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Introduction 

This report presents the results of that part of the Optimum 

Seismic Protection Study which examines 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 t.O be representa·tive of many buildings being built at the' 

present time and in the near future. 

One possible architectural plan, shown in Figure 1, consists 

of two 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 levels 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 Z = 2.0 in UBC formula (14-1). The City of Boston wind load 
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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. 

~~~~~t~~~~_~~~~~~~ 

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 +esist 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) 

and each frame or shear wall is given a number (i.e. CHRF #14, 

CSW #6). Table 6A lists all the concrete frames and shear walls 

and what zone it is designed for. Figure 19 shows ap 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. 
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The basic groups of concret.e buildings are framed with a 7" 

deep flat slab (no drop panels). Columns are spaced 20'-0" a.c. 

both ways. Spandrel beams and exterior 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 

o 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 required. 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. 

Figures 12-18 are preliminary structural plans for the steel 

buildings. The notation used on the plans is SMRF (steel moment 
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resisting frame) and SBB (steel braced bay). Table 6B lists all 

the steel frames and braced bays and what zone t.hey 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" overall. 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. 

~~~~~~-~~~~~~~~~-~-~~~~~~~~-~~~~~~~q~ 

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

ingsteel (8% maximum for zones 0 and 1, 6% maximum for ductile 

frame requirements in zones 2, 3 and 4), and a high concrete 

strength (fi 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-
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ments of the lowest story and remained constan·t for the height 

of the building for architectural continuity anrl for re-use of 

formwork. Column reinforcing steel and conCLete st.rengths were 

then varied at different floor levels to suit design requirements. 

Concrete beams were selected by similar procedures to those 

used in selecting column sizes. First the typi<::a.l bendiny moments 

due to dead and live loads were calculated using the appropriate 

load factors. Then a combined wind and gravity loa.d ana.lysis 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 cross 

section dimensions were held constant for a given building. 

After designing a building for Zone 0 (wind and gravity loads) r 

a combined Zone I 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 earthquake and gravity load analyses were 

than made for Zones 2, 3 and 4, and member sizes increased as re­

quired. Table 7 lists beam and column sizes used in the concrete 

buildings for the various Zones. 

Analysis of all moment resisting frames was carried out using 

a special purpose plane frame comput.er program (FRMST) developed 
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at the University of California at Berkeley. T'he ocJt.:r:.ut. ()fthis 

program includes story drift, beam end moments, and collunn end 

moments, shears l and axial forces. 

Al though nc d.rift Jim]. ta ti.ons for wind and earthqua.k8 i oad"-

ing are specified lD the Code, a limit of .0016 times the rotal 

building height for wind loads and a corresponding limit of ", r- -~ "', 
.,UU.5.j 

for earthquake loads was used for this study. F'o:t the c.)n~.:r.ete 

buildings stress considerations governed all member design and 

drift was always within the limlts described above. urift was 

computed using rectangular gross concrete sections iqncring tee 

action of slabs,> Table 4A shows the total buildinc; drift. for :::.1 1 

the concrete buildings. 

After the design cycle. a representative beam and coluxn 

joint in the lower stories of a Zone 3 concrete frame was check8j 

for compliance with detailing requirements in the ACI and DBC 

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 

sligntly 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 b¥ the reduction 
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in reinforcing steeL For example, beam type 037 ,:12" x 24" " 

4-#10, Mu = 318 ft. - kips) 18 compared to beam tYP6 B42 

(12" x 26", 4#9, lVlu - 324 fto .. kips)" Type B37 requires some 

compression steel. but the min:i.mum amounts of bottom steel that 

extend through tTle beam col.umnjoin.t 'Would sa'cisfy th.is requi.re­

ment and it \!Jould be present .In both beams so it is not incl uded 

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 B42 is $1 .. 00 per linear fact, 

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 story 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 not 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 order 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 
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stiffness de not produce sigIni icant Chai.lges to the ':::i ta tic anal~ 

ysis, and it is assumed that tne dynamlc analysjs would not be 

changed appreciably either. 

