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Tém tit

Cac hoat dong phi gia tri gia ting hay con goi 12 lang phi gy ra giam gi4 tri cia du 4n nhung van chua duoc
quan tdm nhiéu trong cong tac quan Iy xay dung hién nay. Nghién ctru nay xac dinh céc yéu té anh gay ling
phi trong thi cong xay dung bang cach thuc hién bang cau hoi khao sat vé tan suat xuat hién ciia nhitng nguyén
nhan gy lang phi trong thi cong xdy dung. Dbi tugng khao sat 1 nhimg ngudi ¢ kinh nghiém xay dung va
quan 1y cac du 4n nha cao tang tai Tp. H5 Chi Minh. Két qua phén tich nhén té cho thiy c¢6 8 nhom chinh dugc
trich ra véi 75,5% phuong sai dwoc gii thich cho tat ca cac yéu t6 lang phi trong cac du an xay dung. Gia tri
trung binh cua viéc tang chi phi du a an do nhiing lang phi nay 1a khoang 8,75% téng chi phi du an. Tiép theo,
cac thuat toan tri tué nhan tao bao gom mang no ron nhan tao (ANN) hdi quy tuyen tinh (LR), may h tro véc
to hdi quy (SVR) dugc sir dung dé wdc tinh tic dong cia cac yéu td lang phi dén chi phi thyc hién dy an. Ket
qué phan tich cho thiy su khac biét giita gia tri du doan va gié tri thuc té 1a kha nho va thuat toan hdi quy tuyén
tinh cho két qua du doan t6t nhét.

Tir khod: quan 1y xay dung; lang phi trong xay dung; phan tich nhan t6; tri tu¢ nhan tao; SPSS.

EVALUATION WASTE IN CONSTRUCTION BY FACTOR ANALYSIS AND ARTIFICIAL INTELLI-
GENCE ALGORITHMS

Abstract

Non-value added activities, also known as waste, cause a decrease in the value of the project, but have not
yet received much attention in the current construction management. This study mainly aims to examine the
influence of waste factors on project implementation costs by conducting a survey questionnaire on the fre-
quency of occurrence of the causes of waste in construction. Surveying people are those who have experience
in construction and management of high-rise projects in Ho Chi Minh City. The results of factor analysis show
that there are 8 main extracted groups with 75.5% of variance explained for all waste factors in construction
projects. The average value of the increase in project costs due to these wastes is about 8.75% of the total project
cost. Following, artificial intelligence algorithms including artificial neural network (ANN), linear regression
(LR), support vector regression machine (SVR) are used to estimate the impact of these factors to the project
implementation cost. The analysis results show that the difference between the predicted value and the actual
value is quite small and the linear regression algorithm yielded the best prediction results.

Keywords: construction management; waste in construction; factor analysis; artificial intelligence; SPSS.
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Hoc, T. b, va cs. / Tap chi Khoa hoc Céng nghé¢ Xay dung
1. Giéi thi¢u

Nhiing nim gan ddy thi trudng xay dung gip rat nhiéu kho khin do nhimng dy 4n bat dong san
han ché duogc cip gidy phép xdy dung bai vi nhiéu van dé vé phap 1y dau tu du an. Dé thich nghi va
di pho vdi tinh trang khé khan, nhiéu doanh nghiép trong nganh xay dung da ap dung chién lugc
phat trién khac nhau nhu: duy tri cac mang hoat dong kinh doanh c6t 16i (thi cong xay lap, thi cong
coc hay cong trinh ngam, ...), ddng thoi cac don vi ciing md rong hoat dong kinh doanh sang linh vuc
bat dong san, thiry dién, nang luong tai tao...[1]. Cac doanh nghiép ciing chi dong thay ddi co cdu to
chure, ing dung cong nghé trong quan ly thi cong, may moc, vat tu thiét bi nham tdi da hoa lgi nhuan.
Bén canh do, viéc thi cong dung tién do, giam thiéu sai s6t, ddm bao an toan lao dong, tranh lang phi
cling duoc cac nha thau dic biét quan tam.

