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Abstract

According to the expanding of construction machinery works, the number of civil complaints demanding
compensations are increasing continuously from surrounding residents due to the noise from construction fields.
However, the noise is usually managed restrictedly during the construction phase rather than prevented in advance.
So, the efforts to solve the noise problem are occurring only after complaints have been made. Also, excessive cost
and time consuming in order to solve the complaints negatively affects to construction companies. Therefore, the
purpose of this study is to develop an optimized scheduling process model for controlling the noise in construction field
by considering the planned time, cost, and the number of equipment before construction. In addition, this process model
is expected to provide a useful information about the cost comparison between the original planned cost plus
compensation and the optimized cost considering noise limitation so that the site managers can manage their projects

effectively.

Keywords : noise control, schedule optimization, process model, compensation cost by noise restriction

ol

ke Al
H

REelo] =

st 7Ask= ¢lste]

e 1%t g7t

AT ARt AltA o= A=Al glon, wiglo] =Y

Received : June 17, 2014
Revision received : July 12, 2014
Accepted : August 6, 2014
* Corresponding author : Lee, Seung-Hyun
[Tel: 82-44-860-2213, E-mail: Slee413@hongik.ac.kr]
(©2014 The Korea Institute of Building Construction, All
rights reserved.

467

ol
AR

Sk LpAof giEe] gix)7} o]2ojx| 1 A7golct,

3, Hledo] HAYhe -p-ofl BARAE 2t HiskE Sl
S sidste Wy Wl Altke F3f 28 shdst

o] SR, FRQ1ZI) Ash Holz Bl o] 4
o Bt ARle] TottA 2057 wie] @)
A FApI] $4R9 L vl ek

ool 2 Aol A T ARE WA 2 7}

o3 AYE LTS dS5olaL HE AEAIRE 71

et SARE el SAP IR AulR 2410 wE

o

ol

2 BApIE R guelE e, IR0 A1 3
HEE BT 5 Qb 2AEY ZEAs B RS B
o g,

o} Fajo] WA 27] FAAE 4 A A
Ay s ol uteh viglo] IS ) o2l v)
et 22ARRS TRk uje] A, BRG] wst
S A0 vl AT Rek Fejzjoln 3



Developing an Optimized Scheduling Process Model for Controlling the Noise in Construction Field

2t

[>

2 2AEY ZRAA BYS

A, 200 T 2%
REAS HFP] 9I51] A
THIEFAE o R Aele

o] $i3) FABAEA2 AT
AR

Ry

A3l o, 1% T6%7) 7%, ERTARgOlH 2y
She v elslr
EF, YA F 220 lsto] MAsh Wekf

468

A7) 9f8f 71E e 2ARIIAL 11

T AR} 2 HVFE S
o, vjsa-el et
2, sy ol Al &
S8hs Haee At

2--Ta

TR S7I5AIS]
S71h= %= Kol
ot ofuel SAkEe] H5)
FOPAAL Qlok,

SHARE 9] A= 20077149 Apmh 2ARE S| v
| &2 Atoli= SV BN Alsdhe 2
AR REROA 2 1091 e R 5 Agol

2

%31, Park and Ahl4]2 §-8%]9] %
KJatit g9 ATEYoIR} ARt AK-ulg 2t

S Alobskeirt, Maeng[5]2 AlZ—H|E-
Au} 223} FATEE 5 S
A% mdly skt

T QJef e 71E 5L Bl E—ARRE) 271A] =
Agk R8st HHIAIE FHar 11 o] 2 E851
NATAE 2= A vIESE AR ARSI
2 Aol A= HIE—AIE] 2711] 27Nt e AR
| 240] opd H[g—AJ7lo] B AtoA] ARlehs 43S
716 HATAE B I 2AET ZEAIA BES

sk g,

A &

oo
o i
=

)



s}

o] 214 dioke w23}
azk she H 2 %@01 %EP
ojuff 22| ke 2h= IPHoA QAFAA Sl P43

7o) 2745)7] Whel BAA F A2t 27lo] 7
OAEA HgE0] 0 = 19] kS 2= 0-1 A1)
H(Ee o7l AeAH)S S8sto] 24 otk 2=
A= sjastuar st

E3h ol AeAIE BEs E7] floto] & dtelie
MS—Excel®} A&A&] &.ilﬂﬂ Solver(3f] 3] =271
e B meAs RIS T30, ol B 99

Atz 9 HaeE Z217) 3t & Linear Programing<
Aesto] 22 FARE EEd17] Q3 @ 27|E AAIg

5 opo] ma 7ol A4 o) 3] mRaRe

BN ol BT ofe] okbAA Aol A
0-1 W oAb 7Rsstar ofefet 44AE) mRe
8 7] Zea9loR waspl 7issh] vz & dio

A AR B 50| ofE Z-Eol%iTHel.