For the des::.gn of shear wed 1s, stabil ity aga] .0.5i Dverturning­

had to be considered. Overturning moments at foundation level 

were calculated ;J.sing the factor "J" as comp\lted by UBC formula 

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

lateral force resisting systems, J = 1.0. ]0 the higher earth­

quake Zones stability considerations required interior shear walls 

in addition to the two end walls. An interior wall was added with 

an 8 foot wlde corridor opening at center. This wall effectively 

became ·two independent. walls linked together by the sl.ab, and ·they 

were designed as such. One computer analysis was made to deter­

mine the slab lillk moments and although moments are high, the slab 

can be adequately reinforced. For all concrete shear walls, the 

design forces of UBC formulas (32-1) and (32-2) were doubled ill ca. l 

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 Fill-1ST computer program, and the beams and columns 

were designed to resist the computed forces and moments. The shear 

wall, however I was designed to resist the total forces on the syst.em .. 

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

the lateral force resisting system is provided by shear walls and 
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.67 where it is p:r:u\i"idcd by amOIt1ent resisting space frame. It 

should be noted th~t ths use of K = 1.00 requi.res that a total 

vertical load car :eying ;c,:'st.=w be fu.rnlshed in addition to the 

shear wall or bracing system. In the case of the concrete shear 

wall buildinss this means the incorporation of tied ductile col­

umns into the she;.,.1 '~i::t~ . .L system to carry both the superimposed 

loads and ~he load of ite snear wall itself. 

In computlng ~t. the additional concentrated load at the top 

of the structure. :n :1:=:.::/;r:':lance with UBC formula 14-4, Ds equal 

to the total pl3.1;. ~'-i:"em;.!.c):! out to out of the shear walls was 

used. Upon r2vje~,it was stated that for unlinked shear wallsj 

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 s"tory 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 

quite 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 
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sizes were s21 2C ted [OrLne mUL'", '.; 1: i t:i.cal case; St.eel columns 

Combined ear~~suake and gravi.ty load analyses were made for Zone 

1 (where lC. vias not· DbvIOUS t.hat: win.:} governed) end Zones 2; 3 and 4_ 

Member 81 zes ",;ere .ltlcrea.sed as requl.red by analysis" Some COlUTnllS 

partie ipa t'e I::] b::J th. t:he rLOmE::;:~t fI.arne.;; and t.he lYr aced bays f Glnd 

had to be desl.<jTleJ £0l ::hemCi.r:e cLLtle:al case, ~;teel rncment frames 

which had U· .. t!a;Je Lllbllbsr slzes 11l':: ... J~ea.sed to satisfy drift. requj:re<· 

ments wert:; S}jRF #4 (17 .stcry ... 301li-: 4) f SHE£' #7 \11 story- Z~)ne 3} 

girder sizes were increased and another analysIs ma~e 

creasing girder or column sizes! an effort was md0.e T.) k'C;t.:~) 'cL·,c 

ultimate moment capa::i ty of the columns greater than tllat cf L12 

girders in the lower two-thirds of the building. 

For the short direction of the steel framed buildi.ngs, li3.Leral 

forces are resisted by a K-braced system. As in the case of Lbe 

concrete buildings, bracing was placed in the end walls first and 

interior bracing was added in the higher lateral force zones as 

required by stabili·ty considerations. Where the full end \A/all (60 

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. 
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However~ it ,s,)UD becaUk; ctfJP,.u.cnt tllac for lateral. loading the two 

inboard c:olU.t!J.llS t:t:'2t.a r.')'!~.i.y c:..L:;S(: co eLL:' neutral axis of the total 

system) conCllD~t6 v~ry IJrlle. .l.t seewed that ct more efficient 

system ',vQu}d (:~5,-1:ii: .i.I: Ule inDOard columns (on column lines Band 

C) were removed, ~~1 some ot their steel added to the outboard 

columns. TnlS seemed :reasonard.e Sll1Ce the glavi ty loads could be 

carried to tL.e 0utside C::dUl1Lr!.S by the then fCl.Tll2d v{arren type truss 

with vary little 01. nc lncrease ill diagonal and chord sizes. One 

of the grea test: advant~ages of U:.)s sy stem is to br ing all the 

gravi ty 10a·.1s tC) the ·_Ji.:.tsi,cle columns t.o over-Gome tJle Lipl ift force 

