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Quantitative Analysis of Construction Site Layout: A Usability Evaluation Study
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Abstract : Construction site layout is attracting attention as efficient use of construction site space greatly affects the duration
and cost of the overall construction. Therefore, there are many studies that automate and optimize construction site layout
planning. However, the usability of construction site, which consists of goal variables of the studies, has still been unknown.
Therefore, the authors present the evaluation criteria for usability of construction site layout and evaluate the usability
of domestic construction sites through user survey. Furthermore, the difference in usability between construction site
managers and construction site workers was confirmed. As a result of the survey, domestic construction site layout had a
low effectiveness and had the lowest score in the environment category. In addition, construction site workers scored lower
overall than construction site managers. Through such usability evaluation results, it contributed to the construction site
layout theory by assessing current construction site layout practice and suggesting an improvement direction for automating

site layout planning.
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2015), ARiFE AH 2 & s
%|43HHammad, 2020), AHiR] B1%
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o

SH(Jaafar et al,
2020) & SIEHRX] AFs3h B F &S0l et B HL7} 0
SOJAIAL QT FEot, "E7 oA &of 7]kt Ale]
AE A9 ALSEHIX] H7HZolfagharian & Irizarry,
2014), A1E7Y QPR AR] W AV E F719] BIM 7 Ak &l
F(Schwabe et al,, 2019), AESHEHKIE HrI517] ot B
7¥eE =& (Ning & Wang, 2011) 5 ALSFHNR B2t A
T O]FOJR| Al QUTh SFAIEE oSt 52 Aol 9
ARt f150] Brtz shEEH, Be A2 st HeE
CHEEAU 2213 MofAtEThe 402 ZdyE a1 QL &,
HAATHR O] MALEAIR! ARt TR AL =
2 AHESHHA S8 U o1, O, Ajerd, deldts, &
A Soll tholl OJEA w71=A] AAREAL &0l B7HE
A2 QICE whetad, AAREAL YoMl ALAZHR] AHS
A Gk 3ol IAEe L&t ol ATl A S}
2 TFsSkE QIoh H3Heet Bt 7|Ro s HEdl| fIst
71ZAF7H D Qsitt.
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712 RElE T ACHHarte et al, 2017). S AHIR] E=ot
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Outcome of Use
C Usability

« Effectiveness
« Efficiency
« Satisfaction

Context of use

Users — Use »

System
Product,
or service

Goals \_

Environment| and tasks

Other outcomes

—
+ Accessibility
+ User experience
+ Avoidance of harm from use
+ ete.

N/
Fig. 1. Usability that results from use of a system, product or service
in a context of use [1509241-11]

Resources

(Fig. 1)€ IS0 (International Organization for
Standardization) 9241-1101A] Y155kal Q= AFEEO F
O|E Jdysith AF2-ole EF AFEAPE &4 AREAE
A B8 53E Ydoly] flol AILE, AIE T2 AHIAE
AME3IS 1w, S effectiveness), S (efficiency), THE
(satisfaction) SO&2 LFERH= ZIHOICE OISt Al A, A|
52 AHIA7 S o, 1 RIES ARESh= ARSAL TH
8Hg, FlES Akgohe B4, Al Al E2g e A
He Eoohs ARSAE0] ExlicHA ELh oSt AZofA
MES AlE3e I 11 23 5 SR AFRE0] ZE2LA
ET} Mssh HQ 2ol Algd g ok g2 tias e
2 g1}, 88, IELU} QU ks R FEEot ey
TE 5ol 282 11 YFE daoket AHlE e ARE
Ol JolH, IS = Y5 Td oA RZE ArEgl
et S77F 55 e g SSith

2 AFoAE= olsh e &8 AAdTE] o=
ANEY FEE FEEOZ TSt HRIdoR, AdE
HiR|C] AMSAEEIEE SISt 7IEE AAlotal, AT A Bid
& 8o AHITRIO) AFRY S TetGtalA} Bl
Ch Mo, AelAtet &Ate] Brt AkE Hluwsto
U AP SEHIR] =2 uelshs Ag 5502
Ch

1291710 9| U

ISO/IEC (International Electrotechnical Commission)

