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SUMMARY OF THE ANALYSIS

This report presents the results of a detailed analysis of the increased costs imposed
by the earthquake resistive construction recommendations specified in the report
titled " A Methodology for Seismic Design and Construction of Single Family Dwell-
ings", hereafter referred to as the Report.

The methods used for the preparation of the cost impact analysis as well as the con-
clusions drawn are fully explained in the succeeding chapters. A brief synopsis of
these items is contained in the remainder of this chapter.

Five basic designs consisting of four wood=frame and one exterior masonry walled
house were studied. The wood-frame Houses are of one=story, two-story, split-
level and split-entry configurations. A variety of exterior finish materials was as-
sumed, with one exterior finish material assigned to each model. The split-entry
home, Model F, was designed using the heaviest roofing, exterior and interior wall
finish materials. The fifth mode! studied was a one-story house with exterior masonry
walls similar in floor plan to the one-story wood-frame house . In addition the large
windows and sliding doors of the one-and two=story houses were reduced in size in
alternate designs, for a total of seven houses studied. Each house was designed for
Seismic Zones 2 and 3 and for 15 psf, 25 psf, and 40 psf wind load. The impact

of the Report on the cost of construction was determined for each design, using the
Los Angeles region as a base area for incremental cost determinations and assuming
the differential in cost to be the difference between the requirements of the Report
and the requirements of the Conventional Construction Provisions and other appli-
cable sections of the Uniform Building Code, 1973 edition.

Tables 1 and 2 of Chapter 6 summarize the results of the cost impact analysis by
model and type of horizontal load. Table 1 specifies the impact in terms of dollars,
while Table 2 converts this information to the percentage increase in construction
costs. As shown in the latter tabulation, impact upon construction costs in seismic
regions is very nominal, ranging from approximately 0.2 per cent to a maximum of
1.4 per cent. The impact on cost for high wind load designs was somewhat more
uniform but greater than that for the requirements for seismic design.

Maijor conclusions reached include the following:
¢ Reasonable seismic protection similar to that offered other construction

in Seismic Zones 2 and 3 can be provided in residential structures for
relatively minimal cost. Certain configurations of homes which presently




utilize construction details especially prone to damage in seismic distur-
‘bances are subject to a somewhat higher cost impact than more standard-
ized designs.

The Report was intended primarily to deal with the damage caused by
earthquakes. Although it is flexible enough to be useful in designing for
high wind loads as well, the methodology presented for the determination of
wind loads to lines of shear resistance is not as sophisticated as it should be
to allow for optimum economy in design.

The assignment of the same shear values for exterior and interior wall
finish materials for both wind and seismic loads is questioned. |t is
suggested that a higher value (and therefore a lower factor of safety )
might be acceptable for these materials in conjunction with wind load
designs.

Testing to determine the uniformity and validity of the results upon which
present shear resisting values are based is suggested. In addition, it is
concluded that testing to determine allowable values for combinations of
exterior and interior finish materials would reduce the cost impact of the
methodology and provide more realistic and economical designs for both
types of lateral loads.

In designing these homes the Report was " tested" and found practical for
use in seismic areas. As mentioned above, some revisions to the method-
ology would be necessary to obtain the same effectiveness in high wind
areas.
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DESIGN OF THE COST ANALYSIS
HOUSE SELECTION

Five basic floor plans and variations on two of these plans were selected for the
homes to be used for this study. The four dwellings with wood frame exterior walls
are intended to be representative of the four basic floor plans currently used for
home design in many parts of the country. These are the simple one-story home, a
two=story house, a split-level house and a split-entry house . In addition, a one-
story residence incorporating exterior masonry walls is provided to represent that
type of construction. The last home is similar in floor plan to the wood-frame one-
story house . Floor plans, elevations, foundation plans and material specifications
for each of these Model homes is included in Appendix A .

The one=-story, two-story and split-level homes, as well as the house with exterior
masonry walls, are as they appear as Example Homes in the Report with revisions
as noted below and are designated Models A, B, C and E respectively. Since
Model D as presented in the Report is not used for this analysis, no such model
designation is used herein. The split-entry home is therefore designated Model F.

Models B and C are essentially identical to homes actually damaged in the 1971

San Fernando Earthquake. Model A, while not a reproduction of any particular
house, is representative of typical one-story home design and construction in the
area affected by that earthquake. These three models therefore represent typical
Southern California designs utilizing relatively large window openings, sliding

glass doors, etc. Because of energy requirements, as well as normal design practices
in colder climates, Models A and B were modified to represent designs with smaller
exterior wall openings and are presented as Models A-1 and B=1. In order to more
nearly balance the length of shear walls on the various sides of Model B-1, the fire-
place was relocated from the rear to the left side. When presented in the Report,
the rear wall of Model B was also a modification of the actual home design as it
existed in the earthquake area. The rear wall of the actual house contained slightly
more shear wall. This was reduced to the minimum allowed by Section 2518 (f) 5

of the Uniform Building Code .

In making the initial selection of Models A, B and C for inclusion in the Report as
Example Homes, consideration was given to both the type of damage sustained and
the representation the particular model afforded as being generally typical for
houses of the type represented. Models B and C were contained in tract type
developments and were included in the survey of damaged homes reported in
"Berformance of Single Family Dwellings in ihe San Fernando Earthquake of 1971",




May 1973, as reviewed as Reference 1 of Task 1 of damage data reviewed in de-
veloping the Report. Variation in damage to individual houses of both Models B
and C was extreme . Despite the fact that the referenced report studied only the
more severely damaged homes, damage ratings for'Model B varied from slight to
total . At least two of these homes had to subsequently be torn down.

The two story portion of two of the homes depicted as Model C totally collapsed,
while other homes of this type ( not included in the reference ) received only slight
damage . This model was also slightly modified in plan in order to provide shear wall
at the front of the garage as well as to avoid knowingly depicting actual existing
homes in their entirety.

The plans, Calc Forms and cost data pertaining to the designs studied may be found
in the Appendices. ‘

MATERIAL SELECTION

Framing methods indicated and finish materials selected in no way relate to a
specific existing residence but were selected to provide the widest possible variety
of structurally acceptable finish materials. The reader should recognize that the
selection of exterior finish in particular has an effect upon the cost impact of the
Report. A house finished with exterior plywood siding, for instance, can be de-
signed to develop shear resistances of up to 410 pounds per foot by simpby decreas-
ing nail spacing; while the same house, if finished in fiberboard, is limited to
175 pounds per foot and must use plywood beneath the finish material when shears
exceed this amount. Therefore, to give the most realistic appraisal of maximum
cost impact, plywood siding was assigned to Model A, the one-story residence
developing the least shears in the various walls.

Since stucco and nailbase fiberboard develop very nearly the same allowable shears,
and when gypsum board is used as an exterior finish material it is also used as the
interior finish material with the result that allowable shear per.foot may be doubled,
virtually all exterior finishes other than plywood have an allowable shear of from
175 to 200 pounds per foot. Hardboard is the lone exception and falls midway be-
tween the other finishes and plywood with its allowable shears of 230 and 300
pounds per foot for ship-lap and butt-joint hardboard, respectively.