The '~ifJlJ_ft force on the outside column only 

reduces abou.t 25.%--3(l% when inboard columns aye llsed, Howev('::t:" I the 

gravity lo;;;ds t::.' resist the uplift force on the. outside col Llmns in-­

crease by 270%-280% when the inboard columns are removed. For 

these reasons the system shown in Figure 22 was used where over­

turning forces were relatively high. 

Where stability considerations forced the use of additloaal 

lines of braci~g in the interior (Zone 4, all heights) r 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 is comprised of two simple K-braced bays 

separated by 8 foot long link beams forming the corridor space. 
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Once this sys tem was \~hosen for the inter10r' j tlls ::ome syst.em was 

used in the endvJall s for the Z()ne 4 buil dlng's. 10.:Lxing e)f t.he two 

bracing systems (FiglHE::S 22 and 23) in one btlildin-,3 did not seem 

feasible, for preliminary computations showed the stiffness of the 

system in Figure 22 to be 2-1/2 times greater than the system of 

Figure 23. The bracing' system i.n 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 required to model 

this sys teJ.Ti f flnd j ts rela ti'Ie stiffness, and determine tts campa t­

ibility with a system of ~he type in Figure 22 was not justified 

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 requirements. 

~~~~~-~~~-~~~~~~~~-~~~~~~~~~ 

All structural steel designed for the prototype buildings was A36. 

This grade of steel is most widely used at present for this type 
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of structure, '}'c USt: d fllyher 'JT::de of 3teel would not be justi­

fied for these ~h~l.idlIJq~: especially in the Zune 4 moment frames 

where stiffness requirements were greater thai] str~ss requirements. 

ReinforcIng steel for the ~cncrete 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 yieJd strength rein­

forcing is very slight, but the amounts of steel saved using the 

higher strength can be substantlal. 

Concrete strength for all frame members exposed to weather 

was designed as 4000 psi ~ both to insure durability and to keep 

member depths to a reasonable size. In the eleven story and seven­

teen story buildings, some 5000 psi concrete was used in the lower 

story columns to keep their sizes minimum. The intezior slab for 

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 concrete beam sizes. The 

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

~~~~~~~~~~~-~~-~~~~~~ 

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

crete buildings. Computations were done on the basis of loads on 
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a typical interior column and a typical exterior column. and these 

were summed up for the total ma.sses per floor~ Masonry block 

separat:ing apartments and lining the corridor is t.ile heavier con-

c:ta::e block weighing 55 psf of wall area. Partit:ions within each 

apartment are drywall partitions, and their weight was averaged 

at 14 psf of floor area. The amount of masonry block walls used 

in the computations was for a column separatlng apartments rather 

than one which falls inside an apartment, so that ths total masses 

used are on the conservative side. Table 5 provides a reference 

list of the design computations on file at LeMessurier Associates, 

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: 
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The data required for concr-ete 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 (~). included. 

The beam ultimate 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 I.oads, 

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 requirements. Beams were assumed to have cracked 

sections over a significant portion of their length under the earthquake 

loadings, so that beam moments of inertia were typically taken as 
(1) 

0.4 times the moment of inertia of the uncracked section. 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. 

