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ON THE
DESIGN AND CONSTRUCTION OF BUILDINGS

STEPHEN F. WEBER

ABSTRACT .

This paper provides some information on the approximate cost impacts
resulting from impliementation of the NEHRP (National Earthquake Hazards
Reduction Program) Recommended Provisions (Building Seismic Safety Coun-
ci) 1984 a) and proposes research to obtain improved estimates of cost
impacts. The information is derived from the 52 case studies of the
Building Seismic Safety Council (BSSC) trial design program conducted in
1983-84 and based on an amended version of the Applied Technology Coun-
cil’s Tentative Provisions for the Development of Seismic Regulations
for Buildings (ATC Tentative Provisions). The NEHRP Recommended Provi-
sions are the result of the revisions and amendments to the ATC Tentative
Provisions that were recommended during the trial design program. For
the 29 trial designs conducted in the 5 cities (Chicago, Ft. Worth,
Memphis, New York, and St. Louis) whose local building codes currently
have no seismic design provisions, the average projected increase in
total building construction costs was 2.1 percent. For the 23 trial
designs conducted in the 4 cities (Charleston, Los Angeles, Phoenix,
and Seattle) whose local codes currently do have seismic design provi-
sions, the average projected increase in total building construction
costs was 0.9 percent. The average increase in cost for all 9 cities
combined was 1.6 percent. Although these case study results cannot be
directly projected to the U.S. building populatlon, they do reflect
the order of magnitude of the cost impacts.

INTRODUCTION

This paper provides information on the approximate cost impacts resulting
from implementation of the National Earthquake Hazards Reduction Program
NEHRP Recommended Provisions and proposes research to obtain improved
estimates of these cost impacts. The information presented here sum-
marizes the results of 52 case studies which compared the costs of con-
structing the structural components of a wide variety of buildings de-
signed according to two distinct criteria: (1) the prevailing local

Dr. Weber is an Economist for the Center for Applied Mathematics, Na-
tional Bureau of Standards; Gaithersburg, Maryland. He developed this
paper for the BSSC Study of Societal Implications and presented this
information at the BSSC meetings in Charleston, Memphis, St Louis, and
Seattle.



building code; and (2) a proposed set of improved seismic safety provi-
sions similar to the NEHRP Recommended Provisions. Some of the case
studies also compared the structural engineering design time required
for the two design criteria. The case studies included multifamily resi-
dential, office, industrial, and commercial building designs in nine
U.S. cities.

The case studies that serve as the primary data source for this paper
are the result of the Building Seismic Safety Council (BSSC) trial design
program that was conducted in 1983-84. This trial design program was
established to evaluate the usability, technical validity, and cost
impact of the application of a somewhat amended version the Applied
Technology Council (ATC) Tentative Provisions for the Development of
Seismic Regqulations for Buildings. The NEHRP Recommended Provisions,
which currently are being balloted by the BSSC membership, include addi-
tional amendments made in response to the results of the trial design
program.l 1t is important to note, therefore, that the trial design
program data on potential cost impacts of seismic design summarized
here are based on the amended Tentative Provisions and not directliy on
the NEHRP Recommended Provisions themselves and that, .as noted by the
BSSC: "Some buildings showing high cost impacts will be significantly
affected by new amendments to the amended Tentative Provisions that
should tend to reduce the impact (BSSC, 1984 b)."

The framework for selecting the specific building designs included in
the trial design program is first described. The major factors con-
sidered in that selection framework {nclude building occupancy type,
structural system, number of stories, and the cities for which the de-
signs were developed. The types of cost data reported by the partici-
pating engineering firms also are described. The cost impact data re-
sults of the trial designs then are presented in summary form by building
occupancy type and by city as well as in detail for each of the four
cities visited by the BSSC Committee on Societal Implications (Charles-
ton, South Carolina; Memphis, Tennessee; St.i: Louis, Missouri; and Se-
attle, Washington). In presenting the cost data, a distinction will be
made between two separate cases: (1) building communities not currently
using a seismic code of any kind (e.g., Memphis and St. Louis) and (2)
building communities that currently are using a seismic code (e.g..
Charleston and Seattle). The paper closes with some conclusions regard-
ing the cost impact of seismic design and suggestions for further re-

search.

