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SUMMARY (% ¥ Q. °FA])

I. Overview of Research and Development Task

o It is necessary to revise the “basic unit for the construction waste generation” in
the standard quantity per unit and have tools for the quantitative management on
construction waste data.

o This study aims to calculate the basic unit for the construction waste generation
actually and development tools for data management on construction wastes through
survey and analysis on the status of construction waste generation from construction
works.

o This study provides tools for the construction waste recycle and reduction goal
setting through the expected amount of generation with the budget securing for the
appropriate construction waste processing from the proper calculation of construction
waste generation.

— Finally, this study will enable the utilization of management tools to reduce

construction wastes and improve their recycle.

II. Details and results of research and development performance

Year |Details of Research Performance Results of Research Performance

— Surveys are carried out for examples of

calculations on basic unit for generation from
m Data collection and analysis
1st new constructions and dismantled structures.
on the calculation of basic
year (Focus on examples of domestic research:
unit for generation
1990~2009).

— Studies have been concentrated on dismantled

— XV —



structures.

— Data analyses are carried out after

re—classification into the generated quantity of
construction wastes and kinds of wastes with
high recycle under the division of buildings

into their use and structure.

m Survey on the generated
quantity of construction

wastes (buildings, houses)

— New constructions: Surveys are carried out for

the classification per use (residential /
non—residential), classification per structure
(independent house, apartment house, RC,
SRC, S structure), and 6 kinds of wastes
(waste concretes, waste metals, waste woods,
waste synthetic resins, waste boards and other

wastes)

— Dismantlement: Surveys are carried out for the

classification per use (residential /
non—residential), classification per structure
(independent house, apartment house, SRC, S
structure), and 5 kinds of wastes (waste
concretes, waste metals, waste woods, waste

synthetic resins, and other wastes).

m Calculation (building, house)
and verification on basic unit
for the generation of

construction wastes per use

— Calculations on basic unit for generation per

use and structure are carried out for the
shape of wastes with high recycle for new

constructions and dismantled structures.

— Comparisons and verifications are carried out

- XV —




with basic unit for generation through site
data collection and actual measurement survey
on new constructions and dismantled

structures.

® Preparations and suggestions
of revision drafts for standard

quantity per unit

Suggestions are made to incorporate revisions
as reference on the regulations in the Ministry
of Environment through discussions with
incumbent departments in the Ministry of
Land, Infrastructure and Transport and the

Ministry of Environment.

m Suggestions for the direction
of domestic forecast program
development through data
collection and analysis relating
to the development of
forecast programs on the
quantity of construction waste

generation

As a result of analysis on 7 kinds of domestic
and foreign forecast programs for the
generation of construction wastes, 2
classifications are categorized such as the
applied method with complex basic unit and
the applied method with basic unit of waste
discharge.

The development direction of a forecast
program for the generation of domestic
construction wastes is suggested through the
evaluation method consisting of the universal
evaluation method (basic unit of waste
discharge) and detailed evaluation method

(quantity of materials and loss ratio).

— Surveys and analyses are carried out for basic

unit for the generation of domestic and

— XVl —



foreign construction wastes and DB for basic
unit for the generation of foreign construction
wastes is built in an effort to make it possible
to be used for primary criteria in reviewing
basic unit for the generation of wastes that

can be applied to the forecast program.

m Requirement review on the
forecast program for the
generation of construction

wastes (building, house)

Although construction wastes are classified into
18 kinds in the Construction Waste Act,
construction wastes actually generated at the
sites are 9 kinds (waste concretes, waste
asphalt concretes, waste woods, waste metals,
waste synthetic resins, construction sludges,
waste boards, waste construction earth and
rocks, and mixed construction wastes).
Components: Basic unit for generation, unit
price information on wastes, basic construction
information, special conditions, volume
conversion coefficient, pattern of generation
per type of waste, progress calculation table,
and document forms for administrative

organizations

m Components of the forecast
program for the generation of
construction waste per use

