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Introduction

This report presents the results of that part of the Optimum
Seismic Protection Study which exémines several prototype build-
ings for the purposes of obtaining initial building cost data
and input data for dynamic analysis.

One building configuration, an apartment building with plan
dimensions 60 feet by 200 feet, was selected for all the proto-
type buildings. The choice of an apartment layout seems appro-
priate since the seismic protection study is emphasizing housing,
and a large portion of urban construction is multi-unit dwellings.
The simple rectangular layout and the framing systems used are in-
tended to be representative of many buildings being built at the’
present time and in the near future.

One possible architectural plan, shown in Figure 1, consists
of tweo rows of apartments separated by a common corridor. The ex-
terior enclosure, the interior partitions separating apartments,
and the corridor, elevator, and stair enclosures are masonry con-
struction. These masonry partitions and exterior walls are detailed
to be isolated from the structure and allow the expected lateral
movements under seismic loads.

Each prototype building was designed for five leﬁels of seismic
resistance ~ Zone 0 (wind), Zones 1, 2 or 3 in accordance with the
1970 Uniform Building Code (UBC), and Zone 4, a "super zone" for

which Z2 = 2.0 in UBC formula (l4-1). The City of Boston wind load



of 20 pounds per square foot for structures greater than 800 feet
distant from low mean water was used. The Boston Building Code
(1970) was used as a source for all live load requirements (typi-
cally 40 psf for apartments).

Typically, the designs of the prototype buildings have been
completed and detailed to the extent that it serves the objectives
of this portion of the study which are:

a) to provide architectural designs and structural systems

which are indicative of current local practice,

b) to give the best possible data for dynamic analysis,

c) to provide an accurate cost comparison of all the proto-

type buildings.

Structural Framing
Three building heights were selected for the study - six,

eleven and seventeen stories, and four types of structural systems
concrete frame, concrete shear wall, steel moment-resisting frame,
and braced steel frame were evaluated. Typically, one prototype
building utilizes two types of structural systems to resist later-
al loads - moment frames on the exterior lines in the long direct-
ion, and concrete shear walls or steel braced frames in the short

direction. This results in the six basic groups of buildings and

their corresponding structural plan figures are shown below:
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Figures 2-11 are preliminary structural plans for the basic
group of concrete buildings. The notation used on the plans is
(CMRF) concrete moment resisting frame, CSW (concrete shear wall)
CMRF #14,

and each frame or shear wall is given a number (i.e.

CSW #6). Table 6A lists all the concrete frames and shear walls
and what zone it is designed for. Figure 19 shows an elevation
of a typical concrete moment resisting frame, and Figure 20 shows
an elevation of a typical end shear wall with its connected beams
and columns. Both figures are representative of larger scale
drawings of all the frames and shear walls on file at LeMessurier

Associates, Inc.



The basic groups of concrete buildings are framed with a 7"
deep flat slab (no drop panels). Columns are spaced 20'-0" o.c.
both ways. Spandrel beams and exﬁerior columns form moment frames
in the long direction. These frames have been designed to resist
the total lateral forces on the building and any contribution of
slab and interior columns has been ignored. Concrete shear walls
resist lateral forces in the short direction. Typically, zones
0 and 1 were considered first and a shear wall 22 feet wide was
placed at each end of the building. Interior shear walls were
added as reguired. For simplicity and for architectural reasons,
all shear walls run full height of the buildings.

In addition to the basic groups of concrete buildings, another
group of eleven story concrete buildings was added. These build-
ings have the same moment frames in the long direction as the other
group of eleven story concrete buildings. However, the concrete
shear walls of the basic group have been replaced with moment
frames on every column line (see Fig. 6). The floor system is a
7" deep one-way concrete slab spanning to beams which are members
of the moment frames in the short direction. Columns on the exter-
ior lines participate in both the long and short direction frames.
All interior columns participate in the short direction frames.

Figurés 12-18 are preliminary structural plans for the steel

buildings. The notation used on the plans is SMRF (steel moment



resisting frame) and SBB (steel braced bay). Table 6B lists all
the steel frames and braced bays and what zone they are designed
for. Figure 21 shows an elevation a typical steel moment frame,
and Figures 22 and 23 show elevations of typical braced bays.