250660041 AAlIGEAL = ZAR(inspection), T
(observation), AFZAM R (user survey) Al 7IX] AlS4 H
7} EMHS AAISHLL QUTKTable 1). RAFE AFEAF QAL
gt |3, AAXE, SeE okl 42 7IEE 7HoE g
7} theto] HREE glQlok= BiHoIth A& ARSEEIIE
Qe A& AMSA HEse HEelo] A e SEHE
SHTICL AR B2 AFBAIZRH 241, oA | QM
TESI AREANS] BIEE T QARES SQIGHIAL AF
A7 Halsh HOJHE g&dt= BHoIth &2 4= S/l
SIE AL Hixlo] thst U [H] AR d e
Qlok] LIg0|EE, T A9 AIEE HiRl+ES 8
7tet7] Qo AFSAME E S e8ato] WFaiArt

Table 1. Usability evaluation method

Method Description

Deviations of the object of evaluation from specified criteria
such as user requirements, principles, design guidelines or
establishes or established conventions

Potential usability problems when attempting to complete
one or more tasks with the object of evaluation

Inspection

Observing user behavior to identify actual usability findings
Measuring user performance and response (e.g. time taken
to perform a task, number of use errors, skin conductance or
eye pupil dilation)

Observation

Eliciting problems, opinions and impressions form users
Measuring level of user satisfaction or perception (e.g. rating
scale values for satisfaction or for subjectively perceived
effectiveness or efficiency

Other user reported data (e.g. data collected from an
individual in conjunction with observation data)

User survey

E5H ISO/TR (Technical Report) 16982 OA] AF2AE S
=07] Q5 QIFEA ARl Agsts W AlAlekL
QACt 1 & CrEAREA dH, BAZIE e AREs1o]
AR ARZALE HAoo] ZdsiRltt. &, BAE 7Hte
2 ALFTHRIE FE5kE Q4% gEks NRls Q4AE
Zeloto] ArSEgY} 7IEe 2ol ALEE9] AREAL
& Ao ARIALE L0l BElE 71EE H &It

Aol 7 ARk (Fig. 29 AT 3, BSEE S
off AR AFE L E 7Ol JE e utefsitt. &, A
ARFHNRI O] AFEALE IRt} AYALRE FHEstal 71E
Aol A AFstal = ALSFER] FERAE nfefst
Ch 71 & 1S09241-1101A Folatal = AFS-Eo defs
Al QAES Felolo] 71EE ZHJsitt. olm, TeIxiet
ZARIZ e ARAF R80l B ARSAEEY) 7Ee B
SICH AR, st AMSEETE 71 E HIBORE dEAIE
AIESE 2t 2882 AL 2101 21}, g8, L E LE

W 4 QS Slo] ARX|S WiEs SHE 4Esih Ul

stmolemefsiE) =2 H23E H5S 20224 92 35
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Fig. 2. Research procedure

AEAAZHR = Z2HEQ| e} QIR0 whet thesh
T FLE|RH|, FLL A AFRA, s AF AL 59 AIA
I B} Q) SO|AE S0 gyE AL FH ¥ 9l
ES Hjx|5H= AO0ICHYeh, 1995). £ AMTIAHIR] = O
Hatl g8891 2¥& L5l OlsARIE FAskehy
A FEe £01aL 915, I, A olsol Zolrt gles
= £ Q6 HTommelein et al, 1992). OJ&H, & AY
2 Aglof wet SEARR 7 O FOIRH Agke ke |8
Fog Al = i, A4 & AR B=7F ZAsith L
O} SiEof Tist FE T Hoto] SRale| 11 Aist4 o] oF
B wEsh SHE 4= QT olst AFES 371U S
A9 AZto Rz o]ojAIL) SIAYH ALYl FFHIRIE
TE5HE QA9 o W FISFAKEIO] 45| o AR
7} B8l oJal Ao A, uiX|E] 7] iRl @F7t Eh
SIAL §80] BojAl= A7t BUHLai et al, 2020).