(building, house)

Forecast for the generation of construction
wastes (waste concretes, waste asphalt, waste
woods, waste synthetic resins, mixed
construction wastes, etc.) generated during

new construction and dismantling construction

— XVil —




— Forecast for the generation of construction
waste according to progress during new
construction

— Forecast for processing cost per type of
construction waste

— Forecast for the generation of construction
waste changed by peculiarity of construction
works

— Comparison and monitoring between forecast
quantity and actually generated quantity in the
new construction

— Automatical change of the forecast quantity
for generation according to the change of
construction scope in the new construction

— Qutput after the insertion of calculated
construction waste data into documents
(construction waste processing plan,
construction waste management ledger,
construction waste processing record report)
for administrative organizations relating to

construction wastes

m [nitiative for industrial

intellectual properties

— Patent registration for the forecast method
and device for the generation of construction
waste from new construction / dismantling
construction

— Copyright registration for the forecast program

— XVIl —



for the generation of construction waste from

new construction / dismantling construction

2nd

year

m Survey on the generation of
construction wastes (Building,

Housing)

— The discharge of mixed construction wastes
was reduced as much as possible in
accordance with the government’s directions
for construction waste management and
disposal policy and the amount of waste
concrete, waste wood and waste synthetic
resin was greatly increased when they could
be increased in case of their separation and
selection instead.

— The table of basic unit was prepared again
through the additional verification works for
the basic unit on the generation of house and
building wastes which was calculated in the
1st year.

— The characteristics which may be generated
from each construction site were reflected
through annotations. (Ex: Pile constructions,

environmental equipment, etc.)

m Survey on the generation of
construction wastes (civil

engineering, plant)

— Execution on the classification of
characteristics for civil engineering: The
classification of wastes generated in civil
engineering sites was executed.

— The review on the possibility of recycle for

the generated construction wastes was carried

— XIX —




out with the survey on the status of the

generated waste disposal.

— Judgment on whether or not to apply the

construction wastes. In other words, although
waste woods and synthetic resins from sites
were generated from construction works, the
survey was carried out to see whether the
constructors should dispose of them or the

project owners should collect them.

— Distinction on the generated quantity of basic

unit for civil engineering: Classification into

tunnel. bridge and road pavement

— The generated quantity of construction wastes

from civil engineering and plant dismantling
was excluded from the classification system
because it can be calculated accurately using
design drawings. (However, the review may be
necessary if the requirements to be inserted
occur on the system for the table of basic

unit calculation.)

m Calculation for basic unit for
the generation of construction
wastes per use (civil

engineering, plant)

— Calculation on the basic unit of generation per

structure of tunnel (based on the floor area),
bridge and wall (based on the amount of
concrete), and road (the placed floor area -

concrete / asphalt concrete)

— Plant: Difficulty in classification per use,

— XX —




classification into type of works (civil
engineering / construction / piping)

— A certain type of repetitive pattern is not
taken for plants.

— The basic unit on construction works / civil
engineering works was quoted for construction

works and road works in a plant.

m Reflection of the system for
basic unit for the generation

of construction wastes

— The revisions will be made on the generated
quantity of construction wastes per unit area
in the “Directives on the Disposal and
Recycle of Construction Wastes” announced
in the Ministry of Environment Regulation No.
471. (Discussions with the Ministry of
Environment under way)

— The basic unit for the generation of
construction wastes described in standard cost
estimation for construction works was deleted.
(Deleted after an announcement by the

Ministry of Environment)

®m Requirement review on the
forecast program for the
generation of construction
wastes per use (civil

engineering, plant)

— Requirement: Reflection of calculations for
construction wastes and forecast generation
quantity, function of preparations for
construction waste management ledger,
function for the summation of actually
generated quantity for construction wastes,

monitoring function for the forecast quantity
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and actually generated quantity, function for
data output of every calculated data to excel
files