.Quy md va sy phirc tap ctia cac du 4n xay dung ngdy cang ting do d6 doi hoi ning lyc nha thau
phai phat trién mot cach manh mé&. Bén canh d6, cong tac quan 1y dy an ciing doi hoi phai c6 nhing
phuong phap va cach tiép cAn méi mé dé co thé dam bao cac du an xdy dung duoc trién khai mot cach
thanh cong [2]. Vi nhitng yéu cau da muc tiéu bao gdm rit ngin thoi gian, giam chi phi va ning cao
loi nhudn cho céac du an, cong cy xay dung tinh gon (Lean Construction) da dugc hinh thanh, ap dung
va phat trién rat nhiéu trong thoi gian gan day [3-5].

Hau hét cac du 4n thi cong xay ldp ¢ Viét Nam chua that su hiéu qua, hiéu sudt thip va tir d6 gay
ra nhiéu lang phi vé mat tai nguyén nhu chi phi, thoi gian va cac nguon lyc khac. Theo triét 1y san
xuit moi noi chung va trong thi cong xay dung noi riéng, lang phi dugc nhin nhan 14 bat ky sy khong
hi€u qua nao trong viéc st dung cac loai thiét bi may maoc, nguén nhan lyc, tai chinh, thoi gian 16n
hon nhitng nhu cau can thiét cua viéc hoan thanh mét san pham nhét dinh [6]. Lang phi bao gdbm hu
hong, hao phi vé vat chit va hodc sir dung dé thyuc hién cac cong viéc khong can thiét, nhiing cong
viéc tao thém thoi gian va chi phi nhung khong gia ting thém gia trj ctia san pham [7]. Vi vdy, ling
phi phai dugc hiéu 1a bat ky ton thit nao dwoc sinh ra boi cic cong viée tao ra chi phi nhung khong
tang thém bat ky gia tri nao cho san pham tir sy danh gia cua chu dau tu.

Khai niém quan 1y tinh gon dugc Koskela dua vao nganh xay dung vao nam 1991 tai hoi nghi dau
tién cua Nhom xay dung tinh gon qudc té [8]. Ké tir d6, xay dung tinh gon dé phat trién thanh cac ki
thuat quan 1y da dang trong nganh xdy dung, nham loai bo lang phi, ning cao ning suit va hiéu qua,
va tbi da hoa gia tri [9]. Vi¢c thyc hién xay dung tinh gon van con tuong ddi méi so voi cac phuong
thirc quan 1y chinh théng. Thiéu nhan thirc vé xay dung tinh gon van 1a mot thach thic 16n [10] va
mot s6 nghién ciru tham chi con cho rang khai niém x4y dyng tinh gon van dang trong giai doan phat
trién ban dau [11].

Xay dung tinh gon c¢6 nén tang hoi khac so v&i quan 1y tinh gon ban dau cho linh vuc san xuét
do ban chat ctia qué trinh san xuit. Cac nguyén tic cia xdy dung tinh gon c6 thé duoc tom tit thanh
6 diém: giam tinh thay doi, giam thoi gian chu ky, tinh don gian, diém chudn, ting tinh linh hoat ctia
dau ra va tang tinh minh bach cta quy trinh [12]. Cac nha nghién ctru khac coi quy trinh san xuit va
loai bo lang phi la cac nguyén tic cdt 161 ciia xay dung tinh gon [13]. Trong triét 1y san xuat tinh gon,
lang phi trong xay dung dugc chia thanh 8 nhom dugc thé hién trong Hinh 1 [14].

Nghién ciru nay chi ra nguyén nhan gy ra sy ling phi dwa trén triét 1y san xuét tinh gon, tir d6
giam thiéu chi phi, cai thién hiéu qua thi cong xay lap va sau clng 1a dam bao yéu cau cta khach hang
[15]. Muc tiéu cia nghién ctru dua vao cong cu phan tich nhan td va cac mo hinh tri tué nhan tao dé
danh gia sy lang phi trong thi cong xay dung nha cao tang. Cac nguyén nhan gay lang phi trong viéc
quan 1y trién khai du 4n s& dugc 1am sang t6 théng qua danh gia mirc d6 gia tang chi phi thyuc hién du
an. Qua d6 cung cap cho nhiing nha quan 1y c6 cai nhin cu thé hon vé nhiing ling phi tiém tang trong
mdi hoat dong trén cong truong vé vat liéu, thiét bi, nguén nhan lyc [16].
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Hinh 1. Tam loai lang phi trong xay dung tinh gon

