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Extended Abstract

Introduction: The productivity of skilled human resources is one of the key factors influencing the
performance of construction projects, and neglecting this issue can result in irreparable damages to the projects.
Low labor productivity is one of the fundamental challenges in the construction industry, as it has consistently
been a cause of excessive increases in time and cost in construction projects. Research conducted on the risk
factors affecting human resource productivity in projects has shortcomings, such as a lack of
comprehensiveness in the risk identification process, failure to consider the interactions between risks, and the
failure to account for risk factors and their impacts on productivity. Therefore, the purpose of this research is
to identify the risk factors and the resulting risks, analyze, and prioritize them to manage critical risks more
effectively.

Methods: This research is a case study, and the data collection tools include structured interviews
and questionnaires. The first step of this research is to identify the productivity indicators of skilled
human resources and the risks arising from these indicators. The process for completing this step
includes a comprehensive review of the literature to identify the indicators and risks, followed by
interviews with 10 experts in the field to verify the identified risks. In the second step, to analyze the
risks, we first employ the fuzzy DEMATEL method to determine the causal relationships between
system variables. Using the information obtained from this step, we apply the system dynamics
approach to model the risks. After creating the stock-flow diagram and conducting simulations, we
identify the sensitive and critical points of the system.

Results and Discussion: The results show that the risks of site execution interference, falling from height,
unsafe operations, electrocution, non-compliance with plans and specifications, surface defects during
execution, rework, machinery and equipment efficiency, communication and coordination, and material
wastage are among the 10 key risks that contribute to decreased productivity in high-rise building projects.
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The results of the risk analysis indicate that the risks of 1) site execution interference, 2) rework, 3)
communication and coordination, and 4) falling from height have the most significant impact on construction
projects. The findings also reveal that the risk of site execution interference, if it occurs, could reduce
productivity to 190 units of work completed per month, while rework could reduce productivity to 300 units.
On the other hand, the risk of falling from height reduces productivity to 380 units, whereas communication-
related risks maintain productivity at around 300 units. Therefore, as the greatest reduction in productivity is
related to the risk of site execution interference, this risk is identified as the most critical in the system.

Conclusions: The model developed in this research has significant potential to assist construction
managers in systematically evaluating the negative impacts of productivity risks. Project managers
can use the findings of this research to focus more on key risks, such as site execution interference,
rework, communication and coordination, and falling from height, managing these risks more
effectively. By doing so, they can optimize the productivity of human resources, a critical issue in the
construction industry. The advantage of this research for the construction industry is that it helps
managers better understand the dynamics of productivity risks and, by restoring the connections
between risks and breaking key interactions in feedback loops, stop the escalating impact of risks on
one another.

Keywords: Productivity; Project Management; Human Resources; System Dynamics; Fuzzy
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1. Cause and Effect Diagram
2. Validity
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1. Causal Loops
2. Stock-Flow Diagram



o) (655650558 (o5 52,5005 b Ll lio 5550 2 Sy 25

PRI G wal b
WEEIR ¢ bl
Ly LinasCs 5
l |
Sl Pl 51 oy

31 oolagal b e Sl el st
ol 3F g yilo et @lo 5550,

b nesfas ) ool

s T 15 gsjl..Jl:n)i .r.lntf’ éL:acy_l.\ ,»F‘ 5&5949':;5 o Jﬁ;a
" o ke o ile 530 S e Sk ke (5390 pa e
4 ::)" bliyl 5l sinn Lo 1 e
F bl Ad ol eraiont dudaf i
3k 6 el

