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AUTOMATED BUILDING DESIGN REVIEW USING BLAST

i INTRODUCTION

Background

In response to Executive Order 20003 and a rapidly increasing utility

bill, the Department of Defense has set a goal to mak new military construc-

tion as energy-efficient as is economically possible. The Army's minimum

goal is to have post-FY85 n w construction 45 percent more energy-efficient

than FY75 new construction. Since most of the Army's new construction is

designed by private architect/engineer (A/E) firms under contract to U.S. Army

Corps of Engineers Districts, the Corps must ensure that these A/Es develop

new designs that meet the Army's energy efficiency goals. To do this, the

Corps provides A/E prescriptive standards which a design must incorporate and

facility energy design budgets with which a design must comply.

When an A/E firm designs a new facility for the Corps, the firm must

review pertinent Corps documents and identify those prescriptive standards

that apply to its project's facility type and location. These standards must

then be included in the design. An energy analysis of the design must also be

done to check it against the applicable energy budget. If the building does

not meet its energy budget, it must be redesigned until it does or until the

Corps grants a waiver. The responsible Corps District reviews the A/E sub-

missions to ensure that thi prescriptive standards and energy budget require-

ments have been satisfied.

This process has two immediate problems. First, since there are no stan-

dard formats or requirements for submitting data on compliance with prescrip-

tive standards, the District's review can be very time-consuming, since the

reviewer must search out or calculate the required data. Second, since the
validity of the energy analysis for budget compliance depends almost entirely

on whether the input to the energy analysis method accurately describes the

building's design and operation, the District must find some way to judge how

accurately the A/E's building description has been input to the analysis

method. Overcoming these problems requires a review method which allows Dis-

trict personnel to rapidly evaluate A/E design submissions for (1) overall

energy effectiveness, (2) conformance to energy guidance, (3) completeness,

and ( ) the accuracy of the energy analysis used to establish budget compli-
ance.

IExecutive Order 20003. Relating to the Energy Policy and Conservation,

July 20, 1977.
2 Army Energy Plan (Department of the Army, August 1980).
3 Interim Energy Budgets for New Facilities, Engineer Technical Letter (ETL)

1110-3-309 (Office of the Chief of Engineers [OCE], 30 August 1979).
4 Mission Area Deficiency 102.036, "Computer-Aided Architectural Design,"

Section IIA (September 1981).
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The easy way to standardize energy evaluation formats and to speed up the

review process is to use detailed energy analysis computer programs. These
programs could be designed to automatically analyze the building description

input and to report the information needed to compare the building design with

the Corps' prescriptive standards; the reviewer could then systematically and

quickly check the design for compliance. The programs could also report on

how energy-impacting design features, such as lighting or infiltration, have

been input into the energy analysis program. The reviewer could then deter-
mine if the designer has submitted an accurate building description and energy

analysis for certifying compliance with the energy budget.

The Corps' facility energy analysis computer program, the Building Loads

Analysis and System Thermodynamics (BLAST) program--a detailed energy analysis

program which can analyze the annual energy consumption of alternative

building designs5--can provide this type of design review data. Therefore, to
take advantage of the information contained in this program, the U.S. Army

Construction Engineering Research Laboratory recently developed a special
BLAST design review report and design review procedure based on the Corps of

Engineers facility energy criteria. The procedure is an automated method,

based on use of BLAST energy-use simulation computer program, which Army

reviewers can use to review design submissions to ensure they meet the Corps'

criteria for facility energy effectiveness. The report and procedure were

published in USA-CERL Technical Report E-190. 6 This report supersedes TR E-

190.

Objective

The objective of this study was to field test, evaluate, and provide

final improvements to the automated review method based on user suggestions.

Approach

The review procedure and special BLAST review report were field-tested at

Division and District offices.

The field test results were then used as a basis for:

I. Evaluating the ability of the special BLAST review report and the

review procedure to help a reviewer ensure that a facility design complies
with energy criteria and can help develop energy-efficient buildings.

5 D. C. Hittle, The Building Loads Analysis and System Thermodynamics

(BLAST) Program Version 2.0 Users Manual, Volume 1, Technical Report E-

153/ADA072272 (U.S. Army Construction Engineering Research Laboratory
[USA-CERL], 1979).

6 D. J. Leverenz, D. L. Herron, J. A. Eidsmore, and R. E. O'Brien, Use of the
Building Loads Analysis and System Thermodynamics (BLAST) Computer Program to U

Review New Army Buildin Designs for Energy Use, Technical Report E-190/A134487

(USA-CERL, 1983).

6
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2. Evaluating the report's and the procedure's impacts on design review
costs, time, and staffing Levels. .

3. Evaluating District and Division suggestions for improving the review

report and procedure, and making revisions as needpd

Mode of Technology Transfer

The BLAST review report was, implemented as part of the December 1982 up-

date to the BLAST 3.0 program; the availability and recommended use of the
BLAST review procedure will be'announced in an Engineering Improvement Recom-

mendation System (EIRS) Bulletin, and the user instructions will be issued as

an update to the BLAST Users Manual.
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2 DEVELOPMENT OF AN AUTOMATED METHOD TO REVIEW
THE ENERGY EFFICIENCY OF BUILDING DESIGNS

The first step in developing the BLAST Design Review Summary Report and
evaluation method was to identify Corps criteria related to energy-efficient
new facilities. These criteria would then be used to decide:

1. If the data required for the building description in the BLAST input
deck are detailed enough to let a reviewer evaluate a design accurately
against Corps criteria. -.

2. What output must be included in the BLAST review report.

To do this, USA-CERL evaluated two types of Corps criteria: design
energy budgets and prescriptive standards. Design energy budgets define the -.

level of energy efficiency the Army expects of its buildings. Prescriptive
standards pinpoint specific areas where designs are expected to be conserva-

tive.

Prescriptive Standards .

Table I lists some documents which give the Army's energy prescriptive
standards for new construction. In general, these standards include:

1. Building orientation: the long axis of a building usually should be
oriented east-west.

2. Indoor temperatures: standards for indoor temperatures vary
according to the function of the space (office, warehouse), heating or cooling
season, and working or nonworking hours. As a general rule, office space
should be 68°F (20'C) during working hours in the heating season and 78°F
(25°C) during the cooling season.

