g - op 1 op | S ol |
| ikip)[(t-kip) | -kip) | g, + |Eoﬂnn‘i Int. o el [Eeol (est | n) | Top | Bobors
SLAB 5 : 0.750 c.f./sf. | 9 in. = TOTAL THICKNESS OF SLAB
74 | 148 | 200 | 1244 5] 95 |11-#6] 845 8#5( 231 | 234 | 223 2| 50 11 | 1445 s#5| a5/ 8
89 | 179 | 240 | 14-#4 7| 16#4 |13-46| 8#5| 8#5( 252 | 26¢ | 2500 23| 100 15 | 17-#5| 845| 845| 8
103 | 207 | 278 | 16-¢4 5| 9-#6 | 1546 845 | B#5| 278 | 281 | 284] 23| 150 19 | 20-#5 | 1344 | 8#5| 8
117 | 234 | 316 | 12-¢5 5| 10-#6 | 13-#7 | 144 | 8-#5| 312 | 346/ | 325] 23| 200 23 |27 | 1045] 8-#5] 8
129 | 257 | 346 | 13-#5 4| 1146 | 11-#8 | 10#5 [ 13-#4 | 347 | 349 | 35@| 23| 250 28 [1#8|16#4] 85/ 8
140 | 279 | 376 | 14-#5 3| 97 |12-#8| 8-#6 | 14-#4 | 379 | 382 | 389 23| 300 33 [11#8| s#6|13-#4| 8
147 | 293 395 | 2284 4| B-#B [ 13-#B)12-85 | 10-8#5] 404 413 4.26 73 350 40 1248 |12-#5] 9-#5| 8
81 | 168 | 226 | 1344 5| 10-#5 | 1206| 8-#5| s#5]| 233 | 235 | 227) 2| 50 12 | 1645 45| 8#5| 8
101 | 2N N 15-#4 71285 | 1-#7| B#D B-#5] 262 264 254 ol 100 7 | N-#7| B#5| 8#5] &
116 | 232 | 313 | 12-#5 5| 10-46 [ 13-#7 | 0-#5| s-#5| 2907 | a4 | 312 24 | 150 22 |12#7|1444] 85| 8
131 | 262 | 352 | 13-#5 4| 16-65 | 12-#8 | 1644 [ 13-4 | 337 | 341 | 349] 24 | 200 % [ 1148|164 | 845/ 8
144 | 288 | 389 | 22-#4 4| 17#5 | 13-#8| 8-#6 | 10-#5] 369 | A74 | 36| 24 | 250 31 [12#8|12¢45] 9#5| 8
154 | 307 | 414 | 23-#4 4| 8-#8 | 17#7 [12-85 | 10-#5] 402 | 406 | 419) 24 | 300 39 1348 | 19-#4 | 10-85| &
161 | 322 | 433 | 16-#5 2| 6-#8 [14-#8| 0-#6 | 16-#4| 420 | 431 | 445] 24| 30 | 47 |13-#8| o-#6|10%5[13
25 50 20 0,733 a4 | 188 252 | 1484 7| M-85 | 14-¥6 | 13-84 | 13-84 245 247 244 i) 50 14 | 13-#6 | 13-#4 [ 13-84 | 1384 | 250 252 254
2 | 100 24 | 0724 | 193 | 225 | 308 | 17-#4 8| 10-#6 | 1347 | 9-#5 | 13-#4| 286 | 288 | 288 25| 100 19 | 12-#7| 9451364 | 13-#4| 282 | 285 | 287
2% | 150 29 | 0851 | 130 | 260 | 349 | 1345 4| 11-#6 | 1006|1684 | 1344 | 30 | 321 | 332] 25| 150 24 | 17| 1644|1304 | 1384] 393 | 313 | 342
2 | 200 33 | 0633 | 146 | 202 | 303 |22-#4 7| 1047 | 13-#8 |12-86 | 10#5| 366 | 371 | ama{ 25| 200 29 |12#8|12#5| o#5|13#4| 348 | 352 | 387
2% | 250 39 | 0610 | 158 | 316 | 425 | 16-#5 2| 10-47 | 148|194 | 16-#4| 391 | 396 | 408) 25| 250 37 |13-#8| 9-#6|10-#5| 1364 | 378 | 382 | 366
25 300 45 167 | 334 | 450 | 25-#4 3| 20-#5 | 15-#8 [ 13-#5 | 11-#5] 447 | 419 4.35 25 | 300 46 | 14-#8| 2024|1624 | O-#5] 401 | 406 | 410
2 0 51 | 0B0B | 175 | 351 | 472 | 13-#6 1| 9-#8 | 16-#8|10-#6 | 12-#5| 453 | 462 | 485) 25 | 350 54 | 1428|1046 | 16-24 | o#5| 417 | 426 | 436
2 50 22 | 0705 | 105 | 200 | 281 [16-#4 6| 9-#6 [ 1546|1384 (13-4 253 | 286 | 253 2| %0 16 | 2005 | 13-44 | 13-04 | 1304 ] 248 | 249 | 26
% | 100 27 | 0858 | 125 | 251 | 337 | 19-#4 6| 11-#6 | 14-#7 | 1085 [13-#4| 298 | 300 | 302) 26 | 100 21 | 1347 | 10-45|13-#4 | 13#4| 288 | 290 | 292
