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ABSTRACT

This report covers the callapse analyses of floor-over-basement
areas, The floors uere separated into floor systems and were analyzed
#as built¥ and for various upgrading configurations through an examina-
tion of individual elements. The purpose of the report is tuwo-fold:
first, to increase the data base of analyzed #as builtY NSS building
floors; and second, to determine the expedient upgrading potentials of
NSS building floors.

This report summarizes the results of the collapse analyses of the
11 NSS buildings examined in this study. The results of the "as built”
analyses are then grouped with the collapse analyses of 36 NSS buildings
to provide a population of 46 buildings (one building was reexamined).
The predicted collapse overpressures, examined previously by MWiehle
(1974), of the ueakest floor element by building and by floor system are
presented in the form of histograms and cumulative frequency distrib-
utions. The effect of frame type on the collapse strength of the floor
elements was examined as in the previous report (Wiehle, 1974).

This report also summarizes, for the 11 buildings analyzed herein,
the upgrading potentials of floor elements grouped by individual ele-
ment, floor system and building. Preliminary indications of these col-
lapse analyses indicate that the best wuway to assess which building
and/or element is most upgradable is to look for elements, especially
slabs or pan-joist systems, having the greates¢ span,(i.e., span lengths
great enough to allow intermediate supports at thirdi_“EF’eVen quarter-
span intervals). Analytical results indicate that if upgrading is ac-
complished by putting intermediate supports at 1.8 m (=6 ¢t)' spacing, a
reinforced concrete slab with a thickness of 150 mm (%26 in.) can resist
an overpressure of 210 kPa (#30 psi) and a slab with a thickness of 200
mm (28 in.) can resist 350 kPa (=50 psi). Long spans usually assure
slab thicknesses of 150 mm (26 in.) or more.

The appendices include information on a comparison of the SRI ana-
lytical procedures with the results of recent U.S. Army Waterways Expe-
riment Station (WES) tests on ”as built” and upgraded floor systems, and
an analysis of the effect of soil mass on the response of buried base-
ment walls to air blast.

!SI units are used for this report. English units are given for refer-
ence only and are “rounded oft” for convenience. This rounding is de-
noted by 7=, Where rounding to eliminate decimals was not used, the
converted numbers were given to the same number of significant figures
as the SI values,
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Chapter 1

INTRODUCTION

Under contract with the Federal Emergency Management Agency and in sup-
port of the all-effects shelter survey system, SR] performed dynamic analy-
ses of the floor-over-basement areas of actual NSS buildings. These floor-
over-basement areas, or simply floors, Were separated into one or more floor

systems. It

was the individual elements comprising the floor systems on

which the collapse analysis uwas directly performed. Sensitivity analyses
were subsequently performed to investigate uhat effect reducing the clear
spans of these elements uwould have on their predicted collapse overpressure.
This report summarizes the results of these analyses.

1.1 SCOPE

As part of an integrated program to develop a procedure for an all-ef-
fects shelter survey system, Research Triangle Institute (RTI), collected
data on a national sample of 219 NSS facilities (Tolman, Lyday & Hill,
1973). In previous efforts, SRI analyzed the exterior walls and the floor-
over-basement areas of 36 buildings to determine their collapse overpressure
when subjected to nuclear air blast loading (summarized in Wiehle, 1974),

During the current effort, SRI has analyzed the floor-over-basement
areas of the following 11 NSS buildings:

NSS
Building
Number

Description

100
110
1
136
167
188
200
220
225
227
245

The analysis

U.S. Post Office, Harrisburg, PA

Henry R. Landis State Hospital, Philadelphia, PA
6rant Building, Pittsburgh, PA

First Federal Savings & Loan Assn., Augusta, GA
Lafayette Towers Building #2, Detroit, MI

State Wildlife Conservation Building, Oklahoma City, 0K
Fitzsimmons General Hospital, Denver, CO
Fidelity Federal Plaza, Long Beach, CA

Broaduay Crenshaw Building, Los Angeles, CA

May Company Shopping Center, West Covina, CA
Portland Hilton Hotel, Portland, OR

of each structure was based on information obtained ¢from the

field survey data collection forms, sketches, photographs, and building

plans, all furnished by RTI. 1f a discrepancy was found in the information

-1-
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trom these sources, the building plans were the source used in the analysis.
Each of the floor elements uas also analyzed assuming one or more upgrading
schemes.

1.2 SION AND REPORT

For this effort, the floor-over-basement areas of each building uere
analyzed using the available mathematical models and computer programs de-
veloped in the SRI/DCPA research program reported in Wiehle and Bockholt
(1968, 1970, & 1973). The dynamic loading used uas equivalent to the free-
field overpressure created by a 1-Mt surface burst, except with a rise-time
equal to the travel time of the wave front across the floor panel.

The results of the analyses of the 11 buildings in the current effort
are tabulat~d in this report; houever, for the statistical comparison, the
results of the floor analyses of 35 buildings (80 floor systems) summarized
in Wiehle (1974), uere added to the present sample. The discussion of these
”as built” analyses is given in Chapter 2.

The second part of this report deals with the upgrading potential of

the 11 NSS buildings. Various schemes uere used to try to determine the
maximum upgrading potential of floor elements and systems. The results of
these schemes are given in Chapter 3. Only the upgrading potential of the

floors was considered. Neither the transfer of load from the upgraded sys-
tem to the foundation wall nor the strength of the exterior basement wall
were investigated in this research effort.

Appendix A gives an example of the procedure used to analyze a struc-
ture. It outlines the steps involved in gathering information necessary for
making a response calculation, using the first building for illustration.
Appendix B consists of brief descriptions of the remaining buildings exam-
ined and discussions of the ”as built” and upgraded results for each. Ap-
pendix C describes a comparison made betueen SRI SDOF2 models and recent dy-
namic laboratory (unpublished) tests conducted by the U.S. Army Engineer
Waterways Experiment Station (WES) on “as built” and upgraded floor systems.
Appendix D contains results of a buried exterior basement wall analysis.
The analysis was performed to show what effect different soil masses, uhich
responded with the wall, would have on the predicted mean incipient collapse
overpressure (MICO) of the wall. Appendix E gives the main summary table of
the report in English units. Appendix F contains the notation.

1.3 ACKNOWLEDGEMENTS

The author gratefully acknouwledges the assistance and guidance of G. N.
Sisson and M. A. Pachuta of FEMA. Also acknowledged are B. M. Beaver of SRI
and H. L. Murphy of H. L. Murphy Associates for their contributions to this
effort.
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Chapter 2

BUILDING ANALYSIS OF THE “AS BUILT” CASE

Each building examined follouwed a set procedure. A step-by-step
example showing houw the analysis was carried out is given in Appendix A
using Building 100 as an illustrative case. The remaining cases are
presented in Appendix B. For each of these a description, photograph,
! outline plan of the first floor and location of floor systems studied,
?as built” analysis, and upgrading potential analysis are given, This
chapter discusses the results of the analysis performed on the *as
built” cases.

2.1  ANALYSIS

This section is broken into three parts: The first summarizes re-
sults with respect to the individual floor elements. The second summa-
rizes results with respect to floor systems; in this report floor sys-
tems refer to structural assemblages consisting of one or more floor
elements (slabs, beams, girders, flat plates, or flat slabs), which are
representative of part or all of a whole floor-over-basement area. The
third part summarizes results with repect to the overall buildings.

2.1.1 fFloor Element Ana

For each building studied, the basic units of analysis were the el-

) ements constituting each floor system. Analyses of the 11 buildings in
the present study required the calculation of incipient collapse over-

pressures of a flat slab, a flat plate, 17 floor slabs, and 25 support a

——

A beams (including joists and girders), within 19 floor systems. The re-
sults of the floor element analyses are summarized in Table 1. (Table 1
is in metric units; an English version is in Appendix E.) }

by Each of the 11 buildings are listed in Table 1 according to NSS
: building number. The type of frame used in the building is given in
i parentheses following the building title. RCF refers to reinforced con-
crete (R/C) frame, STF to steel frame. in this study there are ten R/C
frame structures and one steel frame structure.

The columns ”Case” and “Element Type” in Table 1 identify the ele-
ment being studied. Under "”Case,” each number designates a separate el-
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ement; the letter following gives the upgrading scheme. The "”a” or “R¥
case refers to the ”as built” case. The other letters refer to upgrad-
ing schemes which will be discussed in Chapter 3, except for ”/r” and
#/g”, uhich are discussed further belou. Lower case letters refer to
slabs while capital letters indicate beams, joists or girders. Using
Building 100 for illustration, seven elements are shoun: five glabs,

one beam and one joist.

The key to the entries under “Element Type” is given in Table 2.
The number following the element type in Table 1 identifies the floor
system to which the element belongs, e.g., RCB-1 refers to a beam in
floor system #1, In Building 100 there are 5 floor systems: system #1
contains one reinforced concrete (R/C) slab, system #2 contains one R/C
slab and one R/C beam, system #3 contains one R/C slab, system #4 con-
tains one R/C slab and one R/C joist, and system #5 contains one R/C

slab.

The columns “Lg”, *L.”, “bw”, ”h”, 71¢”, "fd4y”, "Reinforcing Rat-
i0s”, and “Tensile Membrane Steel” give structural properties of the el-
‘ ement. Descriptions of these engineering terms are given in Appendix F.
' The column “Support Case” gives the support conditions; Table 2 gives
f the key. The final four columns under the heading ”Incipient Collapse
: Overpressure” provide the results of each analysis. The mean value of
: the incipient collapse overpressure (MICO) may be taken as the overpres-
sure at or below which failure will occur 50 percent of the time. ”10%
Prob.” and ”90% Prob.” refer to values for which failure is predicted to
occur 10 and 90 percent of the time respectively.

For flat plate or flat slab systems, a /s” in the case number in-
dicates shear failure was included in the calculation. Experience has
shoun that shear failure normally does not control the ¢final dynamic
failure mechanism when there is adequate anchorage to assure full devel-
opment of the tensile membrane mode. The */s” case should be used for
comparison when there is no tensile membrane steel. Both cases, hou-
ever, are given for completeness since there can be a substantial dif-
ference in the calculated incipient collapse overpressure depending on

the assumption made.

In pan-joist systems, the slab cases uere calculated using two mod-

els, the regular slab model and a restrained model. Those cases desig-

: nated by a ”/r” uere analyzed as being fully restrained from horizontal
l . motion. The prediction resulting from the restrained model is felt to
) be correct in most situations since the floor system should supply full
b restraint to the slab. The regular case (without ”/r”) uwas included for
! K completeness and to predict those situations where full restraint does
':? not exist, e.g., an exterior panel without a beam for closure or a pre-

fabricated section.




2.1.1.1 Slabs/Flat Plates

The 19 floor systems contained a flat slab, a ¢flat plate, three
slabs in slab floor systems (wall supports only), nine slabs in
slab-and-beam floor systems, and five slabs in pan-joist floor systems.
The mean incipient collapse overpressures (MICOs) for all slabs ranged
betueen 22.3 kPa (3.2 psi) and 1297.1 kPa (188.1 psi). Slabs in the
pan-joist systems, which uwere analyzed as fully restrained, had MICOs
betuween 355.1 kPa (51.5 psi) and 1297.1 kPa (188.1 psi). The highest
slab MICO outside of a pan-joist system was 94.1 kPa (13.6 psi).

2.1.1.2 Beams/Joists/Girders

The 25 beams, joists, and girders analyzed were found in 14 of the
19 floor systems. The MICOs ranged between 24.1 kPa (3.5 psi) and 126.5
kPa (18.4 psi). The highest MICO in the beam range (126.5 kPa) is far
below the highest MICO in the slab range (1297.1 kPa). 1¥f the slabs in
pan-joist systems are excluded, the slab MICO range (22.3 - 94.1 kPa)
appears lower than the beam MICO range (24.1 - 126.5 kPa); houever, the
slab is the weakest element in only three of the 14 floor systems having
beams, joists, or girders.

2.1.1.3 Tensile Membrane Behavior

An analysis of the importance of tensile membrane uwas performed for
those cases where tensile membrane behavior was expected, i.e., those
cases having values in the ”"Tensile Membrane” column of Table 1. An as-
terisk (*) in the Mean Incipient Collapse Overpressure” column indi-
cates that the tensile membrane mode controlled in the calculation of
the incipient collapse overpressure. No asterisk means the tensile mem-
brane behavior did not control the calculated incipient collapse over-
pressure. As can be seen from the table, tensile membrane behavior sel-
dom sets the maximum resistance in most cases. There also does not
appear to be a correlation between those cases controlled by the tensile
membrane mode and the percent of tensile membrane steel in the element.
It should be noted, however, that the one building (Building 225) con-
taining a flat slab system with tensile membrane steel had tensile mem-
brane behavior controlling the incipient collapse overpressure in all
the scenarios studied. This would indicate that continuity and proper
anchorage of steel in flat plate or flat slab systems is particularly
important in assuring full development of the resistive capacity of the
plate or slab.




2.1.2 Ffloor System Analvses

The 19 floor systems in the current study were estimated to be the
weakest in their particular floors. The individual elements of the sys-
tems were analyzed using SRI’s SDOF models, and the individual element
with the louest mean incipient collapse overpressure (MICO) determined
the collapse potential of the floor system of which it was a part, the
floor system only being as strong as its weakest element. The predic-
tions for each floor system are given in Table 3 by building. Also
shown is the percentage each system represents of the total floor-over-
basement area of the building.

For statistical comparison of the floor systems, the results of the
analyses of the 19 floor systems were added to the results of 80 other
floor systems summarized in Wiehle (1974), providing a total population
of 99 floor systems. The results of the dynamic analyses of all floor
cases are summarized in the histogram and cumulative frequency distrib-
ution shown in Figure 1. As indicated on the figure, the collapse over-
pressure for the floor systems ranged from 17.2 to 373.0 kPa (2.5 to
54.1 psi), with 50 percent of the systems predicted to collapse at 47
kPa (6.8 psi) or less, and 90 percent predicted to collapse at 119 kPa
(17.3 psi) or less.

2.1.3 ildi An

fFigure 2 shows a histogram and frequency distribution of the MICO
of the 46 buildings represented by the 99 floor systems above. For pur-
poses of analysis the collapse potential for each building is based on
the 1lowest collapse potential of the floor systems comprising its
floor-over-basement area. In reality, however, one floor system might
collapse without collapsing the entire floor area. The median MICO by
building (Figure 2) is 35 kPa (5.1 psi), which is 26 percent lower than
would have been predicted by looking at floor systems only (Figure 1).




!
107604 |25°50 |£6°6 [2€°9% -- - - -- |s»20°0{9st0°0| -- - 0'0|sv20°0| <& {2vrsoc|si-22]9 609 |2 4iL Lewc2 | s-008 | w
8L |s20e2 iets 96wz - -~ -- -- |svw20°0]9es0-0| -- - 0°0(5920°0f 9 [20°S9L[6L°22]9°609 [2°4iL £66° ] £-800 { W 1
o5 03 |21°96 [e9°9 |ez'60t | -- lesoo‘0f -- -~ |2910°0|9v20°0| -- - o'ojtezoo| £ [2v-goc|si-z2|esot o 90s zor'c | €-920 | a2¢
207151 |ve°g0) {ostot [s9°Lii | -~ |es00'0] -- - -- -- - -- 0-0f1620°0] s lav-sot|ss-22|e o o0 102°2 | €-@ | 29 4
§2°201 f22°6L |£0°6 o0 -- |es00-0f -- -~ |29t0°0{9wz00| -- -~ 0°0[1620°0) £ f2o s9L|sic22]e° w0t Jo'90s 20e°€ | €-90 | w9
$9°28 190°92 |s§°v |26°iEw | -- fe600'0] -- -~ Jev10°0f9v20'0] -~ -- 0°0ft620°0] 9 J2e-s9tfss-z2}e 0 o e0s %099 | £-a | vo
60°19 Jov-ow |2i's |iecsse | -~ Jesooco] -- -~ lesoo-ofze00°0] -- -- oojissoco] o faersecss22ie° 101 205°9 |oe92 | s-sou | o§
63°601 S6°98 {596 |S1°L6 -- - - -~ -- -- -- 0°0|£600°0] § |2v-s95|sLc22|9ssE |ecess e01°2 | -9 | W
60°2y |oc se j2o'w [9ite - - - -~ |ve00°0jzsi0°0] -- - 0'ojg600°0] ¢ |2e-s9E|sLr22|9-ssc |e-ess 912y | z-am | w
o8 [o€°0f {09°9 [99°9¢ - - -- -~ - -- o-afogeo‘of o-ofccoo-ol 1 |2y s9ffsi-2zfec26) 25v°9 J9i12°2 | 2-so8 )
£9°23 [%6° 9 [12°v [e2-22 - -- |¢z00'0|2v00°0] -- -- o'ojotoo o] o-ojzc00°0] € [zorseifsic2z]erzst 25v°9 J2co e | 2-sou | e
9 OKL 6£°20) J20°08 6021 | ~- - - -~ -- - -- -- 0°0|e210°0) §  |2v-soc|sie2z|o eos |2 ise $€2°2 | 1-@o8 | 22
08°26 [96°SL 198 Jvz°9e -~ -- - -~ ez10°0f20i0°0] -- - 0:0|sztot0] £ J2v's9L)5Lt22]0°90S |2°LiS% esec | 1o | @2
$9°€¢ |95°€2 |ge's [19°92 -- - - -~ |ezi0°0|2010°0| -- - o-ofzz10'0] o [2v-sos)si-22]o vos [2°isy 90L°9 | 1-8 | v2
63°504 |v9° 19 [e2°6 |o0§°E6 -~ -- -~ - -- -- o-ofvc00-0] § [av-senfss-2zfecast 12vegf2zic2 | 18 | ai
$9°6s (108 225 |eetes -~ -- - - 0°0|s000°0{ -- -~ oca|ozo00f £ Jew-son|si-zzleciss 1I2vegicote | 1-508 | ®
142¥) 1e})dson 8}ers S1PUET Y AJuey ‘0}) BUIPTING
00°00% |99°S0£ [£2°28 |£0°LoE | - - - - - - - -- 0°0/0010°0] § |2v°soc|e9-02]o-vs2 1 6s|i00°y | s-828 | o2
99°101 [£9°151 |15°61 |§9°951 | -- - -- - - - - o-olootoe| s |2v-s9Efe9-02]o-es2 1ciceglace2 | s-s08 | @
"4y JE2°62 |96y [es st - - - - - -- - - o-cjooiocol s |2y s9sjes-o0z]o-ese 10°65]v99°s | S-6o8 | e
¥9°205 |60° 128 |S2°15 [oe-9Ey | ~- - - -- -- -- -- -- 0°0]£020°0] 15 [20°595|09 02|90 1£o [6° 9o %22 | e-rou | 09 "3
v9°992 |15°903 |s2°22 {29°2£2 | -- -- - -- -- -- 0'0|g020°0] 1S [20°S596[e9°02]0"ife 67001 ovo's § o-rou | 29 .
26°92 {4s°16 |s9°ci |eo60s | - - -~ -- -- -- -- 0°0|€020°0f 4S [eo s9E]89-02{0IEs [6 WL 2us'e | v-ros | @0
€2°92 {2s°61 (25°€ [o02°e2 - -- - -~ -- -- - -- 0°0(£020°0] 15 |20°595199°02]8° 15y 6 vos wwi'e | o-rou | ve
0S5 9vi[o0°9911 |99 0E{41-L628) -- |2z00°0] o0°0[2i00°0| 0°0|2200°0] o0°0 [2100°0] o0-0f2s00°0] esu }29°S9E[@9°02j2°9L 960°2 levo0 | v-sou |ases
£4°92¢ |90° 952 [96°0f [ev'992 | -- [2z00°0| -- - o*ofzz00'0| -- - 0-0lzc00°0] 9 |2vrs9s|e9-oz|zros 960°2 evv0 | o-528 | eg R
v§°05® ]03°L£9 |32°€0 |evcEnL | -- -- - -~ -~ - -- - 0-0le£i00] & [29'595|e9°02]0 voE 262°0s]sk0°) | €-sou | Py iy ?
95°0¢o oz oot [20°2y [got0in | -- -- -- -- - - -- - o-ojesioof s  [20-s9s[e9-02]e v0L 262°05[9ove°2 [ £-638 | 2% .
§1°002 6281 [iv-01 15792t | -~ - -- - - - -- o'olestoo|l § [2v-59c]|09°02|9 w0t 262°05|029°¢€ | £-62u | v
sy [99°et [eac  [oz-ov - - - -~ - -~ -- -- oolegioco] § [2vrs9tje9-oz|e-vot 20z 0s{105°2 | s-62u | &
00 9L 297122 {oU°2 [L6°992w] -- lo§i0°0) -~ - -- -- -- -- ]so10°p[o600°0] § J20°59E)89°02)i"610 JO"6101 205°2 ] 3-@ou | &
1£°001 |o2 %01 |96-91 |2s-92in] -- Josi0°0f -- -~ -- - -- -- |solo-0f{os00°0] S 2 695{e9 02|t 61y |o-sl04 $00°s | z-92% | v
v0°9EL |62°66 |es-€1 |99-ot1 | -- |isooco| -- -~ |evo0-olevo0 0ol 0-0|6coo-0|1S00°01500°0] & |29°s9cje9coz]c ei 59971 |€10°2 | 2-so8 | 2
65°901 22762 [2L°1i |§0°vew | -- |iso0co] -- -~ |evoo°o|evoo-o] o-olecoo-ofis0o-o|is00 0] » J2e°seclescozle el 22°c |esocz | 2-sou | =2
9°90L |€1-vss {05 65 le£ 09 | -- [£i00°0f -- - - -- - -- {€100°0{2L40°0] § |29 s96[|09-02{e %0t e2s ecfovi-z | 1-s38 | P
§6°€6€ [{09°21€ [ovo g J227ese | -~ |tio00t0) -- -~ -- - -- -- |c100-oj2zi0ca] s |2v-s9s]e9-0ze-vosc gzsssfese-z | 1-sou | 21
0v°501 les o451 |£0°6) es'9ss | -- [gi00°0] -- -~ -- -- -- -- 1si00°0f2z10°0] s |29 595}e9°02|0 %0t 02s°€£]002'e | 1-624 | Qi
SL'ww [s9°€s ok [£27e8 -- |ti00°0) -- -~ -- -~ |gr00-0|c100 0fcin0 0j2z10°0] 1 |20°s95]e9°0Z|evoL e2s°scjoose | 1-sou |
m (434) 8214)0 3904 "S°Q ‘001 BIPLING
' tedy) | (edW) |(edN) | (eax) | Buoq —‘aua:m . _ d d d W d \d _ d
; *qo4d | ‘qoud | cA3q | uesy (egi)|(odi)| tww) | (me) | (m) ] (w)
! “06 7z00 | ‘P¥s ojyey [ams L] € 2 : ovey | R a N . ods) | ese)
: auequay 3Joddng | 9 q 1 LI et t
3 2n8884dIA0 -Dﬁl.:.-u arIsuUR) SUO3OIE SE0J] @ SOLIEY BUDIOJULNY
4 Jusdyjoug
:
4