Lai et al. (202002 ALSIMRIE BHSH TS 51
A5l 2rlghal AoJsint. ook g4 A XE] Hlgwt
AFARME £01a1 A e84 U ST EELE =0)Y)
ot IR &GS AQkIRITE B8t Hammad (2020)=
AR F5 Jh A8, AL & SF nEgre 1gsto] $IE
HIXE &3kl 1], Elbarkouky et al. (2021)2 ZAF BHA]
of| e} Hstsh= FgollAl Al SiAl 2 AfElR], AFjS] S
& S0l 9t HIg1} QFE F|Asloh= ATE Tdlsiirh
WS Abotaleb et al. (2016)= S& A9 E17 By 4l
A7 ARlE FHstole ATE ddohs S AT
Aol sk (517} &5 O] F IRl QAT SRR AL SE
HiRlof thst B2t 71 € AAlstal AFEANES] 717t o)%

A 93= AQ] QIUHPark & An, 2012). A0 AL =
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ZHEVL DL HA AZHRI 7 Helelal -0 &5
H AT 7] tiizo] AZHKE Frlsk=t o#H=0] QU
(Ning et al, 2011). =5t HZHIR] A=l Al2lRtel Fel]
SZhof| Olsl O]FO AN A THA A =2 THRY] miE
ofl AFERLS] ©]340] ] 7] OfH L. Wbkl AFEAS] A
oAl ALATHK] =g FrIokal Ol ALK A
4 S Qo EEot = 30| YQBITHI AFREIC

2.2 RSN ALSUYX| 250| WL
HAASENA] el S dTts AIEE HiRE
OkAtElE ARSI EAIE Hdcks Ao = B
C}. Qo ¥ 4= AEVF O A 117 & 7]
HISH A AT AE dAlg Aekstal QIC}. Zolfagharian and
Irizarry (2014)= AAAZHR] B7of Tt 3] 718
o BHA]9] J Qe e d5shH AdAFHAof Peks nix]
= ZQ5HH-E AAIGIYITE Heagazy et al. (1999)= Al
o] =7, =4 "ix| 7IE AIEHIR] A E Aok 3
& AIAISHA AL, El-Rayes and Said (2009)&= SIAHNR] ¥s}
o 2 = WAIE st HES RIAISIALE. Kevin et al.
(2019)= SAZAIETT eFEAL], FAIER = AT AFRA
7] 89 #AlS BIME 7O R AtsAldsh=s MTE T
SSIACE SEAIEE ol2fst 7] 7|HHo] MeAt e AldE
o] S AgIRIsh 22 EEQ MetEte F2
CHREAL QJTH= SHAIZF AT

ohH, EUIXQl = 0]Q]9] tieksl RefAted &g Aol
7] Q8 Ning and Wang (2011)& Z/&3} REloA] A%
AEATHRE Botelr] Qlst Fria=e MAlGIRITT 8
7V HAIHROIE OledE] siyate] QAN ot
HAEeA 718 e Afoto] 7idE HAl Ta54 QArEE
RS Sofl MAIERATE MAIE B7beE2 AMAPE 1 Kbrj
5, O, QIR WS A|AHEIO] HEkst 6, 2 It
A, 0180] g3EQ1 0% 5 237HA 2 AT|GHILE Lin and
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Algtal QITE A HIE, 5§, 88 19 1502 BFol
1 SATHIE, Mg S5, SEEE s AFEEQ 1874
9] gt5g Attt olgfst P ER FHEoE By
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Skl QIHHE ol AFSEE7 E5E FESIRIT Kim et
al. 20212 AU RAE olE71719] AFEE Er71E &
AEA AEE Soll HIRATE T8 Chae et al. (2021)2
dlojeie ZEo] tigt ZAFE Adshal AREAL QIR A
TE Jdsto] ArEEIIE ot olzfst B8l HE
A1} AFEAF AR o] Bo] ARSEH Aol w2l o
7R & SAl0 8T = ASE SIS