DESCRIPTION OF THE TRIAL DESIGN DATA

The construction cost impact of the amended Tentative Provisions gener-
ally depends on two major groups of factors: those related to charac-
teristics of the building itself and those related to the location in
which the building is to be constructed. The first group includes such

Isee Volume 1, Overview of Phase I and I, of the 1984 BSSC report,
BSSC Program on Improved Seismic Safety Provisions, for a full descrip-
tion of the trial design effort.
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factors as the planned occupancy of the building, the structural system
used to support the building, the general shape of the building in terms
of number of stories and floor plan, and the total size of the building.
The second group .includes such factors as the seismic hazard of the
building site and the degree to which that hazard is reflected in the
current local building code. Because each of these six cost impact
factors can assume several different values, the number of potentially
unique trial designs is very large indeed. A statistically valid experi-
mental design that would adequately sample from each of these unique
cases (combinations of cost impact factors) would have required a total
sample size that was well beyond the budget and time availabile for the
-trial design program. , '

Eggmework for Selecting Trisl Desiogns

Because of the necessary limit on the number of trial designs, the case
study approach was used as an alternative to statistical sampling. In
order to make the case studies as representative as possible, a frame-
work was developed distributing the trial designs over the broad range
of values for each of the cost impact factors mentioned above. This
overall framework used for selecting the specific building designs in-
cluded in the trial design program is best illustrated by referring to
Table 1. Beginning with the left-hand column, there are four types of
‘building occupancy included in  the framework: residential, office,
industrial, and commercial. As the next four columns show, the struc-
tural system was divided into four elements, each of which has a number
of different types: vertical load system, seismic resisting systém com-
ponents, other vertical components, -and floor or roof components.
For example, the vertical load system could use either bearing walls or
a complete vertical load carrying frame. The method of resisting seismic
forces could employ such systems as plywood walls, concrete masonry
walls, brick walls, precast concrete walls, reinforced concrete shear
walls, prestressed moment: frame, or steel braced. frame. The number
of stories varied from single-story to a high-rise building with 40 sto-
ries. - Between these extremes there were buildings with 2, 3, 5, 10,
20, and 30 stories. As indicated in_the far right-hand columns, the
trial designs were distributed over nine cities: Los Angeles, Seattle,
Memphis, Phoenix, New York, Chicago, Ft. Worth, Charleston, and
St. Louis. These cities cover the range of seismic hazard levels found
in the United States and they vary in the degree to which seismic pro-
visions are contained in their local building code. For example, Los
Angeles is in a very high seismic hazard area while New York City is in
a low hazard area. Similarily, Seattle has adopted the Uniform Building
Code (1979) seismic provisions while the city of Memphis, although ex-
posed to considerable seismic hazard, has no seismic provisions in its
building code.

There are a total of 468 possible combinations of the 9 cities with
the 52 building types. Each of these combinations constituted a poten-
tial candidate for inclusion in the trial design program. Each candidate
is represented by one of the cells in the nine columns on the right-hand
side of Table |. From all these potential candidates, 46 were selected
as the building design/city combinations used in the trial design pro-

