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Preface
T e

This book is intended to fill a gap that has existed in the technical
literature in the area of structural design for buildings. While the
subject has usually been well covered with regard to its many topics
in an incremental way, there have been relatively few books written
to explain the overall process of designing a building structure;
beginning with the architect’s design drawings and ending with a
set of structural plans and details. That is, of course, precisely what
the structural designer does in the majority of building design cases,
and yet the process has seldom been illustrated. The few attempts to
do so have usually consisted of examples of the designer’s calcula-
tions, with little explanation of the general process or of the re-
lations between the architectural and structural design, and with a
minimum of graphic illustration.

The work here consists of the illustration of the design of the
structural systems for three relatively ordinary buildings: a two
story residence, a one story commercial building, and a six story
office building. For each building the presentation begins with a
set of architectural design drawings such as would normally be
developed early in the building design process. This is followed by
the development of an example structural system, with sample
calculations for typical elements of the system and some discussion
of the alternates and options possible for various situations. For
each of the second two buildings two separate structures are
designed with different materials. Completing the illustration in
each case is a set of typical structural plans and details.

In order to keep the work within the range of those with less than
a complete training in structural engineering, calculations have

vii




viii Preface

been limited to simplified and approximate methods as usually
presented in books written for architecture students and others with
less than a thorough background in calculus and engineering
physics. This means that the work is slightly below acceptable
professional standards in some cases, although it is generally
sufficient to obtain approximate designs that are useful for cost
estimating, for development of the architectural details, and for
gaining a general sense of the needs of the structure. The reader with
amore rigorous training in engineering may easily pursue the analysis
and design calculations to a higher level of accuracy, but will
usually find that the end results are not substantially changed.

While this book is essentially intended for self-study, or for use
in teaching in architecture or technical school programs, the lack
of similar illustrative material should also make it of considerable
value to engineering students and engineers in training. In fact,
anyone who is interested in the general problem of designing
structures for buildings, and who has not actually done it much,
should benefit from reading this work.

Two decisions had to be made in developing this material. The
first had to do with the selection of the references to be used. These
were deliberately chosen to be ones that were generally available as
well as being usable by the less than experienced reader. The
second decision had to do with the use of English units (feet, pounds,
etc.) instead of international units (metrics) which are steadily
becoming more widely used in engineering work. Since the references
selected all use English units, the decision was a pragmatic one—to
reduce confusion for the reader. The necessity for conversion from
one system to the other will simply be a way of life for designers in
the coming years.

This work has been developed from my experience over some
30 years of involvement in building design, as a student, teacher,
writer, and professional designer. Much is owed to the teachers,
students, critics, and professional colleagues whose reactions and
help have molded that experience and tempered it. I am grateful to
the International Conference of Building Officials, the American
Institute of Steel Construction, and the Concrete Masonry Associa-
tion of California for permission to draw extensively from materials
in their publications. Reading of the text drafts by my colleagues,

Preface ix

Harold Hauf and Dimitry Vergun, provided invaluable assistance
and encouragement. Finally, I am indebted to my family for their
patience and indulgence and especially to my wife, Peggy, for her
faith and her important assistance.

JAMES AMBROSE

Los Angeles, California
March 1979
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Introduction
TR LT T T L TR T

Designing structures for buildings involves the consideration of a
wide range of factors. Building structural designers must not only
understand structural behavior and how to provide for it adequately,
but must also be knowledgeable about building construction ma-
terials and processes, building codes and standards, and the econom-
ics of building. In addition, since the structure is merely a subsystem
in the whole building, they must have some understanding of the
problem of designing the whole building. Structures should not only
be logical in their own right, but should also relate well to the
functional purposes of the building and to the other subsystems for
power, lighting, plumbing, heating, and so on.

Formal education in structural design is usually focused heavily
on learning the procedures for structural analysis and the techniques
and problems of designing individual structural elements and
systems in various materials. The whole problem of designing a
structure for a building is not well documented, and learning it
usually takes place primarily on the job in professional offices. While
this means of learning is valuable in some ways, it does not provide
a good general understanding, since it is usually limited to the highly
specific situations of each design problem.

The principal purpose of the examples in this book is to illustrate
the problems and processes of designing whole structural systems

1




2 Introduction

for buildings. The procedure used in the examples is to present a
general building design as a given condition, following which is the
illustration of the selection and design of the various typical elements
of the structural system. The buildings shown are not particularly
intended as examples of good architectural design, but merely as
illustrations of common structural design situations.

While most of the calculations shown are in reasonably complete
form, it is assumed that the reader has previously mastered the fun-
damentals of analysis and design of simple structures. The word
“simplified ” implies some limit to the complexity of the work, and
the general image for this limit is the level of complexity dealt with
in the series of books originally authored by the late Harry Parker
that bear titles beginning with the word simplified. The first five
books in the list of references for this work are from that series and
should be considered as the basic references for the structural calcu-
lations in this work. A few topics not presently covered in those
books, such as the design of foundations and masonry structures and
analysis and design for wind and earthquakes, are developed some-
what more thoroughly in this book.

In many relatively simple structures most structural design
problems can be ““solved” by the use of tabulated materials from
codes, handbooks, and manufacturer’s flyers. Where this is possible,
from readily available sources, the examples show such use. Usually,
however, longhand calculations are shown for the purpose of
explaining the problems more thoroughly.

For sake of brevity the structural calculations shown are not
complete, but are limited to the typical elements of the systems. In
order to complete the illustrations, however, the framing plans and
other drawings are usually shown in reasonably complete detail.

Construction detailing of structures and of buildings in general is
subject to considerable variation, effected by the judgment of
individual designers as well as by regional conditions and practices.
While detailing of the construction in the examples has been de-
veloped from the recommendations of various codes, industry
standards, and other sources, it is not the purpose of this book to
serve as a guide for building construction detailing. Details shown
are for the purpose of giving complete illustrations and should not
be considered as recommended standards.

Introduction 3

While the procedure in the examples is to begin the structural
design after the general building design has been predetermined in
considerable detail, it is much better practice to involve structural
considerations in the earliest design work. Since it is not possible
to illustrate this process without a complete presentation of the
whole architectural design process, the examples should be accepted
with this limitation in mind. It is assumed that there are good reasons
for the situations shown in the examples, although it is pointed out
occasionally how some changes in material use, in plan layouts, or
in other details might result in improvement of the structure.

Since there are several model building codes and hundreds of local
codes in use throughout the United States, it is difficult to deal
generally with building code requirements. It is not possible, how-
ever, to show building design examples without the use of some code
criteria. Because of its reasonable thoroughness, we have chosen to
use the Uniform Building Code as a general reference for the work
here. Fortunately, except for regional variations of snow, wind, and
earthquake problems, structural design criteria are reasonably con-
sistent between most building codes. The reader is cautioned, how-
ever, to use the legally enforceable code for any actual design work.

References for structural design information in general tend to be
dated, and their use varies regionally. Anyone using this work as a
guide for actual design problems should take care to be sure that the
references are currently accepted by legally enforceable codes and
regulatory agencies. The references used in this work are listed at the
end of the book and note should be made of their dates.

In order to keep the work in this book within the scope of persons
not fully trained in structural engineering use has been made of
simplified analysis and design techniques. The reader is encouraged
to not accept this simplified approach entirely, but to pursue the
mastery of more exact and thorough methods where they are signi-
ficant to the work. It is hoped that the learning of these simplified
techniques will serve as an initial stage in an ongoing development
of competency in structural design.

Design of even the simplest building structures is not entirely an
automatic process. While the work in this book may appear to use
some reasonably logical processes, judgment and compromise are
ever present parts of the design process. With all the facts in hand, and




4 Introduction

with the ability to intelligently interpret them, the structural designer
will, it is hoped, proceed logically. In the best of real situations, how-
ever, lack of time, of clear information, of experience with problems
of a similar nature, and of numerous other factors will leave the
designer in something short of an ideal decision-making situation.
We have tried to make the examples in this book as “real” as
possible, in order to present true design conditions. Designing real
buildings, however, is both a little more mysterious and a lot more
fun than it appears here.

Building One

Building One is a two story, two family, residential building. The
construction to be used is ordinary light wood framing for all of the
portions of the building above grade and poured concrete for the
basement walls, floor, and footings. In professional practice a com-
plete set of structural calculations is seldom done for such a building,
since the majority of structural elements are selected from code re-
quirements, handbook tables, or manufacturer’s recommendations.
Even when local building regulatory agencies require a set of calcu-
lations, they are generally limited to special structural elements,
such as long span beams, special foundations, and unusual lateral
bracing. The analysis and design work shown in this example is
therefore presented for the purpose of explaining the structure and
not to illustrate what must typically be done to obtain a building
permit.

1.1 The Building

The configuration of the building and the general details of the
construction are shown in Figures 1.1 through 1.3. Construction
materials and details for such a building vary considerably because
of the wide range of weather conditions, local code requirements,
the practices of local builders, and similar factors. The basic structural
design is relatively common, however.

5
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Design of the Roof Structure 9

Model building codes, such as the Uniform Building Code, usually
do not cover the construction of single and two family residences.
Local building codes, or special housing codes, are generally the
source of design criteria for these buildings. These codes contain
specifications, tables, charts, and illustrations that permit the direct
selection of many structural elements for specific situations of use. In
the example we have used the Uniform Building Code as the basic
reference for structural design criteria. The results, in some cases
may be slightly conservative, when compared to those that are per-
mitted by housing codes.

1.2 The Structural System

The illustrations in Figures 1.2 and 1.3 indicate the structural system
for the building. The design of the various structural elements
labeled in Figure 1.3 is discussed in this section and those that follow.
The materials to be used are as follows:

Joists, rafters and studs: No. 2, Douglas fir-larch.

Beams and posts: No. 1, Douglas fir-larch (4 x and larger).
Roof deck, floor deck, and exterior wall sheathing: Douglas fir
plywood, structural grade.

Structural steel: A36, F, = 36 ksi.

Concrete : stone aggregate, f. = 3000 psi.

Some of the criteria used for the structural design are as follows:

Floor live load: 40 psf (UBC Table 23-A).

Roof live load 30 psf (snow), assumed local requirement.

Wind load : 25 psf, assumed UBC zone, 30 ft reference height, see
UBC Table 23-F.

Soil : 2000 psf maximum, UBC Table 29-B for sandy gravel.

1.3 Design of the Roof Structure

The roof structure, as illustrated, consists of structural plywood
sheathing on closely spaced rafters. The rafters span from the ex-
terior bearing walls to the ridge member that is supported by the




10 Building One

interior bearing wall, and are inclined at a slope of § :12, or approxi-
mately 34°.

Plywood Roof Sheathing. The required thickness for the
plywood depends on the grade of the plywood used, the roofing
materials (for weight and attachment), the live load and wind load,
and the rafter spacing. Logical spacing for rafters is some even
incremental module of 8 ft: 12, 16, 19.2, 24, 32, or 48 in. For this
situation the most common spacings are 16 or 24 in. Since the ceiling
is not attached to the rafiers, the 24 in. spacing may be used.

Many codes and handbooks have recommendations for plywood.
The following examples are typical.

UBC Table 25-R-1 (see the Appendix): minimum of § in., 24/0
with edges blocked.

Architectural Graphic Standards, reference 6, table on p. 257:
2 in., 24/0, no blocking.

This selection is, of course, subject to modification when the function
of the roof deck as a horizontal diaphragm is dealt with later in the
design of the lateral load resistive system.

Rafters. Design of the rafters includes the following structural
considerations:

1. Bending plus axial compression due to the vector components
of the gravity dead and live loads, with an increase of 159 in
allowable stresses due to the snow load.

2. Deflection due to the bending force component of the gravity
loads.

3. Bending plus axial compression due to the gravity loads plus
the wind load, with an increase of 33 9/ in allowable stresses.

There are also shear and bearing stresses, of course, but we have left
them out of the calculations, since they are seldom critical in this
situation.

Figure 1.4 shows the rafter geometry and the basis for determina-
tion of the loadings for the three cases mentioned. The actual length
of the rafter is the hypotenuse of the triangle made by the 12 ft
horizontal span and the 8 ft rise. This makes the actual length of the

RESOLUTION OF THE
GRAVITY FORCES

THE RAFTER GEOMETRY

CASE

DL+ LL

CASE 2

LL ONLY

CASE 3

DL + 50%LL + WIND

FIGURE 1.4. Forces on the rafter.

1
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12 Building One ]
Design of the Roof Structure 13

rafter approximately 14.4 ft. Tabular references usually quote rafter

sizes for the horizontal span dimension, but the work that follows

will use the actual rafter length and the vectors of the load forces.
Loadings for design:

approximate determination can sometimes be made as fol-
lows. Note that with the 15 and 33 % increases in allowable
stress for the two cases, case 3 will not be critical unless the
loads exceed those in case 1 by a ratio of 1.33/1.15, or approxi-

Dead load: Roofing + plywood = 5 psf mately 1.16. Referring to the numbers in Figure 1.4, these

Joists (average) = 2psf ratios are:
_ Total dead load = T7psf . wind + gravity  41.33
Liveload: Snow load = 30 psf for bending: . = = 146
UBC 2305(d) allows a reduction for the 34° slope as gravity only 28.29
follows: ] 11.38
) for axial compression: = 0.603
(34 — 20)3% — 4 = 3.5 psf reduction 18.87
The design live load thus becomes This is somewhat inconclusive in the example, since the ratio

for bending indicates case 3 to be critical while the ratio for

30 — 3.5 = 26.5 psf (say 27 ps
Bl GayiZlipsh compression indicates the opposite. As will be shown later,

Wind load: For the 34° slope the UBC requires that the full bending is by far the major consideration in this example. We
horizontal wind pressure be applied normal to the thus proceed with the analysis for case 3 for the rafter design.
windward slope of the roof. [See UBC 2311(d).] However, only a complete analysis of both cases would con-
UBC Table 23-F requires a horizontal pressure of clusively demonstrate the wisdom of the judgment.

20 psf for height from zero to 30 ft aboveground. '
In the design of the rafter for the case 3 loading, from UBC Table

On the basis of these determinations, and referring to the illustrations 25-A-1 the allowable stresses are as follows for No. 2, Douglas
in Figure 1.4, we now consider the three design conditions as follows: fir-larch, 2 x 6 and wider:
1. Bending plus axial compression due to the gravity loads only. F, = 1450 psi (repetitive use member)
As shown in the illustration, the vectors of the loads result in F, = 1050 psi
a bending loading of 28.29 psf and an axial compression load- F, = 95 psi
ing of 18.87 psf. When multiplied by the rafter length and g
spacing these will yield the total load on one rafter. With rafters on 24 in. centers the load per rafter is
2. Deflection due to live load. The high ratio of live to dead load
makes this the critical deflection case. This loading may be w = 2(41.33) = 82.66 Ib/ft

used either to determine a required I value for the rafter or to
check the actual deflection of a rafter that has been chosen for
stress criteria. The latter procedure is used in the example. M = BWIL)® = (2)(82.66)(14.42)2 = 2148.5 Ib-ft
3. Bending plus axial compression due to gravity plus wind.
UBC 2311(j) requires that 50 % of the live load be included in
this loading. Although a complete analysis of cases 1 and 3 ¢ M 2148.5(12)

T F, 133(1450)

The maximum bending moment is thus

for which the required section modulus is

should be done in order to determine which is critical, an 13.37in.3
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This is just slightly over the value for a 2 x 8, indicating that a
7 % 10 or 3 x 8 is required. We will try the 2 x 10, for which the
following properties exist:

S =21.39in?, A = 13.88in.%, = 9893 in*
Although it is seldom critical, the shear stress may be checked as
follows:

maximum V = 82.66(7) = 579 1b (critical at d distance from end)

.= (30 = () = 2o
=(-||—]| ={=0-=) = 62.6 psi
oriteat o 2/\bd 2/\13.88 P

This is considerably less than the allowable of 1.33(95) psi. _
We next proceed to check for the bending and compression as

combined forces:

axial compression = 2(11.38)(14.42) = 328 1b

L 14.42(12)
EReTed s e ()
d 9.25
,_O3)(EF) _ OHLT00000) o0

Since this is greater than the limit for F , we use the lower F,

value of 1050 psi.
Then the combined stress check is made as follows:

PIA  M/S _ 3281388 2148.5(12)/21.39
T P I R0 1.33(1450)
0.017 + 0.625 = 0.642

Il

This indicates that the 2 x 10 is quite conservative. Note that the
axial compression ratio of 0.017 is very low, which verifies the
earlier assumption that it is not a critical consideration in this par-
ticular example. We have, of course, used the least d as 9.25 for the
L/d ratio, which assumes that the plywood deck serves to brace the
rafters on their weaker axis.

Design of the Roof Structure 15
Deflection of the 2 x 10 may be checked as follows, using the
case 2 loading from Figure 1.4.
total load = 14.42(2)(22.46) = 648 lb

SWL3  5(648)(14.42 x 12)°
384E]  384(1,700,000)(98.3)

maximum deflection =

Since the ceiling is not attached to the rafters, the maximum per-
mitted live load deflection is usually 1/240 of the span. Thus:
. 14.42(12) .
allowable deflection = —— = 0.72 in.
240

By calculation, therefore, the 2 x 10 is quite adequate. Compari-
son may be made with the recommendations of tabulated rafter
loadings. UBC Table 25-T-R-14 (see the Appendix) indicates that a
2 x 8ispermitted for a horizontal span of up to 15 ft or so. However,
this table does not account for the combined wind and gravity load-
ing, and it also generalizes on the actual rafter slope and length as
being merely “over 3 in 12.”” Our rafter is considerably steeper and
longer.

The tables on page 220 of Architectural Graphic Standards
(reference 6) give allowable spans for rafters and floor joists with 30
psf live load. The tables do not include 24 in. spacing, however.
Furthermore, since this edition was published before the standard
lumber sizes were reduced, the section properties used in making the
tables are slightly off. Nevertheless, a scan of the tables would seem
to indicate that a 2 x 8 is close to being accurate. Again, the wind is
not included and the actual rafter length is not considered.

Actually, our calculations would indicate that a 2 x 8 is only
slightly overstressed, and if used would not really constitute an un-
safe design. Nevertheless, based on our analysis, we would recom-
mend the use of the 2 x 10 rafters at 24 in. spacing.

Ceiling Joists. Design of the ceiling joists is somewhat arbi-
trary. Some of the considerations are:

1. Deflection should not be such as to cause visible sag. The
straightness of the lumber is probably actually more critical
in this regard. ““ Visible”” sag is hard to put a number on.
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.. If the crawl space:is; accessible, it should: be assumed. that
someone may enter if or store materials iniit. An. old rule is to
design for a'maximum live load deﬂectron of L/360 in order
to prevent cracking of the celhng, especrally 1f it is plastered.
An arbitrary uniform or concentrated load may be used. UBC

~Table 23-B Tequires a unlform load’ of 10~ psf UBC Table .
25 T-J-6 (see the Appendrx) indicates that a 2 x 4 at 16 in.

‘spacingis:barely-adequate. (Note that the clear span from the
outside: to: inside walls is approximately 11.5:ft:) The UBC
tabulated loadlng is also based on a deflection of L/240 under -
the live load: A hghtly more conservative design.would be to
allow for a maximumdeflection of /360 under the weight of a
single person (assumed at 200 lb) atthecenter of the span. Thus

R PL. 20012) -
4 max1mumM—-T e 6

2yt 600(12)
requlre Fb = 1250

~ < maximum Permitted deflection : 36 :

PL3 .‘ (206)(14435 -
48EA " (@8)1,700 000)(0 4)

' : requlred I

A 2:x:6, withS ‘:7 563 n: and I = 20 797 in* w1ll satlsf hese

criteria. i eyt L
:Another. potent1a1 structural functlon for the celhng _]OIStS 18 to
serve to-tie the tops of the walls against the: outward thrust of the
sloping rafters.{See Figure 1.5:) This is not:the:case in this: bulldmg,
since the central-bearing wall supports the inside: ends ofitherafters:
A ﬁnal consrderatlon for the rafters is the requlred detailing for the

51mp1er 1f the rafters and cerlmg joists were ‘at"the same’ pacmg
The 24 10 spacrng is. somewhat hrgh for dryw llmcerhngs bhowever

ceiling jo‘isﬂts,-, rand;;cei;l‘ing surface ,rnust r\ber considered.ﬁl

OUTWARD ‘THRUST ON THE WALL

Design of the Floor Strictufe

o : ' .
£ : NES
TIE REQUIRED: TO PREVENT ~THE < NO. TIE. REQUIRED:

FIG_U.RE. 1 5. Stab|l|ty of the sloped rafters.

Assummg the constructlon detalhng problems to be solvable;.we

- will settle for cerlmg _]01sts of 2 %6 at 16 in.

1.4 Des’i"gn of the ‘Floor Struc!tu:‘rev :

The typrcal floor construction: will consist-of 2 x joists at 16:in.

centers. The: striictural floor deck “will consist ‘of plywood sheets.

hese are sometimes ‘available’ with tongue-and-groove edges;
otherwise'the edges:perpendicular:to the joists:will be supported by
2 x wood blocklng Joists should be doubled at opemngs such as for
the stair, and under partrtlons parallel to the JOlsts N

~‘F|oor Deck Selectlon of ‘the plywood grade and thickness de-

pends on thetype of flooring used andonithe direction: ofthe plywood

Tace grain with respect to.the’ joists. The face grain is normally in the

8.4t d1rect10n of the sheets and the sheets are shghtly stronger and
stiffer in that direction. However, placrng thern with'the 8t d1rect10n

D pendicular to the JOlsts requires more blocking (every 4 ft.).

_On the basis of UBC Table 25-R-1 (se¢ the Appendix) the mini-

~mum plywood would be  in., C-D. grade or hetter 1ndex 32/16 with
‘the face grain perpendlcular to the _]OIStS

loor Joists. The usual practlce for the joists would be to size

'the joist for the maximum span. condition and use-this size through-

t-the floor for all joists, headérs, and blocking. This provides a
underside for:the attachmentof the: ce111ng and allows:the top
lates of ‘all'the stud bearing wallsto be at:a:commonheight.
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For the typlcal 12 ft span joist the desrgn loadlng 1s:

[N

Dead load': F1n1sh floor =3 psf (hardwood strlp)
: \ “'Lin. plywood = 14"
Sin drywall =25
Joistsﬂ(average) =26
- : " Total deaddoad = 9.5 psf :
Liveload: 40 psf;or (45)(40) =-53.3 lb/ft of. Jorst
Total ‘10ad: 49.5 psf or ( £)(49.5) = 66 lb/ft of _]OISt

Wetiow: proceed to' deterrnlne the three section’ propertles requlred

A for shear S for bendlng, and I'for deﬂectro P

2 66127
maximum M = fg— _ Y iss bt

Design of the F"Iobr"’Strl‘j‘chdr‘fé 19
N - f

Floor Beam at First Floor." Thrs ‘beam ‘carries the inside end
of the first ﬂoor _]OlStS and also supports the stud bearing wall that
rries the second floor joists, the: ceiling joists; and the:rafters. The
exact dimensions of the beam depend somewhat on the construction
detarls For-simplicity-we-will- -assume‘the’ ‘béam- to-have two equal
ans of 11 ft each. The two span beam will be supported by postsat

. the center and one end and by the basement wall at the other end.

Since the beam supports considerable total floor area, some re-
ction of live-Joad is: approprlate UBC 2306 permlts a reduction
£:0.08 °//ft2 for beams. Suppo 150:ft% or. mere.. On this basis,
381 ‘ _]OISt span, the reduction

rd = 0.0008(11 x 12 x 2) = 21%(say 0°/)

The calculatlons for the beam loadi 'hown i Table 1.1.
The shear, moment-and deﬂection di‘ “the two span beam
are shown.in Figure 1.6. ssuming a solid timber beam of Douglas
ir-larch, No. 1 grade; the allowable stresses from UBC Table 25-A-1
see the Appendlx) are as follow ' - :

1300 ps1 ’ F

v

= 1,600,000 psi -

BLE .1.1 ~Loads onwz'the»B'eé\‘nj, S

"Ldad’i lb/ft of Beam

Source """ Determination **° " LE DL LL + DL

LL = 30 psf >< 12 ft span

“pL ;.7 pst x 12 . span
First and second ﬁoor, 3in. gyp

“Stub wall to raftersei
DL =5 psf -x 8 ft helght
 Assume weight

LRI 1712 pif
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II23 LB/FT: LIVE LOAD

I7IZ LB/FT TOTAL LOAD

3

T HTTO T
7062 LB- e

14565 LBLFT *

. WL
; 0.00543 El

. FIGURE 1.6. Analysis of the first floor beam.

Us1ng these stresses and the calculated crltlcal values for
and deflection, we. determme the requlred sectlon propertles

requlred A =l ) e
2J\Ez )\

required § = — = +2r——
il b [

"”/“:ASS“U"M,E': 16" - UBC 2506 (c)

V. M,

Design of the Floor;

+0.00543( WL
requlred I =

000543(1128 3 11)(132)1 e
SRS ) (160000000367
' _ = 264 in#

The potentlal solid timber ch01ces are shown'in:Table 1:2. All-are
somewhat ‘massive and would:involve intrusion:on the headroom

-in the basement. It would be wise:to consider a'gluelaminated: beam

‘Wthh has cons1derab1y hlgher shear and bendlng stresses allowable

TABLE 132,  Choices for:thé Beam -

: Reduired\ e -
: tpropert'iesv"*i“”‘ X2

67 m
39.in3,
,6,4‘11'1.4 :

NU);A
nn
I\)I\)’—‘

Frorn UBC Table 25-C- 1, a Douglas ﬁr—larch beam of 24F grade

has allowable bendlng stress of 2400 p31 and allowable shear of

This would require a 63 X 13 5 ora 84 x 10 5 sectlon i
It would also be possibletousea steel beam. This. would entail, the
use of a 2 x nailer on: the top of the steel beam a
depth. 35
We will select the 83 10 5 beam. Since the bending stress is still
not crrtlcal for thlS sectlon 1t could drop 1n grade to. a 20F
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1.5 Design of the Walls and Columns ince, th1s value is-higher thanithe valuefor F ., we usethe lowerF

The vertical load elements cons1st of the stud walls above grade value to find the requ1red area for:a:6 x member:
and the concrete walls and steel. columns below grade. For ordinary 26,000
situations the details of the wall construct1on will usually be covered A= 2i06 n.
by the specifications of the bu1ld1ng code that apphes to'this type . 1000 ’
of bu1ld1ng .

This would perm1t the use of a 6 X 6 with 4.= 30.25 in.?

" 1f a steel post.is desired, the usual choice would bea round pipe
lumn This-can be selected from. the AISC -Manual (reference 8)
g the column allowable load tables in section 3. For this load and
height; w1th E, of: 36 ks1 for the steel a4 2 In. standard steel p1pe is

Basement Column.-: The: column ~1'n‘ the :center: of . the beam
carries:the larger:load from the beam.:/(See Figure 1.6:) The column
atthe stair carries loads from the stair.framing, including-the:weight
of the walls above; so that ‘the loads-are: probably close enough to
require the same size column and footing. For brevity we will design
only the center'column.

From the beam analysis the column load is; approx1mately 26 kips.
For calculation-we assume the-unsupported-height to be 7 ft, from
the bottom of the beam to the top of the basement floor slab:

From UBC “Table 25-A-1 (see the: Append1x) the. allowable stress
and modulus of elasticity are:: -

Stu Bearlng ‘Walls UBC :2‘518‘:hasnumeyrous '\requ‘irem‘e

F.=1000psi, EZ= ,:‘1,60'0,0‘00;psiv

Assuming a nominal 4 x member with least d of 3.5 in.:
. ;

== ﬁ =24

v d 3 5 ‘

Then the allowable compress1on based on L/d is

(0.3)E (0 3)(1 600 000)

first floor joists and the beam. This is a load of 1219’ 1b/ft from the

. = (L/d)2 - (24)2 = 833 ps1 _ tabulation. At 16 in. centers, one stud carries a load_:gf}; S
The requ1red area for a4x member is. thus P 1219(1_6) = 16251b
P 26000 - .

= 31 21 in.2 ‘
R With Douglas fir-larch No. 2 studs we: determlne from UBC

' \;vhifch“'hafdly‘ Table 25-A-1.(sce the Appendix): -

F, =.1000 ps1 v rEe= 1,700, 000 psi

'For the individual stud/column ‘the - critical @ d1men51on for
buckhng ‘Wwill'bé"3.5 in., since. ‘the wall surfacmg serves to brace the :
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horlzontal pressure from the soil This results in.a combination. of
axial compression plus bending. For the concrete the critical stress
ndition will be the net:tension ‘stress; which will be: the greatest
hen the axial compress10n is the least. We therefore look for the
tside wall with the least load from'the building:above. In our
© example this will be the end walls smce the rafters and ﬂoor joists
- are parallel to them.
“Figure 1.7 shows the assumed loadlng for the end ‘wall. Since the
nding: will produce a ‘maximiim’ moment at approxrmately ‘mid-
it of the wall, we' “have ‘used the ‘axial ‘compression load at
midheight for the deterrninatio_n of the maximum tension stress. On
this basis the load is as follows: : :

studs ‘on-the weaker. 1. 5 in. axis: The allowable load on the 5% 4
w1th an. unsupported helght of: 8 ft 4 in: is therefore s S

: L (03)(1,700,000)
Fho ‘,‘c (28 6)2 ; Bl
3 Allowable P (F )(area of 2 >< 4) (623 5)(5 25) = 3273 lb -

623 5 p51

Srnce th1s 1s: tw1ce the requlred load and the heav1est loaded wall
we may safely use the 2 x. 4 studs at.16 in. centers for a11 the walls

Basement WaII Dependlng on local cod
walls may ‘be of sohd poured conctete or of concrete masonry umnits.

: Stud wall, appr0x1mately 20 ft at 10 psf »200 lb/ft '

’We w111 show the design for poured concrete walls. | i C"‘Table 29:A 4ftof basement wall at 100 p_sf = 400
re u1res a mlnrmum 8 in. wall th1ckness for e1the' ype of nstruc- ‘ ' e ‘=l' 50 I
3 b =650 lb/ft -

1ot uncommon for these walls to bu11t with l1tt1e or even no -
relnforcement ‘We recomrnendra : 1n1rnurn of. relnforcement tobea -
continuous’ hor1zontal #4 bar a the top and bottom of the walls
he best' constructlon it IS al‘so recommended that the minimum
vertlcal and horizéntal temperature and shr1nkage remforcement be
prov1ded as recommended by the ‘ACI code’ ‘(réferénce’9). " -

The typical exterior basement wall is under a comb1nat10n of
loads due to the vertlcal loads from the constructlon ‘abov and the

leso LB/FT

*ment ‘due to the trrangular dis
the beam diagrams in section..
or from other handbooks ;.

960 LB/FT R o -
: The max1mum bendmg stress 1s then

o 985(12) SN
Fy=— _92.3:ps1,: TR

Forceson the basement

: S 128

L a(H0) < 240 pat  viall
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The compress1ve stress due to the grav1ty load 1s‘»‘

G P ‘650‘
;rurt\ 5l Fc n e asvE 6 8 pSl
ol A 960

The net tens1on stress is therefore .-

CF, =923 L8 = 855p51

<For the concrete w1th F; of 3000 ps1 this 1s shghtly less than 3 A of
the u1t1mate compressive. strength whrch is.not usually consrdered
critical. The wall is therefore theoretlcally adequate w1thout vertlcal
relnforcmg ¢

1.6 De5|gn of the Foundatlons :

For th1s constructlon a str1p footlng would normally be prov1ded
under the basement walls to serve as a foundatlon ,Vell as a plat-
form for the construction of the wall. For the latter purpose it would
norrnally be made a few’ inches wider than the wall: For thé 8 in. wall
wewould usually use a m1n1mum 14in. w1de footmg for th1s purpose
UBG Table 29:A requires-a rn1n1rnum 15 in. wrde by 7 1n thrck
foot1ng for the two story bulldlng i :

“The heav1est loaded walls ‘ar the front: and rear walls ,ha carry
the ends of the rafters and, ﬂoor joists! ‘Thé-tabulation of the Toad for
this wall is shown in Table . With'the allowable sorl pr' sure of
2000 psf the 15 in; w1de footmgwﬂl carry a load of ‘

= 2000( ) = 2500° lb/ft

load.”