2. Phwong phap nghién ciru, thu thiap dir liéu va phéan tich

Phan I: Téng quan nghién ctru, xic dinh cdc nhén té ling phi trong TCXD

Tham khao tai liéw, edc Téng hop, danh gid dé xéc dinh tinh cdp thiét
nghién ciru trude do cua dé tai nghién ciru
'

Xac dinh vén dé nghién ciru, muc tiéu va
pham vi nghién ciru
'
Xdce dinh céc loai lang phi trong giai doan thi
cong cac dyr an xdy dung

Tham khao v kién cuia '
cdc chuyén gia trong linh | | Xacdinh cic nhan té gay lang phi trong thi
vire thi cong xiy dung cong xédy dung nha cao tang

Phin 2: Khao sat va phén tich cac nhén té
Khong dat

Thiét ké bang cau hoi khao sat

v

Tién hanh khio sit thi didm |

Tién hanh khao sét, thu thap sé liéu chinh
thue

Sir dung phin mém SPSS - l -
vilxcel o Femeee- -| Téng hop, phin tich d4nh gi céc ké qua |

Phiin 3: Xdy dung mé hinh dy doan chi phi gia ting do ldng phi

Thiét lap cac dir lidu diu vao, dau ra lati 1§
chi phi gia tang do lang phi trong TCXD

v
Sir dung phdn mém SPSS Str dung cae thudt toan tri tué nhan tao: SVR,
Modeler V1§ | ™ ANN,LR dé dw doan chi phi gia tang
v

Phén tich, so sanh gia tri dy doan cua cac
thudt todn vai gid tri khao sat
v

| K& ludn va kién nghi

Hinh 2. Quy trinh va phuong phap nghién ctru

Quy trinh thyc hién nghién ctru duoc thé hién nhu Hinh 2 bao gém 3 phﬁn dé dat duge muc tiéu
nghién ctru. Phan 1: Téng quan vé lang phi trong thi cong xay dung (TCXD) dua trén cac nguyén tic
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clia xdy dyng tinh gon. Phan 2: Xé4c dinh cac nhan td gdy lang phi trong thi cong xay dung cac cong
trinh nha cao tang, mtrc 46 anh hudng dén chi phi thuc hién du an. Phan 3: Xay dung m6 hinh du doan
ti 1€ phan tram chi phi gia tang do cac yé€u to lang phi gay ra dua trén cac thuét toan tri tu¢ nhan tao.

2.1. Xdc dinh cdc nhan té gdy lang phi trong TCXD

Pham vi nghién ctru la cic du 4n nha cao ting dang trong giai doan thi cong xay dung & Tp. HCM
va khu vyc 1an can. Nghién ctru da chi ra dugc 30 nhan t6 gay lang phi trong thi cong xdy dung nha
cao tang bao gdm: 19 nhn t4 tir cac tai liéu, nghién ctru trude; 7 nhan tb tir cac y kién chuyén gia; va
4 nhan t6 do tac gia dé xuit. Bang 1 liét ké cac nhom nhan té gy lang phi trong TCXD.

