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Executive Summary

The purpose of this technical assignment is to compare alternate floor systems to the

originally designed floor system. The first part is a review of the existing floor system as
was investigated in detail for technical assignment 1. A reasonable loading is determined
using IBC 2003 live loads, and ACI dead load guidelines. This loading was used to later

in the report for design of the alternate floor systems.

Four alternate floor systems were considered. The original design was also considered
without the effects of post-tensioning. The other systems were a one-way skip-joist,

precast double tees, two-way waffle slab construction, and a non-composite metal deck
system. Each system was roughly sized using a representative bay. Critical features of
each system were checked and compared to other systems and the original to determine

the feasibility of each alternative.

The factors used to check the framing systems were overall structure depth, effect to
lateral system, strength, architectural impact, fire-rating, cost, material usage, LEED
design, and constructability. Overall it appeared that the modified two-way slab with
drop panels was the best choice, because the post-tensioning was not necessary in
ultimate strength checks. The waffle slab was another good choice, as was the precast

tees except for their excessive depth.



Introduction

The designed structural system of the office building in downtown Washington, DC

consists of a few different components. The area in which this report will focus is the

occupied tenant floors. These floors are characterized by flat post-tensioned slabs with
drop panels around columns. The slabs are cast in place normal weight concrete. Four
alternate systems will be evaluated and compared to the original system. Everyone
knows DC is a concrete town, so an emphasis will be made on other concrete systems.

The alternate systems:

Two-way flat slab with drop panels and no post-tension — An investigative design to
compare the effect of post-tensioning on the two-way slab system using identical
layouts will be performed.

One-way pan joist slab with additional columns — Additional columns will be added to
force the span into a one-way condition.

Pre-cast Pre-stressed concrete tee’s — A lightweight pre-cast concrete product that can be
delivered to site and will help increase construction rate. The tee sections will be
topped with a 2” layer of concrete to provide a clean appearance.

Two-way waffle slab — This two-way system will make up for the use of post-tension
cables with an increased area of concrete.

Cast in place slab on metal deck with steel beams. — Metal decking will be installed and
topped with a substantial concrete slab. This utilizes the strength of steel and the
economy of concrete.

These systems will be detailed and typical sized determined. Then the pros and cons of

each, both structural and non-structural, will be evaluated. Finally there will be an

opportunity to decide whether or not these systems are feasible alternatives. Some of the
points of structural comparison will be overall system depth, affect on lateral system
design, stress and service load deflection. Non-structural considerations will be; affects
to architecture, fire-rating, cost, material efficiency, LEED impact, constructability and

durability.



Current design and loading

As stated before, the current design is a cast-in-place flat slab. The slab incorporates
post-tensioning throughout and drop panels at columns with some thickened slab in other
areas. There are critical columns around the exterior of the building where there is a 20’
cantilever and spans approaching 30°. This is the area that I will assume to be a typical

and therefore representative situation. Figure 1 and 2 detail layout of the current PT slab

system.

Figure 1 —key plan with area of interest
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Live load:

This area is a typical tenant occupied office. IBC 2003 calls for live load = 60 psf in
offices. In addition, corridors are to be designed to 80 psf. The design team allowed
corridors to be located anywhere for maximum tenant configuration. This requires that a
minimum of 80 psf live load be used everywhere. There is also a 20 psf allowance for
partitions to be installed. This comes to a total of 80 psf + 20 psf = 100 psf of live load
distributed over the entire office floor area.

Dead load:

ASCE 7-02 is used to determine dead load allowances. Whenever possible the actual
materials are used to determine dead load, instead of relying on figures for typical office
construction.

Suspended plaster ceiling = 10psf



Concrete finish floor = included in structure weight

Light gauge steel partitions = 4psf

Floor tile or carpet = 1 psf

MEP = 4psf

Total superimposed dead load is estimated at 25 psf

Superimposed service load = 100 psf + 25 psf= 125 psf
Superimposed factored load for CRSI = 1.4(25)+1.7(100) = 205 psf

These live and superimposed dead loads will be used in the sizing of alternate floor
systems. These numbers are not necessarily the ones used by the engineers for the
existing design, as some assumptions were made. The factored load is the load

combination necessary to use the tables in CRSI Design Handbook 2002.

Alternate Systems

Two-Way Flat Slab with Drop Panels Non-tensioned

To determine the effect of post-tensioning, the same two-way system used in the original
design was calculated without the benefit of post-tensioning. Drops were designed in
accordance with ACI 318. Slab design was checked by hand and using a similar bay size
in CRSI Design Handbook 2002. The calculations yielded a 12.5” slab with 3.5 drops
(near minimum code allowed values). The design of the slab and drops for the

representative bay is shown below.



The design aids dictate the use of a 12” slab with 11" drops around columns. See
appendix for reinforcing specifications. This system appears to be adequate for the loads
considered. It is much lighter than the existing system but lacks much of the over-design
strength. Seeing that it is very similar to the existing PT flat slab with drops, other
aspects such as constructability, vibration, lateral resisting, and fire resistance will remain

unaffected. See design aids for shear reinforcing specifications.

One-Way Skip-Joist

Adding columns in key spans will enable the bays to be designed as one-way systems.
The area below is all open office space, so there is no architectural interference per se,
just more unsightly columns. The example bay ends up being 41.25° by 19°, a ratio of
about 2.2:1, just out of two-way range. A common structural system to use in a one-way

condition is a concrete pan skip-joist with concrete girders.



Load on joist/slab: 125 psf

Load on girder:

CRSI table 8.3 12+10+40=372 psf

DL (372 pstx 20°) + (25 psf x 20°) = 7.9 kIf

LL (100 psfx 20”) = 2.0 kIf

1.4(2.0) + 1.7(7.9) = 16.23 kIf

The one-way joist system selected was a 40 pan joist with 10” ribs at 50” on center. The
depth of the ribs and slab are 12” + 4.5 = 16.5” These joists frame into a 16.5 inch deep

by 48 inch wide girder. The joist section and framing plan are shown below.
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The overall structure depth for this system is only 16.5 inches. Very thick pans are
needed to carry the factored loads on the structure, and in turn create a lot of additional
structure weight. The thick pan ribs then create the need for very wide girders. The
structure weight ends up being more than the existing system. This is not directly
comparable because additional columns were added to create a one-way system, so there
may not be foundation issues. The one-way joist system is very strong and stiff, so
vibration will not be an issue. It is very easily constructed from metal pan forms, and

economical because of the girder is the same depth as the slab and rib depth. The 4.5”



thick slab guarantees an adequate fire rating. The design aids dictate the shear

reinforcing.