2 oFoflAEs U ADSER|C] FEPA QL AlEE S
alotstr] Qs AL SAPE Bt o] &0l thal Alede
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Z7HE g Zdshs 2 0= sl
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SO0l WEH AFEEE 7L 71&2 BrFetalA} ok Tt
of w} Aolsitt. Wtk 2 HtolAE ESRANE Sd
Ning and Wang (2011)0lA] AIAISHLL Q= MARS KA 4=
S, Q9] A O], A=t SA 8011t 22 AldE
S H|E510, AJA7EF O]l A8] (Kumar & Cheng, 2015), =
KT8 (Sanad et al, 2018), AF 48 2 & ZHRen et
al, 2011) S AISIEHIR] B7F AeiAke 2770 Eelst
ALt 1 & thRIEA 1HE L, M 8014 (Zolfagharian
& Irizarry, 2014), A7t A 118 (Hegazy & Elbeltagi,
1999)Qt Zo] AR}t ohd SEHRR| Q] MAS AL} Tkl
T Gl A E 67IRIE AIQeIRIt). 11 =, 2R sd1t
AR ols Az, Al ols A=t Al olsAlIZ &
O] RAII 88 Adck= Alde Salolo] FEHOE 14
7HK19) Atsto = AelolQith oSO 2 iy AeES 0]
5, 2Fg, o, e, Ao R TESkete] Vs &
SIACK Table 2).

A2 IRk ARt sigehs gse THEotal 4
geEnitt g1t 88, HEEE Y ¢ AEE 45
Ch 2t 71&0f thst e o=t 2tk () ¢98 W ols:
8T HollA R, 2 AY, ZH19] s50] AgsRE
oI5| st =EOZ, JF W S5O| Sold Ial
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L} g g5 Addd HlRoA Y sigsts &
OIh (6) 2ld: A AR AIRNATE, A= AF
, SOIAE AMga] Helstal AHEsIAEA] #l6k] ¢
M50, AR ARlE shetl 0] AR S 45
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Table 2. Construction site layout usability evaluation criteria

Criteria Component Description Manager| Worker

Time, effort, accuracy and
completeness of moving
location, and comfort of

moving materials

Time, effort, accuracy and
completeness of moving
location, and comfort of

moving people

Time, effort, accuracy and
completeness of moving
location, and comfort of

moving equipment
The degree of exposure

Material flow

Travel People flow

Equipment flow

Noise a.n.d a1 to noise and dust, and the 0 0
condition )
resulting stress
Location of parking lot,
) Accessibility entrance, etc. and the ease 0 0]
Environment - :
of site access accordingly
Convenience of use

according to the number,

Facility comfort size, and location of placed o o
convenience facilities
Prohibited area Arrangement of prohlbltgd
and safe zones and their o] o]
Safety zones
Safety effects
Hazard Location of hazardous
recognition materials and ease of o] o]
9 handling in case of accident
Security Prevent intrusion and theft 0
o Manpower Manpower management 0
Workability | management such as work order
Quality Ease of quality control of
; - 0
management materials and conditions
Easy of work according to
Storagg of the location of the material 0
materials
warehouse
Location and Convenience according to
Workability | convenience of | the number and location of 0
crane crane
Location and Convenience according to
convenience of | the number and location of o]
hoist hoist

stmolemefsis] =2 H23H H5S 20224 92 37
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ST ZAXIOfA T siE 6= SH50]LTY.
3.2 4EX| 2d Y H[o|E =F
HEE AledEr) 71Ee HigoR AERE A6,
Y HAEES $3s6IC ARtae AL A},
ALHE FARIZ slo] BEIReL AR 150 U A2
S LAGIICE AlA BH=o] F|01i} SO|AE T AR
2 AR OjHo] mt 25 AR SHE = ALE oLt
g B0l Tha2 A AEA & Al olsg B2
olTh
« [RR1Q] 015] 1-1-1. AL = ZAE oA RS
Psh= IRlof SA 2EAIZ = QA 1:}, (g3
o [RIRfO) 0] 1-1-2. 7448 & % A& UolA RS
OlBAIZ7)7] QI8 BA0] g8 1041:} (E8)
* [RRQ] 0157 1-1-3. }KHE O1BA717) Qg & b=
= ZEO] HijRlof BEESHT, (1S
MHEsln getet ARS Qs HE Bge fAE 78 &
CE FAEIlon, B ARe MR AR 9Z|5ko] o
Ag gelstal 2l Walg Sl FAEACE =71
2021 8¢ 27904 98 6L7HR] 1197t NSASIACE =
o AR AF LS Q8 AR URZRE 171 ojulof 1