32 272 ZRAA RS TR

o| Zt Activity B ZHH|Sl0f| 2+ CHot

zw 1TE1 Hll] 94 A3

e Xe)
A=

4,

£o)gl Aule] 7247}

8
Al
o
X
R
N
r FN
02i
=
=
Y,
lo

rE
o,
%

N
OE
m

4

=
rO

o _\L s
i

of T
7

=
rO
filo
4
i)
%
29
o

B
nklél}
mj rlr

469

4>
i
sk
4>
32
=

START

J

]
Step | | Composing the available equi pﬁ;ent altemnatives of
each activitg listed on an original planned schedule

Feviewing the equipment input plan (ex, the types, the sizes, and the numbers)
for every activity of the project that should be optimized
|
¥
Setting up the type, the size, and the number of egquipment
for evary alternative of each activity
|

|

) |
Step 2: Estimating the direct cost, the level of noise, and
the number of equip 1iarl for each altemative of every activity
¥

Estimating the direct cost for each alternative depending on
varying work productiviies and durations

Measuring the noise level for each aftemative
by using SPL{Sound Pressure Lavel)

Restricting the number of equipment for each activity considering site conditions

Step 3 Generating the optimized schedule by considering the noiselevel
Estimating the indirect cost depending on varying watk durations

|
v

Selecting an altemative for every activity by integer programming model
|
4

Generating the optimized schedule based upon the selected
alternative of each activity
-
et e ____é-o_undPress.lreLeve\DfaDayUﬁ\-t.____ B
s < Noize Standard P
BiE

Step 4: Providing the decisionmaking ilimnndinnfnr managing the noiselevel
v

Compating the optimized schedule and the cost under the noise restriction and
the planned schedule andthe cost including the amount of compensation

l

W

Making a decision for managing the nolse level by site manager

|

v
END

il

Figure 1. Optimized scheduling process model for controlling

the noise in construction field



Developing an Optimized Scheduling Process Model for Controlling the Noise in Construction Field

=l

x
b =]

o
d

3.2 2t Activity ¥ CHotS 9|
i+
H o}

o

’3}113“1

=, ZH| Mgt

AE[

SHAolA= 2t Activity AEIEY diokd ZHu|E
Hl-g ARgHRALS. thea} 7).

[o}e My Nuy

A

-

3.2.1 7+ dre] HAn] 444

Step1oA =RE AH] tiete] nlty, 114
HE g83lo] Z-u|E A3t}

HA] AJZ oA Aof 2HE YA S

3:]—
— = O
S He} -wﬂ—fﬁ‘}‘“ = %

gHd

2553 71 ool
23 Belah| Tzl ?
. mebd] AjEo)d

2| o] AV 24 ZALS

=

o2

l

(Equatlon )&
4]o|c},

Q (3600 < g X kX f < E)/em
A71A, q : HZEF (m)
f 1 AReAS

cm 1 AlE B (hr)

(Equation 1)
Z71(0.55, 1.10)

k:
E: AAIE

(Equation 1)7} -2 7z} Aud abd &4 3402
S o] ATt Aol E5F RS v R AR
Zk 1R gioke] AP IS AP (Equation 2)3kal 7}

Qo] T2 H AR (gu|o] ZH]+in] 44
2 ANRHBARDE Erh A4 Tholse) 4|

APJSHHEquation 3).

ofete]
i)} 1

QO

Hule=

(Equation 2)

, 10 Activity®] ¥HE, i {A B, C
j o Activity 9] oiek, j 1 {1, 2, 3

...... m}

Dy © Activity i9] it joll gt SAP17t (day)

@Q; : Activity 12| el jol| thet B4R ()

P; : Activity i2] thet joll that Z=1AAKd (m®/day)

DG, = 8xD,x(MC,+LC,+0C,) ——— (Equation 3)
o7]A, DCy : Activity 2] thot joil thet Zu]

Dy © Activity i2] it joll oigt FAPITE

470

MCy : Activity i9] diet joll dist zj=H]
LGy @ Activity i9] ot jof| digh =ta]
OCy : Activity 1&] tiQt joll thgk H]

‘ j=Number of activity alternative j {1, 2, 3,...} |

i
I N

Activit%(

1 | Equipment 2
Dump

Hquipment 1
Backhoe

Equipment 2
Dump

Activityl

m

| i = Activity of number {4, B, C, ...} |

Figure 2. The relationship between i and j

(Equation 2, 3)4ol|lA i, jo] BA= ¢ Figure 29+ &
o i 7} ActivityS eI A, B, C <oy 3%
&0 FAEH, ji= 7 Activity2] A theke vyEk
o e oz A,