Bang 1. Cac nhén t6 lang phi trong thi cong xay dung

STT Maibién Céc nhan t6 ling phi trong TCXD Tham khao
I San xudt qua muc
1 SXQMI Phénbd qua mic hoic khong can thiét vat liéu/thiét bi trén [17, 18]
cong trudng
2 SXQM1  Phan b qua mirc hodc khong can thiét cong nhan trén cong [17-19]
truong
3 SXQMI San xuit/ gia cong qua nhiéu din dén du thira [17,19]
11 Cho doi
4 Cbl1 Cho dgi nguoi khég h(’)én‘thémh cong viéc, trudc khi cong [17, 19, 20]
viéc tiép theo co thé bat dau
5 CP2  Cho doi vat liéu, thiét bj dugc giao dén cong truong [17]
6 CP3  Cho doi cong nhan/ to doi di chuyén dén dia diém thi cong [17,19]
7 Cb4 Cho doi may moc, thiét bi phuc vu cho cong tac thi cong [19]
I Di chuyén khong can thiét
8 DCKCTI! Thoi gian van chuyén vét tu, may moc, thiét bi dén noi thi [19]
cong
9  DCKCT2 Didoi vat liéu, thiét bi do xép chong 1én nhau Tac gia dé xuét
10 DCKCT3 Didoi bai vat liéu, bai gia cong Tac gia dé xuat
11  DCKCT4 Don dep mit bang trude khi thi cong Y kién chuyén gia
v Quy trinh, cach thirc 1am viéc khong can thiét
12 QTKCT1 Céc thu tuc va cach thirc lam viéc khong can thiét [19]
13 QTKCT2 Quy trinh phé duyét kéo dai Y kién chuyén gia
14 QTKCT3 Cac cong tac dinh vi, do Iwong trudce khi thi cong Y kién chuyén gia
15 QTKCT4 Nghiém thu, kiém tra nhiéu lan Téc gia dé xuét
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STT Maibién Céc nhan td lang phi trong TCXD Tham khao
v Tdn kho
16 TK1 Vit lidu/ thiét bi bi mét cdp/ thit lac & cong trudong trong [17,19]
thoi gian thi cong
17 TK2  Vat tu, may moc, thiét bi ton kho khong duoc sir dung [17, 19]
18 TK3 Khuyét tat chét luong cAu kién, san phém [17,19]
19 TK4  Vatliéu bi hu hong / xudng cap trong thoi gian thi cong [17,19]
VI Chuyén dong du thira
20 CDDTI Thoi gian cong nhan di chuyén trén cong truong hoic giira [17,19]
cac khu vuc thi cong
21 CDDT2 Thoi gian kiém tra, giam sat, nghiém thu cac cong tac thi Y kién chuyén gia
cong
22 CDDT3 Thoi gian giao tiép, hu(’yr}g dan gi}Nra k¥ su va cong nhén, [17,19]
gitra nha thau chinh va thau phu, t6 doi thi cong
VII Sai 16i thi cong
23 SLTCl1 Sy cb vé may moc, thiét bi trong qua trinh thi cong [17, 19, 20]
24  SLTC2 Sira chita, 1am lai san pham do sai 1i trong qua trinh thi [17-19]
cong
25  SLTC3 Sai sot hodc khac biét trong ban v€ thi cong [17, 19]
26 SLTC4 Tao chét thai rin/ réc thai trong quéa qua trinh thi cong Y kién chuyén gia
27  SLTCS5 Ruiro, tai nan lao dong trén cong truong [17-19]
Vil Nang lyc cua nhan vién khong dugc st dung
28 NLNVI Sy sang tao cua nhan vién khong dugce su dung Y kién chuyén gia
29 NLNV2 Sy bat cap giira trinh d6 nhan vién va vi tri dwoc dam nhiém  Tac gia dé xuét
30  NLNV3 Chua quan Iy va tan dung hét kha niang 1am viéc ciia nhan Y kién chuyén gia

vién

Bang 1 dwa ra dugc 8 nhom tir 30 nhén t6 chinh anh hudng dén tan suat xuat hién lang phi. Sau d6
tién hanh lap bang cau héi chi tiét dé thuc hién khao sat chinh thirc. Béng khao sat dugc 1ap dua vao
Google Forms sau dé dugc gui truc tuyén cho nguoi dugce khdo sat qua zalo, viber, telegram, email,
... Tong s6 luong bang cau hoi giri di 1a 224 (100%). SS lugng phan hdi 1a 168 chiém 69%, trong d6
18 bang ciu héi tra 16i khong hop 18 chiém 7%. Cudi cung thu duge 150 bang ciu hoi (61%) hop dé
dé tién hanh phan tich nhan t6.