The heaviest of wall finish materials (and a heavy roofing material ) was assigned
to Model F. 1t was anticipated that this would provide a reasonably good compari-~
son between this two=story house and the basic two-story design provided in Model B.




VENEER

A four inch thick brick veneer is provided at Model A, and the entire front of

the house at the first story is four inch stone veneer on Model B. The effect of
these materials upon the overall design of each residence is commented upon in
the next chapter.

FOUNDATION CONDITIONS

The provision of basements under houses virtually eliminates the need for grade
beams when unstable walls requiring hold-down anchors are encountered. Since
Model A-1 is single story construction and is provided with the maximum in
shear walls, it was anticipated that the cost impact of the recommended method-
ology would be the least for this home . 1t was also assumed that a further re-
duction would be achieved by providing a basement under this model .

Since all design calculations extend to the first floor only (except in a few un-
usual designs ), a single set of calculations was necessary for the three Model C
configurations. The mid-level was considered as having a basement beneath it in
Model C, as being slab on grade in Model C-1, and with craw| space and wood
floor construction in Model C-=2. The only other variable introduced into these
three designs is the location of grade at the rear of the two-~story portion. Vari-
ations in cost for these three models are therefore caused by the variables due to
these two items and cai «asily be discerned.

FIREPLACES

Although fireplaces are shown for each model, Models A, B, and C were designed
as if no fireplace were present. The cost take-offs also reflect the omission of the
fireplace for these models. Since the models in the Report were designed with a
fireplace, it was anticipated that a comparison of the effect of the fireplace upon
shear walls could be reasonably made . Although the cost impact of constructing
masonry fireplaces in accordance with the Report's recommendations is discussed
herein, it was recognized that the effect of a masonry fireplace on shear walls is
much too variable to make any definitive comments with regard to additional costs
which might be incurred in construction of shear walls when fireplaces are added.




UNUSUAL CONFIGURATIONS

The term "unusual configurations” was first used in conjunction with single-family
dwellings by McClure in his report on dwelling damage in the San Fernando
Earthquake referenced above . It is virtually impossible to provide an all-inclusive
definition for this term. In brief, it refers to those elements of modern home de-
sign that cause these structures to become more prone to damage in earthquakes
than the more box-like dwellings constructed a number of years ago. Included in
this definition would be cathedral ceilings, cripple stud walls extending from the
foundation to the wood first floor, vertical breaks in roof diaphragms, use of large
amounts of glass ( and therefore smaller amounts of shear wall ), use of light-
weight concrete fill on second floors and other similar conditions causing either
an increase in seismic load, a decrease in the load resistance of the structure, or
the development of an inherent weakness within the structure. The most common
unusual configuration is the split~level home. The methodology and details are
designed to automatically consider virtually all such conditions when they occur.

Without question, the Report's design and construction recommendations for these
unusual configurations will increase the cost impact upon that design. The com-
binations and permutations of all such special conditions would be too complex to
include in this analysis, however. In addition, the subtleties of the influence

on cost would be very difficult to evaluate since in some designs little if any impact
would be made, while exactly the same combination of conditions in a different
design would create a more substantial increase in cost. The two most common
unusual configurations have been considered in this analysis. Model C is a split-
level house and Models A, B and C contain relatively large amounts of glass.

WIND

Methods used in making wind load designs vary considerably by locale. it was
not intended that the Report be jointly directed to wind loads as well as seismic
disturbances. A system for figuring wind load on the structure was included only
because most local building agencies in Seismic Zone 3 require that wind loads
be checked against seismic loads and that each individual shear wall be designed
for the load which governs at that location. The method shown is in general use
on the West Coast which includes most of Seismic Zone 3. The Report, therefore,
includes wind load determination only to make the Report more practical by pro-
viding the home designer with guidelines for determining wind as well as earth-
quake loads to shear walls. The wind methodology of the Report does not entirely
reflect the procedures set forth in the Hud Manucl of Acceptable Practices, nor
was it intended that the Report cover all considerations which are given to wind
loads in high wind areas.




The designs for 15, 25 and 40 pound per square foot wind load used herein are
intended to reflect only the impact on cost of the development of shear walls
capable of resisting racking, overturning and sliding. Development of hurricane
anchors or other devices used to resist roof uplift, as well as other conditions
peculiar to wind load alone, are not reflected in the wind designs presented. In
many areas where such devices are required, local codes already require their
installation and no additional cost impact would therefore be implied. The same
remarks are equally applicable to increased sizes of wood studs or roof members
which could result in high wind areas.

One additional complication is created by the consideration of wind loads. The
Uniform Building Code states that 1.5 times the load determined should be used in
establishing the stability of shear walls for overturning. This presumably counters
the decreased weight of the structure created by the uplift forces of the wind.

This consideration is not required by other publications. It was therefore decided
to design Model A with and without this requirement so that a comparison could be
made . Sinee this consideration is not stated in the HUD Manual of Acceptable
Practices,all other designs have been made without consideration of this provision .
The existence of this complication is mentioned in the Report as a warning to the
designer. The Report provides guidelines for overturning designs with variable
loads and therefore local requirements will determine the necessity of incorporating
this method of figuring overturning in the design.
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DESIGN AND DETAILING

DESIGN METHODS AND ASSUMPTIONS

Insofar as possible, all designs were made utilizing the charts, tables, formulae

and recommendations presented in the Report. In the preparation of the Cale
Forms and the subsequent selection of details, the method or detail considered to

be most economical was selected in virtually all cases. Where a choice of details
was possible and the same detail occurred in more than one model, variations were
presented in order to indicate the price variation created by the selection of method
or detail . Shear wall plans, tributary area plans and completed Calc Forms for
each model and loading condition are given in Appendix B.

When it was found necessary to require the application of plywood sheathing be-
neath the finish material, Structural Il plywood was utilized in all cases. It was
felt that too large a variation in cost would be reflected between models by chang-
ing plywood grade from model to model. Structural Il plywood is the designation
used in the Report to describe all grade-stamped plywood other than Structural |

or Siding, and should not be interpreted as implying that the plywood itself must

be grade-stamped Structural I1.

Wind Load Designs

The Report discusses the fact that interior nondesigned walls parallel with the
direction of movement resist small portions of the seismic load. A downward
adjustment of interior wall loads to designed shear walls has been made in the Wall
Load tables to account for this circumstance . When wind loads are applied no such
allowance is made for nondesigned walls, although even |5 psf wind frequently
governs shear wall design in Seismic Zone 3. |t is believed this contradiction in
assumptions has never before been noted. When preparing the two-story house
designs for the higher wind loads, this anomaly quickly became apparent. For
Mode! B-40 psf wind, for example, plywood is required at the second floor on
Lines A.and B of this relatively small structure. At Model F, Line A, the wind
load is actually greater at the second floor than it is at the first floor when the
methods set forth in the Report are utilized. Had interior second floor walls at
Model F been used as shear walls, no plywood would have been required at the
second floor. |t was concluded that if the Report is to be used for high wind load
designs, a somewhat more sophisticated methodology for dealing with these loads
should be added.