— Components: Basic unit for generation, unit
price information on wastes, basic construction
information, special conditions, volume
conversion coefficient, pattern of generation
per type of waste, progress calculation table,
and document forms for administrative

organizations

m Development of the forecast
program for the generation of
construction wastes and
evaluation of its accuracy

(civil engineering, plant)

— Forecast for the generated quantity and
processing cost for construction wastes (waste
concretes, waste asphalt, waste woods, waste
synthetic resins, mixed construction wastes,
etc.) generated from new construction

— Forecast for the monthly generation of
construction wastes

— Additional reflection with options for the
portion not calculated in basic unit for
generation

— Comparison and monitoring between the
forecast quantity and actually generated
quantity

— Automatic change of generation from forecast
according to the change of construction scope

such as design change, etc.
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— Qutput after the insertion of calculated
construction waste data into documents
(construction waste processing plan,
construction waste management ledger,
construction waste processing record report)
for administrative organizations relating to

construction wastes

m [nitiative for industrial

intellectual properties

— Patent registration for the calculating device
and method on basic unit of construction
waste per progress through database
construction for the generation of construction
waste

— Copyright registration for the construction

waste management program

IMI. Final Research Performance and Actually Applied Records

Category Name of Performance Descriptions of Research Performance
— Classification of shape in link with the
generation and recycle of construction wastes
(reflecting the strengthened policy of the
Individual| » Calculation of basic unit for
government’s resource circulation)
research| the generation of
— Shapes include waste concrete, waste metal,
perfammace|  construction wastes

waste board, waste wood, waste synthetic resin
and mixed waste.

— Calculations were made higher than those in
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the existing standard cost estimation for

construction works.

m Submission of revision drafts
for basic unit for the
generation of construction

wastes

— Reflecting on the Ministry of Environment
Regulation No. 471 (Directives on the Disposal
and Recycle of Construction Wastes)

— A request was made to delete the section on
the basic unit for standard cost estimation for

construction works (first half of 2015)

m Development of a forecast
program for the generation

of construction wastes

— Possible of the generated quantity of
construction wastes and expected processing
cost according to the use, structure and
process of building / house / plant works

— Summation of processing records on
construction wastes (input to construction waste
management ledger)

— Possible of comparison and monitoring between
forecast quantity and actually processed
quantity

— Possible of preparing documents for
administrative organizations with regard to

construction wastes

® Construction waste D/B
construction method and

applied technology

— Saving with basic information on the project
when construction waste data are accumulated

— Input to the category of new construction /
dismantling, selection of representative process

and generated sources to be managed with the
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construction waste management ledger when
the succession documents for construction
wastes is issued

— Possible of accumulating construction waste

data which can be analyzed

m Pilot gest for the forecast
program for the generation
of construction wastes [*

actually applied records]

— Pilot operation after the forecast program for
the generation of construction waste is applied
to each site under the construction of building

/ house / civil engineering / plant works

Major
research
perform

ance

m Academic paper posting

1. Essays of the Architectural Institution of Korea
— A Study on the Calculation of Basic Unit for
the Generation of Construction Wastes from
New Construction Sites

2. Essay published by the Korea Recycled
Construction Resource Institute
— A Study on the Calculation of Basic Unit for
the Generation of Construction Wastes from

New Construction Sites

m Software registration

— Forecast program for the generation of
construction wastes (ECO—W)
(Software registration in the building / house
area)
(Registered no.: C—2013-020126)

— Forecast program for the generation of

construction wastes Ver. 2

(Software registration in the building / house /
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civil engineering / plant area) (registered no.:

C—2013—-020126)

— Forecast device and method for the generation
of construction waste from new construction /
dismantling works (patent no. 10—1396548)

m Patent application and — Calculating device and method for the
registration generation of construction waste per progress

through database construction for the

generation of construction wastes (application

no. 10—2014-0122483)
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IV. Achievement and Effect of Research Goals