3. Lighting: lighting standards vary according to space type and use.
For office space, illumination levels should not exceed 50 footcandles at work
stations, 30 footcandles in work areas, and 10 footcandles in nonworking
areas.

4. Outside air: outside air quantities must conform to Table 8-5 in DOD
4270.1-M, December 15, 1983. The rec mmended outside air quantity for general
office space is 5.0 cfm/person (9.0 m /h/person).

5. Ventilation: ventilation standards are given in air changes per hour
for several different types of facilities. Army barracks should have 30 to 60
air changes per hour for summer ventilation.

6. Solar equipment: the standards deal with sizing energy solar systems

relative to conventional energy systems.

7. U-value: the standards list minimum overall values for walls,

floors, and ceiling/roof for seven different heating degree day ranges.

8



Table I

Some Source Documents for Prescriptive Standards

Army Regulation (AR) 11-27, Army Energy Program (Department of the Army [DA],
20 July 1976).

AR 420-49, Heating, Energy Selection, and Fuel Storage, Distribution and Dis-

pensing Systems (DA, 19 November 1976)

Engineer Technical Letter (ETL) 1110-3-254, Use of Electrical Power for Com-
fort Space Heating (Office of the Chief of Engineers [OCE], 25 August

1976).

ETL 1110-3-256, Mechanical Design Guidance (OCE, 28 September 1976)

ETL 111-3-282, Energy Conservation (OCE, 10 February 1978)

ETL 1110-3-294, Interior Design Temperatures (Ocf -bruary 1978)

ETL 1110-3-302, Evaluation of Solar Energy (OC , 14 March 1979) 
:

ETL 1110-3-309, Interim Energy Budgets for New Fa. Cies (OCE, 30 August

1979)

Technical Manual (TM) 5-803-5, Installation Design Manual (DA, 1 March 1981)

TM 5-810-5, Plumbing (DA, 31 May 1972)

DOD 4270.1-M, Construction Criteria Manual (Department of Defense [DOD], 1972)

DOD 4270.1-M, Construction Criteria Manual (DOD, 1978)

8. Windows and doors: the standards cover percent glazing, use of in-

sulating glazing, and shading. The standard for percent glazing requires that

no more than 10 percent of a north wall be glazed in regions with 4000 or more
heating degree days (HDD) and no more than 15 percent of the total wall area

if winter design temperatures are below 20*F (-6*C) or summer temperatures
exceed 90°F (300 C).

Compliance with prescriptive standards will lead to a relatively effi-

cient building design by ensuring that the energy impacts of individual

building elements have been considered. However, compliance does not guaran-

tee that the design is as energy-efficient as is cost-effectively possible.
Also, prescriptive standards do not provide a basis for comparing the energy

use of alternative designs.

9



Design Energy Budgets

All new designs currently must comply with the design energy budgets in
ETL 1110-3-309, which specifies a maximum energy use per square foot of floor 4

area per year. New guidance about energy use will be available in the near
future. The budgets are given by building functional type and climatic
region. Building functional type is based on the five-digit Military Con-

struction, Army (MCA) category code. Twelve basic categories are used:
office, hospital, prison, school, institutional, housing, storage, industrial,
service, research and development, utilities, and other. Table 2 lists the

seven climatic regions, based on HDD and cooling degree day (CDD) ranges:

Table 2

Energy Budget Climatic Regions

Region HDD CDD

1 >7000 <2000
2 5500-7000 <2000
3 4000-5500 <2000
4 2000-4000 <2000
5 0-2000 <2000

6 0-2000 >2000
1 2000-4000 >2000

The design energy budgets range from 15 kBtu/sq ft/year (47 kW-hr/m
2

year) for utilities in Region 5 to 200 kBtu/sq ft/year (16 to 631 kW/hr/m /
year) for hospital buildings in Regions 1 and 2. Besides being a way to
evaluate design options and make energy design decisions, energy budgets can
be used to compare the energy efficiency of different design alternatives.

However, to be valid, the energy analysis used to get the design energy
budget must adequately account for the energy-impacting features of the
design. The energy features that must be included in the analysis for evalua-
tion by the reviewer are:

1. Building envelope. The building geometry, construction, fenestra-
tions, and materials must be adequately assessed. (Many of these considera-
tions are also evaluated under the prescriptive standards.)

2. Internal loads. Building loads (e.g., people, lights, and equipment)
can reduce the heating load and increase the cooling load. Therefore, load
sizing (peak and average) and scheduling must be evaluated to ensure that the
loads are reasonable for the facility design.

3. Infiltration and ventilation. Depending on the outdoor wet- and dry-
bulb temperature, the introduction of outdoor air, whether by design (ventila-
tion) or leakage (infiltration), can increase or decrease the heating and

cooling loads. As with internal loads, the size and scheduling of these air
changes must be evaluated to ensure that they are reasonable. Consideration
must also be given to whether the building zones are occupied or unoccupied.

10
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Section V

Section V summarizes plant data, including the size, operating hours,
average operating ratio, and maximum load for each piece of equipment. Also

provided are type, peak operating ratio, percent. of total operating hours at -

peak (within 5 percent), chiller coefficient ot performance (COP), and boiler

efficiency. This information allows the reviewer to evaluaLe the effective-

ness of the plant's various components.

Section VI

Section VI contains information the reviewer needs to check that sched-

uled loads (people, lights, equipment, etc.) were used properly in the energy

analysis. For each zone, this section lists each schedule and the dates it
was used. The design peak load is the load listed in the BLAST input deck.

The design peak load per unit area is simply the design peak load

divided by the zone floor area. This section also lists the number of hours

per week a load is on and the average value for a load for the period it is

on. These values are not used to check prescriptive standards, but to help

check that loads and schedult s are reasonable for energy-use calculations.

Section VII

Section VII covers infiltration, natural ventilation, and mechanical
ventilation. Both the number of air changes per hour and the volume flow

rates are given since prescriptive standards are given in both units. Maximum

and minimum levels are given for times when a zone is occupied and when it is
unoccupied. Peak dates and times are shown below the volume flow rate. Also

shown is the energy loss due to infiltration and the infiltration loss as a

percent of the load. This allows the reviewer to determine if an appropriate

amount of infiltration was used in the model and, if so, whether adjusting

design infiltration/ventilation would significantly impact energy consumption.