322 7+ "t A5 E A
ZF ojobd An] 23ke] Ay, Aultd, A} 7
27241 Zgsto] Zh tjote] g wE EHsict
olgf (Equation 4)2] Az]7a]4}2 T AH|EQ] il
A 79 Agsl, Tl A 7)1 2)(Tm, 15m)ol tE
2w} 7 Alo)Q] o] A7 E HIEO 2 ARESH= 4
S9&4o|t,

(Equation 5= (Equation 4)2 &83}0] 2714 ow 4
A7} E0JE .00} 7 tholo] EolE| Zhu|o] &
=5 Uehls 4UDay) T LSS ARES uH /\}
B3k AelzhalAleleh 7],

SPL= SPL,— 20log(r/r,) (Equation 4)
of7]4], SPL : dl&A13elx1e] AH]4A-5%=(dB(A))
SPLy : 2290 g HE] 7]17@(7 5m, 15m)

Holzl Aolxle] Aulite (dB(A))



r i g RiE ASAHIAE] A (m)

1o - AU O ERE 7 SRS A (m)
SPL=10log(10"/1 41051 ... 410/ ——(Equation 5)
oJ71M, SPL : FAESE (dB(A))
SPLigo,. . n - Z 2 HAASE (dB(A))
A& =0 | thele] =47 1thet HEEHtho|n o
SAA7HA 9] Agj7E 100mY 75 2 g gt 3

Tt do| 75| ot

WA (Equation 4)F 28510 ZF 0|9 A5=E 274
s17] el 712A 2 (7. 5m, 15m)ollA] Y| A5EE
A S5t =, 2A719] 45 SPLo 1] 7.5mY
A9+ 74.5dB(A), 156m¥ 7-$+= 68.5dB(A)°]Tt,

o] Z 7IEAY roE 7.5m= HAAsto] Tl HH| A5k
4 FLSEE S| giEe] 74.5dB(A)T 2§51
2719 g g SAH B 1 gk 52.0dB(A)o]tt,

B3 HEZEHY AL ol T2 Ao APgst
Al = ojnf] §EZEZY AT SPLe 100] 7.5mY 7
= 84.7dB(A), 15m¥ 7= 78.7dB(A)olH 1L}t &
o] 7|&AY x7o] 7.5mY HIERS A3k
62.2dB(A)o|ct.

thS (Equation 4)2 243t Z4A] 285 52 0dB(A),
dxEY 42% 62 2dB(A)L} (Equation b)E -85}

A 2gES S Bk, olye) 3 48w &4
& SPL=10Log(10™*""°+10 ##")3} Zrom Hgasmw
= 51.6 dB(A)o]t},

Slof e wpHoE 7t AulRe) tiolel WE 4gwS
=g

21
=

3.2.3 7} "ot =&

Z3 gjoke] At
o] wE A3
A 5 17 2Holgke =35t
22 tiQtollA A|Llgkct,

ZAeHEgANA] -8 7Hss Aldigre] w2 Aeh
9] A= ERH AT EF Ao ds A s
At 23} of B8 st

aetE 5 AN giart A7IE 3

AU A 23} o] F B
AR E N -8 7Hset
Agh) 21t o 15 sl 9] 2742 2
5ol L itk

u]ARt

471

s 23 A9, 1 e iRk 24 ook Aol
ALIA71713, U] dhot Folla] 2 Bk 3] Sis
A 0] FFAN A 4 0B FARERA)
2 wEsi] v go] Al B ARS e Han|gsE
sAl 2o,

£ Aol 2o s

of

T

¢

Z} Activity®] of2] ] iet - A3EE ZasHAY
F|AEE s 2ok 499t 2714 208 5 23t
F= 9ol % Y=1,000,00022 AA3}L, sidsh=
Falehore] Z1dulof ol & Fhe HHoRH AgARRS
23t 24 AAlE RAA BHo) A FAE A
i cieks AIAA Uik

E5E M| 270E BE TSk dijbe] Aol
V=12 F08H sfgsh= rchete] 23dulo] 18 53t
oax 24 FAE AP tijho R MeEA Hot,
L83 S5—H[E—AREY] AR

=0 1

Ll o O oX

i

o]

=

O]—EH Figure 3’8‘ Yij‘é‘
WAE Kot

3.3 AFHge 12 2y IHE $£H

9l o] 2t Activity H ER ] tiokS EE
- MS—Excel& -83t0] 24 FAFE 2= 2l Algt
o] Q7] wiol| W HlolE ¥ 55 H 7}