The floors of the steel buildings are a 5" wverall depth con-
crete slab on metal deck spanning to intermediate steel beams at
6'-8" o.c. These beams are carried by girders spanning from col-
umn to column. As in the concrete buildings, the spandrel beams
and exterior columns form moment frames in the long direction which
resist the total lateral forces on the building. Steel K-bracing

resists lateral forces in the short direction.

The general procedure used in designing the concrete moment
resisting frames was to start with the wind and gravity loads
case. Trial columns were selected on the basis of gravity loads
in the bottom story using a column with a high ratio of reinforc-
ing steel (8% maximum for zones 0 and 1, 6% maximum for ductile
frame requirements in zones 2, 3 and 4), and a high concrete
strength (f'c = 5000 psi). The column moments produced by wind
and gravity loading were then compared to the bending capacity
of the trial columns using interaction curves set forth by the

ACI Code. Thus the column dimensions were selected by require-



ments of the lowest story and remained constant for the hzaight
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of the building for architectural continuity and for r
formwork. Column reinforcing steel and concrete strengths were
then varied at different floor levels to suit design regquirements.

Concrete beams were selected ﬁy similar procedures to those
used in selecting column sizes. First the typical bending moments
due to dead and live loads were calculated using the appropriate
load factors. Then a combined wind and gravity load analysis was
made using its appropriate load factors, and the bending moments
of the two cases were compared. Beam dimensions were selected
on the basis of the larger moments. Reinforcing steel in the
beams was then varied to suit design requirements while the c¢ross
section dimensions were held constant for a given building.

After designing a building for Zone 0 (wind and gravity lcads}
a combined Zone 1 earthquake and gravity load analysis was made
and compared to the previous case. For most of the buildings,
Zones 0 and 1 have very similar results for combined vertical and
lateral loads. Combined earthguake and gravity load analyses were
than made for Zones 2, 3 and 4, and member sizes increased as re-
guired. Table 7 lists beam and column sizesvused in the concrete
buildings for the various Zones.

Analysis of all moment resisting frames was carried out using

a special purpose plane frame computer program (FRMST) developed



at the University of California at Berkeley. The cutput of this

program includes story drift, beam end moments, and column end
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for wind and earthguake joad-
ing are specified in the Code, a limit of .0016 times the total
building height for wind loads and a corresponding limit of 0633

for earthquake loads was used for this study. For ths concrete

buildings stress consideraticns governed all member design and
drift was always within the iimits described above. ULrift was
computed using rectangular gross concrete sections igneoring tzae
action of slabs. Table 4A shows the total building drift for =11
the concrete buildings.

After the design cycle, a representative beam and coluwnn
joint in the lower stories of a Zone 3 concrete frame was checked
for compliance with detailing requirements in the ACI and UBC
Codes. Problems of overstress and congestion occurred and pos-
sible solutions were considered. The most probable solution
would be to increase beam depths slightly to relieve joint over~
stress and reduce beam reinforcing and/or to make the columns
slightly wider than the beams in order to allow both beam and col-
umn reinforcing to be continuous through the'joint without conflict.
However, the designs are preliminary in nature, and the scope of
the project did not permit finalizing all member sizes to meet all
the detail requirements. The costs would be affected little if
any by increasing sizes of beams or columns slightly. The incre-

mental cost of form and concrete would be offset by the reduction



in reinforcing steel. For example, beam type B37 (12" x 24",
4-#10, Mu = 318 ft. - kips) 1s compared to beam type BE42

(12" x 26", 4#9, Mu = 324 ft. - kipsi;. Type B37 requires some
compression steel, but the minimum amounts of bottom steel that
extend through the beam column joint would satisfy this reguire-
ment and it would be present 1n both beams so 1t 1s not included
in the cost comparison. Using the same unit costs for concrete,
forms, and reinforcing as were used in the cost analysis, the add-
ed cost of form and concrete for B4Z 1s $1.00 per iinear foot,

but the savings in reinforcing is $£1.08 per linear foot.

It is known from experience that small increases in beam and
column depths affect the static analysis very slightly. For ex=-
ample, the eleven stcry steel moment resisting frame in Zone 4
(SMRF #8) was first designed for stress requirements and checked
by computer analysis for drift requirements (analysis #1}. Drift
was hot acceptable, so beam stiffnesses were increased by about
38% over the lower seven stories and another analysis (#2) was
done. Drift was still not acceptable, so column stiffnesses for
the lower four stories were increased about 18% and another anal=-
ysis (#3) was done. The maximum change of 6% in beam moments oc-
curred between analysis #1 and #2 at the outboard columns, and
most changes were on the grder of 1% - 3%.