Section VIII

Section VIII lists zone temperatures so that the reviewer can see if a

design meets the prescriptive standards for temperature. Temperatures are
given under 12 conditions for each zone, including the maximum and minimum

temperatures when the zone is occupied and unoccupied, times when heating is

on and when cooling is on, and times when neither heating nor cooling is on.
Asterisks mean that the condition does not exist. For example, if cooling was

never on when a zone was unoccupied, the maximum and minimum temperatures

under the "Cooling, Unoccupied" column would be shown as a series of aster- .

isks. A zone is considered occupied at any time the occupancy schedule is

greater than zero.

24
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OVERVIEW OF THE BLAST REVIEW SUMMARY REPORT

BLAST Review Summary Report

The Review Summary Report is broken into nine sections. Section I covers

general project data and is used to verify the overall project description,
location, floor plan, and dimension. Sections II through VI cover the

building envelope, system data, plant data internal loads, infiltration/venti-

lation, and temperatures. Section IX covers the energy budget data. Figure 1
2

is a sample Review Summary Report for a 9400 sq ft (865 m ) dental clinic.

Each section of the report is described in more detail below.

Section 1

Section I lists general project data, including project name, location,

simulation dates, heating and cooling degree days, ground temperatures, and

the weather tape used to perform the annual energy analysis. These data are

used to verify that the correct project information has been input to the pro-

gram. The plan view and zone volumes are provided so that the reviewer can

check the building's basic configuration and orientation.

Section II

Section II lists information about the building envelope. A reviewer can
use this information to check whether a design complies with prescriptive

standards. The design's U-values and percent glazing for surfaces in each

direction are given. The areas for exterior surfaces are given so the

reviewer can verify that the correct facility dimensions were input.

Section III

Section III describes the wall, roof, and floor sections used in the
BLAST model. It lists each component of the surface from the outside to the

inside. The thermal characteristics of the specified materials can be found

in the BLAST library. This information should be used to verify that the

correct materials were used in the model.

Section IV

Section IV lists basic operating information for each system. For each

fan system modeled, the following information is provided: type, zones

served, design volume flow rate, and applicable equipment schedules. This in-

formation helps the reviewer determine whether the system is operating as

expected.

14
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Although knowledge of BLAST is always helpful in interpreting a BLAST

analysis, the reviewers felt that "...the review report enhances the capabil-
ity of interpreting and reviewing the report. This fact signals the report

has broad application regardless of the reviewer's BLAST expertise.' 7 More

examples have been added to the instructions to make reviews even easier for

persons with little or no BLAST expertise.

The next chapters describe review using the BLAST Review Summary Report;
the improvements suggested in the field test have been added to the procedure
described in USA-CERL TR-E-190.

7Dwight Beranek, letter to USA-CERL, subject: "Field Test -BLAST Review
* Report" (24 April 1984).

13



3 FIELD TEST OF THE BLAST REVIEW SUMMARY REPORT

The desi-n review procedure was field-tested to allow primary users

(Division and District designers and reviewers) to evaluate the energy review

procedure in order to ensure that it is complete and useful to their work.

The objective of the field test was to assess how well the Review Summary

Report reduced review time and increased the quality of the review, and to

identify any needed changes that would make the report more complete, under-

standable, and useful to the users.

In the field test, the District designers used the Review Summary Report
to help them improve the energy effectiveness of a design and to help evaluate

compliance with prescriptive standards and energy budgets. The District then

sent the design, along with the Review Summary Report, to the Division for

review. The designers and reviewers were asked to comment on the time and

effort saved or lost by using the Review Summary Report and whether the qual-

ity of their work was improved through its use. They were asked to recommend

changes to improve its applicability to their work.

The field test was conducted at the Kansas City and Omaha Districts and
the Missouri River Division. The projects used were a Child Care Center at
Fort Carson, CO, and a Battalion Headquarters Building at Fort Riley, KS.

The Review Summary Report was considered to be a very successful tool.
It was useful to designers because it allowed them to more readily debug the
BLAST runs and verify compliance with prescriptive standards prior to sub-
mittal for review. Designers reported a decrease in the time required to com-
plete energy analysis, but were not able to quantify the decrease. The Review
Summary Report is useful to designers because it makes it faster and easier to
verify that the BLAST model is correct and the prescriptive standards met.
Review time was reduced to approximately one tenth of what it would have been
without the report. Scheduling errors in a model that would not otherwise
have been detected were easily found using the Review Report. Incorrect
modeling of infiltration was detected and corrected. Not only were more
errors detected and corrected in each design, but more reviews were conducted.

The Division and both Districts currently use the report routinely when
using BLAST for energy analysis. However, there were many suggestions to make
the report even more useful for routine work. Most improvements involved pro-
viding more information about the design and making the Review Summary Report
more of a stand-alone report. The major comments included:

1. The reviewer should be able to do a comprehensive review without
having to read any other portion of the BLAST output unless a serious problem

arises which requires more detailed evaluation of the analysis; hence, the
SURFACE CONSTRUCTIONS, SYSTEM DATA, and PLANT DATA sections were added.

2. Mechanical ventilation should be added to the INFILTRATION AND
VENTILATION section.

* 3. The calculation of energy budgets was changed to not include unmet
loads.

12
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The specification of actual ventilation rates is part of the prescriptive
standard.

4. Mechanical system and control. The reviewer must ensure that the

mechanical system and control (thermostat) schedule used in the energy analy-

sis simulation meet the facility's comfort criteria. Besides reviewing the

selection of the mechanical system and its configuration, the reviewer must

check that the system is sized properly and that the schedules are set so that

the occupied and unoccupied maximum and minimum temperatures for all heated

and cooled spaces are adequate.

Following identification of Army energy standards, the building descrip-

tion in a BLAST input deck was analyzed to determine if it contained enough

information to evaluate the facility against the Army's prescriptive stan-

dards. The minimum BLAST run inputs (e.g., people, lights, equipment, infil-

tration, ventilation) needed to certify that the design would comply with

energy budgets were then established. The BLAST program was modified to pro-

duce a special report providing all necessary data for:

Comparing a facility design with the Army's prescriptive energy stan-

dards.

Checking that the BLAST input used to judge the design's energy budget

compliance was appropriate and accurate.

Checking that a facility design complied with the design energy budget at

the envelope, system, and plant levels.