Column FoOtihg Frorn the column des1gn calculatlons the
center column will place a total Joad of approx1mately 27 kips on
the footing. If we deduct from the alfowable soil pressure for the
we1ght ofa 101 . thick footlng, the requ1red area for th1s load w1ll be

A 3 ft 10 in. square footing will ‘proyide A= 1472,

s
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TABLE®1:3.

N

Load-on the Front"Wa‘II Footing:.. ’

" Loads: Ib/ft of Wall Length

: Load Source . DL -“LL Total
¥ Rafters and second floor céilifig .~ 86" 180 266
Floor joists (with 1009 LL).~ - 99 480 579
Stud wall: 20 ft at 12 psf 240 ..240
Basement wall: 8'ft at 100 psf 800" 800
Footm g (estimate), 110~ 110
- Total load on footm‘g 1335 660 1995

. Although calculatlons can be perforrned for the footing, there are
bulated designs in various handbooks:from which the footing
width and thickness and the relnforcrng can be determrned once the
“total load and allowable soil pressure are known

1.7 Design for Wind

- There are various problems to beconsidered'in design for wind force
on the building. The following discussion deals separately with the
_1ssues relatlng to the three principal building’ elernents 1nvolved in

resistance : the roof, the floors; and the walls;.:
The roof must resist inward and" outwa:r:d""& Ij‘bires:'i

~ The Roof.
sures. The effect of the inward pressure, as add1t1ve to the grav1ty
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728 i;B"U‘i'|d‘iﬁ§ ‘O’fhe:u e

- LOAD ZONE

I I

C IgEI LBFT AT
3125 LB 19530 LBFT - N

6250 LB

3125E8 .. .

I
250°LB/FT

FIGURE 1.8; - Wind:load:to the roof diaphragm. ... - -

~

“second story height plus the roof height. The load per foot of roof

~edge s thus

= eops(Z) el

cdges for the plyw ‘
of 6 in. spacing atp ge ! »
“supports (not at the edge of af.p‘l,;:yysz;oodv-'slheg:tt);.lsnadequate for the.roof |
.. sheathing.- TR e el Ao
: The chord forces in the framing at the front and rear edges of tl}e
‘ ment shownin

 Thefoof spans to transfer this load to the two'eiid walls and the
center dividing wall; as shown in Figure'1:.8:'Co
“two simple spans, the load delivered to the

ntal ‘element, 'its

n'the plywood
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result is the same if we divide the moment in two and. use the d of
12:ft- or:use the whole‘moment wjt‘h a-d-of 24'ft: Thus
M 19,531

C=-T=—=, ~—— = 814Ib
d 24

Referring to Flgure 1.21, it may be seen that the edge force from
the roof is transferred through the blocking to the top plates of the
stud wall: These continuous elements will-actually serve as.the edge
chord for the roof. From UBC Table 25-A-1 (se€ the Appendlx) the
allowable compression for the No. 2 2 x 4 members 1571000 psi.
Thus the required area for the chord is
C - 814 :
A=—=—"— 061'2‘1n
FC (1. 33)(1000)
This is less than the area of one 2.x 4, so the plates can easily
serve as chords:if their continuity is assured: Specifications usually
require that the sphces of the two plates be staggered a minimum of
4 ft. If this is done; the normal’ nallmg of the plates to each other plus
the nailing of the exterior plywood and the interior drywall will
provide a reasonable continuity for the plate/chord in ‘this case.
Some de51gners (and some bu11d1ng regulatory agencies) would.pre-
ferto ensure a more p0s1t1ve contrnulty by specifying that the chords
be bolted on each side-of all sphces If the. continuif ,,of only one
plate member is requlred as in this case; the plates would be 51mp1y
bolted to each other with sufﬁcwnt bolts to develop the chord force.
If the continuity of both plates is requlred a metal plate would be
added to. the sphce . vt ‘
om UBC Table 25 F a. 1 1n bolt 1n smgL sh» y X,
member 1s good for 650 lb Wthh may.| be increase b. one thlrd, 1o o

“ULOAD TO THE ! Tt
SECOND FLOOR

LOAD TO THE
) MFIRST FLOOR

~ FIGURE 1.10. " Wind Ioad’s‘ro_thebb'fiovo‘r}‘di

he wall de51gn and in the development of the construction detalls

e Floors.  The second floor ‘acts as a’ horlzontal d1aphragm
ar to the Toof. In this case the load zone, as shown in' Figure
0, is ftom midheight of the first story to m1dhe1ght of the second
ry, or approximately 9 ft. The load: per foot on the edge of the
1aphragm is thus

w = (20 psf)(9 ft) = 180 lb/ft

he maximum shear at the ends.of the- dlaphragm is

V= (180)( ) —-2250 b

emaximum stress in the d1aphragm at the bu11d1ng ends will be -

a : 12250
and a compressmn.-chord for'the’ other PN ER TR U':;,I =94 lb/ft
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At the center d1v1d1ng wall the d1aphragm is reduced in net width
by the stair opening. Assuming a hole of 10 ft length the net width
1s thus 14 ft. and the stress is .

2250 S
V== 161 Ib/it = .
o1 "

Referrlng to UBC Table 25 J (see the Appendlx) th1s is still® not
critical for the 'in: plywood, s0 minimum na1l1ng may also be used
for the second floor deck:

“The first floor deck acts as a horizontal d1aphragm transferrlng
the load from the lower half of the first story wall to the basement
walls. Since this is only half the load on the second floor deck, it will
not be cr1t1cal :

The WaIIs The extenor stud walls have two cond1tlons to’ con-
sider. The first is a comb1nat10n of Yertical ¢ ress
.gravity plus bend1ng due to the direct w1nd pfe ure on he wall with
- the wall spanning vertlcally, as shown in F1gure 1 11, The studs must

be checked for thi cOmbmed load cond1t1on We w111 assume a

--design load of wind plus dead load plus ‘one half live load for this
cond1t1on The gravity load on the ﬁrst story studs on thls bas1s is
approx1matel 7'1100 lb/stud i ‘

J/GRAV'TY

FIGURE IREE Forces on the exterior

walls.

" = (20)(?—6>'=' 26.7 ,lbb/f/tl'

Design for Wind 33

: The wind load on the studs is

- Assuming the studs to span 9 ft in s1mple span from ﬂoor to ﬂoor
: He max1mum moment is :

w2 Q6O
: M=L=(—;Q=z7o.31b/ft

8

‘The allowable compress1on stress; as calculated earher for. the
“interior-wall, is 623.5 psi. From UBC Table 25-A-1 (see the Append1x)
‘the allowable bending stress for the:No. 2 2 x 4 stud is 1650 psi
for a repetitive stress member. The interaction-of compress1on plus
;bendmg is thus cons1dered as follows

Cpa MJS 1100/5.25 270.3(12)/3.063
¥ P + —

_F,

- The ‘second c‘;,‘ﬁé‘“’

133(623) © | 133(1650)
0253 + 0.483 = 0.736 < 1.0

‘ ‘for the wall 1nvolves its funct1on asa shear
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LOADS ON END WALL'

END WALL LAYOUT .~

r'f*)
I
[
I

"VHSTABILITY ANALYSIs - ALTERNATE ONE
“SHEAR WALL ALTERNATE ONE e ‘

FIGURE 1. 12 Analy3|s of the shear walls

Referrlng to UBC Table.25-K (see the Appendix) the possible
options for the wall are the followrng

ddny Structural I plywood w1th 6 Ini edge na111n
“lor Fin. edge na111ng |

T o he shear Stress; the ‘wallmust 'be mvestlgated for
s11d1ng and overturn. For the overturn ‘analysisithe Toads must be
considered at their points of apphcatlon thatis; the roof load at the
roof level and the second floor- loa_ at‘the second floor level. . The
overturning moment on the wall due‘to these forces must be resisted

( Design:for Wind.~ 35

by the dead load on-the wall with a safety. factor of 1.5. Estimating

the dead load at 5000 Ib, due to the weight of the wall plus a small

pOI‘thl’l of the roof and floor, the analysis is as follows

Owerturning M : 3125 x 20 = 62,500 Ibytt
e 2250 x 9 = 20,250
Total = 82,750 Ib/ft -
Resisting M: 5000 x 8.5 = 42,500 Ib/ft
Since. the safety factor against-overturn . is clearly less than. 1, an
anchorage force, called a tiedown, is requlred The required magni-

tude for this force is found as. follows:

Overturning M x safety factor:, ‘ 82,750, x 1.5 =-124,125 1b/ft
Deducting for. dead load’ moment . : 42,500
Net required M for tiedown = 81,625 1b/ft

_%‘Requvired tiedown force: AT

For a conservative design an anchorage device, such as that shown

-in Flgure 1 13 would be prov1ded at each end of the shear wall panel
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ALTERNATE  TWO . n iy e wsl o, S ALTERNATE! THREE

-G U'RE A.1400 Alternateides’ign‘ assumptions for the end shear wall.

spacing and the tiedowns requrred for the ﬁrst alternatlve Of the
three;alternativesthe: first:is probably the s1mplest for constructlon
and the most economical. - evile
From the earlier analys1s it was determlned that the center
+ dividing wall’ must Tesist shear forces twice those in the ‘end walls.
Assuming a continuous umnterrupted wall the’ shear stresses w111 be
(see Flgure 1. 12 for loadmg) b ;o SR

~ 6250
R ST —‘—25;'4‘— 260 1b/ft at the. second story

FIGURE 1:13: Typlcal hold down
Nt deV|ce .

'".J'U

sider the two story wall, approximately 18 ft high, the total tiedown
force produces an average shear stress at the corner of

10750, e
b o = 448 lb/fta

PR : :

Design of th1s wall must 1nc1ude the con51deratlon that 1t is
required to-provide good acoustic'separation between the twohous-
ingunits::One solution: for-this is to supply two' separate;:.complete
“stud framing systems with a small:separation: ‘betweensithem: 0
_effect, this prov1des two walls, h th construction -at_ the
floors and the sécond floor's ¢ sufﬁment ty1ng
to consider them as a ‘single structura ‘wall. Assuming thls con-
structlon and ‘the shear stresses just: determlned some alternatlves
for the wall surfacmg are! as follows:: ; AT

L4802 A2:‘6?7"1b‘f7" 55
U= = t
If the plywood previotisly determlned 1s used thls is w1th1n the

capac1ty of the: edge nailing, : R IR
A second alternatlve for the ﬁrst story end wall 1s to’ cons1der the

Gypsum wallboard (dryw 1Y)
g (see the Appendlx) permits:ashea 251b/ft on Lin. drywall
with. 5d-nails at.7 in. spacing. This is-just.alittle short;so it
:would. be necessary . to use4.in. na11 spacing, 1 for whlchw the -
. table allows 150 lb/ft The total resrstance for the wall is thus
1300 Ib/ft, which fﬁc1ent for the second story, but not for
Hevthe st o -,i G e Bl Tl S

b‘ 1 sides; UBC Table 47-1

¢ add1t10na1
framlng and metal ties would be‘a ‘trade offagainst: the close nail
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A Zin.cement plaster on metal lath. The-UBC allows 180.1b/ft

; «for this, makmg the total for the wall 360 lb/ft Agaln th1s is
adequate for the second story, but not for the first.
Plyw d on one or both sides is an alternative for the second
| 'the .only choice for the first floor. Note that UBC
4713(a)states that when different materials are applied to the
ssame-wall their- shear -resistance:is:not cumulative.. Thus if
plywood is used, its shear resistance cannot be added to that
o of the ﬁn1sh mater1a1s placed over 1t

On the: bas1s of these consrderat1ons we: would recommend rthe
followmg construct1on for the center wall ST SR TS

At the second ﬂoor Lir ,_: ils at lnspacmg on
both 31des of th wall : o

At the first floor : gin. C D plywood w1th 8d narls at 6 1n spacmg
at edges on both sides-of the wall, with drywall apphed asa ﬁn1sh

Transfer of the'shear force from level to level rvs,--relatrvely s1mp1e at
the end:walls, since the plywood:on: the-exterior-is continuous from
top to bottom of the wall. Assummg ordmary platform type con-
struction, this continuity does not exist at the-center wall, making
some spec1al cons1derat1on for the transfer necessary

F1gure 1 15 shows deta1ls of the ﬂoor and: wall framlng at the

center dividing:wall:: Fhe routing'of the w1nd shear from’ the: second ‘

ﬂoor to’the basement is:as: follow &

.]:;'The s1lls are na1led to the contmuous _]OIStS
< The joists are nailed to ithe: spreader block:

The spreader block is nailed to the top: plates of the first: story wall ‘

‘7 - ;The ﬁrst floor wall surfacmg is na1led to-the top. plates and the s1ll
::<Fhe s1ll is. nalled 'to thefirst vﬂoor joists o
:. The! _]o1sts are nailed to the spreader.‘- :

€ £
transfer the total load of 6250 lb from the second floor shear: wall to -

requlred number

. “'_‘FI‘GURE 1‘.j.5,.;

”_(1mxmn>

Design for Wind

2ND FL.

IST FL.

‘ Details ofwvthe:center -dividing wall eeos 7o

be 1ncreased by one thlrd for the w1nd loadmg Then

6250 .

<39

4; 0r22 on‘each’side -
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At the first floor the nails and bolts must transfer the total force of
10,750 lb to the basement wall The requ1red nailing is thus

10 750
(1 33)(107)

(24‘ X 12)
38
If2in. bolts are used UBC Table 25-F gives an allowable load of
1350 lb/bolt on the 2% ssill in single“shear. This should also be
checked against:the load values in UBC Table 26-G which are for
the bolt loads.in the concrete-wall: In-this case, with the f; value of

3000 psi for the concrete, the allowable load is 1780 Ib, so the wood
limit is cr1t1cal The number of bolts requIred is thus

10,750
R 33)(1350) ‘

SLIDING

¢

= 7.58 in. maximum

TOTAL WIND LOAD:

20psf x 26'x50'=" " °

26000 LB ——_

13

e

NNRENS

Design for Wind

-~ GVERTURN.: "

T\

,§l¢¢l{ﬁ

. Various detarls of the horlzontal d1aphragms and shear walls are
shown in the construction detalls that follow.. While there is some
standard1zat10n by:codes and mdustry recommendat1ons there. is
room for cons1derable var1at1on in these deta1ls because of local
practices and the ]udgment of 1nd1v1dual des1gners

Wind in the east-west d1rect1on produces slightly less than half
the total load onthe bu1ldmg as that in the north-south direction.
This will not be critical for stress in the horizontal d1aphragms al- s moment res1st the overtu n
though' attention should be given to the transfer of the edge loads
into the chords and shear walls. Stresses in the shear walls will de-
pend on the size and arrangement of openingsin the'walls. Since the
openmgs will not be the same on ‘the two ‘walls, some consideration
maybe'necessary for the torsional stresses.dué'to the’ eccentr1c1ty of
the lateral load from the center of st1ffness‘of ‘the'’s hear walls; An
example ofithis type of - analysis v ; n:the
Building Two for- lateral loads:

B

4 Bu|Idlfn‘g',gO;ver«t‘ur,n* and Slidin: -The total wind-load on the
building'may-tendito tipitiover: d the overturn effect) or to slide
it off its foundat1ons as shown 1n:Figure 1.16. The dead load of the
bulldmgwﬂlsew as a resistive force to both hese ef

87, 000)(12)

| (26 000)(13)

24'}

1, 044 000 1b/ft

338@,000 1-b/ff i

@

FIGURE 1.16. Sliding and overturn of the buildlng.

.Building codes generally e qu1_re that ‘the .dead load . restormg
1 noment, w1th a safety factor of 1. 5 See

The total w1nd load on the long s1de of the bulldmg is 26 000 lb
as shown in* F1gure 1 16'f'and the overturn moment is thus :




43
42 Building:One.. DeS|gn of an Alternate Roof: Structure :

| ling: framrng The' trusses: would ‘span the full w1dth ‘of the

‘fldlng, shifting some additional load to the outsrde walls but
cing slightly’ the load on the first floor beam.’ i ‘

For this span ‘the truss members would consist ‘of smgle 2><

TABLE :1.4: - Total Building-Dead Load

Load Source’ © U Load (Ib)

SReoc(;fri'd g%%ﬁt;;?fiﬁgr’;s{zoo ft2at 4’ liﬁgg €S arranged in a smgle plane with gussets of either plywood or
Second floor: 1200 ft at 9.5 : . 11,400 tal: The trusses-would' usually’ be factory ‘assembled and may useé
E;rtitrgffvr&:nzﬁozfégg }tZ at 12 3213’;88 ‘avpatented Jomtrng system: In-many areds these trusses could ‘be

.- Intérior walls: 2000 ft at 10 C T 20000 ‘ d from- thestock’ de51gns ‘oftal manufacturer reducing the

building designer’s work-to: determlnlng the span and load. The
“calculations that follow 111ustrate the de51gn based ‘on - the ‘truss
member arrangement shown in Figure 1.17.- Analysis is* shown for

Total dead load (above basement) .~ -87,000

The actual safety factor agamst overturn is thus ‘ e
%+ THE ASSEMBLED TRUSS"

Rt 044 000
338,000°

Frlctlon due to the bulldrng dead load also offers resistance to
shdmg In’ this example, assumlng the total dead load to help in
developing friction, the minimum- average frlctlon factor required
to-resist slrdxng would be

.THE TRUSS MEMBERS. . . .

Cas shown 1in Flgure 1'15 were des1gned on thls basis. “THE' TRUSS -LOADS 1 >*

Waﬂ

1 8 Desngn of _aln AlternatehRoof‘ Structure o

The rafter and; ce111ng Joisty syst m: prev1ously des1gned could be
replaced by a truss system in which the top'chords of the truss pro-
vide the roof framing.and:the bottom:chords provide the second

’FIGURE1 172 The ahernates oof triss) ©

’
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the load cond1t1on of dead load. plus 11ve load only, assummg this
to.be.critical- for design... ‘

The loads on the trusses cons1st of the dead load of the truss plus
the dead and live loads:of the roof.and. ceiling. The roof load is-actu-
ally applied as a unlform load on the top.chord, while. the cellmg is
applied: as.a unrform load on: the bottom. .chord.. These loads are
translated into. panel or joint;; loadings- for the truss analys1s as
shown:in Figure:1. 1.7: The.design.of the: chord members :however,
must :consider the- truss axial forces. plus the bendmg due to:the
actual-uniform: loadmg : .
<~/ With the trusses at 24 in. centers the- loadmgs are. as follows

‘Roof live load: . 30 psf(2 ft). = 60 1b/ft on the chord.

Framiosaneiias 260(6 ft) = 360.1b o‘n the top chord joints.
Roof dead load: 5 psf(2) - 10 psf(l 2) =12 psf/horlzontal ft.
12(6) = 72 Ib on the: top, chord Jomts
Ceiling live load: 10 psf(2) =:20 Ib/ft on the chord _
Lot . ~208) = 160 1b on the bottom chord joints.
-+ Ceiling dead:load :. 2.5 psf(2)(8) 40 Ib on:the bottom chord
o joints.

Assuming’the trusses to wergh approx1mately 12 lb/ft of span, a load
is added to the ]omts as follows‘-:‘” 5 &

6 plf(8 ft) = 48;lb at-the. bottom chord ]omts

- The totals of these loadmgs are shown as| the truss loads on Flgure
‘ 1 17.The equ111br1um d1agrams for the ‘1nd1v1dua1 _]o1nts f the truss

: found as vertlcal and horrzon components us g the typ1cal solu-
tion by joints. These are then: translated into,the. actual vector forces

-1 theé. members as:shown: between the _]OlIltS Tis: used to, d1s1gnate a

. tension member. and»C is-used-fo bul.ul_uuoolu

“The top chord must be des1gn i

"‘force of 1712 lb pl ' '

Ximum ¢ tm:press1on

‘ becomes

m load of theroof. -

Design of an Alternate Roof Structure’ 45

13? 468110

|249 \
l333
300 ‘Lses 4

L1824 T

The roof load may be taken from case 1in Figure 1.4, where it was
found for the rafter: desrgn W1th ‘the trusses at 24 in., th1s load
‘ 2(28 29) = 566 1b/ft

The span is the trie member- length wh1ch is 12 times the. 6
hotizontal d1mens1on or F24t! For the co t1nuous two $pan chord

member the maximun moment

CF,—2050ps,  F. = 1250.psi E — 1800000 psi

8
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The allowable compress1ve stress is thus

(0 3x1, 800 ,000)

‘885 :
(24.7) psi-

The combined compression and bending is thus ~
P/A  M/S
+
F.F,

-1712/5.25 . (366.8)(12)/3.06 .
885 2050 '
0368+ 0702 = 1070

Since th1s 18 over 1.0;:the 2 -x 4is theoret1cally not adequate.
However, the overstress.is -only 7% and a more accurate analysis
may show it to be less: The true truss span is slightly less than 24 ft,
and the gussets tend to reduce the actual unbraced length of the

members.’ For a conservative design ‘the member size may be in-

creased to a 2 x 6 or-the stress grade ra1sed by usmg a hlgher
quality wood. i

The bottom.chord must be desrgned for: the ‘maximum tension
force of 14241b plus the bendin g due to the ceiling load. The load for
bending will be 2(12. 5) = 25Ib/ft. Thus ’

(2 ;(8) ‘—.2‘0(‘)“v1Jb/ft"ﬁ

R
8

that the allowable tens1on stress (F ,) from Table 2 A-1is 1050 p51

.-cZQQ(l&%)/&o
2050

A + ‘M‘/S’ y '14'24/5'2‘5"
F, F, __‘ 1050 .
S 0258 + 0383,‘“’;

The stresses.are: very low on. the 1nt ior: members since no bend-
1ng is involved.. . Forconnection - purposes : hese :
members ‘and:would probably bé 2 x: 3 or2 x 4
of the joint forces at-the gussets. 71 = ;% =

T development

Sincethe roof deck braces the weak axis, L/d =1 2(12)/3 5 = 24. 7.

Trying a 2 'x 4 as before, we may useithe previous data adding -

eed to be. 2.X: ‘
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One disadvantage of the trusses is that the second floor ceiling
drywall would have to be heavier to span the 24 in. distance. Also
the attic space becomes less functional for storage: space’ “when it is
filled with the forest of truss members. :

1.9 Construction Drawings

The structural designer ordinarily documents the design in the form
of threé-elements - the structural calculations, the structural working
(or construction) drawings, and the written specifications. The
calculations should be written in reasonably readable form, since
they must often: be submitted for review when obtammg a bu1ld1ng
permit. The specrﬁcatlons are written in fairly legal form, since they
are actyally parts of a contract. For a ‘building of this type the con-
struction drawmgs for the structure are often 1ncorporated in the
general arch1tectural drawmgs with a minimum of separate purely
structural, details; Many. of the:items usually covered.by.lengthy
spemﬁcatlons in larger buildings are often covered with abbreviated
notes on the construction drawings for this type of building.

The drawings that follow are typical “structural” details and are
primarily intended to illustrate the design of the systems just dis-
cussed. They are not intended as models for construction drawings,
although that styleis used in the illustrations. They do'not,in most
cases, show the complete architectural details in terms’ of the finish
mater1als since the focus has’ been‘on the structure. - | :

Basement and Foundatlon PIan (Figure | 1 19) ThlS is the
conventional form for this type: of plan, showing thi footmgs the
floor slab, and the’ walls and columns. The footmg are seen in dotted
line where they are. beneath the ﬂoor slab and in solid lme wherethey
extend outside the walls and are.covered. only by the soﬂ

First Floor Framlng Pla' : (F1gure 1. 199 Th1s is’ one conven- '
tlon for th1s type of drawmg Ind 1dual _]o1sts or beams are shown in

end members on the drawmg' Beams and headers are somet1mes
shown by a hedvier: l1ne or by a broken l1ne of some form to make
them more-obvious: wt GRS

R
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7 FIGURE 1.20. © Structural plans: second floor and roof:
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Openmgs are normally shown with an X, The floor sheathing is
shown in terms;of the arrangement of the 41t by 8 {t plywood sheets.
The staggering: shown. slightly ‘increases the- strength and stiffness
of the horizontal diaphragm.

Walls below the framing level, especially bearmg walls are usually
shown by dotted lines.

Note that the joists are doubled at the edge of the stair opening.
They would also ‘be doubled under the part1t10ns that are parallel
to the joists: : ,

Second Floor Framing Plan. (Figure 1 20 ) This is essentially
similar to the, first floor’ plan, except for the sl1ghtly different stair
opening and the lack of the beam at the center

Roof Framing Pla_n (Figure 120) This. shows the rafter and

roof deck layout. The ce1l1ng joists are covered by a‘note, since their

arrangement is similar to the rafters, except for spacing. Two options

are shown for the extended gable end in the -two variations of
" Detail E.

Detail A. (Figure 1.21.) This shows the typical roof edge condition
at the front-and-rear. The rafter is-notched to provide full bearing on
top of the pldte and is normally toenailed to the plates. The sheet
metal tie shown:is one type that may be used for a more positive
anchorage of the roof to the:walls. -
( 1 blockmg is used to’ transfer the roof wind load into
the wall. The horizontal blockmg ontop of the plates serves two puar-
poses. It assistsinthe transfer of wind shear from the vertical blocking
and also prov1des a backup for the; dge of the ce111ng drywall.

The roof edge, facia, and soffit have rnany var1at1ons dependmg on
the desired archltectural deta111ng

Detail B:: (Flgure 1 22) This shows the typical ¢ cond1t10n at the
edge of the» cond floor at the front and rear. Note’ the transfer of
shear from:the floor plywood through the contmuous header and
into the walk ywood. ‘The block on type of the- ‘late is str1ctly for

o

2:) Thls is the typ1cal detall at the edge ¢ “the

(Flgure
first floor. Th‘e‘ wind load transfer is primarily from the exterior ply-
- wood to the sill and into the concrete through the bolts. In thi,

Detall c.

" "Cdnstruction Drawings. 51

“EACH BLOCK
y

TYP. SHEET ME TAL
\ TIE, RAFTER TO PLATE 1.

8

FIGURE 1.21.

Detai‘I A

structure: there is no wind load on. the,ﬁrst ﬂoor dlaphragm although
he wall plywood should be nigiled to'the coritinuous edgeheaderasa
“positive tie to the floor. At the walls parallel to the joists thls header
ould-be-doubled-to prov1de support for the wall above.

“Most codes 1 require that the wood construction be kept some dis-
ancevabove the exterior grade; .usuall .A,,a minimum of 6 in.

etail D. (Figure 122, )'Some codes have minimum requirements
or this footing, as well as for the minimum wall and basement floor
lab thicknesses. The need for various waterprooﬁng details will de-
end on the spec1ﬁc site conditions.. Remforcmg is not shown, al-
hough we recommend a-minimum- of 'one layer-of wire fabric in the-
lab and the minimum wall remforcmg s dlscussed in the cal-
ulatlons S




Construction,Dﬁrawrings{‘ 53.

Detail E. (Frgure 1.23. ) At the low edge of the roof the rafters.can.
“simply.be cantllevered to form an overhang, as shown in Detail A.
At the gable end the only cantilevered parts of the construction are ‘
the roof plywood the ridge member and the facia. If an everhang is

. “2ND FLOOR

SPECIFIED
~+EDGE NAILING -

. the wall and are carrled back to the first spanning rafter The rafter
“that forms the roof edge is carried on the cantilevered ends of these
-outriggers. The blocklng showr is used to carry, the wind load from
. the roof plywood into the shear wall. :

CANTILEVERED: OUTRIGGER
SEE PLAN. . \

- 18T+ FLOOR

pu

SPE ipaRy < 124 ati2 i
SPEGIFIED ‘BOUNDARY. v sorie

s SPECIFIED EDGE . -
. NAILING FOR WALL

. FIGUREA:22:  Details/B, C,and Brii i+ o . g e —— e
. o . FIGURE 1.23. Two alternates for Detail E.




. 2ND FLOOR

SPECIFIED BOUNDARY
- NAILING FORZFELOOR 1

SPECIFIED EDGE
NAILING FOR WALL

1ST FLOOR

GLUE LAM. BE,AMJ

FIGURE1.24.

‘Details'F and G.

Constructio_n,’Dr_a;wings; b5

Detall’ E2 shows the condition if the roof edge rafter-is-made to
pan from the ridge to the facia: This assumes that the rldge member
hown in Detail P and the facia member shown in Deta '
antllevered to hold the ends of the rafter. The wall is then l1terally
uilt up to'the underside of the roof deck: This may be done as shown |
T in other ways, dependlng on the soffit detalls the wall finish,
nd sojon.

The choice of one of these options, or of others, is usually pr1mar11y

endent on considerations of archltectural deta111ng, rather than

g ructural necess1ty ’

etall F (Flgure 1.24) Thls is the second ﬂoor edge condition at
he wall that is parallel to the joists. Slnce the floor plywood transfers
V edge load into the edge joist that» rests on the wall, the wall ply-
d should also-be edge nailed: to his menibér. Although we have
ot shown it, there-is also a joint in:the wall plywood here some-

ere, depending on. the sheet size used . ‘
“he second joist on top of the wall helps to support the wall above

s offset slightly to provide:a backup for the celhng drywall

tail G‘ ' (Flgure 1 24) ThlS shows the ﬂoor edge detall and the
ortfor the end of the floor beam The wind load transfer from
g plywood to the basement concrete wall 1s essentlally the

‘1m11ar connectlon could be used Wi
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FIGURE 1.25. ‘Details'Hand .~

plates welded to the bottom of the U- shaped plate for attachment :

the wood column

space in the att1c for the two housmg units and-also carries. the ro
diaphragm wind load: down to the dividing wall: The remaind o
this:wall; showing the-details from the second ﬂoor,down tothe base
ment, was illustrated in: F1gure 1.15... : o

Detall L. (F1gure 1.27) This's ows two optxons for the wall fo‘
ing for the basement wall at the ’ |
h the sequence of construct10n of the wall n

first, the lower deta1l could be used;" i
are poured together.

Detail-Vl: ‘(F1gure 1.27. ) Th1s shows the base deta1l for
column. A steel base plate is welded to the bottom-of the column

SPECIFIED - BOUNDARY
NAILING FOR ROOF

SPECIFIED EDGE
NAILING FOR WALL

(

Construction Drawings

16 ‘at 12 W

‘ FIGURE 1.26.

1‘.\.

O

Details J and K.

and na1led to the rafter on- eac side 1

57 .
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FIGURE 1,27 Details L and. M.

Detail O.. (Figure 1.28:) Thisshowstheseating.of the attic cripple .
wall.on top:of the center partition:-wall below. Since the:eripple:wall
serves.only forvertical load transfer;it could bean opensstud Wall w1th
ne:surfacing. If so,:the;studs:should bei braced poss1b1y
dlagonal braces:nailed to the-studs; plates, and sill: - T
;- Although: it-is. theoretlcally not requlred that: the ceiling _]OlStS
serve to tie the bu11d1ng agalnst thethrust of the rafters (see Fi igure
1. 5) it adds generally to the structural 1ntegr1ty of the bu11d1ng 1f :

- FIGURE 1.28, " Détails N.and O.