SISATVYNY LN3W3ITI Y0014 40 AdVUUNS

L 3719Vl




3 1£°961 |00°Eo) [02°02 |s@ 991 -- |ovos-0} -- -- -- - - -- 0°0|1£t0°0 § |es-coc]e9-o2]L-tes |2: 6121 260°1 | 1-924 %
26°6L) |16°c6 |90°01 |ve-901 -- |os00"of -- -- - -- -- - 0°0/1£10°0 § |esesoe]e9 02)iset |2 6128 So0°2 | 1-938 | &
1L°SE [99°83 [99°€ [29oga -- |ogoo 8] -- == |6%00°0|9210°0]| -- - 0°0fligio‘0 I3 2€°€0£]09°02]L 68 [2° 6121 0696 | -0 | we
4 69°511 |96°68 |oo°01 Ji9°201 -- {iso0o'o] -- -- -- - - - 0°0{9900°0 § Jesegog]e9r02]i sef |2 6121 200°2 | 1-990 12
$2°90 |21°99 982 [ei'9L -- |is00°0] -- -- |et00-0{9210°0| -- - 0°0]/9g00°0 L £8°50E 1089 02 s6t [2°6128 €10°0 | 1-@28 | W2
S 101 |22° 100 oL Ss1 |90 191 -~ |isoo-0] -- -- -- -- -- - 0°6{9200 0 H L£°505]99°02]2°S6E [2° 6121 £00°2 | -9 | @2
| 2°88  |09°v0 |92°S [E9°IS == Jis00°0] -- -- |e£00°0l9210°0| ~-- -- 0°0(9900°0 L 2E°50E 09 02|L €68 [2- 6420 €10y | 1-@0u | w2
B 29°291 [£9°611 |99°01 [20°Evin] -- |es00°0] -- - - - 0'0|et00 0 0°019600°0 i (5socje9 o2y 261 292°0L)es02 | 1-828 ] Qi
. 20°%8 |21°0% [|59°¢ |fS§-2Us -- |v600°0] -- == |5200°0{2%i0°0 0‘oleco0 0] ~-- -~ o [l£°50£]99°02]v° 251 29z°01]ecece | 1-828 |
; (438) BUIPTING Uo|}eAlasu0] 83 LIPTIN MM ‘994 SuipTING)
! 01°091 |S2 ed J99°L) |12°25) -- - - -- - -- 0°0j0g£00°0 0°0{0£00°0 ) 20595 |99°02]0° v52 9%0° |9v0°s | 1-s2 0
] 99 1L . 192°v8 929 |s6°29 - -~ {s100°0|og00 0 0°0|og00°0 0°0/0£00°0 0°0{og00"0 2 20°69£99°02 |0  vs52 960°9 [960°9 | 1-82 i
i ‘09 [££°0% o0 |i9°09 .- -- Jozoo'0jec10°0 0°0|6900°0}S5100°0f0c00 0 0°0logo0-0 1 2o 59599 020 vs2 950°€ 000 £ |i-d438 sy
4 493 |95 LL) [O€L3 |57 212 -- -~ ({oco0°a|eoio 0 0°0)6900°0{5100°0)0£00°0 0°0|0g00°0 It J2e°s9E]99°02|0° 052 9%0°C |Ov0°E i-dd28 | |t
1l g et eece e - -~ Jozo0°0|90L0°0 0°0]6900°0]5100°0]0£00" 0 0°0/oto00 0 It |29 s95]99°02|0"vs2 960°9 |960°9 Ji-ddoy [s/ei
92°08 |82°9% |v2°'S |I1S°'€y -- -- J0£00°0|9010°0 0°0/6900°0{S100°0(0500°0 0°0{0£00°0 s J2ecs9E]e9-02|o-vs2 960°9 |960°9 {i-dddd L]}
; (20d) 28 BUIPLING SJBNOL BLIBARIY 494 BuUIPTING -
‘. 96°§9 |O£°1§ |2L°S |19°98 -- -- -- -~ J€i10°0jg000°0f -~ -- |eit0°0|sri0°0 9 29°59¢|09°02]9°55¢ {0 4901 162°s | 1-92u HE
b 90191 [§9°031 |22°%1 (2272w -- -- - - - -- - == |sui0°0|E110°0 s 29°59£]99-02]9°55¢ Jo 2904 og6"y | 1-904 %
) 20° 000 |16°19 |91t {£6°96 -- - -- -~ |esr0cofsitoce} -- -- |eii00]g110°0 L 20°69£]09°02]9°58¢ [0°2901 9%9°2 | 1-508 | et
i 298 |99°92 |99°€ |9s°62 - -- - -- ]enocoletioto) -- -- |eireoigiioo [ 20°695]09°02]9°5s¢ |0°2901 162°S | $-908 | v&
i LL°LL |S0°9§ [9%°9 {99°99 - - - -- -- - -- -- |et00°0|6c00 0| 1§ v 596 [99°02]|9-ss8 Jo st vE1°2 | 1-ro8 ] @2
99°92 6661 [OE'E |e£-e2 -- - - == ]0%00°0|€%00°0] -~ -- 165£00°0)eg00°0| L1z 26°69E199°-02]9°5s¢ [0°LS1 2929 | 1-r28 | W2 .
29°208 (o0 050 [02°20 |95 00y -- [|9g00°0 0°0/0%00°0 6°c|900°0 6°0l0%00°0 0°6|osoo 0| e J11-99€]e9°02]e 08 €00°2 J£Sv°0 | 1-804 |I/et ©
; 90°96 |90°9L {229 Jo§°Sew -- |eto0-0] -- -- o'0j9go0 0| -- -- 0°0{9€00°0 9 11°99€{99°02]9° 08 £00°2 fesv'0 | 1-828 | i )
; (40¥) “USSY LEOT 3 SBUIARS [RJIBPSJ }SJLY ‘Of) BUIPTING
i $6°6£L 1£9°21§ |£9°90 |§2°929 (£91291 ¢ ™ 99°C=§) 9 e 292 6°90% |9°S0E 99%°) | 1-818 x®
w £2°602 [10°3¢2 |E1°0¢ [29°0s2 (£91291 ¢ ™ 99°€=5) 9 [e9-202 6°90% |o°sof 69L°2 | t-0u8 | @€
1 2L°60 |0S°19 €044 o9°sL (£91294 * ™ ©9°'€35) 9 Je9 202 6°90% |8°S0E L£5°s | 1-918 ve
] 29°992 {90°902 |$9°€3 |sE-9t2 == |sg10°0f =-- -- -- - - - 0°0|4820°0] 415 P13 (YA 1Y AR {421 629" 1 | 4-roM R»
i 20°LL) {9616 [£6°6 [28°%01 -- |scioc0f -- - -- -- - -- 0°0|sg20°0) 1s LEsosjeL si|s 21g fec2g €o2°2 | 1-ro8 | @2
k: 93°95 [26°5% [eo'y |gi-0s -- |sgi0°0}] -~ -- |sozo0'0{oc20%0| -~ -- 0°0|s820°0f 4z Les0sjes si]s 28 Je-2gn eS| 1-rou | w2
! 92°938 |9£°50% L5872y {20799 == ]0%00°0f ~-- -- 0°0{0%00°0| -~ -- 0°0|ov00°-0 9 JusctoffeLcfi]s €9 99¢°0 | 1-828 Ja/®i
4 20°901 [29°% |os°v |fs°00iw| -~ Jov00°0} -- -- 0°olov00°0| -- - 0°0|0%00°0 9 Jusrsogjescf1s g9 990 | 1-sou | w
(418) SuipLIng juesg 11| Suipting]
! o) | (odN) |(edX) | (od¥) | Buoq _ Ydoyg| o d d . _ d d _ d d d
: ‘qoug | cqoud | ‘asg | uesy - tedy) (egud| (wmy 1 () (o) { (w)
‘ %06 %01 ‘ms ojyey [eng [ € H 4 sse) odAy | sse)
! suraquey jeoddngl 1 3| 4 | 9 ] 8 fvewera
P sunssesdisng ssdet(o) LIqY S SUGIIO8E SS0J) @ sO|jeYy BULDJOJULEY
3 yusydyour

(PaNuL3u0d) SISATYNY INIW3I12 WOOT4 40 AUVWUWAS

_ l 3718Vl

— . ——

= o . o ot T e




"6b) | 1S 001 J66 61 [91°0L) == leL00°0} -- == |igoo-0lEc20°'0| -~ - 0°0|9510°0 4 2O SOE02°L1[0°29L [v 099 -804 [,
S0°SES [90°01y [19°9v [31°ELy -= |[8L00°0) -- - - - - - 0°0|9610°0 ] 2H°S9E02°L1]0°29L |v° 099 -0 »
6§°SET 109°6L) [£6°13 [9v-L02 -~ JeLo0°0] -- - - -- - -- 0°0|9610°0 § 20°§9C192°L110°29L ¥ 099 -804 ®
1 £€§°96 |33°€L 996 |l6°S@ -= {8L00°0] -- == |ie00°0|€E20°0 - 0°0|9610°0 ¢ 20°SOL|92°L1]0°29L |4 099 2-90M ve
: 2 0LE 01 LL2 |vE°9E |9 K2€ == |2%00°0} -- - -- - - 0°0jf£210°0 s SO GIEIV2 LI [0°SE9 990 2-04 x
H LE 5L |€9°611 | IS €Y 207280 == [2900°0] -- -- - -- - 0°0|€210°0 L 29 G9E(H2°LL]0°SE9 |9 90% 2-904 o€
: 168 |60°EY 909 [E%°1S == |2%00'0] -- == |2%900°0|9210°0] ~-- - 0°ojs2i0°0 I3 2H SOLIV2 LI ]0°SED |9 90¢ 2-9Ju vE
SEI01 JL0°LL |15°6 |S1°60n == |9s00°0] -- - .- = -- - 0°0jtil0‘0 H 2o §9C102°LL]9° 108 129°2 ]606°4 | 2-824 2
99°001 |62°€L [69°01 [%6°98x -- |9s00°0] -- -- -- - - - Q°0jitlo‘o L] 2H 95102 L1]9" 108 2€9°€ |S06°1 | 2-8J¥ 2
29°Q9 |19°99 29°% Yo iiw -= }9500°0) -- -- - - - - 0°0jitioco S 29 S9L 92 LI]9° 108 $92°L |S06°4 | 2-8J @
L1°9%8 [10°E0) {659°L1 |29'S3in]L200°0]L200°0) ~-- - == - 0°0|ov00°0 0°0|v%00°'0 ] v g9t L9 @22 9§9°€ |oso°c | 1-SJ4 {]
£€°0L [60°€S [£0°9 09709 ]2200°0]4200°0 0°0]{%500°0 0°0]|%%00°0 0°0[ov00°0 0°0{%%00°0 2 v g9t Y2 L9 922 SIE°L |Si1€°L | -8 113
21°VE  |230°0% |L1°S |vv Lion [£200°0]2200°0 0°0({%600°0 0°0]|0%00°0 0°0|»500°0 0°0|v%00°0 o Jecsefe2 Li]9°922 §€2°2 |s1€°L |1-S204 |s/®)
H 61°0S [09°00 |E£0°9 |bv 6bn |L200°0]2200°0 0°0{%600°0 0°0{0900°0 0°0|v500°0 0°0|¥b00°0 b (2o sotfeerLi|9 922 SIE°L [SI1€°L |1-8S400 o
(428) SULPTING MEYSUB.) Aewpeosg *62Z BUIPLING
; 19°29 |£1°9% 909 |Liv oS -- JeLoo°0| -- -- 1£900°0|£900°0} -- -- |£900°0{£900°0 9 20°69€|99°02]v vi6 |2°L5% €26°2 | 1-90n HE
T 1£°642 J21°102 [Lo°0E [12°0%2 -= [8L00°0] ~-- - - ~-- == ]€900°0/£900°¢ 1 20 69L199°02]9°vi6 {2745 19671 | 4-904 ac
: 0£°291 [99°021 |29°%1 |S§°€oi -- |eto0°0] -- - == =- == [€900°0|£900°C H 25°6§0£ 19097029 vi6 2745 2092 | 1-904 xK
3 22°S6 Q0°€L 399 [91°90 == |eLo0°0] -~ £900°0(€900°0 -- 1£900°0[€900°0 Z 29°G9€199°02]9°vi6 |2°L5% 296°€ | 1-904 o€
m 20°92 [95°22 |v'2 [s9°€2 «= |el00°0] -- == [£900°0|£900°0 == |£900°0[£900°0 9 20°G9E199°02]v %16 |2°LSY §26°2 | 1-90¥ vE
- £6°6L2 ]96°222 |I1v°22 |v2° 182 == |jigr0°0) -- - - -- -= |9000°0|L£t0°0 s 20°69€199°02]0°905 |2°0f€ €6°1 | 1-90M a2
L2°6S1 |SE°E2) [99°21 |oLetl == |egrocoy -~ - - “- .- «- |9000°0[L£t0°0 S 29" 595 [99°02]0°90S |2°0fE 16§°2 1 1-0d 2
} 99°02) [€S°89 (6§ 31 66 001 == JiEi0°0] -~ ~= |cot0t0i2L10°0] -- == |9000°0|iL10°0 L 29°69£199°02]0°90S |2°0E€ 9%e°E | -8 «®
; LE°SY |L95°08 [6L°S [26°LEw == ligtoto] -~ -~ |got0 0122100 -~ -~ |9000-c|L£10°0 9 20°69€99°02]|0°905 |2°0%€ 2LL'L | -9 ve
i 92°9L [S6°98 L9 LS Lo -~ |g%00°0)] -~ -- |1200°0(£%00°0 0°0[2£00°0 0°0|£%00°¢Q L4 2o E9L |99 02]E b1 16§72 JEIv°2 | 1-80Y #H
; OL°0L [E2°ES |£9°9 [96°19n == |£%00°0) -- == {i200°0[€v00°0 0°0)2200°0 0°0{E£%00°0 L] 20°69€99°02{€ %114 99¢°¢ [E1v°2 | -8 L 2]
i 9799 |1L°ey JSvTL [£2°iSe == |ev00°0} -- == ji200°0|E%00°0| ~-- -- 0°0[E%00°0 9 20°69C|99°02|L %1 2L E10°2 | 1-8Dd e}
. (408) BUIPTING ezeld [eJaepd] A}i1opid 022 BuipPTing|
i
g . 9°06 |9E°4L JOi°S |re°g® == (o0L00°0] -- == |iv00°0|6200'0] ~-- -~ |e200°0|1%00°0 9 L£°20£(€9°02]10°005 [€°%0€ £99°2 | 2-00 v9
gl m 1I£°9%1 [96°90¢ [9£°S) }66°92) - 9900°0 -- -- §800°0{£500°0 - -- 0'ol9c00°0 L LE°€0E199°02]|9° 900 |9°%0E gve-2 2-90d F19
b 29°26 o£2L 00°'® |19°20 - 9800°0 - -- $€00°0(£500°0 - - 6" c|9c00°C L LE£°€0E199°02]9° 900 |€°v0% 22 2-a5d S
4 19728 2Lie 2Ty |LVede == |9800°0| -- == |s900°0(£500°'0] -~ - 0°0|9¢00°0 9 LE°E0E[09°02|% 900 }9°90C 9% v | 2-004 vs
’ 61°9» ILE°SE |£0°S [@L° 1Y - -~ |Jeeo00-0|€z00°0] -~ -- 0°0)£200°0 2°0j0%00°C € Le°¢c0€]99°02]9 108 €6L°2 J992°2 | 2-80¥ oy
| w £23°62 66°61 20°2 19°22 - - - - £200°0(€L00°0 -- - b 0|£L00°0 9 LE£°€0E]09°02]9° 101 2LS°Y |evL°2 [ > ] L g
w H £9°L9 [09°05 |29°9 ]S6°9S -= |s200°0] -~ -~ [9c00°0|%L00°0} -- -= d°0li010°0 9 Le°s0g]|e9-02j2 iiL jo o0y LL%°9 | 1-90¥ HE
i 90°L22 |96°59) |99°€2 [0S 961 -= |s200°0] -- -- - - - -- 0°0/1010°0 s L8°€0€]|99°02)2 112 [v°90% 6§1°2 1 1-902 %
 § 90°9€1L |EL°06 [20°01 t9°21) -- |s200°0] -- == |9t00°0ini00°0] -- -- 9°014010°0 L LE°C0£199°02]2° 1L |%°90% 6€2°€ | 1-904 at
B 19°9€ 0L 62 [6S°'E ]26°fE == |s200°0] -- == |9200°0|%00°0| -- -- 0°0j1010°0 9 LE°E0E]99°02)2 412 [v 900 LL%°9 | 1-93 v
L ¢ QLLED J14°20) |99°€L JO6°611 - o€i0°0 - - - - - - 0°0(e£10°0 s LE°€0E]89°02]2°L5% |9°%0€ 2522 -9 2
o §2°01) |19°00 IS*1) 196°S6 - e£i0°0 - - »800°0|0910°0 - - 9°0|ecli0°0 L LE°20E]89°02]2°LSh |8 °%0E 7490 [ 5] az
90°9t 90°92 9%°€ £0°EEn - es10°0 - - »000°0|0910°0 - - 9°0[esi0’0 9 LE°S0E]99°02)2°45Y |9°v0% 9SL°9 [ 350 ] \ 4
. it |g2°19 |L0°€ Fi Y3 - - - £200°0|£L00°C 0°0/0%00°0 0°0|€200°0 L] L£°202199°02]9° 104 £62°2 [186° 1 -84 L1
! 90°L9 [91°€S |2L°S |iv°09 -- =- .= £€200°0]€L00°0 0°0|0%00°0 0°0(€L00°0 L] LE°£0€]|69°02]9 103 QLEE o6 | 1-SJ ot
u j 0L°6b [EL°0% |2L°€ |e0°SH - -- -- -- J€L00°0fgL00°0] -- - 0°0|£200°0 9 L8°t0E]|e9°02i9 104 9§L°9 }196° 1 -S4 L1}
¢
w v (42Y) 1®31dSOH [eJwung Suoww|S2}iJ ‘002 Suipling|
(ody) | (ed¥) Jcedxn) | (ed¥) | Buoy _ paongl o d _ d d d d R d d _ d
i p *QoJdd “QqoJd cA3Q uesy (odil) j(edi) | (wm) () (n) (m)
¢ Z06 %01 ‘Pis ojjey (83§ L £ 2 3 ase) p \ odA) | esed
suriguey yuoddng (O ' ] % 1] "1 jweser)
E 8INSSOIAIIAQ Ssde] (0] S[ISUe) SUO| D8 SS0J4] @ SOLjey BUDJOULSY
b pusidyoug
m (P3nuLjuod) SISATYNY IN3IW3T13 Y0014 40 AYVWWAS
b | 379vl
!
3 - S A e -