Models A and A-1 (pp 112-132)

As mentioned previously, the existence of plywood siding for Model A precludes

the necessity of providing plywood sheathing under the finish material . Inspection
of shear per foot ( pps 118-124 )indicates that no special sheathing would need to be
added for Seismic Zones 2 or 3 or 15 psf wind load (and 25 psf for A=1) if lesser
shear resisting materials were used. Only wall C of Model A would require plywood
sheathing at 25 psf wind load (p 122 ), but Walls B, C, E, F and G could require
plywood sheathing if fiberboard were used for 40 psf wind (pps 125-126 ), and only
Wall D would be eliminated from this list if ship~lap hardboard were used. |f
stucco were the exterior finish material, loads would be heavier and new calcula-
tions would be needed in order to make an exact determination, but the shear per
foot would be approximately double. Assuming a doubling of the shear, Walls C
and E of Model A would require the application of plywood sheathing in Seismic
Zone 3 with no effect in Seismic Zone 2. For all materials other than stucco, hold-
down anchors, sill bolting, etc., would not be affected. Wall B would apparently
require additional hold~downs if stucco were used in Seismic Zone 3.

Models B and B-1  (pp 133-157)

The minimum shear wall ( per UBC requirements ) provided at the rear of Model B did
not require the application of plywood until 40 pound wind loads were applied (Wall
I, p 151 ). This was primarily due to the existence of the interior shear wall which
does require plywood sheathing for both 25 and 40 pound wind loads (p 148). The
left side wall ( Line A on the tributary area plan, p 137 ) also required the appli-
cation of plywood for 25 and 40 pound wind loads. Model B has 18"~0" of effective
shear wall length at its front and only 9'-0" at the rear. The Rigidity Analysis
supplied as a part of the Supplementary Engineering Analysis indicates that this
model would be subject to considerable diaphragm rotation due to the imbalance of
shear walls.

At Model B-1, the effective shear wall lengths have been adjusted to achieve a
greater degree of balance. Twenty feet of effective shear wall length occurs at
both the front and rear of the house, with fifteen feet at the left side and 26'-4"
at the right-hand side of the two=~story portion. Although the difference in lengths
at each side is considerable, the length of side walls appeared to be adequate . The
design of Model B-1 ( pps 153-157 ) indicated that it would ultimately prove to be
more expensive since plywood is required at the left side wall in Seismic Zone 3
and for all wind loads. Plywood is still required at the interior wall for 25 and 40
pound wind loads and at the front and rear wall for 40 pound wind. These consid-
erations made it clear that the most economical design could be achieved by de-
creasing the size of the openings as was done in Model B-1, but leaving the fire-
place located in the rear wall as is indicated for Model B. '




Model C  (pp 158-181)

The short wall adjacent to the garage door requires the use of hold-down anchors
and plywood sheathing for all loads. When 25 and 40 pound wind loads are applied ,
the design of this wall is not possible using the Report and an engineered design
must be provided. For 25 pound wind load the engineered design requires the use
of 2 X 8 studs such that two hold-down anchors can be applied side by side to a

4 X 8 post at each end of the wall. Since no tables are supplied for grade beams
using such a design, this also was done by engineering. For 40 pound wind load it
became necessary to supply a wide flange column in line with the wall, since
neither shear nor overturning could be effectively dealt with using the wall itself.
The wide flange column would be installed by first pouring a small footing to which
the column could be attached. The grade beam would then be poured around the
column to provide proper embedment for transfer of moment .

Model E  (pp 182-193)

Due to the short length of wall at the rear of the living room, it was necessary to
provide a grade beam at Line F. All other walls proved to be stable for all loads
other than 40 pound wind. For this latter load, it was assumed that it would be
less expensive to grout the wall solid than to provide grade beams at the various
locations. Since this was not possible at Line F, a grade beam is provided at this
location for all models and solid grouted walls are provided at other locations for
the 40 pound design.

Model F (pp 194-212)

As stated in the previous chapter the heaviest of all loads was applied to this model .
The exterior stucco and interior lath and plaster are the most common wall finish
materials used in the Southern California area. Although concrete roof tile is not
often used for residential structures, Spanish tile is occasionally used. Split-

entry homes are rarely, if ever, constructed in Southern California, however, but
are constructed in other parts of Zone 3, usually with lighter weight finishes. Des-
pite its heavy loads, the shear requirements for Seismic Zone 3 appear to be un-
usually severe. This is primarily caused by the upper story having a diaphragm

ratio of nearly 2 to 1 and the almost 1 to 1 ratios between shear walls at the first
floor.

An example of the adjustment a designer might make through knowledge developed
by the use of the Report is shown in this model. The fireplace was originally shown

10




as adjacent to the entry stairway. When it was determined that more shear wall
was required at this location, the fireplace was shifted to the right to allow the
wood=~stud wall to extend behind it. The adjusted location is shown on the founda-
tion plans for the various loads. This solution is not entirely desirable because it
requires that the wall be constructed and shear resisting material applied before

the fireplace is built. A more desirable solution might be to enclose the room
shown by the dashed lines on the first floor plan ( p 97 ), so that the shear wall
provided adjacent to the front entry and this wall could be considered as acting
together. The methodology would not require that the wall adjacent to the fire-
place be used at all. Judgment would indicate that shear wall should be developed
at this location. This type of decision will become apparent to users of the Report
through experience.

Due to the configuration of this model it was assumed that the roof was framed from
front to rear while the floor framing extended from side to side. This appears to be
the most practical method of framing this house and has a secondary result of sup-
plying considerable vertical load to all shear walls. As a result, relatively few
hold-down anchors and grade beams are required. This slightly offsets the cost of
the application of a large amount of plywood sheathing in Seismic Zone 3 and the
40 pound wind zone. The need for an adjustment in wind requirements is again
emphasized when considering the 25 pound wind load design. Plywood is required
at both end walls at the second floor while no plywood is required at these locations
at the first floor.

Veneer

Because all shear resisting materials for Model A-Seismic Zone 3 prove to be suffi-
cient, the veneer added at the front of the house had no affect upon cost. At Model
B, veneer load represents less than 10% of the total load to Walls A and B. The
shear resisting materials supplied would therefore still be required if a 10% reduction
were effected. Since the affected walls are also stable, the only increase in cost

in Seismic Zone 3 would be the addition of, at most, three anchor bolts.