Pre-cast Concrete Pre-stressed Tee’s

Precast structural tee’s are a possible alternate system. They share the pre-stress solution
used in the actual design but are cast off-site.

Span =42’

Total Load (LL + SDL) =125 psf

¢oMn = 330,750 ft-1b =28 in-k

USE 32-8.6 PT section

Self Wt = (150 pcf)x(6.6 sqft) =990 Ib/ft (12” section)
Self Wt = 82.5 psf

Precast Inverted Tee Girder

Service load = (125 pst + 82.5 psf)(20°) = 4150 plf
USE 28IT44 (20 strand) girder
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PRECAST DOUBLE TEES




Precast double tees were chosen over hollow core planks because of their increased span
capabilities. The double tees frame into inverted T girders along column lines. The
girders in turn frame into columns or bearing walls (below grade). Examples of these

connections are shown below.
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The precast double tees seems like a very good solution, but it has one major drawback.
Given the depth of the ribs and the thickness of the seat ledge of the inverted tee, the
overall structure floor depth becomes and issue. The seat ledge is 16”, the double tee has
an over all depth of 32”, and when a 2 CIP topping is added, the total depth comes to
50”. That is over twice the depth of the existing system. This almost immediately rules
out this alternative as a viable option. That is unfortunate because it can be erected
quickly, it is lightweight, and it meets fire rating requirements. The precast beams and

tees include all necessary tendons, flexure and shear reinforcing.

Two-way Waffle Slab

Waftle slabs work best in perfectly square bays. Some bays in this building are squares,
and most others are very close, so this seems like a reasonable system to use. CRSI
Design Handbook 2002 gives design tables for 19” domes and deeper 30” domes. The

19” domes were considered for a case with 20’ by 20’ bays, this was already determined



to be architecturally feasible, but not very desirable. The waffle slab is essentially a slab

with joists spanning both directions spaced at either 2’ for the 19”” domes or 3’ for the 30”
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domes. Sections of each are shown below.

R

This pattern is continued throughout the slab until columns are encountered. Around the

columns, the adjacent domes are filled solid with concrete to prevent column punching

shear. The examples of 19” and 30” dome waffle slab framing are shown below.
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The structure weight is increased somewhat through the use of the waffle slab. Overall
depth is greatly reduced through the use of waffle slab construction. The 19” dome setup
has a depth of only 9”. The 30” dome is somewhat deeper at 23”, but does not require
the addition of columns into the floor plan. See the design aids for slab and rib
reinforcing. Waffle slabs are not difficult to construct but do cost extra for the dome
forms. They are fairly useless as far as allowing mechanical systems to run through them
because there is no linear cavity. The minimum thickness is 3" of concrete so the fire

rating will be slightly less than that of the other concrete systems.



Slab on Steel Deck with Steel Beams

Everyone knows that Washington DC is a concrete city. Concrete is almost exclusively
used in all construction projects. Regardless a steel system will be investigated. A
common method of steel construction utilizes concrete slab on metal decking. The deck
is then supported by joists and girders, or directly by girders. In this case additional joists
were necessary to meet unshored clear span requirements of the deck. The deck span was
reduced to 10°. A superimposed live load of 100 psf was used to determine the adequate
deck. The controlling factor actually ended up being the maximum unshored clear span
capable of the deck in a multi-span condition. A 2.0 SB deck was chosen with 5 max,
3” min thickness normal weight concrete slab. This decking is supported by joists at 10’
which frame into girders over 20’ spans.

Joist design, assume fully braced by decking

Factored load = 2.5 klf

M max = 125 ft-k oMn = 139 ft-k

Vmax =25k oVn=34k

USE W14x26 for joists

Self wt (20’ x 26 Ib/ft) = .52k /2= .26k

Girder design, Lb =10’

M max = 170 ft-k oMn = 189 ft-k

Vmax =17k oVn=23k

USE W18x35 for girders
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The total structure depth at each floor for the metal deck with beams and girders comes to
57+ 13.9”+ 17.77 =36.6". This is roughly 12”-13” deeper than the existing system.

The main problem is material availability. Steel is rare in Washington DC construction
and therefore there are not many suppliers. Cost will also increase for this same reason.
The concrete provides a floor to floor fire rating, and any exposed steel will have to be
treated with fire proofing. This system is also relatively heavy because of all the
intermediate framing required to hold the deck and slab. Design aids specify the use of

WWEF for the concrete slab.



Conclusions

Of the systems considered, the existing system, and variants thereof, displayed the most
potential. Apparently the flat slab with drop panels will work just as well without the
addition of post tensioning. The drops were a bit shallower which will save some
structure weight, and there is no need for the specialty post-tensioning work. This will
save considerably on construction costs. A one-way system was devised with the
addition of columns into the office space. This was done for the purpose of incorporating
a one-way design for comparison, but is not very practical for the actual application. The
prestressed precast double tee beams seemed like a good solution. The only drawback
was that they ended up requiring a huge floor depth. The waffle slab was also a good
idea but very heavy. The total waffle depth actually ended up being slightly less than
with the existing system. One steel system was looked into as well. Non-composite
metal deck with a 5 concrete slab was placed on steel joists and girders. The system
ended up being fairly deep and heavy. Also the fact that it is steel makes it an unlikely

alternative. Some quick points of comparison are outlined in the following table.