AHEA =L SolverS MS—Exceld}t &4 2-8
k= 2H AMAETY ZEAA HdS

ol

T

HAEE

G, - DC,Y, ————————— (Equation 6)
i=1 j=1
A7IA, Cy © &5, FHIAIRRS 13 Activity 9]
ok joll st 21|

DCj : Activity 1] thk joll thgh 23H]

Y; = { 1, 1,000,000}

Y ek Aol AgRitol R
e 2o RE

Y=1 ! a5 9 ARARE 20

Y=1,000,000 : &Folut AuAet 24 5

2t A



Developing an Optimized Scheduling Process Model for Controlling the Noise in Construction Field

Y=1,000,000

Total Cost Cost] Total Cost
Cost
Indirect Cost p
optimal | A
- . ~

Optimal
Cost
Cost L8
¥ g y
W iR R {
o Y
TP d
v=1 N

Indirect Cost \ Direct Cost

Optimal Duration Optimal Duration
Duration

The Relationship Between Cost and Duration. The Relationship Between Cost, Duration and Noise.

Figure 3. The relationship between duration, cost and noise

kS (Equation 7)-2 =3k diQke] 21u]el 1Y 7Hd
H|E g8l ASAIRES 11efel 2|3 AAlEed] Z2AA
nal2 22 gioks 2] QI3 EAgrolr)

n_.m

Min= (Y] ,E(DC”X X, % v,)) + (pc, = p,) —(Equation 7)

i=Aj=

i @ Activity®] H&, i: {A, B, C
j o Activity i) ek, j i {1, 2, 3
DCj : Activity i2] oot joll ot 25n]

D 1Y 7HgH]

Dr @ A 3APIZE

Xy o Activity 12] theb joll gk AgjoiR 2
Yi; = {1, 1,000,000}, 2% 9 AH|cha= Zao
ot

4z oX

9] BAFRoA = Activity 2] TS jol] Thek 2%
H]ZH] QoA Eget (Equation 4)2F o] ARE3i,

6= g A 19 7HH], o= A gijte =
Qlsto] AP A AP IS enletH, o] 271A] 7k
Shgsto] A (PHHIE kil AeiE 2 ge]e) Fott
FelE 2-8ste] A5—H[8—ARS et 24 FA3E
= ZAJsH HH, o}g9] (Equation 8, 9)+ (Equation
& Sgsto] 4 FHRE 37| et Bl Al

o714, Xy © Activity 9] Thet joll thet Aot 24
X=1, thehe Aleigict
X=0, TS sk prch

472

SPL, < SPL} ———————————— (Equation 9)
o714, SPLp, : SAFHZS] AU (day) T TAALSE
z=112 3 4...... , D}

SPL; : HAXGEN|E

i

(Equation 8)9] Xi= =gt ofe] thiet 5 4], 7HdH]
5t Ago| ZusHR] okl (Equation 7)2] E-2gk
of Bh= tjore] mAe/ A 2AS 0/19] Fo= ZHe
Sh= AlgE 2o (Equation 9)9] SPL, = AlEfgt
o] & Activityd] 42w} U (day)HHy] THA~S =7}
WA 7S 23R o) 9iet ARtxol,

Slo} 2 Bafgkeol 4 9 AflEAoR 3 Tiot
2 7} Activity ¥ 1714 ojoke Aekala, o]2 2§l

AR Al 24 3RS =S

Ku)
S

3.4 23888 THAE AMEH HENZ
HFAOE ARG et AY TS B2 F
o2 EHg3le] YT Tt FejHoln BRH F
5 QS Fak], BARL, e, B
AT B AR AR

10 o = 0 = = = =
7 2R 79 HAgshe v dele] 59fo] gkl 71Est

4. Case Study

41 AMEIAT(1)E S& US

A2 A F3HL AS AN F FAPRE F E3A
717131 35U tdS 8L, ofof slidske A
B2 1908Rt Yo, ARt 71 717ke- v A1l
o] Agl= 30m, 1¢9 7HEvl= 9F 2,265,000},

AEI(1D)2 A9 24 dEF YY) A= WA 7ES
Z51A] oEAUE Activity CoF D7} SA]of 21438 Aegs}
£ 2TUFE 35YU Apolof] o] WA 7|&E 2akoh=



o=
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(4-2) Progress Schedule and Sound Pressure Level of a Day Unit (2)
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Figure 4. Providing the decision making information for managing the noise level (Example 1)
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Figure 5. Providing the decision making information for managing the noise level (Example 2)
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Figure 6. Providing the decision making information for managing the noise level (Example 3)
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Developing an Optimized Scheduling Process Model for Controlling the Noise in Construction Field
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