Table 3. Profiles of survey respondents

Fl[l

=

Dimension Construction site | Construction site
Profiles Range M workers
20's or younger 24 12
30% 26 25
Age .
(N=200) 40 23 28
50%s 18 29
60's and over 9 6
<5 years 45 44
5~10 years 18 21
10~15 years 14 12
Years of service
(N=200) 15~20 years 8 9
20~25 years 3 8
25~30 years 7 4
>30 years 5 2
1~3 months 13 35
3~6 months 15 22
Field work period N
(N=200) 6~9 months 17 9
9~12 months 1 12
> 12 months 44 22
<20 employees 20 24
Site scale 20~5500eNn1wggoyees 19 14
(N=200) 13 17
employees
>100 employees 48 45

38 smzameier =2 H23H H53 20224 98

| o] AT ZRet Qe ’,\_ﬂ 0}01 dES HiE
SIICE FEF o= AL AL 1009, 1241 Hdd

2 AR} 100H0] SHoIICE SHA }O] 93%38 40tH7} 7}
T Eon & Ee= 5 njTo] 7 Bt oy eiE
olA9] ZR7I7ES 1H01&0] 74 BRUTE T8t S8+t
= 1009 O]2}9] AR} SAlo] Yok O] Sidof B
O] L] QJAACKTable 3).
SH f84 HAR=E 320ts &t AZ T HAHNunnally
& Bernstein, 1994)E 216t O &= AEat=ollA 0.85
OJA9] +XIE 718510 =2 AlFEE HUCKTable 4).
AEEN] 7ex SARNE Sall A8dd U olsE ¢
o} ]:]H);] oﬂ?i]—O] O]-?(-V\‘LC—’— O]o]— ];]qu] %% %/\]OE o:]?:]—]:]H
X9 AHSA S ZALGIRITE T-ot, AHEIR] EAHEAE &0
_C_D_ELT\].O E?:mﬂ /K]- -1 7;].0]7]. O]h:)( 5_]'9_18]-;\‘3\91]{ t 7d
He Safl LAt 2Rt 15F 719 X0]E 2IsHRITT.

Table 4. Cronbach’s a reliability test

Reliability
Questionnaire Number of questions
Cronbach ¢

Travel 1 936
Environment 9 894
Safety 7 934
Supervision 4 .896
Workability 6 867

4. A83801 At

4.1 AEYHlx[e A

(Table 5)= ALSSEHIKIS] AFEHE7} 2Ol &)
59| g0l (supervision) 52 AT AR S
st Aatol, &9 8014 = (workability) 2 AAH
él AR SEE 2ol 45 B trleygs duit

50T AORER(ES), Flga Q140] dupLt vE
iﬁ'é?ﬂ O] FOIR=AI (TSI 9 Z0] AFSAP} Bittstr] of
B2 e AlLlstRIct

1 23 AgEeE fdE OR B iR 4917, Hot
4807, Q1] 4787, SOIAE QIR B Hold 4747
OF =/ UEon, deld= 8018 g% Algd ¥
TS SUE OR EA| LIEFKITE ¥, AJHOIY 370
B, A8 9 QA=EZ 3828, AAIQ] XA 4.16, AFRIQ] 0]5
4.21 SOl thet ARSE S WA B71= QT AJE9] Holg 2
AFEAIS] BEELEeL M=o HEke 7] miEo] A8 3A
ol mE RIAQ XA BE A AFRA, SFEA, Ab
A, Ag S S A1l HOldo] gHE|0J0F ZI0E |



Table 5. Usability score of construction site layout

. Usabilty Effectiveness| Efficiency | Satisfaction
Criteria Component score (sD) (sD) (sD)
(SD)
Material flow 421 428 427 4.08
(1.348) (1.471) (1.410) (1.522)
Travel People flow 472 496 454 440
(1.164) (1276) | (1367) | (1.432)
Equipment 454 474 443 428
flow (1.292) (1.415) (1.412) (1.488)
Noise and air 3.82 391 : 373
condition (1.403) (1.443) (1.469)
Environment |  Accessibility (1442435) (14'?? 458) (14'55188) -
. 3.70 3.77 B 3.65
Fadilty comfort| /610 | (1671) (1689)
Prohibited area 461 456 464 464
oof Safety zones (1.335) (1.489) (1.404) (1.349)
afety
Hazard 491 498 484 _
recognition (1.248) (1.289) (1.295)
. 4.80 480
securty (1544 | (1.544)
Supervision Manpower 4.78 478 B _
P management | (1.390) | (1.390)
Quality 473 : 474 472
management | (1.466) (1.508) (1.484)
Storage of 416 431 401 B
materials (1.460) (1.535) (1.586)
Location and 470 406 533
... |convenience of : - . )
Workability aane (1.077) (1.515) | (1.178)
Location and 474 445 504
convenience of . - : )
hoist (1.611) (1.742) | (1.641)
QICE FEoh AMAZOIA RS Olsut RIEe ZAF 71kt
of 2 daka nlE 4= 7] mhZol B Ast fIRlo] AR E A