= as good as existing system + better than existing - worse than existing
PT flat-slab | Flat slab One-way | Precast | Waffle NC steel
with drops with drops | Skip-joist | PT tees | slab deck
(existing)
Depth = + + - + -
Lateral = = = = = -
Strength = - = = = +
Arch. = = - = = -
Fire-rating = = = = = -
Cost = + - + + -
Material = + - = = +
LEED = + - + + -
Constr. = + + + + -




Overall, the existing system of flat-slab with drop panels, but without the post-tensioning
seems like the best alternative. Also the waffle slab makes a decent alternative. The

precast tees would be a good alternative as well if there was a way to reduce the depth of

the system.

Design Aids

CRSI Design Handbook 2002
LRFD Manual of Steel Construction
PCI Design Handbook

Wheeling Deck Product Catalog

Nitterhouse Concrete Products Guide

Two-way flat slab with drop panels

f; = 4,000 psi FLAT SLAB SYSTEM SQUARE INTERIOR PANEL
Grade 60 Bars SQUARE EDGE PANEL With Drop Panels With Drop Panel™®
No Beams No Beams

(K] REINFORCING BARS (E. W.) MOMENTS

|Factored REINFORCING BARS (E. W.)
SPAN |Superin- Squgaremljlmp Square Column | T — ——
<

ot | panel | | CoumSwp® | WodeSrp | Tua | Edge | Bat | Int CoumSrp | Wdsesrp | Toal |faun
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™| N | Gy | w | @) | Yy | En + [Botom| i [Botom| I | () | (WK} | (k) | () (s |Sizs(in)| Top |Botom | Top |Botom | (s |\*%
h = 12 in. = TOTAL SLAB DEPTH BETWEEN DROP PANELS h=12in. = TOTAL SLAB DEPTH BETWEEN DROP PANELS

ki 100 700 | 1000 12 0E0E | 1485 3 | 1247 | 1646 | 1585 | 1345 310 | 2574 | 5148 | 6930 100 12 1546 | 1585 13485 | 1345 282 | 1065
30 200 a0 | 1000 16 0707 | 1485 3 | 15 1846 | 1047 | 1146 365 | 3294 | 6588 | 3868 200 19 2345 1985 1545 1385 316 1083
k] 300 00 | 1000 19 0763 | 1585 5 | 1280 | 226 | 1247 | 1945 462 | 4N5 8031 | 10810 300 2 1547 | 1786 | 1047 | 1585 402 | 1083
30 400 | 1100 | 1000 Fil 0661 | 1685 3 1748 | 1488 1148 | 1247 527 4732 | W63 12739 400 25 1647 | 148 | 1147 | 1085 459 | 102
3 500 | 11.00 | 1200 ko 0766 | 1945 6 13410 1688 1388 1188 620 5452 | 10804 14679 500 n 18 | 1388 | 1088 1147 531 | 147

8 k]| 00 | 900 | 1033 | 12 0720 14#52 | 1347 | 1646 | 1645 | 1445 | 312 | 2857 | SM4 | Tea2| 100 12 | 2085 | 1246 | 1345 | 1345 278 | 1083
z 5 200 | 900 | 1033 | 16 | 0766 | 14455 | 1348 | 1547 | 147 | 1346 | 396 | 3647 | 7293 | S616| 200 19 | 2645 | 1147 1645 ) 14#5 | 341 ) 1083
o 3| 30 | M00 | 1033 | 19 | 0683 | 1545 | 1399 | 1647 | 1846 | 15#6 | 476 4444 8887 1964 | 300 | 2 1547 | 1845 1446 | 1246 | 4N0 1.102
R 31 | 400 | 100 | 1033 | 22 | 0749 | 18456 1948 | 1548 | 1647 | 1646 560 | 5229 | 1MBB 14078 | 4 35 | 1488 | 1687 | 1347 | 14 488 | 1.102
= k1] 500 | 1100 | 1240 | 27 | 0755 | 1596 4 1840 | 14#0 1240 | 1248 | 678 | 5093 | 11985 | 16134 | S0 | 7 1648 | 1249 | 148 1347 | 593 | 1047
a 2 100 | 900 | 1067 | 12 | 0704 | 15455 | 1148 | 1786 | 1346 | 1595 | 333 | 3149 | 6299 | BTO| 100 | 12 | 1646 1845 1485 ) 4S5 290 1 (083
Z | 200 | 1100 | 1067 | 16 | 0540 | 1545 2 | 1248 | 1567 | 1347 | 1995 | 427 | 4034 | 6068 | 10861 | 200 19 | 2645 | 1746 | 1345 | 1585 | 357 | L2
3 B0 w0 | 100 | 1087 | 19 | 0757 | 17955 | 1848 | 1847 | 1288 | 1347 | 516 4907 | 9813 13210 300 | 23 | 2245 | 1547 | 1287 | 1346 | 443 |1 102
2 3 | 400 | 1100 | 1280 | 25 | 0720 | 20455 14m0 | 1648 | 1180 1248 | 621 | 5753 11507 (15490 | 400 | 26 | 1548 | 1140 | 1148|1247 | 537 | LM7
g 32| 500 | 100 | 1280 | 30 | 0798 | 1648 4 16410 | 1589 1389 | 1348 | 704 | 511 | 13022 | 17528 | 500 | 30 | 1740 | 1329 | 1240 | 166 612 | 1147
o 33 | 100 | 100 | 1100 | 12 | 0678 | 1545 1| 1687 | 1746 | 1446 | 1246 | 344 | M73 | 6947 QST W0 1 1666 | 1405 | 16 145 | 207 | 1102
a WO 200 | 100 | 100 | 16 | 0743 | 1545 5 | 1349 | 1647 | 1846 | 1585 | 445 | 437 BATS | 147|200 19 | 1547 | 1446 | 1446 1286 | 382 | 1 102
m 1 300 | M0 | 100 i) 0747 | 19655 13410 | 1548 | 2246 48 555 5371 | 10742 14460 300 23 1847 | 2286 | 1347 | N7 4T 1902
= 3| 300 | H00 | 1320 | 28 | 0721 | 2295 6 15810 1848 | 1249 1657 | 655 | 6285 | 12570 | 16922 | 400 | 26 | 1748 | 1240 | 1248 1347 | 574 | 117
H 3| 500 | 100 1390 | 33 | QBG0 | 1746 3 17510 | 1689 | 11610 | 1448 | 747 | 7058 | 1416 19003 | 500 | 33 | 1549 141 248 1 6N 1447
w
3 k! 00 | 100 | 113 | 12 | 0752 | 1645 4 | g | 1996 | 1247 | 1346 | 374 | 3806 | TE12 10247 [€ 100 | 12 1886 | 2245 1246 | 1545 | 346 | 1102
[ 3| 200 | MO0 | 133 | 17 | 0787 | AT#6 6 | M4E8 | 1847 | 1280 13w 483 | 4854 9708 13068 | 200 | 19 | 224 | 1547 | 1247 | 1346 | 493 | 1102
= k") 300 100 | 1133 M 0G99 | 2045 4 | 1789 | T8 148 | 1248 588 | S48 11695 | 15745 300 23 1688 | 1488 1487 | 1247 515 | 1102
30| 400 | 100 | 1380 | 30 | 0700 | 1745 3 17410 | 1548 1340 | 1448 | TO0 | 6812 | 13623 18339 4 20 1848 | 1489 2246 48T | 60T | 1047
35 | 100 | 1100 | M6T | 12 | 0795 | 1685 6 | 1249 | 1647 | 1347 | 1446 395 | 4158 8318 1198 | 1 12| 1946 1746 | 1346 | 1695 | 332 1102
3 | 200 | 1Mod | MET | 19 | o752 | 18456 1048 | 1688 | 1647 | 1846 496  S282 10564 14221 | 200 | 10 | 1B47 | 2246 | 1347 | 2085 | 4 CTIIRRT7]
3% | 0 | 100 | M7 | 2 | 0715 | 22456 15810 | 1688 | 1249 2296 | 624 | 6369 | 12038 17148 200 | 23 | 1748 | 2047 | 1243 1347 | 543 1 102
3 | 400 | 1100 | 1400 | 33 | 0706 | 16465 18410 | 1789 | 1449 | 1249 | 734 | 7347 | 14694 19781 | 400 | 32 | 1649 | 1B4B | W48 | 1248 | 642 | 1T