S f:_, - Fe B ) (219 v

Oe® 9S50 L g Cadesioged G 2 p

RC g R+C Juows 9 Jglea Aol 5 d‘:f"’)
Skl ke Ol

U laeuw 5 (5 5lade ‘

vk 31 0Lz ss'-fﬁ-u o llis
P 5 9 el (sl s 5290 2

el
W b3

s sl s Y S

oele S (38 o gilwodly Jgl Al yo 25518 Jhoud 5,895 U (590502 2 15 U (S ) (o5 (g5l ]ue
2 Sy o g8 G 0pd o L) B sl p3Y gl (] 3 sl Ml e 00l (Lol San) Ve ple (295 Slanlie
398 g92)) d9b oo Pl ¥ U+ oy lael lodlatal b g (o ple il o (bl oyl 1K ol 9998 paseiie Sod S 5
b e b e 235 o gten y 50 Sy 0 g2 (6580 d o) o 0 Sy S sl o Sy el s 2 (Y g
Js)l sl ile oglaan Sl udld wamlss Vox Ve g ilo digad dssly olass & 05 5 5l ol g pglaen hilizel (gpsl S
Sl olye 0 5eSibe uile ol o 39 485 Sl 005 s slaclss olod (o B Gl Y 05 (s oI5 5 & 0
8 )y (58 e bg it @l 65 sln B sl (3N 0 hmgly cal Sol 4 drgi b cd S dals 5 Lol
38 el ©jgm g 0d (el ¥ Jgdor (Sbj it olalp 03 g0 bawg o le a 53 00 (s ¥ U+ lajliel (nl
8l ) slacls Al & (g5l dhiel 4y lo o dlael Lo 5 ol 18 ks (6)5l08 51 gl Bisdioe e St ilto
(¥ Jsiz) 2580 apmlone (536 bawgie e yile (38 Shisl (i (625 Sk Sl 02lsl L &7 o)l (656 (sla e ilo (B 5 jl o
Yoose) eyl 5l bt Sy o ly (Y Jods Jgl g 50 Y dae) colw jo ol &M Sy 156 dolxs 0956 ¢ Jlio (lois
Sy 45 85,05 oddie 45 5 a8 amd o yUis o i (sladaliiu p 5l ool Cands oS . ouiS oo (owyp (¥ U9 pow cud,y )
il olel 4 Sbj sl ysite pl hodss Adlioo b 5 0L j (S S 6 s gl jl Lol Sy 2 colos )3 2l 2l OMSLG
el Jols Sy 93 cnl sl gl ouiitns LS g ilo o 08 oo oo 008 b slaclye (o 65 6k Sldas gl

Al (FFSY NSEY ATYY) 56



VP Jlo = (MNP o5 — anio Sy pike BRHASE

ol itecs L) 556 g e e

A f ¥ Y \
PEIV  VEFY  ANYY A q q VIYY  AYYY  ASEY 2HPY VARV AXYY .
V2PV YYYY Y Y.yvy Y YEPY VXYY V2PV Y . . . AR R K24 Y
FEIY O VEFIY OANTY VXYY AXYY  ASPY . . FEIY  VEFY ANYY \ \ \
Y Y ¥ . . . \ \ \ VIYY  AXYY  ASPY \ \ \
K 4 A Y 14
VXYY AXYY  ASPY 2PV VESY ANTY VXYY ANYY ALY VYT AXYY  ASEY VETY ANYY  ASPY
\ \ \ \ \ \ \ \ \ OYYY  £XYY VXYY VPPV YYY Y
V2PV Y XYY Y FEEV  VEEY  AYYY VXYY VPPV Y Y2PVY O YEPY O PSPV OYXYY O FYYY ONYY
VYV ppv Y \ \ \ VYTV ePY Y y.yvY s VPV N EPY O YYYY Y ¥

go b Ll dawgio e (jlolo g (sl Ao Ayl waitans L)) o ile (5o loy (36 Jiard si2l)5 5l pg Al po
ek 4 oS 5 y55de G ple slaal)d 3 1) Bl ity (sSxe 500, delxa 1) adgl e le slail st 5 (sl
2l I Say S by 0ad 8Ly IS bt 130 saimd L ) maiitene LS (656 (5o 5l (gt p2 ggeome s
Ol bl (3508 pasuiie jolate 4 adgl madtns LU g pile (e jl g 457055 (ol Ol oo Jle (i 2l oo S
ildloy 103 b Lo sliel wdd o Sy 93 sl g 985 o SET g3ladlo s siald eglisy) ] g o ol MBI S,
(¥ Jods) asl o (+0rAF c0rqQ e N A) (656 dlael Jols