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

section, 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 

ultima.te 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 c6mputed 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 required 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 capa-

citYf 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 
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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. 

~~~~£~£~q_~~~ __ ~~~~_~~~~£~,=-~~i;:£~~~ 
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, t.hen 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 only 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 0 

I3.~~~~:I£~ _ <:::f _ C2~~ 1:. _ ~~n.212~~:h~<::l~~ 

Table 1 shows the total costs and square foot CQsts 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 also 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 p10ts 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 2S'-4 n versus 

20 1 -0" in the prototype buildings, 

3) the Pilot Building has moment frames in both directions and 

all th8 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. 

-20-
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TA8Le-1 ~ . ,~-------------~--~.----~-----.-- .,.-_.--
SUPERS rR(.lCrtJfi~ cos r E SrlMATES 

"'--- ~ 
(cosr/5Q(JAR£ f300r AND ."1"01:4' Sr/tll.!crl.lHAt., COSY) _____ 

CONCli?erE£ tJUILDING5 ' 
'---_ ... --- .-,-- --------------

'lON!! 0 ZONE I ZONE e ZONe .3 ZONe 4--------_ .. _.- - $,es .5,2'1 t;,o5 tA . .31 --f--- ,. e.] 
17 STORYf5.W) i#I;07qO(')0 I';' ()7e; 000 II e35, 000 ~1. .500 otio ~'405aiiii 

II STORY(5.W.) 4.QQ 5.01 5.~2 5.88 6.43 
IIG58100 I$GIEI 300 J ]/5. 40a 

.-=-
1U48i4CO 1£8" '1~ /)00 

11 SrOnY(fSR') 5./9 a.ltf (0,01 (;.35 ~.q3 

$(08;'3 GOO 1$ tiJ85; GOO ~ 7 CIS 30() 11838 :too "'PIel.5iiO 
t; SrORY(s,w.) ,5,a!:3 5.05 5.35 's.55 &;,/4-

I II 3<O3} 400 #3!Q~J4aQ 1.3()S (Jot) i -4 ()(J) O(l(J 71442. 400 

STE£ L BUILDINGS 
-

17 STORY 
3.G9 3,!; " iJ.95 4./5 5,35 

'jj75Z:, (dOt) ~75e 000 $80©.4oo #847J 000 4 I~ 0ge .()()O 
! 
IlsrORr 

3.51 ,3.51 ;;,73 3.8~ 4.4t ::._ 
!~4G3.000 li4'G3000 1#49Z 500 150~ 000 '5tJ4~()OO 

c; SrORY ~3.3J ~,3J 3.54- 3.t.D~ 3, '17 