gotal 2 o 2¥e §l0] 0l5E + A== AlRlchs
Z10] SQaIth

g3}, g8, UL SHoIA HE, AJd HoJY g9 5
-7 TR 7 WA LIERKITY. o= Adsigol
HiRIE Al S ALES T Algohe SAE Festal edet
A o1F7] otk Ze Qnleitt. S5l #HAAEY ARS
I EORl= 22 AFEALY] BEEES} AR 0] TS
E0h 3658 0% U HeE 7I5E o HHHL: g
SHOIM = AFIAEO] 4018 0% 71 YUe BrE 7=
ALt ol A E Adote Fal 52 oFRlgs g250%
&6 Relth= Z1E 9Julettt.

(Table 6)2 SH=E HT|AIR} AR AFSEE7} 2t
OIT}. TefRk= QITE QIR 5008, AFEQ] 015 4838 0%
=2 H5E 7IS3lom, Al Had 391, a5 B 29
=2 394807 HUe FHaE VIS ARk fde o

A 4827, SOIAEQ] QA ¥ Helgh 474808 =2 F
FE 7153 om, AJd9] B 3504, A H QEEZR
3P OZ Y H-E 71SJCh

Table 6. Detailed score for each component

Criteria @i Usabzl;tg)score Mana(geDr) score Wod(<selr) )score
. 4.21 422 420
Materialflow | 34g) (1320) (1382)
Travel People flow 4.72 4.83 4.60
(1.164) (1.163) (1.159)
Equioment flow 454 459 450
aup (1292) (1.286) (1.303)
Noise and air 3.82 3.94 3.70
condition (1.403) (1.388) (1.416)
Environment |  Accessibility (1442435) ( 144202 6) ( 14‘42930)
. 3.70 391 3.50
Faciity comfort | "1 (1621) (1589)
Prohibited area 461 462 4.60
- Safety zones (1.335) (1.370) (1.307)
afety
Hazard 491 5.00 482
recognition (1.248) (1.257) (1.240)
. 4.80 4.80
Security (1.544) (1.544)
Supervision Manpower 478 478
P management (1.390) (1.390)
Quality 473 473
management (1.466) (1.466)
Storage of 4.16 . 416
materials (1.460) (1.460)
Location and 470 470
Workabiliy | convenienceof |, 77 | (1.077)
crane
Location and 474 474
convenience of ) - )
hoist (1.611) (1.611)
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Table 7. One-way ANOVA according to years of continuous

service
Profiles Variable Group | Mean |Deviation| P-value pots:-srtnoc
~5(a) 3.90 1.387
5~10(b) | 4.35 1414
10~15() | 3.92 1.167
Years of ad
continuous | Material flow| 15~20 (d) | 4.98 1426 | 034« «d.e
senvice 20~25() | 476 | 790
25~30(f) | 4.67 989
30~ (9) 3.71 1254
~20 (a) 5.14 1.139
; 20~50 (b) | 4.66 1.002
Faspment 002« | ad
ow 50~100 (¢)| 4.44 1334
100~ () | 4.25 1.353
Site scale
~20 (a) 5.00 1294
20~50 (b) | 4.32 1310
Storage |°f 004+ | adc,d
materials | 50~100 ()| 3.53 | 1.452
100~ (d) | 3.90 1.424
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Table 8. Usability score for each evaluation criteria of construction
site managers and workers

. . Managers score Workers score
Questionnaire (sD) (sD)
Travel 457 4.45
(1.107) (1.125)
Environment 402 3.83
(1.210) (1.205)
484 472
safety (1218) (1.225)
- 477
Supervision (1.379)
Workability 4&_5)3
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