Lol pien LUy (G5B ot jile 66 S iledle i F oot

) f v Y | D
YN 4 v 049 v NA AR DART4 DART4 v 040 v NA Y YN 4 v 049 *NA 0 , , \
.Yy S RIS [ RS Y LU A2 L2 A SRS {4 . . IS L2 S | SRS {2 I 4
AP 88 LA a8 A Y . . Y Y S LU PV SR | TR | JENUPR L o B
1o q A Y s D

+ 040 CAA Y RV N4 v 049 v NA 40 A Y VA C A Y LRV v NA Y \
UL EEURRY SEEUPET SEEUPR L SRS L SEUPRY SRNPPAY S SRR | SEREORE-T SRSV SERIPE V. | SRS S SN I ¢
Cavy S SIS LRV S SENIRE UL UV SRR LA BRI TR o SRS AN Y o JRRY.Y SRR W I

e Ly 1 393ge Lomd S Ly yile pIS 3l 53 il o JS L)) (56 e yile dsusloe (656 o Al il paws Al yo
uw))Lo Mbbo LSI)’. J)‘fu” 20 b ]) W)’& ]o|9) cbb),uu.o uLo W la;.b))g 09M$ FUEEAW ..\Jb]9> U“”W)’& 9
b dels puyile 9038 o8 Sloa aple 1) Jloy (uapile G 5 pud JSit5 Slod (g lo Sl b (S Bls) (556



Yoy

(655650558 (o5 52,5005 b Ll lio 5550 2 Sy 25

Cuwd JS LU 58 G ile 4 Coles 13 90,8 (ompilo 0 pd Jlog i pile )3 1) 0dd (wgSiae (e ple Caleg 53 9 03,5 (wgSne

(8 Jg2) meber
ML (5B o ile B Sl

) f v Y | T
IR T4 AT < SN 47NN VA RO § (AR N AR T SRR AT-EREN 1) SEENEUA LA SN o NN L VRNNEIVS  WOUL A A RE N I
S S IR £ SRS < IRY.Y SNV S IR RY. S SRR L SR S Y L RN A AR S Y 2 N N ¢
AT LYY AT Y sV YYD v e A LYY AY L L YFF Y v Y LAY \d
1. q A Y 4 T
DALA O A | CYVO O AFR DAY L YYA G AFF AN YYE LAY c YO e XY )Y DA P iR § \
CAYA B eV YD B B Y L BY L LBA Y LYY LAY Y VR N ] Y
CaPA e ND AFE A Y AR PR 2] QY AR AR AR Y VPR L N4F i\

2o bl p b pale S QL Glaedy 5 2Bl b N gjlocsilen b kiye (6 e anld 5l o)y dbye
plol b &S Al o (3i9 1le ) Sl ookl (i pile (Silo (5365 (sl d9290 Sl sbe) Sl (Se Ml (551 Asgecne
ol 00 0313 yinles & Jada > Juols s lo 0105656 b b o Slawlne

st 5 by ¢ pame dsloms 3 JS LI oy file (55l iles F St

clv & A Y 5 8 F ¥ ¥ v | H
Yavy | XY La48 LAV LXYFA LAY SOAY XEY e YEY v |
CHEY | B0 PR FE LAYE Ve a0 eAY edd vaf ey |y
VIR ] e Y ey ¥R AR LAYA CAVA L a8 AAY sy |
CHPE | B8 CLFE LBV LAY Ve Y e afs e e |y
IRZSZ RV ST L WY L T VNP LY PIPT L N L 1 L7 NRRY LR PN
CAF | SN AR WY LB cBA BT A A ey v | s
LRRY-NN [P 2R T S 7 L VS 1 SR YL SO XS AT 17NN T B IR
VLT [ PETRRLTY SRR 2 S TR A1'20 L 1 JRPITY LY S AT URPE T N I
Kaz EERLY ST YUY TR 2V 1 NS L R PV Y N LT VX N
CAA ] BF B A AD BY Y VY BA A e |