DETAILING

Because the Report is intended for use in Seismic Zones 2 and 3, no particular prob-
lems were encountered in specifying the details to be used for earthquake loads.
Several assumptions were necessary, however, in order to properly detail the various
models for wind loads. The Report does not specify which Nailing Table should be
used in various wind zones. A study of the table for Zone 2 indicated that roof

H




nailing and all one=-story construction is good for 15 pound wind zones, while two-
story construction, in the worst case, is adequate for about 11 psf ( assuming a 4
in 12 roof pitch). One story "heavyweight" construction in Zone 3 is capable or
resisting a minimum of about 18 psf, while " lightweight" nailing can take only

15 psf in the worst case. These figures are predicated upon a maximum 2 to 1 dia~
phragm ratio for one-story construction and 1 =1/2 to 1 for two=story. Most homes
do not approach this diaphragm ratio, particularly if interior second floor walls are
considered fo be resisting wind loads. The closest the homes studied come to the
diaphragm ratios mentioned is the 1.29 ratio of Model B. |f interior second-floor
walls are not assumed to resist wind (as they are not presently in the Report), the
ratio for the roof of Model C is 2.29, however. In accordance with these findings,
Zone 2 nailing was used for 15 psf wind designs and Zone 3 nailing for 25 and 40
psf wind.

Since the wind analysis presented in the Report is intended fo be supplemental to

the seismic applications, it was assumed that the arbitrary details such as water heater
ties and cabinet fastenings, framing anchors at sole plates of two-story construction,
and corner connections were applicable . The first two details mentioned would most
probably not be required in zones having low seismic activity but high wind. The
framing anchor fastenings at the sole plates would be at least as desirable in wind
zones exceeding 15 psf as they are in Seismic Zones 2 and 3, but the necessity of

the provision of the special corer details is questionable .
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DETERMINATION OF COSTS

The basis for all costs set forth herein are the prices in Los Angeles for September-
October 1975. The conditions in the construction market during this time period
will affect these cost estimates by an undetermined amount. When interviews with
contractors were undertaken for the purpose of determining unit costs and other
pertinent data, it was discovered that although most contractors were quite willing
to discuss their costs and methods of estimating, there was virtual unanimity in de~
clining to reduce such statements to writing. At first it was assumed that particular
contractors did not wish to be associated by name with their costs or methods be -~
cause of the competitive nature of their business. As more interviews were obtained,
it became clear that the principal regson for this reluctance was the depressed state
of the market in the Los Angeles area which had produced extreme competition.
Dry-wall contractors, for example, were uniform in their statement that the cost for
“structural nailing” (5d at 4 ) should have been more than the 3/8 to 1/2 cent per
square foot being charged, but in view of the market, they could not obtain a
higher figure .

Since no firm commitments could be obtained from any single contractor, a method
was devised whereby two contractors were approached to provide estimates of in-
stalled costs and/or unit cost for particular items. If the prices quoted were essen-
tially in agreement, the cost was noted and used. Where prices varied, at least
one more contractor was approached. In all but one case this yielded an agreement
between at least two contractors for the prices used.

One of the largest home builders in Southern California was furnished with a copy
of the Design Methodology and Details and originally agreed to furnish unit costs.
In conference with the contractor's architect, structural engineer and framing con-
tractor, they determined the impact of the Report to be 75 to 90 dollars per house
for one=-story construction, 105 to 125 dollars for two-story construction and, using.
less accurate methods, approximately 260 dollars for split-level construction. The
first two prices were based on a 1320 square foot, one-story house selling for

$47 ,500 and an 1830 square foot, two-story house selling for $53,000. Having
determined and transmitted this information verbally, they were unwilling to pro-
vide unit costs or write any letters verifying their findings. The information did
tend to add credence to the cost analysis made, however.

Where slight variations in costs quoted were found, the highest price was used in

an attempt to somewhat offset the market conditions discussed above . The one ex-
ception to this rule involved Detail 15, Continuous Footings. Each contractor
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approached indicated that he would achieve the detail in an entirely different way
or, if using the same method, quoted considerably different costs. One contractor
felt that placing dowels would be the least expensive and intended to place the
pre-bent dowels along with the anchor bolts near the edge of the footings. Another
indicated that he would insert the dowels into the concrete while it was still wet
and bend them after the concrete cured. The first contractor mentioned stated that
if the key detail were used it would be necessary to use milled 2 X 4's which he
estimated could be reused five times. A third contractor stated he would use
framing lumber and remove it as soon as the concrete had set enough to be self-
supporting. He then planned to use the framing lumber in the structure so that there
would be no material cost. The latter contractor estimated his method at six cents
per foot, while still another agreed that the last method would indeed be the cheapest,
but fhat it would be necessary for a laborer to remain to remove the 2 X 4's before
they became locked in the concrete, with the result that the cost would be some-
what higher. Ultimately a cost of 25 cents per foot was used for dowels and 15 cents
per foot was used for the 2 X 4 key. It is considered that these prices are the most
questionable in the cost analysis, however.

Another complicating factor was the apparent widespread use of piece-work payments
being used in the Los Angeles area. The local HUD cost estimator indicated that

the split-level tie details would probably be priced uniformally as piece work, de-
spite the fact that Detail 11 is considerably more complicated that Details 9 or 12.
This method was not used in the analysis. In all cases, it was attempted to obtain

an accurate cost foreach detail by either obtaining the costs themselves from con-
tractors, or by obtaining both the cost of material and an estimate of time to msfa||
the detail . The unit and detail costs used are shown in Appendix C

Model Home Cost Analysis

To obtain the cost impact of each type of load on each model, the base cost of
those details other than shear resisting materials, nailing, sill bolting, hold-down
anchors and grade beams was first established for Seismic Zone 3. To account for
the difference in nailing requirements for Seismic Zone 2, the base cost was sub=-
sequently reduced for Zone 2 and for 15 pound wind loads by subtracting the dif-
ference in unit cost between the zones and multiplying it by the quantity effected.
In most cases the unit cost impact in Zone 2 was zero and the entire cost of the
item could be deducted. These calculations were not shown in detail since they
have relatively little effect on the base cost in most instances.

Cost impact was assumed to be the difference between the cost of items required
by the Report and the cost of those items already required by the Conventional
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Construction Provisions, Section 2518 of the 1973 edition of the Uniform Building
Code. For the masonry House ( Model E ) in Zone 2, the base cost was assumed

to be a house with partially reinforced masonry walls, per Section 2419 (a) of the
Uniform Building Code . It should be pointed out that many localities in Zone 2

do not now require that masonry in residential construction be as heavily rein-
forced as required by this Section of the Uniform Building Code . In those local-
ities the increase in cost will be greater than indicated by this study, but it was

not deemed reasonable fo attribute those increased costs to the impact of the Report.