-—

sy



Jeg-se1 Jos-ovs J3v-91 J99t1) -- Jems0to) -- -- |eRi0-0]1220°0] -- -~ Joito-o{s220°0 9 29-s59¢|e9- 02|z 0561 o 29 662°2 | 1-908 | re
o1-08\ |€9°g08 i€£°48 [£9°42) -~ femoco] -- -= |e810°0f1220°0] -- -- loite-o{s220'0 9 J2u°s9c]09°-0z]s 0861]0°29L 662°2 | -938 { ME
W vED [£9°960 [V5° 96 [65°095 vi0°0] -- -- -~ -- -- 0110°0| 12200 [ 20-g9c|e9-02fs 0561 ]0°29L toL’s | 1-908 | oc
6€°95E | 197922 |91 1€ Jov 9ig -~ Jzvroco) -- -- -~ -- -~ -- loi0-o|s220°0 g 29°59¢|99- 02|z 05610292 299°¢ | 1-eo8 | ¢
06°282 187101 [22-22 eg°212 -~ |ev10°0] -- -- [e810°0f1220°0 -- -- [ett0-0{4220°0f £ 20°59¢}99°021L° 056110 29¢ 960" 18] 1-938 | et
0§°6L |95°6§ |Sv°6 1E9°29 -~ [avr0c0) -- -= |%810°¢|1220°0] ~-- -- lonio*a|1220°0 9 2y s9t|e9-0z2]L ossi]o 292 662°2 | -9 | we
90°0i% |€9°952 |05 92 |sv tL2 - -- -- -- - -- - -- |coi0°0|1910°0] 15 29°69¢|99°02]0" 198 |L 6E) we1°2 ] 1-roy | 232
12°062 [S6°191 [19°92 |90 Si2 -- -- -- -~ |9010°0{SL20°6] ~-- -- lgoi0-0jiei0co| 1z 20°69£199°02]0° 19E JL 6l 222 § 1-ro8 | @2
0L°S9 [91°19 |eS°6 [£v°fL -- -- -- -- {90t0°0]s220°0] -~ -- |eor0ojivio-o] 19 29°59¢]09-02]o"1eg L6t €66°9 | 1-rou | vz
96°0221)26°206 Jsv-zibies 921t] -- 62000 0°0|5000°0 0°0|6200°0 0°0|5000°0 0-0|6200°0] esv Jii-98g|e9 02|29 002°€ {25%°C | 1-§24 |4/®t
66°201 [60°001 [01°1 oS 91 == j6200°0] -- -- 0°0{6200°0¢( -- -- 8°0{6200°0 9 temefe9-0z)e 002's Jz5%°0 | 3-8 ] =
(408) 18I0H UOYTIH Pue(idog ‘o2 BUIPTING
267211 |£9°59 [u2°11 1106 -~ -- -- -- o-0j9st0'0| -- -~ ¢-0|e1t0°0 9 29 695|897 02]% 099 |0"29. 200°L § 1-938 | W
22°922 |£2-0Lt |19°22 j92°661 -- -- -- - - -- -- -- o-ofetioco] s v 59g{99-02]v-099 jo 29z o£°2 | 1-908 | oo
§9°991 [o1°g21 [02°9) [e0'Ev) - - -- 0*g({9si0°0| -- -- 0°0{@it0°0f £ 29 59¢c|e9°0z]v-099 {0°292 95§°€ | 1-924 | av
21°28 |99°0% |80y 099 - - -- 0'0|9s10°0| ~-- - c-ofelio o 9 29°59¢|99°02]v-099 |0 29¢ 210 [ 1-928 [ v
09°241 29°20 ]2L°4b Jostee ~= Jes10t0] -- -- {6l00°0{s0i0°0] -- -- 6°0|2510°0 9 20°69£199°02|9°609 |0 292 6069 | 1-936 | HE
06°0%2 [92°291 [99°22 {e@ 112 -~ [egrocef -~ -- -- -- - - 0°0}2510°0 [ 26°59£)99°02§9°609 Jo-29L gog2 | 1-904 | ot
oy 2Ly [€0°est |ec sy |99°28 -~ |egroco] -- -~ |6L0o0jeti0-0| -- - ¢-0lz510°0 L 29 s59¢]e9°02]9°609 [0 292 wso'¢ | 1-908 | ef
%95 |es°sy 9o o128 -= qegr0t0f) - -~ |é6Lo0°0le9i00f -- -- 0°0|L510°0 9 29°595]99°02]|9 609 |0 29s 606°9 | 1-908 | wg
20°EL1 [9£°92) |3L°L) ]90° 181 -- [€500°0] -- -- -- -- -- -- 0°0{2010°0] 1§ 2v°59¢|99°02]@ 1co [S 061 98272 | s-rou | o2
2w [61°95 |svs [s£02 -- 1£500°0 - -- -- -- -- 0-olz010870] 1S 29 soc|e9-cz(e1sy |5 06t 620°¢ { (-ro4 | €2
9522 |ssc02 |92 |90°w2 -- |sso0‘0] -- -- |lssoo‘o|zot070| -- -- 0-0{z010°0) 12 29 39e}@9-02|9 1sv |S 061 85e°9 | t-rau | w2
€§° 100 [99°90€ [02°9E {90°sSE -- {2000 o‘af2g00°0 0°0}2£00°0 0°0j2g00'0 o-ol2c00 0] e~ liit9sg|e9°02)2-9 25270 | 1-508 {4/
§0°9L |iv 99 |ss°y [92°0sm -~ j2s00°0| -- -- 0-0|2g00°0| -- -- 0°0}2£00°0 9 11°99¢{89°02|2"9¢ L£L°0 | (-S04 | ®t
(428) J9jus) Bujddoys puel}se; Auedeo) Aey €222 BUIPIING
(ody) | (edn) {(ed) | (dy) | Suoq _ oyg] d _ d d _ d d d d _ d
*qo4d | "qoud | caeg ( uwey cedid) |coau) | com) | o(umy (") | (=)
706 Z0} ‘P¥S Gley (903§ L] € 2 ) ase) . . adAy | esery
Jquey ydoddng Py ¥} Y % 1 7 Jausws3
;g .alnna orisus] SUOL3OBG SSO04]) 3@ SOijeY BULIDIOJUIBY
usdjour

(P3PNToU0I) SISATVYNY IN3W3T3 U004 40 AYVMUNS

| 37avi

-10-




WJ

RCFP

RCFS

RCSB

RCS

RCB

RCG

RCJ

ST18

ST6

n

TABLE 2

FLOOR ELEMENT TYPE AND SUPPORT KEY

Ffloor Element Type

Wood joist floor

Reinforced concrete flat plate

Reinforced concrete flat slab (flat plate with drop panels)
Reinforced concrete solid slab supported on steel beanms
Reinforced concrete solid slab

Reinforced conrete beam

Reinforced concrete girder supporting beams and slabs
Reinforced concrete joist supporting slab (in pan-joist system)
Steel beam

Steel girder (joist)

Support Case

Two-way, simply supported on four edges
Two-way, fixed on four edges

Two-uay, fixed on short (or vertical) edges; simply
supported on long (or horizontal) edges

Two-way, simply supported on short (or vertical)
edges; fixed on long (or horizontal) edges

One-way, simply supported ends
One-way, fixed ends

One-way, propped cantilever
Flat slab or flat plate

Used to denote T-beam action; e.g., 5T
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A
T £ TR T . SR TN L AT T R T T CTI S R T e RSN

TABLE 3

SUMMARY OF FLOOR SYSTEM ANALYSES

Percent Incipient Collapse Overpressure
of
Floor | Total As Built Upgraded
Building|SystemjUsable
Basem't Std. 107 907 Std. 107 907
Floor [Mean [Dev. |[Prob.|Prob. | Mean |Dev. |Prob. |Prob.
Area [(kPa)|(kPa)|(kPa)|(kPa) |(kPa) {(kPa)|(kPa) |(kPa)
{ % 100 1 1 39.23| 4.34133.65| 44.75]630.39/59.50|554.13|706.64 3
f N 2 2 94.05{11.17179.77/108.39|116.66[13.58| 99.29{134.04
;] : 3 21 40.20| 4.28|34.68] 45.64]743.88|83.22]1637.28{850.54
; ! 4 11 26.20| 3.52}19.72| 28.75|436.80|51.23|371.09|502.44
f; 5 20 35.58]| 4.96|29.23| 41.92(347.03132.27|305.66]388.40
! ¥
f 1to 1 15 28.61] 3.93/23.58( 33.65( 93.50| 9.24| 81.64/105.29
: 2 24 22.27| 4.21]|16.96| 27.65] 46.68| 6.48] 38.34| 54.95
3 3 27 28.96| 3.31|24.75| 33.16| 53.71] 5.72| 46.40] 61.09
1 é 111 { 56 50.13| 4.83]43.92| 56.26[236.35|23.65]206.08|266.62
136 1 47 26.34| 3.38{19.99| 28.68] 66.88) 8.48| 56.05| 77.77
167 1 86 11.24] 0.07(11.17] 11.31|137.21}17.86{114.25[{160.10
188 1 40 30.82| 3.86(25.86| 35.71{143.82{18.68{119.83/167.82
200 1 18 33.03] 3.86(28.06| 38.06] 71.57| 8.07| 61.23| 81.84
2 27 22.61] 2.07]19.99] 25.23}] 41.78] 5.03) 35.37; 48.19
220 1 30 25.65| 2.48[22.48| 28.82] 67.57| 6.76] 58.95] 76.26
225 1 77 49.44] 6.83|40.68| 58.19]1125.62]|17.65|103.01]148.17
; 2 22 51.43] 6.48|43.09| 59.71] 89.15] 9.51] 77.01[101.35
i
‘ 227 1 64 24.06| 2.76|20.55| 27.58]151.06)17.72|128.38(173.82
245 1 27 67.43| 9.45|55.36]| 79.50[273.45)/28.54(1236.83|310.06
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Histogram and Cumulative Frequency Distribution
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2.2 F P

floor system and the type of support beam.

for slab-and-beam floor systems with steel

the cases. The floor collapse, therefore,

are summarized as follous:

Iype Floor System

Reinforced concrete slab uwith
steel support beamss/girders
(12 buildings)

Reinforced concrete slab with
reinforced concrete support
beams/girders (8 buildings)

yses for all 26 buildings are summarized:

e of Flo stem ,

Reinforced concrete slab with
steel support beamss/girders
(12 buildings)

Reinforced concrete slab with
reinforced concrete support

-15-

An examination of the analyses of slabs
and-beam floor systems in Wiehle (1974) revealed that there was a rela-
tionship between the relative blast strength of the elements
For the 36 buildings summa-
rized in Wiehle (1974), there uere 47 floor systems in 20 buildings of
slab-and-beam (or slab-beam-and-girder) construction.

beams/girders (14 buildings)

and support beams in slab-~

before the slabs
for the 20 buildings

System
Collapse
Controlled
by
Slab_Beam

20 12
(63%) (372)

2 13
(13%) (87%)

0f the 19 floor systems in the present study, 9 systems in 6 build-
ings were of slab-and-beam construction. The results of the floor anal-

System
Collapse
Controlled
by
Slab_ Beam

20 12
(63%) (37%)

S 19
(21%) (79%)

of such a

Wiehle found that
support beams (32 systems in
12 buildings), the slab would collapse before the beam in 63 percent of
was determined by the slab.
However, for the floor systems with R/C support beams (15 systems in 8
buildings), the concrete beams would collapse
percent of the cases. The data in MWiehle (1974)




For the total sample of buildings it was found that for the floor
systems Wwith steel support beams (32 systems in 12 buildings), the slab |
would collapse before the steel beams in 63 percent of the cases; and
for floor systems with reinforced concrete beams (24 systems in 14
buildings), the beams would collapse before the slab in 79 percent of i
t the cases. These findings are consistent with those reported in Wiehle
(1974). The effect of the type of support beam on the MICO of floor
systems is shoun graphically in Figure 3. This figure shows that sys-
tems consisting of R/C slabs supported by steel beams have a substan-
tially greater strength (approximately 70 percent higher at the 50 per-
cent value) than do systems consisting of R/C slabs supported by R/C |
beams. 1t can be concluded from this that slabs supported by steel 3
beams generally are better candidates for “as built” shelters because
; the floor system will develop the full strength of the slab and not be
limited by the resistance of the supporting beam(s).
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Figure 3: INCIPIENT COLLAPSE OVERPRESSURE OF FLOOR SYSTEMS BY TYPE OF
SLAB SUPPORT - Comparison of the Cumulative Frequency
Distributions

-17-

.~

i
!




c—

2.3  CONCLUSIONS

Results of the analysis of the “as built” cases show that floor
systems in floor-over-basement areas have a mean incipient collapse
overpressure (MIc0) of about 50 kPa (27 psi). Houwever, the collapse of
a floor system represents a localized failure within the entire floor-
over-basement area. Adjacent systems may have resistances of 300 kPa
(245 psi) or more. A building, therefore, can provide open shelter even
Mith the collapse of part of the floor area.

Tensile membrane behavior is of particular importance in predicting
the incipient collapse overpressure of flat plate or flat slab systems.
tentinuity and proper tensile membrane steel anchorage is necessary to
allow the full strength of the system to develop and to prevent prema-
ture shear failure. However, based on this study and previous work,
tensile membrane steel details in most existing flat plate or flat slab
systems are not sufficient to assure membrane behavior. Therefore, flat
plate or flat slab systems should be used only when other shelter is not
available, and they should be analyzed as if there is no tensile mem-
brane steel present, unless there is information to the contrary.

The analysis of the effect of support beam type on slab-and-beam
floor system strength gives further support to the tentative conclusion
in Wiehle (1974), that, “on the average, floor systems in steel-frame
buildings can be expected to be stronger (by as much as a factor of tuwo
for some cases) in resisting nuclear air blast than floors in reinforced
concrete frames.”

-18-
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Chapter 3

BUILDING ANALYSIS USING UPGRADING SCENARIOS

In this section the analyses of various upgrading scenarios for the
floor elements of the 11 buildings in the present effort are discussed.
The results of the analyses are summarized in Table 1 along with the ”“as
built” results.

3.1 ANALYSIS

This section consists of three parts paralleling the analysis sec-
tion of the previous chapter. These parts are floor element analyses,
floor system analyses, and building analyses.

3.1.1 o lement An e

Upgrading was only considered in those cases where the resultant
span(s) were greater than 1.8 m (26 ft) and the original steel details
were compatable with upgrading. The minimum of 1.8 m was chosen because
it was the smallest distance that would still allow functional use of
the basement area during the construction of the support system and the
crisis period. When upgrading was not feasible, the upgraded strength
was assumed equal to the ”as built” strength. Tables 4 and 5 give the
upgrading schemes considered for slabs and beams, respectively. Using
Building 100 for illustration, slab 1 was analyzed four ways: as built,
supports added at mid-span, supports added at third-span, and supports
added at quarter-span. No effort was made to put supports at optimal
positions for upgrading. The supports uwere simply put at mid-, third-,
and quarter-span.

For example, if a slab were upgraded with supports at third-points,
the center third slab would be fully restrained and therefore have more
resistance than the outer third-spans. For the upgraded outer third-
spans to have the same strength as the fully restrained center third-
span, the support beams would need to be placed closer to the slab ends.

Furthermore, the maximum upgrading potential of beams or girders in
every floor system uwas not calculated since in all systems the upgraded
strength of the slab or pan-joist system (supported by the beam or
girder) determined the strength of the floor system. With combinations

-19-
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of multiple supports under slabs (or pan-joist systems) and under beams
(or girders), the beams/girders can be made to sustain very large loads
providing the columns, foundations, and walls are sufficient.

As can be found in Table 1, the maximum mean upgraded resistance
was 1297.1 kPa (188.1 psi) for an individual member, 743.8 kPa (107.9
psi) for a floor system, and 273.5 kPa (39.7 psi) for a building. Fifty
percent of the floor systems studied were only upgradable to 120 kPa
(17.4 psi). The results of the upgrading are summarized in Figures 4,
5, 6, and 7.

Figure 4 is a plot of the ratio of the mean incipient collapse
overpressures (MICOs) of the upgraded to ”as built” elements versus the
MICOs of the “as built” elements for all the scenarios given in Table 1.
The letters used in the plot correspond to the upgrading schemes given
in Tables 4 and 5. The ”r” stands for the restrained slab ”as built”
cases.

Figure 5 gives a histogram and cumulative frequency distribution of
the ratio of the maximum MICO of the upgraded case to the “as built”
case for all the floor elements. As the figure shouws, the increase in
strength ranged between | and 18.5. Fifty percent of the floor elements
had a potential to increase their strength by a ratio of 3.6; only 10
percent by a ratio of 9.8 or more.

3.1.2 00 m_An se

After the maximum upgraded potential for each element in a floor
system was calculated, the upgraded potential of the ¢floor system was
determined by the lowest value among the individual elements. Table 3
in the previous chapter gives the results of the upgrading analyses of
the 19 floor systems in the present study. In all upgrading cases the
floor system strength was limited by either the joist strength of a
pan-joist system or the slab strength of a slab-and-beam system. Figure
6 gives a histogram of the upgraded potentials of the floor systems con-
sidered. These values would apply if upgrading only part of the base-
ment was feasible. The MICOs range between 41.8 kPa and 743.9 kPa (6.1
to 107.9 psi) with 50 percent of the systems failing at 120 kPa (17.4
psi) or less, and 90 percent collapsing at 470 kPa (68.2 psi) or less.

3.1.3 Building_Analvses

After the upgraded potential of each floor system was determined,
the maximum upgraded potential of the entire basement was found from the
lowest upgraded potential of the floor systems. Figure 7 gives a histo-
gram and frequency distribution of the upgraded potentials of the 11
buildings studied. These numbers would apply if upgrading the whole

-20-
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basement was considered. The MICOs range betueen 41.8 kPa and 273.5 kPa
(6.1 to 39.7 psi) with the median case being 105 kPa (15.2 psi).
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3.2  CONCLUSIONS

Using simple floor upgrading schemes (i.e., upgrading by reducing
spans alone) would result in overall basement resistance of 41.8 to
273.5 kPa (6.1 to 39.7 psi). The median value of the basements analyzed
was 105 kPa (15.2 psi) and two (18 percent) uere upgradable to over 210
kPa (=30 psi).

One simple observation about upgrading potential for the sample
evaluated is that the best candidates for upgrading are those buildings
that have: (a) R/C slabs or R/C pan-joist systems with large free spans
[i.e., greater than 5.5 m (18 ft) as does Building 100] that allow mul-
tiple intermediate supports; and (b) their principal steel sufficiently
anchored to avoid tensile pullout or shear failure of the member. Fur-
ther calculations in Appendix C also indicate that slabs 200 mm (=28 in.)
thick are also good candidates for upgrading. This thickness gives the
slab a MICO of 350 kPa (250 psi) when the span is reduced to 1.8 m by
intermediate supports.