% | 150 31 | 0655 | 145 | 200 | 300 | 2244 7| 10-47 | 13-v8 | 1205 (1045 | 351 | 354 | 357) 26 | 150 % |12#8|1245| o.25 (1344 | 333 | 337 | 341
% | 200 37 | 063 [ 161 | 322 | 433 | 1645 5[ 14-#6 | 14-#8| 9-#6 (1644 | 362 | 387 | 3m| 26 | 200 33 [13#8| 1345|1045 [13#4| 361 | 364 | 368
% | 250 a4 | 0608 | 172 | 345 | 464 | 17-#5 4| 1147 1508 | 10-86 | 12-5| 447 | 423 | 4390 26 | 25 43 | 1448|1046 | 16-#4 | 9#5| 324 | 399 | 406
2 | 300 51 | 0608 | 182 | 364 | 490 [13-46 1| o-#8 | 16-46|20-#4 [12-85| 446 | 449 | 467] 26 | 300 52 |15#8|22-84 | 11-85 [ 10#5] 419 | 424 | 428
% | 350 58 | 0607 | 189 | a7s | 500 | 18-#5 1{10-#8 |17-#8|11-#6 | 9-#6| 475 | 482 | 505) 26 | 350 62 [15-#8 | 11-#6 | 1245 | 10-#5| 443 | 451 | 459
27 50 24 | o7i7 | 116 | 232 | 313 | 12-#5 5] 10-#6 | 1347 | 945 | 9w5| 272 | 275 | 2m| 2| S0 18 | 12-47 | 1045 | 9#5| 9-#5| 274 | 276 | 278
27 | 100 29 | 0693 | 130 | 270 | 375 |14-#5 6| 947 |12-#8 | 11-#5 [144| 218 | 321 | 32| 27 | 100 23 1248 |17-44| 05| 9#5| 317 | 347 | 316
27 | 150 34 | 0654 | 160 | 321 | 432 | 16-#5 5| 14-#6 | 14-58 | 194 [ 164 | 360 | 366 | 379) 27 | 150 20 [13#8|13-45] 10-#5 [ 1344 | 345 | 348 | 352
27 | 20 41| 0630 | 176 | 351 | 473 | 13#6 3| 9-#8 |16-#8[10-#6 | 12-#5| 412 | 419 | 435{ 27 | 200 39 |14-#8| 1046|1145 | 14#4 | 378 | 386 | 383
27 | 250 49 | 0608 | 188 | 376 | 506 | 19-#5 3| 12-#7 | 1708|1146 | 9-¥6| 443 | 448 | 46a{ 27 | 250 49 1548 | 1186 | 1245 | 10-45] 418 | 426 | 433
27 | 300 56 | 0607 | 198 | 206 | 533 | 14-#6 1] 10-88 | 10-86 | 1645 [ 1345 | 471 | 478 | 4950 27 | 300 59 |16-#8 | 16-65 | 12-#5 | 16-#4 | 438 | 446 | 454
27 | a0 64 | 0605 | 205 | 410 | 552 | 15-46 0| 11-#8 | 6-#6| 9-#7 [10#6| 502 | 508 | 527 ) 27 | 360 60 [17-#8 | 16-65| -#6 | 16-#4| 461 | 467 | 472
28 50 2 | 0709 | 120 | 258 | 347 |1o-4410) 2384 | w7 | 0085 [ 1awa| 278 | 279 | 27| 28| o 19 | 1487 [ 1604 |14 d | 1dd| 202 | 282 | 282
28 | 100 31 | 0679 | 154 | 308 | 414 | 1545 6| 10-#7 | 13-#6 | 1245 [10-#5| 333 | 336 | 347] 28 | 100 % |13#8|19-84 | 1045 | 14-#4] 320 | 329 | 329
2 | 150 33 | 0862 | 175 | 351 | 472 | 13-#6 4| 1586 | 15-68 | 1046 [12#5| 392 | 392 | 406) 28 | 150 33 |15-#8 | 14-85| 1185 | 05| 378 | 378 | 379
2 | 200 46 | 0609 | 191 | 381 | 513 | 19#5 3| 10-#8 |17-#8 | 11-46 | 13-45| 435 | 438 | 456| 28 | 200 45 | 16-#8|23-#4 | 1245 [ 10-#5] 405 | 409 | 413
2 | 250 54| 0608 | 208 | 407 | 547 | 20-#5 3| 13-27 | 18-#6 | 16-#5 [ 10-#6| 462 | 468 | 493) 28 | 250 56 | 17-#8 | 16-45 | 13-#5 | 16#4 | 437 | 441 | 446
2 | 300 62 | 0607 | 213 | 426 | 574 | 16-#6 2| 11-#8 | 19-86 | 12-#6 [ 1046 500 | 507 | 533) 28 | 300 87 |17-#8 | 1246 | 13-#5 | 11#5| 457 | 465 | 473
28 | 350 | .70 | 0606 | 221 | 442 | 595 | 1646 0| 11-#8 | 20#8 |10-47 | 11#6| 522 | 530 | 560 28 | 30 77 | 1888 | 17-#5 | 2044 | 1245 479 | 489 | 499
1