(1) Degree of achievement to final goals for research and development

performance
. Measurin Target . .
Performance Indicators e & Weight |Achievement
Method value
heth lcul i
W et. er Qr not to ca cg ate Site . A cases| 35% 100%
basic unit for generation demonstration
Official letter
Submissi f ision drafts f for th
u m15_51on(.) revision ra. s for o_r .e 9 cases 15% 100%
basic unit for generation submission of
o revision draft
qualitative
performance ) )
Development of forecast Confirmation of
program for the generation of |S/W registration|2 cases| 35% 100%
construction wastes certificate
Whether or not to demonstrate Site
forecast program at the site and| demonstration |4 cases| 15% 100%
comply with accuracy per use
Subtotal 100%
Patent licati d
aten app 1ca. ton an Cases 2 cases| 30% 100%
registration
o Examples of site application Cases 4 cases| 20% 100%
Quantitative
performance ) ]
S/W registration Cases 2 cases| 40% 100%
P tati f t th
resenta 1or‘1 Ol paper a € Cases 5 cases| 10% 100%
academic conference
Subtotal 100%
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(2) Analysis on technological and economic effect of research and development
performance

(A) Expected technological effect

o The calculations on generation per type of construction work are made to make the
actual generation consistent with the estimated generation as much as possible,
through which a program is organized and used for the effective application to
support the related officials, discharging parties and construction waste disposal
companies.

o If the prediction program for the generation of construction wastes is used as a
result of this study, the specific and quantitative goal setting and management can
be done for construction wastes such as the reduced generation of mixed
construction wastes because the prediction on the generated quantity of construction
wastes can be done. For example, the systematic management can be done in the
future to the extent of reduction to the level of 10% or less which is managed in
Japan, although the quantity of mixed construction wastes in our country IS now
more than about 40%.

o The processing cost for construction wastes can be accurately counted with the
generated quantity of construction wastes.

o Recently, domestic constructors enter into overseas sites such as Singapore, UAE,
India and China. Accordingly, the findings of this study can be actively used as data
for the accurate calculation of quantity for the bidding on overseas construction

works.

(B) Expected economic effect
o If the related systems including the basic unit on the generation of construction
works and standard cost estimation systems using the basic unit are arranged, the

accurate calculations on the quantity of wastes and accounting of their processing
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cost can be done. Accordingly, the accurate budgeting can be done in the public
construction works and private construction works.

o If about 5% per processing method of construction waste can be reduced through the
efficient management on construction wastes, possible direct economic effect is

annually 55.625 billion won.

% Construction waste landfill in 2012 of about 1.5 million tons X 5% (reduction) =
75,000 tons
Construction waste landfill cost: 42,730 won/ton X 3.34 million tons = 3.2 billion
won
% Interim processing (crushing) quantity of construction wastes in 2012 of about
66.24 million tons X 5% (reduction) = 3.31 million tons
Interim processing (crushing) quantity of construction wastes: about 15,000 won/ton
> 3.31 million tons = 49.65 billion won
¥ Interim processing (burning) quantity of construction wastes in 2012 of about
370,000 tons X 5% (reduction) = 18,500 tons
Interim processing (burning) quantity of construction wastes: about 150,000 won/ton
X 18,500 tons = 2.775 billion won
3.2 + 49.65 + 2.775 = 55.625 billion won
* Statistics of the Ministry of Environment 2012 was used for the disposal quantity of construction

wastes.

o If indirect factors through the recycle of construction wastes are applied, greater
economic effect may appear due to the reduced construction cost for landfills, saving
of environmental deterioration cost, reduction of environmental management cost,

etc.
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V. Utilization of Research Performance and Need of Additional Research
(A) Utilization of research performance

o The basic unit on the generation of construction wastes as the findings of this study
will be reflected on the Ministry of Environment Regulation No. 471 “Directives on
the Disposal and Recycle of Construction Wastes” to calculate the expected
generation of construction wastes in reality, so that the reflection on the proper
budgeting for the disposal cost of construction wastes can be made using the
calculated generation quantity.

o The prediction program for the generation of construction wastes based on the basic
unit on generation will be distributed free of charge through the homepage of the
related organizations for the Ministry of Land, Infrastructure and Transport, so that
anyone can sequently use the program.

o The program can be adjusted to each site by changing the attribute information in

the program, which enables the program to be utilized flexibly.