I) ZS8 000 ~ 258 GOO 1.1 e54, w<co II ZtlH,50Q Ipes(O JOO 

lONe I ZONe e ZONE 3 20NI$ 4-

1~,82 ;#C.8Z le.oe II e,a] 
'---

r---"--7= A8L, ... .",..,.." 
t::: "" .3 b", 

r S(;}UA R~ FQO r ES"?OAA 'Tl!S AND "'.k OP rarA'= CONsrHuerl(jA/ 
rSi aF / if:M~ ~,l!SlrE C,!~D ~y :!Jfil SMIC DE S/(JN 

i>,,,) (),NCRIi£ rE I!JUILDING5 
I -
I ZO/i/I:! 0 ZONE / ZONE 2 ZONe 3 J ZON~~ ! 

17 sr().~r (s.w) !, 7' If (j.I/ /J,/'j7 -' q.lq ... ~1~.14 
~"12J I i0e.!V1G %':31.&8 "f,.,sZ.8Z %fJ(J,ZI, 

II :srOfiy{swJ 7~·~:;;1 7.133 l), ;;;4 8.1() "Qs5CE .. 
%ZCh8Z %;:'1. €fG % eo/,4:5 %31.r:)"J !%~~~21 

8,!j!J 
-

'1'.!7 ! 9.85 /1 §ro!! r (PR) " 71 
{j,OI 

~!J4 % ct),~! % !$1.S4 ' ,., .. 32'.15 %3.;J,/lY 

t; S rOlii: r(sw) 1457 1.131 8,/1 8,31 'lJ); I 
%Z'1..04,. % 'f:e.11 "Ic2''?,/1 %~8~ %,32,18 

; 

STeEL BUILDIIYG5 I n Si5JRY 
G,Z I GI.51 G.77 G.9' e,e~ 

% ec.la %Z!J.25 % 24,./4 %e4.89 %ef!J,5G 

1/ sr~Y 
(;,03 G,3~ G . .35 G, (@~ m % (:11 54 ·~ez.G! ~~ Z3,~, %t3,7'!;; '%e 1 

f2p STORY 5./1!J G.J!!ft ! G,~G /(;;.45 
• G E Yo eo. 82. ~21,-e€j 1% Z2.11 .e."e~,()~ f~ z4,,~ , 

.' 



TABL£- 4A 
/7STO/2Y CONC.e~TE BUILDING 153 ~ aI/fiT. 

ZONe L.ONG 5H012i 
D/;2ECiION ,O/eeciloN 

0 I. e /" .fjSIO f:*) e. e8" ..f / e;ed*':-

I Z. 8011 ..R./ 800 e,3~1I..e/780 

e e. 7~:.e/c;.~5 1.8,?(/~/~80 

.3 8.18 II ..e/ 585 e.17"...€/850 

4 .:3.80" ...t./565 e.!J711 ..i/~eo 

//SiOEY CONCEETE 8UILDING IIO'eO"HT. 

ZONe L,ONG 5Ho.er SHOgr 
DI2£CiION DI i2eCiION(5. w) .oleec i/ON(M.F.) 

0 O. t:;,.5 1i .J(to!O (~) 0, 58 11..t./ee 70f2iJ!; 
-

I /. ea" ".e/I030 o.@o"....e/eCJfJO 
-

2 e.r;ell ..f/504 I.eg fl ~/Ioeo //f7 u .£/G70 

.3 e. 3(§1I.£/ !5GO ae;OIl...l/1470 1.88''..e/g!}O 

4 E. 52"1/876 1./~1I..e/ 1/60 l,eEl..e/710 

CP STORY CONCRETe: BUILD/N~ 54'mO"HT; 
ZONe LON~ SNOICr 

l'>IReCTION D/I2~Ci/ON 

0 O.2f3".£/Z80ci,.j a 073" ..R./ 8900(tt 

/ 0.65"..£/ /180 IO.08a/~/7850 
.. 

;;: 1.10" ..£/6!30 al@7i!~!B800 

.3 leaH ~/5!30 ().g6~/'....e/ 1780 

4 . /. /!3 1/ ..R./ 6 7~ 0-175 11.£/!fj 700 
, ' . 

.-f IND;CtC,ri!J.$ I5Uif-D/NCiJ I-IEIG,J../T' 

("'*.) P!J!Nf.?n;"k !3W/,.PlpJ4, J;?fsi!/ll:.r CAt)S(!;O BY WINO 

/Vtf)rS--: AI-rloJ oJ.)arl.{ eDi/..C.)/I,k-:; Pte/;:::! MIl!;;; !!!AQ,ru'ihJA;.IS ZOl'J6 i· /$ ,.4I.lWAVS 