1-3



. . . Citien
TABLE 1| Framework for Selecting BSSC Trial Designs = F‘W‘M__
¢ |31 1) 5l i
vertigl . |3 “!gg‘g? Bng'-g
Land omie Rosiming Syiom Girer VYortent Plamy o Band g g § gé gg 8.
Plan Porm g.mn  oRPERIAS Comgaaants  omaprenls = f 2 e
ﬁ
Fv«a watl Yesd ¢ plyeens Gapirage | 1 915’ ‘
L enerule Mosarry @8l ond wezd Giopsregd ™, § ry
168 ant Canerele M4 ponry W aad +plvoene Gia A o
L EReTELe Meconry ool Prosireesed elad D
Keinforeod someraie slad [ i
Bnos cof Renforeed sgneveio $a@ t87e ) !
Boanag Hanforeed qoncrsie sad ia i6 ©
Wald Bezat )
S ond GROTOle RAmRPy wl e 9 ®
Steal Bat ? 12
| Anaforeeg sanereta siod ] 3 )
Boinforesd czmrete woll [ Hanforeed conereie 0180 8 13 0y
t-(orsigrand 00 16 3 [
Bouidontinl " 0 €ab Prestresss olos 1} 8
Prastrensod ola® 12 18
Stoe), broced fromo (irorovamel | Steel Pramirg Blosl jpuow 13 e
momani frmme (lorgitudinal) Stoel Praming Steat Deam & QC mwO R o
AC framirg RE Mgt piote 1010 @
Ranferesd congrats thear @oll HE (mming Pest-1ongioned Tat plots [} ) )
Comglets RE Trming Peat-lons.oned flai plate
z:"'“' Rainferced eancrels moment 8C framing &C ot piste 18 | 18(ol fo
Corrying frema (ponmetar) RC framing ac fai plats 18 |30
freme
]e, ¥7 (perimeter) & 8W (Guald RC fraaug 8C fiat slate 30 LiJ
RC framing RC flat plate e | B L
]
Beenng | Rewforced canereie wall (eora) £ imnig AC fiat b By
anils . RC framing RC fat stae 22 L @ je
Lﬁ:‘ wall_liAtarior & egienor) P3 framing Frentroated e 33118
Rewsd Lo shaar wall Stleol frmming Sloal hgam @ AC 2ad 26 19{ (s tJ
Stae) (ramung Steel beam & RC slad 88 20
Sieal f!
Steol braced frm0 [5] mmfrc Stosl bzam & RC ok 22 s}
Steel framing Steot bsam & R, slan 284 3 D
Complats Steei lroming Steal besm & RC sis® ki 10 lal to
Oftisa Yorueal teel lraming Steal Biat Ta F
Load Stesl momant (mm@e teel Traming leel deom & WC 8lab YA
Carvying szl Ireming legl Bgom & RC 2180 %8 1 48
Proms eel [re ming 1ge! Beam & AT 8180 ThA_ | B o
tee! P & RO 3W {duail eel framing toel Boam & RC slod 29 Bl
"Sizel WP ond dunl Stael Troming ; $Tael baam ane RE sigb W [l Je
" Traming Post-tenscones flat slad [] 16
Rainlerced cancroto momont frame| RC lraming BT pan st & ealllg ] o |0
RC Vroming 7T pan joist 10 !
e, wF & nge\g_alT R frgming RC pan oist & wafllle 10 7o 1
Conergla mosondy oall %‘ﬂ Traming Stzel joust 3% L K3
Beehi framing Presiressed 5lad 36 N
“m'ﬂ PC @all (maysn PR Traming FE Goudle o= %4 | B 3
) firdery & doem
€ ULlt=p wail Wesd framing ool f5lveosd) 37 L le
mdsainal [Compiate | PC Lit=ud wall Steal {raming $teel put L s
Vorical | g1o01 moment frame. (trarmavarse)f | Steel froming 3teal puthine 8 deent ad L e d
e braced frame Jongitusinal) Stesl 0 Steal | ) ul le
Carrping ool framing tesl long-epan rum [
frome
| Conerele Masonsy wall Sieel framing 3teal Bist A | ¢ o
Compieta | Conerete masonsy wald Stesl Craming Steed joust aQ %o
Yertieal -
Canagresi | Load Stesl feaming Steel joist (irregular a8 g la
Careying lan form) .
Prame 75 mement [reme PS Traming Presiressed sian 43 ]
§ = All office Bwildingd will have a high (Irst story, the [ndustrinl Buildings are ell en ene stery (wilh the
asceplion of Buiding Ne. €2A) and for tham the L Indicates @ l9o elesrance, and H indicalas 8 g
elearanae.
8« 87 s braced frama ¥P o moment frume RC ¢ reinforced conerete
PC o prectol conerold PT o post-tonsloned genergto $W o shear wall (non-tearingd
3 s prestreased, precam coneroio '
B = Wilh the ezcepiion of Lhe Industrial Suilding with purllng and steel deckt fthe metal Buflding) all momant

frames ia Loz Angeles, Sealtle, and Meinphis are to be SKweclal.
Mmust olao B2 Spacial. All olher momant [rames may da Ordinasp.