(B) Need of additional study

o Although this study could calculate the basic unit for the generation of construction
wastes In a proper way in case of building and house construction using many
parameters in the direct survey method, the basic unit on generation with relatively
lower reliability was calculated due to smaller data parameters in the civil
engineering and plant area which was first attempted, comparing to the building /
house area.

o Very large differences appeared in the generated quantity of construction wastes,
depending on the engineering methods and temporary installation materials used in
the civil engineering works, while additional studies were thought to be necessary for
the plant area because a considerable portion occupied the generated quantity of

packing materials (waste woods and waste synthetic resins) whose prediction was
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difficult as the civil engineering, construction and machinery and electric works were
carried out at the same time.

o It is necessary to carry out additional studies in detail with this study as a start and
insert the basic unit on generation into the national standards because there is no
basic unit on generation to calculate construction wastes in the civil engineering and
plant area.

o It is difficult to secure data without the cooperation with the owner because most of
the civil engineering / plant areas falls under the national infrastructures.

o The most effective method to collect data on the generated quantity of construction
wastes 1s to secure them through the improvement on Allbaro System which is
operated by Korea Environment Corporation. It is necessary to calculate the reliable
basic unit of generation and establish national standards by securing massive amount
of data through the cooperation with the project owners and improvements on

Allbaro System.
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<E 1-6> SAESFE MEHZ H7| o e cte (SF2] : kg/m
e x| EE2E2x |HZ2I2EXE| BEZ | 4= =
= (SRC) (RC) (S) T o
ZFJz|E 21,792 28.71 13.665 12.000 0
HE 4530 0.453 0.453 17.490 6.270
3z|E

ZEH 0.351 0.351 0.351 0.318 0.318

El 0.333 0.333 0.333 0.035 0.38

FE|F =2 0.12 0.12 0.12 1.410 1.410
=257 E=Ppy| 7.191 9474 4509 3912 4543
x| 0.055 0.055 0.055 0.037 0.037

Zo|&F

TR 0.436 2583 1.23 1.080 1.250

2IAES ZgiAE 3.922 5618 2459 2196 2550

HEZ 4.443 5.267 1.465 3.156 0
=y

=X 3.380 3.380 3.380 5.668 13.000

HqFF M7 0.437 0.574 0273 0.240 0.279

7| Et - 9.522 9522 7.200 7.200 8.361
=y 56.51 65.99 35.49 54.74 38.40
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<E 1-7> 74582 8% ¥ 7= AL FLEL| i &S (BF2] : ton/m?)
e e g A= P8 A2 -
ST ST = >
CHEF) | MEF) (HQF;' = 2x (oﬁgi) S= RC= | SRC= He
A 1.490 0.261 1581 0.904 1411 1577 2558
=2 Z3z|E 0.800 - 0.865 0.672 1.100 1.300 2.400
3 EE= 0.583 0.209 0.580 0.201 0.151 0.086 0.132
2| = - - - - 0.030 0.156 0.004
E 2& 0.106 0.038 0.123 0.028 0.117 0.028 0.016
Efe 0.001 0.014 0.013 0.003 0.013 0.007 | 0.0006
72|&F - 0.024 0.024 0.003 0.002 0.002 0.002 0.001
A 0.003 0.003 0.032 0.061 0.034 0.054 0.051
&5 HZ - - 0.029 0.058 0.031 0.051 0.048
7|E} 0.003 0.003 0.003 0.003 0.003 0.003 0.003
2 A 0.006 0.006 0.006 0.006 0.006 0.006 0.006
=o0|7 & X| 0.0003 0.0003 | 0.0004 - - - -
7| E} 0.006 0.006 0.006 0.006 0.006 0.006 0.006
=g A 0.003 0.003 0.003 0.002 0.002 0.002 0.002
=T EEX 0.0009 0.0009 | 0.0009 - - - -
B 7|E} 0.002 0.002 0.002 0.002 0.002 0.002 0.002
= - 0.044 0.100 0.026 0.022 0.026 0.019 0.026
M7 - 0.002 0.002 0.002 0.002 0.002 0.002 0.002
7|E} - 0.029 0.029 0.029 0.029 0.029 0.029 0.029
= A 1601 0.428 1,682 1.026 1510 1,689 2675
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095 092 1.38