erIZIJPA"'f7!:,ft::. IHA ~ THAT Fen;;;; WU..j Q (7,i9I.ilf!. c), SrlCilif.ff!£,$ 

elli£eflJifiil. fli;M/Z:A./ 1~ Ak'~~ U5.I.)p, L.L. V ~~,~A"T"~ p:tfJle WINO {Z(!fi;.J1!I. (;)}. 
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TABL£-48 

17STOEY STE£L BUILDING I 70 I., 0 II H T, 

ZONe LONG sHoer 
DleeCilON D//2€CiION 

/,§,ON ~/~5 (*) 
. 

0 

! ! a~/7"'£/ r;;.4g 

2 cP . .15".£/ !324 e.04"..L/IOOO 

.3 ~. 77111/800 B. e5 1J..e/c;,ao 

4 G. ~ II ..ej eg!) 5.88"..e/B5(J 

IIS/ORY SrC:E:.L BUILDING 110' ... 0" HT. 
~ 

I zo/ve LONG SHO/2.,. 
D/Je~CiION DIEecrlON 

I 0 1.411 ..t/g40 (jt:) 

/ /.58/1.£/835 

2 2.8811--£/4(;:,5 ~. !!J,!31/ .£ / aat;" 

.3 I 4. 17
11.£/ 31c;. 

-~ 

I 4- -1~·4511-R/eg7 4.oe ..e/aee; 
'. 

Q STORY STEeL 8UILDING G 0'80 11 H T. 
I ZONE LONG SH02i 

D!EeCTION l)!2ECiION 
I 

10.40 ''..e/N300(tI) 
, 

0 
~ .-

I 
f\'lI"'ouq:o ~~ -, -1 

I i. 08" L/a,70 " 1 i; 

II. 74)1 .tJ/415 
j 

e 

.3 e.40"...e/ .300 
J 

4 Z.09.£/B44 1.~OIf .e!460 f 

/~~\, \.""l'f', 'O&Jq?'(1!;;' SIJIt",OIN(q C)t2lfPr- C,AL)SE.D ~y WING:> 

. N()"e.,' ~LI/..I';>j")dJH TOTAl- BUiLDII'./(::' 0121;:, t---eu;:,. £AI;;;:'nJcr't)AJ4:'~ "ZeJAjlll 1 
1$ ALWA'>fS c;:'~~:fA,rfE~ /HAN THAT Ftf.?f;i'! WIM/;.;' (ZON6 0) , 
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TA B L £'- 5 

II.JOEX TO COMPUTA TIO/../.5 

VOLUIIE /./a COIJT£AJT.5 

I 
G£/JERAL COMPUiArIOAl.5. TYPICAL BUIL.,,O//./G Lc:+4P~, 
STEEL COLUMli DArA COMPt./iATIOI..I.5. . 

Z COl/CReTE SEAM At.JO COLVMt:.I L?ArA. 

3 
17 5TORY COIJCR€"ie- 8UILO/I.IG5. A/"'/AL YSI!5 01"" L OUC; 
DIRECT/Ol./ tWoIvIEN'T FRAMc:S ZOt.lE 0-4. 

4 17 STORY COt./CI2£i£ 8l.1ILCJIUC;S. 8€AM A/..!'o COLUMIJ 
Otff.516t.J FOR 1...01..16 MOM£l.Ir FI<AMES. 

8 17 SrORY COMCRe::TC: Bt.lI(.,OI1..l65. SHE'AI? WAlL OE!5IGI-I" 

(; II :5TO,eV CO'(!CR€T£ 1!Jt.J/t...oII.l($S ~ COMPurt!'2 At.lALV!:J15 OF 
1...01..16 FRAU£S, !SHe-AR WALLS Z'OJ.l€!5 0-4. 

? II STORY COI..ICRcrE 8//1t.'oltJl65, MOUe"I..I'T ~RAM£S /,(1 
i SHoRr OIRECTIOIJ. 

(; C, STORY cotJeREr€' I3UILOI1.J66. COMPUTe-A? AI.IALY.5I!5 
FOR L 01,/6 FRAMES, SH€AR NALL!5 ~ 

.~ 
17 STORY .5/EEL. fJUILO/UC;S. COMPure-R AIJALY51S Foe 
LOIJG FRAM!;:;) A/JO O€,SIGU - ZO/J€~ I At.lO e. 

~. (0 /7 5rORY STEEL 8UIL/JIUCiS. COMPt.lTC'R AI-J,.,t:JLYSIS PO,G? 