VEYOVAYY AFA VS8 1S4V Y AFFRS AYYe vsy oA | R

5 (C) ) 3 39290 3lio geome @ (nl b basye Sliles 5l pg> is 13 (656 Jiewd b lasipe Sluwlne plosl I

CHR Jlade dzpp by oo C-R 5 CHR plie (g8 4 ugi C 5 R jlade dlons I g (F J992) 3980 4nwle (R) o5
Olgie 4l Jdy s ) Sy ol Sl plple D)l s polie plo b gyt Jolbs Sy ol Al it (San,
C- & oKn 5> ()b 51l witw cpl )0 1) Caodl oy ytdin Sy opl &5 d2d o HLis YEY dae b (60,90 Sy ¢ Jlio

1. Deffuziation



yo¥

VP Jlo = (MNP o5 — anio Sy pike BRHASE

b el 5l Lo Sy e Jlte oic & Al o misms 53 el ole (K Sy 5] &l 5] osima ylis ol e ke

(Y Jgi) 2dlioe winmms 3 oyl Jole S =+ AR ljee

C-R ;CHR olss duslno .V o>

B ! A \ $ 5 f v Y '
Y. Y ASA Y.OFV Yoy Y.004 YO Y. A4 Y.¥SY Y.YFY Y MO C+R
— & SVYFP © 50 CFeq CASY VY -\ ¥5 ERY S VL 1.YOA C-R

o 2 1y 535 oyt VYBA e b ol 5 olysl OIS Sy Sl lgic 4 45 il o] Sl C-R U Lagye polie

S g e 09,5 )3 bl e las] 13 C-R bl 45 oSy S oo by 3 ISy ol 51 oS 36 5 305 Sy
SCHR i oy 55 55 l5s b oo 3 e s )5 walgi 5 Jgban 09,5 53 ardly i ] o 555 i) o5
S8 a3l (Gl Jsleo 5 cle lagei )3 Sy yo celally 93l jodlie 4 da g b cplpli 5500 2Ll C-R (63505 15
Sy ¢l CHR Hlade ccanlag ¥ USWGS p0 &S jolailen g 0 a3l 35 IRM dles b jhges opl cCowl onds o0l inles ¥
) 4 ol o] Sl Jlaie oyl 4 A8l YARD 5 ¥EY e b ply sy & (V) Calo )3 i) @315 4 (V) (6,0 )lgd
N8 YL Cagll o cnlply 5 4zt pale Sluil wlie (sy90 500 32 S8 (SlacSunn) b bl bl o iy a5 4 nSean
cel Algi oo colo 3 plate (g2l 3929 pis 5 (S )eda cow 4 (V) Cols 3 2l OIS Sy (Jlte Glgis 4551
@ Sls @ g a8 dbml ) (F) (K855 L g (V) gyl 5l bobor Sy g 00 colos > JUb Sl mlio (G0 ole> 9 (50550
05253 0I5 elanly 4 3155 (V) 55039 53 g 255 55 Gl (clocSny 453 333 5 3350 5 oKy (3l o0
a5 wmd LES eaiol odd e Slasuie g add 4 eSS 48 345 caw Ul o (Siwd bl 4 0 9 o5
o) ki 53 5 3yri 6 (V) (650 Sy ] o 4y Slgigo (8) Lo &y (520l Sy ol ] e o
{1 JSi8) A58 o Sz Jolno g (e 4td 93 2 |y oSy (53]l (o 3 0 51,5 (Jglan (sl diad 3 ) S