{1y Dulumr_\a';hama{iabme and below plate.

(2) Cantar-tc-oanﬁ of columns; 6 = &

e

i . Fx™
(3) Superimposed factored load (factored dead load hag been deducted)
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ONE OF THE PRIMARY ADVANTAGES OF THE TWO-WAY FLAT PLATE SYSTEM IS
ITS ECONOMY. THE FORMWORK IS VERY SIMPLE, RESULTING IN LESS LABOR TIME TO
FORM AND STRIP THE CONCRETE. ANOTHER ADVANTAGE OF THE FLAT PLATE SYSTEM IS
THAT THE TOTAL DEPTH OF THE FLOOR IS ONLY 9”. HOWEVER, AS DISCUSSED
ABOVE, THE DEPTH OF THE FLOOR IS NOT A CRITICAL ISSUE. AGAIN, FIRE
PROOFING IS NOT NECESSARY FOR THIS SYSTEM BECAUSE OF THE USE OF THE 9”
THICK CONCRETE SLAB.

THE MAJOR DOWNFALL OF THIS SYSTEM IN THE CONTEXT OF THIS REPORT IS
THAT IT ALSO WOULD REQUIRE THE USE OF INTERIOR CONCRETE COLUMNS AND BEAMS.
THIS SYSTEM REQUIRES MINIMUM 29” SQUARE COLUMNS WHICH COULD REDUCE THE
AMOUNT OF USABLE SPACE. THE USE OF A TWO-WAY FLAT PLATE WOULD ALSO
INCREASE THE TOTAL WEIGHT OF THE BUILDING DUE TO A THICKER SLAB AND LARGER
CONCRETE COLUMNS THAN IN THE EXISTING HAMBRO SYSTEM. THIS WILL AGAIN
CAUSE AN INCREASE IN THE SEISMIC LOADS AND INTRODUCE GREATER LOADS INTO THE
FOOTINGS.