Déi twong dugce khao sat 1a nhitng ky su & cap quan 1y ciia cac nha thdu xay dung hang dau & Viét
Nam nhu: Hoa Binh, Coteccons, Ricons, Newteccons, Central, ..., cac chuyén vién quan ly du an cia
chu dau tu, cac ky su tu véan giam sat, tu véan quan ly du an, ... Bang 2 thé hién dic trung cla dbi
tuong khao sat (DTKS).
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Bang 2. Dic trung cua ddi twong khao sat

I Kinh nghiém S6 lwong Ty 1& (%)
1 Duéi 3 ndm 32 21,3

2 Tu 3 dén 5 nim 45 30,0

3 T 5 dén 10 nam 49 32,7

4 Trén 10 nam 24 16

11 Vai tro cia DPTKS S6 lwong Ty 18 (%)
1 Chu dau tu 38 25,3

2 Nha thau thi cong 82 54,7

3 TVQLDA/TVGS 10 6,7

4 Tu vén thiét ké 20 13,3

2.2. Kiém dinh d tin cdy thang do — Cronbach’s Alpha

Két qua kiém dinh Cronbach’s Alpha cho nhém tan suat xuat hién lang phi dugc thé hién & Bang 3.
Két qua kiém dinh cho thiy cac hé sé trong quan bién téng phu hop. Hé sé Cronbach’s Alpha cac
bién quan sat nam trong khoang 0,6 < @ <1 cho thy thang do luong tét va dat do tin cay. Tir két qua
trén cac bién quan sat dugc chp nhan va st dung cho phan tich nhan t6 kham pha.

Bang 3. Két qua kiém dinh Cronbach’s Alpha

NHOM TAN SUAT XUAT HIEN LANG PHI

Trung binh thang do  Phuong sai thang do  Twong quan  Hé s Cronbach’s Alpha

Nhénté X Y £ Y4 e X X s 1t A
néu loai bién néu loai bién bién tong néu loai bién

1. San xuit qua muc: @ = 0,876

SXQMI 7,39 4,011 0,781 0,805
SXQM2 7,35 4,069 0,774 0,812
SXQM3 7,25 4,268 0,727 0,854

2. Cho doi: a = 0,855

&) 10,55 10,411 0,667 0,827
Cb2 10,17 9,925 0,765 0,786
Cb3 10,19 10,425 0,746 0,797
Cb4 10,61 10,185 0,623 0,849

3. Di chuyén khéng cén thiét: o = 0,837

DCKCTI 9,39 4,816 0,775 0,752

DCKCT?2 9,35 4,619 0,704 0,778

DCKCT3 9,26 4,838 0,638 0,808

DCKCT4 9,26 5,093 0,575 0,835

4. Quy trinh, cach thtc lam viéc khong can thiét: o = 0,880
QTKCT1 9,89 4,418 0,777 0,832
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NHOM TAN SUAT XUAT HIEN LANG PHI

Trung binh thang do  Phuong sai thang do Twong quan  Hé s Cronbach’s Alpha

Nhin t6 néu loai bién néu loai bién bién tong néu loai bién
QTKCT2 10,18 4,847 0,711 0,857
QTKCT3 10,11 4,853 0,768 0,838
QTKCT4 9,79 4,460 0,718 0,857
5. Ton kho: @ = 0,813

TK1 11,18 4,686 0,644 0,761

TK2 11,07 4,331 0,644 0,759

TK3 11,17 4,636 0,601 0,779

TK4 10,71 4,236 ,643 0,760
6. Chuyén dong du thira: a = 0,765

CbDTI1 5,23 3,818 0,550 0,745

CbDT2 5,17 2,466 0,627 0,680

CbDT3 5,18 3,142 0,664 0,615
7. Sai 16i thi cong: a = 0,899

SLTC1 11,73 19,190 0,737 0,879

SLTC2 11,64 19,064 0,744 0,878

SLTC3 11,75 19,315 0,701 0,887

SLTC4 11,73 19,043 0,723 0,882

SLTC5 11,73 18,039 0,841 0,856
8. Nang lyc ctia nhan vién khéng dugc st dung: @ = 0,805

NLNVI1 6,39 2,601 ,647 0,739

NLNV2 6,69 2,415 ,692 0,691

NLNV3 6,63 2,907 ,623 0,765

2.3. Phan tich nhdn t6 kham phd — EFA

Bang 4. Két qua kiém dinh KMO & Barlett’s

Kiém dinh KMO va Barlett
Thude do mirc @6 thich hop cua viéc léy mau 0,808
Approx. Chi-Square 2435,215
Kiém dinh Bartlett df 435
Sig. 0,000