All moment frame i dual sysiems

-4



gram. These selected combinations are represented by dots that appear
in the cells of Table 1. For 6 of these 46 buildings, alternative de-
signs were also developed to provide 6 additional cost impact estimates.
As a result, there are 52 data points for which cost impact estimates
are available.

For each of the 52 building designs included in the trial design program,
a set of building requirements or general! specifications was developed
and provided to the responsible design engineering firm. An example of
such building requirements specifications is presented in Table 2.
Within these requirements designers were given latitude to assure that
building design parameters such as bay size were compatible with local
construction practice. The designers were not permitted, however, to
change the basic structural type. For example, they could not change
from a reinforced concrete frame system specified in the building re-
quirements to a reinforced concrete shear wall system. Such changes
were not permitted even if an alternative structural type would have
cost less under the amended Tentative Provisions than the specified
type. This constraint may have prevented the designer from selecting
the most economical system for the amended Tentative Provisions, and
conseguently may have resulted in overestimates of the cost impacts for
some of the trial designs. The 17 design firms involved in the trial
design program and the building designs for which each was responsible
are identified by city in Table 3.

Data Reported for Trial Designs

For each of the trial designs, the engineering firms developed two indi-
vidual designs for the structural components of the buildings. One
design was based on the prevailing local building code and the other .
was based on the amended Tentative Provisions for the city in which the
building was to be located. The former will be referred to as the Local
Code Design and the latter will be referred to as the Tentative Provi-
sions Design. Both of these designs are described in considerable detail
for each trial design in the engineering reports submitted by the firms
(BSSC, 1984c). 1t should be noted that only structural components were
included in the analysis for the 52 trial designs summarized here.
Consequentiy, the Tentative Provisions Design did not include those re-
quirements for nonstructural elements described in Chapter 8 of the
amended Tentative Provisions. The. engineering reports alsoc include
detailed estimates of the construction costs for the structural compo-
nents of each of the two designs (Local Code Design and Tentative Provi-
sions Design). These cost estimates were derived using standard, nation-
ally recognized cost estimating guides that take into account ‘local
cost factors. The estimates were made on the basis of current construc-
tion costs at the time the designs were completed, which ranged from
early 1983 through the middle of 1984. The percentage differences in
these structural component cost estimates for the two designs (i.e.,
cost of the Tentative Provisions Design minus cost of the Local Code
Design divided by cost of the Local Code Design times 100) provide the
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TABLE 2  Typical Buflding Requirementsa

Plan Form - as per that shown for each building type

Number of Stories - 20

Clear Structural Height - 11 feet except that: (a) the first story
shall have a 20 - foot clear structural height, and (b) the clear
structural height does not apply along the perimeter.

Plan Story Area - 7,500 to 25,000 sq ft

Plan Aspect Ratio - 1:1 to 2:1

Bay Size - 20 foot minimum dimension; 600 sq ft minimum area (mini-
mum bay size does not apply to perimeter column spacing)

Roof -~ nomipally flat but with a 1/4 in 12 siope for drainage
Window Areas - 30 to 40 percent of exterior wall areas
Core Size - proportional to the building height

Core Walls and Floors - include openings for doorways, stairs, and
elevators; core wall may be structural

Foundation Conditions - selected as representative of those that
could be anticipated in the local, consistent for all designs, and
included in design presentations

Vertical Load Systems - complete vertical load-carrying frames

Seismic Resisting Systems Components - dual systemd - steel moment
frame (Special) and braced frame

Other Vertical Components - steel framing

Floor and Roof Components - steel beams and reinforced concrete
slabs '

Similarity should be maintained in paired studies, such as local
requirements for live loads and assumed dead loads

Other - not applicable

gRequirements vary with building type.
BAs defined in Chapter 2 amendeéd Tentative Provisions.
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TABLE 3 Design Firms and Types of Building Des1gns

City/Design firm

Type of Building/No.

Seattle

Abam Engineers, Inc.

Bruce C. Olsen

Skilling, Ward, Rogers,
Barkshire

Los Angeles

S. B. Barnes‘& Associates

Johnson & Nielsen
Wheeler & Gray
Phoenix

Magadini-Alagia Associates

Read, Jones,
Christoffersen Inc.