1t is emphasized that the 11 buildings evaluated and reported on
herein were analyzed only for their floor-over-basement area resistance,
and not for the resistance of walls, columns or foundations. The up-
grading potential of foundations and exterior basement walls (as shoun
in Appendix D) may be of great importance if shelter is to be provided
to withstand overpressures of 206.8 to 344.7 kPa (30 to 50 psi).
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Chapter 4

CONCLUSIONS AND RECOMMENDATIONS

4.1  CONCLUSIONS

Conclusions were given at the end of each chapter and in the ap-
i pendices where appropriate. They are summarized below:

1. ”As built” floor-over-basement areas can be expected to shou
localized failures at overpressures of approximately 50 kPa

fe oS Sl

2 { (27 psi) in 50% of the cases studied.
; 2. Careful study should be made before using a flat plate or flat
g slab system for shelter due to shear and tensile membrane
! problems.
t 3. Floor systems consisting of R/C slabs on steel beams can be
3 expected to be stronger than systems consisting of R/C slabs

supported by R/C beams.

4. Floor systems can be upgraded to resist overpressures of
greater than 210 kPa (230 psi). This study, with an admit-
tedly small sample, shous that about 15 percent of the cases
are upgradable to this overpressure.

5. The best floor-over-basement system candidates for upgrading
: are areas Wwith large free spans. These sections usually con-
| tain slabs 150 mm (6 in.) to 200 mm (8 in.) thick that can be
{ upgraded to 210 kPa (=30 psi) and 350 kPa (250 psi), respec-
tively, providing the spans are reduced to 1.8 m (6 ft).

6. The analyses compare very well with experimental behavior.
Values observed in the tests were all within ¢ 15 percent (one
. standard deviation) of the predicted MICO.

l 7. Simple calculations and test data show that a 76 mm (3 in.)
P slab made with standard 19-in. (483 mm) waffle slab pans can
i & be expected to have a MICO of 4900 kPa (710 psi). Slabs made
v with standard 30-in. (762 mm) waffle slab pans can be expected

4

to reach approximately 1400 kPa (209 psi). The slab portion
Lo of a waffle floor system, therefore, presents no problem when
¢ considering upgrading to 350 kPa (250 psi).
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4.2  RECOMMENDATIONS

Some recommendations for further
1. Finish analyzing all NSS buildi
be made regarding system streng

2. Based on the total NSS buildi

of easily observable values suc
lengths and thickness. Struc
quired.

the strength of exterior baseme
should be examined through test
. analytical procedures. Buried
be investigated through a lite
; availability of data on exterio
no data are available, some t
i the loads on the wall can be
determine incipient collapse.

4. Development of a two-degree-of-
systems. This would make a
from the SDOF model to allow ¢
ing a high degree of interactio
beams. This interaction coul

¢ where the slab has a resistance

of the beam.

| 5. Make computer programs more use
familiar with structural dynami
with minimal work. At present
state and would have to be fu

tations on input parameters sho
A istic value ranges along with w
' when they are out of the rang
program. Currently all matter
are determined by engineering
would require refinement of th
user’s manual.
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larger representative sample from which better predictions can

procedures for predicting MICOs of "as built” basement shelter

areas. Existing procedures uould be modified to require input

3. 1§ upgrading of floor-over-basement slabs is to be pursued,

neering judgment played less part in their utilization. Limi-

study are listed belowu:

ngs in the RTI sample to form a
ths.

ng sample, develop simplified

h as type of construction, span
tural plans would not be re-

nt walls and their foundations
s (both static and dynamic) and !
basement wall data should first
rature search to determine the
r walls tested to failure. 1f
esting uill be required before
predicted accurately enough to

freedom model to analyze floor
simplified logical progression
he analysis of those cases hav-
n between the slab and support
d be very significant 1in cases

close to or greater than that

r-oriented so that persons un-
¢s could obtain useful results
the programs are in a working
rther simplified so that engi-

uld be built-in to insure real-
arnings on outputed predictions
e of applicable values for the
s of input and output validity
judgment. This recommendation
e programs and production of a

;-
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Appendix A

DETAILED ANALYSIS EXAMPLE (BLDG 100, U.S. POST OFFICE, HARRISBURG, PA)

In this appendix, the procedures followed in analyzing a building
are given, ranging from deciding which building is a candidate for anal-
ysis through deciding which upgrading scenarios are appropriate to it.
To illustrate the steps involved, Building 100, the first building in
the NSS series studied herein, is used.

A.1  CHOOSING A BUILDING

The most important criterion used in choosing which NSS buildings
to analyze is the availability of a complete set of structural drawings
including steel detailing. This, preferably, is augmented by a complete
NSS survey form and photographs.

It is also desirable for the building to have multiple stories.
Not only do multistory bhuildings have heavier foundations, exterior
walls and columns to support greater loads, they also tend to have
greater area per floor level and thus more usable basement shelter area.
Adequate basement shelter area is a requirement in the buildings se-
lected.

Once a building is chosen, the basic description of the building,
an outline plan of the first floor, and a photograph of the building can
be taken from the building plans and accompanying data. For Building
100, the description of the building is as follous:

! iptio

The U.S. Post Office building, constructed in 1960, is
located at 813 Market Street, Harrisburg, Pennsylvania. The
use class is 49, Government and Public Service, Other, and
the building consists of two stories and a partial basement
(conveyor tunnels and one large storage room; story height is
2.6 m (8 ft 8 in.) tunnel floor to first floor level). The
overall height of the building is about 14 m (46 ft), and plan
dimensions of 98.2 m by 203 m (322 ft by 666 ft) provide an
area of about 2760 km? (29,710 ftZ) on the partial basement
level and 10,937 kmZ (117,730 ft2) on the tuo aboveground lev-
els. Figure 8 shous the exterior walls and plan of the build-
ing at the first floor level. The unanalyzed sections of the
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partial basement are shoun by dashed lines on the figure. The
shaded areas represent the areas of the partial basement that
were analyzed.

The building partial basement and first floor are rein-
forced concrete (R/C) frame construction with nonrigid-frame
column and beam connections. Both R/C and structural steel
construction is used above the first floor. The floor system
(basement and first floor) consists primarily of R/C one-uay
slabs, beams, columns, and footings (all specified as 20.7 MPa
(3,000 psi) concrete at 28 days]. Reinforcing steel was spec-
ified as A15 intermediate grade, except column bars and douels
to be hard grade; it was assumed for the analysis that the re-
bars have a mean dynamic yield strength of 365.4 MPa (53,000
psi), with a standard deviation of 45.7 MPa (6,625 psi).

The exterior walls are constructed of infilled brick
areas or large glass areas or a mixture of the two. The base-
ment walls separating excavated and unexcavated areas are con-
structed of reinforced concrete.
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A.2  SELECTING FLOOR SYSTEMS

The structural drawings are studied to locate all the various floor
systems over the basement shelter area. The systems singled out for
analysis are those that are determined to be the weakest based on thick-
nesg, amount of reinforcing steel, attachment of the reinforcing steel,
or greatest length of clear span of the component elements, or other
properties of a floor system that in engineering judgment make it weaker
than the other systems over the shelter area. Each selected system is
located on the outline drawing, and the percentage it represents of the
total usable basement shelter area is shoun (see Figure 8).

A.3 ”AS BUILT” ANA

At this point the individual elements of each system are determined
and data input forms (developed for use with the SRI computer programs)
are prepared to pull together all the information needed in each analy-
sis. Figures 9 through 11 show data input forms prepared for the ele-
ments in floor system #4 of Building 100 for the “as built” cases. Fig-
ures 9 and 10 give the standard and fully restrained pan-joist slab
case; Figure 11 the beam case. (Data input forms for other elements,
such as walls, are available but only those used in the example case are
shoun.) English units are used because the computer programs are cur-
rently written for them, and the information on the structural drawings
or survey forms is also in English units. In the absence of data on ma-
terial properties, values based on American Society for Testing and Ma-
terials (ASTM) codes of the period are substituted. A summary of the
structural properties of materials according to ASTM is given in Table
6. The support case is determined by engineering judgment (see Table 2
for key to support cases).

The need for information on reinforcing steel at different sections
is based on the support case chosen. Whether there is adequate embed-
ment of the steel to allow development of the tensile membrane mode is
again a matter of engineering judgment.

(The two boxes referring to Load Data and Room-Filling Data are not
applicable to this study.)

Computer analyses are made to determine the ”as built” strength of
the various elements. The results along with the physical properties
are entered into Table 1, and a short discussion of the results is uwrit-
ten up in a section entitled “Floor Systems” for each building. For
Building 100, these are the results:

Eloor Systems

In Building 100, five separate floor systems uere se-
lected for analysis. The location of each system and the per-
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DATA INPUT FORM =~ REINFORCED CONCRETE SL\B

Building 100 ' Cive Sa
Location of Slad SLAB  OF PAN - JOIST
Slabh Dato Support Casc = RC - &

Ly ~ 1t in. = 17.674n.)
L, =__ ft __ in. (82.51n.)
h, = > in.

£ - 3000 psi

1, = 53000 pss (mean); 6625 psi (standard deviation)

Scction A, (sq in./ft) d (in.) A} (sq ¢n./ft) o' (in.)

1 0. 1305 1.5 o (o]
3 0. 1305 1.5 () ()
4

(}f tensile membrane to be included) Reinforcement continuous in:
short direction - O.13058q §n./ft; long direction - [e) sq in./ft

Comments

Load Deta Thosd Type 1)

.= 1,000 kt L& 14.7 3] Cy * 1120 fps
S (mean) = T Soi ft
] —dev.) = ft Saes

Rervom- ny Data No. of Openings = Air bensatvy = G pefl

v, - Nﬂ x = ]

A.. (sq ft) = T~

Locatron Codye = _Z/\

belay (myeg) -7

v to Imytial toadirg of Interior Wall [ LY

Predicted Collapse Overpressure, psi

Mean Stanbard Deviation 10 Probanilaty Y, Probabilaty

4 55 : 4 .49 ‘35.80 47 . 30

Figure 9: DATA INPUT FORM, BLDG 100, SYSTEM #4, CASE 5a




LONGITUDINALLY RESTRAINED
DATA INPUT FORM -- REINFORCED CONCRETE SLAB

Building 100 ‘Cune 5 afr
Location of Slab - _SLAB__OF _PAN - JOIST
Slab Data Support Casc = RC - 2
Lg = __ ft __ tn. (=17.671n.) DIF = ]
L, =__ It __ in. (=825 in.)
h, = 3.0 in.
£ = __3000 psi (mean)s __;4_-§Q__ psi (standard deviation)
f, = 44167 psi (mean); 6625 pPsi (standard deviation)
Section A, (sq in./f1) d (in.) A] (sq in./01) ' (Gn))
1 0.1305 .5 [o) o]
2 0.021 t.5 o o}
3 Q. 1305 1.5 o o
4 Q.021 i.5 2} o

Reinforcement continuous in:
short direction =O. Igs s8q in./ft; long direction = [e] sq in./ft

Longitudinal edge displacement (per unit length) in:

short direction = O in./in.; long direction = O in./in.
Load Data Type 1) "
w = 1,000 kt = 14.7 s1 C, = 1120 {ps
S (mean) = 1 Saia—= "
S ev.) = ft Saes = [
Room- g Data No, ot Openings = AT Ilensity = 176 pcl
Ve - ‘\\7755\\7 fux e = gy
A,. (sq 1) = T

Lociation Code = /"/\

helay (mscs =

av o Initiat loading of Intertor Wall __ msec

Proedicted Collapse Overpressure, psi

Mean Standard ticvtiation 107 Prababiliiy 91, Probability

188 .13 ’ 18.95 168 .83 212 42

Figure 10: DATA INPUT FORM, BLDG 100, SYSTEM %4, CASE Sa/r
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DATA INPUT FORM -~ REINFORCED CONCRETE SUPPORT BEAM

Building 100 Case 6 A

Location Cosments

Losded Area Data Number of Slabs Supported by Beam = 2
Slab No. 1: Contributary Area = 22 70 aq ft; Thickness = 3 in.
Slab No. 2: Contributary Area = 22 .79sq ft; Thickness = _3 1n.

I

Reinforced Concrete Beam Data ' Tee Beam Data (Optional)
L, = 30ft __in, (= _360  in.) |  Beam Spacing = _ 26 in,
b, = 7.28 in. { w, =-__3 in.
h, = _17___ in. | A, (slab) = 02145 sq in./ft
£/ = 3000 psi | 4 (s1ad) = 124  1n.
f-. = 53000 ps1; _©625 psi L————————————q

(mean) (std.dev.)
Support Case = RC - 5

Section A, (sq 1n.) d (in.) A! (sq in.) d’ (in.)
1 2.27 15. 36 o) o}
3
Continuous tensile membrane reinforcement = o) 8q in. (Optional)
Load Data 1,000  kt P, = 14.7 8 .= 1120 fps
S (mean) - = ft
S (std. < ft Sans =
Room-F1i ata No. of Openings = Air Densit .076  pcf
Vi, = ft x ft = ~//cu ft
A,, (8q ft) = T

Location Code

mgec) =

Predicted Collapse Overpressure, psi

Mean Standard Deviation 10X Probability 90X Probability

3.5\ 0.51 2.86 4 17

Figure 11: DATA INPUT FORM, BLDG 100, SYSTEM #4, CASE 6A
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TABLE 6

STRUCTURAL PROPERTIES OF MATERIALS (ASTM)

Design Dynamic
; Tensile Years Allouable Tensile Standard
: Yield in Tension Yield Deviation
3 ASTM & (kPa) Effect (kPa) (kPa) (kP3a)
‘ ru r e
A-9 206.8 1900-1924 -- 275.8 34.5
A-9 213.7 1924-1936 -- 282.7 35.3
A-9 227.5 1936-1939 -- 303.4 37.9
A-7 227.5 1939-1972 137.9 303.4 37.9
A-36 248.2 1961- 151.7 331.0 41.4
int in t r
A-15 (Billet)
Struct. 227.5 1900-1968 124.1 303.4 37.9
Inter. 275.8 1900-1968 137.9 365.4 45.7
Hard 344.7 1900-1968 137.9 365.4 45.7
A-432 (New-Billetl)
’ 1959-1968 165.5 455.1 56.9
A-615 (Billet Deformed)
Struct. 275.8 1968- 165.5 358.5 44.8
Inter. 413.7 1968- 165.5 455. 1 56.9
Hard 517.1 1968- 165.5 455.1 56.9
einforci ir e
A-82(cold-drawn) 1921-1968 137.9 386.1 4.3
A-82 1968- 165.5 386.1 4.3 <= 106A
1968- 165.5 448.2 56.0 >= 11GA
Concrete

$£ = 25.9 MPa (3750 psi); standard deviation = 3.2 MPa (470 psi)
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centage of total floor-over-usable-basement area it represents
are shown in Figure 8. Figure 12 diagrams floor systems #2
and #4. Because of their structural simplicity, systems #1,
#3, and #5 uwere not illustrated.

Systems #1, #3, and #5 involve slabs with very large
clear spans. In fact, the large slabs spanning from uwall-to-
wall comprise the entire system. Results of the analysis of
the ”as built” case range between 35 and 40 kPa (5 and 6 psi)
MICO for the slabs in these three systems.

System %2 is a slab and beam construction. The slab por-
tion has a strength of 94 kPa (13.6 psi). The beam portion of
system #2 has a predicted MICO of 126.5 kPa (18.4 psi).

The #4 floor system is a pan-joist system, i.e., a system
of closely spaced ”T” beams supporting long narrow slabs. The
MICO prediction for the slab portion of this system is 286.5
kPa (41.5 psi) using the standard method of analysis. How-
ever, because of the nature of the pan-joist system, the slab
was also analyzed as being fully restrained. This gave a MICO
of 1297.1 kPa (188.1 psi). This second prediction is felt to
be closer to the real strength of the member. The beam por-
tion of the system was analyzed as 24.2 kPa (3.5 psi).

For floor system #1, the MICO uas predicted at 39.2 kPa
(5.7 psi); for system #2, 94.1 kPa (13.6 psi); for system 33,
40.2 kPa (5.8 psi); for system #4, 24.2 kPa (3.5 psi); and for
system #5, 35.58 kPa (5.2 psi).
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A.4  ANALYSIS USING UPGRADING SCENARIOQS

The individual elements are now studied to determine if they meet
the tuwo requirements set in this study for upgradability--adequate steel
detailing and a span, after upgrade reduction, of 1.83 m (6ft) or
greater. The upgrading schemes presented in this report are very sim-
ple; there 1is no effort to optimize each case. Spans are reduced
through mutliple even divisions. Although each element is treated sepa-
rately, a check is made that combinations of scenarios given will be
structurally consistent within the floor system. If a slab can be re-
duced with added support beams parallel to the L, dimension, this scen-
ario is chosen over one calling for a reduction in the L, dimension be-
cause of the greater increased strength. In some cases where the slab
controls the upgrading potential and the resultant MICO is low, not all
the beam scenarios possible are pursued.

According to the upgrading schemes chosen, changes to the input
data for the computer analysis are made. Figures 13 through 15 give ex-
amples of data forms prepared for the upgrading cases. These three fig-
ures show upgrading cases for the beam in floor system #4; no upgrading
scheme was developed for slabs in pan-joist systems. Changes usually
involved a reduction in the L, or Ly dimension, a reduction in the area
supported by a beam, and/or a change in support case. The results of
the analysis runs on the upgraded cases are then entered into Table 1.
A brief discussion of the upgradability of the floor systems and the
building is presented under "uUpgrading Potential” for each building.
For Building 100, this section is shouwn belou.

Uparading Potential

Floor systems #1, #3, and %5 are'unusual among the cur-
rent sample of NSS buildings because of their long clear slab
spans., They offer excellent upgrading potential in two ways:

1. They uere strongly built initially to withstand the
stresses inherent with long spans, and

2. The 1long spans allow for additional supports at
third- and quarter-span intervals.

Consequently upgrading scenarios produce MICOs of 347.0 kPa
(50.3 psi) or more for added third-span supports and up to
743.9 kPa (107.9 psi) for added quarter-span supports.

For system #2, the slab was upgradable by a single added
beam parallel to the short span. The increased strength uas
116.7 kPa (16.9 psi). The beam in this system also allowed
only one upgrading scheme--one added support column at mid-
span for a MICO of 269.0 kPa (39.0 psi).

For the pan-joist system, the beam portion wnas able to
reach 436.8 kPa (63.4 psi) based on added quarter-span sup-
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ports. No logical procedures uere found for upgrading the
slab portion; however, the initial strength of the slab effec-
tively eliminated this as a problem. The wupgraded slab
strength was the same as the “as built” strength, 1297.1 kPa
(188.1 psi).

The upgrading potential for this building is determined
by the beam in system #4 at 436.8 kPa (63.4 psi).




DATA INPUT FORM -- REINFORCED CONCRETE SUPPORT BEAM

Building [ele]

Case _6B

Location

Comments

Loaded Area Data

Slab No. 1:
Slab No. 2:

Number of Slabs Supported by Bean =

Contributary Area = || .408q ft; Thickness = 3 {n.
Contributary Area = |} .40sq ft; Thickness = _ 3 (in.

Reinforced Concret

e Beam Data l Tee Beam Data (Optional)

L,=_ ft__ in. (= _180 {in.) | Beam Spacing = _ 2€ in.
b, = __7.28 in, | n =_3 in.
h,=__ |7 in, I A, (slab) = _O214S eq in./ft

£/ = 3000
£, = 53000 psi; 6625

pai l d (sladb) = ! 34 in.

P'i L——.——.———————q

(mean)
Support Case =

RC -

(std.dev.)

, Section A, (sq in.) d (in.) Al (sq in.) d’ (in.)
] 1 2.27 15.36 o o
3

Continuous tens

ile membrane reinforcement = o sq in. (Optional)

Load Dsta 1,000 ket P, = __14.7 po 7= 1120 fps

S (mean) - - ft
S (std. ft Sats *
Room-F1i ata No. of Openings = Air Densi .076  pef
Vy = ft x ft = cu fe
A,, (sq ft) =
Location Code/-
_Deley Tasec) -
Predicted Collapse Overpressure, psi
Mean Standard Deviation 10X Probability 90% Probability
15 .82 1.98 13 28 '8 .35

Figure 13: DATA INPUT FORM, BLDG 100, SYSTEM R4, CASE 68

-49-

oot et 0 couii o sl o it m — "




AP s

P

DATA INPUT FORM -- REINFORCED CONCRETE SUPPORT BEAM

Building 100 Case _o©C

Location Comments

Losded Area Data Number of Slabs Supported by Beam = 2

Slab No. 1: Contributary Area = 7.8 @#q ft; Thickness = 3 in.
Slab No. 2: Contributary Area = 7 & gq ft; Thickness = 3 1in.