29" SQ COLUMN

I I
| |
S i
| |
I I
I I
I I
I I
I I
| |
: :
I I
83/76// } }
| |
I I
I I
I I
I I
| |
I I
I I
| |
« [ i
I I
I I
l °6'=8" J
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ALTERNATE SYSTEM #3: PRE-STRESSED HoLLow CORE PLANK
SUPERIMPOSED LOAD = 94 PSF

USING THE PCI DESIGN HANDBOOK’S PROVIDED LOAD TABLES FOR HOLLOW
CORE PLANKS, IT WAS DETERMINED THAT 4’ -0” WIDE X 8” DEEP LIGHTWEIGHT
PLANKS WITH A 2” NORMAL WEIGHT CONCRETE TOPPING ARE SUFFICIENT. THE
REINFORCING FOR THESE PLANKS IS 6-°/4” STRAIGHT PRESTRESSING STRANDS
LOCATED 1'/,” UP FROM THE BOTTOM OF THE PLANKS. ADDITIONAL CALCULATIONS
SHOW THAT A W16x50 IS REQUIRED TO SUPPORT THE EDGES OF THE PLANKS. THESE
CALCULATIONS CAN BE SEEN IN APPENDIX B. THE TYPICAL PLANK CROSS SECTION
IS SHOWN BELOW ALONG WITH THE CORRESPONDING LOAD TABLES.

strand Pattern Designation HOLLOW-CORE Section Proparties

76-S 4'-0" x 8" Untopped Topped

T Lightweight Concrete e

|| '——8 = straight 9 g A = 215 ?n- =
Diameter of strand in 16ths 1 1,666 in*+ 3,529 in*

L————No. of strand (7) 4%.0" Yo 400 in. 570 in.
’4---— - = - - “ yp = 400 in. 430 in.
Safe loads shown include dead load of 10 Wil Se7 = | 416 6498 In>
psf for untopped members and 15 psf for ., » Tis et M e i T S = 416 in? 821 ind
topped members. Remainder fs live foad. * G R s by = 1200 in. 1200 in.
Long-time cambers inciude supu.lw'mposeg! oo AN AN AN NG wt = 184 pif 272 pif
dead load but do not include live load. T— e = 46 psi 68 psf
Check availability of lightweight sections. | VIS = 155 in
Capacity of sections of other conligura- ’ i
tions are similar. For precise values, see fe = 5,000 psi
local hollow-core manufacturer. fi, = 3,500 psi
Key
346 — Safe superimposed service load, psf
0.3 —Estimated camber at erection, in.
0.4 —Estimated long-time camber, in.
| 4LHC8+2 |
Table of safe superimposed service load (psf) and cambers (in.) 2" Normal Weight Topping
Strand Span, it
Designation
Code 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3I7 38
320 277 242 211 186 163 144 127 113 100 88 78 69 60 53 45
66-S 04 04 04 05 05 05 05 05 05 05 05 04 04 03 03 02

04 05 05 05 05 04 04 03 03 02 00 -01-03-05-07-10
327 286 251 222 196 174 155 138 123 109 98 &7 77 69 €1 52 43
76-S 05 05 06 08 08 07 07 07 07 07 07 06 06 06 05 04 03
06 06 06 06 06 06 06 05 04 03 02 0.1 -01-03-08-08 -1.2
327 290 258 231 206 185 167 150 135 122 110 99 90 81 72 62 53 45