14| o767 | 16458 | 1389 | 2246 | 1447 | 1247 | 447 | 4514 | 2023 1248 12 1697 | 147 2045 | 1745 | 358 | 1102
n 0760 | 2045 7 | 1749 | 1648 1448 | 1248 45 | 5735 @ 1470 15440 (0 19 AT-#5 1488 | 14 1247 am 1.102
1300 | 2 | 0704 | 1746 5 17410 | 1640 13#0 1448 | GBS | G858 13736 18491 | 300 | 25 | 1848 | AT | 2246 | 1447 | 568 | 1102
36 | 0G0 | 2785 5 (19410 | 1848 1948 | 1349 | TET | 7930 | 15861 | 21351 | 400 | M 1749 | 13410 | 1249 | 2246 | 684 | 1047

LE-OL

NOTES: (1) 50 percent of those bars may ba place in the middle third of column strip. (2) Drop panels same size as for edge panels. (3) Same column size abave and balow slab,




TABLE 11-4 PERIPHERAL SHEAR CONSTANTS AT COLUMNS

*Slab, drop panel, or solid head (for waffle slabs) at the column.

Exterior Column Interior Column
‘
Square | Slab* |
Column {or |
©1=Cz | Drop) | Cas =Vt | Ac=bod| Lo Cag=yt Ac=bod| Jo
(in.) (in.) (in.) ‘ (in.2) (in.4) (in.) (in.2) (in.4)
18 6 6.50 283 13208 11.25 ‘ 405 34513
8 6.73 435 22771 12.25 637 64847
10 6.97 603 35355 13.25 901 108166
12 7.20 787 51553 14.25 1187 | 167542
14 7.44 987 72013 15.25 1525 246366
16 7.68 1203 97435 16.25 1885 348351
18 7.92 1435 128570 17.25 2277 477529
20 8.16 1683 166221 18.25 2701 638251
22 8.40 1947 211244 19.25 3157 835190
24 8.64 2227 264546 20.25 3645 1073338
1
20 6 747 | 310 17399 12.25 441 44490
8 7.40 474 29507 13.25 689 81854
10 7.63 654 45117 14.25 969 134095
12 7.87 850 64868 15.25 1281 204493
14 8.10 1062 89452 16.25 1625 396647
16 8.34 1280 119614 17.25 2001 414478
18 8.58 1534 156149 18.25 2409 562225
20 8.82 1794 199905 19.25 2849 744449
22 9.06 2070 251781 20.25 3321 966030
24 9.30 2362 312731 21.25 3825 1232168
22 6 7.84 337 22400 13.25 477 56231
.8 8.07 513 37470 14.25 741 101617
10 4 8.30 705 56560 15.25 1037 163800
12 8.53 913 80353 16.25 1365 246567
14 8.76 137 109586 17.25 1725 353427
|16 9.00 1377 145048 1825 2117 488608
18 9.24 1633 187578 19.25 2541 656557
20 948 1905 238060 | 20.25 2997 862043
22 9.72 2193 207466 | 21.25 3485 1110154
24 996 2497 366765 | 22.25 4005 1406297
6 8.50 364 28284 14.25 513 69880
8 8.73 552 46765 15.25 793 124344
10 8.96 756 69820 16.25 1105 197852
9.19 976 98176 17.25 1449 294101
943 | 1212 132614 18.25 1825 417107
16 9.66 1464 1734967 19.25 2233 571206
18 9.90 1732 223121 20.25 2673 761053
20 10.14 2016 281011 21.25 3145 991625
22 10.38 2316 348626 | 22.25 3649 1268217
24 10.62 2632 l 427009 | 23.25 4185 1596446

{Continued nest page)
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One-way skip joist