It is concluded from the above that finalizing concrete member
sizes to meet all the detailing requirements affects the overall

cost and the static analysis very little. Minor increases in



stiffness do not produce sigrificant changes to ithe static anal-

is assumed that the dynamic analysis would not be

o

ysis, and it
changed appreciably either.

For the design of shear walls, stability against overturning

'”)

had to be comnsidered, rturning moments at feoundation level
were calculated using the factor "J” as computed by UBC formuia

(14-8), but for design of individual elements comprising the

i

lateral force resisting systems, J = 1.06. In the higher earth-

quake Zecnes stability considerations reqguired interior shear walls

o

e two end walls. An interior wall was added with

+

in addition to
an 8 foot wide corridor opening at center. This wall effectively
became two independent walls linked together by the siab, and they
were designed as such. One computer analysis was made to deter~
mine the slab link moments and although moments are high, the slab
can be adeguately reinforced. For all concrete shear walls, the
design forces of UBC formulas (32-1) and (32-2) were doubled in cai-
culating shear and diagonal tension as required in Section 2632.

In the design of the end shear walls having connected spandrel
beams and columns, the total frame and shear wall system was anal-
yzed using the FRMST computer program, and the beams and columns
were designed to resist the computed forces and moments. The sheay
wall, however, was designed to resist the total forces on the system.

The horizontal force factor "K" has been taken as 1.00 where

the lateral force resisting system is provided by shear walls and



.67 where it is provided by a monent resisting space frame. It
should be ncted that ths use of K = 1.00 requires that a total
vertical load carrying svstem be furnished in addition to the

shear wall cr bracing system. In the case ¢f the concrete shear
wall buiidings this means the incorporation of tied ductile col-
umns into the shear wall syvstem to carry both the superimposed
loads and the icad of the shear wall itself.

In computing rt, %the additicnal concentrated ivad at the top
of the structure. n accordance with UBC formula 14-4, Ds equal
to the total plan dimension out to out of the shear walls was'
used. Upon rxaevisew, iL was stated that for unlinked shear walls,
a more correct dimension would be the average width of the indi-
vidual elements. This would change our applied earthquake load
distribution by the concentration of 15% of the total base shear.
The major effect of this change appears to be in the design of

upper story shear reinforcement. The cost effects of such changes

have been included in the estimates.

The general procedure of the design of the steel buildings is
guite similar to that described for the concrete buildings. For
the moment resisting frames in the long direction trial beams and
columns were selected on the basis of gravity loads. An analysis

was made for combined wind and gravity loading and final member

-10~-



sizes were salected for the more critical case. Steel columns

were designad using the stesl Column Design Computer Program.
Combined eairhnguake and gravity lead analyses were made for Zone

1 (where it was not obvious that wind governed) esnd Zones 2, 3 and

ysis. Some coliumns

Member sizes were i1ncreased as reguired by anal

articipate 11 both the moment frames and the braced bays, and
- Ed

i1cail case. Steel mcement frames
increased to satisfy drift require-

4), SMRF 47 (11 story -~ Yone 33

Zone 4% and SMRE #12 (6 story - Zone 43 . When

frames had to lave member sizes increased to satisfy drifit reguire-

ments, the girders were increased first and ancgther analysils made.

creasing girder or ccolumn sizes, an effort was made to

ultimate moment capacity of the columns greater than that of tie
girders in the lower two-thirds of the building.

For the short direction cf the steel framed buildings, ilateral
forces are resisted by a K-braced system. As in the case of the
concrete buildings, bracing was placed in the end walls first and

=
=

o

interior bracing was added in the higher lateral force zones
reguired by stability considerations. Where the full end wall (&0
foot width) was used, three 20 foot wide bays of K-~braces comprise
the lateral force resisting system (see Figure 22). This system

was first analyzed as having four columns at a spacing of 20 feet.