N

Detail Q. = (Figure 1.29.) This shows the floor beam at the center
all. Since the top of the floor joists is at the same level as the top of
.the beam, the ends of the’ joists would be supported with metal joist
hangers or a ledger bolted to the side. of the beam.

_ Diaphragm Nailingi. Figure 1.30 shows a typical schedule for
tie purposes at thlS locatipn s e iRt o :f.' e Sy the nailing of the wall and floor paneling to the framing for diapliragm

' S
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OPTIONS ><

FIGURE 1.29.

Details P andQ N

of the’ dlaphragms 'S
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SHEAR WALL AND HORIZONTAL DIAPHRAM NAILING SCHEDULE
NAIL .SPACING . AND LOCATION
SURFACING NAILS AT
) AT AT | INTERMEDIATE
BOUNDARIES |OTHER EDGES| SyUPPORTS
3/8" C-D 6d
6 6 12
| PLYWQOD | COMMON
L 84y 6 6 12
“PLY. COM.
w442 CnDe et B 6 12
CPLYC com.” *
3/8" ¢-D . 6d s 6 2
PLY: COoM.
172" GYP. 5d- 4 4 4
DRYWALL COOLER ¢
172" _GYP. | 5d 7 - 7
“DRYWALL ."[/COBLER :
FIGURE 1 30 ‘Na|I|ng for the Butldmg One dlaphragms

. 'actlon Because of the relatlvely low shear stresses in most [ ases the
knall spacmg shown is the minimum code Lequlred nalhng for most
‘ ‘walls are usually labeled as ‘such on the
plans with number or letter designations for identity in the schedule.




Building Two

Building Two'isa srmple box—a single story, flat- roofed smgle space
buildifig. The’ possrble variations for the structural system and for
the materials and details of individual components are quite exten-
sive. If the bulldmg is built essentially for investment purpose; dic-
tates of economy, local codes and avallable local materlals would

two dlfferent solutlons ’The ﬁrst 1s an all wood structure The second‘

is a structure w1th masonry walls and a steel frarned roof

21 The Bqumg

The general configuration of the building is shown in Figures 2.1
and 2.2. For maximum flexibility in the arrangement of interior
walls, it is desired that there be no interior structural walls or col-
umns. The roof therefore requires a clear span of 60 ft. : ‘

For the 9000 ft? building the UBC requires a one hour fire rating
for the walls and toof. This could be eliminated if afire resistive parti-
tion is used to divide the 1nter10r but we assume that this is not
desired. ‘

Some of the de51gn criteria are:

Roof live load: 20 psf ‘(reduced as per the UBC).

Lateral loads: 25 psf wind zone, seismic zone 4 (UBC).

Soil capacity : 2000 psf maximum for shallow, spread footings.
62

FIGURE 2.1.

. Floor plan: Building;Two:
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.2 ~The Wood: Structure::

¢ plans in Figure 2.3 show the layout for thé wood structure; con=
sisting of plywood roof deck, wood roof joists, glue laminated
girders, and wood stud walls. Girder spacing relates to the module
of the plan:and not necessarily:to'any. structural optimization. .
The followmg materials, W111 be used.:.

2% and 3% framing : No 2 Douglas ﬁr—larch

4% frammg and larger No, 1 Douglas fir-Jarch. ‘

i lue lammated members Douglas ﬁr—larch 2400f grade

, Structural steel: A36 F, = 36 ksi.
Concrete: F; = 3000 psi..

N e e T e ==l .
‘:"__ ST N BEARING “WALLS - | e
b KL WINDOW HEADERS I_ g
ISk lerz g prywoon, bEck ST o
I A e,
o |l et e vousTs:
| . .
I GLUE LAM:GIRDER = 0 =~ L '
i ) \ i
: \ ‘T\\’»,— “. GOLUMNS T 1
SECTION L e , . e
ROOF FRAMING - L omRgs e bni l
e ‘»__"Tﬂ__-T.T‘__'»‘;—’—“?f.—\—‘_,r_:_:_,—:]___Tll
: ,
Ao S WALLSFQOTINGS ot 40 boonl, for” 1) [
, . ety e i |
h /Q N i |
¢ el a e N e . S el o
: : 4 UM CONCRETE SLAB 1< T . :
o i
i T Ao v 1 |
_— ! e | o
‘ i i
I e COLUMN. FOOTINGS . &
] . o . "‘ L'!/_ AT . \r“‘j !
‘FIGURE 2.2, “Details! Building Two' L e o S LB Tt .LTTJ' ,
g ; v . e
I NS — I ~— LU A|

GROUND: FLLOOR 8 FOUNDATIONS . .
FIGURE.2.3. . ‘Strictural plans for'the wood structure
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2. 3 Design of the Wood Roof: Stru_ctu;re:_.;, T

Dead load ‘on the structure con51sts of

3 Rooﬁng tar and gravel at 6 5 psf Vi s P
Insuldtion, lights, ducts, and so on: ‘assume.5 psf average TE
Ceiling: assumme 10 psf total; finish plus suspens1on system.”

, Total dead load 215 psf plus structure: -0 :

Roof Deck. UBC Table 25 R (see ‘the Append1x) perm1ts Lin.
plywood for joists at’ 24 in. centers Grade and na1l1ng w1ll be part of
seismic design. -

Roof Joists. Allowable stresses for the gmsts depend on their
size. Our procedure is to make an initial size assumption, perform
the analysis and size the joist, and verify the initial assumptlon Note
that UBG 2504(c)4 permlts a 25% 1ncrease in allowable stress for
roof loads. .

From UBC Table 25- A-1 for 2 X 6 and larger (see the Appendlx)

Fy 1450 psi (repet1t1ve member use)

E = 1,700,000 psi--
Loads :

Live load .20 pst SRR S B S
Dead load: Applied =215psf... .-
1in. deck 1.5
7 Joists + blocking = 40 (estimate) .
Total dead load =27.0pst-"~ ’

W1th the _]o1sts at 24 in. spacing, thetotal.design load is

| 200 +27) = 94 Ib/it of _]01St
Then ‘ S

«sz 94(24)2
- maximum M = = -5 - 6788 lb/ft e

reqmred S = Al PN i
” e (125)(1450)
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‘This requires a 3.>< 12 joist. If the'f‘s‘tre’ss grade;isincreased toNo.
1, the allowable F, is 1750 psi.and the required $ is

6768(12)
- _ (1.25)(1750)

= 37.13in.3

- This permitsa2 x 14joist. The choice is somewhat arbitrary and
would probably be made on the basis of lumber prices and availa:
bility of sizes and lengths. a

Allowable total load deﬂect1on 1.s 1/180 of the span or

24(12)

10
W1th the 3 x 12 the deﬂectlon w1ll be

SWE . 5(94 X 24)24 x 127 -
384EI 384(1 800 000)(297)

31 In.

The I of the 2 %" 147s approx1matel ‘
y-the same so defl
critical for either choice. ectionis not

© UBC 2506(g) requires that‘the ends of these joists:be adeqy ately

" blocked wh1ch must be cons1dered ini the' construct1on deta111

: ;the glue laminated g1rders that supp t‘fthem meta
wood led ers must be rov1ded
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Assuminga total load of 1075 1b/ft

. e 1075602
maximum M = e —8—— = 483,750 lb/ft
M 483750012

required § = — = ————
. F s (1 25)(2400)

in.3

Or)tiohs,_‘are: : : . : :
83 %39, C;= 0.88,. effectwe S = 088(2218) 1952 1n
102 x 36, ¢, =088,  effective S = 0.88(2322) = 2043 in?
124 X 33 - C; =089, effective S = 089(2223) 1978 in.2

Checkmg the shear for the narrowest beam w1th the least area 1n
Cross- sect1on z : o

. wL 1075(60) b
‘maximum V= 7 E

3V 3(32 250) -
,maxrmumF == ———117ps1
C24 (341 3) S

—322501b, :

which 1s-less:than the allowable of 165 psi: ;
‘Allowable total load deflection is L/180:= 60(12)/ 180 = 4 -

- Deflection calculations: will show that-all:the optional sections

prev1ously listed: will-deflect slightly more than this. Our procedure

therefore: is-to-use ‘the:deflection formula; to: der1ve the I value re-‘

quired:for:a deflection of 4'in.Thus: PR R

SWI 5(1075 x 60)(60 X 12)3
:384EA T - 384(1,800, 000)( 0y

=43, 530 1n

\ requrred I =

The lightest section’ with th1s Iisa 84 X 40 5 Wthh would be
used unless ‘headroom is critical-and. ]ustlﬁes a-heavier; shallower
section.

< The-seismic: des1gn w111 show: the necess1ty for prov1d1ng nallmg
support:at all-edges of the plywood sheets. Additional framing will :
be required between the joists to provrde this. As shown.in Figure
2 4, this is accomphshed by adding blocking in‘continuous rows.

-Design' of the: Wood:RoofStructure: 69 ‘

RGeS

> OPTION; |

| > . ,
L5 >t JOISTS - at :247 0.C.
TN S BLOCKING "REQUIRED : -
|"\ A G ' g : '
b

.

Ik

|

].,

I Y
? —

= A b}

N , — OPTION 2

= le=— - 'PURLINS at &' oc.
>, ‘

NO- BLOCKING -

o max1mum M = 4(6768)

FIGURE 24 Optlonal roof
s systems e

2?;;6572 Ib/it.

. 27,072(12) s
requlred S = ———— =200 in?
| (1251300,
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For the 15.54t hlgh stud; h/t ="15.5(12)/5.5 = 33.8.

_ 03y, 700,000)
SRR i e b= ~ 446 psi : ;
(338)° , |

24f grade would requ1re

_27072(12) .

(1.25)2400) - .
02 ) Wlth the wind load the. allowable load/stud is thus

load = 446(8 25)(1 33) = 4894 1b

_ 5376 x 24)24 x 12)°
384(1,800,000)(1.60)

= 975 in.*

Wrth w1nd pressure of 20 psf on the: wall the moment s -

| - 20(1.33)(15.5
‘ M}=‘ iar g ——8——— = 799 lb/ft

Select:
Skx 135, S = 099(155.7) = 154 in.? effective, I = 10508 in.*
S The combined ot s = ;y,;,_j L
R TR, T a8os "1‘33(1‘4’50)"- S

= 0.187 + 0658 = 0845 < 1

2.4 Des‘ign of the Wood Studs and Columns

Studs. The end walls of the bulldmg carry the ends of the 25 ft
span joists-or purlins. Because of the sloping roof surface, it is easrer
for construction to make these studs continuous to the top of the
parapet and to carry the joists or purlins on a ledger bolted to the
face of the studs “The unbraced he1ght of the studs is thus the dis-
tance from the ﬂoor to the b ‘ om of the ledger Wlth the roof slope

Ince: the canopy is 'cantllevered from the wall the studs, should

also be checked for thisload;:unless the:cantilever forces-are: carried
d1rect1y#back into the roof construction with struts and ties. Since

“we are not detailing the canopy construction, we will assume:the -
2% 6’s to be adequate for this cond1t1on

- We ‘have checked the heaviest. loaded stud so that we may safely

- use; the 2 x 6s for the other walls Actually, 2 >< 4’s can‘ probz

- be used for the shorter rear wall e

to attain’the desited: 12 ft clear ce1l1ng helght under the dee .
the bottom of the joistsatthe front'of the building will be'at approxr
mately_,lS Sft. above the floor. For th1s he1ght UBC 2518(g)2 requires

: Columns The g1rder ends br1ng large concentrated loads to the
“front.and rear walls; making it ‘désira i 1]
S ‘wall at this location: Thrée ‘options are poss1b1 :

T \ 1 ’ tuds, asohd 6'x member el post inserted in the hollow wall
B o S e end load is: approx1mately

: .Roof

Canopy 8
 Total DL % LL \
Or:

233y = 915 lb/stud at 16 in. centers :
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Then

ho13.512) .
== = 2945
t 5.5 :
(0.3)(1,700,000). EO
= —2’:' 88 psi
(29 45) o
) 32 ,000
required.area = 588 ~=54.4'in.2 (or:seven 2. x 67s)

If a solid timber is: used E drops to 1 600 ,000.psi and a 6 x 12
would be requlred If'a steel column is used, optrons are a4 in.
standard round pipe or a 4 in. square tube wrth e 1n wall thlckness
both of which will fit in the wall space.

Design of the wall detailsand of the girder connection and the
foundations may determrne the desrrablllty of one of these optlons
over the-other. " © ©7.- \ : »

Header at ;W,all: Open mg “‘Load‘iv on the ‘headers consists of
the weights of the:walland canopyand part of the toofload. With:the
purhn system the: load on’ the front wall headers w111 be

‘»:‘V‘[Roof DL % LL+ 4(47) = 188 lb/ft
. Wall and parapet 5(15) = 750
Canopy (estrmate) :
‘ Header (estlmate)

Total load

(388)(16)2

= 12 416 lb/ft

M (12 416)(12)
requrred S =—=——
' Fb s 13008 4 i

Design of the:Foundations 73 -

A 6°x 12.can be used to provide-this section:modulus::Since the

: ‘percentage of live load is small; deflection should net be.critical for
~ the window:construction detalhng The trueloading and span: con:

ditions should be verified when the final details-of the construetion
are developed. The actual spaniwill:be from eenter.to-centeriof the .

| posts, if a direct bearing is used for the end connection of the header.
- 1f the header spans from face to face of the posts the: span will be

s11ght1y less. ‘
The header at the end wall carries more roof load because of

., the pur11n span. This higher load on the shorter span will probably ‘
result in approximately the same size header Y

‘Checking shear for the 16 ft span ‘
maxrmum V = 388(7) = 2716 lb (approxrmately cr1t1ca1 shear)

‘ \3V 3(2716) .
, F,, — = 644ps1 < 85 p51 o
‘ 2A 2(63 25) e

2.5 : Designof ’t»ihe,FOu’ndation"sy_“‘f &

Stud Wall Foundation. At the solid end wall this load is.

- approximately as follows: .. . ..

Roofdeadload: . . .27 psf x 12ft = 324 lb‘t}'
Wall: B 20psf><17ft=
Grade wall and footing (estlmated)
Totaldeadload = . .~ . . =
Roof live load:: Uy psf x 120t = 240 lb/ft
Total DL +LL -~ - R = "54‘1b/ft

~and footing. We w111 assume that a depth of 3 ft 18 requrred and will

design for'a separate wall and’ footrng, as shown n the constructlon
details: - : = Do) Bk leandd
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b1l1t1es are as follows

‘ wall

* this footmg will be':

Header po'étload‘:

Roof dead load
- on wall:
- Wwall dead load
. :Grade wall

: Q‘lrd_‘er‘ dead,load.:‘
Total dead load

Columh“Foot‘in'g' 8

_'300 plf (est1mate)

775 plf X 30 ft

Building: Two:2- "

Sitice the column oecurs in the'wall; there are
several opt1ons for this footlng As shown in F1gure 2. 5 three p0551—

The grade wall may be designed as a co )
* buting the loads to a constant width footing. -~
2.A separate -square column footing. may be designed 'to. carry
' thecolumn plus only the wall directly over the column foot1ng
- The remainder of the wall length would be dlrectly carried by
~‘a.narrow wall footing. :
3. Thefooting under the 10 ft sohd Wall portlon may be designed
. for the column plus the wall plus the header post loads, and a
minimal foot1ng provrded under the remamder of the grade

308 plf (dead load)
Lox 161t

27 psf x 41t x 10ft
20psf X 17ft X 10ft

X lOft

-+ This footing should be slightly wider than.the wall for construction
purposes.Ifa 14:in. wide footing is-used; the dead load pressure will
be slightly less than:1000: psf. To equalize settlements the rest.of the
footings should be:desigried for this-dead load pressure; rather than

for the maximum: total load 11m1t of 2000 psf : '

All three options can be adequately designed. Option 1'is the simplest
in detail and easiest to build, but requires a reasonably deep grade
wall for the beam ‘action: We will design the system for Option 3
with a wide footing 12 ft long under the solid wall. The total load on

49281670

1080

— 35,658 Ib + footing

RADE WALL

NRRR ]

‘beam, distri-

TN

FIGURE 2.5,

R

lulllmlllm |

... OPTION 1

Options:for the fro‘ntv‘\//"va‘l:l foundation.




76 Building:Two

Using the dead load pressure‘ determinedfor the end wall:

5,658 ¢ ‘
— :—375f2\’-
50

- .area requlred =

- Wee W111 use:a 3 ft wide footmg, for which the actual dead load :
pressure w111 be: S '

Assume a 10 in. thlck footmg
Weight of footing ::3.0: % :12 % -0:83 x~150 pcf = 4482 Ib.
Total dead load:: 35,658 +. 4482 X 40 140° lb . ;

40,140 -+
5 = 1115 psf

_Dead load pr"essure:

The contmuous grade wall w111 dlstrlbute some of thls pressure to
the natrow footing under the wmdows whrch w111 otherwrse be
quite lightly loaded. = -~

Adding-the roof live-load at 12 psf the total pressure w1ll be as
follows: :

’ roofhve load = 30 x 25 x 12 psf X 9000 lb
49,140 -

’ De51gn for the se1sm1
con51derat10ns

total pressure =

' i365 psf

This is: well below the allowable of 2000 psf

The remforcrng in the short diréction should be desrgned for the *
total pressure less the:weight: of the footlng, or. approximately
1240 psf: Referrlng to Flgure 2. 6

1240(14/12)(7)
12
o 844(152) B

required 4, = —— "~ - —70,104 in.%/ft
ER 16,00000.9)(6.75) = .- v i s

= 844 1b/ft

are i

determine this.

;1 -
If 12ft long,
e width requ1red = E= 3134t - B S R I G S
: o 3|_0u‘ B R

2 .6 kDeS|gn for Selsmlc Load

Design for Seismic:il-oad: 77

Or for the ent1re 12 ft Iong footlng
e R ST —0104(12) ,
Th1s may be prov1ded by seVen No 4 bars in the short d1rect10n -

_In thelong direction :a. minimum; shrlnkage remforcement of
0.02%; of the cross-section will be used 3

A= 0002(10 x+36)=:0.72 1.

Th1s may ‘be prov1ded by usmg four No 4 bar two of wh1ch can
be madecontmuous w1th the remforcmg in the n» 1

1 25 1*;}

orces on the bu11d1ng 1ncludes the followmg o

b 1".' ‘De31gn ‘of'the roof dlaphragm for forces in both dlrectlons

s Desrgn of the vertical- shear walls. L R

3 ‘Developmient: of the various construction: detalls for transfer
T n' thieshorizontal to: the: vert1ca1 dlaphragms

be used as shear walls Some of the con51de' 3 trons 1n thls de si¢

lk. The actual magnltude of force that the walls ir
must resist. A qu1ck estlmate of the load should be made to

i

- ‘ R wipie s o LOAD.FOR.FLEXURE AND BOND
: FI‘GURE »2.6.«1 Detalls of the front wall, foundatlon 7 g, e

\_\.

L

W footmg

in each d1rect10n
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~ ‘Which' walls lend themselves to being used. This has to do"

with their plan location, their: length, and the type of bracing

used. The ¢ode establishes maximum. he1ght to-length ratios

for various bracmg up to 3%:1 for plywood 12 1 for pIaster
~or drywall: -

! What materlals ‘are planned for the wall surfaces that may be -

-used for their shear resistance, and what materlals ‘or bracing
can be added where the surfacing materials are not adequate

- We'assumé that’ the ordinary,construction to be ised 18 ‘drywall on
the interior and cement pldster (stucco)on the exteérior'of the walls.
This means that only one of these surfacings can be used for the
exterior ‘walls; since the code does not-permit addition-of dissimilar
materials [UBC Section 4713(a)]. Where the'stucco-ig-not. sufficient,
we add plywood to the wall 1gnor1ngv the surfacmg materlals Where

simplifiesthe ~deta111ng 1f it’is added togthe 1nter10r rather than to the
exterior, of the wall. R o

Figure 2.7 shows:the proposed layout of the shear wall systern
Forload in they_ short. d1rect10n the roof will span | from end to end of

Forthe load in'the long diréction t]
on the front and the entire wall w1llwbe used on the rea

requiring an investigation of the torsmnal effect
The:shear 16ads to the roof diaphragmiare.as shown:i
The wall loads are taken as the welght of the: upper half

placed The canopyvloadon the front”lé offset by the toilet walls and
the heav1er  rear y wall in the long d1rect10n The se1sm1c de51gn load is

A -~13.0) TOTAL L

10

. : -B - 50" TOTAL
THE SHEAR WALL SYSTEM-- AR

LOAD'TO THE ROOF . ..

- PLYWOODDECK  (WEB). 1 11
TAKES SHEAR

- (Y GE FRAMING (FLANGE)
: TAKES OMENT: i s

BEAM ANALOGY

| FIGURE 2.7, - The wirid resistive’ system.
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TABLE 2.1+ Loads to-the Roof Diaphragm

“Loids (Kips)

fyLoad-Sourceﬁand Calculation: - N=§ = . E-W

‘Roof dead load o ‘ _
V150 % 60 %127 psf 243 243
‘North=south exterior walls. e
& x60°x 17 x 20 psf x 2 0 204
East—west exterior walls ‘ .
2><150><17><20psf><2 51 0
Interror dividing walls
HEEIOE0 X 157x 8 psf x5+ (VR b3
Toilet walls : : -
- 2><190><15><8psf ‘ o114 114
Canopy -
1991t % 100 Ib/ft - ’ (9 w19
.. Rooftop HVAC units (estimate) 5

Total load R
- (W for seismic caléulation) 3294 316.8

where Z = 1.0 for UBC zone 4 (the assumed condition)

K s 33 for'the box system (d1aphragm braced) bu1ld1ng
Sri=1 O for this bulldlng occupancy :
: Cs = 0 14 as a product,if S is not establrshed by a geologlcal

U analys1s of the site .
Thus: V = = (.0)(1: 33)(1 0)(0 14)W 0.1862W ,
' = 0.1862(329.4) = 61.3 kips in the N-S direction |
=0:1862(316:8). = 59.0 kips in the E-W direction
In the north—south direction the max1mum shear in the roof is

b= ( )(61 6?)00) N 511 lb/ft at the end wall

W1th in. Structural I plywood and 10d na1ls thrs requires 2% in.
: boundary and 4 in. edge nails sspacing: (UBC. Table 25-T; see the
-Appendix.) It may be-desirable to: reduce th1s spacmg for areas of
lower: stress as shown in Flgure 2 8 SN R :
“61 300(150)

C WL
chord force =— : -=19; 156 1b
Tigd U 8(60) :

Design for:Se

P UBC ALLOW.. SHEAR IN. LB/FT Vet
FOR I/2 PLYWOOD 10d NAILS o

© "¢ OF “BUILDING T

5IlLB/FT

. Sl LR I D iy G
! K 8" BOUNDARY a EDGE NAILING _\

4" BDRY 6" EDGE

S ’ s e
CALCULATED ZONES
FOR ROOF DECK NAILING
- 3

FIGURE 2.8. “Zoried na|l’|ng for the roof.

zi/a“ BDRY 4" EDGE

Analys1s w1ll sho "th"s t ) be. to _large for the normal double

%in. bolts requlre 1i in. holes .
- Deduct frorn cross -section an area of 5%-1 1n
© Net'A: 213755 — (5 x 1)'="22.5'in.%
" From UBC Table 25 A-1 (see the Appendlx) F = 825 psi and

allowable T = (22. 5)(825)‘(1 33).= 24, 688 b,

Since the plate spl1ces will be lapped so that only one of the rnembers
is spliced at a time, the bolts will’ ‘carry only one half of the total

chord force at-each sphce Thus the number of bolts required is

total chord force 19 156 x1

1 33(load_ " olt) 1 33(1990)

Use four bolts on each side of the: spl1ce
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1 ROOF. DL 2
| 1s000 8

If the studs run-full helght to'the top of the:parapet, the edge of the

roof deck would be supported by a ledger fastened to the face of the © Laterar Lo

studs. (See construction details that follow for these two alterna- 30650 LB AL or T

“tives.) If this ledger also serves as the.chord, it would need to be a - J, 15000 L8 | e
minimum of a 3 x-10. At sp11ce points the full chord force would be A B
transmitted. ' '/J)\

The advisability of one. of these alternates over the other would
have to include other considerations of the wall construction. The
details of the canopy and its supports would be one additional con-
sideration. The location-of the shear-wall plywood on-the inside or
the outside would be another:

The load-in the on: g:direction is generally 1 not cr1t1ca1 for the roof
deck except for cons1derat10n of the transfer of force from the roof
edge to the walls Assummg a ontmuous transfer th1s load is

1% os9i600"
Ny T e =197 lb/ft
1507

Srnce th1s 1s less'thanthe fm1n1m of th roof:_’ deck

spacing s follovlrs

~

edge load ft
g / .

maximum Spacmg == Wd/naﬂ)

required number = ——— = 23 bolts

1333

Ceriteérs. Tf the bolt giz‘e is increased

capa01ty of o bolt = ,1780(1 333) _ 2373 b
" required number = 30,650/2373 Y

24in.atall edges Edges must be blocked and boundary na1hng must
be to a minimum-of 3 X members:- Criinel ;
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OPTION i T s ases e

ThlS wonld require: the T 1n Bolts.to:be on-3 ft 6.in. centers. . ..
..In'the east-west.direction there is a: total of 180 ft of wall. If TOTAL.DL |.~ 1.
torsion:is 1gnored the average shear Stréssias; L ‘ i 8300k LBt - rofory
INDIVIDUAL PIERS
- l4I
- This value is usedfor the rear shear walls; requiring 2in: plywood
S OPTION 2
w1th 4 in.nail'spacing at all edges: ‘As shown in Figure 2:10; there are a5 La
WO optlons for this wall. The first is to consider it as a series of inde L :
: pendent piers hnked together. For overturn these piers would be o ,f‘.?f,“?,‘l‘\'_\-? ) 7
: ( deck level The = — . e
: H - CONTINUOUS WALL 14

the’ piersi.havmg a he1g t equal to'the- {' ‘f pet gb}helght The
latter option con51derab1y reduces-the overturn, but requires some
t: force the wall at the edges of the

CFIGURE 2:10: 7 Optionsdor wall A7 o807

openings: R :
Referring to Figure 2.10;:the overturn analysm for the shortest
p1er 1n the ﬁrst option is as fo lows: L

pe by he sili boits;"Hov/ever;,
and strapping at

the ﬁr.sty.opt,lo_n
Have some.added
he fact that the

Lat,cralzlpad"" .

fDeadload moment:
Net moment for hold down

= 52 332 lb/ft

3 738 lb

"’:::}Requlred hold down force

~This.. option “would :therefore -require: a fairly. large: hold-down

) (50)(60) v
- 180 = 16 67 ft from rear wall Lo

deviceat theends of the short piers For the other option, the analysis
is as follows: . T Y=
: o “The torsmnal moment of ia of the shear walls is determined
.. Overturn M: : . 4592(7)(1 5) 48216 lb/ft v ‘ SR
MRS RN A ok L . h b
Dea 11oa d M : (as be fore) i 0 0 as;shown. in: Ta ‘le 2.2. The added shear on the front: wall is thus

. Net moment for hold-down: - o

“total v on wall = 328+54— b
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A=
AL

130" TOTAL “ - TOTAL DL = 27000 LB (INCLUDING GIRDER)

: 3820 LB S D P

Fusoptionz 5

C_S., .,.“v,tt'
& —k
c.e._$_ < :

[

" FIGURE 2.12. Stability of wall A,

N

B=50' TOTAL ' °

/ essent1ally secured to ‘the -wood framed wall tledowns will be
requ1red at the ends of the walls. ) -
ng of both the front and rear walls will be adequately res1sted
fiimum code- required sill bolting: with 1 in. bolts.
“The overtutn forces on these:walls must be transmitted to, and
resisted” by, the foundations: “This réquires that there besufficient
d d'welght in the grade wall and footings and some bending and
shear resistance by the grade wall. Assuming the depth of grade: wall
shown in the construction® drawings, this resistanice can be de-
veloped with minimal top and bottom continuous re1nforc1ng Ir
¢ grade wall is qu1te shallow this problem should be carefully
1nvest1gated ‘ ~
Obv1ously, some recons1derat1on of the bu1ld1ng deta1ls could
reduce the requ1rements for lateral load resistance. Use of a-lighter
roofing and a lighter ceiling material would considerably reduce the
roof dead-load- and consequently the lateral force. ‘Use of one or
iore permanent cross walls in the interior would 1 uce the stresses
in the roof deck and’ the end shear walls‘and ehmmate some of the
large girders. ‘

FIGURE 2.1+ ‘;Tor',sio‘n_al-"analysis: e‘aSt»,-*West' Ioads.

From UBC Table 25-K (see the Append1x) th1s requ1res
plywood with4 in: nail: spacmg atall edges:: :
'+ ' Wie'may consider the same options for these walls as for the rear
wall with regard to ‘overturn: If weelect tostrap the:window headers
intothe solid wails; we maly consider the pier height to be approxi-
mately J1S Referrmg to F 1gure 2:12, the: analys151 /A follows

\/\

Length ) Distance from
@) . CenterofStiffness (f)

Lo Wall

Total J for the shear walls

. 636,250

T = V(e)'— 59 000(13 33) = 786 470 Iboft
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igure 2.4. If System 1 with: only the rafters and girders is used, some
f the wall details would change

Foundation and roof framlng layouts are shown in the partial
lans in Figure 2.13. Detail sections shown on the plans are illus-
rated in Figures 2.14 through 2 18. The following is a discussion of
,some of the con51derat1ons made in developlng these details.

II‘HR

| v2'ALYwooD : l :
—— 2x4] at 24" : q/vA

5l/8413!/2 G.|L. PURLINS
at|8-0. . -

_/[\I

D etaql A (Frgure 2 14) Detall A shows the canopy, parapet,
shear wall, and roof at the front.of the-building. Depending on the
_height of the parapet and the locatron of the top of the canopy, it
“may be advisable to run the wall studs contlnuously to the top of the
‘parapet, This would permit the'top of the canopy to be higher than
“the roof deck. In any event, if the top of the canopy-is not exactly at
“the level of the roof deck; as shown in Figure 2.14; addmonal framing
would be required for the: anchoring of the tie straps. .

" _In the detail shown both the roof deck and wall sheathlng are
‘nailed directly to the top plate -of the wall.. This achieves a. dlrect
teansfer of load from the horrzontal to the vertical d1aphragm If the

G ;

> 1034 xl 40 /2:-16.L. BEAM
————d—— 4"|RD. ST+_EL PIRE it |
e, ook .

ROOF FRAMING PLAN

be provided at the face of the studs to support the rafters and provide
_for the edge nailing of the plywood Transfer of the roof seismic load
“to the wall would then require the addition of blocking in the wall.
This cond1t10n is illustrated-in-Detail C, Figure 2.15, in which the

o the ledger, then from the ledger to the blocklng, and ﬁnally from

the blocking to the wall plywood.
':"”At the point: where the bottom of the canopy k1cks mtoqthe“rwall

he strut.shown may be. requlred to bra

. 1o v S ST R R
TR | TSRS NG : e P R ,\I :

FOUNDATION - PLUAN '
~ FIGURE 213,

“Structuraf 'p‘I"‘a'nvs'f'or the Wwood structure,”

‘and horlzontal loarls
If the parapet is 51mp1y bu11t on top of the roof deck, as shown the
diagonal struts may be used to’ brace the canopy and form the cant

at the roof edge.

achieving the basic structural tasks, which could beé more intelliugently
evaluated if all informatioh.about ﬁmsh materials and architectural
details were known. Some details may also be effec ed:by considera-
tions-of  the ‘designof the ‘lighting, electrical” power, " HVAC: and
plumbing systems or by problems of securlty, acoustlcs ﬁre ratlngs '
and soron: ‘ , v : :
i Notet tha .the roof framlng system usedis: System 2 as: shown n

+ Detail B. (Flgure 5 14:) Dependlng on the level of the exterior
~grade, the dralnage sitnation-and the wall:finish materials, the sill
plate may be 51mp1y put directly on the floor slab, as shown, or may
--be placed on top of a short curb to raise it above the floor level.