Where Section 2518 does not specify a procedure to be used, current practice in
the Los Angeles area was considered to be the norm, since this practice usually
reflects other.requirements of the code. As an example, dry-wall must be attached
in some manner to all wood stud walls. Section 2518 does not specify the required
attachment for dry-wall for walls other than exterior walls and main cross stud par-
titions. It would not appear fo be practical to attach some dry-wall in one fashion
and the remainder. in a different manner. General practice in the Los Angeles
area is to attach all dry-wall with 5d nails at 7 inches on center, although occa-
sionally other methods are used for interior non-structural partitions. The Report
specified that all dry-woll be nailed with 5 d nails at 7 inches on center as a min-
imum. Since this nailing was taken as the norm for the Los Angeles area, no cost
impact was associated to the nailing for dry-wall in the cost analysis. |t was recog-
nized that other methods are used in other parts of the country, and that the MPS
refers to double nailing. The quantity of interior wall finish and other similar items
which might have a cost impact elsewhere are therefore listed in the take-off, even
though no unit cost is assigned to the item.

The structural requirements shown on the plans prepared for each individual loading
were next itemized and then added to the base cost to obtain the cost impact for
each model with each loading specified .

It was attempted to reflect field procedures in establishing the cost for all items.
Since box nails are preferred for toe-nailing for instance, this type of nailing was
assumed with a resultant increase in toe-nailing costs of 50% . Many costs, such
as toe-nailing, nailing of dry-wall, etc. are usually figured in larger quantities
with the result that it was necessary to list unit costs to the nearest mil in order to
obtain some degree of accuracy. This procedure has been extended to other items
where that degree of accuracy may not be justified .

In establishing areas for plywood, gypsum board and solid-grouted masonry wall,
the following rules were used:
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Masonry Walls:

Plywood:

Dry~-Wall:

Use actual wall area deducting all openings.

Consider all normal windows and single man-doors as

solid wall. Take one-half of area for double-doors, floor-
to-ceiling glass and other large openings wider than 3'-0".
Consider area to be zero for 6'-8" high openings wider
than 8'-0".

Take all area as solid and deduct one-half ¢f door and full-
height glass openings more than 3'-0" wide. Reduce total
area obtained by 7 to 10 per cent depending upon number
and size of openings. Use 9 per cent deduction for normal
Southern California house .

16
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COST OF OTHER CONSIDERATIONS

For various reasons, three major items of concern are not reflected in the analysis
of the homes studied. These are snow, masonry fireplaces, and the special garage
front wall detail. The cost impact and the reasons for their exclusion from the basic
analysis are set forth below.

SNOW

The report does not require that snow loads be considered until they exceed 32 psf.
This virtually excludes snow load consideration for all but mountainous regions in
Seismic Zones 2 and 3. Where snow is to be considered, the Report requires that
one-fourth of the vertical design load be included with roof load in obtaining the
equivalent seismic forces. Since this condition will be relatively rare for FHA-
financed homes, no design was prepared to consider the effects of snow load.

First-story walls of two-story construction are subjected to considerably larger loads
than those in one-story houses. The one-story house will therefore be most affect-
ed by the inclusion of snow loads. Walls B and F of Model A were selected as rep-
resenting the worst case for load in each direction in this particular home . It was
assumed the worst case would be developed at those locations where the tributary
width was the largest dimension. The forces applied by the various wind loads

were then converted into equivalent horizontal Zone 3 force created by snow load
in order to allow a comparison between the requirements of designs already made
and the forces generated with snow load. For transverse loading it was found that
the 15 pound wind design on Wall B would support a vertical design snow load of

66 psf and that the 25 pound design would support a load of 151 psf. In the longi-~
tudinal direction, 15 pound wind load on Wall F is virtually identical to the Seismic
Zone 3 load, and no increase for snow would therefore be acceptable. The 25
pound load is equivalent to a 43 pound snow load and 40 pound wind is equivalent
to 105 psf. In both cases the shear walls at the particular lines studied are quite
long. Framing anchor hold-downs are required for the wind loads equivalent to

the seismic force created by snow loads of 70 pounds or less, with the heavier angle
hold-downs required for a capacity equivalent to 100 psf or greater snow load.
Plywood sheathing is not required for lighter snow loads when other finishes are used,
but it is required for heavier loads.

17




MASONRY FIREPLACES

The reinforcing and tying of masonry fireplaces as detailed in the Report is al~
ready required in California. Although masonry fireplaces were omitted from the
designs for Models A, B and C, the cost impact of the fireplace construction using
Los Angeles as a base area would therefore be zero. In addition, the one=and two-
family dwelling code endorsed by BOCA, Southern Building Code Congress, 1CBO,
the National Building Code, and American Insurance Association requires that
masonry fireplaces in Seismic Zone 3 be strapped and tied in a similar manner.
These requirements are presently not met in most parts of the country and there will
therefore be a cost impact in meeting these requirements. In view of the require~-
ments already stated in both the Uniform Building Code and the one and two-family
dwelling code, it is questionable whether this impact should be assigned directly
to the Report. In utilizing the unit costs developed for other items it would appear
that the additional cost for the reinforcing and ties as shown on Detail 47/4 in the
Report would be approximately $50. This requirement was instituted in the Salt
Lake City. areaduring the year previous to the study. The cost analyst in the Salt
Lake City HUD office stated that his figures indicated impact of cost to be more
nearly $150.

In addition to the cost of reinforcing and tying the fireplace itself, the affect upon
shear walls must be considered. 1t is impossible to make any generalized conclu~
sions in this matter. Many shear walls are loaded to only a small portion of their
shear and overturning capacity with the result that the additional load generated
by the reaction of the chimney upon the structure has no impact at all. When
special shear resistance must be developed it will be found in many cases that the
addition of the fireplace load again has little effect since the additional shear per
foot will frequently fall within the range of that material. 1t is only when the
additional load requires a change in shear resisting material or the addition of
hold-down anchors that costs are affected. When such is the case, the additional
cost can quickly approach $50 to $100 or even more .

SPECIAL GARAGE FRONT WALL

It is estimated that the Special Garage Front Wall Details will cost approximately
$40 for one-story construction and $51 for two-story construction. A 4'-0" mini-
mum length shear wall would be required if the detail is not used, however. The

grade beam cost alone for the 4'~0" long shear wall at the front of Model C,

Zone 3, is $111,11, The savings achieved through the use of the front wall detail
are offset by the requirement that 100% of the load must be taken by the rear wall
of the garage but a net savings should result. In addition, this detail allows the

use of slightly narrower garages than would be required if a shear panel were pro-
vided.
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COST IMPACT AND CONCLUSIONS

GENERAL

Table 1 summarizes the cost impact of the Report on each house studied for each

of the various loads. No incremental increases in cost are listed in Table 1 for

25 and 40 psf wind loads on Mode!l C and its variations because these designs could
not be achieved through the use of the Report’s methodology alone. Engineering
is required at the front of the garage on these models as discussed in Chapter I
(Model C). The detailed supporting data may be found in Appendix C.