10-Story Steel Frame with RC Shear
Wall (0)/S-24

3-Story Wood with Plywood HWalls
(R)/S-1 ,
|-Story Long Spa Steel, 30° Clear
Height-MF and Braced Frames
(1)/5~40

. 20-Story Steel Frame-Dual Special

& Braced Frames (0)5-30

'3-Story Wood with Plywood Walls

{(RILA-1

1-Story Wood Frame with Precast
Concrete Tilt-Up Walls (1)/LA-37
1-Story Steel with Moment and
Braced frames (1)LA-39

2-Story Steel Frame with RC Block
Walls (C)/LA-41

IZO—Story Steel Moment Frame with

Shear Walls (Dual) (O)LA-34 .

12-5tory Reinforced Brick Bearing
Wall with RC Slabs (R)LA-5

5-Story RC Bearing Wall (R)/P-10
20-Story RC Bearing Wall with
Core Shear Walls (0)}P-22
10-Story RC Frame (Ordinary)
(0)/P-32

3-Story RC Block Bearing Wall
(R)/P-2

5-Story RC Block Bearing Wall
(R)/P-3

1-Story Steel Frame with RC Block
Shear Walls (1)/P-35
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TABLE 3 Continued

City/Desian Firm

Type of Building/No.

Allen & Hoshall, Inc.

Ellers, Oakley, Chester
& Rike, Inc.

Ft. Worth, Texas

Datum-Moore Partnership

St. Louis

Theiss Engineering

Chicago
Alfred Benesche & Co.

Klein & Hoffman

1-8

5-Story Bearing Wall (R)}M-8
1-Story Stee!l Frame with RC Tilt-Up
Exterior Shear Walls (1)/M-38
2-Story Steel Frame with
Non-Bearing RC Block Walls (C)M-42

20-Story Steel Moment and Braced
Frame with RC Floors (R)/M-14
10-Story RC Moment Frame
(Perimeter) (R)/M-18

10-Story Steel Moment Frame
(Special) with RC Siabs (0)/M-27

5-5tory RC Block Walls with Pre-
stressed Slabs (R)/FW-3

10-Story RC Frame with RC Shear
Walls (R)FW-15

5-Story Steel Moment Frame
(O)FW=-27A

10-5tory Clay Brick Bearing Wall
(R)/SL-5A
20~Story RC Frame with RC Shear

" Walls (R)SL-16

5-Story Steel Frame with Braced
Framed at Core (0)/SL-26A

3-5tory Brick and RC Block Bearing
Walls with Plywood Floor & Roof
Diaphragms (R)/C-2A

20-Story RC Frame with RC Shear
Walls (R)/C-16

12-5tory RC Bearing Wall (R)/C-9

Parametric Study of Steel Moment
and/or Braced Frames (0)C-26,
C"27 9 & C-30

1-Story Precase RC Bearing Walls
with PC Double Tee Roof (1)/C-36A



TABLE 3 Continued

City/Design Firm

Type of Building/No.

Klein & Hoffman

New York City

Weidlinger Associates

Robertson and Fowler

Charleston,; S.C.

Enright Associates

12-Story RC Bearing Wall (R)/C-9
Parametric Study of Steel Moment
and/or Braced Frames (0)/C-26,
c-27, & C-30

1-Story Precast RC Bearing Walls
with PC Double Tee Roof (1)/C-36A

12-Story Brick Bearing Wall
(R) /NY-5

30-Story RC Moment Frame and Non-
Bearing Shear Wall (Dual) (R)/NY-
20A

10-Story RC Moment Frame (Q)/NY-32

20-5tory RC Bearing Wall (Q)/NY-22
5-Story Steel Moment Frame (0)/NY-
27A

30-Story Steel Moment Frame (0) /NY-
28A

2-Story Steel Frame with RC Block
Walls (I)/NY-41A

5- Story Brick and RC Block Bearing
Walls (R)/CSC-6
10-Story Steel Frame with RC Shear

. Walls (0)/CS5C-24

I-Story Steel Moment and Braced
Frame (1)/CSC-39

O — O ;|

= Residential
= Office

= Industrial
= Commercial
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primary raw data on which this paper is based. Because the focus of
this paper is on percentage cost differences rather than absolute esti-
mates, the slight changes in construction costs during the study period
can be reasonably ignored.