1

Reinforced Concrete Beam Datas ' Tee Beam Data (Ortional)

L,=__ft__in. (= _120C _ 1n.) |  Beam Spacing = _ 26 in.

b, = _7.28 in. | n,=_3 in.

b, = __I7  ia. | A, (s1ab) =.02145 &q in./ft
£/ = 3000 pat | a (s1ab) = 134 1n.

£, = 52000 psi; 0625 psi l________________

(mean) (std.dev.)
Support Case = RC - S

Section A, (sq in.) d (in.) A! (sq in.) d’ (in.)

1 2.27 15.36 o] o]
3
Continuous tensile membrane reinforcement = (] 8q in. (Optional)
Load Data 14.7  ps T = 1120 fps

Room-F1i ata No. of Openings =

Vy = ft x - ft =
A,, (sqft) =
Location Code

mgec) =

Predicted Collapse Overpressure, psi

Mesn Standard Deviation 10X Probability 902 Probability
34 47 3.3 3Q 25 38 10

Figure 14: DATA INPUT FORM, BLDG 100, SYSTEM #4, CASE 6C




DATA INPUT PORM -- REINFORCED CONCRETE SUPPORT BEAM

Building 100 Case _6D
Location Comments

Losded Ares Data Number of Slabs Supported by Besn = 2

Slab No. 1: Contributary Area = 5. 85 sq ft; Thickness = _ 3  in.

Slab No. 2: Contributary Area = 5 .85 gq ft; Thickness = _ 3 1in,
L

Reinforced Concrete Beam Data l Tee Beam Data (Optional)
L,>__ft__dn. (=_ 90 1)} Beam Spacing = __ 2©  inm.
b, = _7.28 in. | & =_3 in.
h,= 17 in. | A, (slab) = .02!45 gq 1n./ft
f! = 3000 pai | 4 (elad) = (.34 1n,
£, = 53000 pet;_0625 pet L __

(mean) (std.dev.)
Support Case = RC - S

Section A, (sq in.) d (1n.) A, (sq in.) d’ (in.)
1 2.27 5. .36 o o
3
Continuous tensile membrane reinforcement = Q sq in. (Optional)

S (mean)

Load Data W a=__1,000 kt P, = _14.7 ps 7= 1120  fps

s (.td},d”‘-)-'i/ ft San

- - ft

n

Vo u

}—Pint_ngﬁln‘ No. of Openings =

ft x
A,, (sq ft) =
Location Coge/_/ —

msec) = \

T

Mean

©3 .35

Predicted Collapse Overpressure, psi

Standard Deviation 10% Probability 902 Probability
7.43 5% &2 72 87

fFigure 15:

DATA INPUT FORM, BLDG 100, SYSTEM 84, CASE 6D
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Appendix B

BUILDING DESCRIPTIONS

; and plan of the floor-over-basement areas, a discussion and diagram of

i the floor systems analyzed, and a discussion of the upgrading potential,
for ten of the 11 buildings examined 1in this study. One of the build-
ings was previously reported in Appendix A (as noted below). The build-
ing data are arranged by building number as follous:

E This appendix contains a description of each building, a photograph

Building
Number Description Page
F 100 U.S. Post Office (see Appendix A)
' 110 Henry R. Landis State Hospital 56
i 1 Grant Building 60
I 136 First Federal Savings and Loan Assn. 64
167 Lafayette Towers Building #2 68
188 State Wildlife Conservation Building 72
200 Fit2zsimons General Hospital 76
220 Fidelity Federal Plaza 80
225 Broadway Crenshau Building 84
227 May Company Shopping Center 88
245 Portland Hilton Hotel 92

A summary of the building element data for all floors analyzed is
given in Table 1 in the main body of the report.

P .
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8.1 BLDG 110, HENRY R, LANDIS STATE HOSPIVAL, PHILADELPHIA, PA
B.1.1 Description

The Henry R. Landis State Hospital, constructed in 1960 except for
the westerly uwing (designed in 1963), is located at 2100 South College
Avenue, Philadelphia, Pennsylvania. The use class is 41, Government and
Public Service, Hospital, and the building consists of seven stories
(first of which is #“Ground Floor” at =zero to 100% below grade), plus a
small partial basement (fully belou grade). The overall height of the
t building is about 25 m (82 ft) (excluding a small penthouse and the par-
' tial basement), and plan dimensions of 64.6 m by 102.7 m (212 ft by 337
' ft) provide an area of about 301.9 m2 (3,250 ft2) on the partial base-
ment level, 3779 mZ (40,680 ft2) on the “Ground Floor” level [elevation
30 m (98.5 ft)), and 3452 m? (37,160 ft2) on the first floor [elevation
34.3m (112.5 ft)] aboveground and most higher levels. Figure 16 shous
the exterior walls and plan of the building at the first floor level.

: The building has a reinforced concrete (R/C) frame with nonrigid-
' frame column and beam connections. The floor system consists primarily
of R/C one-uay slabs, beams, columns, and footings. Since the proper-
ties of the reinforcing steel were not given in the survey data, it was
assumed for the analysis that the steel has a mean dynamic yield
strength of 365.4 MPa (53,000 psi). Specified concrete 28-day strength
was 22.8 MPa (3,300 psi) [30.3 MPa (4400 psi) for columns in original
building; 22.8 MPa (3300 psi) for new (uwesterly) hospital wing columns}].

TR Y

The exterior walls are constructed primarily of face brick, or con-
crete panels and large glass areas. The interior partitions are con-
structed mostly of metal.

v——
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'g : A&D

o

D 1
Floor System 41
15% Total Area

'\ :

- : /// 777

b ! Floor System #2

' '; i Floor System #3 E 24% Total Area

P “ * 27% Total Area /////////// //

: ' 3

Py B

' ’ lr: 1027 m _.‘

Figure 16: BLDG 110, HENRY R. LANDIS STATE HOSPITAL, Philadelphia

, PA -
Photograph and Plan of First Floor
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B.1.2 Floor Systems

In Building 110, three floor systems uere chosen for analysis.
System %1 has a large clear span similar to Building 100. Systems #2
and #3 are typical of slab and beam construction. The location of the
three systems and the percentage of the total usable basement shelter
area represented are shown in Figure 16, wuhile Figure 17 diagrams all
three floor systems.

The results of the analysis of the MICO for the “as built” cases
ranged between 22.3 and 53.7 kPa (3.2 and 7.8 psi). This is typical for
the current sample of 11 NSS buildings. For system #1, the MICO was
28.6 kPa (4.2 psi); for system #2, 22.3 kPa (3.2 psi); and for system
#3, 29.0 kPa (4.2 psi).

B.1.3 Upgrading Potential

For the slabs in floor systems #1 and %2, upgrading by the addition
of one beam at mid-span yielded results of 93.5 and 46.7 kPa (13.6 and
6.8 psi) respectively. Steel detailing of the slab in system #3 pre-
cluded its upgrading; houever, its “as-built” predicted MICO was above
the upgraded value of the slab in floor system #2.

The beams of all three floor systems allowed for additional support
columns at mid- or third-spans; houever, the maximum MICOs for the three
beams only ranged between 117.6 and 120.4 kPa (17.1 and 17.5 psi). One
beam case, 6E, employed the upgrading scenario of adding a beam at mid-
span to support both beam and slab. While providing a higher MICO than
the regular added mid-span support case, 6B, this scenario is ueaker
than the added third-span support case (6C) also allowed by this beam
[117.6 kPa (17.1 psi)].

The upgrading potential for this building was limited by the up-
graded slab in system #2 to 46.7 kPa (6.8 psi).
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B.2 111 N Ul 17 RGH

B.2.1 Description

The Grant Building, constructed in 1929, is located at 302 Grant

Street, Pittshurgh, Pennsylvania. The use class is 51, Commercial, O0f-
fices (except Bank on one story), and the building consists of 37 sto-
ries and four basements. The overall height of the building is about

128 m (420 ft), and plan dimensions of 52.4 m by 38.7 m (172 ft by 127
ft) provide an area of about 1814 m? (19,530 ft2) on the first floor
level and about the same on the first basement level. Figure 18 shous
the exterior walls and first floor plan of the building.

The building has a steel frame with rivetted (nonrigid-frame) col-
umn and beam connections. The floor system consists primarily of rein-
forced concrete (R/C) pan-joist construction. Since the properties of
the structural steel were not given in the survey data, it was assumed
for the analysis that the steel has a mean dynamic yield strength of
282.7 MPa (41,000 psi). R/C was assumed to have a concrete (28-day)
mean dynamic strength of 17.2 MPa (2,500 psi) and a rebar mean dynamic
strength of 303.4 MPa (44,000 psi).

The exterior walls are constructed of steel frame with brick facing
(details unavailable). The non-bearing interior partitions are con-
structed of tile in stair and elevator cores (elsewhere not knoun).
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GRANT BLDG, Pittsburgh, PA - Photograph and Plan

BLOG 111,

Figure 18:




S iao

-

L ey e

B.2.2 Floor Sygtems

Building 111 had one floor system chosen for analysis. It is a
pan-joist system consisting of a slab, T-beam (joist), and steel girder.
The location of the system and the percentage of the total usable base-
ment shelter area it represents are shoun in Figure 18. A diagram of
the system is given in Figure 19.

The joist and girder were analyzed as having MICOs of 50.1 and 75.6
kPa (7.3 and 11 psi), respectively, for the ”as built” case, uhile the
slab showed 100.7 kPa (14.6 psi) using standard analysis and 466.0 kPa
(67.6 psi) assuming fully restrained behavior. The floor system, there-
fore, has a MICO of 50.1 kPa (7.3 psi).

B.2.3 din oten

Both the joist and girder allow for added supports at third-span
intervals raising their predicted MICOs to 236.4 kPa (34.3 psi) and
626.3 kPa (90.8 psi), respectively. As with Building 100, no logical
procedure was found to upgrade the slab portion of the system, but again
the initial strength (based on the fully restrained model) was suffi-
cient to match the upgraded strength of the other elements. In this
building the basement upgrading potential was limited by the joist to
236.4 kPa (34.3 psi).
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The First Federal Savings and Loan Association building, con-
structed in 1960, is located at 985 Broad Street, Augusta, Georgia. The
use class 1is 55, Commercial, Banks/Financial Institutions, and the
building consists of 4 stories and a partial basement. The overall
height of the building 1is about 20.4 m (67 ft), and gross plan dimen-
sions of 18.3 m by 52.7 m (60 ft by 173 ft) provide a net area of about
768.2 m® (8,269 ftZ) on the partial basement level, about 855.2 m?
(9,205 ft2) on the first floor level; about 644.1 m2 (6,933 ft2) on the
‘ next two levels. Figure 20 shows the exterior walls at the first floor
! level.

The building has a reinforced concrete (R/C) frame with nonrigid-
frame column and beam connections. The floor system consists primarily
of R/C pan-joist floors supported by R/C girders, outer walls, columns
and footings. Structural steel used was A7, and rebars uwere intermedi-
ate grade for which a mean dynamic yield strength of 365.4 MPa (53,000

? psi) was assumed. Concrete 28-day strength was specified as 20.7 MPa
; (3,000 psi).

The lower exterior walls were constructed primarily of brick, but
with some large glazed areas. The interior partition construction var-
ied widely.

St Vain
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Figure 20: BLDG 136, FIRST FEDERAL SAVINGS & LOAN ASSN., Augusta, GA -
Photograph and Plan of First Floor
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B.3.2 Floor Systems

Building 136 had one floor system chosen for analysis. It is a
pan-joist system consisting of a slab, T-beam (joist), and reinforced
concrete girder. The location of the system and the percentage of the

total usable basement shelter area it represents are shoun in Figure 20,
while the system is diagramed in Figure 21.

The joist and girder uere analyzed as having MICOs of 24.3 and 29.6
kPa (3.5 and 4.3 psi), respectively, for the ”as built” case. The slab
was analyzed at 85.5 kPa (12.4 psi) using standard analysis and at 488.6
kPa (70.9 psi) assuming fully restrained behavior for the *as built”

case. The joist at 24.3 kPa (3.5 psi) determined the strength of the
floor system.

B.3.3 Upgarading Pot ia

The joist only allowed for one additional support at the mid-span
increasing its predicted MICO to 66.9 kPa (9.7 psi). The girder alloued
added third-span supports for a MICO of 142.7 kPa (20.7 psi). A special
upgrading scenario for the girder, case 3H, investigated adding a girder
line to support the beams (but not the slabs) at mid-span. The result
was weaker than either the regular added mid- or third-span support
cases. Again, as in previous pan-joist systems, the ”as built” case
predictions had to suffice for the slabs. In Building 136, the upgrad-
ing potential was determined by the joist at 66.9 kPa (9.7 psi).
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B.4 BLDG 167, LAFAYETTE TOWERS BUILDING #2, DETROIT, MI ’
B.4.1 Description

The Lafayette Touwers Building #2, constructed in 1962, is located
at 1321 orleans Street, Detroit, Michigan. The use class ig 11, Resi-
dential, Apartment/Hotel, and the building consists of 21 stories, plus
a basement, a mezzanine, and a penthouse. The overall height of the
building is about 64.6 m (212 ft), and plan dimensions of 20.7 m by 64.9
m (68 ft by 210 ft) provide an area of about 1276 m2 (13,690 ft2) on the
basement level and 1185 m2 (12,750 ft2) on the levels above the ground
floor. Figure 22 shous the exterior walls and plan of the building.

The building has a reinforced concrete (R/C) frame uith nonrigid-
frame column and beam connections. The floor system consists primarily
of R/7C flat plates. The properties of the specified reinforcing steel
were given on the drawings, as uere those of the concrete; mean dynamic
yield strengths used uwere 365.4 and 25.9 MPa (53,000 and 3,750 psi), re-
spectively.

The exterior walls are constructed primarily of glass, uwith narrou
metal mullions and small horizontal metal plates, on a steel frame
structure. The interior partitions are constructed of unreinforced
solid concrete block or laminated rocklath.

—
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Figure 22: BLDG 167, LAFAYETTE TOWERS BLDG. #2, Detroit, MI -
Photograph and Plan of First Floor
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B.4.2

The one floor system analyzed in Building 167 was a reinforced con-
crete flat plate system. The location of the system and the percentage
of the total usable basement shelter area it represents are shoun in
Figure 22. Figure 23 provides a diagram of this system. The initial
analysis of the slab measured the MICO under both regular condi-
tions--43.5 kPa (6.3 psi)--and shear failure--11.2 kPa (1.6 psi). (The
prediction for shear failure seems extremely low, and we are reviewing
that portion of the computer program for errors.)

B.4.3 in enti

Upgrading scenarios for a flat plate system include added columns
at mid-points which give predictions of 212.6 kPa (30.8 psi) under regu-
lar conditions and 60.5 kPa (8.8 psi) under shear failure (again suspi-
ciously low); added support beams between columns, which yield a predic-
tion of 63 kPa (9.1 psi); and, added support beams between columns and
at mid-points between columns, which yield a prediction of 137.2 kPa
(19.9 psi).

The upgrading potential of this building could be as low as 60.5
kPa (8.8 psi) 1if shear is considered or as high as 212.6 kPa (30.8 psi)
if it is not. In the statistical comparison section, 212.6 kPa (30.8
psi) uwas the value assigned this building.
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Figure 23: BLDG 167, LAFAYETTE TOWERS BUILDING #2 - Floor System
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8.5 W ATION AH Y

8.5.1 Description

The State Wildlife Conservation Building, built in 1965, is located
at 1801 Lincoln Boulevard, Oklahoma City, Oklahoma. The use class is
45, Government and Public Service, Offices, and the building consists of
tuo stories and a basement. The overall height of the building is about
11.3 m (37 ft), and plan dimensions of 20.1 m by 62.8 m (66 ft by 206
ft) provide an area of about 721.9 mZ (7,771 ft2) on the partial base-
ment level, 803.2 m2 (8,646 ft2) on the first floor level, and 774.6 m?2
(8,338 ft2) on the second floor level. Figure 24 shous the exterior
wall line at the first floor level.

The building has a reinforced concrete (R/C) frame with nonrigid-
frame column and beam connections. The floor system consists primarily
of 152.4 mm (6 in.) thick R/C one-way slabs supported by R/C band beams,
columns, and footings, in bents with two unequal spans. The few struc-
tural steel shapes used are A-36; reinforcing steel was specified as
A-15 and A-305 for which the analyses used a mean dynamic yield strength
of 303.4 MPa (44,000 psi). Concrete was specified to he 20.7 MPa (3,000
psi) (28-day strength) for which a mean dynamic yield strength of 25.9
MPa (3,750 psi) uas used.

The exterior walls are constructed primarily of precast concrete
(p/c) panels, except that the front wall (side A) has p/c fins support-
ing large glass panes. The interior partitions are constructed of ei-
ther clay tile or metal studs and plaster. Basement R/C exterior walls
with pilasters, and R/C columns and footings, uwere all judged from expe-
rience with other analyses to be adequate to exploit the inherent blast
resistance of the first floor slab described above.
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Figure 24:

BLDG 188, STATE WILDLIFE CONSERVATION BLOG, Oklahoma City,
0K - Photograph and Plan of First Floor
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B.5.2 oor m

Building 188 had one floor system chosen for analysis; it consists
of a slab and tuwo beams. The location of the system and the percentage
of the total usable basement shelter area it represents are given in
Figure 24, uhile a diagram of the system is given in Figure 25.

The ”as built” case analysis predicts MICQOs of 72.5 kPa (10.5 psi)
for the slab, 51.4 kPa (7.5 psi) for the shorter beam and 30.8 kPa (4.5
psi) for the longer beam. The floor system strength is determined by
the longer beam at 30.8 kPa (4.5 psi).

B.5.3 Upqrading Potential

The slab and shorter beam allowed upgrading only at the mid-spans
producing predictions of 143.8 kPa (20.9 psi) and 161.5 kPa (23.4 psi),
respectively. The long beam was able to reach 168.9 kPa (24.5 psi) with
added third-span supports. Building basement potential was 143.8 kPa
(20.9 psi) based on the upgraded slab.

Other scenarios tried included adding a support beam to halve the
loaded area on the short beam, 2H, and adding a support beam and a sup-
port column at mid-span for the short beam, 21. These resulted in MICOs
of 78.2 and 102.9 kPa (11.3 and 14.9 psi), respectively.
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B.6 D 00 T MONS GENERAL HOS NV

B.6.1 iptio

Fitzsimons General Hospital, constructed in 1940, 1is located on
Bruns Avenue in Denver, Colorado. The use class is 41, Government and
Public Service, Hospital, and the building consists of ten stories and a
partial basement. The overall height of the building is about 43.3 m
{142 ft), and plan dimensions of 167.9 m by 89.3 m (551 ft by 293 ft)
provide an area of about 1709 mZ (18,397 ft2) on the partial basement
level and 5892 m2 (63,426 ft2) on the next two aboveground levels. Fig-
ure 26 shows the exterior walls and plan of the building at the first
floor level.

The building has a reinforced concrete (R/C) frame with conven-
tional nonrigid-frame column and beam connections. The floor system
consists primarily of R/C one-way slabs, beams, girders, columns, and
footings. Since the properties of the reinforcing steel were not given
in the survey data, it was assumed for the analysis that the steel has a
mean dynamic yield strength of 303.4 MPa (44,000 psi).

The exterior walls are constructed primarily of unreinforced brick
and masonry, anchored into R/C spandrel beams. The interior partitions
are plastered, except that rest rooms, labs, operating rooms, etc., are
covered with ceramic or glazed tile. Basement exterior walls, columns,
pilasters, floor slabs, and footings are R/C, as are those basement in-
terior walls that separate the standing-height basement areas from the
remaining areas (pipe spaces).
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. Photograph and Plan of First Floor
3
-75-




B.6.2 or m

Two floor systems were found for analysis in Building 200. The
first comprised a slab, beam and girder; the second a slab and tuo
beams. The locations of the systems and the percentage of the total us-
able basement shelter area they represent are given in Figure 26, while
Figure 27 diagrams the two systems.

The initial analyses ¢for all elements ranged hetween 22.6 kPa and
45.0 kPa (3.3 and 6.5 psi), except for the second beam in system #2.
This short beam, too small to upgrade, had a prediction of 83.9 kPa
(12.2 psi). Floor system #1 had a MICO of 33 kPa (4.8 psi) and floor
system #2 had a MICO of 22.6 kPa (3.3 psi).