‘wall studs were continuous to the top of the parapet, a ledger would

load transfer is from the roof plywood through boundary nailing -

st_uds Th1s may not be‘

S




5. Details,C.and D
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The details of the wall footing, grade wall and floor slab are sub-
ject to considerable variation. Somea:‘ ns1derat10ns are:

1. Depth of the footing below grade For frost protection or simply.
to reach adequate bearing 5011 it may be necessary to have a
deep grade wall. At some pomt this requires that it be treated
as a true vertical wall with vertical reinforéement; a ‘separate
footing with dowels, and so on. In this case there would likely
be three concrete pours w1th a.cold Jomt between the footmg,

- wallyand-slabz» : »
2. "N eed for thermal msulatlon for he ﬂoor In cold climates it is
}des1rab1e to provide a thermal break between the slab and the
‘cold ground at the bulldlng _eage This would be done by
“placing insulation on_the inside ‘of the grade wall and/or by

~ placing it under the slab along the wall. :

3. Cohesive nature of the soil. If the soil a"""grade levelisreasonably.

~ cohesive (just about anything but clean sand), and a shallow
“grade-wall is ‘possible, the footlng ‘wall, and slab can be
poured in a single pour. In this case the wall and footing are
formed by simply trenching and-providing a form for the out-
side wall surface and slab edge. ; -

4. Beam action of the grade wall. Because of expanswe soil,
highly varying soil bearing condluons or the use of the grade

‘wall for-distribution-of -concen ated forces from posts, tie-
g a e necessary to provide top and
iminimum.ofonebay should
ermal stresses.

Detail C. (Figure 2.15.) il-C s‘h‘oW‘s‘theend wall condition.
where the roof purlins are supported by- the wall. In this detail the
wall studs are continuous to the top of the parapet and a ledger is
prov1ded to which the joist hang s for the purlins ate attached.
- Because of the roof slope, the elevation of the‘%‘purhns varies. This is
simply accommodated by-sloping the: ledger, whereas if the wall
were as in Detail A, all the studs would be different in length and the.
top plate of the wall would have ‘to be sloped. Then the parapet
studs would also be all different in length to achieve the level parap‘e.t‘
top. - ‘

. FIGURE:2.16; : Details:Eand F.
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As discussed for Detail A, the seismic load must be transferred
from the roof to the wall by the c1rcu1tous route through the ledger
and blocking. The vertical roof loadlng must also be transferred
from theledger to the studs. Fora more positivetieitis recommended
that the ledger be attached to the studs ‘with: lag serews. Two-lag
screws. in.each stud and; one 1n each block would probably provide
all the load transfers nécessary. :

ﬁmsh 1t may be necessary to-raise, the s111 on a curb as’ pre-

mlnated glrder framed into the wall. Note that the upper corner

Detail D.  (Figure 2.15) This is essentially the same condition as
‘ Deta11 B except for the absence of the exterior paving slab and the
posts Dependmg on the level of the exterior grade and the exterior

set the base of: the steel column as

“or-on top of the floor slab. The detail

e wall s1ll torun all the way to the column pro-
t thesplywood. ==

1gure 2. 17) Thls deta11 shows the purlins framed in
tail

"Support of the window header bya connectlon attached tothe
face of the wall end’ post, which permits the post to:be con-
_tinuous to the topof the parapet :

Strapping of the: end of ‘the header o blockmg mn the wall,
which reinforces the openmg corner. and.. allows the shear

~ wall action as shown in Option 2 in Figure 2.10.. ‘

Sphclng of the top plate with bolts as described in'the calcula-

thIlS For ease of construction it would probably be desirable

to-oversize the top plate member and recess the bolt heads to
clear the roof plywood. ...~ =~ =

+ P [GURER.1 7

(Flgure 2. 16) Thls shows the rear wall w1th the glue‘ :




1 Z2°CHORD- SPLICE

.; HANGER

“"HEADER ¥—*/(27

- BLOCKING [ |~

 STEEL
|¢-coLumn
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ign.of an:Alternate. Wood Roof .,

Design:of an.Alternate Wood Roof B

usually p0551b1e since the open webs of the ‘trusses permlt the
assage of ducts and w1r1ng Although the trusses may be deeper

1i system and the walls and headers would be shghtly different.
e foundatlons for the end and rear walls would cons1st of con-

solid wall sectlons so the foundatlon may ‘e the same
in the steel column de51gn

ST

—_——— == =

~ = BRIDGING

- AS REQD.

Tz

‘TRUSSES. |

\ PLYWOOD
L TG T

B JTATE
FIGURE.2.19..

Structural plan; wood. truss.system: -
: €
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~OPTIONAL STRUT = """

FIGURE 2.20. Front wall detail: wood truss system. . FIGURE 2.21. Roof framing and wall layouts: steel and masonry structure.
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replacmg the
forced concrete

Load/joist : 43.5. x 6 = 261 plf + the ]OISt werght/ft .

‘The following materials ‘will be used: " For design use: total load = 275 plf;

Structural steel: A36, F, =36 kSi‘-z»:t a total Joad deflection limit of L/ 180, the allowable deflection

.Grade N ASTMC90 sand and gravel f = 1500 ps1 ‘mortar

type S.
Remforcmg (concrete and masonry) f = 40 k51

: Usmg the beam load/span tables from the AISC Manual we ﬁrst
determme the total loadto: be (see the Appendlx) ST

W =25 x 0'27

“For thrs Ioad some p0551ble selectlons are W12 x 14 or M 12 X 11 8
+. For the ligher: M sectionithe actual total load deflection-may:be
~ 1nterpolated from the’ table llSth deﬂect1on as follows

2.10 DeS|gn of the: Steel R;oof Structure :
Dead loads

Roofing: tar and gravel 6. 5 psf : ‘
Insulatlon r1g1d type. on top of: deck assume 2. psf
Suspended celhng gypsum plaster assume 10 psf total g
Lights, wiring, ducts; registers : assume.3 psf average. )
Total dead load 21 5 psf + the structure

U actual load
actual deflection = ———( able deﬂectlon)
, R able loa .

FRH 754
= ———78 (129) = 1.15in.

Roof deck A number of roof deck systems may be consrdered

1nclud1ng those: with“lightWeight concrete or “gypsum ‘concrete fill. _
. We will use an ordmary single sheet, ribbed steel deck, type A or B
whlch can span: ‘the 6 ft between joists with a- fairly llght steel gauge:
As. the seismic des1gn will show later, the deck gauge must be quite
heavy if the roof diaphragm is'made to span the entire 150 ft between :
the end shear walls. Design for the gravity loads is-thus: less-critical.

Ch01ce for.a rolled sectron M 12 >< 11 8

enters the actual load ont the‘

givesa 'dead*load of approximately 2 psf The relative ¢ cost of spe01ﬁc k
products in-a-given area and the interrelation of the. deck: span, the
joist spacmg, : he se1sm1c stresses and so on, must be studled for
each des1g ic ‘

Total DL + LL
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The lateral: unsupported length:is 6-ft, wh1ch should not be critical
for this large member: Selection. can be,made from: the load/span :
tables-as:for: the joist or.the-maximum-moment ,;be found.and
used with the S-listing. tables or the. graphs that 1ncorporatethe
lateral unsupported length consrderatlon (see the Appendlx)

- 2. 1'1 Design of the Masonry Walls

CItis assumed that the walls will consist of reinforced, hollow concrete ‘
blocks with ﬁnlshes of stucco on the’ exterior and'; ‘gypsum: drywallon.

 furring strips on the interior. The followrng des1gn is done in accord- :

vance with the UBCréquirements and with the procedures illustrated
in_the Concrete Masonry Design. Manual prepared by the Concrete

~ Masonry Design Association of California (reference 10). '

The exterior walls must be designed for the combined effects of

¢ gravity and lateral forces as follows (see Flgure 2 22)

Sl WL (551)(60)
maxnnumM = PRy ;— 413 25 k/ft

“‘From the S llstmgs the lrghtest sectionis 4 W27 x 84 and the next :
lightestis-a W24 x :94. If headroom:is' considered critical, thé 24 in.

deep member may be more: des1rable although its deﬂectlon should -
bechecked as follows:

- Design for vertical gravity dead load + hve load. -

1.+ Design for vertical grav1ty ‘déad load plusiive load' plus bend—
_-ing'in a vertical plane: e to-direct lateral force.” v
“Design- for ‘horizontal: shear- and poss1ble overturn ‘dueito
dead load only plus the transferred:lateral forces catised by

Table listed total:allowable:load:59:kips:( »alf-, that: for.a 30:ft the walls acting as shear walls for the buil d1ng

span, since the table goes. only to 50 ft)..
‘ Table deﬂectlon 3 72 in: (four trmes

at for 30 ft) ‘ At the front of the bu1ld1ng the total unsupported he1ght of the walls

Whrle thls deﬂect1on is techmcally perm1tted the grrder should- be
cambered approx1mate1y 2, 5 in:s0.: that it will be flat under the

~dead load. : ’
’ Alternate choices: W27 X 84 or W24 X 94

Column for the Girder. Options for the girder support:are o
use a:steel columnior a reinforced p1laster ‘on;the masonzy: wall.
Since-the total end: load-for: the steel" girder:is: that.for,the
wood girder, the steel column would be simil: to that vprev1ously
designed. In order to allow: the wall to be continuous for seismic
.shear tesistance; it~ would probably be placed just, 1ns1de the wall
“surface with'some ties to the’ ‘wall for. lateral support. :
The designof the pilaster is‘included in the masonry: wall’ desrgn '
llows.:Both . options:-are shown n; the constructlon details
‘of this section. : ;

+ UBC Table 24-H* see the Appe“ d1x) states\t ) ':t this value must be
reduced by one halfif code required’ inspection is not providéd. UBC
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carwall is least critical due toits shorter height', ?the;low:*frcotf
- and the absence of the canopy. We assume its height to be 13.75
from the floor to the bottom of the steel ledger that supports the

GRAVITY . GRAVITY oo w . GRAVITY.
DL+ LL DL % of LU = w DL ONLY

Axial load : Roof (23.5 + 10)(3) — 100.5 pif

: ' Wall (80 psf(18 1ty 1440 plf
Axial compression: - 1540.5/(7.625 x 12 x 0.45) = 374ps1 :
' o © . (This'is conservative, since it ignores the
‘ »‘iconcrete filled cavities in the wall.)

M= wL2/8 = 20(13. 75)2/8 = 4727 1b/ft

FIGURE222 Load cases for the walls R

or. the 1n1t1a1 relnforcmg design we 1gnore the ax1a1 compress1on_

esign for wind. only. From UBC 2418(b) the allowable £1is20

: creased for wind t0:26.7 ksi. From'UBC Table 24- H the modu—
us, of the block wall is 500( f m) or 750 000 ps1 Thus

_E 30
" E 075\

w

load per foot of Wall 1s thus ; 3

(045)(7 625 E 12)(

n

Assummg the rernforcmg in the center of the wall

Coes
‘ ' : effective d = —— = 3. 812 1n
the wall becomes-a solid- grouted $in. square column ‘Both of these . L2

may be adequately des1gned for the gravity loads.
The direct lateral load on thé wall is either the direct wind pressure
~or the effect of the seismic force due to the weight of the wall applied
perpendicular’to its surface.” Assuming the:8:in." block wall' With
, grouted cells at 32'in; and the' apphed finishies of stucco and dryWall
~ the wall'weighs approximately:80 1b/ft?: UBC Table 23:J requ1res a
- °C,.0f0.20, wh1ch makes the lateral des1gn load Yo :

‘ F,, "oizo(W) 0. 20(80) Zot6pst

: S1nce th1s is less than:the: w1nd pressure of 20 psf we will check this
condrtron for - gravrty plus wind. The stressi:condition consists of
. adding; the axial compression ‘due to gravity to-the bending due to
wmd with; the wall spanning vertically. The gravity load used.isthe
If the roof lis ;

'From UBC Table 24-H
e f- :-—»1 33(0 166fm) = 331 p51 e

k and J and check the stréssesini the steel and-the masonry Any tables ,
graphs, or equations could be: used for this. We-have usedithe tables
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from page I11-70:0f the- Concrete Masonry Deszgn Manual. (reference

With.the same reinforcing of No 5 at 48, (by “proportion. from the
10) e

rev1ous calculatlons)

o ooors
p=—=-——"_ —000169
, 12 x 3812

fi= 21.40('——) = 23.8kst

np = 40(0 00169) = 00676  fu= 236.7(%) = 263.2 psi

With these stresses the combined stress condition. will slightly
exceed one, so that it will be necessary to increase the bar size or
_ reduce the spacing-of the- bars N ‘kjbars at 32 in. spacrng will be
foundas one solution. ' _
At the large wall openmgs the. headers w111 transfer both vertical
nd horizontal loads to the ends of the supporting walls. The ends of

‘ hese walls w111 be des1gned as relnforced masonry columns for thls

k = 03063 j- =-0:8979

M 0473(12) [
Ajd) 00775(0 8979)(3 §12) e

S=

Po= 21 40 ks1 (less than the allowable of 26 7)

M(Z) O mae

In =2 (12)(3 812)%(0.3063)(0.8979)

LOADS ON-HEADER

= 236 7 p51 (less than the allowable of 331)

For the comblned stress’ condltlon

o f,, 374 2367
Z+== Y
F, F,, L. 33(116)

—=0.242 +‘Q.715 - 0.957 < ‘1

For the end walls the helght iricreases from the réar to ‘the front
of the building. At the window.openings the ends of the walls will be
designed as columins to take the vertical and horizontal loads from

\ the headers. The long solid:wall is similar to the rear wall, except for
theincreased height: and a hlgher roofload. We:will assume a maxi-

mum height of 14.5 ft and check 1t as, follows

Axial load™:" Roof(255 +. 10)(125 ft)
- Wall“.(80 psf)(18 ft) -
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part of the wall and must carry some of the axialload and bending as
previously determmed for the typical wall.

"~ Figure 2.24 shows a plan Tayout for the entire solid ‘front wall
section, which includes the.pilaster for the support of the: girder.. Be-
cause. of 1ts relative’ st1ffness the pilaster column will tend to take a

of wall loadmg on-‘thé end column. As shown in Figure 2.24, ‘the end
column is a doubly re1nforced beam for the direct w1nd loadmg

Grav1ty load ; o . R
on the header Roof ' ° = 100 plf (same as rear wall)
~ Wall (80) psf)(6 ft) = 480 plf .
Canopy - = 100 plf (assumed) i
| .~ Total load = 680 plf
‘Wind Joad - (see Flgure 2. 23)-

Assummg the wmdow mullions span vertically, and a 2 ft h1gh strip
of loading for H il

CH, = QOpsD@ x 15) = 600;1.1?
. H, = (20 psf)(12 x 15) = 36001b ~ -

he direct wmd load, so we will assume only a 2 ft strip

Design of the Masonry Walls 109

Thus the column loads from the header are: °

‘ | (680 plf)(15/2) = 5100 1b" o
horlzontal load = (ZH L+ 2H,) = 300 + 900 = 1200 lb
moment = 960(3) = 2880 Ib/ft (see.Figure 2.23)3

For the direct wind load on the wall we assume a 15 ft vertical
span and a 2 ft wide strip'of wall loading. Thus =~
w2 (20.psfX2)(15)?

M= = 1125 lb/ft

‘ These two moments do not peak at the same point, so without ’
doing a more exact analysis we w1ll assime a maximum combined
moment of 3800 lb/ft Then for ‘the moment alone assummg aj
of "85 : ! ‘

M T 38(12)

’ requ1red A fs(Jd) % 7(0 85)(5 9)‘ = 03 | in.?
M 2) _ 3800(12)(2) ) _ 482 psi

t’iwe have igriored the'efféct of the compressive
reinforcing. The following is an approximate analysis'based-on thé
'two.'moment'theory wi_th 2:No-5 ars-on each side of the column.
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Using the loading prev10usly determined, and an approx1mate
design moment of wI?/10, the steel area required for grav1ty alone
~ will be as follows: : -

M
T AGd)
~where M = wI?/10 = 680(15)*/10 = 15,300 Ib/it

{COMPRESSION, .
CREINF.

TENSION ) KT
REINF. ‘ N

d = approximately 68 in.

-Then

15.3(12) = P
-As' R 0,159 in.2
7 (20)(0 85)(68)
" This indicates that the m1n1mum relnforcrng at. the top of:the wall
‘may be two. #3 bars or one #4 bar :This should be compared

FIGURE 2.25,* Stiess in‘the-header column

04.As shown in Figure 2.25,if k
strain-value for £/ will be....

re1nforc1ng w111 not be crltlcal “This approx1mate ana. ysis 1nd1cates
, that the column 1s reasonably adequate for the mom" t The ax1al

at the locatlon of the stee ledg

‘:that_msu.pp‘orts,,the ﬂeﬂdge of the roof
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/— 2" HEADER B

FIGURE 226 -Alternate header detail.

This must be added to the prev1ous area requlred for the vert1ca1
gravity loads:

ing. If this total area is is satisfied, the be
haveétorbe two' #7s An' alternat1ve vould be* to increase the’ width
"of the header at the bottom by using ‘@’ 2 in, 'wide block for-the
bottom course, as shown in Flgure 2 26 Thls w1dened course would
be made contlnuous in the wall R

SR

The: Pllaster/Cqumn
to'be continuous; the: glrder stops short of therinside:of thé-wall:and
rests on-théswidened portion-of the wall; calledd: pllaster iAsishown
in-Figure 2:27;the pilaster-and ‘wallitogether for;
column The:principal gravity loading:on the:column:is:due to ‘the
‘end reaction-of the girder: Since: this: load:isieccentrically: placed,:it
- produces both axial force and bending on:the column. The parapet,
‘canopy,and column:weight add to ‘the axi: ‘comp,ress1on '
Because of its increased stiffness, the column ‘tends to take a con-
'siderable: portion of the- wind pressure ‘on the id.portion:of the
‘wall. We will assume it to take a'6 ft wide strip.of
1n Figurei2:28, the d1rect wmd pressu ‘elon the: waill: (pushlng inward

om bars in the header‘would ‘

s o order to permlt the wall construction

- square .,

‘Jload. As shown

& moment f oppos1te s1gn from -
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s FIGURE 2.27.

_The pilaster column.

that due to the eccentnc glrder load. The. critical wind load is there-
fore due to the outward wind pressure (suction force) on the wall.
‘For a conservative design we will take this to be equal to the 1nward
presstire of 20 psf The comblned moments are thus b

~ (20)(6)(13.33)
lwmd moment = 7 78 = 2665 lb/ft ‘ i
,As_suming ah e of 4 in. for the girder (see Figure 2.36): ‘
' 23 5(4)

o ~-girder morhent T = 7 833 k/ft or 7833 1b/ft

For the combined wind plus grav1ty loadlng we have used only _
fxthe live load:[see UBC 2312()]- With the allowable: stress: in=:
crease it'should be apparent that this loadlng condition is not criti-:
cal, so we will design for the graV1tyxloads only For this we will re- -
determlne the girder- 1nduced mo ent-with full live load: ‘

o Cgirder M=

* The gravity loads of the E;aiﬁé -patapet, roof edge, and column
‘must be:added: We: will:therefore asSume:a total-vertical design:load

;o RN
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LOADING -

inte o f = - 040f, = 16k
”133& mom m@muﬁm,¢,¢;

A

DIRECT WIND
PRESSURE < . =

L MOMENT i+

40(1 6)

P = 256[(0 18)(1 5) + 065(0 0069)(16)][ ‘ ( '»1_60 )3:|

= 86 g klpS

Ignormg the compresswn steel the approx1mate moment capa01ty

~Lomding’

SUCTION WIND

PRESSURE '< ‘

MOMENT - | . S

" FIGURE 2.28. " Load combinations on the pilaster column.

UBC 2418(k)1 requlres a: ‘:\mmum percentage of relnforcmg of
0. 005 ofthe gross column area. Thus L
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At the front wall:ithe:column load:and-header loads:are carried
the solid wall portion. If the same scheme used in the previous
structure is de51red we would prov1de a. 12 ft long footlng for this -
total load. - S N

» TABLE:2.3. Loads to the: Roof- D|aphragm (Klps)

North—South ' East West
“Load ‘Load

: I : - ~(inithe:Short:; ; - (in:the Long

Load Source and Calculatlon Direction) Direction).... ¢ .,

Girder end reaction : 27.6 kips.

Roof edge load: 3(25)(3%:5'psf) = 2.8 kips:
Header dead load: 80(6)(14) =.6.7 kips. .
Wall dead load: 80(18)(10 67) 154 klps
Pilaster: 1 8 kxps :

Roof dead load. PR R
1507% 60°x 285psf Tl 257 e 25T
" North-south exterior walls,. .. ...,

50 x 11 . 80psfx 2 77 0 L
C10x6x80'x2 T Ly o 10
10><6x10psf><2 0
1. -

Grade wall ‘and footlng 700 plf(12) 3. 4 k1ps (estlmate) ‘ L W
. Total footing load : 62.7 kips. ty 653 x 10 x 80 psf 5200
‘Wldth requlred 62. 7/(2)(12) = 261 ft 84,56 % 80 v in s e e Bt
( e Interlor ‘northi=scuth partltlons*-i B LT L el
ThlS is actually less than the w1dth used for the other llghter struc: 7560 X 711>< 10: psf x5 g 0 ey 2L
o Toilet walls . R i
ture, because the design inthat as done for’ equalized dead -  Estimated 150 x 716 psf Rl
load. With ‘the higher proportlon ofdead to livéload in this structure, : Canopy e
this equalization is more questxonable If done, however, it would “South: 150 x:-100, R 'li, R li
. ..~ . Eastand West 40 >< 100 g
. probablyh__result in: approx1mate1y the same footlng.,as for the wood " Rooftop HV AC wnits (esnmate) p s
structute: - L ; ot e e , »
A cons1deratlon for the detallmg of the foundatlons for thls struc-

. Totalload - 532 4l

ture is the need for placing of the dowels for the wall reinforcing.
The construction detalls shown: later 111ustrate thlS problem

“toof dlaphragm and the vertical shear walls. The only signil cant
“differenceis the increased load due to the heayier constructlo most
notably due to the exterior walls wh1ch are approx1mately four times
as heavy. Reference may be made to. the: general dlscussmn and
illustrations for the | prev1ous de51gn
. "The calculatlon of the loads app ied to the roof dlaphragm is
- shown in Table ‘the* north—south ditection:the load is sym-
metrically placed “the'shear walls are symmetrical in plan, and the ] -
long:diaphragm:is reasonably flexible; all of which. results; in-very ‘ Whﬂe it would: probably be. w1se 10 recon81der the general design

49500
maximum.v = = 6.6‘;;; =825 plf
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This indicates that the masonry stress is adequate, but we must
‘check the wall reinforcing for its capac1ty as shear reinforcement.

and possibly useiat least<one: permanent-interior partition,’ we wi
assume. the deck to span the bu11d1ng length for the shear wa

design. Bt With the previously determined minimum horizontal reinforcing of
In the: other d1rect10n the shear n the roof deck wrll be cons1der-g two No 3 bars at 40 in., the cr1tlcal shear load on the bars would be
ably less:” " : ‘ : : e , : .

east—west total.V = 0. 1862(411) =.76. 5 k1ps
_ 38250 o
150"

; o :
total V = 1108 plf(1 ) (1.5) = 5540 1b

requ1red A =—0—= 021 in.?
26,667

actual A w1th 2 No 3 bars = 0.22 in.?

max1mum v =

This is very low for the deck, so if any interior shear walls are
added, the deck gauge could probably be reduced to that required
forthe gravrty loads only:* ;

In the north-south direction, with no added shear walls, the end
shear force will be taken almost entirely by the long,. block walls be-
‘cause of their relative: stiffness.: Ignoring:any~ stress 1n the shorter
walls, the load on the long walls will be ' .

49500 el
i 67 = 1108 plf of wall

‘ ‘shear w111 be placed on these walls -because: of - the
on, requiring .an.increase. in.the re1nforc1ng As the
llowing analysis will show; the cr1t1ca1 torsion is due to the eccen-
ty.of the east-west lateral force.

- In‘the east=west direction the shear walls are not symmetrical in
plan, which requires that. a calculation be made to determine the
locat1on of the center of rigidity so that the tors1ona1 moment may
be determrned The. total loading is reasonably centered in this
»d1 ct1on so we will assume the center of grav1ty to be in the center ‘

And the stress on the net block area w1ll be |

1108 sk
(7 625)(12)(0 45) St

sonry .Desi anual’ (reference 10) The individual piers are
‘assumed to be fixed at top and bottom and their stiffnesses are found
from the table on p. 1II- 98 of the reference (see the Appendix.) The
stiffness of the piers and the total wall stiffnesses are determined in
: the center of stiffness we use the

south walls o

M/Vd for the" wall Th1s is determrned as follows

= >"'49~500(15\ft) A
TR 0336
49,500(44.67) S

" (R for the S wall)(60 ft) . 2.96(60)
(sum of the R Values for the N and S walls) - 17.57
C=1001f .

,Interpolatmg between thc table values for M / Vd of 1 and 0

allowable v.= 516 ps1

-

A footnote to the table requlres that the shear load. be 1ncreased

The torsional resistance of the entire shear wall system is found as
he sum of the products of the individual wall rigidities times the
square of their distances from the center of stiffness. This summation

rrticaliidesign?’shear?-'stress*:-‘——“ 1:5(26.9) = ¥
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EAST ‘& WEST:WALLS®:

10269

azsi | om |

. TOTAL: WALL R = 3.7

NORTH WALL */

is thus

SOUTH WALL

* FROM REF NO IO— SEE APPENDIX

FIGURE 2.29. Stlffness analysts of the masonry Walls

fore crrtlcal for the end walls The tors1onal load for the end- walls ‘

Design for Se,is’n'iic*Load 921

TABLE-2.4 : “Torsional: Resistance of: the Masonry Shear:;.; =i
Walls .- . - P S

o ' Distance from
Wall.  Total Wall'R .« Center of Stiffness (ft) R(d)*,

South 296 . 49.89 7,367
North 14.61 10.11 - 1495
East 317 - 75 17.831
West -~ 317 75 17831

- Total torsional moment of inertia 18} 44,524

s shown in Table 2.4. The tors1onal shear. load for each wall is then
“found as follows

o 1«_: S (P)(e)(¢)(the R for thewall)

o — (the sum of the Rd” for all. walls)

n the north—sout d ection UBC 2312(e)5 requires-that the load »
be apphed wrth a mi mum eccentrlc1ty of'5: /) of the bulldlng length

(99)(7 SNI5)317).
L 4452

396kps

As. ment1oned prev ; v, th1s should be added to the d1rect shear
of 49,500 1b for the des1gn of these walls DR
For the north wall: s e e

(76 5)(19 89)(10 11)(14 61)

V= —‘505kps :
AR 44524

: This is actually Opposite in d1rect1on to-the direct shear, but the
‘code does not allow the: reduct1on S0 the dlrect shear only is used
Forthesouthwall B G R RTHERR DT B R 0
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The total:direct east—west:shear will: be .distribiited - between the.

“TOTAL DL'= 23000 LB " "~
north and south walls in proportion to the wall stiffnesses : RN

q LB :"r"

76 5(14:61) -
for the north wall V 636 klpS
17.57 .-

v 16502 96) ‘
for the south wall: V,, = ———— = 129 k ps
. ’/17'5‘7\ _‘

, '5ﬁ33 - FIGUREZ 30 StabrlltyofwaIlC

The total shear loads on the walls are therefore ‘

_only wall not so loaded is wall C for which the loading cond1t10n is
own'in Figure 2. 30 The overturnanalysis for this wall is as follows

= _1,',100)(7 0)(1.5) = 78,120 lb/ft

P notth: ¥ =63.6 kips "

:rsouth: V.= 5.,05 + ;12,.9 :

17 95 klps ‘

The loads on the 1nd1v1dual plCI‘S are then dlstrlbuted in propor-
tion: to the: pier:stiffnesses’ (R) as: determined in Figure :2.29. The G
caleulatiof far this ‘distribution and: the: determination: of the ‘unit £ This mdlcates that the wall is stable w1thout any requlrement for
shear stiesses per-foot of wall:are shown in: Tablei2.5..:A ' comparisen anchorage B v

withithe previous ¢alculations for-the.end: walls will show that these
stressés are.niot: Griticdl for-the- 8 ini block walls. - ~

TABLE 2.5 Shear Stresses in the Masonry WaIIs v

Shear Stress
. In Pler

Shear Force Shear Force - PRier
I Wall . o ;. on Pier Lenéth
Wall ™ (kips) -~ Wall'R ~'Pier “Pier R - H(kips) (ft)

171 744 15 33 0
145 . 631 13:33°
P0342 0 1489 oy 2933
018 .. 1.09. .6
10.67

63.6 14.61

North

1 BRIDGING iy
AS REQD.

South 17957 - 296

ammg ol

052" =& 315

In most cases the stablllzlng dead loads plus the do .
end reinforcing into the foundations will be sufficient to resist over-
turn effects. The heavy loading on the headeér columns and the -
pilasters will prov1de considerable resis ance for most walls. The

iy AFIGURE 28314 Strufcturfal,plahs:.usteélZ.I'russ";s,ystem.i‘v‘ :
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LEDGER FOR DECK, - BETWEEN “JOISTS

1/ CRITICAL MOMENT

¢y CRITICAL, -
‘|'DEPTH -

TT-MOMENT DiGRAM [

7

FIGURE 2.32. Depth variation of the steel truss.

With th6101stson6 ft centers the_101st depthwouldbe from 30 to

36'in., depending o the type of Joist used: Assuming a desi “depth

tate'foof drainage: = . s DR
Figure 2.33 shows a modification of the front:wallfo

of 32in., Figure'2:32 shows how ’t‘he_deﬁth7cou1d bevaried to fac

is‘syster:

(For comparison see Figure 2.14.) The parapet wall is reduced in :
thickness to 6 in. and the wall below the joist seat and down tothe:
“bottom of the headeriis thickened:to.12-in: This.provides-a 6 in. shelf

to accommodate the steel ‘ledge_’;"for;-‘.thev_‘d,eck~;;and‘ the seat for the "

X

joist. Th‘e“jvth'iékén"ed" portion produces a heavier:header for the
largerloading. =" Tl TR R

Below the header the wall could be maintained as a 12 in. wall or
could consist of a-series of 12-by-16.in. columns at the -wall ends with
an 8 in. wall between. These possibilities-are: shown in the sketches
in Figure 2.34."At the niorth wall, without the héader condition, the
thickened peortion. could be reduced to two courses: If thé-wall is
capable of the.eccentric loading, - it. could be 8:in. bélow this point.

/ ~
~

125
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FIYGl:JRvEF 2.34.. |Options for the front wall.

If not, it could be 1ncreased to 12 1n ‘or also ‘nise a series of pllaster
columns - '

2. 15 Construction Drawmgs—SteeI and Masonry
'Structure T

two optlons for the support of the roof purlms The first of these is
the clear span girder with the. pilaster columns and the widened wall
footing, which was the system as dlscussed n the de51gn calculations,
Also shown i is an option for a bearlng ‘wall ‘that would replace the
girder. If the beanng wall is used, the: prlaster and w1dened footmg '
would be omitted, as shown in the drawmgs :

K

Detail A. (Flgure 2. 36) This shows the typrcal front wall condi-
tion at the. sohd wall‘The girdér; pilaster; pllaster p1er and widened
footlng are seen in the background A steel channel is bolted to the
masonry wall to. receive the end of the steel deck ‘which in this view
is seen at right angle to the corrugatlons The deck would be welded
to'the channel and the channel bolted to the wall to transfer the
shear load. from the roof dlaphragm to the wall.