3LNLILSNI 1331S DNIDHOLNIZH 3134ONOD

i
DNE«WAY JOISTS 2" Deep Rib + 4.5” Top Slal fi = 4,000 psi
MULTIPLE SPANS FACTORED USABLE SUPERIMPOSED LOAD (PLF) £, = 60,000 psi
TOP BARS NO| #4 #4 #4 #5 #6 End #4 #57 #5 46 w7 Int
AT| 120 9.0 80| 1056 | N Span 105 10.5 9.0 10,5 12.0 Spa-n
:W ARG NO| 224 | 265 | 25 | 285 | 246 | pen. | 2#4 [ 2#5 | 2¢5 | 2#5 | %6 | Defl.
B wol 124 | 125 | 16 | 245 | 147 | Coeff. | 1#4 | 148 | 16 | 265 | %7 Coeff.
ISTEEL esp)| e0| so| to4| 123 | s @ 7| | o w | w| w| @
CLEAR SPAN END SPAN INTERIOR SPAN
24'-0% (3) 234 640 797 1021 1303] 1.265 1167 13971 w2zl A3 k)
sTIR | #3- 25| #3- 75| #3- 86| #3- 98| #3-108 . #3- 82| #3- 90| #3- 85 #3107
25'-0" 175 544 694 q00| 1160 1480 461 1035| 1246| 154R| 1924 M7
STIR | #3-20[#3-74| #3-86) #3-99 #3-111 #3- 45| £3- 83| #3- 91| #3- 93[ #3170
26'-0" 122 468 602 793 1033] 1743 415 917 1113|1390 1739 1073
STIR #3- 72| #3- 85 #3- 99| #3112 #3- 43| #3- 83| #3- 92| #3-100] #3-112
270" 7 396 521 697 920 2027 7 813 qad| 1251 1874) 1247
STIR #3- 71| #3- B5[#3-100 | #3-114 #3- 40| #3- 83| #3- 93] #3-103| #3-115
28'-0" 34 332 448 612 819 2344 286 719 ggs| n127| 1428) 1443
STIR #3- 69| #3- 84| #3-100] #3-115 43- 37| #3- B3] #3- 94) 43-105] #3-117
29°-07 274 382 535 724 269 23 635 792 1015 1286  1.680
STIR #3- 67 | #3- B3| #3-100| #3-118 #3- 33| #3- 83| #3- 94| #3-106| #3-105
30°-0" 222 323 466 Gaf|  3.060 182 559 el 914 nTd 1801
STIR #3- 4 | #3- 81| #3-100 | #3-117 #3- 20| #3- 83| #3- 04| #3-107| #3-112
" 175 280|403 572| 3523 137 40 628|823 1089 2168
STIR #3- 61| #3- 80| #3-100| #3-118 #3- 25| #3- 82| #3- 05| #3-108| #3-120
320" 132 21 346 506  4.000 a7 429 558 740 ar| 2481
STIR #3- 58 | #3- 78| #3- 98| #3-119 #3- 20| #3- 81| #3- 04] #3109 #3-122
33-0 93 176 294 443 4523 60 3ré 493 665 gazl 2784
STIR #3-55 [ #3- 76 #3- 98| #3-119 #3- 15| #3- 80| #3- 94 #3-110] #3-124
34'-0" 57 136 247 338 HOO7 320 434 596 a0l 3137
STIR #3-51| #3- 73] #3- 97 | #3-119 #3- 79| #3- 94) #3-110| #3-125
350" a9y 204 338 57H 273 381 533 (26 3527
STIR ¥3- 70| #3-96 | #3-119 #3- 77| #3- 93] w3-111| 83127
360" 65| 164 89| B407 229 an 476 658 3.942
STIR #3- 67| #3- 94 | #3-119 #3- 75| #3-92| #3-111] #-128
PROPERTIES FOR DESIGN (CONCRETE .60 CF/SF)
NEGATIVE MOMENT
STEEL AREA (S0, IN) B3 1n 125 148] 19 a5 148 | 12| 20| 250
ACTUAL STEEL % 503| 671 85| .B9S | 1166 A75| 895 | 1045 | 1277 | 1531
EFF. DEPTH, IN 1475 1475 | 1475 | 1469 | 1463 1475 1469 | 1489 | 1463 | 1456
- ICR/IGR 28| 61 77| 99| 239 42| 99| 223 | 256 | 287
POSITIVE MOMENT
STEEL AREA (SQ. 1IN 60 G3| 06| 24| 148 60 93] 106| 124 148
ACTUAL STEEL % 363 548 627 732 | 871 353 540 | B27 | 732|879
EFF. DEPTH, IN 14.75| 1469 | 1466 | 1463 | 1460 14.75 | 1460 | 14.66 | 1469 | 1460
+ICR/IGR el .7t 192 222 257 e[ a7 182 222 257
SINGLE LEG STIRRUP AT 7 IN. CONSTANT SPACING-DISTANCE (IN.)
(1) For gross section properties, see Tahle 8-3.
(2) Computation of deflection is not required above horizontal line (thickness = [, /18.5 for end spans,
/21 for interior spans),
3 Smgle leg stirrup size space at X in. c.-¢. Distance over which stirrups must extend from face of sup-
port at each end (in.).




! = 4,000 psi JOIST-BAND BEAMS,
i INTERIOR SPANS

86-2L
‘;"\ L]
n
[+:]
S
[=]
8
B

| srem mr.anmcm U= 140+ t'ﬂ.”‘
i s SPAN, [, = 16 SPAN, [, = 18 1t SPAN, | !,,-mn
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boam depih — 2 chas 52 8 erds. ube stimups toulated for “Inlerior Spans”. For b = 24 in. provide 4 lags (hwa stmups
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S socond e T siom | O polaion: Nk — STIRRUPS ARE NOT REQUIRED
= e MAXIMUM SPACING IS LESS THAN 3 INCHES. NOT RECOMMENDED
H]W deflection -
fmmmmm g gy oS — SHEAR STRESS IS GREATER THAN 10,77
3 o< comaton < 100 = . TORSION STRESS EXCEEDS ALLOWABLE
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:lpsw‘wmmhom Fig. 1? For girdars, :SJF«mmmw\wh&!uwmuw secondiing is for closed les. Sea Fig. Iz—“\:lm, ‘Mﬂ—dﬂ.mm e
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ceflacion (in) = € x
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Two-way waffle slab