B.6.3 Upgqradin

The slabs (one-way) in both systems have short spans too short to
permit upgrading by added beams parallel to the long span; however, the
slabs did allow one added beam parallel to the short span (cases 1e and
4e). This upgrading scenario, however, produces only small increases in
strength from 45.0 to 60.5 kPa (6.5 to 8.8 psi) for the slab in system
#1 and from 22.6 to 41.8 kPa (3.3 to 6.0 psi) for the slab in system #2.

The beam in system #1 permitted support columns at mid-span and
third-span yielding predictions of 95.6 kPa (13.9 psi) and 119.9 kPa
(17.4 psi). The girder in system #1 had as one upgrading scheme, 3H,
the addition of a girder to support the beams in the system. The re-
sulting MICO prediction of 59 kPa (8.6 psi) was far less than that prod-
uced by either mid-span or third-span added support columns--117.8 and
196.5 kPa (17.1 and 28.5 psi), respectively.

The first beam in system #2 reached a high of 128.6 kPa (18.7 psi)

- based on the addition of a beam at mid-span supporting both the slab and

" the beam, SE. The second beam, as mentioned previously, uas too short
' to upgrade.

P Fur the entire building, the limiting case was the slab in system
' #2 which only reached 41.8 kPa (6.0 psi) after upgrading.

-76~

rv e vl

et il dawia b




- e

e

3.048m

—ad

mm

IN

ALL DIMENSIONS

UNLESS OTHERWISE NOTED

SYSTEM #2

457.2 x 457.2

4572x4522

e . e — S o S S i S

e o e —— — i S —————— T — -—

WiV ﬁ._

|1

508 x508 508 x 508
- L304 8

Al

«x

304

*
o -
x >
o~ w
~ . "
m _4 WESL
[~}
(v}
4Ny e )1
YW T
i
\
il
v
N
1l
o ] ppiniegituptopluyligin iy
“ (
'
[N
|
|
|
e e e

r—-304.8
T11.2x711.2

T n T

ﬁl 14: 04

B

- R——

WS § W § SR

®

2

o

[- 3

[=

)
e |

El o

gl w

~f ®

~ ©
-1

€

©

)

~

o~

BLDG 200, FITZSIMONS GENERAL HOSPITAL - Floor Systems

Figure 27:
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B.7 D F TY RA

8.7.1 Description

The Fidelity Federal Plaza building, constructed in 1967, is lo-
cated at 525 East Ocean Boulevard, Long Beach, California. The use
classes are 55/53/51, Commercial: Banks/Financial Institutions (1st
floor); Stores (non-food) (1st floor); Offices (higher floors); Parking
(basements). The building consists of 11 stories, a basement and a sub-
basement. The overall height of the building aboveground is about 43.6
m (143 ft), and plan dimensions of 74.4 m by 95.7 m (244 ft by 314 {t)
provide an area of about 6420 m? (69,100 ft2) on the basement level and
on the aboveground levels above the first. The first level uses over-
hangs and glass walls, and is atypical of all other floors. Figure 28
shous the exterior walls and plan of the building.

The building has a reinforced concrete (R/C) frame with nonrigid-
’ frame column and beam connections. The floor system consists primarily
; of R/C one-way slabs, beams and girders. The reinforcing steel was
specified as intermediate grade A15 and A305, for which the analyses
used a mean dynamic yield strength of 365.4 MPa (53,000 psi) (CA432 for
#14 and %18 rebars). Concrete for slabs, beams, girders, pilings, foot-
ings, and walls was specified as 20.7 MPa (3,000 psi) (28-day compres-
sive strength); and that for columns (below ”6round Floor”) as 27.6 MPa |
(4,000 psi).

R

The exterior walls are constructed primarily of metal furring chan-
nels, with masonry or concrete covering. The interior partitions are
constructed primarily of metal studs, with drywall or plaster covering.
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Figure 28: BLDG 220, FIDELITY FEDERAL PLAZA, Long Beach, CA -
Photograph and Plan of First Basement (Upper Parking Level)




B.7.2 Floor Systems

One floor system wuwas chosen for analysis; it consists of a slab, ;
beam and R/C girder combination. The location of the system and the {
percentage of the total usable basement shelter area it represents are '
given in Figure 28. A diagram of the system appears in Figure 29.

{

Analysis of the ”as built” case for the slab, beam, and girder ;
produced MICOs of 57.2, 37.9, and 25.7 kPa (8.3, 5.5, and 3.7 psi), re- %
spectively. The floor system MICO was 25.7 kPa (3.7 psi). +

PP

i
l\ B.7.3 Upqrading Potential %

As in Building 200, the one-way slab has a short span too short for
upgrading parallel to the long span, but did permit added beams at mid-
or third-spans paralle]l to the short span (cases e and 1f). These
\ produced only small increases in the MICO of the slab--62.0 kPa (9.0
psi) for added mid-span support and 67.6 kPa (9.8 psi) for added third-
span support. Both the beam and girder allowed up to quarter-span in-
tervals for the addition of support columns, raising their MICOs to
251.2 and 240.2 kPa (36.4 and 34.8 psi), respectively. The added girder
scenario, 3H, only resulted in 54.5 kPa (7.9 psi).

Building basement potential was 67.6 kPa (9.8 psi) based on the
highest upgrading possibility of the slab.
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BLDG 225, BROADWAY CRENSHAW, LOS ANGELES, CA
D ipti

The Broadway Crenshaw building, constructed in 1947, is located at
4101 South Crenshau Boulevard, Los Angeles, California. The use class
is 53, Commercial, Stores Other Than Food Stores, and the building con-
sists of three stories and a basement, plus a penthouse. The overall
height of the building 1is about 22.3 m (73 ft), and first floor gross
plan dimensions of 47.5 m by 109.1 m (156 ft by 358 ft) provide an area
of about 4810 m2 (51,770 ft2) on the basement level and 4492 mZ (48,350
ftZ) on the aboveground levels. Figure 30 shous the exterior walls and
plan of the building.

The building has a reinforced concrete (R/C) frame with nonrigid-

frame column and beam connections. The floor system consists primarily
of R/C flat slab construction, but with a substantial amount of one-uay
slab, beam and girder construction. Rebars were stated as intermediate

grade; their strength uwas assumed for the analyses to have a mean dy-
namic yield value of 365.4 MPa (53,000 psi). Concrete strength uwas
specified as 17.2 MPa (2,500 psi), 28-day test c¢ylinder compression
strength.

The exterior walls are constructed primarily of cast-in-place con-
crete (not load-bearing), most with stone veneer, with much glass on the
first floor. The interior partitions are constructed variously of:
concrete tile, cast-in-place concrete, and steel studs plastered both
sides.
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BLDG 225, BROADWAY CRENSHAW, Los Angeles, CA - Photegraph
and Plan of First Floor
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B.8.2 Floor Systems

The two selected floor systems consist of a flat slab system and a
slab, beam and girder system. The location of these systems and the
percentage of the total usable basement shelter area they represent are
shoun in Figure 30. A diagram of system #2 appears in Figure 31.

In system #1, the results of the as built” analyses showed the
flat slab to have a MICO of 49.4 kPa (7.2 psi) under standard conditions
and 47.4 kPa (6.9 psi) under shear failure. In system #2, the slab had
a MICO of 77.8 kPa (11.3 psi), the beam 51.4 kPa (7.5 psi) and the
girder 85.9 kPa (12.5 psi). Thus, system %1 had a MICO of 47.4 kPa (6.9
psi) based on the shear failure case, and system #2 had a MICO of 5%1.4
kPa (7.5 psi).

B.8.3 i P ntia

The upgrading scenarios for system #1 added beams between columns
and at mid-points between columns increasing the predicted MICO to 60.6
kPa (8.8 psi) for case 1i and 125.6 kPa (18.2 psi) for case 1j.

In system #2, the slab could only be upgraded by placing support
beams parallel to the short span at mid-span or third-span. The resul-
tant increase in MICOs uwas negligible: 86.9 kPa (12.6 psi) for case Ze
and 89.2 kPa (12.9 psi) for case 2f. Both the beam and the airder had
sufficient span to allow additional supports at third-span intervals.
The resulting predictions were 323.6 and 473.1 kPa (46.9 and 68.6 psi),
respectively. The poor upgrading potential of the slab in system #2
limited the overall building basement potential to 89.2 kPa (12.9 psi).
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B.S BLDG 227, MAY COMPANY EASTLAND SHOPPING CENTER, WEST COYINA, CA

8.9.1 Description

The May Company Eastland Shopping Center building, constructed in
1956, 1is located at 2831 East Garvey Avenue, MWest Covina, California.
The use class is 53, Commercial, Stores Other Than Food Stores, and the
building consists of 4 stories, 2 mezzanines, a partial basement and a
penthouse. The overall height of the building is about 30.2 m (99 ft),
and plan dimensions of 101.8 m by 116.4 m (334 ft by 382 ft) provide an
area of about 1028 m2 (11,060 #t2) on the basement level and 9887 m?
(106,420 ft2) on the first aboveground level. Figure 32 shous a photo-
graph and the first aboveground level, exterior wall plan of the build-
ing.

The building has a reinforced concrete (R/C) frame with nonrigid-
frame column and beam connections. The floor system ccnsists of R/C
pan-joist and flat slab construction over roughly equal areas, plus some
650 m2 (7,000 ft2) of one-way slab construction. Reinforcing steel was
specified as A15, intermediate grade, with A82 for column spirals; it
was assumed for the analysis that the A15 steel has a mean dynamic yield
strength of 365.4 MPa (53,000 psi), with woven wire fabric at 386.1 MPa
(56,000 psi). Concrete was specified as 20.7 MPa (3,000 psi) 28-day
test strength.

The exterior walls are constructed primarily of concrete, but with
some brick. The interior partitions are constructed of concrete block
or timber-studuall.
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CA - Photograph and Plan of First Floor
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B.9.2 [Eloor Systems

One floor system was analyzed: a pan-joist system having a slab,
T-beam (joist), and tuwo girders. The location of the system and per-
centage of the total wusable basement shelter area it represents are
shoun in Figure 32. A diagram of the system is shoun in Figure 33.

For the ”as built” case the slab portion of the system had MICOs of
70.3 kPa (10.2 psi) using the unrestrained slab model and 355.1 kPa
(51.5 psi) using the fully restrained model. The joist prediction uas
24.1 kPa (3.5 psi) and the tuwo girders were calculated at 52.2 and 46.4
kPa (7.6 and 6.7 psi). For the floor system, the MICO was 24.1 kPa (3.5
psil.

B.9.3 Upgradina Potential

As discussed for other buildings, there are no upgrading scenarios
for the slab in a pan-joist system. The fully restrained “as built”
prediction of 355.1 kPa (51.1 psi) was used for the slab value. The
joist and two girders permit the addition of support columns at third-
span intervals with resulting MICOs of 151.1, 211.9 and 199.3 kPa (21.9,
30.7 and 28.9 psi), respectively. MWhile additional girders are a feasi-
ble scenario, 3H, the increased MICO values are far louwer than for
third-span supports, only 97.7 kPa (14.2 psi). for this building base-
ment, the upgrading potential is 151.1 kPa (21.9 psi) based on the joist
as the weakest member.
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8.10 BLDG 245, PORTLAND HILYON WOTEL, PORTLAND, OR
B.10.1 Deacription

The Portland Hilton Hotel, constructed in 1962, is located on 921
Southuest Sixth Avenue, Portland, Oregon. The use class is 11, Residen-
tial, Apartment/Hotel, and the building consists of 23 stories and 4
basements, plus a small penthouse. The overall height of the building
is about 72.9 m (239 ft), and gross plan dimensions of 60.4 m by 61.0 m
(198 §t by 200 ft) provide an area of about 3716 m? (40,000 ft2) on the
basement level, 3679 m2 (39,600 ft2) on the first level, and about 985
mZ (10,600 ft2) on other aboveground levels. Figure 34 shous photograph
and first floor plan of the building.

The building has a reinforced concrete (R/C) frame with nonrigid-
frame column and beam connections. The floor system consists primarily
of pan-joist construction. The reinforcing steel is intermediate grade
as shown on the building drawings, for which it was assumed that the
steel has a mean dynamic yield strength of 365.4 MPa (53,000 psi); simi-
larly, woven wire fabric was used at 386.1 MPa (56,000 psi) and concrete
at 25.9 MPa (3,750 psi), dynamic strengths.

The exterior walls are constructed primarily of cast-in-place con-
4 crete (nonload-bearing) on the first floor, with much glass on upper
¥ floors. The interior partitions are constructed of cast-in-place con-
crete in the basement; unreinforced concrete block and cast-in-place
concrete on the first floor; and wood studs and plasterboard on upper
floors.
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8.10.2 [Floor Systems

One floor system was chosen for examination, a pan-joist system
with a slab, T-beam (joist) and girder. The location of the system and
percentage of the total usable basement shelter area it represents are :
shoun in Figure 34. A diagram of the system is shoun in Figure 35, ‘

The slab portion of the system was analyzed at 181.5 kPa (26.3 psi)
using the unrestrained slab model and 1126.7 kPa (163.4 psi) using the
fully restrained model. As noted previously, the restrained model pre- :
diction is felt to more closely represent the real strength of the slab. i
The MICO for the joist was 73.4 kPa (10.7 psi), and for the girder it f
mas 67.4 kPa (9.8 psi). The floor system strength uas, therefore, 67.4 :
kPa (9.8 psi) based on the girder.

B.10.3 Uparadina Potential

The restrained ”“as built” prediction for the slab is taken as its
upgraded value since no upgrade scheme was devised for slabs in a pan-
joist system, The joist was upgradable to 273.5 kPa (39.7 psi) by add-
ing support columns at third-spans. The girder reached its maximum po-
tential of 564.5 kPa (81.9 psi) with the scenpario of added columns at
quarter-span intervals. The upgrading potential of the building base-
ment was determined by the joist at 273.5 kPa (39.7 psi).

Tuo other scenarios tried were: an added support column at mid-
span of the girder along with an added girder supporting the beams of
the original girder, 3H; and two added girders supporting the beams, but
not the slabsg, of the original girder, 3J. These tuwo cases produced
predictions of 127.8 and 171.7 kPa (18.5 and 24.9 psi), respectively.
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Appendix C

WES UPGRADING TESTS

This appendix is included to show comparisons between the analyti-
cal procedures used herein and tests performed by the U.S. Army Engineer
Waterways Experiment Station (WES) for FEMA in 1979 and 1980 on floor
systems typical of NSS buildings. The intent of the WES tests was to
measure response of the ”as built” floor system against upgraded ver-
sions to see if the load-carrying capacity of conventional commercial
buildings could be raised to a level sufficient to withstand peak air-
blast overpressures of 137.9 to 344.7 kPa (20 to 50 psi). Tuwo floor
systems were tested: slab-and-beam and waffle slab.

The first two sections of the appendix present the WES test program
data and comparisons with the single-degree-of-freedom (SDOF) calculated
responses. The final section gives the conclusions.

€C.1 SLAB-AND-BEAM SYSTEM
€.1.1 Description

One of the most common floor systems found in NSS buildings is a
reinforced concrete slab-and-beam construction. Figure 36 shouws a dia-
gram typical of this type of floor system. WES decided to test the up-
grading potential of this system type.

In order to test under boundary conditions as close to real life as
possible, a section of the floor system was tested rather than individ-
ual elements. Additionally, the reaction structure was designed so that
the boundary conditions reflected, as closely as possible, those of a
continuous floor system. A diagram of the final floor design and struc-
tural details are shoun in Figures 37 through 40.

The system chosen had two slabs with a clear span of 1.88 m in the
short direction and 4.01 m in the long direction. The siab was 101.6 mm
thick with a span-to-thickness ratio of 18.5. The effective depth of
steel reinforcement was 76.2 mm. Longitudinal compressive and tensile
reinforcement mas provided by #3 bars spaced at 203.2 mm and 304.8 mm,
respectively. Transverse tensile reinforcement came from &3 bars spaced
at 457.2 mm.
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The slabs were supported at the edges by three reinforced concrete
beams. Beam details are given in Figures 38, 39, 40.

€.1.2 Upgrading

Several upgrading schemes uere considered, but were reduced to tuo
basic methods: (1) using posts, and (2) using beams and posts. These
were translated by WES into the following two upgrading designs.

1. The use of 4x4 nominal (88.9 mm x 88.9 mm actual) posts to
make different kinds of larger columns to use as a support un-
der the mid-span of the slabs and at intervals under the
beams. The layout of this method is given in Figure 41.

2. The use of short lengths of steel beams propped up by steel
pipes as a support at the mid-span of the slabs. The layout
of this method is given in Figure 42.

€.1.3 Test Results

The three tests, "as built” (Figures 37 - 40), upgraded using
wooden posts (Figure 41), and upgraded using steel beams (Figure 42),
were conducted in a large blast load generator. The sides of the struc-
tures tested were partially restrained from lateral motion and rotation
by the support structure of the blast loading machine.

Test 1, the ”as built” case, was loaded twice. The first loading,
1A, at 97 kPa (14 psi) peak load, caused large deflections and cracking
along all beams. Failure was judged imminent and the second loading,
18, was designed for 110 kPa (16.0 psi) peak. Use of the wrong prima-
cord, however, resulted in a 228 kPa (33.1 psi) peak loading and approx-
imately 75 kPa (10.9 psi) average load, which collapsed the slab.

Test 2, involving the wood post upgraded system, began with a load-
ing of 228 kPa (33 psi) peak. It was loaded five times (2A, 2B, 2C, 20,
and 2E) at progressively higher overpressures until the slab began to
sustain severe cracking above the support posts at a loading of 814 kPa
(118 psi) peak pressure [average load of 550 kPa (79.8 psi)].

Test 3, the steel beam upgraded system, was loaded at 228, 448 and

690 kPa (33, 65, and 100 psi). The last loading, 3C, was determined to
cause collapse.
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Figure 37: DIAGRAM OF “AS BUILT” FLOOR SYSTEM - NES TEST 1
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€.1.4 correlation with the SDOF Model
€C.1.4.1 *as Built”

Prior to the actual test an analysis wuwas conducted on the *"as
built” case using the SRI SDOF model. This analysis was based on in-
foraation received by telephone conversation with WES personnel without
benefit of drawings. The pretest predictions (based on failure of slab
only) was 110 kPa (16 psi). Actual collapse of the “as built” system
was estimated to be very near this value. This prediction appears to
have been a fortunate first try.

After the test information was received from MKES regarding tested
material properties and actual loads applied, the MICO for the system
was calculated similarly to the NSS building analysis. Each element of
the system was analyzed independently. No interaction was assumed be-
tueen elements.

The post shot analysis estimated that failure of the beam would
control the system strength. The strength thus predicted for the system
was 70 kPa (10.2 psi).3? This value is 36.5 percent lower than the test
value. The calculated value is based on the assumption that the central
beam and the edge beams wuould have about the same stiffness (as in a
real floor system). The model tested, houwever, had edge beams with
about one-half the loaded area of the central beam, with the result that
the edge beams were approximately tuwice as strong as expected. This ex-
tra stiffness of the edge beams would ”pick-up” part of the load carried
by the central beam if all the beams had the same flexibility. There-
fore, it would be expected that the WES beam test strength would be as
much as 1.5 times greater than that predicted, or 105 kPa (15.2 psi).
Taking this into account the strength of the system can be reevaluated
based on the strength of the slab. If no end restraint is assumed, then
the MICC of 96 kPa (13.9 psi) is obtained. 1f the slab were assumed to
be fully restrained from horizontal in-plane motion, the MICO would be
217 kPa (31.5 psi). Because of the way in which the test system uwas
constructed, the slab would not be expected to be fully restrained, and
since only small edge displacements tend to make the element act as if
not restrained, the lower value of 96 kPa is more likely. Therefore,
based on the geometry of the tested model, failure would be estimated
betuween 96 and 105 kPa. This value is very close to the test results.

In an actual floor system, because of the larger loading on the
beams, collapse would be estimated at approximately 70 kPa (10.2 psi).