° [N

|

1 1 1 I i ]
| ; O
1 SEEEL. |DECK /
| ‘ |
- I
l MIRX 118 |JOISTIS at |6'0.C| [
| ' I
| [
[ RN |
L w27 !x 84 r‘-uj
i N
1 1 . |
| 1 :
! ol |
I 1] !
I 1o |
| . . 1
I fE ) N |
I
(R S U N __,:F___-______/_l
|—f—_'_ _____ K a jl
| |
| ~ |

%

S

s

OPTIONS

25'- 4. -

- 24'-8

i

|
|
i
|
y
il
¢
I
|
!
l
!
|

“: i -
FOUNDATION ..PLAN
FIGURE 2.35. 7"

Structural plans: steéel’and -masonry. structure.
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For the reinforced masonry wall the code requires a minimum
vertical spacing of solid horizontal: remforced bond courses. In
addition to the minimum spacing, these would be.used at the top of
the wall, the bottom of the header, and the location of the canopy
and roof edge bolting to the wall

Detail B. ~  (Figure 2.36.) This shows the foundation edge at the
front, which is essentially similar to that for- the wood structure. The
- sill bolts would be replaced by dowels. for the masonry wall. The
pier would be added below the pllaster to carry the load down to the
w1dened footlng « v ;s

Detanl C (Flgure 2. 37) Thls § s the roof edge condition at
the bulldlng ends. The steel angle performs the dual task of providing
vertical support for the ends of th purhns and transfers the lateral
loads.from-the steel deck . to.the ma ' 'wall Because of the roof
slope, the top of the steel angle varies-15 i in. from front to rear of the
building. The horizontal filled block courses and the cutoff to the
narrower parapet would be staggered to accommodate this slope. A
somewhat larger than usual cant would be used to cover the jog in
the wall to the narrower parapet block

Detail D. (Figure 2.37.) This detall is also essentially similar to
that for the wood structure. If a footing of increased width is re-
quired, care should betaken to ensurethatthe centroid of the vert1-
cal loads is close to.the center of the w1dth of the footing.

Detall E. - (Figure-2.38.)This shows the detaﬂ at the. top of the
1nterror bearmg wall: The contlnuous ‘steel beam on top-of the wall
is one means for providing, ‘thy necessary suppor the ends of the

wall. It is also‘poss1b'1 ‘Simply rest the ends of the purlins on a

bearmg plate and to prov1de some-sort -of blocking between the '

purlins, so that the lateral loads are transferred through the welds
between the deck and the: purhns‘ The purliris woqld then be welded
to the plate and the plate bolted to the wall to.complete the transfer.

Detail F. (Figure 2.38.) This shows the base-of the interior wall
with a typical trenched wallfooting. Depending on the slab thickness

s

= "umnn .

L

FIGURE 2.38. ‘Details Eand F. -~
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and reinforcing and the nature of the subsolil, it may be advisable to
provide this type of footing forall major | 1nter10r walls. In the event
that the slab is to be poured after the masonry walls are built, an
optional footing would be as shown for the interior basement wall
in Building One.

: As with Bu11d1ng Two the intent is to have mlmmum permanent

W

||||||||||||||||||'||||||||||||||u|||||||||m|||||||

ng. Complete structural
calculations-for- uilding would be quite voluminous. We will
therefore show on design of some of the typical elements of the
structural system. Thebuilding will be designed first as a steel frame
en'as’a remforced concrete frame, w1th some options shown
h materlal :

Bui 1ng} Threg i 1s

1 The Building .

The basie form of the building is shown in Figures 3.1 through 3.6:
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RENTAL

. SERVICE
DRIVE . -
: A - meLow

RENTAL

FIRST. FLOOR

TYPICAL FLOOR 2-6

FIGURE 3.2. First floor plan.

AR

FIGURE 3.1. Building Three: plan of the typ‘idal

accomphshed through typical > underﬂoor modular systems 1n-
~corporated.i in a concrete fill on top of the structural deck.” -
A peripheral hot water heating system will be 1ncorporated in the
exterior wall, as'shown. in:the drawmgs Ventllatlon coohng, and
: .supplementary heatmg will be achleved through a system 1ncor-"
porated in the ceiling space ' ‘usmg supply ducts from the maJor
sertical risets in thegorer o '
Major equipment elementsfor: the HVAC power; corim nlcatlon
- t,and elevator systems: w111 be housedin:itheiroof penthouse andin the

st s duct shafts and rlsers for the plumbing, power -and:commumniz
cations’ systems must:be coordmated from.level tolevel:! Thekey plan
is-that.of the typlcal office’ ﬂoor sinceits. f nctlomng isthe reason
forthe; ‘building existing:- o o
i1 <Foavoidithe problems of developmgl complex arch1tectural detail:
ing:we will be somewhat vague aboutthe exterior:skin wall; assuming:
it-to.have the'general; form:-shown:and;to-consist of metal: franiing
with an. extetior skin:of metal-and glass and interiorssurfaces of
plaster. Power-and communication-distribution. will generally--bé
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| p—

UNEXCAVATED

T ‘ : -

T
|,

SERVICE
DRIVE

==

ROOF ‘& PENTHOUSE
FIGURE 3.4.

BASEMENT

FIGURE 3.3. Roof and.penthouse plan.

Basement plan.

3 2 The' Steel Structure

basement. The bujlding management offices and equipment and
facilities for the maintenance staff will be in the basement. The service
entrance is also in the basement. '
Some of the de51gn crlterla dre:

5

: "“Roof hve load: 20 psf. B} ‘
- F loor loads 50 psf or concentrated 1oad per ode for the oﬁice '
L areas 20 psf partltlon load Per. code ~

1Latera1 loads’: 30 psf w1nd (code base pre
,(not critical for design): : ' 1

» Seilicapacity: 8000 psf maximum:

] e). ,,Seismic '-zone,.;l-

137

: ‘used and the de_pthv restriction: for the beams would 1nﬂuence his
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OF EXTERIOR COLUMN

13'20 TYPICAL FLOOR
~-15'2.0-FIR§T--FLOOR~- -. -

9'-0 TYPICAL FLOOR
I1"-0 FIRST FLOOR

SECTION A-A

FIGURE 3.5.  Section A-A: building,rc“ross-:se_ctiovn. ;

g

choice. Within the 36 ft column module loglcaLposmblhtles are 0,
9 12 and 18 ft spacmgs The 9ft spacmg chose ) seems reasonable
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36’

Some consideration-must-be given to-the fireproofing of the steel
frame and deck: We will assume “this. to ‘be: accomphshed as follows

1. Top of the steel deck and exposed faces; he spandrel beams
and beams at openmgs pou d concret (prob
weight aggregate). : ' R A

2:  Exterior columns, 1nter1or s es of beams and glrders and the
underside of the steel deck: sprayed-on ﬁreprooﬁng

3. Inter1or columns metal lath and’ plaster d i e

A36 steel w1ll be used for a l' steel frame members Elast1c analysrs
will generally be used in the des1gn ’

3.3 Design of the Steel Floor System

Loads: ’é

Live loads: " 50 ‘bsf forthe office areas
100 psf for lobbies rido
\ 2000 Ib: concentrated load ,per UBC 2304(0)
"Dead loads:  Deck: (steel plus concrete filly= 35 psf

o " 'Ceiling, lights, ducts =
fo rons (UBC 2304d) 7= 200 T A
Total dead load = 70 psf + steel

FIGURE 3.7. “Steel framing plan: typlCaI floor.

S1m11ar fram1ng systems would 11kely be used for the roof and the\ :
port1on of the first floor over the basement. A concrete slab.or a
concrete framrng system poured on ﬁll would be used over the
unexcavated areas of the ground floor. . :

Two options exist for the steel column bases. These may occur at -
the ground floor. level, with concrete plers or columns extendmg ‘
down to the footmgs The other optioniisito exte the ste¢l columns
down to the footings:and simply encase them:1 sconcrete up to the
ground ﬂoor level. For a. bu1ld1ng of this he1ght e1ther opt1on is
feasrble .
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directly from the- load tables i
ﬁnd the followmg optlons 2

STANDARD TYPE ' o v ] o B o s

]
SUNGT ONT BOXL —3%" GONCRETE: FiLL::

i»the AISE ‘Manualk;from which:we

8TANDARD TYPE DUCT

both are w1th1n des1gn limits.
2. Depth The shallower beam w1ll allow more headroom w1th1n

Placed on top of struclural slab. Duct supports are requlred if the duct is not placed on top of slab.

Ju,nt:tmn boxes" ;re,ava]nlal_:le Vm‘,.(beflollovwmg sizes::3% 2 J'/; ﬂ‘u,s,vrg box. anq ‘stand:ardﬂh‘:e:ghtsry e

Tup qulckly in the mult1story ‘bu1ld1ng
3. Flange width. The 21 in..beam is 1 in. ‘narrower: Not a maJor
.. difference; but-it relates to clearance at'floot openings.”
4. Bentimembers. If deeper members are required for. the: beams
and glrders in the bents, the depth sav1ngs prev1ously men-
*-'t1oned may bec meanmgful : o

FIN.FLOOR

HEADER DUCTS LEAD
FROM PANEL BOX TO
RACEWAYS AT RIGHT . 9
ANGLES

SEACH CELL IS A RACE—
"~ WAy FOR _ELEC

done.
The seven story hlgh ;t>hree bay w1de_ bents. are cons1derably 1n-‘

Since the deck provides continuous lateral suppbrt, we may:select ’of the- ﬁna i analys1s-:,o ithese bents; e1ng‘:’done without a.computer
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34.2k 34.2k: w342k

program; in.view: of the relative-availability of such:progiams.and
the facilities for their use. ‘The‘approximate analysis.shown: here
should be used only for preliminary sizing.of members and connec-
tions to be used.for cost estlmates fea51b1hty studles and develop-
ment: ‘of: arch1tectural details..; o Sy i

The East—West Extérior Bent. “ This’ consists of” the ‘fout
exterior columns and the spandrel beams. Loading onthe beam
consists of approximately one half of the floor.Joad on the-typical

Yl e15:6K f 1

béam plus the wall load

:va?““1/2 beam dea ] : : :
. 1/2 beam live Joad: " " 41'. <36 x 50 = 8,1
" Wall (estimate at 30 psf) 13 % 36 x 30 = 140
‘- Beam 4 fireproofing - ; S

(estlmate at-200. plf X 36) .
e Total load Pog iy i

Equivalent uniform, load ‘for“the girder.

. -FIGURE 3.9.

labeled “B.” The principal loading on the girders consists of rhe end ,
reactrons of the beams Added to th1s isa unlform load consrstmg of

W21 x ’44' carries 36a&k'ipsio;rrtjhe 36ft span _ N
‘ W18 x 45 _carries 35 k1ps

At the roof the de31gn‘ load w111 be lower because of less wall load
no-partitions, and the. low ,lrve load For prel' nina _purposes we
- may, reduce the beam by afew sizes. ; :

The East=West, Interior Bent.: he loadmg on these beams -
is'the same as:for the'typical beam The total load, previously deter-
rmned is close to that for the\spandrel sothat-we could-use'thie same

\ the uniform load.
~ This’ produces the’ quarter point’ loadmg shown in Figure 3.9. Note
that this'is slightly less than the beam load' because of the hlgher
reduction factor-for live load, since the: glrder carries more floor area:
- The quarter pointloading: produces amoment-diagramsufficiently
similar to- the parabolic diagram for uniform load, so that we may:
use an equlvalent uniform load, as shown in the ﬁgure ‘Assuming,
as before, that the rigid:frame: continuity reduces the:actual critieal
moment to approx1mately 83 % of the simple beam effect; we use a.
design load of E e e

W= 0:85(136.8) = 116 kips
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From the AISCload tables we. ﬁnd

W24 X 110 carrles 123 k1ps
W27 X 102 v carr1es 119 kips
W30 x99, . carr1es 120, kips

The North South Exter|or Bent " For the spandrel girders
the:floor: loadmg is: approx1mately ‘one half of that for the interior
guders and the: wall load is-the same as for the: east-west spandrel
beams.:

ROOF J,

1/2 of the EUL"
Wallload:

Total load “:-
Design"W‘:' 2

136.8/2 . =

82 4 kips
0 85(82 4) =70 k1ps

|l

From the:AISC load tables

,j.;W,24 x 76, .- carries 78 kips " .
W21 %82, carr1es 75 klps ]
On the ba51s of this rst approx1ma iona prehmmary s1z1ng of the

beams and girdersis made. These initial assumptions are shown in
Table 3 1

—

FIGURE 3.10. Assimed moment distribution in. thefbénts.‘,gg‘ravi;tyloads.

TABLE "3.2.", First Approximati

'East West
Extenor
--Beams

- North-South

. .- Columns. .
Moments (k-ft) A B C D
At roof - o /\‘A.f‘..- : C .,:,(
Simple beam M ; 493+ 493 297 146
Petcentagg of M: assumedfor column ke ke 3
Column M’ L g 164730 49
: At fioor” i o
" Thenekt step is to”determme approx1mate colimn'sizes. T }S,Imple beam - o T 183
g ercentage’ ‘of M assumed for colu R it 1
be done-using the gravity loads only as a first:trial. To. do this we will Column M 54 - 37 2

make some-assumptions:for the rhoments. _deucedm ‘the .columns




TABLE 3.3..

Column Axial Loads Due to Gravity

Level ‘

-Column

DL.....

AJ29602 |
| "Columns B and C,
SN 1K | GO

LL. Total

— Colﬁ;lr; Eou
324112

i
R i Rool
: Wall
{ Column
- v Total/level .
LL'reduction
Désign: load

15
20

35:

Roof
Wall
Column
Total/level
LL reduction
... Designload

! Floor
Wall

i Column

; Total/level

“LLréduction b
.Design load |

bentS ;

Flgure 3 10 shows the assumpuons for the relatlons of momentv.
‘ On the

155

: Floor
Wall

- Column

. Total/level

.. Design load

LL reduction | {

65

us ally made a short- distance above the beam levet and are com-
monly not’ made at every ﬂoor smce the " connectlons are quite

220
88

Floor
Wall. - -
Column
Total/level
LL reduction
Design load

285
114

58
23

" 'Floot .
~Wall-
Column;-

. Total/level

"% Design load

’ .LL reduction | (¢

3L
542 350°
(607%). 140,

316

| (60%)

145"

58

75

30

--+Floor.-
- Wall,”
Column
Total/level -
LL reduction

i-1 Design load:™

U415

166

+'; Floor
i Walle
Column
Total/level

: De51gn load

“LL reduction | (60:%)

CUSCHEME: uyim e

SCHEME'

2

FIGURE 311

Optlons for the ool,f‘mn sphces :
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. 150" - Buildihg Threer. i 7 il fo0 oy

expensive and:time:consuming in the field erection process: Figur
3.1l:shows: two: possible.schemes for: the:location of the:splices.:
will select Scheme One and omit the 51xth ﬂoor sphce for the purpos ‘ At the fourth StOfY
of:columrissize selectionis <7 ui: e * . Axial loads -416 k1ps KL = 1'5(13) =.19.5, use-19 ft (We
»+The column :sélection-is-thus: reduced to determ ‘ : guess dt B, and B, for a try; then erlfy them.)
for each coluimn in the:plan.:The floor. load :mements.:will thussbe R lTry B — 0.185, B, = 0.50.. .
added torthe dxial-loads at:the basément; the second story;-an : ’ — 62 k-ft, M, = 16 k-ft.
sixth story.-For this approximation we will assume a K factor for L : ,
slenderness:of 1:5:for:thé.unbraced rigid frame: Column: 1nteract10n~ P + P + P, = 416 + 0.185(62 x 12) + 0 50(,1‘6,:*‘ 12)
isiconsidered by using the: B, and: B:factors to;convert:t = 416 + 138 + 96 = 650 k1ps
tor addltlona.l ax1a1 load Wlth aﬁnal des1gn loada Pick: W14 x 136 (see the Appendlx) B
Check ‘B,.=.0:186,.B, = 0520

o At the second -story: - '

Ax1al load = 682 kips; KL = 19 ft M, = 62 k-ft,
M 16 k-ft.
.TryB = 0.185,:B, —050 o
P+ P+ P, = 6824138 + 96 = 916 klps

~ Pick: W14 x 176, B, —"0'184>,By‘;_ _0.484.

" At the basement

Ax1a1 Ioad = 1012 kips, KL = 22 ft, M, = 62 k- ft,

umn A—Flrst ApprOX|mat|on

TABLE 3. 4 F|rst Approxumatlon of Column Slzes i

L qugglnA ; Column_’B,‘,_ ColumnC |  €olumn D ,

Critical | Design- . | Desigr# .| | Design Design | o P i 5
Level " KL | Load*Chiice | Load Choice | Load Choice | Load Choice - PHERSR= 1012 138 + 96 = 12461kps.
i il Rt ° fal ~ Pick: W14. x 246, B, = 0.183, B, = 0.481.

19 ft . | 4167 W4, |2 202, WAL 2125 W14 | 1245 Wil
o X 136 | 342 x 136| 1220 x 11| 135 x 127
108 .. v |o222) 366,

" .",6—6—2‘,. - ;. o i 6| N H”/N‘L6—2.§j:v ‘:v

374
342
108

455
342

108
|.-905....
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1) FULL'L‘L - ALL 'SPANS

Pk

2ok DL 3R LU

10 = 1480213 < 14

(MXISG

Y- AXIS ',, ‘
I/L - sss/|3 £ 43,7,

) FULL LL-— ALL SPANS:

wo="32k DL+ 8k.LL .
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AL 4

wiaxi27
X-AXIS
I/L = 1480/13-= 114

w2ix44
Yo/l E843/36 =

T
23.4 (ﬂu‘

TN

WI4X 136

Y-

AXIS

T17L = 568713 437

DISTRIBUTION FACTOR . / DIST. FACTOR 0.09 0.17  oI7

FIXED END MOMENT (k- n);‘ £ F.E.M. ' +120. -120 | +120
DISTRIBUTION e b(l'st.: B 2l 0 0

CARRY OVER T4 col 0 -5 0.

DIST. ‘ 5 BIST, o w1 ]

FINAL MOMENT FINAL M - +109 124, |+ 121 ;
. ; , ,\BEAM M '

2) LL ON EXTERIOR SPANS ONLY T ON’“EXTERIOR SPANS onLY » 3

F.E.M. Sk TR " viz0 -120 | +96

DIST. “DIST: -n 4 | +4,

c.o. €0x - 7 v2 -5 |y -2

IST. . DIST R o M

FINAL M- ‘ FINAL M S . . =120 | *99

3 (cm. M= 1i1/2 = 56 COL.M=21/2=1

FIGURE 3.13. 'Moment distribution: 6th floor gravity load.

exterior. bent using the: meth
thls analy51s and s1m11ar ones

-<W1th approx1mate sizes fot the columns éstabl
.doia shghtly moret accurate analysm for th

. an approximate analys1s3f0 ;1nd effects and-then to cemlgine the
' results w1th the grav1ty analy,ﬁ s for the next approx1mat10n of s1zes
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' w14x|sa< W:- BZkDLr BKLL o % ‘L
X-AXI§ N i - - F—1
. XmAX w2|x44—} fxwmxnu
I/L ='843/36 .= 234 = Yy-AXtS

I/L =

3.5 Desngn for W|nd

Complete des1gn for ‘wind effects on thlS bu11d1ng would include the

v.\vI/L-- 1900/|5 = 127

883715 = 59

| MFURLLL 5 ALL SPANS nward and outward pressure on, the exterior walls, involving the
‘sizing of ndow glazing; structural mulllons attachment of wall

elements to the structure, and so on.

DIST. FACTOR

FEM

nwar pressure‘and uplift on the roof.
Diaphragm action of the roof and floor decks.
Lateral r1g1d frame action of the column/beam bents.

shdmg, and lateral earth pressures at the bulldmg—to-
ground 1nterface U C \ .

DIST. * KR - 10 Bl Eepl s Tk

[N

DIST.

FINAL M -

2) LL ON EXTERIOR "SPANS ONLY

FiEM.. .

'2’5: “ - "I’ ‘ BN ": R ‘ Wlnd res1stance ‘other than to assume that. it actsto transfer the w1nd
o ¥ L - Gl R 2

DIST. 0 S + 1 Fip

+111 ; -2

(COL. M =11/2 < 56 | coL.Me22/2=11

FINAL M

Yl

‘FI‘G;UTR:«E’ 3.14. Moment distribut‘ion: 2nd floor gravity Io:ad'.'

'

TABLE 3.5. Second Approxi?nation—Bent Moments Due to Gravity

East—West North{South

Exterlor e

East—West s

) North South
Interlor '

i Col- ; Col-’it» syl

rColrCol-i v
. . umn. umn:

(RS

= VL7 EL) Vp '=;,v‘(12/“z\1»), ETC.

My = v,(h/2) M, = VZ,(h/2) ETC.

FIGURE‘3.15 Assumed wind shear and moments in the columns.
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~"L—"PRESSURES. USED FOR CALCULATION: .

T- TOTAL SHEAR AT STORY

SHEAR.INCREMENT PER STORY

COL. D

W14 X158
W1ax1s8 .

1900
0.302

Design for

coL. B

wi4x184 &)
A

157

" CcoL.C

Wlax 184 5

2270
0361

I =

DF =

LR

Ig= 2270
OF = 0.318

|

COL. A.

wiax 246 |

0196

= 6283

Xl

Iy= 883

~DF = 0124 *'
N

i =

. DF =

Iy = 3230

DF = 0.453

_

“¥1 = 7128 {l/4 OF TOTAL:STORY)

1y =|1230

DF =

FIGURE: 3.17....Relative stiffness of .columns: lower:tier: :

v
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coL. b coL. &
coL. D e whiew . COLLB

- =
wlaxi4az |-y

e  Wi4x158

‘|568

W-14.X. 136

0.381

3
W14 X127 -8

Iy = 166‘0_‘ - Iy = |goo"‘

DF = 0.123 R OF = 0.354

—ly.= 528 w . .. :Ig= 1590
DF= 027 | 8 DF = 0.382

-
sy 2

Z2—>

coL. A

Thw 4 Xa36 )o@
[ L T

S 1= 1590
DF = 0,382
: %

FIGURE'3i18"

“ Relative’stiffriess 6F €olumns ! middle tier.

FIGURE 3.18. Relative sfiffness of columns: upper tie

. Figurés 3.17 through 3.19 show the basis for determination of the
distribution of shears at the three critical stories: The: column:sizes

above the midhei
between the colu‘

assumed forthisdistributionare those approximated fromthe gravity

shears at each stor?f The variation of w1nd pressure with' helght’ls load analysis, as summarlzed in Table 3.4. A summary.

taken from UB
+i'Noteith
thr’ee colu

may be of- con31derable magmtude Wlthwthls bulldlng thc ;

1ng ' 'der hanitis tall "‘the ax1alloads thus
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TABLE 3.6. \Wind Moments in the Bent Members ROOE

N - - T - i 1 L _ |
Total -. Column: A “B ; ) ; ? J}'
Level Story . . . N | LI .
Shear- ‘Axis: @ . x. y x y Xy Xan Y AR
(kips) -
R — Beam M 19 7 38 . 7 33 .6 38 ,
.« Column DF 0.382 0.146 0.382 0.146 0.327 0.109 0381 Le—
61: ColumnV* 58 22 58 .22 50 17 58 . Vi
i ' ColumnM 38 14 .38 14 33 1 38 12
6 ——— Beam M 56 24 11 21 . 95 16 111
~+ ColumnDF 0.382 0.146 .0:382 0.146 0.327 0.109 0.381
118/ Column¥ 113 43 113. 43 96 .32 112 : ‘ T
© ColumnM 73 28 73 . 28 62 21 73~ 24 : . FLOOR
5 ——= Beam M 91 35 182 35 155 26 182 T
i -Column:DF 0.382 0.146 0382 0.46 0.327 0.109 - 0.381 i
175¢ Column'V 16.7°% 64 167 64 i 167 Ta N |
“UColumn M 5109 .. 42 109 42 109 36 | Mg Mg) o
4 — —Beam'M-- 1260 510 234 48 438 229 ML, N — —
" Column'DF 0400 :0.170 0354 0.151 "0.339 0.123.:0.339: { ¢
218 ColumnV .22 .93 193 = 82 185, 67 .185. 7 L '
Column M “143 ~ 60 125 53 120 44" 120 P
3 —— Beawm M 156 - 66 2750~ 59 264 .. .48 -.264 N1 Mg
Column DF .0400 0.170  0.354 0.151 0339 0.123 0339 0.123 1 le _L,i
261 . Column V ~ "26 19759910221 80 221 80 e <‘Ts e !

~Column M. 169 . 72 ) 64, 0 144 15D

2 —— Beam M’ UU212°% 191777399 FTU2T 347 ¢ e 314 111
Column DF 0453 0.196 0.318 0.141 0361 0.124 0302 0.105

300 - Column ¥V 34 147 239 106 271 93 227 7.9
Column M 255 110 179 80 203 70170 . 59

FIGURE 3. 20 Assumed moment dlstrlbutlon in the bents: wind load.

‘For the first story columns:

: : 1.0)(15,833)(54
columnD P —g)—(279—)(—) 298k1ps )

: o (1. 16)(15 833)(54)
P 34 5 k1 S
polum_nC.P 28719 p _

“column B: .

wset 3)(18)
column A P = w

+ Since theSé aie small- Vétlues‘ in comparison to the axial loads and-
. moments- due:to gravity and the moments- -due to w1nd ‘we will not
use them for the approx1mate des1gn .

(total 1 for the story
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. MOMENT :

RELATIVE : COLUMN AREAS-
FOR 'CALCUL-ATION .OF 1 Cg

JYEXTERIOR . =
COLUMN. 7.

AT THE FIRST STORvY

GRAVITY MOMENT

Second, Approximation of the Columns;and:Bents

6 Second Approximation.of.the Co_:lurh,ns.;and.‘ Bents

We will now ¢onsider the effects of wind plus gravity'on'the ‘columns .
and. beams’of the- bents-Our procedure is to determine the critical
oad for gravity only and compare it'with three fourths of the load
ind plus: gravity: We then: use:the higher of the two for design.
;the beam des1gns we' w1ll se the maximum grav1ty moment
This may be slightly conservative
1 50Mme Cases, since these two. may not occur at.the:same place: Figure
strates this problem using:the: east—west exterior bent at the
second ﬂoor The gravity, moments are taken from the analysis in
Figure 3.14 and the wind moments from Table 3.6. Since the error
is small we w111 s1mply use the tabnlated max1mums‘ and add them

41 ZINTERIOR

COLUMN

(FROM FIG,

FIGURE 3.21, Analysis:fo‘r"a).(:ial column loads due to‘wind.

R
[ L

WIND MOMENT -

" TABLE3.7. Calc "(FROM TABLE 3.6)
: © R Relative! “Total " Distance’”
Column - . A "y 47 . toAxis. .-

ion of / for Axial Loads Due to and a

I= 4y

20022
1,503

13,500

FLL6641

ACTUAL TOTALS

Totall -

FIGURE 3 22 Add|t|0n ‘of-beam:moments due to gravity and wmd

196
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"The north—south interior glrder
i ‘At the:second ﬂgor/, M, = 446. k/ft (from Table 3 5)

At the'third floor: M = 449°k/ft
TR ,":"" el i PR Or M ;
‘ RO Use W24 X 110
| Attetouhfoors Mo aokr
L oM =9+ 230 = Sk
Use W24 x 110 R
At the fifth floor: M = 451 k/ft
Or M = (3)(451 + 182) = 475k/ft
s Use W24 x 100
FrrAt thesiXth"ﬂoor: M = =451 k/ft (wind not cr1t1ca1)
e . Use W24'% 100 s
- At the roof: = 385 k/ft (wind not cr1t1ca1)
Use W24 x 84
The north—south.exterior girder: '
At the second floor: - M =240 k/ft
Or M = (3)(240 + 111) = 263 k/ft

Wind is not critical, use W24 x 61 for
all ﬂoor levels. s

3 At theroof: M =225k/ft
S Use W24 x 55

The east—west 1nterlor beam:- '
At the second floor: M = 113 k/ft ‘ ‘

© OrM = (4)(113 + 347) = 345 k/ft
T Use W24 x 76 - o
At the third floor: =114 k/ft R
S OrM (4)(114 + 264):». =284 k/ft

drpUse WA xn68 minmd. i i i

s AtthCSIXt

Second Approximation of the Columns and Bents = 165

At thie fourth flor: M= 114 k/ft

- . OrMo=@)114 +. 213)
) . Use W24 >< 61 e
At the fifth floor: M = 115k/ft B
e CorM = @ais g 155) 20 k/ft
S Y Use W24 %055 o
At the sixth floor:” M = 115. k/ft_ c s
o OrM = (@)(115 + 95) =158 k/ft

< Use W21.x:44

LY

o Attheroof: o 0 M= 92k/ft

O MU =13)(92' + 33) = 94 k/ft
»Use W18 x 35

-

The east—west exterlor beam
' At the second ﬂoor :jM = 124 k/ft o |
OrM = (3124 + 314) = 329 K/t
“ .Use W24 x 76
: (4)(124 + 264) = 291 k/ft
»Use W24:x:.68. -
=24+ 229) = 265 k/ft
Use W24:%-68: ”

(4)(124 + 182) =230 k/ft

| . At the third. ,ﬂvo_of';:;"‘

At the fourth floor:

" Avthe fifthi fidor: - M

At the roof: ..:

Use W18. %35 .

‘of- beams and glrder siZes is' suthmarized in
column. A we: assume the first: story:to be cr1t1ca1 for the
Jower column. - e
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Grav1ty only, P P = 682Kips, M, =67 k/ft M =
S Norhise A ... Assume B, = 0.185, B, = 0.480. .
© F North-Sottth *: North=Soiith:'.} Fast—West East-West T . L
Level Interior . ‘Exterior ... .- Interior Exterior . ‘ P + P + P =682 + (0 185)(67 X 12)
— | 0486 x 12) s
W24 x 84 W24 ¢ 55 0 W18 .x 355 . W18 x 35 . - 923 k1 .
W24 x 100 W24 x 61 W24 x 44 W2l x 4 682 +°149 F92= P

55T Wk 100 T W 6 W24 x55. W24 x 6l 2 Grav1ty plus ‘wind on x-axis of column |
W24 x 110 - X615y W24 x 61 W24 x 68 . : '
W24 x 110 W24'x 61 W24 x 68 W24 x 68 : M; =67 + 169 = 236 k/ft "
W24 x 120 W24 x 615, W24.x76 . W24 x 76 V L P + B+ P’f— 682 + (0.185)236 x 12) + 92

o = 682 ¥ 524 + 92 ="1298 k1ps I
'Grav1ty plus w1nd on y- -axis of column -
‘_,_16+72—88k/ft - '
P + PL+ P, =682 + 149 + (048)88 x 12)
=682 + 149 + 507 = 1338 klpS

TABLE 3.8.  Second. App;oxi}mat‘ionv,‘_—‘_Beht_.,E},ea‘m‘s.; and: Girders

Grav1tyonly, P:=816 klpS M, = T1k/ft, My =A16k/ft
2 Assume:By =:0.180; B, = =.0.470 ‘

P+ P+ P’ =816+ (0 180)(71 x 12) ;

+ . 470)(16 X 12) s ‘ | Case 3 is cr1t1cal for des1gn use (3)(1338) = 1004 kips. -

=816 + 154 +90 = 1060 klps e | Assummg KL = 1.5(13) = 19.5, say 19 ft, use W14 x 193.