Finally, an energy review procedure based on this special BLAST review

report was developed that the design review team could use to review designs

for compliance with Corps energy criteria.

11
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Section IX

Section IX Lists the energy budget data, including the category code,
location, HDD, CDD, and the required energy budget. This section has three
parts: ZONE LOADS, SYSTEM LOADS, and PLANT LOADS. An energy budget is given
at each level so that the reviewer can evaluate not only the overall energy
efficiency, but also individual zone, system, and plant efficiency. In the
zone and system load sections, total heating, cooling, electric, and gas loads
are listed to show how a load is distributed. The energy budget in the zone
load section is the zone load per square foot over the simulation period; it -
does not include the system and plant loads. The budget is reported for each
zone and as a total for all the zones. The energy budget in the system sec-
tion is the system load per square foot over the simulation period; it in-
cLudes zone and system loads. The plant load section lists the electricity,

* boiler fuel, gas turbine fuel, diesel fuel, purchased hot water, and pur-
chased chilled water. Although unmet plant loads are listed for each plant,
unmet system loads are not considered, and therefore, are not included in the
calculations. When a plant is modeled, the percent difference between the
required energy budget and the calculated plant energy is reported.

Summary

All loads must be met if the design Review Summary Report is to give a
correct energy budget. If there are significant unmet loads, the budget is
only an approximation and should not be used to validate compliance with
design energy budgets. If there are no unmet loads, the overall energy budget
on the plant report is the value the reviewer should use to compare a design's
performance with the design energy budget.

I
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5 USING THE BLAST REVIEW SUMMARY REPORT

Just as the design of an energy-efficient building is not simple, neither
is the energy design review. Even if prescriptive standards and energy bud-

gets are satisfied, the building design still may not be as energy-efficient
as is cost-effectively possible. Also, energy budgets may sometimes be too
restrictive; in such cases, a waiver should be sought. The BLAST Review

Summary Report was developed not to provide a final answer, but to give the

reviewer most of the information needed to make reasonable judgments about a
building design's overall energy efficiency. It is intended to augment the
reviewer's (or designer's) existing engineering knowledge and experience by

listing important design data in a systematic format.

Beginning a Design Review

If the Review Summary Report is to be used for review, a BLAST energy
analysis must be performed. The following BLAST reports should be speci-
fied: ZONE LOADS, ZONES, SYSTEM LOADS, and COIL LOADS. The Review Summary
Report will be produced automatically for all annual simulations.

Analyzing the BLAST Review Summary Report

"'< n ,-- , a~~ Bilding Data

Section I of the design Review Summary Report gives general data about
the project, location, simulation period, and facility plan, including:

1. Project name: as specified by the designer. This is used to check
that the correct BLAST analysis has been submitted.

2. Simulation period: the duration of the energy analysis simulation,

and is used to check that a 1-year simulation was run and that the appropriate

year, corresponding to the selected weather type, was specified.

3. Location: the location used in the simulation (as specified on the
BLAST weather file), and usually the year of the weather tape.

0
4. Heating/cooling degree days: the number of heating and cooling

degree days, calculated from the specified weather tape. These data are used

to see if the selected weather tape is appropriate (if the tape is not for the

exact project location) and to pick the energy budget region (Table 2).

0 5. Building, systems, plant: the number and types of buildings, HVAC
systems, and heating and cooling plants into which the project has been

divided.

6. Ground temperatures: the monthly ground temperatures under the
building. Note that these should be higher than undisturbed ground tempera-

tures due to the cumulative effect of heat transfer from the building to the
ground. A reasonable approximation for the temperature of the ground beneath

26
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the building is the average of the undisturbed ground temperature and the
building temperature.

7. Zone floor areas, ceiling heights, and approximate volumes: these

data, along with the plan view, allow the reviewer to verify the building con-
figuration against the plans.

8. Plan view: a plan view of the facility's thermal zones, plus a com-
pass point showing the building's orientation. The SOLAR DISTRIBUTION is
given to indicate the level of detail, of shading calculations. If SOLAR DIS-
TRIBUTION = -1, the plan view may not represent the actual building shape.
The plan's maximum X and Y dimensions are given to provide a scale for the
drawing. The reviewer should check the plan against the design to see that
the scale and orientation are accurate and that the building has been appro-
priately zoned for the thermal analysis. Note that the building surfaces are
designated differently from shadowing surfaces in the plan view.

'.:aKon f!-- ui I~.hnq Envelope Data

Section II contains information about the building envelope, including:

1. Building exterior surface descriptions: a summary of the building
exterior surfaces, grouped by surface category (roofs, slabs-on-grade floors,
exterior walls, basement walls, floor). Walls are subdivided by construction
type, orientation, and tilt. Roofs and floors are subdivided by construction
type, orientation, and tilt unless they are flat, in which case they are sub-
divided only by construction type. For each exterior surface listed, the con-
struction type is given by its BLAST library name, and each surface subfeature
(window, door, etc.) is specified. The subfeatures are grouped by construc-
tion type. This list should be checked to ensure that the surfaces, construc-
tion type, and subfeatures have been specified properly. If the reviewer is
unfamiliar with the construction type specified, Section III of the Review
Summary Report will give the construction materials making up these surfaces.

2. Area: this column lists both the total area of each surface and the
area of each subfeature making up that surface. The total surface area of the
building is also given. Since this is a composite area, all north-facing ex-
terior walls of one construction type are combined, even if the actual
building may have two, three, four or more actual walls. For this composite
wall, all subfeatures on all the walls that make it up are also combined. For
example, if the building has four brick walls facing north and three of these
walls have a wood door, the Review Summary Report will show only one north-
facing brick wall with one wood door, but with an area equal to the total of
the original four walls and three doors. The reviewer should check that the
total surface area and all construction features are accounted for. Even if
the plan view is correct, an incorrect designation of interior vs. exterior
surfaces, incorrect wall heights, or improper wall and door specifications can
give incorrect surface areas.

3. U-Value: the U-value for each wall subfeature plus the area-weighted
U-value of each exterior surface of the same construction type, facing direc-
tion, and tilt. The area-weighted U-value of all the walls and the area-
weighted U-value of the entire envelope are also given. The U-value of each
subfeature is given so that the reviewer can determine which features cause
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the greatest energy loss. The U-values are used to check the appropriate

prescriptive standards.