In addition to the estimates of the construction costs for the structuratl
components of the two designs, the engineering firms also submitted
rough estimates of the additional design time that would be required to
use the amended Tentative Provisions. Typically these estimates were
reported as percentage changes in design time required for the structural
components assuming the design engineer was already familiar with the
amended Tentative Provisions. These design time cost percentage change
estimates are also summarized below.

SUHMARY OF COST IMPACTS

This section summarizes the cost impact data reported by the 17 design
engineering firms that participated in the trial design program. The
first subsection provides an overview of the construction cost impacts
organized first by type of building occupancy and then by city. In
the overview by city, the data are presented in two groups: cities not
currently using any seismic provisions In their local bullding codes
and cities currently using seismic provisions in their codes. The first
subsection also summarizes the design time percentage change estimates
provided by the engineering firms. The second subsection reports the
construction cost impacts for each individual trial design in the four
cities that were visited by the BSSC Committee on Societal Implications
{Charleston, Memphis, St. Louis, and Seattle).

Overview of Cost Impacts

Table 4 presents an overview of the construction cost impacts by type
of building occupancy. The five classes of buildings were derived from
the orginal four classes found in the framework for selecting trial
designs by dividing the residential designs into low-rise (five stories
or fewer) and high rise (more than five stories). Because only three of
the office building designs have fewer than ten stories (and those three
have five stories), the office building class is not divided. Similarly,
all seven of the industrial building designs have just one story and the
three commercial designs all have two stories. The third column in
Table 4 presents the percentage change in construction costs for the
structural components of the buiiding, with the Local Code Design as
the base, as estimated by the BSSC trial design engineering firms. As
can be seen, the average change for the structural costs is 5.6 percent,
with by far the largest change (11.2 percent) reported for the high-rise
residential designs. This high average for residential buildings is
significantly influenced by the extremely high estimates reported for
four of these building designs: LALIB (17 percent); MlI4 (16 percent);
M18 (46 percent); and NY20A (20 percent).
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TABLE 4 Percentage Changes in Structural Cost and Total Building
Cost for the Trial Designs by Building Occupancy Type

Building Number of Estimated Change In ProjectedfChange
Occupancy Designs  Structural Cost (%)3 in Total Cost ()b
Low-rise S ‘ 3.6 ' 0.7

residentialt

High-rise 12 ' 11.2 3.3

residentiald

Office 21 4.7 1.3

Industrial T 1.5 0.5

Commercial 3 5.6 1.7

Average Percentage
Change 5.6 . 1.6

Spercentage change in structural construction cost from the local code
to Amended Tentative Provisions, as estimated by the BSSC trial design
engineering firms, 1983-1984. '

QProjected percentage change in total building construction cost from
the local code to Amended Tentative Provisions, derived from estimated
structural cost changes by using the following McGraw-Hill’s, Dodge Con—
struction Systems Cost (1984) data on structural cost as a percent of
total building cost:

Low-rise residential 18.1%
High-rise residental 30.0%
Office . . 28.1%
Industrial - - 33.7%
Commercial o 29.5%

CFive or fewer stories.
More  than five stories.
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The fourth column of Table 4 presents the projected percentage change
in total building construction costs for each building occupancy type.
These total cost changes were projected from the structural cost percen-
tage. changes by using data on structural cost as a percentage share of
total building cost for each building occupany type. The percentage
shares are based on data from McGraw-Hill’s, Dodge Construction System
Costs (1984), which reports the structural percentage share of total
building cost for a large number of typical building designs. The shares
for three of these typical building designs were averaged for each of
the building occupancy types to derive the percentage shares used in
Tables 4 and 5 and reported in the footnotes to the tables. The average
projected change in the total construction cost over all 52 of the trial
designs is 1.6 percent. The high-rise residential building designs
have the highest total building cost impact with 3.3 percent, both be-
cause of the four outliers mentioned above and the relatively high struc-
tural percentage share used for this type of building (30.0 percent).