15
1
1
6@
8 &
0.5 -8
0 3
e
O . 0 1 2 3 4
s 10
2 8
! 5
-1.5 48
9
-2
C+R

CR 5 CHR elyns] oo 5 e s " S



Yoo (655650558 (o5 52,5005 b Ll lio 5550 2 Sy 25

ol ol (s 0956 sl 0 03l Vg pile ol lacSins ) e b s sl g (56 Jrens il ST i

51 oolil b oS conl (g aibuol b3l fasb o wyile pd Yailiwl 55, 9 IS Lo edd (il L ple wlol p e yilo

ol plie (ko b sl B Ll ailiasl o)) ke deuolme (gl 29450 (e 1Sy (o b)) 292 s b g 3529 <

5,5 a5 3 yio bl il a5y) 5 i sS 48 IS byl e yle ol oles il b cyuess 51 oy 95 sl S bl

Lld V sae o pile 13 Wb g 039 puiio 93 o blo,)) cuenl I Sk auisb ailiwl (o5,) 5 55,5 polie ol 457 Syge ) g ol

froiine i 9 wadine Syl 3929 pie b 9 3929 (e jolatods «Shy o lp C g R L lasye plie dwlore Sl g (il iy 90
ol 045 oy Al o gyl i ple S Mol & A Joaa iliee slacSu) Glee

LSy O DL ot S5 o fla A sl

— _ o =
3 3 4 Fog 3 2
3y R 2
[ - U I D A
ay : a = '3 P - ¢ —
) 3 3 5) ) ; 3 .
8 : ) N
‘3\ g -;0 B \-oo ;ﬁ. . ."l\ 3; :-\ -7.5
—3 \\'23 }3 ) ‘3 %) N ) \‘23 -~ 3" a2,
~ : = o 3
< 303 > 4 3 3
2 ay .2‘ y
\ | \ \ \ \ | \ \ Culw pd olyal CYEI5 Y
5,1 51 b .Y
\ . \ \ \ \ . \ . oo2lb & ygoa Olles ol Y
\ . P TN
\ \ . \ \ . \ . . . Olaswiv g Badds & gambess O
\ . . . . . . 1y )3 (oo Oyl 409 .5
\ \ \ . \ \ \ \ \ \ L LTERY
\ . . \ \ . | | | . Ol 5ap g YT cpilo (gl 1 gelaw A
\ \ \ \ \ \ \ S s  Saloed g ObLs,1 .4
8595 30 35 )d AliSee
| . . . . . 055515 by las EYGT.Y

basye Slusloe (L 5l ug (SD (S Joo drawgi) Saoliyd aotammns 3559, b (590582 32 5135 U SloSiumn 5 (55w 0
2 Sy o (536 line daSn) (o peiias pif 5 eadine OlbLS )l Al I 5L 5 90 (slmodly (coled (g6 Jiend (B9, b
g lle 5 5l edlitnl b giloJae ald g9 slp plue &5 iSin) plo jl Sy o cpd bl Glie g S, plo
Oeled 5 Jged ol 4Bl e (CLD) 7 e dils (slajlagas pr (siive epianss (Soolnd (gjludo 5 gl 2ins gl sl aisly oo
S5 ¢ paie S Casl (S 2)58 3k ails G > Bl T2y 5k il 5 plues jole Gle dg2g0 Slolg)l I (SIS
i | 028 bl yuaie 4 g 08 e M Jiml dils S Jgbo ) i ol B 9098 0l 53 i o g 4L3IS 30 505 (g paie
0393 5 31 kb yglcer slaodls 4 4255 by g g IRl bawgs o dils Jogei oy (sl 35290 (3hate 4 g5 b 335 el

1. Threshold
2. Causal Loop Diagrams (CLD)
3. Feedback Loop
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