- " * Vnidas B* Bl " f. = 4,000 psi
- WAFFLE FLAT SLAB SYSTEM 30" X 30" Voids: 6" Ribs @ 36 Grade 60 Bars
¥
n SQUARE EDGE PANELS SQUARE INTERIOR PANELS
e Reinkorring Bars—Each Direction | Sauare | mmm—mmm_ ]
Span Square Edge Columa Column Stip Midle Sirip Momests | Catemn Sxip Middie Swip
Factored S - —
et Seper- | (1) | Top Baitom Top Boom | T | 1|y m [ Botiom | T® Bowom | Top
fi=1y e Seel (6176 “E?“ ‘x W | ors por s | Mo~ | M. |Long|Shen Eoge | Bol, | It o hwh‘alh o |Long)Stort| g
1= ngy| 3 | :
m s | psh | ) | ¥ o L il B mh'm ) | () | | s R B | gy
Totsl Depth = Hin. i Depth = Min. Total Siabs Depth = 3in. (Deplh = 20 . “Total Stab Depth = 3in.
5 | e 5 s5] w5 oes| Mo[ & fr] 2 5 EEEEEE R
0tam |35 | oo Al AR Bl 11 E A AR HEE R
RE. W | ZM 5| o6l EEaAE] sl an| el ows| 7| | Tm|2m 6 [ 2t X B IR
COLLMN DN M | 45 0 Za- | & 5 s e oses| dn TR omm| 2 o 8 2 zan| & | =| =
11048 CF/5 0 |32 5 0ms o 5 e e 3a5]| m 2w 15| 5 2t EC R :
[+] oo am|n 0817 2l | 5 § & | nas| 48 1M8 ) 2W ) 3 18 1 $ 7 na) 5 05| &) 105
% S0 43 | ne 0642 o | ] L] o - Saf | S67 ) 86 S| AEY | 1S 5 | 1aTang 18 | 256 L] o | e 17ah
- e [ a0 H 6| = M| S| Ma) 24| 6 .5 s 13 6o 0
E oo W | 3m T | ok Habed | b ] n 5 ] 5 el HEE R
Al omi. B o |EE HE] B a HHHEE:
E] “luol;gg:i o ;g. 0. | S | )s-us:g § HE 5% 130 Mo | 3w % + H | &| B e 1
% ' | am | wc | oen oshed | 5 6 o ARl G t 5 me| 8| ® 135
H | ) | - _ _
a5 7 145 ws| 22 | 8 § 285 HETE IR
a i | o T b 7 1t | [ BN 8 vasaedre | 2| T) &) 8| 18
= B | o 750 5 7 nas | am 2| 25 1 5 286, Was| 7| e | A 1
o " 0rse 7950 ] ] -5 T et | s 20 0| 289 18 1 5 06 a0d 107 it E 5 os| e
a ChE T | 5 1-sand1E10| Mew | 7 (L s | 37 @t | £ a8 Fm| 7 e s 10ed
r ' |
3 - " 7 o | tpas | ar| e | a2 6 T s e rpaes
Z '.3 g?ﬁ 2:?3 g e Qﬁ i 2 0| 1pen | s 1| Mis | 250w 6 1| s b 246
9 firi:) Hated | B (1Tand 16| 386 7| g | fu N ) L] ] 7| o’ es| 138
19 0848 a5 B 6 | t-edand 189 | M6 ¥o® & 1| M@ wal e W 1 6 7 | 6| 15a8
L] iy | Wah-6 | 6 ) e T8 LE S AR TR ) t B Fom e 138
| 1 | a7 3 IR s‘s| o | wsg | 2ss | @ [ ARIEIE IR
o'y i | HAEE ) -t A S ‘.‘,*2 E - e IR AR EHE , § g ] Bl 8 B W
L 1 1 W4 | 4] i
s i w | =B = e | & A <s-2| B w6 w7 wass| En s mas| BR 2 | 1 €| vatwat | 00| 8 #5| s 13e6
IEEE | |
(Contirued on rast page)
HOTES Sew B noles on Page wparting e * g o e . R -
i il i The sizn, configuration. e




WAFFLE FLAT SLAB SYSTEM 19" X 19" Voids: 5" Ribs @ 24" fe = 4000 psi

gE-L1L

ALNLLSNI 133LS DNIZHOSNIZY 31IHONOD

Grade 60 Bars
SQUARE EDGE PANELS SQUARE INTERIOR PANELS
Reinforeing Bars—Each Direction | Resedoetitgg Bars—Each Direction
Square Edge Column Column Strip | Middie Sirip Moments ! Intesior Column Column Strip Middle Sip
Span T " - |- T ol e ———
Jﬂ,...h_.._“___.,.?;, TR | B | |
| Ho. |Long|Shen| g | Edge | Bot | Int %) simps | Mo No. (Long| Short| - g,
| Ribs | Bars | Bars | o | (N-K) | (K} | (R-K) ) Rits. [Ribs | Bars | Bars
Depthi = 11in.
3 a e 4 : ) L)
3 o 2L 4 3 &
3o oM 4 3om
3o o 4 3| =
3 - - 4 k] -
I 4 M [ LR
4 oo ] 4| | | s
4 L o) 4 4 M| o S5
4 L] ] 4 4 o S5
4 L] o 4 4 o 5a5
4 oo 4 4 LI 505
- 3541 | 4 4 m| om| gey
0 |2 4 50 08| M 4 5 8| s 55
W | & + 58 o 1 S #| s Sah
0 pe- 4 ] M|os 4 5 LA ) Sah
M0 |21 4 5| m| m 4 b | ab| G
| 248 4 Lo om s ] S| =1 m| San
0| 28 4 L) ow| om 3540 | 4 S| s e
-0 50| 2 5 284 was | 5| oe| w| Gas| w| 7| W 5 s M| oM
b= 8417 | 2 5| e at | 5| #| w| G| W 05| 1® 5 S oM oM
B 0K 5| 2% S tedanated| et 5 s | M| Gas| 62 M5 R 5 5o ow
COLUMN LINE a4 5 205 1hsh | & | ow| Bes| T W 5 o ow
01530 CF/SF EI ] 3| e hah | 5| oan| A| Geb| &7 M g4t | & 5 om| oM
348 | 5| tmangrar| 10| 5| o8| % st @ m @ 3541 ] 5 Pom o8
25 5| rad e | 6B W 2 ow m| am| e 5 284 was| & s m| 7as
735 H F2 e[ B M M @ R 12 5 a1 et | £ s M| 7ab
Zal i2 et | 6 oM oM ARV PR 5 204 et | E| sa e| 7
5% 5 teSandtsb| Wb | B oM oM @ M3 | 23 120 1541 | 5 | talaadisf | BsS| | s s Tk
1% 7 5 ffand ba?| b | £ #5 w 30 W7 Mol 28120 3541 | 8 | rataates | Beh| 6 a1 w4 R
387 10 0&3 | 3541 i | 8 2a7 Bes| & s w wh | @ 4| A 6| 3542 | 5 2 | 6| sa | bl