58-5 08B 08 09 09 10 10 11 141 11 11 11 1.1 10 1.0 10 08 08 O0OF
09 02 10 10 1C 10 08 02 08 07 06 04 02 00 -02-05-089-13
323 304 278 250 225 204 184 167 151 138 125 114 103 83 B3 73 64 56 48
68-5 11 31 12 123 18 14 15 15 15 1.6 16 16 16 16 15 15 14 13 12
2 13 13 14 14 14 14 13 13 12 11 09 08 06 03 00 -03 -07 -1.2
332 313 297 279 263 238 216 197 179 183 149 136 125 113 102 91 81 72 64
78-S 3 14 15 16 1.7 1.7 18 1.8 20 20 21 24 21 22 22 22 21 21 20
et 5 16 7 17 18 18 18 18 18 18 1.7 18 15 13 1.1 089 06 02 -041

anength based on strain compatibility, bottom tension limited to 6 '1,._ see pages 2-2-2-8 for éxplanation.
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THE TYPICAL BAY IS SHOWN BELOW. THE SPAN ARROWS INDICATE THE
DIRECTION OF THE HOLLOW-CORE SPAN. THE SHADED AREA REPRESENTS THE AREA
WHERE THE LIVE LOAD IS INCREASED TO 100 PSF.

/W16><5O TYP.

LIGHTWEIGHT CONCRETE WAS USED FOR THIS DESIGN BECAUSE IT DECREASES
THE TOTAL WEIGHT OF THE BUILDING. LIGHTWEIGHT 8” PLANKS ARE ACTUALLY
LIGHTER THAN 6” NORMAL WEIGHT PLANKS. IN ADDITON TO LESS WEIGHT, LESS
REINFORCING IS NEEDED BECAUSE OF THE ADDED DEPTH. THE TOTAL DEPTH OF THIS
SYSTEM IS ONLY 10”, WHICH IS THE SECOND SHALLOWEST OF ALL THE SYSTEMS
INVESTIGATED IN THIS REPORT. THIS DEPTH ASSUMES THAT A BULKHEAD WOULD BE
BUILT AROUND THE BEAMS. IT MAY BE POSSIBLE TO BEAR THE PANELS ON METAL
STUD WALL, BUT FURTHER INVESTIGATION IS REQUIRED TO DETERMINE ITS
FEASIBILITY. ANOTHER POSITIVE OF THIS SYSTEM IS THAT A VARIETY OF OPTIONS
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ARE AVAILABLE FOR PLANK BEARING. A WIDE FLANGE BEAM WAS DESIGNED AS THE
BEARING MEMBER IN THIS REPORT, BUT MASONRY WALLS AND METAL STUD WALLS COULD
BE OTHER OPTIONS. THIS WILL ALLOW FOR THE MOST ECONOMICAL SYSTEM TO BE
USED TO SUPPORT THE PLANKS. BECAUSE THE CONCRETE IS PRECAST, THE
CONSTRUCTION TIME IS A LOT LESS FOR THIS SYSTEM. THIS WILL BE MORE COST
EFFICIENT. FIRE PROTECTION IS ALSO ALREADY PROVIDED BY THE PLANKS.

EVEN WITH LIGHTWEIGHT CONCRETE, THIS SYSTEM IS STILL SLIGHTLY
HEAVIER THAN THE EXISTING SYSTEM. THE BULKHEADS BUILT AROUND THE WIDE
FLANGE SUPPORTS COULD PRESENT AN ARCHITECTURAL PROBLEM.

ALTERNATE SYSTEM #4: NON-COMPOSITE STEEL JOISTS
ASSUMING A 4”SLAB, THE DISTRIBUTED LOAD ON THE JOISTS IS:
w=1.2(50) + 1.2(25) + 1.6(40) = 154 psF

AT 2’ -0” ON CENTER, 18K3 STEEL JOISTS ARE REQUIRED. THIS WAS DETERMINED

USING THE K-SERIES ECONOMY TABLE FROM THE COLUMBIA JOIST COMPANY CATALOG.
THE SLAB REINFORCEMENT IS #3@12 BOTTOM BARS.