APl 33 EH|8| 1.00 1.00 0.88

0.86 1.00 0.78
RC 18.00 - 220 | 180 3.71 329 29.00
338 S 12.00 - 180 | 112 2.03 245 19.40
SRC 18.00 - 400 | 076 251 233 27.60
<AEZAL LY Ache|> okl © kg/m?

x - HOAEE | - 7ty | 2y -

SE= EECS 35 HEM | &7
E3A o L M e N e e e e il
T el 18.00 - 160 | 107 174 359 26.00
FHE Sx - - 220 | 1300 | 150 9.36 26.07
OtHItE 25.96 - 005 | 169 0.07 1.47 29.24
RC 19.00 - 240 | 131 2.70 2.39 27.80
UEE S 12.00 - 180 | 128 2.32 280 20.20
SRC 21.00 - 400 | 097 3.23 3.00 32.20
RC 18.00 - 220 | 180 3.71 329 29.00
338 S 12.00 - 180 | 112 2.03 245 19.40
SRC 18.00 - 400 | 400 251 233 27.60

<E 1-11> A SAF LM ACHR| data HlAH 2

s A = Al
_ EHHIIEC|E)
=5 | HolrZE| | _ == =
HZ3ZE 253 H =% o=y 7+04§n1| go_é;élﬂwl EA
7= =

et ofotE= MEBAIENLAT UL HEHFEIS AL AR E ALS




E

L

Bio| Z3tH 7= HIE 0.06 0.05 0.89 1
TE4 | 1409.00 - 48.00 1117 10.15 181.62 1659.94
=X - - 3.00 100.00 37.00 288.00 428.00
OtutE 1686.00 - 68.00 2.90 18.60 61.70 1837.20
0.07 0.10 0.83 1
HEBHES =2H7|=E &2 0.08 0.13 0.79 1
0.05 0.12 0.83 1
RC 1488.00 - 73.00 9.32 13.91 111.78 1696.00
HES S 937.00 - 55.00 1013 17.82 106.65 1126.60
SRC 1644.00 - 122.00 7.60 17.63 125.86 1917.09
0.95 - 0.92 0.87
AUFBUH| =3EH|E 1.00 - 1.00 0.87
0.86 - 1.00 0.78
RC 1409.58 - 67.01 8.14 1215 97.70 1594.59
S5 937.00 - 55.00 8.85 15.57 93.21 1109.64
1408.91 - 122.00 5.90 13.69 97.70 1648.20
<o M S AL Ll P ChR(> che|
s _ HOIAEE | _ _ AN [ 2AME Y]
SRl A = E o I = =
ofl Ml S Al HZIZE =32 Ha% | S H|= = =
FHE Ch= e 1409.00 - 48.00 1117 10.15 181.62 1659.94