Table 2 states the range of percentage impact upon the builder's cost of construc-
tion. The cost of construction itself varies considerably, depending upon the size
and purchasing power of the developer plus the size of the tract. Based upon the
square foot area of the house itself ( excluding garage ) costs without contractors'
overhead or markup range from about $18 to $23 per square foot, and up. $18
and $23 were multiplied by the square footage of each model studied to establish
the range of construction cost. The lower percentage indicated in Table 2 is based
upon the higher costs for the small builder, while the higher percentage assumes
no cost savings by the large builder and results in a percentage increase which is
almost certainly conservative. In assessing the accuracy of these tabulations, a
number of factors must be weighed. Of major concern are:

1. Accuracy of the estimates themselves.
2. Present economic conditions.
3. Relationship to future cost.
4. Inflation.

Accuracy of the Estimates Themselves

Considerable effort was expended in the cross-checking of unif prices. It is there-
fore believed that the prices used in the estimates reflect, with reasonable accuracy,
the current unit costs in the Los Angeles base area. Because of various systems

used to defermine costs, such as piece work, it cannot be assumed that the total

cost of several of the new details introduced in the Report are as equally accurate .
The costs assigned do, however, reflect the best estimates of material and labor
required to construct the detail .
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Present Economic Conditions

The depressed but highly competitive nature of the construction industry in the Los
Angeles area at the time of the study apparently depressed the costs assigned to per-
forming some types of work. It cannot be foreseen that this condition will markedly
change in the foreseeable future.

Relationship to Future Cost

Table 2 was prepared to allow the reader to place the cost impact of the Report in
perspective by relating it to the cost of construction of the dwelling. Although costs
might vary for individual items due to the competitiveness of the market, increases
in wage rates for one trade but not for another, etc., the impact of the Report on the
base area should not affect the overall percentage impact as greatly as cost itself.

Inflation

In a recent 12-month period the cost of new housing increased by approximately 20
per cent in the Los Angeles area. This far outstripped the concurrent high inflation
rate of the economy as a whole. It is not the function of this analysis to predict
future inflationary spirals or the impact of this phenomenon on the construction in-
dustry. As discussed above, the use of Table 2 approximates the cost impact of the
Report regardless of inflation.

IMPACT ON OTHER LOCALES

To obtain a broader view of pricing and construction methods, a telephone survey of
HUD cost analysts was conducted. The selection of cities surveyed was based on
either the seismic zone location, the presence of a high wind area or simply to fill
out geographical representation. With the exception of dry-wall application, the
prices obtained were uniformally lower than those considered in the analysis. A
summary of the information obtained is contained in Table 3. Although no firm con-
clusion can be drawn from this brief survey, it seems reasonable to assume that al-
though some recommendations of the Report would create a larger cost impact in
areas not utilizing present UBC requirements (such as reinforced masonry, for in-
stance ), for most items the cost impact in terms of dollars would be less in other
locales because of a lower labor rate. It is also inferesting to note that where wind
load designs are required by local buil#ing authorities, the requirements are never
greater than those required by the MAP and are sometimes less. 1n Coral Gables,
Florida, for example, the MAP tables imply that the wind load in flat open country
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should be 42 psf. The local building department requires that designs be provided
for 22 psf up to 5 feet in height, 27 psf up to 15 feet and 33 psf up to 25 feet, with
a 0.8 shape factor for rectangular prismatic structures. This wind load is not too
unlike the MAP requirement for surburban areas and towns.

A minor effect of the Report will be to more nearly standardize construction tech-
niques in the areas affected by it. Individual problems for a given locale will, of
course, require adaptation of the details provided, rather than the direct use of
those details. Despite this trend towards standardization, it is impossible to fore-
see or to be knowledgeable of all problems in all areas and the:methods used to a-
chieve solutions. It therefore cannot be predicted what unusual effects might occur
through implementation of the Report in a particular locale. Over 90% of all homes
built in the U, S. today are wood-frame with framing procedures that do not vary
significantly from area to area. It is therefore concluded that the impact on con-
struction costs in areas other than the one studied will not greatly exceed the esti-
mates shown herein, despite the fact that some of these geographical areas do not
presently use all of the methods required by the UBC, much less those encompassed
in the Report.

WIND LOAD DESIGNS

The primary conclusion drawn from the 25 and 40 pound wind load designs is: if
houses were designed and constructed ds rigorously in high wind areas as is gener-
ally required in California for seismic loads, the resulting construction requirements
would be more severe that those required for earthquake . Comments in previous
tasks relating to the Report imply that this situation seems somewhat incongruous.
Many areas with wind loadings exceeding those encountered in most parts of Cali-
fornia require very little in the way of shear wall design or shear transfer for wind
load resistance and yet rarely encounter severe problems from winds other than
tornadoes. 1t is suspected that these problems are alleviated for one of two reasons:
(1) either the wind load on the entire structure for which racking, overturning and
sliding designs are made is less than the design requirements imply or (2) the shear
resisting material has greater strength than that attributed to it. It is felt that the
latter is primarily responsible in both a direct and indirect manner. Shear resisting
materials are required by ICBO standards to have a minimum factor of safety of 3

to 1. In zones of high seismic activity this factor of safety is desirable because the
ground motion frequently exceeds the design seismic loads by large amounts.

Collapse or severe damage is occasioned when total load exceeds the assigned factor

of safety of the material or system. In wind zones, it is presumed that the wind
load assigned approximates the maximum encountered. If this be the case it is
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questionable that a safety factor of 3 is necessary. [t can be argued that the

material would exceed the 1/8" deflection allowed for lesser shear resisting mate-
rials, but 3/8" and 1/2" plywood, especially when nailed with the closer nail
spacings, also exceeds this value at design loads as would most other shear resisting
materials when actual seismic force exceeds design force. It therefore appears that
greater economy could be achieved, and still meet the intent of the Report, if higher
shear resisting values were assigned when designing for wind loads.

Two other factors should enter info the further development of wind load criteria.
As mentioned in Chapter 1ll, interior walls assist the designed shear walls in re-
sisting these loads. In addition, the mode of failure of homes in wind storms is con-
siderably different than that encountered in earthquakes. There is little point in
applying a safety factor of 3 for shear resisting materials if hold=down fdstenings

at roofs and design of individual members does not have a safety factor at least

as great. The structure will not act in racking, overturning and sliding unless it
first holds together. It is concluded that a further and more thorough analysis of
wind load design is needed in order to make the most practical use of the Report
when designing shear walls subjected to these conditions. It is also concluded that
the Report's methodology for dealing with wind loads should be developed in a more
sophisticated manner if cost impact is to be reduced.

SHEAR RESISTING MATERIALS

Regardless of whether the structure is subjected to wind or seismic load, additional
economy could be achieved if more were known about, the action of combinations

of materials. At present it is not acceptable by building code standards ( or in the
Report) to combine exterior and interior finishes applied fo the same wall when they
are difterent materials. The very few fests made with combinations of materials imply
that their values are additive or nearly additive. Exterior walls are therefore stronger
than the designs indicate, while interior walls, with the same finish applied to both
sides, may be developed to their full value. It would appear there is little impetus
for the manufacturers of the various materials to conduct such tests.