3The incipient collapse overpressures given are mean (50 percent proba-
bility of failure) values. To estimate 10 and 90 percent probability
of failure, multiply this value by .65 and 1.35, respectively.
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cC.1.4.2 Wood Post Upgrade

The wood post upgraded slab uwas similarly analyzed by individual
elements. The central beam uas found to have a MICO 1603 kPa (232.5
psi) and the slab 1163 kPa (168.7 psi) based on the assumption that the
supports would not move laterally or rotate. Because parameters for
vertical motion of the support and localized failure due to punching (as
reported in the test) are not part of the present computer program, the
MICO of the upgraded slab (and simulated floor system) wuculd have been
predicted at less than 1163 kPa (168.7 psi). Using this number as a
base, one finds that the predicted failure pressure is close (within 14
percent) to the predicted collapse overpressure and that it does fall
betueen the estimated 10 and 90 percent probability of failure limits,
758 and 1525 kPa (109.9 and 221.2 psi), discussed in the previous foot-
note 3.

C.1.4.3 Steel Beam Upgrade

Finally the analysis of the steel beam upgraded slab was made.
Again the system was analyzed by individual elements. The beam was cal-
culated to have a MICO of 665 kPa (96.5 psi) and the slab was predicted
to have a MICO of 1256 kPa or 376 kPa (182.2 psi or 54.5 psi) depending
upon whether the slab was assumed to be fully restrained or not re-
strained against in-plane motion. Since full restraint is unlikely for
the entire upgraded slab, the strength of the slab could be estimated at
betueen 1256 and 376 kPa. For the upgraded system a collapse prediction
would probably be based on the strength of the beam since the slab data
are inconclusive. Therefore, a MICO of 665 kPa (96.5 psi) would be pre-
dicted with 10 and 90 percent values estimated to be 432 and 897 kPa
(67.7 and 130.1 psi), respectively. For an actual floor system, wuhere
full restraint would be expected on interior panels, the prediction is
665 kPa. On exterior panels, one would expect a MICO of 376 kPa (54.5
psi).

The analyses performed and the results are given in Table 7. The
estimates of incipient collapse test overpressures given here support
the usefulness of the computer programs which have been developed for
FEMA. The test examples shou, however, that a great deal of judgment is
necessary in predicting MICOs when supports are of a non-standard nature
as in the WES tests. Also it is important to note 1in the cases shoun
that if the MICOs had been calculated without regard to the peculiari-
ties of the test system, the predictions would have consistently under-
estimated test values.
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TABLE 7

SUMMARY OF WES TEST ANALYSES

Incipient Collapse Overpressure
Analytical
Analysis Cases! |Experimentall
(kPa) Unrestrained|Restrained
(kPa) (kPa)
As Built 110 (97-228)
Slab (Preshot) 110 ——-
Slab 96 216
Baam 70 ——
Wood Post Upgrade 1000 (>814)
Slab 174 1167
Beam 1603 -
Steel Beam Upgrade]600 (450-690)
ab 265 1256
Beam 665 -

TAnalysis was performed after the test shot except where noted.

2The incipient collapse overpressure was estimated based on
test results. The actual test values bounding the estimated
incipient collapse overpressure are given in parentheses.

The values in this column are for the tested system.
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C.2 MAFFLE SLAB SYSTEMS

In another phase of the WES test program for FEMA, WES examined
19-in. and 30-in. waffle slab systems.

€.2.1 19-Inch Waffle

c.2.1.1 Description

In this test the section was made with a standard 19-in. (482 mm)
pan 8 in. (203 mm) deep. The slab portion had a clear span of 432 mm
(17 in.) in both directions and uas 76 mm (3 in.) thick with 6x6 -
W2.9xW2.9 welded wire fabric (WWF) as reinforcement at slab middepth.
The element was formed monclithically uWith the lateral supports and
therefore was fully restrained against horizontal motion. The reported
concrete and steel strengths were % = 36.3 MPa (5270 psi) and f, = 483
MPa (70,000) psi).

c.2.1.2 Test Results and SDOF Correlation

Experimentally the slab was observed to have a peak static resist-
ance of 6.2 MPa (900 psi). The SDOF calculated resistance uas 5.8 MPa
(842 psi). Further calculations predicted that the element could resist
a peak load of 4.9 MPa (710 psi) under dynamic loading from a 1-Mt nu-
clear blast uave form. The test and the analytical data show that the
slab portion of a waffle floor system can be expected to have a resist-
ance uwell in excess of 350 kPa (%50 psi), one of the values desired in
upgrading.

C.2.2 30-Inch Waffle

The maximum resistance and MICO for a 1-Mt nuclear loading were
also calculated for the slab portion of a floor system made mith 30-in.
(762 mm) uwaffles. The slab uas assumed to be 76 mm (3 in.) thick mith a
free span of 686 mm (27 in.) in both directions. The concrete strength

¢ uas taken as 33.1 MPa (4800 psi) and the steel strength f, uas taken
as 448 MPa (65,000 psi). The slab was assumed to be reinforced at slab
middepth with 6x6 - W2.9xW2.9 WWF. Using these parameters the maximum
resistance calculated uwas 1740 kPa (253 psi) and the MICO was 1440 kPa
(209 psi).
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C.3 CONCLUSIONS

The analytical results were found to be consistent with the test
data. The results did, houever, point out the necessity to further
study the interaction betueen elements so that less judgment is needed
when predicting the strength of an actual system. This might require
development of multiple-degree-of-freedom models or inclusion of yield-
ing supports in the present model.




Appendix O

EXTERIOR BASEMENT WALL ANALYSIS

As part of another FEMA project, wunder H.L. Murphy Associates,
analyses were performed on an exterior basement wall case to determine
the effect of the soil mass on the wall response.

The configuration given in Figure 43 was chosen for analysis. The
soil triangle, defined by a 45-degree angle starting at the bottom of
the basement floor to the top of the basement slab (see Figure 43), was
assumed to respond with the wall (i.e., the effective mass of the wall
was the sum of the soil mass and the wall mass).
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Figure 43: EXTERIOR BASEMENT WALL

Various coefficients of horizontal to vertical load were chosen for
analysis (100%, 50% and 15%). However, preliminary analysis showed that
the predicted MICO uas inversely proportional to the reciprocal of the
horizontal/vertical load coefficient; only the 100 percent coefficient
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was used in all calculations thereafter. To determine the MICOs at
other ratios, simply multiply by the reciprocal of the horizon-
tal/vertical load coefficient [i.e., if horizontals/vertical load equals
50 percent (.5), multiply the value calculated at 100 percent by the re-
ciprocal, 2.0). The soil was conservatively assumed to have a mass of
2.08 Mg/m3 (130 lbsft3), Friction effects along the boundary of the
soi]l mass were ignored. The R/C wall was assumed to have the following
properties:

* One-uay simply supported response mode action

*» Vertical clearspan of 3 m (118 in.)

* Thickness of 305 mm (12 in.)

+ Mass of 2.4 Mg/m3 (150 lb/ft3)

* Concrete strength, fZ of 20.7 MPa (3000 psi)

* Dynamic steel strength, fg4, of 365.4 MPa (53,000 psi)

* 0.17 percent steel in both faces
The loading uwas assumed to be a 1-Mt (4.2 PJ) nuclear event on a side
wall with a drag coefficient of zero and the time of peak load (rise-
time) at zero and 36 ms.

Based upon these assumptions, and using the computer programs pre-

viously developed at SRI, the following MICO for various mass and load-
ing rise-time assumptions were computed:

Zero Rise-Ti 16 Rise-Ti
Wall mass only 48.3 kPa (7.0 psi) 49.6 kPa (7.2 psi)

Wall and soil mass 53.8 kPa (7.8 psi) 55.2 kPa (8.0 psi)

As can be seen from this table, the mass has little effect on the calcu-

‘ 3 lated MICO; the uall 1s insensitive to rise-time variations. Therefore,
'y soil wave speeds have minimal effect on the model. Both effects are
; principally due to the relatively long duration of the 1-Mt (4.2 PJ)
loading and the relatively long natural periods of vibration in relation

to the rise-time of the elements being considered.

These calculations uere made to determine the sensitivity of the
wall model to soil mass interacting with the wall. As can be seen, if
the soil mass is assumed to respond with the wall then there is little
effect on the predicted MICO. While this sensitivity test is inconclu-
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sive in determining the effect of the soil response on the wall
deflection, it does show that the motion of the soil mass together uwith
the wall mass would not affect predictions significantly.

Further study should be done on predicting the response of the ex-
terior basement nalls, certainly if buildings are to be upgraded to re-
sist blast loads of approximately 350 kPa (50 psi). One possible mecha-
nism of response not examined here is that the soil mass would only move
with the wuall for a certain horizontal distance before losing contact
with the wall (i.e., ending the load on the wall). This would assume
the soil mass would have a limited range of horizontal displacement. To
determine if this is a possible mechanism of response, it would be nec-
essary to revieu the literature +to see if any buried walls have been
tested to incipient collapse, make some further analytical calculations,
and probably perform dynamic field tests. In any event, if basements
are to be realistically upgraded to resist the loads contemplated, much
more must be knoun about the response of the basement ualls.

-111-




Appendix E

FLOOR ELEMENT ANALYSES - ENGLISH UNITS

The following table (Table 8) is the same as Table 1 given in the
section ”Building Analysis of ”As Built” Case” except English units are
substituted for metric. For a discussion on houw to use the table please
refer to that section.




—

|
i

T e e s e

19°81 J24°2L oot [L6°%8 - - - == |s%20°0{96t0°0] ~-- -- 0 0|sv20°0 P 000°sS00E ‘ST &) 22 §°L6 | £-904 U
19°%  16S5°'S }9%°0 o290 -- -- -- -- |sv20°0|9%si0‘0| ~-- = 0°0]5%20°0 9 000°sS|00K‘E] oI ez §64] €-904 v
9Ll JE2°HL 192°) [S9°S) -- 66000} -~-- == |e9t0 09200 -- - 0°0{1620°0 L a00‘€sjo0L s 24 02 o£1} £-90¥ 9
90 61 [90°St |95°1 |90°2) == l6600°0F -~ - -~ - -- ~- 0°0|1620°0 S 000‘€sjo0gc ] 24 02 49°9% | £-90Y 29
€O°oL |60 1L fIE°Y J91°E8 == |e600°0] -- == |2910°0j9%20°0| -~ - 0°0]1620°0 L 000‘ss|ooc‘e] 24 02 of1| £~ 9
6%°'S JOL°E [99°0 [£9°0 & 660070 -- =~ |2910°0{9%20°0] -~ -~ 0°0li620°0 9 0oo‘ssjoocis] 21 02 092] €-90 v9
90 |SL°9 [€9°0 |6L°L w]| -~ ]|9S00°0] -- -= [9500°0{L600°0] -- ~-= 0°ofiti0°0 9 000‘ss|oos‘c| & 92 o1t €-828 o5
S0°S) J2E°21 JiEty |60 0l -- - ~- - -~ - - - 0°0{£600°0 H ooo‘ssjoosc] ol 22 €0 | -9 [
€9°9 [21°S [L9°0 {i6°S - - - -~ {H600°0{LS10°0( -- ~- 0°0{£400°0 £ 000°€5]00E €] ) 22 991} 2-9J vo
26°L 196°S 1960 liL°9 - - -- = -~ -- o°0|o€00°0 0°0|L£00°0 3 000‘s5|005's) 9 Y62 52740 | 2-SOu q€
10°% |9v*2 |19'0 [s2°¢E -- == JL200°0{2000°0| -~ - 0°0|0£00°0 0°0f{LL00°0 £ 000°sSjooL‘c| 9 »52 §°0LI} 2-80 o
20°02 [S@ %1 |%0°2 |9 Lt - -- -- - -~ - - - 0°0je210°0 1] ooo‘ssfoos‘ef o2 o e | -9 R
Qi oL j20°48 J22°4 {9s 28 - -- -~ {9210°0{2010°0) ~- -- 6°0)2210°0 3 ooo‘ssjoos e} o2 e 2ti) 1-80¥ €@
e |2v°s [25°0 |S1°y -- - - =~ |e2t0-0|2el0°0| -~ .- 0°0(L210°0 9 000's5]00s°€] 02 -1 »52] 1-95% vz
L2°S) |01 [oEL J9s°tl - - = =~ - -- ~- - 0°0{nl00°0 H DOO‘SS109EE} 2L 265'1] §°59 | 1-S0u qi
§2°6 |L£°% |v5°0 |90°S - - - - 0°0|L00070| ~- - 0°0}v200°0 L oo0‘ssjo0E‘E] £ 2§6°) 121) -8 e
(40U) (w3 1dS0H B3e}S SIPUET Y AJuBy ‘gl BUIPIING
££°95 {SC°9» (€90 [££°05 - - - -~ his == ~- - 0°0j0010°0 s 0oc0*'€sjooo‘s| oI 92€°2] £70¢ | S-S oL
SE°92 }60°61 1£9°2 J2L°22 - - - - - - -~ - 0°010040°0 s 000°£5]000°¢ ot 92L°2) S 111] S-6¥ qL
909 [e2°y AW'0 |91°S - -- - - - - - - 0°0{0010°0 s 000*€£5j000°‘S ol @2£°2 €22] §-S L/3
4972 |20°£S el |S5E°€9 -- - -- =~ - - ~- - 0 oles20°0] 1S 000°£5)000°s] LI Je2°L 06 | -y Q9
02°9% ]§2°08 JoE°E L9t - -~ -~ - - - - 0°0|£020°0) 1§ 000°s5|000¢€] LI ]e2°¢ 024] 9-Coy 2
SE°91 |92°€E1 |96°1 [20°6) - - - -~ - - - - 0°¢g|£020°0 15 000°€£51000°¢E L) 192°L 081] o-fo8 9
21 198°2 |1§°0 li1§°€S -- - -~ -- - - - -- 0°0)1£020°0] 1iS 000°€5|000°€| L1} [92°L 09L; -y v9
29 212|L9°9911567 Q) |E1°091] ~-- |2L00°0 0°0|2100°0 0°0]2200°0] ©°0 [2100°0 0°0|2L00°0] e/u J000°€S|000‘S| € 5°2@ 49°2) | 9-80M 14/%
0E°LY [09°SE [60°H [GS° iy - 2L00°0 - - 0°0j2200°0 - - 0°0)2L00°0 9 000¢£6]000°S € §°29 L49°Ll -S4 .
9 R21[€y 26 [L0°21]|eR LOVf -- - - -- - -~ - - 0°0j6510°0 H ooco‘€sjooo‘s) 2t 086¢1)s2°22 | €-84 [ 44
22°99 J2L°0S |20°9 ]i%°6S -- = - - - - - 6°0jetio-o S 000¢s5]000°s| 2t 006°L] £°96 | £-8 4 d
€0°62 |91°22 [L9°2 |09°S2 - - - - - -~ - - 6°ol6%10°0 s 000'£51000¢¢€ 2l 0961l] S°ob1] £-838 L
29°9 |t0°S }29'0 j£9°S - -~ - -- -- ~- -- - 0°0|6E10°0 H 000°£5]000°c| 21i 096°1 692] £-804 .y
06°SH [21°2 |@E°F |10°6%nm - 06§10°0 - - -~- - - - §010°0|0600°0 1 000‘€5]000°c ]S 91 JE1°0% §°06] 2-90%8 o
1S°12 |61°S1 [99°2 |SL Qin -- 0s10°0 - - kel -- - - 4010°0|0600°0 s 000°€S[000°E|S 9L JE4°0Y 261§ 2-Q04 vE
¥ 61 |0H 01 (L6°1 [26°91 1s60°0f -- -- |9%00°0{9%00°0 0°0/6£00°0]1500°0{1500°0 L] 000¢€S5]000°C{S" % §°S9 §2°6L | 2-8¥ .2
2L°SL JL4S°1) [29°) |99°Cin] -~ 1500°0} -- -= |e%00°0|8%00°0 0°0|6£00°0|1500°0|1500°0 L4 000°€£5]000°c|S"® 151 Js2eL | -8 2
65 201128708 JE9°8 [Ev°t6 - £100°0 - - - - -- -- £100°0j2210°0 S 000°€5]000'¢€ 2\ 02€1]52°% -804 [ 4}
Q0°LS [9E°5» [9§°% [€2° 1S - £100°0 -- - -~ - -- - £100°0{2L10°0 s 000:£5]000€S 24 02E¢1) €£°211) -8 a1
09°92 |26°619]92°29]190°€2 - £i00°0 - -- - -- - -- €£100°0|2L10°0 s 000°€5]000‘€E r1) 02E L] S 991 1-80M a
69°9 |99y |€9°0 |69°S == [£100°0) -- -- - == |€100°0|€100°0{K200 0{2L10°0 3 000°€5§000€| 21 02€¢3 L5€] -8B .
(404) 821340 %04 "S°N 001 -:.t~.:aL
(isdj} cisdifcisd)} cisd)| suoy _ youst .d _ d d _ d .d —‘ d d _\ d
"q0Jd| "QoUd] ‘Asg| uesy cisd)loasdyfccupjoeun) (cu) Joeun)
706 201 “PIS oljey (98¢ v £ 2 } ase) A odAy | wse)
aueuquey dong| 31 4yl ‘e b *1 Jwewera
sunssesdisap esdejjod LY T I0L}INE SS0J) & S01}ey BuidiojuLeY
R dyour

SL1INN HSITINI

- T e e ew

SRR

8 378vl

- SISATVYNY 1N3W3T3 ¥0013 30 AVVMUNS

-114-

o

|
:

- -

..