: Grav1ty plus w1nd on x aXIS of’ column " 'With the second spl1ce above the fourth floor, the critical loads for
: " =71+ 255 = 326 k/ft ' 8 \ ~the'top tier ialload-and ‘wind moment ‘at"the- fourth

P + P, + P’ =816 + 0.18)(326 x 12) + 90 story ahd the gravity ‘eam moments from the ﬁfth ﬂ :

b =816 + 704 +.90'= = 1610°kips ¢ ~ Case 1 VGrav1ty ol P.= 416 klpS M' = 63 k/ft M = 15 k/ft

Gravity plus'wind’on y axis of column ‘ i 'Assume B, = 0 185 B =0 50 o

My = 16041105 s "
P+ P + Pi= 816 + 154 + (0.47)(126 x 12)

: .—‘81‘6 +.154 + 711 =:1681 kips. .

Case 3 is critical ; for des1gn use (4)(1681) = 1261 k1ps
Assuming a K 'of 1.5 and' using the load: tables' from the AISC ‘
- Manual (reference 8, see the Appendix):

KL= '5(15) = 225 say 22 ft -
B use 'W14 >< 264

With the splice above the second ﬂoor the eritical consideration

‘:for the:second tier-of:the:column is the second stery.axial load-and
column:mement due-to wind plus the; gravlty momentfrom:the third
floor beams. s




ColumnA ";" Column B | ~* Coumin' C*{ ~Column D
“Assumed e » ‘ :
1 Critical - | Design **~ " [ Design-"~ | Design_ " | Design

Level . KL - |- Load®Choice |7 Load Choice.|. Load Choice | Load Choice
6 196t | 678" W4 | 661 W14+ 4855 W14 7| 831 W14
: X 136 |5 Lnox 136s e x 95 gk o x 158

5 Be ? g

4

- the des1gn of the ‘steel frame.

form. Most members not-,_,lnvolve

168  Building Three. . :

TABLE, 3.9. :Column Sizes—Second Approximation, .. -\, ..

194t | 1004 W14 | 886 W14 | 701 Wi4 | 810 Wi4
U T x93 | %176 x 136 |  x 158

2t | 1261 W14 | 1024 “Wid | 865 Wia | 890 < Wi4
: Vi 264 | e 22020 0 L %176 . x 184

W= YW

¢ Design load = PeA=iPyud P L0

From these calculatlons and s1m11ar ones for'the ' ther columns;

we summarize-a new set: of column sizes as. shown ,

Having obtalned a reasonable approx1mat10n of column and
beam 'sizes) ‘the next step  would“be ‘to” perform’ ‘more: rigorous
analysis for the gravity and wind loads:on the-frames. Assuming

that the approximate analysis: and-design: has been carefully peér-

formed, this should not result in-any: starthng changes in member
sizes. Since an | exact analysxs and design of the bents is beyond
the scope of this book ,we will proceed with the design usmg the
approximate answers so far obtalned‘ n" any event; these s

reasonably adequate for, use 'in cost stlmates “dex lopment of

‘;archltectural detalls and prehmlnary es1gn of. structural connec-

tions.

detailing of this building would. b ; “task 1nvolv1ng an amount of
work several times, the. total ize of this book. We w111 however,
briefly dlscuss some of the ad 1t10n onsﬂera’uons to be made in

Connections for the steel fr'me co 1d be all,_; ively. routine
e bents would use 1he

As was mentloned prev1ously, the complete structural de51gn and v

* Second Approximation of the Column

anety ‘of poss1b1 ties for
ustrated in

eaxial compression.
y of a rectangular

steel bearlng plate that functlons to trans
the column into a ymuch lowerv d1str1bute

" TAB'LE 3,1‘.0." VB‘ase‘I?,Iates f_or.'the SteelfColumnsiJ«';; CshEAT LT

Stze Selected an‘d“.:t - Size for Wthh et

Design ...
s Load"\ 5
Co’luﬁm ki)

4 See the Appendix. Based onf, = 36'ksi, f, ‘=300 psi. "
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wwApproximate sizes forithe plates can:be obtained from the tables
in:the steel manual.-Individual ‘plate sizes.are tabulated for each of
the wide flange column sizes, ‘However, the. axral load used assumes
a full: development; of. maximum:compressive stress:i
Since:our column: sizes: are: cons1derably increased: by.the be
moiments; this means that. the:size-of ] late shown for the, columns is
larger.than necessary: The: approx1mate plate size should. therefore
be selected byiusing the tabulated *maximum load” rather than the
column size. This will result.in a plate of reasonably correct: total
bearing ‘area:size; but:may: result it :conservative: thickness; since
the bending:may-be less if the.column size is larger. A set of bearmg
plates selected oni-this:basis is:shown:in-Table;3.10. .

+The steel frame and metal.deck .must be- protected to obtam the
ﬁre ratings: requlred by the code: The: means for this, as. assumed JIn
the determination:of dead loads and shown later in the. constructlon
drawmgs are as follows S e

"':‘L{VBOttOIIl of the metal deck and bottom and srdes of the: beams are
.protected by sprayed-on fireproofing. b
~~Depending ‘on 'the -architectural details, the columns may be
" protected by cast concrete Jackets by sprayed-on ﬁreprooﬁng, or
; by lath and plaster encasement. ; T S

-gravrty and wind forces and-the attachments to the structural frame
‘must transmit these forces to the frame. The variety-of ‘possibilities
ds:virtually endless; w1th the variables of the materials-and-details of
“the wall, the locatron of the wall relative to the columns and spandrel
‘beams, the incorporation of HVAC elements and‘thefacilitation -of
“interior! partitioning:: The construction: details shown later present
«a-fairly common solution; involving an: exterlor wall of metaliand
glass and the facilitation of a modular 'n rtitioning system.
Another detail consrderatlon 1s. that of the port. necessary. for

" the. ﬂoor—to-ﬂoor dlIIlCl’lSlOl’l and. the detalls of: the 00T, framrng

Second Approximation of the Columinvsif"‘éihds' Bents! 1£;7!1f

he various 1tems that must be’ hung from the under51de of the roof
floor structure. This 1ncludes the ceiling systerns; HVAC ducts

~and components, lights; electrlcal conduits, and $O o Support will

ually be provided by brackets from the beams or by wires‘from

gkthe deck. With. the use.of a modular ceiling system most of this
: support-will be achieved by hanglng ‘a bas1c frammg ‘system ‘that
"‘accommodates elements of the modular ce111n L1ghts and HVAC
reglsters will usually be a part-of the-ceiling system and will:be sup-
_ported by this-frame. Large- ducts an
- separately hung within the ceiling void space. Individual support'is

ring for-the lights may be

usually: provided foranyheavyfans; rehéatunits;and similar features

“that are incorporated in this'space. The needs for this equipment

and the means for supporting it must be considered in establishing

dlstance from the
Some prehm :

iso
Wthh must pass under the beam ‘ If; |
system, ‘the ducts: will be: nsulate and of larger ize Wthh further

A-final cons1deratlon for:the:st -aln rat
vertical defléction of the floor and roof systems Th1s isa complex
issueinvolving. cons1derable ]udgment andaoet muchfactual:

static deflection llmlts generally recommended w1ll usually assure
reasonable lack of bounce:

aswWeéllas thoserdiie to th’erimal expan’sron and contractron
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.+COLUMN.

assume that the portlon over the basement will consist of the same
basic system‘as the typical floor : steel beams with metal deck.and
concrete fill. The'beams would frame drrectly to the steel columns

required, it is probably not adv1sable to use a'simple slab: on ﬁll for
~ theremainder of the floor, since cons1derable settlement would occur
The other options are to use a framed floor over a crawl space or a
concrete framéd system poured: d1rectly on fill. The plan and some

~ details for the latter optlon are shown in the constructlonldrawmgs
- The system consists of ‘a two-wa et >
with"a beam system ‘providing: sup
d1rect10n The beams are. supported by the steel columns the base-
ment walls, and'a'seties of small | piers in'the: center of the 36 ft spans:
Slnce the building: plans indicate'that the first floor will also be
used for rental office space, it is: assumed that the distribution. of
' power and communlcauon in the floor is required. In the floor area
over the basement this would be accomplished as for the typlcal
floor, using the metal deck voids and the concrete fill. In the re-
mamder of the floor'it woul ry'to deal with" thrs as for a
vconcrete framed‘ ﬂoor w1th the‘d1str1but10n done in. i

sFIGURE 3.23.." ‘Deflection.of the floor:

“concrete ﬁll must bea: ﬁat as possrble ‘this could produce a much’
j‘??\th1ckeruﬁll in: the center of the ‘bays. The: usual ‘means for: com-'
; pensating for thisis to specify a camberfor the beams approxrmate- ‘
the3calculated dead'load deﬂectlon

Wher ~ manent walls and openings for stairs; elevators and
duct shafts occur special framlng must be providedyas shown inthe
framing plans in Figure 3.7 and in the construction draw1ngs nght
| ‘partlt"' ns‘ may b supported dlrectly by' “e deck ‘but heavy masonry

the- steel columns and
’ must be dropped b

e requlred 1f seisthic loads were crrtlcal
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distance. "The reSultis’ that“theé bottoms of the’ footings for ‘this
_building will occur at several dlfferent elevatlons The foundatlon
- plan ; shown in

‘this ‘Condition:

The: “typlcal footmg

‘dre ‘shown' A . : \ :
first floor: 1ntermed1ate piers: The de51gn loadsincliude the: prev1ously
- tabulated steel: columnloadsiplus:the loads fromithe first floor and

the basement walls. The footing sizes and: teinforcetient:are: derlved _

Construction Drawings —Steel Structare

- TABLE.3:17.: Typical:Footings 17

,.F‘botiﬁg’F():r”"“'""Z ing (kips 'Fobting Siz’e“ R

‘V-Co.lumr‘l- A
Column B

Fing ; walls and ‘the ce ntrated pier
loads: Particular characteristics ofithe soilistrata; the: ground water

[
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176 Bu,.ildi‘ng-f‘flf;hree NPT,

condition, site grading, and so on, may-influence the detailing of
these subgrade elements:” We have assumed a:
capac1ty of 8000 psf and have developed the co tructlon deta1ls in

{ column footmg, or the walls can be designed to Span across

own footlngs or may be deSIgned as beams spanni :
the column footmgs In’ e1ther “case, a wall footir

.k'?"_.column'footmé's must be. dropped a distance sufficient to
- permit the steel base plate and anchor bolts to fit above the
footmg w1thout protrudm g above the floor slab. Although the

water from entering’ ‘the basement '
Where there is no basement, the column footmgs could be
raised. The height of these footings would depend on

basement and grade: walls and by a series of 1ntermed1ate piers. The‘ '
,typ1eal slab 1S a two-wa, slab on edge supports with a few one
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W21X55. ]

W21X55

W2IX55.

Construction Drawings — Steel 'Structuré

2| METAL i[DEEK
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Construction Drawings —Steel Structure 15_31 :

’as the faces of beams at the bu1ld1ng edge and the edges of

®)

permanent and demenntable :
se.in’the.core and would

'STEEL COLUMN
8 BASE PLATE

‘It is expected 'however that most walls wﬂl een51st df some relatlvely
some_ patented,

..~ FIGURE 3127 Detail A.

d previously in regardto-
he foundat1on plan As shown in etail, and-also discussed
' ‘1ously, the top-of the column foot1ng is:shown'dropped:so-that
he base plate and -anchor bolts can be: encased below the floor slab. -

and its deta1l1ng’would need to con51der the. nece531ty for prov1d1ng
attachment ‘and lateral support for Whatéever walls are anticipated.

The’ frammg plans.shown are.abbreviated for.clarity. Complete
construction drawings would include sufﬁc1ent information to
establish the exaét location of all'beams, to establish the elevations - y v
of beam tops, to indicate required camber of beams, and to identify _ etall B (FigUre 328 ;
the type of connection for each beam. Some of this information may b )
50 be provided in deta1ls or SChedules and be'referred to by notes
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anchor bolts.
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" FIGURE3.28. Detail B

‘as shown.. The remforcmg in the beam requlres the usual 3 1n cover
s for footlngs S

FIGURE 3.29.

Detail C.

to that for Detail B (Figure 3’28)- The steel ‘beams are shown as
supported by the wall, with a pocket bear1ng plate and erection

--Some consideration should be glven to the transfer of horlzontal

force between the top of the wall and:the ﬂoor construction, if the
basement ‘wall is a retaining wall. At the section’ cut this is not the -
case because of the truck dock area.. ‘ '

(Flgure 3 31 ) ThlS shows the intersection between the
two types of floor construction at the top of the basement wall. Since
the concrete fill is continuous over both structures the tops of the
steel deck and the structural concrete. slab are at the same level. .

The key at the top of the wall pour should be adequate to provide:
for the lateral force due:to.the retained- ﬁll The:top-of the wall pour..
is dropped to the level of the bottom of _the concrete beams in order
‘to.allow .the bottom reinforcing.in the beams to extend over the
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N “FIGURE 3.31.. Detail E.

~used. Lateral support must also be provided for the top of the window
“units. One way to achieve this would be to add some additional
: elements tothe'bracket thati 1s attached to the bottom of the spandrel
beam. .

_ These details are of major concernin the archltectural design and
are subject to considérable variation without 51gn1ﬁcant change in
-~ the basic structural system for the bulldmg ‘ : ‘

Detall G (Figure 3. 33) This shows one poss1b111ty for the floor.
.edge condition at the large: opemngs for the stair, elevators, and
duct shafts. Although. the section h ‘concret‘\;vblock for the wall,

other materials may be used if a thinner wall is desired. One varia-
tlon would be'to stop the concrete loser to the steel beam and to
‘ run the ‘wall past the face of the co rete

i
: FIGURE 3.307% Detail Dy

_Detall H. (Flgure 3 34) This ill trates a typlcal beam- to g1rder
connection usmg standard- ‘doubl angle connectors. As shown,
the angles are typlcally welded to them beams in. the shop and ﬁeld‘ ‘

with'a wide 5111 brought out to thewﬁmshed fdce of the coltlmn “The " o onnecte dt 0 the g1rders with b olts

space under these sills may House ' HVAC-units;if such’a: system'is
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FlG“UREv3.33;' _Déiia,il G.

Detail 1 (Flgure 3:35; ) Th1s shows ong possrbrhty for the beam-
to-column and girder-to-column connectlons to achieve the column/
beam bents For erection and shear transfer Vertlcal plates would be
nections.are achieved by butt weld1ng~the beam and glrder ﬂanges
to the face of the column or to the: stiffener plates that are coped and
. welded to the column web and 1n51de face of the flanges.
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Since shop fabrication and field: erection practlces vary:somewhat
lly as well as between dlfferent steel-fabricators; the final detalls-.
spemﬁcatlons for these connections.should be worked out. co‘—u
ratlvely between the bulldlng desrgner and the steel’ fabrlcator 5

9 The Concrete Structure -

gure 3. 36 shows a. framrng plan for the typlcal ﬂoor usmg a. re-‘
reed : concrete slab and beam system -and:reinforced :concrete
“columns. ‘The basic system ‘consists of " series of beams on- 124t
centers. supporting a multiple span,-one-way:slab.:The orientation
‘of the beams was elected to: preserve the: contlnulty of the majorlty

‘FIGURE'3:34. * Détail H.

_35‘.;,“\ : 36 B >3vs">

.f———T]———,"rTT:—_“.'}-T‘—_'[T_—W —1-'

::” We o e : ;
i N AR TR

s L.__JL___JL___J !

AN YYD,

5 i iah (it

36!

DIEERT BN

‘,:I'7____f_ﬁ"—_

Fl GURE335 bljeta‘ily“l. : FIGY RE?'?"G' (;oncrete._fl(aml'ng~‘i:el,a_r.r:ﬂztyr)!_cal“‘floor,;, :




10 B’uilding‘ "Three‘: o \ : Design of the Concrete:Floor System =191
e w1th computer programs. For a reasonably approximate
on we will use the coefficients given in-Chapter 8 of the ACI Code
eference number 9). For simplification we will also use the workrng
ss method for most of the design, which will produce somewhat
rvative results in most cases when compared to- those that
1d be obtained usmg the ultimate load method ‘

of the beams ‘the only interrupted beams: being-at the opening fo

the elevators.“As ‘with - the steel: system, the beams and ‘girdersio

the column lrnes forma’series of r1g1d bents for the res1stance 0
lateralloads: i o :
The beam spacing is related to the slab th1ckness Wthh must b
QJ‘J a minimum of 4% in. for the requ1red two hour fire rating. Since th
‘ girders will be quite large, there is not much gain to be made b

| 5 forcing the:beams toa’ minirnum depth Other options for'the bear
spacmg would be: 9 ftori18 ft F or varrous reasons the 12 ft. spacrn
[ seems ‘to be:best.: k : '
é“ + As'with the: steel structure the exterlor curtaln wall’ could be aski
| ‘ system: cornpletely cover1ng the-structure. In-order to' show some:
- different detailing situations, however, we willuse an exposed exterior
o structure, with the exterior columns and the spandrel beams forming

esign of the Floor Slab j

iveloads: ' 50'psf for the officeareas’ o
N 11 1) psf for {obbies, corrldors sta1rs _‘ B
_ 2000 lb concentrated load per UBC 2304(c)

Dead 1aads: ‘Slab (estimate Sin) = 63"P5f[f

,‘l ‘ part of the exterior building surface: On the interior of the building - N 3in. hghtwelght ﬁll T 30 L
f"J L the structure will be covered by the floor fili, by the ce111ng, and by ST Celllng, lrghts ducts T I
, M : plaster finish on the interior sides of colufns. o " Partitions [UBC 2304(d)] = 20
il ‘ A similar framing system would be used for the roof structure and Total dead load:; .. = 128 psf + beam

for the portion of the first floor over the basement area. The pent- stems

!

|

1 ! house ‘however, ‘would" probably be a light steel frame structure, - :
- The basement and foundations and the portion of the first ﬂoor on’ The total design load for the slab is thus; 178 psf for the typical office
‘areas. W1th a beam width of 15 in. the clear span for the interior

e 10 ft 9 in. Because of the exposed' spandrels the endv ;

h - fill would be similar to that for the steel structure.
I The basic concrete str ngth used will be anf. of 4000 psi. Thrs s
|

. a matter of some ‘variation regronally, belng eﬂected by economics
as well as practlcal cons1derat1ons of avarlable materlals and con-
. struction practices. It is- advrsable to.use a slightly higher than aver-

‘ age value for the concrete quahty if the structure i is'to be exposed to
” | the weather. It is somet1mes possible to use a. hrgher strength for the
} . concrete it the lower story columins, in order to keep their sizesdown.
‘ For the béams and" ‘slabs we will use steel with f, 650,000 psi.
b For the columns we will use two grades of steel £, of 60, OOO psi in
l : ' the upper stories and 1, 0£75,000 psi in the lower storles The various
l ramifications of these chorces will be dlscussed durrng the: design
(l’ 111ustrat10n that follows :

W ; 3 10'*"‘D‘"esigi1’”of the Concrete Floor System:
-

il Since the majority-of the beams are:multiple spaniand/or part of the : ‘. Asshown 1n Fi;gure 3.37, witha 1 ln cover and maximumbar size
“J‘ i - indeterminate column bents, exact analysis would most likely be  §  of#5, the actual d will be 3.94 in. This means that the concretestress ,

~
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L CENOLS BARL L e R T END SPAN INTERIOR SPAN
I_‘ o 1 _Il—' et L ||—,_
- 2a 14 10 3 i
“|‘ T B ’ FlGURE337 De‘ta“‘(,‘f‘t’he con- ) Toa8Z T 0279 0390 02287 7 0324
. (3/4‘.. COVER : U Grete slab. e o UNYFT WIDTH) : - — — —
' : . ’ C(3.90) . C{3.56)
. OPTIONAL CHOICES: Do .
in ﬂexure w1ll not be critical and. all sectlons w1ll be in the: class1ﬁca—

NO. 3 af a1 3 L 5z 4

tion of underremforced This makes the true ] values all hlgher than

NO, 4 ot .14
that for the balanced sect1on ‘ R
Except for very § short, h1gh1y loaded spans shear stress will not be NO. 5 ot o
cr1t1cal for a one-way spanning slab. Limiting. deflection may be: g SELECTION
checked against the requirements. in Chapter 9. of the ACI Code.
These call for a minimum thickness of 24th of the. span with one end , S , IR g NEE Iy
drscontmuous and 28th of the span wrth both ends contmuous Thus: BAR PLACEMENT . (NQ ’3ut go R s (NO. 5atll
11.24(12 ‘L —
——(—) 56251n fortheendspans U_/ T Y\ 7} *\ —————
24 e NG At B Y2 Seir o INGD 4etlo R T

10.75(12 7 CFIGURE 3:38." "Design of the siab reinforcement. = %"
TS(_) 4 6()7 n: for the 1nter1or spans | san o e ‘ax rem qr?eﬁn«e n

DeS|gn of the Typ|cal Beam “The beams not on the column
lines are mostly three-span members carrying ‘uniform load from a
- 12 ft w1de str1p of ﬂoor We will design these for the span. ‘of 36 ft

‘Since the larg”\' Sp: (ndrel beams will actually prov1de cons1derable
restralnt it seems easonable t0 the 5in. slab g

Usmg an. approx1mate va ue for j, tt ‘
various' critical sections are. determmed and the
shown in-Figure 3.38. The steel,areas may be derrved d1rect1y from
the moment coefﬁcrents as follows

M= vaLz = C(178)(11 25)2 ‘ C(22 528) for the end span

. Dead. load . P

P 812
AT ]d (0000088)394) Bearn stem (19 by 15) =
= C(3 90) for the end span and C(3 56) for 1nter10r spans ' o s Total dead load o .1\833 lb/ ft - ~
L1ve load .. 33psfx 12 \___'396 (reduced for ‘
In oider to save steel tonnage an alternatmg system of long and : o R . _area) .
short bars may be used as shown in the bottom part in Frgure 3.38. Total d‘esign' _lo’ad" : = 2229 1b /ft »
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FIGURE 3.39:

Detail of the typical beam.

‘The maxrmum moment at the ﬁrst 1nterror support will be:‘ N
' = (10)(sz) = ()2 229)(36)° = 289 k/ft

r;’Ford-a»--’rough guide the;sectron hosen should be capable of about

two thirds of this moment without:compressive reinforcing. We thus .
compare the critical. moment. just determined: with- the balanced.
moment capacity of the section: ‘ o

(O 324)(15)(2() 5)2 b gt e e

M = Kbd* =

Smce thls 1nd1cates that the balanced moment capa01tyk of the tr1al

negative moment. Th1s permits .the,top remforcmg in the g1rders""to
be placed above that in the intersecting beams, giving the heavier
loaded girders the:advantage: For positive:moment, however; this
problem does not-exist; since the-beam and girder will'have different
depths. Thus the/d for posruve moment, will be approxrmated by
deducting 2.5 in. fre

Based on the. prehmlnary calculat1ons we will select the beam
size for an approx1mate balanced moment capac1ty of 200 k/ft If

M = 200 k/ft = Kbd®
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sremmees (200)(12)
iR
bd _-K, - 0.324 7407
And ‘ ‘ ’ _ :
g - 1407,
ifb=12in, d= /—1%?: J617 = 248 in.
ifb=15in, d=. 7 0 = J94 = 2221n

Fora second trial we will select-a 15 x 26 in. overall size with a
d of appreximately 22.5 in. for negative moment. This beam should
now be checked for shear stress.as follows. From the ACI Code the

- maximum shearis taken as 1. 15(wL/2) Usrng a max1mum clear span :

of 345 ft the max1mum end shear ‘will be

V=1 15< ) i 15(2260)(3 5) 44833 b

- For des1gn the cr1tlcal shear may: be taken atad d1stance from the
support. We thus deduct (22.5/ 12)(2260), or 4238 lb from the end
shear and des1gn for a shear of 40,595 1b.. ' \

The max1mum de 'n shear stress w1ll be

-:40; 595
(15)(22 5)

Wlth the f of 4000 ps1 the allowable shear stress n,ith concrete;
18- 70 p51 Deductlng this-from the: maximum: shear stress:leaves: 50
< psi to be carried by the shear reinforcing. With #3
allowable -stress. of 20 ks1 the requlred spacing
beam 18, SR

at, the end of the'

20 “1-{‘1':)("20;‘009) :
( 50)(1 5)

e
S

@)

Thls is‘quite reasonable for a beam of this'size; so'the sectionistot
critical for shear. We now proceed to a prehmlnary'selectron of the



196 = Building.Three ...

beam reinforcing using the ACI Code coefficients for the critical
moments. The required steel areas will be ‘determined from the
moments as follows: For pos1t1ve ‘momerit the sectionisa T, and we
will use an approx1mate ]d equalto d minus t/2. Thus

”j‘d=d—“§=23.5—2.5=21.0 "

M  M(@12)
s = /jd T 2021y

For negative moment, as .discussed prevrously, ‘d =h — 35.
Thus, using the balanced section value for j, we have

.d=26—35=225in"
M SUM(2) i
3 A 0 03 10M
fs ]d 20(0 86)(22 5 -

This may be used for moment up to 200 k/ft (the balanced capac1ty)
with an additional remforcmg for the double remforced section for
moinent in excess, of 200 k/ft. Th1s add1t1on w1ll be

‘ M M) .
0.30M‘
A f(d—d)v 20(225—25) L

Actually the A values ¢ ld ,,be ‘dérived d1rectly from the. ACI
Code coefficients. The author, ‘however prefers to $ee the. Values of
the moments calculated fora "better sense of the des1gn forces.

F1gure 3:40 shows the calculations for determination of'the critical
moments and steel areas for the typical beam. ‘Before final selection
of the reinforcing the bond stresses rust be checkéd and the allow-
able stréss for the compressive: ‘reinforcing verified. The placement

= 0. 0286M (M ink/ft)

of the: remforcrng must also be: selected with the deta11s of the glrderf

and its’ relnforcmg

W1th regard-to the beam 1tself ‘somie: of the placement cons1dera-

t1ons are shown in Figure 3.40. In"order to keep the reinforcing in
‘one layer at the'bottom of the beamiin the exterior span, the beam
width must be increased. An‘a ternat1ve to th1s ‘would be to increase
the ‘depth, if headroom is. not critical. The depth increase would
slightly.reduce the ste l'area; requlred and would add less addrtlonal
concrete to the section.: . - : o ‘ -

M'T 20%9¢

' 'REQUIRED, :Ag
LTOP.. .

L BOTTOMY:

i,

BAR ‘SELECTION

k '5'NO. 10

" FIGURE 3.40.

3NO. 9"

K?:NOIO/ <2N08|ﬁ]‘_"-

OOV O OA:

“"De,s‘i:gh of th béénﬁ"re"i~h‘f6fce‘fhé

ENDSPAN ¥ RET T T UIGENTER BPANS T
i P g it =t L
2, .04 o0 T6 '
‘122 208 ‘U0 2e3 - 183
. 0:0310M: < 0.0310(200) = 6:20.IN?
L =378INE 0 030(93) =2.79:
) TOTAl. = 899 |N2
10/0286M . ¢ 0:030(93) 7 1 0.0286 M
2598 INZ! = 2 T9INR L 523 IN2
4N09 E/-?NOIO e
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In the top of the beam it is possible to place some of the reinforcing
outside the st1rrups as shown, as long as the minimum cover is
‘maintained. For the negatlve moment at the interior support the

added bars shown would have to be placed in a second layer, which i

slightly reduces-the (d — d') moment arm that was assumed. in the,
calculations.

The reinforcing for the compression side of the double reinforced:-

section may be. provided by a separate set of bars as shown: If so,
they would have to be placed in a second layer: An‘alternative would
be to bend. the bars from the interior, span to fit over those in the
end span. Doing this at both:ends, however, would result in-rather
long bars, which: may not be desirable for handllng

Design of the Column Bent.Beam. The interior beam on
the column line will have the same combination of wind and gravity,
moments-as was illustrated-in-the design of the: steel structure. We
will use ‘a process:of designing; the: beams for-the grav1ty moments
first and then 1nvest1gate the need. for any changes required for the
added wind moments. As-will be seen, this works reasonably well
for this building, but may not be as useful for burldlngs of greater
height or shorter beam spans;” =~ "

For the grav1ty load designthe’ only difference for the column line
beam will be an increase of the end” moment at'the outside column

“to- (ltf,)wL2 “This is an increase of 50 % over that used for the end

‘momient at. the spandrel glrder for the typlcal beam. :

Some general desrgn consrderat1ons for the column lme beams
are: :

"1." The beam re1nforc1ng must pass through the columns. The
- size and spacing of the column reinforcing must’ ‘be carefully
, coord1nated with that for the beam to allow for this.
2. Somie of the. top. relnforcrng should ‘be made continuous to
“prov1de for reversal moment and to add torsronal strength to
" the bents: gt
'3, Some of the bottom reinforcing in-the end span should ‘be
extended into the exterior column and bent intothe outside
" face of the column. This is to provide for- the reversal wind
“moment. ‘
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4. Full loop stirrups (similar to column ties) should be provided
through the length of the beam to 1ncrease 1ts torsmnal
strength.

With the exposed. structure, as dlscussed prev1ously, the des1gn of :
the spandrel beams and girders: must be coordinated with the general - '
architectural design. of the exterror walls Figure 3.41 shows one:
possibility for the spandrel: Although it'would be. poured with a
construction joint as shown, the séction could:be considered as a
s1ngle structural unit with doweling of the vertical remforcmg and
a series. of horizontal shear keys at the pour Jomt This very deep
section, with an approx1mate d of 70 in., would result in a much
higher stiffness for the exterior column/beam bents which means
that they. would take a. hlgher percentage of the total wind force on
thie building.: This effect will be co .f 'dered later:i .in‘ the wind design.:
- With the section as shown in ,1gure 341, the wall load on the
spandrel will'be as follows: ...
S 451 /

Spandrel: (14 by 75 approkimately) — 1094 Ib/ft
‘Window wall: ~6ftat15psf = %0
Total wall load = 1184 Tb/ft

Aidded to this will be approximately one half- of the dead and live
loads for the typical beam. Because of the shghtly smaller area of
floor supported by the sparidiel beam the 11ve load reduction will
be less The des1gn loads are thus ‘

1184 + (7)(1536) 1952 b/t

“Total dead load: =
Life load: 2psfx6 = 252 Ib/ft
Total des1gn load S e 2204 lb/ft

Slnce thls total 1s: approx1mately the ame as. that for:the:typical
beam; the design:gravity moments W1ll be similar. The spandrel has
such a large d, however; that the calculated .steel areas will be quite
small. Because of its depth its exposure;and the'high wind moments
in the exterior bents; the spandrels should-be reinforced with con-
tiffuous top and:bottom.reinforcing, with other:minimal reinforcing
as for a wall, and with-vertical loop ties-throughout their length.
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Design of the Girders. ~As in the steel structure, the girders
carry a combination of uniform and concentrated loads. The propor-
tion of the uniform to the concentrated load is slightly higher here,
because of the heavier glrder and the two-way action of the slab
which' pulls some of the floor load. to the girder at the ends of the
beams, For an- approx1mate design we will determme the total load
on the girder and consider it ‘to, be carrled as“uniform load, “using
the ACI Code coefficients for- des1gn moments. The load on- the
interior girder is as follows.:. -

Beams: Dead load = 2 x 34.5 x 1860 lb/ft _ ‘128',_3'40,1{13
. Live load =2 x 345 x 12 x 30psf = 248401b
‘ Assummg an'18 X 30.girder:

-~ Stem-dead load = (18 X 25)(150/144)(34) = 159381b

- Floordead load = 1.5 x- 34:x128 psf = 6,5281b

Floor live- load =15 x 34 X' 30 =" 1,5301b
Total load on girder ' =177,1761b .