See the notes on Page 11-19,




Precast PT Tee’s

Prestressed Concrete

32"x12" Double Tee

(2" C..P. TOPPING)

2'—0"
L &-0" 3o
PHYSICAL PROPERTIES | %
Frecust T :
. . . . B
A = 951 in2 Sp = 3198 in?
I" = BO,182 in} S. = 1,570 in? ] f 1 [ .
(at top of D.T.) o g | |
Y, = 25.07 in. Sl = 84979 in? ' |J |
{at top of topping)
Y. = B8.83 In. Wi, = 881 PLF ML
(to top of OLT.)
t— Bal i Wi o= PG Strands 6 — LE"®  Farallel Tapping
7 Tt B.9J In. Wi 83 PSF Depth Craped
(to top of topping) ‘
32 6.6 1]
DESIGH DATA
1. Precast strength @ RELEASE = 3000 PSI. (min.)
2. Pracost strength @ 28 days = 6000 25l
3. Pracast Densry = 150 PCF
4 Strond = 0.6 270k LO—relaxation.
5. Topping Strength = 3,000 25
6. Topping Censity = 130 PCF '_
7. Mepimum bottom tersile stress is 124fe =930 PSI.
& All superimposed lecd is treated as live load in the flexural strength analysis.
9. Flexurd capacity 5 based on stress,/sfrain sirand relationships.
100 Mawimum mament copacity is criticd ot midspan for poralld strands and s criticd near 0.4 spon for
draped strands.
11, All leads shown refer to dlowable loods after the topping has hordened.
Table of Safa Superimposed Loads {lbs. per sq. &)
. @y Span in Fest
Section
{in. Kips) 46|48 (50| 52|54 | 55|58 | 60|62 |64 |66 |68 | 70|72 (74 | 76| 78 |60 | B2 |84 |BE
Sd=6.6 FT 8,504 [ V6|64 |94 | 40| 56
SE—BE PT [ 1,900 [[I6]101|88) 78|66 |26 (48| 40[33
321005 PT| 14222 [NSE|135/110]105) 92| 81) 71 (62| 53 |48| 30|32
J2-126 PT| G423 183165148130 11G[103) &1 [ 81 71 (63| 55 (48| 4| 35|30
32-14.6 DT| 20,843 |256)230(206)186/167(151|138(123| 10| 656 | 80 [BO| T2 |64 |57 | 51| 45|36 [ 33
32—16.6 OT[ 22860 1611461 32| 2oina| a5 | a6 [ 78 |60 (60| 55|48 | 42 | 38| 33
33—18.6 OT| 24,4856 105|384 | 84 | 75| 66 [ 58| 51|44 | 33

NITTERHOUSE

COMCRETE PRODUCTE

This table is for simple spans and uniform leads. Design data For
any of these span-load conditlors ls avallabla en reguest.
Individual designs may be furnished to satisfy unusual conditions
at hedvy loads, coheentrated lodds, cantlevers, flange o atem

openings and narrew widtha,

BG5S MOLLY FITCHER HWY, SOUTH. EOX N

CHAMEERSBURG, =4 17200-0813
Ti7-267-4305 « Fax) 717-267-4318

LT



INVERTED TEE BEAMS
MNormal Weight Concrate

e S 87, Section Properties
! . Designation| o (8| A - b :;
| ¥ 28iT20 20 FRET] 11,628 | 791 1478 SET aEa
n, 2EIT24 24 123112 | 480 20275 | 980 2112 1408 50
h 2ET28 28 1612 | 528 2078 | 1108 | 26882 1887 550
2WTI2 a2 | 20412 | 578 AT &T2 | 1287 arm 2477 [Eal
E B=0

2TIE 36 | 2a012 | E2a | &80 |43 | 4788 | 3140

i Wman | 4 @32 | 161424 [ 1000 | see0 | sse2 | esr
L2 semse | s2 | a6 | ss0 | 2o4mss |2ove | osee | ssme | s17
2 = 5000 psi 2856 | 56 | 4016 | 928 | 255.220 | 2248 |11354 | 7E14 | ey
£ = 270,000 psi 28med | 60 | 4418 | ove | 312mee | 2423 |12z | arar | 1017
% in, diameler T Ghtk ool de for invmitabilly of offwr sizes,

2 Sala loads shown include 50% s i i 80! 50% Wva doad, 500 pei
low-relaxation strand fag termon hat been alowed, atdihone fop minkngemant 3§ neguied.

Key A Bale laods ean be symiicantly noemsed by use of structwal compesis feaping.
E520 — Satw supaimposss senics kad, pit

0.3 — Estmated cambar 8l erecicn, n.