-11-



However, it sowun becaine avparent thac fov lateral loading the two
inboard columns {re.2rively Cluse ©o the pneutral axis of the total

3

system) conoributs wvery ifithi

1

it seened that a more efficient
system would cesuit if the igboard <olwans (on column lines B and
C) were removed. amd some of their steel added tou the outboard
columns. This seemed rveascnaple since the gravity loads could be

carried to the cutside coliuans by the then formed Warren type truss

)

wgonal and chord sizes. One

',...A B

with very little or nc inorease in d

of the greatest advantages of this system is to bring all the
gravity lcads to the subtside columns te overcome the uplift force
due to overturning. The uplift force on the cutside column only

reduces about 25%-30% when inbcard coliumns are used. However, the

v

gravity icads to resist the uplift force on the outside columns in-
crease by 270%-280% when the inboard 2olumns are removed. For

r-

m

these resasons the system shown in Figure 22 was used where ov
turning forces were relatively high.

Where stability consiéerations forced the use of additionat
lines of bracing in the interior {Zone 4, all heights), the same
system as shown in Figure 22 would have been preferred from an
engineering standpoint. However, architectural considerations of
an 8 foot wide corridor at the center would not allow the contin=-
uous truss configuration. For this reason the system shown in
Figure 23 was used. It 1is comprised of two simple K-braced bays

separated by 8 foot long link beams forming the corridor space.



Once this system was chosen for the interior, the ceme system was
used in the end walls for the Zoune 4 buildings. Mixing of the two
bracing systems (Figures 22 and 23) 'in one building did not seem
feasible, for preliminary computaticons showed the stiffness of the
system in Figure 22 tc be 2-1/2 times greater than the system of
Figure 23. The bracing system in Figure 23 could have been made
stiffer by changing the 8 foot link beams to heavy girders, rigidly
connecting the K-braced bays. However, the time regquired to model
this system, find its relative stiffness, and determine its compat-
ibility with a svstem of the type in Figure 22 Was not Jjustified
in the scope of the project. |
Table 4B lists total building drift for selected buildings in
the short direction. Braced bays were modeled as single columns
and analyzed by the STRESS computer program in order to determine
drift. The Zone 4 case of all the building was analyzed first
and the drift was acceptable for these three buildings. By in-
spection and comparison, drift was obviously acceptable for all
but three buildings. These three buildings were then analysed, and
drift was found to be acceptable without increasing member sizes

above stress reguirements.

Steel and Concrete Strengths

All structural steel designed for the prototype buildings was A36.

This grade of steel is most widely used at present for this type

-13-
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of structure. To use a higher yrade of steel would not be justi-

fied for these nulidings, especizily in the Zone 4 moment frames
where stiffness reguirvements were greater than stress reguirements.
Reinforcing gteel for the concrete buildings was designed to
have a yield strength of 60,000 psi. This higher strength was
used to reduce amounts of reinforcing - especially in the ductile
moment frames where congestion is a problem. The unit premium
cost of using 60,000 psi versus 40,000 psi yield strength rein-

forcing 1is very slight,. put the amcounts of steel saved using the

[(

higher strength can be substantial.

Concrete strength for all frame members exposed to weather

was designed as 4000 psi - both to insure durability and to keep
member depths to a3 reascnable size. In the eleven story and seven-

teen story buildings, some 5000 psi ceoncrete was used in the lowerx
story columns to keep their sizes minimum. The interior sliab fox
the 17 story and 11 story concrete flat slab buildings have 3000
psi concrete. In the 6 story flat slab building where the interior
column size reduces, 4000 psi concrete is used for the slab to
satisfy peripheral shear requirements around the column. For the
11 story building with moment frames in both directions, 4000 psi
concrete is used throughout to minimize concCrete beam sizes. The

slabs on metal deck for all the steel building have 3000 psi concrete.

Computation of Masses

Figure 25 shows sample computations for masses used in the con-

crete buildings. Computations were done on the basis of loads on

-14~-



a typical interior column and a typical exterior column, and these
were sunmed up for the total masses per floor. dMasonry block
separating apartments and lining the corridor is the heavier con-
crete block weighing 55 psf of wall area. Partitions within each
apartment are drywall partitions, and their weight was averaged

at 14 psf of floor aresa. The amount of mascnry biock walls used
in the computations was for a column separating apartments rather
than one which falls inside an apartment, so that the total masses
used are on the counservative side. Table 5 provides a reference

list of the design computations on file at LeMessuriler Associlates,

Inc.
Foundations

Foundations for all designs have been designated as spread
footings on firm ground. Except for increases where required for

vertical loads due to lateral loads, no foundation changes have

been included.