On the spandrel girder the load w1ll be approx1mate1y one half of
that due to the beams plus the spandrel dead load as calculated for
the spandrel beam Thus o
3 of beam- load = 76,5901b
- spandrel + wall = 40,256
total load 7= 116,846

For the spandrel g1rder the maximum moment and area of steel

‘ 'requlred are.

' M (IO)WL = (10)(117)(34) = 397.8k/ft

4 M. 397. 8(12) -
s fs ]d 20(0 86)(70) »
The select1on of the relnforcmg should be delayed untll the wmd
analys1s is made. - . , D

F or the interior:. g1fder assummg an.; 18 X 30 an sect1on w1th a
d-of 27.5 in.: ;

—396

M= (lo)(177)(34) = 601 3 k/ft

S 6018(12)
4 B 20(086)(275) — 153

A,
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Options for increasing-the girder strength.’ v

"BAR SELECTION: ™'
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55 END SPAN |« iz irr | GENTER SPAN

| | L, |
¢ 16 18- 7o L8
M= (184 X 38)C -, 39 CA4T 826, i B9 amsloh
(K-FT) ) , - -
: S a ZBAL.M = (0324)18)(37.5)%/12
REQUIRED Ajg 7 =883 KEFT :
FACTOR '@ . 0.0186M ~0.017INM  * 0.0i86 M oom ™

SQ.IN. WU R T2 76408 5 01,64 669

_ o , A-A
“FIGURE 3.43_‘ ““Design of the reinforcement for the interior girder. -

Th1s is a lot. of reinfo ng‘ furthermore the balanced moment
capa01ty of the sectlon‘ nly. about 60 %0 ‘the crltlcal moment. At

this point it would have to be establlshed whether the. hmltlng;‘depth
_has been reached for the girder: Referring to 'Flgure 3.6, it may be
‘ ~seen that a total of 48.1in. has been allowed from the finished floor to

the: bottom surface of. the- ce111ng Subtractlng for the ﬂoor fill.and
celhng constructlon this, leaves approx1mate1y 42 1n. Wlth a.30:1n. .
deep glrder there would be a maximum clearance of 12 in. below -

—
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:xthe girder for a duct:H the duct layout can be arranged soasto: avord

DAL \ END SPAN  iif&ds CENTER SPAN ,
L “having the largest ducts passunder-the girders; thismay be adequate
T o— T However; any reduction of this’ clearance by increase in the g1rder :
c x o X & _depth seems unfeasible. '

The sketches in Figure 3.42- show three possrble soluttons to this
‘problem. The ﬁrst ‘two consist of i 1ncreasmg the negatwe moment
capacity of the g1rder by eithei w1den1ng it or increasing its depth at
‘the ends. The other possibility shown is that of using the entire depth
-available and providing holes through the web of the girder:'A rough’
ule of thumb for these holes i is that they should notexceed one th1rd
-of the beam depth in height.” .

On the basis of these considerations we w111 assume a 40 in. overall
‘height girder with holes provided ‘as required-for: ducts up to.12 in.
‘deep. The weight of the girderwill be slightly more; so:we. will'use a’
‘total-design load of 184 kips for the calculations. The determination
of ‘the critical: moments-and requ1red steel areas:for:the girders is
summarized in Figures: 43and:3.44:Selection of the final re1nforc1ng

should:be delayed until the wind. analys1s is made

M= 3978C " 249 284"« 399" “ 249

Ag = 0.00997M . 2248 i w283 399 2.48
{NOTE: /" % bd = 4.9)

2 NO::8 "CONT. TOP:& BOTTOM

‘ s oo
rAy L[ ° L

BAR SELECTION

3.11 . Design of the Concrete Columns

As with the steel structure, the columns-must be idesigned for the
combination of gravity axial compression, rigid frame moments ‘due
to gra\nty, and the bendmg and axial force due 'to wind. Because of
the higher gravity dead loads with the concrete: structure, it is:less
‘ l1kely that-wind will be a‘critical factor in the bent des1gn Itis even.
“more logical, therefore, to use the. procedure illustrate i ]
~of the steel structure: that of designing ﬁrst for grav1ty alone 10
obtain approxXimate sizes of members. : -

A tabulat1on of the column axial loads for the concrete structure
could be done using the format illustrated for the steel structure:in
Table 3.3. Since the basic bu1ldmg plan is the samg, the live loads for -
the columns would be the- same for both structures Thus the only
new tabulat1on necessary is for the dead loads To save effort, we
~ will ‘approximate these by compating the unit loads for the two
structures.

Referrmg to the earher calculatlons for the slab des1gn the umnit
dead Joad for'the typical floor-is-128 psf,‘which’ includes the slab,
fill, the partition load, the ce1l1ng, and the suspended equ1pment

MIN. ‘RECOMMENDED _<. R R
o

: WALL REINFORCING

-
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Added: to: this will be\the weight.of the beam ‘and glrder stems Fo

2 riati “" = .col - strength -from: top.10- bottom -of the
the typlcal 36 ft square bay these w111 be: Mariation of: the column: streng TR 7op

uilding :is a different -matter. for the concrete: structure.. It ‘was
sonable to accomplish -this variation in the steel structure with
change in. the finish size-of the columns.-This is less reasonable
.espemally for the-exterior columns which are exposed architec-
ly..For the interior columns the variation: of size may cause
ome variation-in the plan dimensiens of the core layout, although
there are possibilities for accommodating this. For the;exterior
olumns the method-of variation, as well as the.actual. d1mens1ons
st be coordinated with the detailing of the exterior walls and the
pandrel -to-column zelationships:: , s
Figure 3.45-shows'some-of:the relatlonshlps and the scheme that
-be-usedfor effecting dimensional changes in the exterior.columns,

3 beams/bay at 15 in. by 21 in. x 34 ft = '33‘:,469 b
“1°girder/bay at: 18-in: by 35 in. x 34 ft 22,'313 1b

"total stem welght/bay ‘ hei C o =55782 l_h R

I

Y
(3 6)2 =43 -psf'average k

Addmg th1s to the other dead load the total dead load is 171 psf
forthe typical floor.:Since the column: weights' and ‘the ‘exterior:-wall
loads will also be higher, we will approximate the dead loadsfor:thé
concrete:striicture by using: twice:the tabulated-loads: for: the steel
structure: Table: 3:12 :gives: the ‘column loads ‘determined-on: this
basis, using the design liveloads:plus twice the:dead loads for each
column as determined in Table 3.3. -

¢ "TABLE:3.12. :-Gravity; l:oads for Concrete Columns: (kips)

ColumnA ‘ColumnsBandC

" Coumip

DL +9LL ="
~Design-L.oad

DL YL =
‘ Des1gn Load

DL ‘7LL =
;--Design Load . ¢

524 T 59

230 + 90

M‘”134 + 12 = 146

2656 4 88 = T44: =)

1392 2164016 = -

870 114 = 49?8','4”,: 496 Y= sa1 300 #2323

ar \1084 + 140 =:1224°; 632 -+, 58 = 690 0 5384 +30= 414,

: 1300 + 166 = 1466 N ‘768 + 71

839 ;474+37—511”

: 64“+ 192 — 1832

.;’922 +:85 = 1007»~;; 576+ 44.= 620~

e

- -Size; variation:-exterioricolumnss 7 =71 ey
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For ‘teasons: of s1mp11ﬁcat10n of the window detallmg, the external : COLUMN A --FIRST TRY - AXIAL LOAD ONLY
face of the- columns will be kept at da-‘constant width of 24.in.; wi : ; ‘ ‘
~ changes occurring. in the other ‘direction. The"exterior face may: DESIGN. LOAD  SIZE . REINFORCING Fy ACTUAL
project beyond ‘the sparidrel- and'the 1nter1or face may be:brought. ‘ a {INCHES) \ CAPACITY
in‘from the window sill edge, as shown. The simplified spandr R : —— '
Section shows the basis for ‘these limits. Becatise of its two exposed -
faces;the corner column W1ll be ma1nta1ned at a constant size of 24
insquare:” : - I R L
‘Since‘the spandrel and column have the Same requ1rements for :
cover of the reinforcing, the bars closest to' the exposed face would
normally be the same distance from: the edge if the spandrel ‘and
column:are flush. This problem is eliminated if:the column face'is a -
few inches outside the spandrel. However; if the: flush face condition
is desired, the outside bars in the spandrel must be bent to pass the E 4 8
column verticals, as shown in the sketch in Figure. 345, i '
As has been mentioned previously, there i is a general problem of
coordination of the column reinforcing w1th that of the intersecting _ v
beams and girders. At every column there s a three- -way intersection
of reinforcing and the column verticals must be placed so that the
beam and girder bars can pass through. With a high percentage of
reinforcing in a column, and especially with spiral columns, this , . L PO P UUUNT B )
can be a severe problem. Carefully drawn layouts or mockups should § | eee c j2exzs | 2ONOL ) TS e
be done to avoid nasty calls from the construction site. ‘ s ‘ _
Figure 3.46. shows a first trial design for the interior columns, o T TR T
using only the axial gravity loads previously tabulated. Three sizes ‘ p sz | zex2s | 20N0.14
have been used, varying from 20 in. square at the'top-to 28 in. square ‘ S R I
at the bottom. Some of the cons1derat10ns made in: the rernforcmg ‘
selection are as follows

320 [20%20° ] 4No.e | &0 4e2i

ol

504 1.20.X20 8 NO.9" 60 | 503"

‘744 ‘2424 | BNOIH 60 745

o T T AT 60 e

P
1

Tk
N o3

1224 24 x24 20NO. i 75 286

st Cigta

> FJGUB'E‘S.4,6. : D‘e's"ig_rt\‘o‘f _cbhlm,n A axial:gravity: ,Io‘ad,{OnIy,r.

" The. number of bars used in each column-has been coordmated to
avoid adding splice bars ; that is, there are no columns w1th more
reinforcing than in the column below.

" The number of bars and the tie layouts have been selected to avoid
having complex tie layouts with ties cluttering up the center space, :
~-which makes-concrete placing difficult. Although the use of spiral « Use of a h1gher strength concrete could also reduce’ the size of the:
columns; espec1ally in the lower stories,:could reduce the column lowek columns Thls creates: some problems with -the . foot1ngs;,; :
size, we have avoided them principally because they make placing
of the beam and girder reinforcing moredifficult. : frammg, however

~
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Design of theConc_ret‘e Columns 21
AXIAL LOAD" . . TR ) ’ R \ B
oAP Some approximation . of axial:leads sand :mioments: mustibe"ob-
tained before any judgment can be made as to the situation for a
-particular column. We will therefore develop approximate gravity

CASE |

N

\f moments and approxrmate “wind ‘moments. for the bents before

o N CASE 2. attemptlng to design the exterior columns. : ‘

(l\_ _ L For a ﬁrst approxrmatlon of g , 1ty moments 1n the bents we

v AL oA 7 AN : - ULTIMATE CAPACITY ~ may usethe end moments from the beam and girder desrgns as de-
SNy /o \\ \OF cotuMN termined from the ACI Code coeﬁ"1c1en t the roof this” results in

a moment of (Y5)wL? on the sixth story column. At all other levels
the moment will be (33 LwlZ, since two columns resist the beam end.
For an approximate desrgn we have assumed the total roof design
Joad to be equal to that for the’ typlcal floor. Table 3.13 glves a
tabulation of these: moments for:the four typical columns. :

TABLE 3.13. Approximation of ‘Grayity Moments on Exterior Column_s

———— > MOMENT
COMOMENT:: | : . L
%‘ )

.. ONLY y Column B Column C Column D

““FIGURE 3.47." : Column.interaction: axial load plus moment. ‘ . : ; :
o [ ' 3 LRt ; . . o N=S L B We o NS CE-We s e o N=S e BEW

Moment atroof
—(16)WL2 RN - R

i) S [T T ) T
g e R T R

We must of course, consrder the combmed effects of . axral com-

press1on and bendlng on all columns. Frgure 3.47 shows the general Moment at ﬂoor e A S e T e B
relation of these effects in the form of the typical interaction graph. =@IWE 92 o X X 196 920 125

Three general cases are descrlbed in the 1llustrat10n Case 1 occurs
when the moment is minor compared to the axial load. This is the
case for most interior columns; espec1ally at the lower stories. In
this case the’ moment does not cause 51gn1ﬁcant change from ‘the
design for axial load only.

Case 3 occurs when the moment is major compared to the ax1a1
load. Thisis hkely to occur w1th _exterlor columns at the upper stor1es
and ‘wind moments in"the’ lower stories. In this
is reasonable to des1gn essentlally for the moment only, w1th a 11ttle
bontis for the axial’load: " ‘ ~

Case 2 is-the general’ case ‘when both the axral foad and momernt
are: s1gn1ﬁcant There 1§ 1io” s1mp1e way'te approach this des1gn other
than by trlal ‘and error. ‘Use' of handbooks' or canned computer
programs is to be: recommended if more: than a few sectlons must be
designed. s ‘ ‘ :

(k ft)

The two most cr1t1ca1 bendlng condltlons occur at the roof levelh'
at columns C and'D: A quick. check should be'made‘to assure that
these two cond 1ons w111 beposs1b1e wrth the size 11m1 'estabhshed

beam for the large moment’v‘o 91 kAt
W1th the values of 4000 p51 for fc
moment capac1ty of he sectlon w1ll
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For th1s moment the area of steel requlred n tens1on w1ll be:

(260)(12)
24(085)21).

fst

.. Since this moment is only about 62 % of the requ1red moment we

must rely. on the compressrve relnforcmg w1th ‘some add1tlonal ‘
tension remforcmg to develop the add1tlonal res1stance The add1-
tronal area of steel requ1red is .

—7281

(131)(12)
@agy

i
S f(d—d)

The total-area of tension: remforcmg requlred 18 thus 10 92 in.?
If prov1ded by No. 11 bars the number- requ1red is

1092
156 B

—364

~If placed in a smgle layer i the outs1de face of the column, this
would require a column 28 in. wide. If it is heceéssary to keep. the
column width of 24 in., we must.place reinforcing in two- layers m: -
the outside face or increase the dimension perpendicular to the plane -
of the outside wall. Choosing the second alternative, we will'i increase
this dimension t0"30'in., which makes the column face prO_]CCt 6i1n. .
“ beyond the spardrel. The balanced moment capac1ty ofthe column
~now increases to : -

(0 29 5)(24)(27)2

M Kbdz _ 430 k/ft

) ThlS ‘means. that in theory the compress1ve re1nforc1ng is not
requlred and the area of tensron re1nforc1n g may be s1mply calculated
as; follows Co ; e ,

M oy
- f Jd ~ 0852)

T is area can ‘be provrded by srx No 11 bars -with 2 total of 9 36
in.2. Actually the small axial compresswe force slightly increases the .
" ‘mornent capacrty, as shown f‘the interaction graph.in Figure 3:47.
“The design for moment alone is therefore conservative.

—852

. since it-is. adequate for th
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X = —

o

GIRDER

GIRDER REINFORCING

.~ COLUMN REINFORCING .
""" v

ot / ‘ . :
' </,/—— COLUMN
._LL_NL% _
FIGURE 3:48.

Reinforcing of exterior column at roof:

bl

“As: shown in Figure 3.48, part of the tension reinforcing in the

:outs1de face of the column may be prov1ded by bending down - the

top-bars: from the girder. Thus the column is.actually shown in the
column de51gn table as having only four No. 11 bars, one in each

' COLDET. The two outside corner bars plus.the four bars bent‘down

from the girder provide the necessary - six bars for the tension

'remforcmg in the column.

‘At the sixth floor level the moment in the column drops to half

that at the roof. Considering this moment only, the tention reinforcing
\ requlrement drops to three No. 11 bars in the outside face. The

minimum- re1nforc1ng used from this. point - down s therefore three

No 11 bars;in. 0 ; : ;
Flgure 349 pr

size 0f24 by 301m.45;

moment at.the: top : £ I T

-Column- B- has less moment smce the beam end moments are
smaller _However; for the- purpose-of balance in the, archltectural
deft,aﬂs -it-woudd: probably alsorbe: made a-constant size of 24. by 30
in. throughout:its. he1ght D e el et i

v
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CASE FOR M/N - SIZE
(SEE FI6.3.47) * (INCHES)

AXIAL MAJOR
LOAD = MOMENT e
(KIPS) (K-FT)

COLUMN’ C;{ FIRST TRY- - GRAVITY LOAD ONLY

REINFORCING

L

“FIGURE 3.50. . Options forithe; corrier column:

’ C‘OLUMN D - FlRST TRY - GRAVITY LOAD ONLY
‘ 30" SQUARE - FULL HEIGHT ’

‘AXIAL " MOMENT" e CASE FORM/N'

LOAD X~ AXIS /Y= AXIS: e oy rde e Eidi i a7y
: : » INCHES) (SEE " FI6'3.47
_(KIPS) . {K-FT). ¢ .)(‘ . , )

REINFORCING "

N e . ST : ) .
59 .. |.:322 /183 | .. 65/37 v .3 .| BNO9.

i 2 NOL -

dae .l 061/ 92 |- 13/76 | .. 3. .| 8NOIO-

" on the bu11d1ng elevation: ThlS hmlts the <

% FIGURE:3.51:::

“Design. of column D gravity load only:; -

LAYOUT
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and would requ1re con51derable re1nforc1ng for the moments at the
roof.

The second sketch shows. the outside faces pulled out 6 in. beyond :
the spandrel as was done for the intermediate columns. This creates
a 30 in. square column which is fine for the moments at the roof, but-
a bit large for the axial loads at lower levels. It also means that the -
‘column face in the building elevation is wider than the intermediate
columns. '

The third sketch is a compromise, with a 6 in. square nick taken
out of the corner of the 30 in. square. This leaves the 30 in. depth for :
bending in both directions and presents.a face width to match the .
intermediate columns on the elevat1on Re1nforc1ng placement and
tie layouts are a little more comphcated for this option; but can be
handled. For axial load design.the section is still essentially a 30 in.
square with:aToss'of only 2 about 49 of its area in one'corner. -

. Aswith the intermediate exterior.columns, the moment at the roof
level can be partly developed by bending down the top end bars from
"the spandrel beams and g1rders The location of these bars is shown
-in thesketches. in Figure.3.50.. .
. Figure3.51 presents a summary of the de51gn of column D, based
on the use'of a 30 in. square section for the full height of the Column.
As it turns. out, the reinforcing required at the top story for the
gravity bending at the sixth floor is approximately the same as that
required for the total load combination at the basement. It is prob-
ably practlcal therefore; to use the same reinforcing for. the full
height to s1mp11fy bar placement dowell1ng, and tie layouts

3. 12 DeS|gn for Wlnd

:The w1nd load on the bulldmg was. prev1ously deterrnmed for the o
design of the steel structure, as shown in Figure 3.16. As for the steel
structure; an approx1mate -wind des1gn may be done by assuming
the total wind shear at each story to be dlstr1buted to.the columns
in proportlon to-their individual stiffnesses. Because of -the- larger
dead:loads in the concrete structure, it develops that there are only

sadew cons1derat1ons that riced to be made to-alter the des1gn for the

: grav_l_tyi, loads-inorder;to-hayve-adequate- resistance- of the bents to

wind. To demonstrate:this, and avoid:the-work of‘a complete wind

Design for Wind 217

al

-

INTERIOR BENT - L = 11.67"

. 30 28
_24[1] 28 [I] DISTRIBUTION FAGTOR FOR BENT =
‘T:= - 54000 51221 18032, 207
o . 87096 .l mid
I/L = 4627~ = 4389
. T 1/L= 18032 /BENT .. ——

EXTERIOR BENT - L= 8.0'

30 . 24 .
30 [I] 30 [I] y > TOTAL I/L .FOR STORY = 87096
L= ..67500 .. 5 .. 34560
I/L/-é? 8438 4320
A P 255|‘6/BENT — BENT u.F. = :_f:;z = 0.293

FIGURE 3 52

““Shear stiffness ‘of the first story bents. =

shears»and moments and the g1rder moments Companson of these'
column moment ith: those approx1mated for the grav1ty loads as
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venon s / L 7/ ) 7/ 7 _ 7

COLUMN. SHEAR " = 159 k - 1507,

COLUMN MOMENT 92.8 k-ft

875 "

. GIRDER MOMENT 159.7 k= ft 755

EXTERIOR BENT '« [ 7/ - // . /
COLUMN DF. - = /0.097 7/ 0.050 ;. - ]/ JL a /
: e — ool e — \ o ,

COLUMN 'SHEAR = 291 150 ¢

‘COLUMN MOMENT = = 116.4

“GiROER MOMENT = ez 49.6'.‘

FlGURE 3.53.. Wind analysxs first story columns‘and.second floor glrders

I

FIGURE3.54." Details of bent reinforcing:

glven in Table 313, should indicate that the wmd lo ds.will not be
a factor in the column designs:
A similar comparison of the girder moments w1th those used in
the girder de51gns in Figures 3.43 and 3.44 will show that the only
consideration necessaryis a slighti incréase in’ the end moment at the
corner column for the spandrel glrder e

could probably.be used.in all the beams, ith the required ddltlenal

should be used in‘all the column‘ling beams and glrders These bars ‘strength being gained by the depth increase.-
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Oné:problem in the ‘use of a continuous’s
floor'areas is that the span‘ength:c
‘basement area: This-caus C
an 1gh shear in the first span of the short beams. W
to des1gn for thlS cond1t10n there ater some al
con51der1ng g : S s :
“:One dlteriiative consists of usmg 4 construction: Jjoint between the
two-areas; effectively interrupting the structural contmulty between
them:. Bemg thus made independent of the other system; thestruc:
" ture over-the unexcavated area’ ‘cotld be: des1gned as:for:the:steel
structure; as shown in’ Figure 3.25; or could'use a: vatiety of layouts.
I it:is possible to introduce’ some additional columns-in the: base-
mentaiea; dnother alternative: ‘would be that shewn'in the plan i m
Flgure 3 56 The shortened spans in the basement area are now in

3.13 . Design of the First Floor Basement and .
Foundatlons '

Thelower level constructlon for the concrete structure will be similar
to that for-the steel structure, with the exception of the-first floor
area over the basement and the elimination of the steel columns and
base plates at the basement. A slightly different layout may beé used
for the floor structure over the unexcavated area since it is possible: .
to develop continuity, with the framed system over the basement in "‘
this structure. The plan in Flgure 3.55 shows alayout for th1s type of
system.

2SS i A 'rr—,—#ﬁr——-n—— Tr--ﬁ-

| s k| | I I It
. IR { RO [ I 1 ool
; I :| : I: 11 (IR I I : : i
noo | o L I - A8 OTHER . SHEME
. il L___JL__JL___IL__JL_._JL___Il - SAME AS/OTHER ‘SCHEME.
™ i Ll L r——'ir‘”—"'“——""——‘lf“":‘ﬂ"_‘i
N T [ I | 14 i N | B
L_ . : [ .
:1‘_ :IFL‘_:’___ L__.L]___JL__.I.|1] 1 L | ¢ i
e [
==
il
Mt
I
I,

== =T

I
sdloJr o

‘ :ADDEDH:OLUMNbI —<I
Lo m.
L
e
Ol e Ikl‘”
| LS N
(55

ADDED BASEMENT COLUMNS

36"

FIGURE 3{55:" "Framing plans fitst floori s 1+ i 0 ws2n U HGURE 356, Alternate framing plan: first floor. = 1<
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balance w1th those. over the. unexcavated area, which-eliminates the

problem d1scussed for the first; system The beams and girders at.the -

. basement. area. would be considerably smaller than. these required

for the longer:spans;-although this'cost-savings would: be offset by ;

‘the:need for:additional.columns:and foot1ngs

~The. three ~alternatives discussed’ are reasonably COn‘lpCtlthC
Assumlng that the additional basement columns are not a:problem,

the author: .prefers:the third. solut1on and has shown dtein, the con-
struction: drawmgs L e o R el

s Thebasement:walls; basement ﬂoor slab grade walls and footmgs
would be essentially.similar - to. those for ‘the steel. structure; The
continuity:of herizontal reinforcing in the walls is somewhat simpli-
fied, since:the steel columns are not encased.in the concrete sections:
The tops. of-the: column: -footings may. be slightly higher; since the
steel base plates and anchor bolts need not be accommodated.

The column footings will be somewhat larger because of the greater
dead-loads; making the feas1b111ty of spread footings margmal If the
allowable soil pressure is any less:than the 8000 psf assumed, the use
of piles or piers would ‘probably bé-advisable. -

* One additional consideration in the: foot1ng design is the need for
a foot1ng depth sufficient to' prov1de for the required dowelling
extension of the column bars in'the bottom’ story. Since. this. length
isa funct1on of both the. bar size and the f, value; the choice of these
in the column des1gn must be coord1nated with the footmg des1gn

3. 14 Constructlon Drawmgs—Concrete Structure

The illustrations that follow show some of the deta1ls for the typical
floor and lower level constructlon for the concrete structure. As with
the other examples,. the plans and. details. are. essent1ally illustrative
only and do not include all the details and notat1on that would be
requlred for complete construct1on documentat1on

Partlal Basement and Foundatlon Plan (F1gure3 57. )Th1s
plan is essentially similar to that for the steel structure, as shown
in Figure 3.24. Note the added columns and footings in the basement
area to accommodate the first floor System. us1ng the scheme shown
in Figure 3.56.... S T Tt

- bas1c column module of 18 ft:

Construction Drawings—Conc‘ret’éf‘Structu re 2‘2’
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FIGURE 357, Partial basement andfoundation:plan.

Some of the footmg detalls and wall deta1ls would ‘be: d1fferent
\ olumn base

"plates and anchor bolts ‘and’ the seats for the ﬁ t<=ﬂoor stéel beams.

The locat1on of the extenor walls i

slightly d1fferent‘because of the

Partlal Framlng Plan_:,( Grol ) (Fig ;
plan shows the use of a cont1nuous‘system for: the two areas w1t a
e-'locat1on of the: north wall of he

s1gn1ﬁcant con51derat1ons ‘are: the change in-diréction: of the slab
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-+ FIGURE:3:58;:-Partial framing plan: first floor. ="+

spans'and‘:the snecial reinf'orcing;‘ for the beams that are supported
by th1s ‘wall. Thelatter condition-is shown i n: F1gure 3.63.

Par ‘|al Frammg , an—TyplcaI Floor (Flgu ,3, 59, ) Th1s
shows the typ1cal upper levelﬂoor system as de81gned the calcula-
tions. The core framing at the’ large openings has been developed to
cause thezleast d1srupt1on ‘of: the bas1c system layout

VD—etsai‘liA i Flgure 3 60) Th1s shows the typ1cal basement ﬂoor
slab.and wall construction. The: detail is. essentrally the:same as ‘that
'for the steel structure -except that the-tops. of the column’ footings

-bolts The need for som'

‘skm is used th‘ deta1l i some modlﬁcauon of that shown 1n Flgure

L CEIGURE 359, Partial framing plan: typical floor.

areTaised because of the absence of-the steel base’ plates and anchor
ater rsealmg of the slab to wall Jomt and

cond1t10ns

Detall B (Flgure 3. 28 Sect1on 3.8. )T is sect1on is also essent1ally

~the same as m the steel structure w1th the possrble exceptlon of the

3.65 for the typical floor:
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®

CONCRETE
COLUMN *7 >

I 8 |
= e

TOP OF COLUMN —
FOOTING :....

il __”

FIGURE:3.60. Detail A.

,

Detail C. (Figure 3.29, Section 3.8.) With the slab and beam
system poured on fill the typical details are the same as shown for
the steel structure. The: ‘precise form and detail of these members
would depend on the nature of the fill material and on the need for
moisture: protectron and/or thermal 1nsulat10n -

‘The piers for this system would be formed and poured; before the
backfill is placed. An alternateé to: poured concrete piers would be
to use piers of concrete .masonry un1ts with the cores filled with
concrete. ‘ :

DetaiI\D (Figure 361) This shows the': typical exterior wall
1s: made at the level of the bottom of the concrete beam system for
the framed floor. The remainder of the walls and columns, -up-to.the
top.of the floor slab‘*would be poured w1th th '"beam and slab
system e S

~Deta|I E (Flgure 3 62) Th1s \_ hows th -rans1t10n between the
‘two floor systems and indicates that they.are poured monohthlcally,
‘with-the pourjointin the wall at.the bottom of the:beams. For con-
tinuity.of-the: beam: relnforcmg in:the bottom of the: beams the:de-
tailed-position-of: the bottom :of the beams:is: slightly lower. 1n_the

‘would. probably: be retn 1 .as.shown. extendmg some of the

Construction Drawings—Concrete Structute . .- 227

M~ : T~

Rl

FIGURE3.61. Detail D.

system ‘on fill, since additional icover is requlred for the concrete
that 1S deposrted on:the soil.. 4 e

Detall E. (Flgure 3.63.) Th1s ‘shows' the. condition. that occurs

'where the basement wall causes a dlSl‘upthIl of the regular 18 ft

of vmtually contlnuous negatlve moment for these short spans They ‘

o




P SN A
b L I S AR I A s
/I T D T P > T
o " - - P P —
i, I . I i | T, >, '
R - B - oot B .
o | R >
B ..'.P. :
K L -' g
X1 k
B >
‘——J_' : >: !
| -
. b
14

- _FIGURE.3.62. Detail E.

CONTINUOUS! REINFORCING |

BEAM ELEVATION - NOT TO SCALE

FIGURE 363 Detall F- F
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FORM OF THE MOMENT DIAGRAM“".
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—ny

FIGURE 3.64. - Detail G.

A

bottom bars and by maklng the negatlve moment top bars ‘con-
t1nuous The high shear stress would probably require a continuous
series of closely spaced stirrups.

Detail G. (Figure 3.64.) This section is s1m11ar in:some detalls to
that for the steel structure as shown: 1n1E1gure 3.33. From the point

‘of view of the wall construct1on the concrete beamis similat to the

concgete encasement for the steel beam. As with the steel structure;
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“FORMED:HOLE :FOR:.DUCT

ki.x:‘eylnbl-:ﬁ ; R

“FIGURE 3.66." Detaill,

ol > 1o pull the face of the beam back and run
€ exposed concrete 1s not des1red

Detall H (F1gure 3.65.) This'is actually an alternate to the sec:
tionas shown in F1gure 3.41. Itindicatesthe useof a precast concrete.
facmg member that is supported by the spandrel beam in‘a manner
' s1m1lar to that shown for the metal skin unit with the steel structure,
as in Flgure 3.32, One advantage of the constructlon in Figure 3.65
over the solid pour' d spa rel would be a r"due1on 1n dead load

i

and volume of con ete.

Detall I (F1gure 3 66 ) Th1s shows the use of an: opemng through
the web of the deep 1nter10r glrder to! accommodat h

thumb 18t to keep the‘s‘ ‘ opem gs with m1ddle thlrdof the span
and w1th1n the middle: thll‘d of pth.“This allows for:continuity:
of the maJor tension and - compress1on forces-duie to moment: and
avoids the highest shear:condition‘near thé:end of the ‘span: In our
floor ‘system layout; the location"of the beams must also be ‘con-
s1dered sthe! middle-third be1ng convemently open for this condition:

+Itis:desirable to provide a radius or.chamfer at.the cornersof the
openlngs fohelp relieve the concentration of stresses at thése points: ,
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- 3. 15 Alternate Floor Systems

The design examiples for Burldmg Three have 111ustrated two optlons
for the floor framing of the typical floor—one in steel and the other
in poured-in-place concrete. In theory there are a considerable
number of options involving variations in materials, system type,
form, layout, and-specific details -of -construction. In-real design
situations the truly:feasible choices are often limited by particular
dictates of economics, speed of construction, local code requirements
and construction practices, and desired architectural details.