Table 5 presents the same type of data as Table 4 but reported for each
city grouped according to whether the city currently has a seismic build-
ing code or not. As expected, the average estimated change in the struc-
tural cost is considerably higher (more than twice as high) for those
cities with no seismic provisions in their local codes than for those
with seismic provisions: 7.6 percent versus 3.1 percent. A similar
relationship hoids for the projected change in total building cost:
2.1 percent for cities without seismic provisions versus 0.9 percent
for those already having some seismic provisions in their local codes.

Table 6 summarizes the estimates made by the engineering firms of the
change in structural design time that is expected to be required once
the firms are familiar with the amended Jentative Provisions. The 52
responses are divided into the four categories: negligible change,
positive but unspecified change, positive specified change, and negative
specified change. The fourth category means that the amended Tentative
Provisions, once adopted and familiar to the design firms, would require
fewer design hours than the current codes do. The first response cate-
gory of negligible change was the most common with 28 designs.

Detailed Cost Impacts for Selected Cities

Tables 7 through 10 present the cost impact data for each of the indivi-
dual trial designs in the four cities visited by the BSSC Committee on
Societal Implications. The first two cities (presented in Tables 7 and
8), Memphis and St. Louis, are examples of cities with no seismic provi-
sions in their current building code even though the amended Tentative
Provisions place them in relatively high seismic hazard zones. The
last two cities (presented in Tables 9 and 10), Charleston and Seattle,
are two examples of cities that do have seismic provisions in their
local building codes. The point made in reference to Table 6 regarding
greater cost impact for the cities without seismic codes can also be
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TABLE 5 Percentage Changes in Structural Cost and Total Building
Cost for the Trial Designs, by City and City Group With and Without
Seismic Provisions in Current Local Codes

Number Of Estimated Change [n Project Change in
City Designs Structural Cost (%)2 Total Cost (%) b

. Cities Without Seismic Provisions

Chicago - 10 2.5 0.7
Fort Worth 3 6.1 1.5
Memphis 6 18.9 5.2
New York 7 7.3 2.1
St. Louis 3 4.5 1.3
Average Percentage 7.6 2.1
Change
Cities With Seismic Provisions

Charieston 3 -2.5 -0.6
Los Angeles 10 4.2 1.3
Phoenix () 6.9 1.9
Seattle 4 -1.1 -0.3
Average Percentage 3.1 0.9
Change

Overall Average

Percentage Change 5.6 : 1.6

SPercentage change in structural construction cost from the local code
to the amended Tentative Provisions, as estimated by the BSSC Trial
Design engineering firms, 1983-1984.

QProjected percentage change in total building construction cost from
the local code to Amended Tentative Provisions, derived from estimated
structural cost changes by using the following McGraw-Hill’s, Dodge Con—
struction Systems Costs (1984) data on structural cost as percent of
total building costs:

Low-Rise Residential 18.1%
High-Rise Residential ‘ 30.0%
Office 28.1%
Industriai 33.7%
Commercial 29.5%
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TABLE 6 Possible Effects of the Amended Tentative Provisions on Struc-

tural

Engineering Design Time as Reported by the Trial Design Firmsa_

For these 28 building designs negligible change was reported:

LAL, S1, P2, P3, LAS, SL5A, C5Cé6, C9, P10, LAI5, FWI5, SLl16, LAIS,
NY20a, 524, C5C24, SL26A, LAZ27, FW27A, NY28A, NY32, P35, C36A, LA37,
CSC39, 540, LA4I

® For these 1l building designs positive but unspecified change was
reported:
C2A, FW3, NY5, C26A, C26, C27, C27A, 530, C30A, C30, NY4lA

@ For these 11 buildin designs positive specified change ranging
from 5% to 50% was reported:
M8, Ml4, Cl6, MI8, P22, NY22, M27, NY27A, P32, M38, M4a2

-] For these 2 building designs negative specified change of -5% was
reported:
LAZ9, LA34

8For descriptions of the individual building designs 1isted here, see

Table 3.