A summary of the data for the individual building elements
required for dynamic analysis and how it was computed is given as

follows:

-15-



The data regquired for concrete moment~resisting frames were
ultimate moment capacities and moment of inertia for both beams
and columns. Beam ultimate moment capacities were calculated by
ACI Code formulas with no capacity reduction factor (ff) included.
The beam ulifimate moment capacity given was the capacity at the
negative region (the values were averaged if the two end capacities
varied). This was done assuming that for high lateral loads,
hinges would form at the beam ends first, and that there would
always be enough reinforcing in the middle of the beam to satisfy
positive bending reguirements. Beams were assumed to have cracked
sections over a significant portion of their length under the earthguake
loadings, so that beam moments of inertia were typically taken as
0.4 times the moment of inertia of the uncracked section,<l) Ulti-
mate moment capacities for columns were selected from interaction
diagrams based on ACI Code formulas. Realistic values of dead
loads (no load factor or live loads included) were used with inter-
action diagrams to determine ultimate moment capacity. Again, no
capacity reduction factor (@) was included. Concrete column moments
of inertia were given as the moment of inertia of the uncracked

section assuming that vertical loads would keep the entire cross

section of the column in compression.

e I e e I N R R T R )

(1) "Non-Linear Dynamic Response and Ductility Requirements of
Building Structures Subjected to Earthquakes" by S. A.
Anagnostopoulos, Structures Publication #349, MIT Department
of Civil Engineering.

-16~



The data given for concrete shear walls were modulus of
elasticity, moment of inertia, shear area, ultimate moment capa-
city, and ultimate shear capacity. Shear wall moment of inertia
was taken as 0.5 times the moment of inertia of the uncracked
section,(l) and the procedure used to determine ultimate moment
capacity was the same as for columns. Ultimate shear capacity
was computed by a summation of values given by ACI formulas 11-13
and 11-33.

The data required for steel moment resisting frames were
ultimate moment capacity and moment of inertia for beams and
columns. Steel beam ultimate moment capacities were given as
the plastic moment capacity (Mp) as listed in the AISC Manual
of Steel Construction. Ultimate moment capacities for steel
columns were given as the lesser value computed from AISC inter-
action formulas 2.4~2 and 2.4-3. Realistic values of dead loads
(no load factor or live loads included) were used for values of
(P) in these formulas.

The data regquired for the steel braced bays was given in
the same format as that of the concrete shear walls - modulus of
elasticity, moment of inertia, shear area, ultimate moment capaw
city, and ultimate shear capacity. The moment of inertia of the
braced bay was computed as the moment of inertia of the columns
about an axis centered on the full bay. The ultimate moment capa-
city was computed as the critical buckling load of the column times

the width of the braced bay. Formulas for equivalent shear area



were developed equating axial elongations of diagonals and chords
of the articulated system to the shear distortion of a single mem-
ber with a solid web. Ultimate shear capacity of the braced bays
was computed as the horizontal force required to produce critical

buckling loads in all the diagonals of a given bay.

o s e o et o o Do s n e m = i o e - = e s - —

Members of moment resisting frames used in lateral force
resisting systems for Zones 2, 3 and 4 must be detailed for ductile
behavior by code. The steel buildings present little additional
complexity over a normally connected building in which moment
connections develop the plastic capacity of the beams. Cost esti-
mates have been based on shop welds, field bolted connections. |
Shop and field inspection of such construction is normal and does
not add to the cost premium.

The concrete buildings, however, are affected more drastically
by the ductile frame requirements., First, the relative amount of
small bent bars for stirrups and ties increases markedly, then the
difficulties in placement of reinforcement, particularly at column/
beam intersections, are multiplied, and, to see that the job is
done correctly, more field inspection is necessary. All of these
items contribute to the larger unit cost estimate for the reinforce-

ment of Zone 2, 3 and 4 structures.

~18=~



Of the non-structural elements which might contribute to seis-
mic design cost premiums oniy the isolation and reinforcement of
masonry partitions and walls are considered of sufficient magnitude
to affect the results of the estimates presented herein. Typical
isolation details were developed and changes in wall reinforcement
were assessed to determine the incremental cost increases for

these items.

Resulgs of Cost Comparisons

Table 1 shows the total costs and square foot costs of the
. superstructures for each of the buildings. It should be noted
that the relative structural costs of steel and concrete buildings
must not be used for direct comparison in choosing a structural
material. The steel structure would require additional items
of cost such as hung ceilings and fireproofing to produce a com-
parable end product.