4. Azimuth: the facing direction of the walls where 0 is north, 90

east, 180 south, and 270 west. Roofs and floors which are flat do not face in

any particular angular direction, so azimuth is not reported for those sur-

faces. The azimuth is used to check window direction.

5. Tilt: the angle between the outward-pointing normal ot the surface

and a vertical axis. The default is 0 for roofs, 90 for walls, and 180 for

floors. Tilts other than the defaults should be checked against the drawings
* to verify that the surfaces are in fact tilted as listed.

6. Percent glazing: the percent of each surface that is glazed. These

numbers should be checked against prescriptive standards for glazing. There
may be more than one type of exterior surface facing a given direction

(azimuth) due to the specification of different construction types or tilts.

If this is the case, the total percent glazing in that direction is calculated

by multiplying the area of each type surface by its percent glazing, summing
the results fo, the surfaces facing one area, and dividing the glaze area by

the total area facing that direction. At the bottom of the column is the

total amount of glazing divided by the total wall area times 100 (percent of

total wall area), and the total amount of glazing divided by the total floor

" area times 100 (percent of total floor area). These numbers should be checked

against prescriptive standards.

7. Floor area: the floor area of the building should be checked against

the specifications to make sure that the area is appropriate to the design.
Incorrect building geometry input can show up here as too large or too small a

floor area.

8. Approximate exterior surface area: the exterior surfaces, as given
in the building exterior surface description, are summed to provide the total

area exposed to the environment. Because ATTICS and CRAWLSPACES are not in-

cluded in the building exterior surface description, FLOOR OVER CRAWLSPACE and

CEILING UNDER ATTIC are considered exterior surfaces. This value is another
quick check of the building description and, in particular, of the building's

heat transfer surfaces.

9. Approximate volume: the sum of the appropriate zone volumes given in
the zone descriptions. Volume divided by floor area gives an estimate of the

building's wall heights.

Section IH lists the components of all the wall, roof, and floor sec-

tions used, which allows the reviewer to verify the materials used to model

them. Each block contains the surface name as it appears in the Building En-
velope Data section followed by the materials which make up the surface,

listed from outside to inside. The overall U-value for the surface, not in-

cluding film coefficients, is shown next to the surface name. The U-value for

each component is shown next to the component name. This information should

be used to confirm the appropriateness of the wall, roof, and floor models,

28
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particularly in cases when the designer does not use standard BLAST library

surfaces.

Section IV lists the operation information about each fan system. One

block describes one system. Each block contains:

I. System Number: the user-specified system number.

2. System Name: the user-specified system name.

3. System Type: the BLAST name which identifies the system type, such
as multizone or dual-duct variable volume.

Only those of the following equipment schedules which apply to the system

type will show in the Review Summary Report. For example, FANCOIL HEATING

OPERATION will show only when a fancoil unit is modeled. The only exception

to this is when the user specifies in the input a schedule that does not apply

to the given system type. In this case, the inapplicable schedule will be

reported in the Review Summary Report and denoted by asterisks. This error

does not affect the calculations, but may indicate the user's lack of under-
standing of the system model.

4. System Operation: more than one may be specified. This describes

the operation of all the fans and coils in the system. Any time the system is

OFF, all the components only operate when there is a load. When SYSTEM OPERA-
TION=ON the components are either all operating constantly by default, or are

operating on the user-specified schedule. One way to reduce energy consump-

tion is to set the system operation to OFF so that the system runs only when
there is a load. However, this will stop all mechanical recirculation of air

and intake of fresh air. If continuous ventilation is desired, the system

operation should be ON. A common operating schedule is ON during working

hours to provide ventilation and OFF during nonworking hours to provide circu-

lation only to meet the loads. The reviewer must decide if the system opera-

tion described adequately models the building's anticipated operation.

5. Exhaust Fan Operation: the schedule on which the exhaust fan oper-

ates. If the EXHAUST AIR VOLUME (see p 30) is zero, no air will be exhausted

even if the schedule shows the exhaust fan to be ON. Also, if the system

operation is OFF, the exhaust fan will not operate.

6. Preheat Coil/Heating Coil/Cooling Coil/Reheat Coil/Recool Coil/Fan-

coil Heating/Fancoil Cooling/Tstat Baseboard Heat Operation: the schedule on
which the respective coils operate. In general, operating a heating coil and

a cooling coil at the same time seasonally is inefficient. Sometimes it is
necessary to have both heating and cooling available in order to maintain

reasonable indoor comfort, particularly in the spring and fall. Nevertheless,
many Army installations simultaneously shut off heating coils and turn on the

cooling coils and vice versa. The designer and the reviewer should agree on

the appropriate coil shutoff dates.

7. Humidifier Operation: the schedule on which the humidifier operates.

29
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8. Heat Recovery Operation: the schedule on which the heat recovery
operates. Note that if the system is OFF, no heat will be recovered since no

air is circulating (unless there is a load).

9. Minimum Ventilation Schedule: the schedule which restricts the min-

imum amount ot outside air introduced into the system.

10. Maximum Ventilation Schedule: the schedule which restricts the max-

imum amount of outside air introduced into the system.

11. System Electrical Demand Schedule: the schedule for any other sys-
tem electrical loads, such as fans, not otherwise accounted for.

The tollowing sub-blocks show zone-specific parameters for the system.

One block describes one zone and contains those of the following parameters
which are applicable.

I. Supply Air Volume: the design maximum volume flow rate delivered to
the zone.

2. Minimum Air Fraction: the smallest percentage of the Supply Air

Volume allowed. Applicable to variable volume systems.

3. Exhaust Air Volume: the exhaust air volume flow rate. The Exhaust

Fan Operation must be on when the air is to be exhausted; i.e., both amount

and schedule must be specified for exhaust air fans to operate.

4. Reheat/Recool/Baseboard Heat Capacity: the capacity of the respec-

tive coils. Note that the corresponding operation schedule must be ON for the

coil heating/cooling to be available.

5. Reheat/Baseboard Heat Energy Supply: the heat supply source. The

available sources are hot water, steam, electricity, or gas.

Section V describes the equipment used to model the plant and reports
operating characteristics of each piece of equipment. Each line describes one

component and includes:

1. Type: the BLAST name that describes the type of -omponent, such as

boiler, chiller, gas turbine, or heat pump.