0,1 — Estimated long.time cariber, in,

Table of zafe superimpozed service load (pif) and cambers

Desig- | Ho.
natien | Strand | ©

T | @ 582 | 23 03 94 a4 o8 a8 as
O @3 OF Q1 04 a1 4o

B714 7580 G054 4005 400G SJ06 OBGE 2e40 2000 1700 1558 1351 1175 1024
|T2a 1 677 aa a3 03 a4 a4 as a8 A8 ar oy or wa ca oo

L8] ot 0 L) ALl ot s 0 o 00 0o 0o -01 -o02
TG Go51 5700 4040 4110 3500 3047 2046 2073 2000 1788 1570 1390 1242 1103 081
28728 13 844 B3 04 Q& 48 08 07 OF Q& 08 02 N4 @ (5L I B B B
0.y oy o 0z 0z 0z 0 02 0=z o2 o2  al al a4 0o -0
9202 746 5435 S4Td 4806 064 3538 007 2724 MO6 2132 1804 1887 1505 134
2|17 15 217 03 @4 G4 962 62 08 04 OF OF 0B OB 08 0% 03 00
v a1 ar a.r an 0.9 [ 0.1 &1 0.1 a1 an ag o2 -
BEBE TIIE B2IT SA0F 4T18 4145 3ES] 1246 2990 2581 2311 2075 1BEE

28ITIE 18 1081 04 a4 s B 0A CA or oFr o8 o8 0% 08 oa
g1 88 aa Al A a8 08 -8
B&15 T415 B 3444 3O7TT ZTRG 2475 ZIEE

FNTH0 1w f1.ﬂ'zl LE 04 [FE-T T ) oe oy Qa7 o 08 08 08

g1 a1
a4 20 1289

RITaE 22 14,18

2aiTsz | 24 15.44

ZniTes | 26 6. 74

F550 AE13
28men | 28 18.04 08 08 08 T oF o8
01 0 b2 Ak a [+

2-44 P2 Dasign Handbacki®h Ediicn



Steel deck, joists, and girders

2.0 SB Normal Weight

P

£

Wheeling
Composite Deck

’Y Section Properties (per ft. of width)
. e d ] ‘ t 'wd sp Sn ip In As ‘Fy
. Gage in psf| in? in? int int in2 Kksi
Aa} 22 | 0.0295 |20 0257 | 0258 | 0317 | 0.309 | 0472 50
2t g 12 | ‘ DEPTH | 20 00358 | 23 0334 | 0.337 | 0:402 | 0.393 | 0.573 | 50
- 24" Gover — = 186 | 00474 30 0507 | 0617 0557  0.552  0.759 | 40
e ——— e 16 | 00600 3.7 | 0659 0663 0705 0705 | 0.961 ‘m,,
145 pef Normal Weight Concrete

‘:::Jt:k:: Maxg:\:ar: ;J::::red g?;Z?:z: Superimposed Live Loads - pst: No Studs
Wt. Conc. | Gage S}ngleiDouhie| Triple | lava | Se | - Span - Feetand Inches I
Area Conc. Span  Span | Span | inft | in#it | 7-0"|7-6" 8-0" 86" 9-0"9'6" 10'-0" 10-6"11-0"11-6" 120" 126"
22 | 71" | 9" | 9-4° | 551 1081 | 058 508 266 232 | 204[ 179 150 | 141 125 112 [0 | 90
s [20 | 83 | 10-4 | 10-9' | 5.917] 1.288 | 400 | 372 923 |283 248 220 195 174 155 | 188 125 | 113
423pst | 18 | 9:3 | 116" 11-10°| 6586 1658 | 400 383|332 290 | 255 226 200 | 179 160 | 143 129 | 116
sagie |16 | 10-9" [1291"| 130" | 7.219] 202 | 400 893 332 | 200 255 226 200 | 179|160 | 143 | 123 | 116
22 B-11" | 7.481 1277 | 400 | 365 G816 276 | 242 213 189 168 | 148 [ 134 [ 120 | 107 |
i I 8005 1522 | 400 | 400 | 363 35| 205 261 232 207 185 166 | 148 | 135
dsaeet | 18 113 | B8s| 1056 | 400 |400 394 345 304 269 239 213 191 | 171 | 164 | 189
e | s 12.5" | 5733 2.394 | 4p0 [ 400 394 [B45 | 304 | 269 235 213 | 191|171 | 154 | 138
R G-7" | 9.963] 1.478 | 400 | 400 367 320 | 281|248 220 195 174 | 156 [ 140 126
5420 | 20 9-107 [10.536 1765 | 400 400 400 390 343 | 304|270 241 216 194 | 175 158
s44psl | 18 v 10u9' |11.674 | 2.268 | 400 | 400 400 [400 354! 313|279 249 223 200 180 | 163
38.1in¢ | 16 12.3" | 12.760 2.784 | 400 400 40 | 400 | 354 313 | 279 249 | 223 200 | 180 | 163
22 B2’ |12.702| 1.684 | 400 | 400 400 | 366 | 322 | 284 252 224|200 | 179 161 | 144 |
6" 20 95" |13548 2010 | 400 400 400 400 | 393 | 348 309 276 | 247 | 2 | 200 | 181
804 psi | 18 10-4" [14.981 | 2589 | 400 | 400 400 400 400 | 359 | 320 | 285 256 280 207 | 167
427ie | 16 11-0" |16:369| 5.184 | 400 | 400 400 400 400 359 820 285 256 | 280 | 207 | 187
22 | 6-0' | 77 | 7-11" |16.038] 1.893 | 400 | 400 | 400 400 | 363 | 320 284 253 226 | 202 | 182 164
6 |20 | 70" | &8 | 91" |17.081] 2262 | 400 | 400 400 400 | 400|393 | 340 312 | 260 | @52 | 227 206
665pst | 18 | 710" | 8- | 10-0" [18.850 2.917 | 400 400 | 400 400 | 400|400 | 361 323 280 261 | 235 213
4741w | 16 | 90" | 10117 11-a’ |20575| 3594 | 400 | 400 400 400 400 400 | 361 323 290 261 235 213
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Ly, Unbraced Length (0.5 ft increments)
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Ly, Unbraced Length (0.5 ft increments)