Table 2 shows the incremental square foot costs to be added
to Table 1 for non-structural seismic costs. The square foot super-
structure and masonry costs are combined into Table 3 and the per-
centages that these items represent of the total construction cost
are alsc shown. The basic building cost has been held constant

for all Zone 0 buildings at $28 per square foot. This is consistent

with published figures of building costs and our own experience.

~19-



Figure 24 plots the percentage increases over base Zone 0
costs for the Zones 1, 2, 3 and 4 for each of the building con-
siderations. For comparison we have also plotted the results
of the Pilot Building Stud; published in MIT Report No. 2 of
this project. It is noted that the 13 story Pilot Building has
greater percentage cost increases than the 17 story steel framed
building of this report. The reasons for this are:

1) the story height of the Pilot Building is 12 feet making
the total building height just about the same height as
the 17 story steel building,

2} the bay sizes of the Pilot Building are 28'-4" versus
20°=-0" in the prototype buildings,

3) the Pilot Building has moment frames in both directions and
all the steel on column lines participates in resisting lat-
eral loads whereas the prototype steel building have both
frames and braced bays, and not all the steel participates

in resisting lateral loads.
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RES/STING FRAME #S5 (CARF #25)

REINE (TYFD
SEE BCHEDULE

(REFER 7o PLAN FIGURE /8 FOR LOCATION)

(@5@;@453 FOR ZONE & EARTHQUALE # SRAVITY LOADS)

BEAM g COLUWIN SCHEDULE
MARE | REINE My CPTE) | My (PT %) |

B/ &-%7 @l 2 G890
82 2. #3 786 875
B3 & 77 G322 /88.0
=¥ é-#7 /Né.o /186.5
8s E o /%3 /88.8

BG 2-#9 /86,8 /B2.0
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<3 4- %

NOTE !

L ALl BEAMS IN THIS FRAME ARE /SWIDE x /G DEER
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SUPERSTRUCTURE COST ESTIMATES
(CoST/ SOUARE POOT AND TOTAL STRUCTURAL COST)

CONCRETE BUILDINGS

@ATA Fons STEEL Billirg s BevIsSEn JAnuay , (F73 )

ZONE O | ZONE | | ZONE & | 20N 3 | ZONE &
525 529 G 05 G 37 7.27 |
17 STORY(54)i375%5 o66 (87674, 660 |g] 255 006 #1,300,600|8] 465,006
4.99 5.01 542 5,86 6.43
/I STORY (5W,) $656,700 [$66/, 300 ($7/5, 400 |§775,600|4848,400
5.9 5.79 G.0l .33 .93
/I STORY(FR,) $685600|80685 6008 7493,300 |8 538 4001898, 500
N 5.08 5,35 2,55 .14
G STORY S)ars25 555 53465, 400 B 345, 400 (8405 005 | § 442 430
STEE L BUILDINGS
7 sroRy 369 3.69 3,95 4.75 5 35
PR B752,000 [8752,000[5606,400| §B47,00018/,092,000
1 3TORY 3.57 3.8/ 3.78 3.83 4.68
§463,000 |§46300¢ 8492 500 |§503 0600 |§584,000
Corony 3.3/ 3.3/ 3,54 3,63 3.97
# 238,000 |8 238,000 £ £54, Goa £ 261,800 | F286,/00 |
FTAB L E = &
WO/~ BETRUCTURAL MASONRY COST
DOLLARS PER BQUARE FOOT
ZONE © | ZONE | | zoneE 2 | 2onE 3 | ZoNE 4
masoNgy |fe.52 |de.82 | g2.82 |ge.ee |desdy
7ABL E -3
SOUARE FOOF EBTIMATES AND °f OF FOTAL CONSTFRUCTION
COBT OF [FEMS APFECTED By SEISMIC DESIGN
CONCRETE BUILDINGS
FONE O | ZONE /7 ZQN@' 21 ZONE B | ZONME &
. % ?;?? @:’7 51@? q/'/@ f@ﬁ !@
17 STORY Bl 2555 728,98 | %5168 %5288 |9.36.87
- . 7.5¢ 7.85 6, 24 .70 | @35 .
1 STORY (B) o 52 a5 192996 (% 69.45 %3007 %35 2
- : 7, 51 4. 01 5.83 | 977 | .85
U STORY (FR ) or B s —tor 55 2 V7 %) 58 735955 o155
o 137 7.67 8.7 827 2,0/
G STORY (M)l a—tar a1 5077 | % 25 8% 9L 02,78
STEEL BUILDINGS
. G 51 ¢.737 697 g2&
ITSTORY Iy ze 75 [7.28.28 |%24./8 |%24.89 |7 20.56
/f 57»@@3} @.@3 5.55 @;55 @ﬁ @5 74.%?@
’ 2L 54 G2e.cel % 23.95 42378 |9 PL.DA
& STORY 8.83 NE] ©.36 | /G645 G .84
%o 8z 1942189 %227 42204 [% 24.43
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/7 ETORY CONCRETE BUILDING /53.0"HT