LO!.J6 F'RAM€!5 /111.10 O€5ICfI.l - ZOJ.1e'.:5 .3 AJ../[) 4. , 

II 175rORY 5T££L !.3tJ!L.O/U<$5 . 5HORr OIR£CrIOIJ 8RAce-a 
BAYS 20/../£5 0 -.3 . 

12 
17 STORY Sr€EL 8UIt..OllJG5 . 5HOQr OI!?€CrIOI./ BRACED 

1 SAY'=' zOl-.le 4-, 

···{3 1/ 5 'TORY STeEL BtJlL.OlttI6:5 , COMPUr€R AAIAL Y~I ~ OF I LOIJ6 DIRECT/OLI ,WOME,Ui FRAMES. 

. 
14 

IISrORY Steel.. t3UILOI,uC;S. SHORr ,012£crIO/t./ 8I<AC£'.o 
BAY.5 . 

_15 c? STORY 5'T££L BUlL all./C;5 , LOJJc; O/R€CTIOIJ MOM£ilr 
FRAI.4ES AVO 8RACED 8AYS. 

··/~ 
COST OATri . 



fA 8 L £'- 6A 
IJJOc x OF Ot2AWIt./C; €L€VArIOJ.lS SUOWIt./~ SiR!.ICrI.lRAt-

5YSr£MS O£S/G/../£O FOR WIIJO OR EARrf.lQt.JAJ{E: /.,.OAO!S 

17 STORY CONCR£TE BUILDINGS 

ZONE LONG SHOl2i 
DIRECtiON OIR€crION 

0 CMRF#/ C5W#1 

I CMRF lie C5w#e 

e CU,eF #3 C 5 W ftg ~ "4-

.3 CMRF *4 C5W 1154 Ite, 

4 CMRF #5 csw ft7 ~ fl8 

l/srORY COAlCR€r£ 131.111...0/1../6,5 

ZO/'J£ LONG SHOI2T SNORr 
I DIR£CTION Dll<eCTIO/J ~w.) lJ/2ECiIO/J(M.r.) 

0 CMRr IIg C6W#9 CMRF 1It~, <lt7 4 is 

i CMRF ~/O CSW'lFIO CMRF #~, *7 .. its 
2 I CMRF "14 C!5W Jill CMRr*fl,1IIZ4#15 

I 3 CMRF #/8 C5W ~/2 4 ($15 CMRF *16, #1"4'17 

4 CMRF 'ee csw ';!t144 *10 CMRf'fllg,*eo4~1 

~ 
<P 5TORY COIJCRG'r€ 81.11 LDIUC;S 

ZONE LONG sJ..lo~r 

I 
l. 
I 
l 
I 

OIRIE'CTION DIRECTlal..! 

0 CM2F He8 C5W il/~ 

I C.MRF ite4 Csw 1i17 

2 CMRF lIte~ csw ~/8 

.3 CMRF Vier;, c:::sw -dl!) 

4- cMI2F IIZ7 C~W#'20 ~~.el 

f.lOrATIOI../ : 
CMRF - COt/CRc:rE MOMcl.lr RESISrIJ.l<i rRAME 
csw - COIJCRErE 5f..1!£A£ WAlt.. 
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TA B L £- GB 
/t.loeX OF OEAJAlIIJG £l£VArIO,u!5 51-10WI/../G SrRtlC7"(,/RAL 

SYSTEM.5 O£5IGAI£'O Fc:JR WI/./O OR cA,erI-lQUAK£ lOAOS 

J7SrORY Sr€€L 8UILDING 

ZONE LONe; SNORT 
DIRECTION DIRECilON 

0 5MI<F "'/ 588 #/ 

I 5MRF #/ 5813 #/ 

e 5MRF ;l:e 5BB tie 

3 SMRF flf8 588 ;/B 

4 SMRF lid. 5~B -#4 

1/ STORY' STC'£L BUI LOING 

zaN£ LOf..iG SHORT 
DIRECT/O;...! DIRECT/OM 

0 5MRF -tI<'~ 588 #'5 

! 5MRF #5 51!J8 116 

e 5MRF tic;, 588 #t,P 

.3 SURF 'Jf7 SSB #7 

4. 5MRF #8 S88 (is 

c;;, STORY STE£L 8UIl.OfiJG 

ZONE LONG SHORr 
DIRECTIOJ.../ DIR€CrION 

0 SMRF It~ S88 H:~ 

I 5MRF v#!J 588 !#~ 
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