2. Size: the nominal capacity of the equipment.

3. Operating Hours: the number of hours the equipment operated during

the time span of the model.

4. Max Load: the maximum load on the equipment during the time period
specified. If this is the same as the size, it is possible that the equipment

is too small to meet the load. Unmet plant loads should be investigated if

this does occur.
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5. Average Oper Ratio: the average over the specified time period of

the part-Load ratio while the equipment was operating. A low average oper-

ating ratio indicates that smaller equipment might be used (if the maximum
load is significantly less than the nominal size) or that multiple pieces of
smaller equipment (with a total capacity equal to that of the larger equip-
ment) might provide more efficient heating or cooling.

6. Peak Oper Ratio: the highest part-load ratio achieved by the equip-
ment. A low peak operating ratio suggests oversized equipment. Most equip-
ment runs much more efficiently near full load than at low part load.

7. Percent Hours at Peak: the percent of the total operating hours the

equipment was operating within 5 percent of the peak operating ratio.

8. Chiller COP/Boiler Efficiency: the COP or efficiency as appropriate
to the equipment. Used to evaluate the overall effectiveness of the equip-
ment.

-, +t, ion VI--SAhe(Iuej Loads

Section VI has subsections for scheduled loads caused by people, lights,

and electric, gas, and other equipment. Each type of load is subdivided by
zone and schedule. Each line includes:

1. Zone number: one zone number entry for each schedule is specified
for that zone.

2. "From - Thru": the effective date for the following schedule.
Within each zone, the combined schedules for each type of load should cover

the entire year. The cases where this is not true are unusual and should be

verified.

3. Schedule: the name for each schedule. These schedules come from the
BLAST library or are defined in the BLAST input deck. Whether a library

schedule or a schedule specified in the BLAST input deck is used, a descrip-
tion of the schedule is given in the zone description of the normal BLAST out-
put. The reviewer should check the schedules to see if they are appropriate
for the zone and type of load being scheduled.

4. Design Peak Load: the design load specified in the BLAST input

deck. The actual zone load is calculated hourly based on this design peak
load and the specified schedule.

5. Design Peak Load Per Sq Ft: the design peak load density is provided A

so the reviewer can check whether the size of the design peak load is appro-
priate for the size of the space. Some typical load densities can be found in
the ASHRAE Handbooks.9 The reviewer should be familiar with typical values

(such as 0.01 people per square foot f-r general office space) so the validity
of the design peak load can he checked quickly.

H

8 ASHRAE Handbook 1982 Applications (ASHRAE, 1982). ::::
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6. Number of Hours Per Week: the number of hours each week when the
load is scheduled to be more than 0. The reviewer can use this value to judge

whether the schedule is appropriate and accurate. For example, if people in
in ottice space are scheduled for less than 40 hours per week, the reviewer
might suspect an error in the scheduling. The total number of hours per week
is ib8.

1. Average Load When Load Scheduled: the reviewer can use this value to
,l' the ,chedule. An error in defining a schedule will show up here (e.g.,

,- ri 10 per(etit load instead of 100 percent load for a constant load). The
i:,'rtjg will generally be a typical amount for the zone. Exceptions will
,:,r In '.ones where there are large loads of short duration, such as class-
-,r,; rhaing one or two classes during the day and a cleaning staff at
,. he avera4' number ot people in the zone in this case is not very

.:.a.a' y or the "typical" load. In most cases when creating a schedule,
I .ir,,g aind security personnel present during nights and weekends can be

-ct .-d w tho t si gniticantly changing the loads. (This is discussed in

r,,, dt ti, i n the 'emperature Sect ion below.)

Stcti~on VII describes the infiltration and natural ventilation that are
.* Inc .-one iescripti on and appear as zone loads and the mechanical ventila-

• M irn rodoced by the mechanical system. Infiltration, natural ventilation
And mechanical ventilation are reported separately. Within these three sub-

liv IsIons, the zone number, ettective date of the schedules, and the schedule
name;s ar reported tor each zone. Volume flow rates of air in air changes per

hoir and cubic feet per minute (cfm) or cubic meters per second (m3 /s) are

,,iven tor tfive conditions (where appropriate, the date of the condition is
'-nown tinder the volume flow rates).

I. Occupied Max: the maximum flow rate that occurs when the zone is
',:cpied. For ventilation, this cannot exceed the design peak. However,

intiltration may exceed the design deak, because this value is adjusted based
on windspeed and indoor/outdoor temperature differences. It should be the
largest of the four actual flow rates, but may be smaller than the design
imount. The time of the maximum occupied flow rate is shown on the bottom
row, labeled MO/DA/HR, in the form month/day/hour of max.

2. Occupied Min: the minimum volume flow rate that occurs when the zone

is occupied. This value is usually given as a standard for ventilation for
health and safety.

3. Unoccupied, Max/Min: these values can be less than the Occupied Max

or Occupied Min because fresh air requirements can be greatly reduced when
there are no people in the zone. During the summer, nighttime ventilation for
cooling may increase the ventilation rate during unoccupied hours.

4. Design Peak Load: the amount specified in the BLAST input deck. It
may be exceeded for infiltration because of variations in windspeed and
indoor/outdoor air temperature differences. The design peak ventilation

should be the highest ventilation flow rate.

32



.]

The* i nt i It rat on heat I o(s and heat gai n are reported t or each zone, both
as total energy lost and as percent ol the total zone load. These should be
used to determine it intiltration losses are excessive.

i-- t i

Section VIII shows 12 temperatures for each zone, including the maximum

and minimum temperatures when the zone is occupied, when it is unoccupied,
when the heating is on, when the cooling is on, and when neither the heating

nor cooling is on. Asterisks (******) appear when the condition does not
exist. For example, there may be no time when the cooling is on and the zone
unoccupied. Asterisks would then appear in the maximum and minimum columns

for Cooling, Unoccupied. Each line describes the temperature patterns for one

zone:

1. Zone Number: zone number for which the information applies. -

2. 7ontrol Strategy Name: specifies the name of the control strategy

for the zone temperature. The details of the control are given in the zone

description of the default BLAST output. When more than one control strategy
is used, all the control names are listed, but only one set of temperatures
for each zone is given. In uncontrolled zones, the statement "***** NO CON-

TROLS * will appear. In that case, asterisks (******) should appear in

all columns for "Heating" and "Cooling" because there are no instances when
heating or cooling is on, since no heating or cooling is available to the

zone.