LONG SHORT
£oNE DIRECTION |D/RECTION
o LEar” %sm @) 2,8 ",e/aafow
/ 2.380"L/800 |&.36"48/780
g 2. 7'l /ecs | 187" L/980
3 3./3%¢/685 | £./7"8/850
4 3.30"¢/655 | & @7”..?/@2’0
/I ETORLY CONCRETE BU/L,D//\/G //@ Q”H?“
LONG SHOET SHORT
ZONE DIRECTION  |DIRECTIONEW) DIRECTION(HM.F)
o e. @5”«%@&@ B8l oss '¢/e2 7008
/ 1ES8" 21030 C.ed” g/Fo30
2 z.ce'e/504 |1.29°2/1020 |1.97"2/G70
3 Z.36"L/5G0 080" L/1a70 |}438"¢/290
4 3, 52’:2/5?5 /18" .2/1150 ,. 55”1/7!0

R b e S e e e

G 5T0RPY CONCRETE BUILDING S54-0"HT)

conNa ;%/Qeﬁécé TION gfé%%;iﬂﬁ\’
o 0.28" 2/2300#| o734 ) 8900W)
/ 0.66"¢/it180 00884/ 7550
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TABLE-45
/7STORY STEEL BUILDING [70-0"HT

LONE. brecerion |oreeerion
o /.@0” ﬁllggc*) . —
/ 8.17"4/ o3
2 G.8"4/324 | 2.04"2/ioo0
3 G.77'4/300 | 3.25"¢/c30 .
4 c.9" ¢/295 | 5.88"2/350
ﬁ?5f@£?’5%5&1?5U?i@h&éwﬁﬁwakfwww
cone 50 c rion g7§§gr/oN
o L2 2/940(¥%)
/ 158" 1/835
z £.834/465 | 3.98' 2/336
3 4./7"2/316
4 445 '25/297 4. 02 z/aeg 1
SONE Son rion | BHSEL FION
o 0.40"¢2/1800M® |
/ 1.O8% /& 70
e ), 7" /415

E.40"°2/300
2.09 4/344 | 1.GO" 2/460

B

/Z INDISATES BN (dEIGH 7

{%@ DPEMOTES BillLDinG PRIPT calser BY Wine

TNOTE ! ALTHOWa K TOTAL BUILDw G DRRIET [FO6 EARTHPLME Tors [
15 ALWAY S GEEATERE THAM THAT Feow WINLG (Zodg &)
STRESDS KEOUILEMENTS ABE USUaLLY GEEATEIS FOE WKL (ROME ) o
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7ABL E - 5

LNOEX TO COMPUTAT/IOUS

VOLLUME KO CONTENTS

GENERAL COMPUTATIONS . TVPICAL BUIL DG LOALS,

/ STEEFL COLUMY DATA COMPLTATIONS.

2 COCBETE BEAM AUD COLLUMK DATA.
17 STORY CONCRETE BULDIIGS . AIALYSIS OF LOG

3 DIRECTION MOMENT FEAMES ZOUE O-&.

g |7 STORY CONCRETE BUNDIIGS., BEAVN ALD COLLMY
DESIGH FOR LOUG MOMEMNT FRAMES .,

5 17 STORY CONCPETE BUILDIIGS. SHEAR WALL DESIGH .

G I STORY CONCPETE BUILDINGS . COMPUTER AIALYSIS OF
LOMG FRAMES, SHEAR WALLS ZOMES O-a& .

- /] STORY COMCEETE BLWLOWIGS . MOMENT FRAMES I
SHORT DIRECTION .

P G STORY CONCRETE BUILDIIGS . COMPUTER AlALYSIS
FOR LOWNG FRAIMES , SHEAR WALLS .