2x - 300 | 10000 @ 37.00 288.00 | 42800
otmtE 1686.00 6800 | 290 18.60 61.70 | 1837.20
RC 1488.00 7300 | 932 13.91 111.78 | 1696.01
AE2 S 937.00 5500 | 1013 17.82 106.65 | 1126.60
SRC 1644.00 12200 | 7.60 17.63 12586 | 1917.09
RC 1409.58 67.01 8.14 1215 9770 | 1594.59
222 S 937.00 5500 | 885 1557 93.21 1109.64
SRC 1408.91 12200 | 590 13.69 9770 | 164820
<E 1-12> slidl s At LM ACER] data AlAF B
== iE ALtE T A 2o A _
=X _—?—E_E_E -u':”OI'AE _EIL_/t _EX Lo =l =
e= WEIRNE TS oo e (HES|HSM| oo | Lo | B
o 611.30 070 | 2328 873 65.96 710.00
o (86%) (<1%) | (3%) (1%) (9%) (100%)
sle | olope x 1402.00 100 | 896 814 157.9 1578.00
(89%) <1%) | (1%) (1%) (10%) (100%)
! Aoz 1281.00 000 | 216 15.84 5328 1352.00
7K - (95%) <1%) | (<1%) | (1%) (4%) (100%)
g
x| axt |olopsisx 1579.00 200 | 154 1.40 27.07 1611.00
o (98%) (<1%) | (<1%) | (<1%) (2%) (100%)
ololu £ = 1460.00 030 | 360 3.30 64.90 1532.00
- (95%) (<1%) | (<1%) | (<1%) (4%) (100%)
=
- 1421.00 000 | 1.70 250 21.20 1446.00
- (98%) (<1%) | (<1%) | (<1%) (19%) (100%)
e ol op = x 682.00 000 | 210 1.90 37.00 723.00
SHRFAL (94%) <1%) | (<1%) | (<1%) (5%) (100%)




<HE 113> sl M 3 At

ahal 2l 9|

2| kg/m")

HOIARE

7tAM

Xl = At HEZ32E =92 Ha% H3X Hol2 = SHA|
Crmmey  1409.00 B 4800 1117 1015 18162 165994
=T (85%) (3%) (1%) 1%)  (11%)  (100%)

<2 o - B 300 10000 3700 28800 42800
T b (0%) (1%)  (@3%)  ©O%)  67%) (100%)
opapE 1686.00 ~ 68.00 290 1860 6170 183720
= (92%) %)  (<1%)  (1%) 3%)  (100%)
. 1488.00 B 73.00 9.32 1391 11178  1696.01
(88%) (4%) (1%) (19%) 7%)  (100%)
. S 937.00 ~ 5500 1013 1782 10665 112660
sTe (83%) (5%) (1%) (2%) 9%)  (100%)
SRC 1644.00 B 12200 760 1763 12586 1917.09
(86%) 6%)  (<1%)  (1%) 7%)  (100%)
ac 1409.58 B 67.01 8.14 1215 9770 159458
(88%) (4%) (1%) (1%) 6%)  (100%)
. S 937.00 ~ 55.00 8.85 1557 9321  1109.63
°e° (84%) (5%) (1%) (1%) 8%)  (100%)
SRC 1408.91 B 12200 590 1369 9770 164820
(85%) 7%)  (<1%)  (1%) 6%)  (100%)
o 611.30 B 0.70 2328 8.73 6596  710.00
o (86%) (<1%)  (3%) (1%) (9%)  (100%)
oo HYHE 140200 ~ 1.00 8.96 8.14 1579 157800
B = (89%) <1%)  (1%) 1%)  (10%)  (100%)
- 1281.00 B 0.00 216 1584 5328 135200
X - (95%) <1%)  (<1%)  (1%) (4%)  (100%)
N L, deHE 157900 B 2,00 154 140 2707  1611.00
ELE = (98%) <1%) (<1%) (<1%) (2%) (100%)
N

04' QI E  1460.00 B 0.30 3.60 3.30 6490 153200
T = (95%) <1%)  (<1%) (<1%)  (4%)  (100%)
a= - 1421.00 B 0.00 170 250 2120  1446.00
- (98%) <1%)  (<1%) (<1%)  (1%)  (100%)