Tur bang kiém dinh KMO & Barlett’s, c6 thé th?iy: Hé s KMO = 0,808 > 0,5; nén st dung phan
tich nhan t6 cho nghién ctru nay 1a pht hop. Kiém dinh Barlett’s véi muc y nghia sig = 0,00 < 0,5, cho
thdy cac bién quan sat c6 twong quan trong tong thé va str dung phén tich nhan t5 EFA 13 phu hop.
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Principal Components Analysis (PCA) 1a phép trich mic dinh dugc gan trong nhiéu phan phém
phan tich dir liéu thong ké. PCA gia dinh riang cac bién quan sat khong co phuong sai riéng (unique
variance), nghia 1a 100% su bién ddi cua bién quan sat déu duoc giai thich boi cac nhan t6 duoc trich.
Do vay, voi PCA, cac nhan t6 duoc trich ra s& thudng s& c6 tong phuong sai trich 1a 16n nhit so voi
cac phép trich con lai.

Béng 5. Phan tram giai thich cho cac bién va tdng phuong sai trich

Téng phuong sai trich

Gi4 tri eigenvalue ban dau Chi s6 sau khi trich Chi s6 sau khi xoay
Nhan % Y% % % % %
t0  Tong Phuong Phuongsai Tdéng Phwong Phuwongsai Tong Phuong Phuong sai
sai tich Iy sai tich Iy sai tich iy

7,617 25,391 25,391 7,617 25,391 25,391 3,645 12,150 12,150
2,784 9,279 34,671 2,784 9,279 34,671 2,999 9,997 22,147
2,520 8,401 43,071 2,520 8,401 43,071 2,837 9,455 31,602
2,261 7,537 50,608 2,261 7,537 50,608 2,807 9,358 40,960
2,088 6,959 57,567 2,088 6,959 57,567 2,674 8,915 49,875
1,570 5,233 62,800 1,570 5,233 62,800 2,431 8,104 57,979
1,489 4,963 67,762 1,489 4,963 67,762 2,247 7,490 65,469
1,437 4,789 72,551 1,437 4,789 72,551 2,125 7,082 72,551
,783 2,611 75,161
713 2,376 77,537
,689 2,208 79,835
, 570 1,899 81,734
533 0 1,775 83,509
,483 1,610 85,119
,451 1,502 86,621
414 1,381 88,001
,389 1,297 89,299
373 1,242 90,541
341 1,136 91,677

N S VA S N wry
O 0 AN D W= ©XIANNBWLWN =

20,338 1,126 92,804
21 ,308 1,028 93,832
22 281 938 94,770
23,269 ,897 95,667
24 247 ,823 96,490
25,238 ,792 97,283
26,197 ,658 97,941
27,179 ,597 98,538
28,164 ,548 99,086
29,149 ,496 99,582
30,125 418 100,000

Phan tich thanh phan chinh
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Bang 5 cho biét két qua dit lidu dung dé phan tich nhan t6 hoan toan phu hop. Tri s6 Eigenvalue
1,437 > 1 1a dai dién cho phan bién thién duoc giai thich boi mdi nhén t6, 8 nhén t6 duoc trich xuat co
¥ nghia tom tat thong tin tot nhat. Téng phwong sai trich (Total Variance Explained): 72,551 > 50%,
cho thay 8 nhén t6 duoc trich phan dnh 72,55% > 50% (chimg to 72,55% bién thién cta dir lidu).

Bang 6. Phan tram giai thich cho cac bién va tong phwong sai trich

Ma tran xoay nhan to

Nhan t6

Nhan t§

PC1

PC2

PC3

PC4 PC5

PC6

PC7 PC8

SLTC5
SLTC2
SLTC3
SLTC4
SLTCI

QTKCTI1

QTKCT2

QTKCT3

QTKCT4

DCKCT!