The testing of the various shear resisting materials upon which present code values
are based has taken place over the past 20 years. The values assigned by the ICBO
were determined at the time the tests were submitted and it is presumed that differ-
ent people saf on the committee making these determinations over the 20 year period.
It is therefore not surprising that the assigned shear values seem inconsistent. It is

concluded that a uniform review of all existing tests by a single panel would be use=-
ful.
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It is believed that most of the recommendations made in this chapter would serve
to reduce the cost of home construction and still allow the implementgtion of the
Report in its entirety. At the very least, determination of the items mentioned
above would assure greater and more uniform safety to the home owner.
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APPENDIX A

FLOOR PLANS
ELEVATIONS
FOUNDATION PLANS
and

MATERTIAL SPECIFICATIONS
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APPENDIX B

SHEAR WALL PLANS
TRIBUTARY AREA PLANS
and

CALC FORMS
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SHEAR WALL PLAN
MODEL 'A’
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TRIBUTARY AREA - MODELS 'A' and 'A-1'
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TobrZ2&T AANJALY S 5 Model: 'A

ONE STORY RESIDENCE -~ ROOF AND WALL LOADS

Calc Form 1
ROOF | Material | Act. | Seis.|. CLG. | Material | Act. | Seis.
Rfg. [LuawlE | D.o [@d4cy Frig. Z.Oﬁ'ﬂﬂ
Lsm':g,. LPACED | |5 ozt Fin. 2,8 10, 4
Frmg. | W9HES| 4,0 |24 .

—

TOTAL B BELS]|- TOTAL Y zd;{

. EXTERIOR WALLS INTERIOR WALLS

Mat. Actual Mat. Actual | Mat. | Actual
Framing

Finish |fivwe | 2.0 el ob| 2.

Finish K ed,| 7. w o ul| 2.0
»
_ "Ceiling" load: Clg~&o.&eo7
Roof load:2.£¢&57 . Ext- ©.765>
' ) Int- 0/250
Veneer load:2L5%
TOTAL | .&=x(57
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Job: T AMAALY A 14

*Model: LA *}E—l‘;//\(C.

TRIBUTARY AREAS

v Cale 'Form 6
ROOF. AREA CEILING AREA
LINE | Height x Width| Area Height x Width| Area
A kL 215 |1 2TE 9/
P> |1625x24.5 | £547 |Uer \&Z2VIE Sod
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oA | | lod|
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‘ G L TxHA 212 AN TIx i | 2>
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Job:osT ANM L YSIS  Model: ‘A LEISAG

SEISMIC LOADS

Calc Form 7

LINE

ROOF

AREA

ROOF
. LOAD

OTHER
LOAD

TOTAL
RF. LD.

CLG.
AREA

CLG.
LOAD

TOTAL
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Job: COST ALALYS 14 Model: A HEILAIC — 2,25
| SHEAR WALL DESIGN

Calc Form 8

WALL | SHEAR| SILL | SHEAR
LINE| LOAD |LpNGTH PER FT. BOLTS | MAT. OVERTURNING
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Job: ST AMIMLYEL, Model: IA{-— z.2 ANV 26L&

SHEAR WALL DESIGN

Calc Form 8
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Model: el

Job: EXANILE LoAES
I.IOADS Gale Form 2
Material | Actual | Seismic | Actual | Seismic
ROOF
Roofing |SAT 1 B | Ol
Shtg. Gt Lo | ©UsT
Framing |ZTOF%Na 2. | ©257
TOTAL To |[ad4
'CEILING
Framing Lo |27
Finish (P, P, 2. |l
TOTAL 4o | OHBA
2nd FLOOR |
Flooring - [(ARPET | |, | 1D
Shtg. | Feitviiel Lo | o207
Framing  |Ixl0Rld 4.0 |O.522
Ceiling |qdf PO | 2.0 | 2]
TOTAL 4.0 | Lo
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Job: EXANILE HKOMES Model: ‘P>

WALL LOADS
. | Calc Form 3

EXTERIOR Mat. | Actual | Mat. | Actual| Mat. | Actual

Framing 4,0

Ext. Fin. u'ObP, P

Int. Fin. |Za0rPp,| 2,0
TOTAL o

INTERIOR

' Framing' 4 o
| Int. Fin. Gebr, | Lo

Int. Fin. i .u 2.

TOTAL O

Veneer Load: Q\béﬁ/l

TOTAL 0. | oo ) °Cies | 27° Cras,, | |
Ceiling V OAHB4| N »
" Ext. Walls / 07% [,5@@ O750
Int. Walls |/ 180\ oo

TOTAL OADA| | HD4p 4o 27154 | o750
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Job: EXNINPLE WORES Modeli '&'
TRIBUTARY AREAS
Calc Form 6
ROOF AREA ' CEILING AREA
LINE | Height x Width| Area Height x Width| Area
HGH| oo |
Ny (Ao | 185x2E6 Food
© | LoxD2 b | 1Ex2ES Sc4
| L% (eES
B | llexdo (rdoo | 14xP>¢ Peod
T (o x> (b e | APy o Bod
== Il
CAUNGE G
& |onlesy | 192 [ oTx4 144
C | DoxDE6] | HBES [IOHx24 2572
(0O 490
D 1ALkl | 227 | AxDo,&] L4a&>
W | 14x22.47 V7 W0 7 =
' (P A4
A 6/@7”(7:‘07 46
| EoxT A | 1PDes
, |E5 0
O |R%Ix2DL] (o
E |225N0%4] | 55
= |1 -
T oo
Ax ESDES Hod
7% | iEoniEs e
= 10520 | AR
= 458 x XA B| Bl
T oMo 0%
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Job:esT DAALY 4oL
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Joh: COST ANALY S 14 Model: ' LAl 2,3
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WALL | SHEAR| SILL | SHEAR
LINE| LOAD | yNGTH |PER FT. BOLTS | MAT. OVERTURNING
Wil Reodoe Al e
Aol vt | 240 5Tl | — | ek (L2 ook
E B \&5]74,1 — T | oK
T (BT loolloul — | ok [L=2¢! 1l
LeoW/| Reetts
L 525,024 el | v (L= e —
QO o tﬁj? 4o 1B 200 | ookl |7 B Tose Asenie,
' e 112 ; |7ED N teze e |2me A ‘
= (ol 178 -4
U ldevl 2ie |20 2@l | e [Lx2d i
|27 pteory WALLL
A Bl 24a.0usmolhes s oL (L= 28 o ]
] 0o, K P B 7]
o 1446570185 5 12403 hés e oo rddd & oW
AEs7. Eh o 277
4.15;]1& f:“’f)*:— 1%'&7/!
LetgAl o Fli e 425400 e 21y 1dyo = 4652420
(o
E (1041 1801 \Wes 18 ls | emid Lo \ES <ol
o=
Edcq \ DU .0 ¥E.olhed.,| ok =1 hu=A5-
PACE )
___I,R_ll ]
T+ 1G9 Do iz g ErmE | e [Ls wust Bus Esnst