XF 71
;; ool = 68200 ~ 0.00 210 1.90 3700  723.00
= = (94%) <1%)  (<1%) (<1%)  (6%)  (100%)
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0.286
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1.396

0.553
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208kg/m”

1

o

ol ¢

1

]

s
L
s

[e)
e
e

=
i

Ats)
o

-
<

|

-
fius

|

_L
s

AAFe F8 WA
]_
1,645kg/m, <5
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A 22053 15,922 2240 58
24 EH2] (kg/m?) 1,645 103
cum aate oS, 12,585 11,009 1837 %0
x|4H05 ’ ’ ’
CER S jﬁjl olElo 19,871 17,325 2737 o4
Al =
A 32,456 28,424 4574 184
et (kgim?) 2,014 146
el 54,709 44,346
24 £H2| (kg/m?) 1,886 129
<#¥ 1-19> SRC =29 F¢& =¥
o154 2o 2 ma 2z
=AY e () o) ton) (ton)
D =& 9,140 5,906 649 1,156
X575,
ax P 3% x|AHOS 32,560 15,410 2,891 3,990
AlM
A 41,700 21316 3,540 5,146
21 42| (kg/m®) 1,176 208
%EFZIF; Al 7;@372 32,462 19,527 2514 1,299
BE N ARL HE rlstrs, 30,913 14,948 1,518 2469
A|A x| A155 ! ! ’ ’
A 63,375 34,475 4,032 3,768
21 42| (kg/m®) 1,251 74
=7 105,075 55,791 7,572 6,694
24 £k (kg/m?) 1,221 157




A7 % QAR A 12H(2004~2011) e} 23H(2006~2014)7HA] &AF sl AAFAL 2

of\

AR FZH A A%E HA A AP 2Ab e A4H 7S HASZS d=8 A8 E ug
%

S ZAMIAEIAY. AT IAYERS AR oA ER, Ex, 55X 24X S

e

2 Efeta, AdHVE 5 wet EdAdAVIeSs Ao AdAART, AeET,

o

4

=

N

! =
157), ALEZIAGNEFR I35 457, A X I35 507, BXFFES 2872 & 138719 ++%
2o diste] FxE HuE {3 AAHTE SRS AT QA AT A HE

AYEX7} 1,230kg/m° 2 7P Egon, 28 x| 7

r2
o,

H7E, E9A dA7leR EFcte] EATES Rlusdt. T2l e HEx Tx

X d
o] 1,188kg/m’Z T WA Z UElWTh AFxE Fo FERAE AFo|nz ZIYE S AA

AAF Fo] FHoz Ar), HFE&EFE dF27 6.1kgm’o® Mg =9ty AEEZIYE

A Yebsa, Bx pFxEo] b Btk AR ES B2 pFxEo] b Egta, A%
T3 FASHA YERS T ol 28 %9 AS ZAAEES Zol AMgs=d o7 Ut
AA Qb wrAERe H =g EX 1,373kg/m®, 28 % 1,345kg/m?, AZZ 643kg/m®, &

% 571kg/m* 28 YEGT <% 1-20>

<E 120> TEEHA H 2 glcke =X the| : kgm?
22 AMdENF _ 2o Tted A
SEEA (kgh?) HEET goi2 myie A
HIZFEEX 1,230.5 20 86.1 544 1,373
HE=x 579.5 6.1 38.5 195 643.6
TS 1,188.5 10 898 65.8 1,3451
=X 475.8 0.9 278 66.8 5713

U ASF= AL TAE = DA o BAFS B8] AAste] <& 1-21>9]
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<E 1-22> Sl =2 I

_ Bu| AL o, H7IE AZA
Y TE gymu) UFS oy HTEY Eses U9
seidl Bais . 2834”0 MEEN BubiIE 402
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Totals for 93 dwelling units 93 172,130 754,494 438

Audit by McHenry County, assisted by Cornerstone Material Recovery
NAHB : National Association of Homebuilders
6—unit apartment building
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