3. Heating, Occupied, Max: should not exceed Army standards for maximum
temperature during the heating season (68*F [20*CJ for general office space).

4. Heating, Occupied, Min: should not be so low as to cause undue dis-
comfort for the occupants. The reason there is a maximum and minimum occupied

temperature is because of the throttling ranges used in most building con-

trols. These two numbers can, with certain controls, be equal.

5. Heating, Unoccupied, Max: may be set back from the "Heating, Occu-
pied, Max" because the comfort of occupants is not a consideration. Gener-

ally, 55°F (13 0C) is the appropriate temperature for unoccupied office
space. Misleading results may occur if an occupancy schedule is defined which
includes short unoccupied periods (lunch hours, for example) when temperature

setback is not possible. If temperature setback is used, it is suggested

that a minimal number of people be scheduled during hours when it is not feas-

ible to set back zone temperatures.

6. Heating, Unoccupied, Min: should be high enough to prevent damage to

property. This may be equal to the "Heating, Unoccupied, Max" for some con-
trol strategies.

7. Cooling, Occupied, Max: should be within a reasonable comfort range
for occupants.

8. Cooling, Occupied, Min: should not be below Army standards for mini-

mum temperature during cooling season (78°F [25*C] for general office
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space). Again, the difference between the maximum and minimum occupied

cooling temperatures accounts for control throttling ranges.

9. Cooling, Unoccupied, Max and Min: in general, cooling should not be

on when the space is unoccupied. Some specific special cases might include -

computer rooms, where heat-generating equipment requires special cooling to
keep from damaging the equipment, or storage areas in hot climates. If

cooling is on, the temperature should be only low enough to meet the specific
requirement.

10. No Heating or Cooling, all cases: temperatures in the zones when

either (a) the zone temperature is within the designated temperature range so
no heating or cooling is needed or (b) the heating and cooling system is

turned off by the designers. These temperatures should be within the tempera-
ture range appropriate to the space, such as that required to keep materials
in warehouses or storage spaces from being damaged or to provide warehouse

operators with a reasonable comfort range.

When evaluating the temperatures, the reviewer must carefully watch the

interaction between people and control schedules. The control schedule

determines the temperatures in the space; the people schedule determines

whether the space is occupied. Thus, if the night setback temperature appears

in the occupied minimum column, it may be because of the scheduling of

occupants (usually janitorial, maintenance, or security staff) during setback

hours. Another example is not scheduling people during normal heating and

cooling periods (such as morning warmup, lunch periods, holidays), which may
cause normal temperatures to appear in the unoccupied maximum column. These

conditions are reasonable, but make it difficult to review the temperatures in
the design Review Summary Report. For this reason, close consideration must

be given to specifying people and control schedules. One might want to
schedule a small workforce during warmup periods, lunch hours, etc., and
ignore small workforces during temperature setback times. Obviously, this is

at the discretion of the designer and reviewer.

Note that if significant unmet system loads occur, the temperatures

listed are invalid. This is because the LOADS program assumes that the system
has sufficient capacity to achieve the specified control sequence. If the

system is, in fact, undersized, the systems program will report unmet loads . -

and the assumption (by the LOADS program) of sufficient capacity is unreason-
able, causing the reported temperatures to be invalid. A warning will appear
if the unmet system loads exceed 5 percent of the total load.

Section IX has four subsections. The first includes project and weather
data needed to choose the applicable design energy budget. The remaining sub-
sections identify zone loads, system loads, and plant loads, respectively.

34



* i:!-

q
-J

The first subsection gives:

1. Category Code: the five-digit MCA category code used to identify the I
type of building for the design energy budget.

2. Location: gives the location of the weather tape used. the type ot

weather tape (i.e., FRY for test reference year), and the year ot the weather

tape (where applicable).

3. Project Title: includes any information needed to identify the pro-

ject. It is in the BLAST input deck as the PROJECT statement. It can be up
to three lines (240 characters) long, and may include such things as the name
of the project, the actual location of the building, names of the engineers, Il
design option, etc.

4. Heating Degree Days and Cooling Degree Days: read from the weather

tape. They are used to check whether the weather tape is appropriate and to
identify the appropriate energy budget. if HDD and CDD are not given on the

weather tape, UNKNOWN appears in place of actual numeric values.

The second subsection, Zone Load, gives the loads for each zone. One

line describes one zone and lists:

1. Zone Number to which the line of data applies.

2. Total Heat/Cool: the total sensible heating/cooling required per

year by the zone to maintain it at the conditions specified for the zone con-trol., !

3. Total Elect: the zone's annual total electrical load, including
lights and internal electric equipment. For energy budget checks, any elec-
trical consumption by internal equipment should be subtracted from the energy
budget because internal equipment loads should not be included in budget cal-
culations.

4. Total Gas: the annual gas load due to gas equipment in the zone.
For energy budget checks, this should be zero.

5. Total Area: the floor area for each zone. The reviewer should make
sure this value is correct.

6. Energy Budget: the amount of energy required by the zone per unit
area during the simulation period. This value can be used to identify the
zones that use particularly large or small amounts of energy.

7. Energy Budget for All Zones: shows the energy consumed by all the
zone3 per unit area during the simulation period. This value can be used to
evaluate the energy effectiveness of the building without considering the sys-
tems and plants.

The third subsection, System Loads, gives the loads for each system. One
line describes one system and lists:
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1. System Number: identifies the system the data belongs to and corres-
ponds to the detailed system description in the usual BLAST output.

2. Total Heat/Total Cool: the energy required by the system to provide

heating/cooling. These values include the zone loads, plus any additional
system loads, such as those caused by ventilation or system inefficiencies.

If the system cannot meet the heating/cooling requirements, this value is the
amount the system could provide. The portion of the system load that cannot

be met is reported as an unmet load.

3. Total Elect/Total Gas: the total amount of electricity/gas required

by the zones and the system. This value should be greater than or equal to
the corresponding value for the zones. The electric load will include the

,v;ytem tan power.

4. Area: the total floor area served by the system. The reviewer can
make sure this value is correct by summing the floor areas of the zones served

,)y the system.