I:-es?ﬁﬁg-.ion T4RE | 18KS | ZUK4 | TEKE | 20KS | 24K2 | 18KE | 1BKT | 22ks | 20ke | o7 | 2206 | 207 | 24xs | 22ir | 2ave
Depthing. | 14 14 22 1§ | 20 2 S T O A KE] K] G ] 24 za 20
Aoprax. WL | 7.7 Tt a0 B ] H4 &5 | 86 R [ I E [J a7 [ 97 57
ke L) |
Spar (i)
14 [T
550
14 250
L5
: 550 T =i
a67 550
[ L) et =
443 £26
T8 T A0 Gh0
408 5500 430
19 ahn i 550
A83 hed 495
a0 i) 250 LLA1] Gh0 =
{1 A25 5l A0
21 E2iTH] R 55D 55D
4] ey 45 520 320
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=14 548 a51 =l 4 3 et 1] 4 Hiag
24 473 515 a5 Al hol | o0 LRI B
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75 251 387 238 350 458 T 4a4 421 514 474 520
e A8 SED 404 35E 22 [ 442 [ d4m | 408 | 504 480 [ by
5 Ll R 231 410 105 295 411 37a 453 A1 403
27 285 343 KEL| HPT] HIZ 410 415 | 458 | 353 I B1E 503
| | e 222 el 188 277 =4 267 an? ik 4014 afk a34
28 k] 3] RIS a6 NG a1 85 LT 430 ¥ i7s 48T
t2d 15 i 164 245 32 239 | apg 2ol Rl 4 A
22 250 a7 7a5 FAl (L 350 303 | 40T | 400 | 443 | &%
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a0 erk RIS ZER 308 a7 335 a7l a74 3Ta 413 | 406
[=%] g 2 ne Tad R EE A N as 116
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THIS SYSTEM CAN BE MORE ECONOMICAL THAN A COMPOSITE SYSTEM BECAUSE
IT DOESN’T REQUIRE THE USE OF HAMBRO SPECIALISTS. THIS WOULD RESULT IN
LESS LABOR COSTS. ANOTHER POSITIVE ASPECT OF THIS SYSTEM IS THAT COLD
FORMED METAL STUDS CAN STILL BE USED. THE NON-COMPOSITE SYSTEM IS ALSO
CLOSER IN WEIGHT TO THE EXISTING STRUCTURE, SO THE AFFECTS ON THE SEISMIC
LOADS AND FOOTING CAPACITIES ARE NOT AS GREAT AS IN THE OTHER ALTERNATE
SYSTEMS. THE EXISTING SHEAR WALL SYSTEM CAN ALSO BE USED.

THE DEPTH OF THIS SYSTEM TOTALS 22”. THIS IS 5” DEEPER THAN THE
EXISTING SYSTEM. IN ADDITION TO THIS ADDITIONAL DEPTH, THE JOISTS ARE
SPACED AT 2’ -0” ON CENTER INSTEAD OF 4’ -1"/,” ON CENTER. THIS MEANS
THAT TWICE AS MANY JOISTS ARE REQUIRED, SIGNIFICANTLY INCREASING THE
MATERIAL COSTS AS WELL AS LABOR COSTS TO INSTALL MORE JOISTS. MORE JOISTS
ALSO REQUIRES MORE FIREPROOFING. ALL OF THE JOISTS MUST HAVE ADEQUATE
FIREPROOFING APPLIED AS REQUIRED BY CODE. THE TYPICAL BAY LOOKS THE SAME
AS THE EXISTING SYSTEM; HOWEVER, IN THIS DIAGRAM, THE SPAN ARROWS
REPRESENT 18K3 J0ISTS AT 2’ -0” ON CENTER.

11
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26'-8"

27'-0"

METAL STUD
BEARING WALLS

SHEAR WALLS

27'-0"
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SUMMARY :
SYSTEM PROS Cons FURTHER
INVESTIGATION
EXISTING - LIGHTWEIGHT -DEEP FLOOR - -
- ECONOMICAL DEPTH
-ALLOWS ROOM FOR | -HARDER TO
MECHANICAL EQUIP. | FIREPROOF
ONE-WAY SLAB - EconomICAL -REQUIRES YES
CONSTUCTION REDESIGN
-NO ADDITIONAL -HEAvY
FIREPROOFING -No ROOM FOR
REQUIRED MECHANICAL EQUIP.
Two-WAY SLAB - EconoMICAL -REQUIRES LARGE YES
CONSTRUCTION COLUMNS
- SHALLOWEST -HEAVIEST SYSTEM
FLOOR DEPTH -REQUIRES
-NO ADDITIONAL REDESIGN
FIREPROOFING -NO ROOM FOR
REQUIRED MECHANICAL EQUIP.
HoLLow-CoRE -SHALLOW FLOOR -HEAvY YES
PLANKS DEPTH -REQUIRES DEEP
-SIMPLE/FAST SUPPORT BEAMS OR
CONSTRUCTION REDESIGN
-COST EFFECTIVE -NO ROOM FOR
DUE TO LESS MECHANICAL EQUIP.
CONSTRUCTION TIME
-NO ADDITIONAL
FIREPROOFING
REQUIRED
NoN-CoMPOSITE -SIMPLE -DEEPEST FLOOR No
JOISTS CONSTRUCTION DEPTH
-LIGHTWEIGHT -MORE JOISTS
-ALLOWS ROOM FOR | REQUIRED
MECHANICAL EQUIP. | -HARDER TO
FIREPROOF