TABLE 7 Design Description and Percentage Changes in Structural Cost

and Total Building Cost for the Trial Designs of Memphis

Design

Code

Structural Total Building

M8

Mi4

M18

M27

M38

M42

Design Code
Description

Stories Cost Change (%)3 Cost Change (%)3

Residential,
reinforced
concrete wall
and slab

Residential,
steel frame/
moment frame,
composite floor

Residential, .
reinforced
concrete
moment frame,
flat plate

Office, stee!
moment frame,
composite floor

Industrial,
tilt-up shear
wall, steel
framing

Masonry shear
wall, steel
framing

8See note on Tables 4 and 5 for definition.
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TABLE 8 Design Description and Percentage Changes in Structural Cost
and Tota! Building Cost for the Trial Designs of St. Louis

Design Structural Total Building Design

Code Stories Cost Change (%)2 _ Cost Change (%)3 Description

SL5A 10 6.0 , 1.8 - Residential,
masonry walls,
reinforced

concrete slab

SLle 20 3.8 1.1 Residential,
reinforced
shear wall,
flat plate

SL26A 5 3.6 1.0 Office, steel
braced frame,

composite
floor

8See note on Tables 4 and 5 for definition.

TABLE 9 Design Description and Percentage Changes in Structural Cost
and Total Building Cost for the Trial Designs of Charleston, S. C.

Design Structural Total Building Design
Code Stories Cost Change (%)28 Cost Change (%)2 Description
CsCé 5 -3.5 -0.6 Residentiatl,

masonry walls,
steel joists

CsSC24 10 -4.0 -1.1 Office, rein-
forced concrete
shear wall,
composite floor

CSC39 1 0.0 0.0 Industriat,
steel braced

frame/moment
frame

8See note on Tables 4 and 5 for definition.
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TABLE 10 Design Description and Percentage Changes in Structural Cost
and Total Building Cost for the Trial Designs of Seattle

Design Structural’ : Total Building Design
Code Stories Cost Change (%)3 Cost Change (%)B Description

Si 3 -1.1 -0.2 Residential,
: ‘ wood frame,
plywood walls
& dDiaphragms

S24 10 -4.6 -1.3 Office, rein-
forced' concrete
shear wall,
composite floor

S30 20 1.3 - 0.4 OQffice, dual
: . steel braced
: frame/moment

frame, com-

posite floor

S40 1 0.0 0.0 [ndustrial,
steel braced

frame /moment frame
(metal building)

85ee note on Tables 4 and 5 for definition.
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made here by comparing the average projected change in total building
costs for Memphis (the highest at 5.2 percent) and St. Louis (1.3 per-
cent) with the corresponding percentages for Charleston and Seattle (both

negative).

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

The results of the BSSC trial design program presented here provide
some idea of the approximate cost impacts expected from implementation
of the NEHRP Recommended Provisions. For the 29 trial designs conducted
in the 5 cities (Chicago, Ft. Worth, Memphis, New York, 'and St. Louis)
whose local building codes currently have no seismic design provisions,
the average projected increase in total building construction costs was
2.1 percent. For the 23 trial designs conducted in the 4 cities (Char-
leston, Los Angeles, Phoenix, and Seattle) whose local codes currently
do have seismic design provisions, the average projected increase in
total building construction costs was 0.9 percent. The average increase
in costs for all 9 cities combined was 1.6 percent. Although these case
study results cannot be directly projected to the U.S. building popula-
tion, they do refilect the order of magnitude of the cost impacts of the
NEHRP Recommended Provisions.

In spite of the limited sample size of the trial design program, these
data do offer several avenues for further research. The first is an
analysis of variance test to see whether the difference in the cost
impact estimates for the cities with and without current seismic provi-
sions is statistically significant. Because of the rather large variance
in the cost impact estimates, it may be that the difference between the
two categories (2.1 percent versus 0.9 percent) is not significant. Other
analyses could be conducted to see whether the factors such as building
occupancy type and number of levels have a significant effect on the
cost impact estimates.

Another major effort could be undertaken to normalize the data by con-
trolling for the effect of the local seismic hazard and the presence of
seismic provisons in the current code from city to city. I[f a seismic
design value could be established for the Local Code Design cases that
is comparable (i.e., on the same numeric scale) to the Seismic Design Co-
efficient used in the amended Tentative Provisions cases, then such a
normal ization could be accomplished. This would make possible the use
ofi regression analysis techniques to develop a statistically valid method
for estimating seismic design cost impacts for any city.
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