5. Unmet Heating/Cooling: the portion of the load that the system could

not meet. Unmet loads will arise when the system is undersized, the air flow
rate is too low, or the hot- or cold-deck temperatures are too low or too
nigh. The unmet loads do not include system inefficiencies.

6. Energy Budget: the energy required by the system, including zone

Loads, per unit area during the simulation period. However, if unmet loads

occur, the energy budget will be inaccurate because only available energy is
reported, not the amount required to meet the loads. The energy budget for 6

each system is provided so that the reviewer can detect any variations in the
energy effectiveness of different systems.

7. Energy Budget for All Systems: the energy consumed per unit area

during the simulatien pEriod by the building. This value includes the sys-
ems, but not the plaoitl. It can be used to evaluate the energy effectiveness
, t the building and its nir-handling systems without considering the plants.

[he fourth subsection, Plant Loads, gives the loads for the plants. Each

IWant is described by one line which lists:

I. Plant Number: identifies the plant to which the data belong and cor-
responds to the detailed plant description in the usual BLAST output.

2. Electricity, Boiler Fuel, Cas Turbine Fuel, Diesel Fuel, Purchased

Iot Water, and Purchased Chilled Water: the source energy inputs to the plant

that ensure all the building's energy requirements can be met.

3. Unmet Loads: the portion of the load required by the system that the

plant cannot meet. Undersized or improperly scheduled equipment can cause
unmet loads. These unmet loads do not include plant inefficiencies or the

system unmet loads.

4. Floor Area Served: the floor area served by the plant. The reviewer -9

can check this value by summing the floor areas of the systems served by the
plant.
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5. Energy Budget: the energy required by the individual plant per unit

floor area during the simulation period. The budget will be inaccurate if un-

met loads exist. The energy budget for each plant is included so that the
reviewer can detect any variations in the energy effectiveness of different

plants.

6. Building Energy Budget: the "bottom line" energy budget which

accounts for all zones, systems, and plants. This is the value the reviewer

compares to the design energy budgets. However, this value is not valid if
significant unmet Loads exist in either the systems or plants subsection.

Note that only met systems loads are considered in the plant load calcula-

tions. It is important that the reviewer consider any unmet loads before com-

paring this value with the design energy budgets or approving the designs.
Unmet loads indicate that the design is not operating as desired with the zone
loads, and thus comfort conditions are not being met. For example, the tem-

perature report is invalid if unmet loads exist.
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ENERGY DESIGN REVIEW WITHOUT BLAST

The design review method described in this report requires that a BLAST
analysis be made on each new building submitted to a Corps District. This can
be accomplished for A/E-contracted designs by having the District contract
designs only to those A/E firms which already use BLAST as part of their
design process, since generating the BLAST Review Summary Report will cost the
A/E no more than generating any other BLAST output. However, this is not
likely to happen in the near future. The alternatives are to require de-
signers to do a BLAST analysis of the projects, or to have the District
reviewer do a BLAST analysis of the design submission. These are the options
usually chosen by the District, although they both increase the overall design
cost and review time. For this reason, it has been suggested that District
design review procedures be developed that are not based on the BLAST pro-
gram. The pros and cons of this idea are discussed below.

Manual Review Method

The District could require designers who do not use the BLAST program to
manually produce a report in the same or similar format to the BLAST Review
Summary Report. The reviewers who participated in the field test of the
Review Summary Report were asked if hand-completed forms of the same format
would be just as useful. Hand-completed forms were judged to be more useful
than no summary at all, but the review time would not be significantly faster
because of the reviewer's tendency to check the handwritten values against the
computer printout. This checking would also require the reviewers to be
familiar with the analysis method used. Also, much of the information used to
evaluate the model's validity would either not be available or could be incor-
rectly reported both in the summary and in the analysis. Because the report
would be prepared manually, the reviewer could not be sure that the data were
accurate. That is, there would be no way of automatically checking that the
data in the review report were the same data used in the energy analysis.

Computer-Aided Review Method

To show design budget compliance, some form of computer energy analysis
will probably be required. If this is the case, it may be possible to develop
special review reports similar to the BLAST Review Summary Report for other
simulation programs.

The main problems in this approach are (1) getting the developers of sim-
ildarion programs other than BLAST to develop a review report similar to the
BLAST Review Summary Report and (2) getting access to these usually proprie- 0
tary programs so that USA-CERL can develop the review reports. In either
case, other computer programs may not generate the kind of data needed to gen-
erate a review report of the same quality and accuracy as the BLAST Review
Summary Report.
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An alternative may be th Corps' Computer-Aided Engineering and Architec-
tural Design System (CAEADS). The BLAST program has been interfaced to

- CAEADS, so energy review reports can be generated for any project using
CAEADS. Furthermore, the SKETCH portion of CAEADS can be used to simplify the
development of BLAST input decks. This could make the option of having the
reviewer do BLAST runs for projects submitted by A/Es more practical. Also
under development is an interface of CAEADS with other automated drafting sys-
tems, which could make it very easy for the reviewer to use BLAST during the
design review. These various interface programs are presently under develop-

ment at USA-CERL.

U

9janet Spoonamore, CAEADS -- Computer-Aided Engineering and Architectural
* Design System, Technical Manuscript P-133/A-117972 (USA-CERL, 1982); and

Computer-Aided Engineering and Architectural Design System, Volumes I and
11, Technical Report P-97/ADA065827 and ADA067719 (USA-CERL, 1979).
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CONCLUSIONS AND RECOMMENDATIONS

Field testing of the standard format of the automated method for pro-

ducing review data, which is currently available in an output report from the

BLAST computer program, was very successful. The field test showed that

review time was reduced by approximately 90 percent and the quality of the
review was improved.

Based on the field test results, the procedure has been modified in

several ways that further enhance its utility. These changes provide the user
with more information about the design and make the Review Summary Report more

of a stand-alone report. By listing important design data in a systematic
format, the BLAST Review Summary Report helps the designer verify that the
BLAST model is correct and that the Army's prescriptive standards for energy-

efficient building designs are met. In addition, instructions have been made
easier so that persons with little or no BLAST expertise can use the proce-

dure.

Producing hand-completed forms of the same format provided by the BLAST
Review Summary Report would increase the time and cost of a review compared to

producing no summary or automatically providing the Review Summary Report.

It is recommended that the review procedure described in this report be
used to review all designs for which BLAST is used for energy analysis.
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