If the building plan and the 36 ft square column bay system are
adhered to, these factors alone will establish the priority of some
solutions over others. Add to these the particular floor live loads,
the desire to include w1r1ng in'the ﬂoors -a-demountable part1t10n1ng
system, and a mod,' ar cellmg system and ‘the need’ fora part1cular
fire rating for the ﬂoor assembly and’ the ch01ces are narrowed
further : e ‘ S R
:»The: dlSCuSSlOIl that follows presents a: few other possrblhtles for
the constructlon of the typ1ca1 ﬂoor e

Poured Concrete Slab on Steel Beams An alternatlve to
‘the metal deck used with the steel beams would be a poured -in-place
concrete slab. Using welded attachments. on the tops of the steel
beams would’ permrt the development of compos1te action of the
concrete slab and’ steel ‘beams, Wthh could result in a reduction in
size of the typ1cal beams. This composite action does not aid in the
rigid frame action which was a major factor in des1gn of the column
line -beams:and girdérs. e ~ 5

-~One advantage: of -this system: would be. the ehmmatron of the
sprayed -on fireproofing:on the undersrde of the deck;since the. con-
crete slab-could: develop the necessary fire resistance by itself. The
applled fireproofing: would thereforebe, used only on the; steel beams
and columns. - “ ‘

~ead:load ofthis structure would be hlgher since; the metal deck _
and fill would be replaced by'a structural concrete: slab and separate

fill. The total dead load of this: system would be somewhere between
that: forthe two desrgn examples ‘since ‘the- steel beams welgh less
than:the concrete:beam:stems.: T R
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The layout of thé frammg system would be essentially the same as
with the metal deck, although the spacmg of the' ms could be in-
creased, since minimum slab thlckness requlred for fire rating would
probably permit'longer spans. Whlle_ this is a structural possibility,
the wider spaced, heavier loaded belms would have to be deeper,
which may make the change questlonable
A detail for this type of system is shown in Figure 3.67. Design
of the slab is essentially the same as was illustrated in the concrete
“structure example. Design of-the ~composite steel beams is well
illustrated in textbooks and handbooks

Precast Concrete Deck: on Steel Beams Another alterna-
tive with the steel fratne is to use precast concrete deck units. A con-
crete fill would also be. used. with.this system; serving the purposes
of leveling and bonding of the units as well as the previous ones of
~ incorporation of wiring. Although the precast units are usually
voided the weight reduction would:be ‘only sl1ghtly below that of the
solid concrete slab. While it is possible to use some of the void: spaces
in the precast units for 1ncorporat10n of ‘wiring or-plumbing ‘and
even for air distribution; this requires: verycareful ‘coordination
d'uring ‘the design and . detailing processes:and-is not often done.
- These precast: units-can easily. achieve :longer: spans‘than those
used in“the design examples: ‘However, the heavier;: deeper beams
‘produced by wider spacing might cause a problem. Effective use of
this type of construction would probably require a general revision
of the frammg layout, with somethmg different than the square bay
~System.
..As with the poured. slab, it may be. poss1ble to. ehmmate the
sprayed -on- ﬁreprooﬁng, dependmg -on--the - fire- rating - required.
‘Some detalls for this type of constructlon aré shown in Figure 3.68.
Designof the precast units would:be done using the: load tables and
suggested details and spemﬁcatrons provided by the manufacturer.

One Way Concrete J0|st System F1gure 3.69-shows a lay-
out and some details for a system using a one-way concrete joist
system supported by girders.in one d1rect10n Whlle the joist system
itself is quite efficient, the loads on the girders are high, making the -
- system less feasible for the square bay layout.‘A-rectangular bay
system, with-short:span-girders and long-span joists'would improve
v (s
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the system. If the deep spandrels. and the maximum: depth interior

- girders;. as 1llustrated «dn: the design. example Aare used the system
‘would be:workable; although not:optimal. : Lo &
.One potentlal -problem is.due to the fact- that th1s system is. not
glven a very high fire.rating:by.building codes,:making it. possible

j ‘ only with some. fire: protection: This may require the use-of 4 fully
’ plastered celllng ‘oL of some: other assembly capable of the: hlgher -
| rating. , : SRR Sl /

FIGURE 3.69. One-way c‘c\)rtcgt\e\jcéi‘yst systet‘h.( '

}. J o fi‘*_‘FI;‘G_UR‘E'3.68‘.~;«.“Ste‘el*frén"xetWith’prec,ast_,ico,;n:crete’slab. '
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11113
The large girders-not: withstanding,.this system would probably ‘
. be slightly lower in-weight than the beam and slab system in the ;[»__‘_']T_;_i_y-»__'__;_r_;_» —=———1F
o design example. The joists and slab may theoretically be made quite S A R U F N
A . . . R ; e . . .. | ;:":f“;:—l'—:-J":_il—':J|—:-|I-:J‘L:J,L’:JL:_IL:J‘ i
, thin, although fire rating requirements may. not permit their optimal T A A S SN N 1|
» o . : : Llallde_aL YR N S -
| reduction. * T e G | e =R,
i y ; R § .- . . . T _ -
, For purposes of developing the rigid frame action in the direction VIR aF=arsa
il parallel to the joists, as well as providing for the framing of the large | F=ar=ar aFTETT |
I . - - ] . iye N i 1 1
openings, it. may be necessary to provide column line beams, as | l#:il:::ilh# AE=3R=s | :
. . i . . . i i 1l oo 1A
‘ shown in the framing plan in Figure 3.69. - - .. - . : ;:1';—4[?::':;:* g,lk:il:;:glg:i'l o
1 Le . .« o ; . . Nl 1 | | .
I3 Design of the joist system itself can be done from: various hand- AT ',::i,‘:::‘,,'::i',::f.#:;’,'::::,'::f",:::‘:::;“,:;;‘l,‘:::;: -dbodloots }
“t book tabulations, if the span, load, and concrete stréhgth can be . " [ iodod ‘F:JL_J:'k_#' I‘F'allk‘i'!:ﬁ”#-#“hjkﬂ RIS O O
il : g : . ] ! S T ek Tt L Lo = E T
i matched to the handbook examples: Even where the match-up is ST T [ R OO (R O
il . . . . B . B . 1 [l § il ¥ el e & s H i |
] not exact, the handbooks: can usually be used ‘to establish an | T [ A LR R A e -
S N e e 1o fa . ” . . . FoAar—-Aar =) = =qr= =X
i approximate:design, eliminating several early approximation stages b L_]L_]L_][_]L}Lj[_] =
. . . i L : = e - - rjj-tt‘ﬂr“1r“|r'1r—1r—1
of thedesign. - - = - 1 R =
. ‘ , . dbagb=dbay RPN
Two-Way Concrete Joist (Waffle) System.  The square | RSN 5 0 L I 5 A Oy S
| column bays make it reasonable to consider the use of-a two-way _ 0 U ST 1O R A L [T T
i : C e [ ] B s . - H ) . o SRR )SI l5 _ﬂlF:JL::‘:‘\:::l”r::_ll_:#rl::_ll_:Jn o - L':_IL__J'L:JL:JL:
8 _ spanning concrete system. The size of the span and therelatively low i} R R S R AL "
| N L ‘. . - | : I\::ﬁll:‘:JL_::\-:JI-__HIL:_IL:JL__JL:JI’.:_JI'_:J‘l |_L:_|L.:J\_
IS8 : liveload tmakea waffle'system, rather than a solid slab system, most (I s A Lt e I IR E A RO AR ‘
T A X ) T , P e diodi_Jdiod| feoou b
: feasible. A principal drawback, as with the one-way Joists, 15 the [rTArArar St R i
7 - . A - 0y i - s IAi\‘
‘ limited fire rating of the system. : ‘ .
"' Figure 3.70 shows a layout and some details for'a system that is

analogous to the flat slab. system with drop panels. The large. open-
‘ings for stairs and elevators would require a transition to a beam:
system in part of the plan, with the joists in this area functioning
essentially in one-way span action. ‘ R A
it Figure 3.71shows a layout and some details for a system that is
| analogous to the two-way slab on-edge supports. The edge supports
“in this case consist of the spandrels and the-wide column line beams

o created by the unvoided waffle spaces. . . .
“Only a cofnpletedeSign‘l of-both syst'e‘n'isucould demonstrate the - O L ' Loyt
l relative efficiency and’_CO"ét"df_;he two alternatives. Both offer the o FIGUR& : _ ' J.

RN potential advantage of reducing the depth of the floor construction - § . - URE 3.70. Two-way concrete joist system.

. ~ somewhat, since, except for the core framing, the structure does not
have the deep beams and girders on the interior which were part of
the two design'éxamples. " 7 T R

Design of the typical waffie joists in these two systems may also .’ -9
1 “ e done from handbook tables. ‘ ‘
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- Appendix

This section-contains some of the tables and-charts that have been
used in-the design examples. These are provided essentially for the
convenience of readers to whom the references may 1 not be available.
If they are available, however, it is highly recommended that the
materials be used d1rectly from the references,; Wthh in some cases
contain explanations and example illustrations of: their use. Some of
the items reprmted also have considerable footnotes, not all of which
have been shown here. Complete 'nformat1on for these publications
list of references::

25-A-1,25:C-1, 25G25H25J25K25P25R1

Bulldlng Ofﬁc1a1s E
Tables for steel de81gn are reproduced from pages 2 8 2 44 2- 49,
3-13, 3:14; 3-15, and 3-97 of the AISC Manual of Steel- Constructlon

Seventh ‘Edition; with perm1ss1on of the pubhsh
~ Institute of Steel Construction. ol A s
Tables for’ masonry des1gn are’rep
III 98 of the: ConcreterMasonry Design’ it ]
‘ permlssron of the pubhsher the Conc te Masonry Ass001at10n of
Cahforma S R




TABLE 24-H. Ma)(im‘um Working Stresses in Pounds Per Square Inch
for Reinforced Solid and Hollow Unit Masonry

25-2

25-3

and

25447
(see footnotes
2'through'13):}°

SPECIAL INSPECTION REQUIRED

TYPE OF STRESS Yes No

1. Compression—Axial,| ]

Walls See Section 2418 One-half of the val-
ues permitted un-
der Section 2418

See Section 2418 One-half of the val-
ues permitted un-
der Section 2418

12, Compresslon—Axml
‘I Columns. - ;.

[3. Compression—Flex: | L
ural 0.33 ' butnot to | 0.166 £, but not
exceed 900 to exceed 450
4. Shear: . :
a. No shear rein-
forcement,
Flexural* 1.1Vf", 50 Max. " 25
Shear walls®
M/Vd21* | 9VF, 34 Max. - 17
- M/Vd =0*: 20Vf,,,50 Max B 154

b. Reinforcing takmg

. allshear, . . P T

. Flexural ox/ﬁ 1“50'Max'.> s

" Shear walls® T e ‘
CMIVA 2 14 NS TS Max! .

Fo e MAVE < 00 2.0V, 120 Max: D[
5 Modulus of . s

Elastlcny S 100‘0’7"1;:'5‘11': not'to’ | 500 f m but not to
s sl lvvexceeds i o ] T rexces .
3,000, 000 i v 11,500,000

6. Modulusof '
ngldlty Lo e L 400 ffye but not to

1. Bearing'on full ... iy ot i
Area® - o 0 25 f m: but not to . 0 125 f’m but not to] ..
7t : L ekdeed 900 o exceed 450 '
8. Bearmg on Y5 or
less of area“ - 0 30 f'mbutnot to ..

: ‘ exceed 1200

] 9s Bond—Pla.m bars He 80
. .;]10:.Bond —Deformed. .| ... 140..

7

(Norhy -

to exceed 600
30-

!Stresses for hollow unit masonry are based on:net; secnon

.. ... "Web reinforcement shall be proyided. to, carry. the enti €xcess of 20. 2
- pounds’ per'square inch-whenever there is’ requlred negativi remforcemem
and :for"a distance: of ;one:six ; he

LARCH (Surfaced dfy of‘surfax;eed greep. Uscdat 19%% max. m.c.)™

. Allowable Unit Stresses—Structural Lumber. ..". ... ..
DOUGLASFIR ~ LARCH

¥ AWhen ca.lculatmg ‘shear of diagonal ‘tension-stress ‘walls which resist”"
seismic forces shall be designed to resist 1.5 times the forces required. by.
Section 2312 (d) 1.

. Select Striictural

Dénse:No. 1
S C(i)"nsj,ructm
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mgtal‘side plates
30 perce}xt. (See

Oth,

Spec!

‘Standard-No. 25

~Larch or

...i Pine

“TION™ ,
REQUIRED| Southem |

(Inc!ns)

PENETRA- | Douglas Fir|.

COMMON NAILS :

-17.)

‘speciés the'lateral strength Values o

WIRE
GAUGE |

&

“Safe Latéral Strerigth"and Rediied Perietration of

LENGTH
{Inches)

'STANDARD- |-
nt of the values listed in the Standard.

B.C:'StandardNo. 25

TABLE 25°G.”
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- TABLE25-P.._ (Continued).

| . ... TABLE25-P. Nailing Schedule o
k - NAILING?

: CONNECTION 7+ :
.Built—up. .girder.and beams. . ... “20d at 32" oic. at top
g : and bottom and staggered.
-9:90d-at ends and at

?',co_nur‘t:Tlon»;fj j R S NAILING?

Joist to 51]] or gnrder toe nall

j : Bndgmg to’joist, toe naxl each end #

) t1mxe” subﬂoor or less ‘to-each joist, face nail - ;-

! . 1% 6" subﬂoor to each’joist, face nail
-l.2” subﬂoor to joist of girder, blind and face nail

§ 2,_<pl;clnl(;
Particleboard:5

;Sole plate to joist or blocking, face nall B 16d at 16" o.c. V:}Zau Sheatbmg (tO frammg)‘:’ 3
i | Top plate to stud, endmail . B SRR E (o & Lma :
I . e : : y "%
+Istud. to sole plate, toe narl =y Q S A d - - Plywoo d s
: Doubled studs, facemail . - 0. -16d at 24" oc.
i, '-Doubled top plates, face nail = SEE .. .16d at 16" 0.C..

Top- plates"f-laps ‘and:intersections; face nall S 1271
’ ' :‘ader, two pieces e ro16d at 1 8.

. 1,Ce1]1ng ]01sts to plate, toe nall
=J“Confinuous header to stud, toe nail. ’
‘Ceiling 101sts “laps: over partitions, face nall
'Cellmg joists to ‘parallel rafters, face nall
aftr to plate, toe.nail |

1 rbrace to. each stud and: plate, face nall

Ly

“x 8" sheathmg or less to ‘each bearmg, face nall

ullt-up corner studs . . b 16d at 24” o.c.

(Continued) - e . :
| “ : FTIANESS ‘ L Ry No llgsala,

No. 16 ga®

; C es. 12¢inches;at; mtennedlate suppons L
(10, inches:at intermediate supports.for:floors), excépt. 6.inchiesat. all. supports...
where spans :are 48 inches:-or more. For nailing of plywood dlaphragms and:; -

ion-2514.(c). Nails for wall shenlhmg may be common, T

’Fasteners spaced 3 inches:on center at: extenor edges and 6 mches on; center'\-“',
. <’atintermediate supports.:.” .. . 5 :
7 i.3Galvanized. roofing . nails.. wrth ’/.-mch lameter head and. l'/z-mch lcngth,u
for. V4-inch sheathmg and 1% inch for:?%s-inch sheathing.. . 5t
sGalvanized staple with: %-inch.crown.and. l/.-mch length for ‘/z
and 1V2-inch length for.>%.-inch sheathing.

R 250 ‘ ‘ i , : 251
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. TABLE 25-R-1. AIIowabIe Spans for: F’Iywood Subfloor and Roof
" Sheathing “Continluous over Two of More Spans and Face Graln
| Perpendlcular to Supports

£F SR ROOF:

- pE [~ MAXIMUM :

| THickmoss| . spAN - ;| LoAD (IN PouNDs |  FLOOR
| nchy | _Uninches) - |PER SQUARE FOOT) MAXIMUM

-Edges Edges- |- Total Live | .47 -,
Blocked unhlgcked. Load | ‘Loadg | (In Inches)

1270 %6 < 12 g 15§ ¢ 150 :
16700 < |%he 3% ] 16 S frees gl
2040, . ‘21/6,131@ | 20 75 6

5

agzac | %% | 48 |36 a0 | 331 2

: -'These. values.apply for Structural I and 11, C-C.and C-D grades ‘only: Spans shall be
limited to. wvalues.shown because of possnble effect.of concentrated loads. . -
’Unlform load deflecnon limitation:/ 17180th-of the: span tander fiveToad plusidead
“load; 1/ 240th under ' live load only Edges may be ‘blocked with lumber or: other
approved type of edge. support:

; ’ldennﬁcanon mdex appears‘on-all: panels in the: construction grades hsted in Foot-
: note No. 1

‘:‘Plywood edges shall have: approved tongue and groove joints or shall be supponed
- with: blocking, unless: ¥4-inch minimum-thickness underlayment-is:installed, -or
;i finish floor:is *#%z-inch wood'strip.~Allowable: umform load based on deflectlon
e~ f /-360 of:span-is165: pounds per.square- foot - e

’May be 16-inch if ”/,z inch wood strip ﬂoormg is installed:a ght angles to;joists.

! *For toof live'load of 40 pounds per square foot or total load of 55 pournids per
'square foot, decrease spans by 13 pereent or use panel with next greater lden-
tification mdex

7May be 24 mch if 27 n-mch wood strip ﬂoormg is installed at right angles to ]oms

TABLE 25-R-2. Allowable Loads for Plywood:Roof Sheathing Con-
tinuous over Two or More Spans and Face-Grain Parallel to Supports«

THICKNESS:

STRUCTURAL

“| Other grades
[ .covered in UBC . e i
Standard 25—9

. 'Uniform load deflection fimitations: l/180 I}
load;:1/240'under live load-only.. Edge’s:shal
approved type of edge supports. :

. 2.2
T4 117 11111~
183

‘1230 |1280 | 1320 | 1410
10-10

670

~.AIIowabIe,.Spans!for‘.Floor Joists 40 Lbs. Per-Square Foot Live Load
19-5:120-1

230 [ 1280 | 1320 | 1410

16:9 [17-0.[ 174"

17:8:

:‘10-‘6_‘

Live:load of 40 Ibs. per’

185 (18

1

360° | 1410|1460 | 1550

8:-9: 19-1:

13601410 | 1460 | 1550

:10-2° 104 -

1[:11-27

ded by:360. Strength: -

179 | 18

175

170

1190°| 1250

Cam
=
g.s
»
o
-
[ -
g
£
o
P
2
3
=
B
LB
o
D
e
57
.0
2
a
2
]
=5
£
m
2
L8
=
=
e
# O
2O
H)
2

1190{12507]:1310%]:1380" |:1440: { 1500 415_50‘ 1610 1

95.10]16-3 | 16-8.-

10-2-

“1501( 1655

in"covered struc!

1411|154
1050 | 1120

1050|1120

4.4 [14-11|15.5"

TABLE 26-T-d-1..

(4) The spans n these tables

~5 DESIGN.CRIT
- 8q. R/ plus; dea
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2-44

'F = 36 |<s:

W12

e L Allowable umfbirm loads in klps
‘ for'beams laterally supported

: For. beams faterally unsupported, see'page 2 - 84

.Designation B © W2 . Wiz

Allowable uniform:loads in kips
for beams laterally supported
For beams. Iaterally unsupporl

Weight per Foot 36, 31 27 .| 22 . |. 19.. 1..16.5 T - -
Flelg Del; hoo M s 7y — Deflection Designatio M14 MI12 Mie 7
ange Widt 8% | 6% G . 4 54 4 4. Jinches: " | eignt per Foot {”_ 172 1.8, 291 72.9 g 5.5
TLi 760 [ 6.9 6.9 3 | 4.2 | &1 35 | - T ~a 35 | 5% 2

= 80.07) 684 | 0.2 - :
9.8 704 | 85 | 003 Tl
: 81.0 56.3 | 46.8 0.05° )
8.2 | 6.5 469 | 3900 - 0l0o7 30 T8,
78.2 |- 57.8 " 40.2;| 334 00, i 3.8
{54, 0. . y ~7.9
22 - . 3 Lg9
. 8 )
oo 1 . 5.0
236 . 18 a6
cag.2 | 25i3 | ANET] 17,6 1| 146 0:53 T
3221 23,8 1200 | “16.6 ' | 13.8 0.60 39
3004 [ 72205 [ 1819 1506 ¢ | 1300 0.67 SR
.28:8 | 213 °17.9 | <148 | 123 :
7.4 {2 | 0| 1] a1
6.1 1193 1 162} 13.4 1 111
~24.9 | 1847155 | 2.8 | 106
238 [ 17:67 148 | 22| 102
22.8 -1+ 16,9+ |18+ | 117 | 9.7 -
4219 .] 1612 | 13,6 .| 113 | 9.1

Propertles and Reactlon Values

- For

explanatlon

~of defléction. |
3]

Lcad above heavy line. is limited by maximum aliowable web shear.’
Values of B in bold face exceed maximum web shear V.

*Tabulated loads for! this shape are computed wnth the allowable stress (k5|) shown i
- parentheses at: the bottom .of the allowable foad -column.. -




3-13

COLUMNS st
W shapes wi
X X L ) . —— ;
e S TRBEE L |
.- Allowable axial loads in kips.

s
F, = 36 ki COLUMNS

‘F‘ . TABLE |

. ‘Allowablezaxial: loads in 'klps :

" Designation z * ] .Y : ; Fowige

Designation.. ) '_ ¥ w1

Nominal Depth R 1aX 16
and-Width - - e s Rt

Nominal Depth : Ve
and Width ¢ - R S 14 16

"‘Weight per Foot |

184 176 . |-
+1121 1071
C1112 1062
+1102 1052
+1091 1042
1080 1032

1 ‘Weight per Foot

v

6

7
8.

9

F,=36ksi

‘| Effectivelengthin ft. KL W’ith respectto least radius of gyration r,

Effective length in ft. KL with respect to least radius of gyrationr,

‘:[ Area AiGin® ] 101
I anoy ] 4910
| T, Gny | 1810
‘1 Ratio ri/ry 2| 1.65




COLUMNS

,Wcs'hapes
 TABLET
Allowable axnal Ioads

éin: klps

s

Designation

wi4

1. Narﬁinal Depth'
and Width_

14 X 14%

“Weight per Foot | 136, |

] "s of g)}(aﬁqp ry

pecttoleastra

‘n ft. KL wit\h res

1. } Bendlng
g B factors

a,\} Multlply :iO

e indicates Ki/r = 120.

+ Flange is'non-compact; see di

ion preceding

load tables. T

“ COLUMN BASE PLATES
““Dimensions for maximum:

column loads

Base plates, Fy=27 ksn 10.87 thick
Base plates, Fy: 4.ksi-over 8” thick
: Concrete, f'e = 3000 p5|

AF, = 36"|<§|

Columns

Colimn

- Unit Pressure on Support
F,_ozsf, 250:p5i,: or

" Unit Pressure on Suppcrt

Fp =.0.375.f/s =-1125 psi

Désignation"‘ J

| Fhiskness of Plate: [ aro il

4 Thlckness of Plate

Fin, | Rol]ed ’

1.29

" Note: Rolled plate thicknesses’ above 4'inchés.are based on finished thickness. plus suggested
allowances. for finishing one side, and: may be modified to suit fabricating plant practice.
When'iti is required to finish.both surfaces of base plates, additional allowance mustbemade.




3w,

Che

: 12x 3.8 e
Enter diagram with K = 48, proceed to right to

A

intersect f,.~.333 psi, read np. =..0.070 e e S
- et s e 31K .9 X 3.8

‘ MFLEX\U’RAL COEFFICIENT K-CHART

07
—=; .0018
S140

, = pbd. =..0018 x 12 x 3.8
‘use #5 @48 ! :

ck f, =

8367 x 40/12

8367

e iAWl 08X 938
** Detrease ‘spacing’to #5 @ 40”

‘= 26,300 psi

= .08 sq. in./ft ©

20580 psi

DISTRIBUTION OF HORIZONTAL FORCES ALONG
A FIXED MASONRY WALL — AVERAGE RIGIDITIES

Rf

h/d

LA LI

530"

10152

- hid h/d Rf h/d Rt h/d Rf h/d R Rf
990 0025 | 5.20 0160 1.85 2104 | 138 3694 | 091 7177 | 045 ©1.736
9.80 . .0026 | 5.10 0169 | 1.84 2128 | 137 3742 | 090 7291 | 044 1779
9.70 - 0027 | 5.00 0179 1.83 2152 | 136 3790 1 089 7407 | T043 " 1825
9.60 0027 | 4.90 0189 182 . 2176 | 135 3840 ; 0.88° 7527 | 042 1874
950 0028 | 4.80 10200 1.81 2201+ +1:34 . 13890 | T0.87+., 117649 . 041 11,9247 |-
940 - 0029 | 4.70 0212 1.80 712226 | 133 13942 " 0:86 7773 | 0401978
©930  .0030 | 4.60 0225 179 w2251 | 132 3994 | 085 7901 039 ° 2.034
820 .0031 | 4.50 0239 178 2277 | 131 4047 | 084, 8031 | 038 2.092
9.10  .0032 | 4.40 .0254 1.77 2303 | 130 4100 | 0:83 8165.| 037 2154
900 0033 | 430 0271 176 2330 | 129  .4155 | 082 - .8302 | 036 2219
‘890 © 0034 | 4.20 10288 1.75 2356 | 1.28 4211 | 081 8442 | 035 2287
880 0035 | 4.10 10308 174 - 2384 | 127 . .4267 | 0.80 8585 | 034 2360
870  .0037 | 400 .0329 1.73 2411 1.26 4324 | 079 0873 033 2437
860 0038 | 3.90 ° 0352 172 2439 .| 1.25 . 438 | 078  0.888 032 . 2:518
850. .0039 | 3.80 0377 171 2468 | 124 4443 | 077 0904 031  2.605
840 © 0040 | 3:70 0405 170 2497 | 1.23 4504 | 0.76 - 0.920 030 2697
830 .0042 | 3.60 0435 169 2526 | 122 .4566. | 075 . 0.936 029 2795
820 - .0043°1 3.50- .0468 1.68 2556 | 121 .. -4628%} 0.74. ..0.952: | 028  2.900
8.10 0045 |'3.40 °.7.0505 167 258 | 120 4692 |7°0.73 " 0.969 027 3.013
800 . .0047 | 3.30 0545 166 . 2617 | 119 . .4757 | 072 .0.987 026 . 3.135
17.90 1 70048 :13.20: 7 . 105907 [ 1,65 2648 | 118 482371 071 - 1.005 025 3.265
780  .0050 | 3.10 0640 Lea - 2679 | 117 4891.°| 070 1.023 024 3.407
770 0052 |3.00 0694 | 1.63 2711 | 116 4959 1 0,69 1.042 023 3.560
760 0054 {3.90: " 0756 162 2744 | 115 5029747 068 . 1.062 022 3.728
7:50.+1,..:0056- | 2.80 0824 1.61 2717 | 114 5100 | 067 © 1.082 021 3911
740 0058 | 2.70 .0900 160 2811 | 113 5173 | 0.66 1103 | 020 4112
73307 10061 | 2:60 0985 1.59 2844 | 112755247 | 065 1124 195 4220
7:20 5 00 2.50 .1081 1.58 2879 | 11l 5322 |- 0:64 . 1.146 190 4334
70, 0065 | 240 - . .1189 157 2914 .| 110 . .5398 | 063" 1.168 185 4454
7.00° 006971230+ 1311 1.56° 2949 | 1.09 - 5476 062 ° 11191 .180  :4.580
690 0072 | 2200 1449 1.55 2985 | 1.08- 5556 1061 1216 175 4714
6.80.-.. 0075 | 210 - .1607 154 23022 | 1.07 .. .5637 {060 . 1.240 170 4.855
670 0078 | 200 .- 1786 1.53 3059 | 1.06 5719 1 0.59 " 1:266 165 -5.005
6.60." . 00817 |1.99 1805 152 3097 | 105 5804 | 058 1.292 160 5.164
6.50. - 0085 |:1:98 . © 1824 1.51 3136 | 1.04 5..5889 0.57- .. 1319 2155.1.5.334
640. - 0089 | 1.97 1844 150 3175 | 1.03.  .5977 |“0.56 .. 1347 150~ 5.514
6307 & 10093 | 1.96 1864 149 3214 | 1.02 6066 | 0.55 1376 | | .145 . .5.707
6:20.° + £.0097:|1.95 1885 148 3245 | 1.01 6157 | 054 1407 140 5914
6.10:. . :0102. | 1:94 1905 1.47 3295 | 1.00° 6250 | 0.53 1438 135 6.136
6:00." 0107| 1.93 11926 146 3337 | 099 6344 | 0.52 . 1470 130 6374,
5.90%7 01127 1392 1947 145 - 3379 | 098 6441 |1 051 1 1:504 12576632
5:80:% 1 OIS 1:91 1969 1:44 3422 | 097 6540 5°0.50 - 1:539 1200 6911
5.70 01240 1.90 1991 143 3465 | 096 66411 049 - 1.575 115 7215
560 0130 | 1.89 2013 | ‘142 3510 | 095 67437 (048 " 1.612 110 7.545
5507 - 0137 | 1:88 2035 1.41 13555 | 094 6848 - [.0:47 . 113651, 105 7.908
540 . 0144 | 1.87 2058 140 3600 | 0.93 6955 | 046  1:692 100 8306
2081 139 - 3647 | 092

values of np.

1:86 -

.7065




Anchorage, 35,40, 83 ~ .

Basement wall, see Concrete .

Composite constructio

Conczete: L
basement wall, 24, 175,222
column; 205 S
column footing, 26, 74, 116, 173,
222 L
floor beam, 193-

. floor girder, 201

floor slab, 191,232
joist, 233 ’
precast floor-deck, 233 .
rigid frame, 198, 211, 217
waffle slab, 236
wall footing, 26, 73, 115, 175

232 7

* Diaphragm:

chord,29, 80

;. horizontal, 27; 31, 78, 116
nailing schedule, 59 * .
vertical; see Shear wall

Deflection of: ‘
‘concrete beami, 193
concrete slab, 192
steel floor structure, 172
steel roof ‘beam, 101
woodiceiling joist, 16
wood floor joist, 18
wood rafter, 15 - '

170~ LT
Footing, see-Concrete

Masonty:
bearing wall, 103
column; 107,112
header, 110
shear wall, 118

Overturning moment, 35, 40,83,

86,123, 159 ( o

Plywood:

horizontal diaphragm, 27, 31, 78
floor deck;, 17

roof deck, 10, 66

shedr wall, 33, 82

Reductién of live load,. 19, 67‘

‘Seismic load, 78, 116
‘Shear wall: o

gypsum drywall, 37
masonty; 118
plaster, 37
plywood, 33,82 -
Sillbolts: ‘ o
‘for:lateral resistance, 40; 83
for:tie down, 35,41, 83"




102, 146
column base plate; 169

column with combined load, 150,

165
column splice, 149
floor beam, 142
floor deck, 141
horizontal dlaphragm, 117
open web joist; 123
tigid frame:
combired 1oad; 150 163
gravity load, 143
wind load, 155
roof deck, 100
_roof girder, 101
roof joist, 101

Tie down, 35, 83 )
Torsion due to lateral load, 85,119

Wmd
“direct pressure on wall, 32, 104
107, 249
load, 27, 155 .
moments in rigid frame, 159, 217
Wood: )
beam, 19, 69, 72
ceiling joist, 15
column, 22,71
diaphragm chord, 29 80
floor joist, 17
glue laminated beam, 21 67 »70
header, 72" '
purlin, 69
rafter, 10, 66
roof joist, 66.
stud, 23, 32 70"
truss, 42, 97