143
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SHEAR WALL DESIGN
Calc Form 8
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Model: ‘c'

Job: EXANAPLE Hones
LOADS Calc- Form 2
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. Calc Form 3
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‘Model: ‘@'
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ROOF AREA ' CEILING AREA |
LINE | Height x Width] Area Height x Width Area
‘//\.lD.-‘l.. EVEL booe | |
o |IEx%D 495 DD 4o
2 | 15x&D 4145 1B xS\ 4o
F0 =
£ |[7.75xde 522 | B75x U 4\
G | \Banxto A | \52Hx s AT
431 E]
14970k Ropoe |
A WU 2D (b | 24x2) B4
E | WUk 2B Coo | 24x2] B
N\ P \eoe>
& [ MLBx52 tho |womxis Bl
H [ 12Bx52 o | kx4 B4
Boe> )
7% Ol et ,
A (L. ceox?l (R
Ce 124,00¢ 21| Tl
E n.ceoxdl | 2]
Cx K 45 BEo4
H o hx4ES o4

164




Job: G2t DMNALY o4

Model: &/

SEISMIC LOADS
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SHEAR WALL DESIGN
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Job: COLFT AMALYL1%  Model: ' 4E s 2<OME 2

SHEAR WALL DESIGN
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!

Job:EXANILE LJOﬁ’\-E‘% Model: ‘E’

ONE STORY RESIDENCE - ROOF AND WALL LOADS
: . Calc Form 1
ROOF Material | Act. | Seis.| CLG. Material | Act. | Seis.

ELeD V(=1
Rfg. QUQ;&; : lo.o |OFas Frmg. 1,05 o267
) Yot PLtuton . T4
ﬁs_lil.tg Aenrdu s Q,&Q 0'2607 Fln'. -A:'CQM =i D0 0,4

Frog. [TRubES | Lo orudsT

TOTAL io.0 H2%4] TOTAL

.o o elsT

EXTERIOR WALLS INTERIOR WALLS

Mat. | Actual | Mat. | Actual Mat. | Actual
Framing |[Fo@&tuys| be ' 4,
Finish |grt 0| 2,5 ] P Bd| 2.
Finish | T

éwua,bbz_ 4l

TOTAL 44,0 5,0

"Ceiling" load: Clg- ©o.dxo7

Roof load: | P4 Ext- %, 75
Int-C?;?.Ega
Veneer load: o
TOTALA EA2.



Job: EXAALLE LeDOAESL  Model: '

TRIBUTARY AREAS

Calc Form 6
ROOF AREA CEILING AREA
LINE | Height x Width|{ Area Height x Width| Area
| A | 2eox LET | Do’ | 2207 | 215
& 2,00 + 1254 22, o+ —
ox \d.o 44 | BB,
G 524 |
C | Noew oo | o | 18soxes.c 44
O Do F | 2. Oox2755
oox\ Oz e | 18,088 .0
fo o) =
225 Yoo = o>,
E |loikd.ox WESIx Wb +
4225 Uo.0 2957% U o>
12 | T5¢o
= 2L X 1P, WA 15,7\ Do
&r  |4HBBv oo+ 2,55 4o+
Lo lold? W, OERS]
| &£27 | a=q
H Pooxid? | 227 |leoxd32 | (49
| 2255 743
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Job:EXAAPLE LA ES

SEISMIC LOADS

Model: '€’

Calec Form 7
LINE | ROOF ROOF OTHER TOTAL CLG. CLG. TOTAL
AREA LOAD LOAD RF. LD.| AREA LOAD LOAD
A | 22 | 1254 b4
| L |Bers| 1T
.L<L€>7
o | (>
B | 821524 10| gs | 2es ‘?Zé’:
c.f b | PP (A2
jedl=) Zdt=
C |loe| T
44 | 4-£AA2| el
o (W)
D | 44
A9 " 41714
be\ 5
. (2E5%
E ezl i 205 | BeTs | | To5
- 5@? A oAz (o7
1456 (o
Fo|2eT| 25
205|275 1%%
V|| 7
o | E=27| 2% N (=
=24 b | gt |AFR2 | D14
| To% AE T
W22 o5
| (49 | 4.oA472] e
o &1
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Job: EXAMALLE HeONAES Model:'B

SHEAR WALL DESIGN

2

‘ , Calc Form 8
LINE| LOAD Lgﬁg%H ngEﬁg] E(I)Iﬂllis ;ZI?R\ OVERTURNING
A et 524 L=20.L7" k.
> 2| 1B 4" 1498 L=[722) fiu=5121
< |aplioiedlero L= 722 - Do
225 . (&0
> 7,
D 51524 SN L=dloo oo,
£ U/ ]t |0827 L= iloo - 42650
RV )
K —r [T
E w2 Wi eAs L=
N \Fxoe Qs OU
& tepl 1A el T 4.0
LxBde— NG
AU =2
Vs l2rats 24
T&tf) o ”LO{\
U lqeglndiens Lela fuzd4260
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Job: LT ANALYS LD Model: B! SEWS ZONE D

LOADS Calc Form 2
Material | Actual Seismic | Actual | Seismic
ROOF |
Roofing CoueTive| Koo | 4 22,
sheg:  |hifiiws | 2.0 | ©.267
Framing |Towsses| 2.0 | &2.76&7
TOTAL 20,0 | LT
_CEILING
Framing Tew L€l Q.o | .27
Finish Fam .o | Lol
TOTAL - oo | LB
2nd FLOOR IdTEC I  Deea
Flooririg' C ARPET Lo ONED QZ‘-/%,‘Z? e 4z
Shtg. Bl Pridul Q—CD o | .o . Cﬁ.ié;-'}
Framing |1xl4@ o | O.lssT | dao 0,565
| cettine |, | o0 | Lot “
 — . § S ]
| TOTAL o.O | 2,125 | Ao | Viao
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Job: CGT AM L4  Model: F' SEVS ZONE DS

WALL LOADS
) Calc Form 3
EXTERIOR Mat. | Actual | Mat. | Actual| Mat. | Actual
Framing Wemeo| 4. g | &2
E t. F' . » \:\jmb
x in Gveo 8. a2 Lo
L] ' L-&-rq &: P LA;T“ d‘f
Int. Fin. D e ,
: | pLasyeel 242 | pLacres Eo
TOTAL Do (4-.
INTERIOR
Framing et | 4,00
' . LAt &
Int. Fin. PLrsedy] £.0
Int. Fin. il .0
TOTAL ' oo
Veneer Load:
e un ]
TOTAL LD. |Qrueof | o o | 2 | Decc k
Ceiling |\ 252 | 1L, \ %D { 2>
Ext. Walls / VS B, e
/.
Int. Walls O. 5> | B
TOTAL 7 (| 2 22 B2E A4 ST | |2
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Job: CoesT ANALYL &

TRIBUTARY AREAS

Model: 'E' SE\%. ZONED

Calc Form 6
ROOF, AREA " CEILING AREA
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