13
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CONCLUSIONS:

AFTER ANALYZING FOUR ALTERNATE FLOOR SYSTEMS AND COMPARING THEM TO
THE EXISTING SYSTEM, SEVERAL CONCLUSIONS CAN BE MADE. THREE OF THE FOUR
SYSTEMS COULD REQUIRE A DIFFERENT STRUCTURAL SYSTEM THAN THE COLD FORMED
METAL STUDS. IN ADDITION, THEY WOULD REQUIRE A DIFFERENT LATERAL LOAD
RESISTING SYSTEM. THE NON-COMPOSITE STEEL JOIST SYSTEM DOES NOT REQUIRE A
DIFFERENT STRUCTURAL SYSTEM THAN THE EXISTING ONE; HOWEVER, IT RESULTS IN A
HEAVIER SYSTEM THAN THE ORIGINAL WITH SIGNIFICANTLY DEEPER MEMBERS.
THEREFORE, I FEEL THAT NO FURTHER INVESTIGATION IS NEEDED ON THIS SYSTEM,
AND IT IS NOT A VIABLE ALTERNATE OPTION BECAUSE IT HAS NO REAL ADVANTAGES
OVER THE EXISTING SYSTEM. THE OTHER THREE SYSTEMS MAY REQUIRE REDESIGNS OF
OTHER GRAVITY LOAD AND LATERAL LOAD RESISTING MEMBERS, BUT MAY BE
BENEFICIAL DUE TO OTHER ADVANTAGES.

14
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APPENDIX
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APPENDIX A:
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APPENDIX B:

Beam Desian
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APPENDIX C:

Non-composide Joist Design

-
v s .ﬂ.is:;rn[-;_ “F” Slab
4
\ﬂ'_th., = E’(ISCJ = S0 le"-
W= |20} + (2(25) + le(Ho) = 5y prf

€ 4'-0" Spacing

W= ISd(4) = bl6 b/ =5 exceeds all K-serjes joist Safe loads

€ 2'-0" Spacing
TR |5'-}f1,) T 208 Ib/Fy

= '\,",m% K = saries ecenomy {::\Hr;ll Wie [BK3 Toists
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APPENDIX D:

SECOND FLOOR FRAMING PLAN
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THIRD THROUGH FIFTH FLOOR PLAN
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BUILDING SECTION

5/8 GWB W/ R-10 NSULATON OVER—.

STL PLATE ARCH——o—

1/47 ST'L "SIGN™ PLATE ON STAND——
OFF PINS

5° TOPPING SLAB, TAPER TO 4" AT——
FOUNDATION WALL )

‘ | —— STEEL TRUSS © 4'-0" O.C.
// WeB DESIGN BY MANUFACTURE.
COORDINATE WITH DUCTWRK.

‘ // ///

"

| REQUIRED CLEAR AREA FOR

| INSPECTION CATWALK AND DUCT

| RUNS. NO DIAGONALE PERMITTED
i WITHIN THIS AREA

_.mormuss$
+67-8"

— | DIAGONAL TRUSS MEMBERS

| DESIGNED BY MANUFACTURER.
| COORDINATE WITH DUCTWRK,
|

___—ATIIC INSPECTION CATWALK 4' WIDE

CORRUGATED MTL DECK W/ 2x2x1/4°
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