Rtk s Aok

92°92 |92°02 |£6°2 |60 92 == jo800°0] ~- -- - .- -- -- 6-0}ig10°0 s 000'ovjo00‘s)s s [ 13 L9'0L | 4~828 | X%
092y |29°ks 2oty [15°68 -- |os00°0] -- -- -- -- .- -- o'oligi0°0 [ 000*vvjooo s|s st o 28] 1~eou | e
®1'§ |SL°€ [|95°0 [Lv°> w]| -- |os00'0] -- -- |ev00 0|9210°0] -- .- 0°0[1£10°0 L 000°45]000‘E[S S} [ o22] 1~ | ¥
9L 91 |§50°E1 |soy |26 01 == j1500°0] -- -- -- -- -- -- 0°0]9800°0 5 000‘ov]o0o‘s]s st 1] oL | -2 12
00°21 1996 fvi-) log it -~ lisooro] -- -~ |v600°0{9210°0] -- - 0°0/9900°0 L 000°951000°€ 15°S1 [ oSt @08 | W2
95°92 |ov 02 J62°2 [2b-52 -- |is00-0] -- -- -- -- - -- 0°0}9900°0 s 000°o%)000°¢ |§° 51 13 6L ) 1~@8 | @2
£9°9 |ov'9 [92°0 |9v L -= |i1s00°0] -- -- |eg00°0j9210°0| -- -- 0°0/9800°0 3 000¢95]000°€ ]S St ) o] 1~928 | w2
Y5 o2 |0£°L) [12°2 [99°02»] -~ [v600°0] -- -- -- -- 6-olegoo o 6'0]os00°0 3 000¢o51000°€} o 200 -S| a
1€°2t |22°e [ov°3 |26°0tw] -- |v600°'0] -~ -- |s200°0{2mi0°0 0°0{9£00°0 0°0{9600°0 ] 000°v»]000‘E] 9 v0r 200] 1520 ) @
(408) SULPTING Lo eAIORU0) 841 [PTIN B}0}S ‘991 SULPTINg
32°ET [LS 9 [65°2 |06°61 -- - .- -- -- - 6°0|0£00°0 0°0loc00°0 [ 000¢€5]000‘c] o1 021 021] 1824 ft
6£°01L |42 [06°0 [£1°s -- -- |si100°0{0g00°‘0 0°0]0500°0 0°ofog00 0 0°0[0£00°0 2 000°€£5)000‘€| 01 ov2 ovZ} 1-s08 "
6L°9 |SL'e J20°0 Jiioe -= -~ Jozoo ofgot0°0 0°0|6900°0/5100°010£00°0 0°0|0£00°0 11 Jooo'ssjooo‘s] o1 024 o0zi|1-d428 s
16°6E |SL°629]9% € |io-og -- -- Jozoo o|90s0°0 0°0]6900°0{5100°0}0c00°0 0°0[0£00°0 1L jooo‘ssfooo's] o1 o2t o2ifi-ddu | W
991 |29°1 [10°0 [£9°) -- -- Jozo0°0|8010°0 0°0(6900°0{5100°0[0£00°0 0°0|0£00°0 i Jooo‘ss[o00‘s] ot 002 002]1-d438 [s/eg
62°L |EE°S |92°0 |i£°9 - -~ |ozoo-o|soio-0 0°0]6900°0]|5100°0|0£00°0 0°0]0£00°0 1L Jooo‘ss|ooo‘s] o1 0v2 ovzfi-dddu | e
! (428) 28 SUIPTING 480y 8)384wpE) ‘9] MuIPLInG]
“ £6°6 |9v°L |£9°0 |os'® -- -- -- -= js€t10°0f€110°0| -~ -- jeri0olEl10°0 9 000°£5{000'€| ot 20 e22] 1~9048 | M
¢ 9£°£2 150°91 |20°2 JoL 02 - -- -- -- -- -- .- -- lgioojgitoco s 000°c5]000°s| ot 20 oL | -9 | x
: L8°91 Jee sl |s9°) loo el -- -- -- == 1g110°0jE410°0] -~ ~= JE110°0]E110°0 L 000°cS]ooo‘s] o1 20 oii} 1-oon | et
' 00's |es's 950 |e2°0 - -- -~ Jeit0c0jgri0°0f -- == |esio-oigrio-0 9 000°ss|ooo‘E] 1 20 e2z] 1-9du ] wt
@211 |E4°9® £2°\ joz°e -- -~ -- - -- -- -- |etoo-olego0 0] 1§ 000'ssfooo‘s] o1 |ot-9 e | 1~ron] e
91°s |06°2 |6v°0 |gS5°€ -- -- -- -= |owoo:0|€v00 0| -- -- |etoo°-olesoo 0| 1z o0o‘ssjooo‘c] o1 |o1°9 991 1~rou | w2
02°9L 110°€9 |21°9 [99°0L -~ 19£00°D 0°0)0500°0 0°0)9s00°0 0°0}0500°0 0'0j9s00°0] e, Jooo*9stooo‘s] 2 29 91 | 1-s08 Jurey
£6°£19|99°01 |02') |ov 2iw] -- |og00°0} -- -- 0°0|9£00°0| -- -- 0°0{9£00°0 9 000°95]ooo s} 2 28 et | s | «
(428) "uSSY URQY 3 SBUjARS [EJEPRJ ISJi4 C9E| BUIPLINg
2C°L0L|SE HL |99 21]€0"06 (£91291 ¢ M} €9°H01=S) 9 600° 1% 1" 91 [v0-21 £9:2L | 1~o918 %
59 vy |S§9°8€ [L£°9 |s2-6f (€£9I291 Ul 98°Hpi=§) 9 000°1Y 1°9) [»0-21 60t] t-o18 | et
20°€L |26 9 |09°y L6701 (€8I29% ¢ M} €8°6p1=S) 9 000°‘1% 1°91 o021 ei12f 1818 ) ¥
L9°0E [69°62 [£9°S [92°oF -= legi0°0f ~- - -- -- -- -- 6°0)L£20°0] 1§ o00‘oviooo‘2ls-21 hi2's 2L | 1-rou 2
96°91 |92°83 [o») |£1°6) -- |sg10°0] -- -} -- - -- - 0-0jsg20°0f 1§ 000¢o%j000°2|5 21 f12°8 sot] 1-rou | @2
99 |egc9o orco |e2e -- |sg10°0] -- -- |s020°0j0z20°0| -- -- 0-0fz820°0] 1z 000¢o%]000¢2{5 21 |12°S 912] s-ro8 | w2
0v°92 |62°96 |£0°9 |65°29 -- {ov00°0| -- -- 0°0{ov00°0| ~-- -- 0°0|0%00°0 9 000°vv|000%2]s"2 -- lscerei | 1-828 |w/es
06°S) |€L°E1 [69°0 [19°vin] -- {joOv00-0f -- - 0°0jov00°0[ -- .- 0°0{0v00°0 9 000°v0j000‘2]5-2 -- jg€°91 | 1~s00 []]
(418) SUIPLING Juesg ‘1) Suipting]
(isd)] (ysdyfisdy]| (isd)} suoy _ yaoyg|  (d _ d o d o d d d
*qoud! ‘qoud| ‘awmg| uesy cisdhjoisdy|crunforun] cug) Joruny
206 Zo0t | ‘P¥s ooy [eng L] £ 2 i ese) N . \ wdAg | esey
suraquey jaoddng s o vyl % ] 1 [yuswer3
sunssaadianp ssdefiod spsua) SUO|}O98G SS0J) } & SOL}EY BUIDIOULeY
juedyour
(P3nuL3uod) SLINA HSITONI - SISATYNY LIN3W3ITI W00T1d 40 AYVUUNS

g 378vi

-115-

[




513 |04°39]93°'82 -~ JeL00°0] -~ = ]1900°9)€L20°0} ~-- .- 0°0j95i0°0 L 000°£§]006°2] of ” £62] 3-8 w
68'6S [S50°L |29°90 == |8L00°0] -~ -~ - - -- .- 0°0|9%10°0 ] 000‘ssjoos 2| of ° £°00 | -0 »
30°93 101°E |e0°0OFf -= [8L00°0 -- -- -- - - - 0°0j9s10°0 s 00e‘ss]00s‘2]| of 92 £°934] 3-924 | 4
29°08 |9 109|931 -= 1QL00°0] -~ -~ liv00°0|€520°0} -~ - 0°0|9610°0 L e00‘ss|o0s‘2] of 92 £52] -9 | 4]
61°00 |L3°S |ve 9 - 2900°¢] -- - - - - -- 0°0jg2i0°0 s 000°s5]005°2) €2 9 £ 56 3-8 i
0L L19[% ") |98°61 =~ |3%00°0] -~ - - - - - 0°0|€210°0 § ooo‘ssloos‘2] €2 L 1) goi] -8 €
§23°9 [v6°0 |9 L - 2900°0) -~ - 2900°0|9210°0 -- - o olg2i0°0 L 000°€£5]006°2] €2 ” 9%92] -0 vE
L1°0) JOE° L |E6°2in] -~ 9500°0| -~ - - - 0°0{9%00°0 0°0j1r1i0°0 ) 000'£5]006°2] & £ 56 §¢ 1 3-8 (24
£9°0) |SS°) [19°210] -~ 19500°0] -~ -- -- .- 0°0|9v00°0 0°0{)510°0 ] 000°SS1006°2] & (1) S} -8 (2]
69°¢ |S2°1 |62 °Min] -~ 9§00°0| -~- -- - -- -- - 6°0|1110°0 s 000‘ES|005°2| & 992 s | -8 L2
96°919|96°23 (22 '9InjL200°0]L200°0 - - - - 0°0j5v00°0 0°0[vv00°0 ) 000‘€Sj00S‘2] 6 Lo d) il -8 1
0L'L [66°0 (64°9 »]i200°0|L200°0 0-0|vs00°0 0°0{¥%00°0 0°0)9%00°0 0°0|ov00°0 2 ooo‘ssjoos‘2| o o902 92| 1-8% 113
36°S |SL°0 |90°9 »]1200°0]L200°0 0°0[%600°0 0°0]0%00°0 0°0]vS00°0 0°0]vv00°0 113 000°55]006°2] ¢ 02 e0Z| -6y [S/®i
06°S [66°0 J21°L w]LR200°0]L200'0 0°0)%600°0 0°0/0900°0 0°0|9500°0 0°0{o%00°0 1t Jooo‘esjoos‘z| 6 002 092{1-6428 L2
(338) BUHPLING NBYSLBL) AeMpeosg ‘€22 BuiplIng]
69°9 [|%°0 062 -~ [®8L00°0 -- -= |£900°0[€900°0 - -- [|t£900°0]|€£900°0 9 000°£s]ooo‘t] 9¢ L 1] 21K -8 1
L1°63 |29 |90°0L - ¢L00°0} -- - - - - -~ [£900°0/£900°0 1 000°£5]000°€ 9% ( 1} | 73 1-934 (4
10l 2123 2002 ==~ |eL00°0] -- - - - - == ]£900°0|£900°0 H 000‘€§]000°C] 9% -1 i) 1~ xR
09°04 |S§3°) |13°2) -~ J9L00°0] -~ -~ [£900°0!5900°0] -~ -= 1£900°0|£900°0 L 000°€5|000°E) 9% 1] 951] 1-904 1
92" |9E'0 UK - eLd0°0] -- -- ]£900°0{£900°0 - -- [}£900°0(€900°0 9 000°£5]000°€ 9% 113 21| 1908 vE
92°3€ |S2°K |vv 9L - 2£10°0 -- - -- -~ - -- 9000°0|L£10°0 s 000°£5]000°S 02 11} 9L [ By =] a2
69°LL JI9°) fi13°02 -~ (L1070 -~ - - - - - 9000°0[L540°0 S 000°€S5J000°C] 02 1 1) 204 -G R
¥9°21 [29°3 JL1'S) -= |L£10°0 - == |go10°0j2210°0] -~ - 9000°014510°0 '3 000°€sj000‘E] 02 1 1) £SIf -0 «®”
29°'y %870 |OS'S » -~ {if10°0 - -- £010°0(|2L10°0 - - 9000°0].810°¢ 9 000°€S]000‘E] o2 £ 90€| 1-924 vz
$5°9 9670 [09°6 » == |£500°0 - - 1200°0|£%00°0 0°0|Lg800°0 0°0|€%00°0 v 000¢£5]000°E)S Y 204 S6 -84 #
SL°L |66°0 |66°9 n] -~ |E%00°0 - .- 1200°0[(£%00°0 0°a|LL00°0 0°0|£%00°0 L 000°£5]000°C 15"y £31) 6 -8 L4
269 00" j0£°0 »]| -~ |[E£900°0] -~ == |1200°'0|£%00°0] ~-- - 0°0|£%00°0 9 000°'€5]000°‘E|S"y 90 s6 | -8 L4}
(424) SUIPIING 2[4 [CJ0PBy A} {1OP1d *032 l:.v—.!n—
3241 JeLCe L2 - oL00°0] -- -- 1900°0/6200°0 - ~~ (6200°0]|1%00°0 L] 000°%»|000°S 0z 2t $03] 3-904 ve [}
09°S) (£2°2 |S9°®) - 9%00°0] ~-- == |se00°0[£500°0] -- .- 0°0]/9000°0 L 000°9%]000°€E 91 2 §°09 | 2-90 F1 w
08°019|91"% J66° 1) -~ 9600°0 -~ == |5§800°0(£500°0] -~- - 0°0|9800°0 4 000°»»1000°E] 91 2l §°09 | 2-@4 s -—
t 138 4 29°0 oS » - 9900°0 - -- |]5900°0|g£S00°0] -~ -- 0°0|9000°0 ] 000°901000°¢E 9l H) L] -2 vs [}
£1°S {£L°0 |90°9 - -- [|f£L00°0|gL00°0| -~ -- 0°0|tL00°0 0°0|0v00°0 1 000°9%]000°C] © S0l 06 | 3-8 oy
06°3 |0£°0 |92°¢E - -~ - -= ]£L00°0{£L00°0 -~ -- 0°0|£L00°0 9 000°45000'S| & (-] e01) 2-824 ey
€72 %0 |s5°¢ -~ |s200°0 -- -- 9L00°0{5L00°0 - .- o oji1010°0 9 000‘»vjooo’s| @2 9 §$2] 1-904 NE
20°929|9%'¢ |os 02 - §200°0 - - - - - - 0°o|l0l0°0 S 000‘vv]000‘E] €2 9 £ 1) 1-908 x
2 oL (512 |e0°Ld -~ ]5200°0 b -- 9L00°0;%200°0 - -- 0°0(l1010°0 ' 000°v9]000‘E] @2 91 §°L24) 1-920 [ 3
§2°v 250 26"y -~ ]s200°0 - i 9400°0]|oL00°0 - -- 0°0§1030°0 9 000°svj000°E| @2 9 §§2] 1-90¥ ve
19°%1 J10°2 |65°L) - esi0o°0} -- - -- - -- - 0°0|ecio-o § 000°%%1000°€] ©I 2t L19°9% [ 3= ] 2
L3 |49 |99 KN -~ |e£40°0 - - $800°0[0910°0 - -- 0°0|9E10°0 el 000¢o»]000‘E| €1 24 £E4] -8 [ M
L0°y |95°0 [62°v » - e£10°0 - -- »900°0(0950°0] ~-- - 0°0fe£I0°0 9 000¢ovj000°c| @I 21 992] -84 vz
99°'® (L1 [e€°0i -~ - - - £200°0(€L00°0 0°0jo%00°0 0°0|EL00°0 » 000°9%1000°€ » L1°99 oL -84 L 1
L £8°0 JL2°® -~ - - -- (£L00°0(€L00°0 0°0[{0%00°0 0°0[€200°0 ] 000°9%]000°‘E| o 111) oL 1-824 L1}
§9°S [45°0 |99 - - - ~- [£200°0)£L00°0 -~ -- 0°0[£L00°0 9 000°09]000°E] & 952 oL -84 e
(498) 19} idsoy [esausy SucEmISZ)|J ‘002 BULPIING
tsd)| (ysdyfcisd)| (1sd)| Buoy — yoys| o d _ d .d _ d L] d d _ d
‘qoad| *qoad] “Asq| uesy asd)joisdycuer]cuiy] crup) Jorun
706 Z04 ‘Pi¥S oljey [ams ] £ 2 ) ese) A s . adAy | ase)y
sueacuey jeoddng| 4% | 4| ‘%4 ™ v |yumeera
sansseadisnp ssdel1o) aspisue) SUOLIOBE S804 @ SOI}EY BUII0UIeY
Juedyaug

(PanutLjuod) SLINMN HSITINI - SISATVYNY LN3IW3TI Y004 40 AUVHHAS

¢ 11evi

- M it ~

B TP N

b s -




££°92 |99 12 |29°2 06 %2 ~= |ee10°0) -- -- {esi0°0f12200] -- -- |otio*n|1220°0 9 oo0o‘ssjooo sl 9L of so6f 1-834 | €
22°12 28751 |1s°2 Jus o -= |evino] - -- |ee10°0f1220°0} -~ -- |ewi0-ojiz20°0 9 |ooo*cs|ooo‘s]e-9e [13 so6] 1-90n | w
20°26 |w2°1z |16°2 |99°i9 | -- [ewioco) -- -- -- - -- -= |oti0°06(1220°0 § 000°£5]000°E19° 92 of s2'922] 1808 | o
69°1S |60°0y 125°% |69°Sy -= |Lor00] -- -- -- -- - -- |oti0°0|1220"0 § 000€5]|000‘s|9°92 ot 29°105] 1800 | 3%
99°9¢ [££°92 [20°% {£5°1€ -= {zet0°0} -- -- losi0°0{1220°8} -~ -~ fjoit0°0fi1220°0 L 000°€S]000°€ {9 9L ot G°260] 1-9%0 | e
£6°1) |£0°9 J28°) [QL°6 -= |zwr0c0] -~ -~ |ve10°0[1220°0] -- -« |owto-0fi1220°0 9 000‘ss|ooo s |e 92 ot s06] 1-%08 | ¥
26°9% 1SS 95 |10 |99°68 -- .- -- -- -- - -- |eoro-ofi910°0| 1S 0oo‘ss|ooo‘sl s) | s°S 9 | 1-rou | 22
62°9€ |6£°92 |99°€ [vE"iE -- -- -- 19010°0(5220°0] -- -~ |got0-0[ivt0°0| Lz 000'c5{000‘s| S1 | §°§ e2s] 1-ron | @2
£9°21 |£9°9 fes*1 |S9°0) - -- -- -- |e010-0{s220°0] -~ -~ |eoiocolivioco]| 19 o0o*ss|ooo‘e]l s1 | §°'s es2] 1-rou | w2
S 9RL[ 1S 29 {1E 91 [29°C94] -- [6200°0F 0©'0({5000°0 0°0/6200°0 0°0{5000°0 0°0/6200°0) e~u Jooo‘9sjooo‘s] € 921 o1 | 1808 [4res
©5°92 |21°92 {91°0 |££°92 -- |ez00°0] -- -- 0°'0{6200°0| -- - 0°0{6200°0 9 000¢95]|o00°€] € 921 el 1. | =
(428) 18304 UOYTIH PuURI}Jod ‘§02 SUIPTIM
2879t [£3°21 £9°) {g2°ws - -- -- - e-ol9si0°0) -- -~ 0°0]9310°0 9 000‘€5]000°s| 92 (13 oez) 1-934 | e
01°SE [69°92 |82°% [06°92 -- -- -- -- -- - -- -- o'clgiio-0 s ooo‘ss|ooos] 92 13 €go [ 1-90u ] I
99°£29{99°2) S£°2 [40°02 -~ -- -- -- 0°0|9510°0] -- -~ o-ojetioe| ¢« 000°ss|000¢c] 92 of oot t-90u | @av
962 |oe's |s9°0 |e2°9 -- - -~ -- 0-0[ss10-0f -- -~ 0°0(8110°0 9 000‘c5{000°5} 92 (3 og2} 1-934 ] ¥y
9£°91 |e6°1t ozt fzvcen -- lag10°0] -- -~ |6coo-ofegioo] -- -~ o'alzs10°0 9 000°€5(000°S| %2 of 222) 1-o0u | w
w6 ot |15°92 [e2°€ [€L70% -~ |essocof -- - -- -- -- -~ 0°0{2510°0 [ ooo‘sslooocs] o2 13 29706 | 1958 | o
£2°52 |20°02 |g2-2 jee°32 -~ ligiero) -- -~ lecoo-ofevio-o| -- - 0°0{L510°0 I3 000°s5]0o00‘s| %2 ot osi] 1-98 | et
69°9 lv9°9 12270 |52 -~ lsi00] -~ -~ |ecoo0j6ei0°0] -- -~ 0°0|L510°0 9 000€5|000°€{ %2 14 2e2f -9 |
12°62 129°94 14672 |16°42 -~ |ss00'0] -- - -- -- -- -~ 0-0{z010°0] 1§ ooo‘ssfooo‘s] £t | $°¢ o6 | 1-roa} 22
9%°1) Jome |igt o2t ol -- |sso0-0] -- - - -~ - -- o‘ofzo10°0] 1§ ooo‘csjooocs| <1 | s°¢ seuf s-ron | @2
00°% [96°2 |0%'0 [ev'E -~ feso00f -- -- |es00°0[z010°0f -~ -~ 0°0/z010°0) 1L ooo‘ss|ooo‘s} &1 j S°¢ oz2| s-rou ]} w2
»2°9S |LL oy |S2'S oS 1S -~ |2so00-0 o'ol2500°0 0°0|2£00°0 0-0l2£00°0 0°0|2c00-0] e |ooor9sjooo‘s] € 62 | 1-$8 [4re
£0°33 {SE°6 [99°0C [61°0in] -- }2£00°0] -- - 0'0ol2€00°0) -- -~ 0°0}2€00°0 9 000¢9s|ooo | € 62| 1-soa| =
(408) 4ejuR) Buiddoys puel}sel Auedwo) Awy /22 EuipTIMG
(isd)] isdyj(isd)| (isd)) Buoy _ yous| o d _ d d d d _ d d d
‘qoJg| “qoud| -ARgf ueay sdifrsdyjcupn]oun cru joun
706 | Zoy | ‘P¥S ojjed (s L) € 2 sse) N R \ od4y
suesqumy ydoddng] A% | 0y vyl 4 1 *1 jruewera
eINSSeIdIsA) esdel(o) aIue) SUOL}ORS SSOJ) € SO|JeY SUIIIOLUINY
usdyoul

(P3pNIou0d) SLINN HSITONI - SISATVNY LN3IWIT3 Y004 40 AYVWUNS

¢ 37avl

=117~




Appendix F

NOTATION

Ag Area of tension steel in reinforced concrete slab
per unit width

Ag Area of tension steel in reinforced concrete beam

A Area of compression steel! in reinforced concrete slab
per unit width

PN

AS Area of compression steel in reinforced concrete beam
b Width of cross section

bp Width of beam cross section

d Distance from extreme compression fiber to centroid of

tension reinforcement

fé Compressive strength of concrete
fay Dynamic yield strength of reinforcing steel
h Thickness of slab or beam
Le Length of slab in long direction
Ls Length of slab in short direction
| Ls Length of beam
; P Ratio of tension reinforcing steel area, Agsbd

—
v P———

p’ Ratio of compression reinforcing steel area, Af{/hd
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