2 I7 STORY STEEL BUILDIIGS . COMPUTER AUIALYSIS FOR
LOUG FRAMES AUD DESIGH - ZOMNES | 4D € .
V7 5ToLY STEEL BUILDIIGS . COMPUTER AIALYSIS FO&

() LOHG FRAMES AD DESIGL - ZOUES 3 AUD 4,
4 [7 STORY STEEL BUILDIIGS . SHORT p/,ggcr/au BRACED
: BAYS ZOMNES O-3 .
/ /7 STORY STEEL BULDINGS . SHORT DIRECTION BRACED
g BAYS ZOWE £ .
3 /] STORY STEEL BLILDNIGS . COMPUTER AALYSIS OF
LOWNG DIRECTION MOMEIT FEAMES
o [ STORY STEEL BUILLDINGS . SHORT DIRECTION BRACELD
4 BAYS .
, G STORLY STEEL BUINLDIIGS . LOIG [VIRECTION MOMELT
15 FRAMES AUD BRACED BAYS .,

e

COST LOATH .
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JDEX OF DRAW/IING ELEVATIONS SHOWIWG STRUCTLRAL
SYSTEMS DESIGNED FOR WIND OR EQARTHRUAKE LOADS

I78T7T0RY CONCRETE BUILDINGS

ZONE SooreTion | oreelrion
o CMEF #/ csw#;
/ CMBE #¢ csw *2
4 CcMEF *3 C5W %34 #4
3 CMBEF #4 csw #5 4%
4 CMEF #5 CsW *7 4 #8

I STORY CONCP

ETE BuiDIVGS |

ZONE brecerion  |Breterion Gw) g??é'?;‘/aﬂm £)
e, CMEF #2 csw *9 CHMRF ¥4, %7 4¢8
/ cmer #0 CSWHO  |cMPF e #7408
2 CMEF #ig CSW #(] CmeF #1,%z {#3
3 CMEF #18 csw */2 4 %18 | cmer Y15, 4 %17
& | cmer #zg csw %1ad %15 |cmeFMa eod#z)
T C 570PY COUCRETE BUIL DING S }
zoNE Dbk e T10m gﬁé@ig’@u
o cCMeE #23 csw #1e
/ CMEF *2a csw#17
2 cmer *es csw #18
3 CMEF *26 csw #9
P cmeF *27 | csw¥zod*zy
KNOTATION : | |

CMEF - COMNCRETE MOMELT RESISTING FERAME

CSW

- COMCRETE SHEAL HALL
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WIDEX OF DEANIIG ELELATIONS SHOWING STRUC TLRAL
SYSTEMS DESIGNED FOR Wik/D OR EARTHQUALE LOADS

/7 STORY STEEL BUILDING

ZONE Srecerion | BieeTion
o SKMeF #t | 588 #/
/ SKEE #1 588 #/
e SMRF #2 s88 #¢
3 SMEF *3 588 *3
= SHEF #2 SB8 ¥4
s _ ez -
!/ STORY STEEL BUILOING
cONE é/agff TION gl;{gggT/O&/
o SNVRF *#5 588 #5
/ suerF #5 | SBB 5
£ SMERF #& 588 *z
5 SHRF #7 388 #7
< ,WF #5 555 #@
ZONE DIBEETION gfgé‘%rr/o&/
) SMEF #9 588 49
/ | SmeF ¢#3 SBB ¥9
z SMRF #10 588 #io
3 SMEE #/1 588 #/1
=) SMRF #‘/z 588 *2
AOTATICON

SMEF - STEEL MOME&/T’ RESISTIMNG FRAME
588 -STEEL BRACED B4y

Ly
[



TABLE - 7

BELAN F COLUMN SIZES POR CONCRETE BLDGS,

ZONE BEAM 5128 | coL, S/IZE

o &/ /8 x /G /8 x 30
e /2% 20 /2 x 30
£ 12 x 24 /2 % 30
4 12 x 30 12 % 3G
o g/ /8~ 16 /8 x 20

/i STORY ,
' e 12 x /G & x 2O
3 12 %24 /2 230
4 /1 &G /12 36
| o ¢ /& x /4 /2 %16

&G STORY

& 18 < /5 /Q_%’ 4
% 18 220 18 xE0
4 /2 "-E,’(S 12 %30