DCKCT2

DCKCT3

DCKCT4

Ch2
CD3
Cb4
Chb1
TK3
TK2
TK1
TK4
SXQM2
SXQMI
SXQM3
NLNV2
NLNV1
NLNV3
CPDT3
CDDT2
CPDTI

,872
,790
,768
, 758
,749

,862
,806
,802
1T

,860
,842
,762
17

,857

771

,752

, 741
,802
,800
,769
, 7155

,863
,851
, 7187

,864

,833

,825
,839
811
, 766

Két qua phan tich nhan t6 kham pha EFA ¢ Bang 6, tac gia tién hanh phan nhém nhur sau:

Nhom PC1 bao gdm 5 yéu t6 lang phi do “Sai 16i thi cong”. Nhimg nguyén nhan ndy tao ra mot
luong réc thai ran kha 16n & cong trudng, ton nhidu mit bang dé chira va thoi gian, chi phi dé van
chuyén di noi khac. Dé han ché nhitng van dé nay, cac nha thau can chi trong dén nguyén tic “Lam
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N
Ay

ding ngay tir dau
chay chita chay.

Nhém PC2 bao gdm hai yéu t6 ban dau lién quan dén quy trinh lam viéc. Trong nganh xay dung
& Viét Nam, cac quy trinh va quy trinh lam viéc khong can thiét ton tai trong hoat dong hién tai nhu
mot dic tinh ¢b hitu. Do d6, nhiéu nd lyc giam thiéu ching da dugc thyc hién trén thyc t& dé “tinh
gon” cac quy trinh thyc hién. N6 rat d& xay ra khi c6 sai sot hodc thong tin khong rd rang trong ban
v& thiét ké va thong s6 k¥ thut.

Nhom PC3 1a nhém vé cac yéu td thoi gian di chuyén trong cong truong. San xudt tinh gon cho
thdy rang cac dong cong viéc 1a lién tuc. Mot trong nhimg phuong phap duoc sir dung nhiéu nhat dé
ngan chan sy gian doan nay la 1am viéc theo ca (hodc gid). Hon nita, phan chia cong viéc mot cach
hop 1y 1a mot cach t6t dé giam bt cang thang cho ngudi lao dong, tir d6 nang cao hiéu qua san xuét.

Nhém PC4 Cho dgi ngudi khac hoan thanh cong viée cua ho 1a mot loai lang phi thoi gian khong
mang tinh chat dong gop theo sy cong nhan cua san xuat tinh gon. Tuy nhién, tién d6 giao cac thiét bi
va vat liéu d6 dén cong truong thuong bi cham do bi anh hudng béi nhiéu nguyén nhan khong luong
truée dugc trong qua trinh thi cong nhu truot gia, thay ddi thiét ké do chu dau tu, lién lac giira cac bén
kém hiéu qua, truc tric vé giao thong, thiéu nguyén liéu.

Nhom PC5 gdém céc yéu to vé “Ton kho”. Theo triét Iy san xuat tinh gon, Ton kho 14 cach néi
chung dé chi ra cac van dé vé vat liéu, may moc, thiét bi & cong truong nhung khong duge st dung.
Céc chuyén gia trong nganh xay dung cho rang hoat dong nay 1a hoat dong bat budc dé thuc hién cong
viéc. Do d6, ho da khéng nhin nhan do6 la sy lang phi can duogc giam baot hodc loai bo dudi goc do san
xudt tinh gon.

Nhom PC6 bao gdm ba yéu t ban dau cha yéu lién quan dén viéc phan bd ngudn luc ciia nha thau
trong giai doan xay dung. Theo triét Iy cuia san xuét tinh gon trong xay dung, phan bd ngudn luc qua
mirc duge coi 1a lang phi vi n6 din dén tinh trang ton kho, hu hong va 16n xon trén cong trudng. Day
1a mot hién twong kho tranh khoi vi trong thuc té khong c6 mot phuong phép thi cong hoan hao nao.

Nhom PC7 bao gdm nhitng yéu t6 vé niang luc 1am viéc ciia ngudi lao dong nhung khong duoc sir
dung dung cach. Pay 1a nhimg yéu td dugc bd sung gin day cua san xuét tinh gon. Trong nganh xay
dung Viét Nam, viéc thiéu hut nhan sy cho vi tri phu hop khién nhitng nguoi phai ddm nhiém thém
nhing vai tro khong phai 1a thé manh ctia minh. Hodc cac cap quan 1y khong tan dung hét sy sang tao
ciia mdi nhan vién cap dudi cia minh, gay lang phi ngudn nhan lyc cua t6 chirc.

Nhom PC8 lién quan dén hai yéu té ban dau lién quan dén thoi gian lién lac va van chuyén tai chd.
Ca hai déu thuéc nhom lang phi thoi gian dong gép theo phén loai ciia san xuét tinh gon. Pong thoi,
vat tu va thiét bj duoc cung cép dé cong viéc co thé duoc bit dau. Bé ngén chan van dé nay, nguoi
quan 1y nén c6 ké hoach phan phdi nguyén vat liéu pht hop cho timg doi cong nhan theo mirc d6 uu
tién cua doi do.

va dac bi¢t chu trong dén cong tac an toan lao dong — v€ sinh moi trudng — phong

3. Mo hinh du doan dnh huwéng cia lang phi

Két qua phan tich nhén t6 d chi ra rang chi c6 72,55% phuong sai dugc tinh cho cac yéu td lang
phi trong nghién ciru nay theo nam thanh phan duoc trich xuat. Theo quy tic chung, phuong sai dugc
gii thich 16n hon 80% 1a tidu chi cit bo. Do d6, két qua nay khong thé duoc sir dung trong phan tich
tuong lai. Co nghia 1a tat ca cac bién dugc dé cap trong Bang 6 phai dugc xem xét dong thoi. Cac
thuat toan tri tué nhan tao bao gdm mang no ron nhan tao (ANN), hdi quy tuyén tinh (LR), may hd
trg véc to hdi quy (SVR) duoc sir dung dé udc tinh tac dong cua cac yéu t6 lang phi dén chi phi thuc
hién du an.
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3.1. Mang no ron nhan tao (ANNs)

Mang no-ron nhén tao la mot mé hinh tinh toan dugc xay dung dua trén cac mang no-ron sinh
hoc. Céu trac ANN co ban c6 ba 16p chinh - 16p dit liéu dau vao, 16p an va 16p dau ra [21, 22]. Lp
dau vao bao gdm 30 no ron 1a dai dién cho 30 nhén t chinh anh huéng dén tin suét xuat hién lang
phi, sau d6 dugc chuyén qua mét hodc nhiéu 16p 4n dé tinh toan va 16p dau ra 1a phan trdim chi phi
du 4n tang 1én. Mang ANN bét dau céac thi tyc tinh toan bang cach st dung mot mang sé X cho 16p
dau vao trong xir 1y than kinh. Sau d6, dau vao x; sir dung mot ham truyén dé chuyén tiép tdi n no-ron
trong 16p an. W dugc sir dung dé két hop cac no-ron vao dau ra. Phuong trinh (1) duoc ap dung dé
tinh toan két qua dau ra ciia mdi 16p

Yin = f(Wn,m,ka + bi,k) (1)

trong d6 f() 1a ham kich hoat, & biéu thi s6 16p, n biéu thi s lwong no-ron, m biéu thi s6 trong luong
cho mdi no-ron chuyén giao, i biéu thi sb nut thién vi.
3.2. M6 hinh hoi quy tuyén tinh (LR)

M5 hinh hdi quy tuyén tinh da bién (LR - linear regression) 1a cac mé hinh thng ké vé mdi quan
hé giita bién phu thudc (bién phan hoi) va bién doc 1ap (bién giai thich) c6 thé duoc phat trién bang
cach st dung hoi quy tuyén tinh [23, 24]. M6 hinh héi quy duoc xiy dung thong qua cong thirc (2)
dudi day.

n
Y=,30+Z,3iXi+8 ()
i=1
trong do Y la bién phu thudc dai dién cho phén tram chi phi dy an tang lén, S 1a hﬁng $0, Bilahé sb
hdi quy (i = 1,2, ,n), € 1a sai s6. Nghién ctru nay sir dung phén tich hdi quy nhiéu 1an sir dung nhiéu
bién (X;) 1 cac nhan t6 chinh anh huéng dén tan suat xuit hién lang phi.

3.3. May hé tro vecto hoi quy (SVR)

SVR 1a mét phién ban hoi quy cua may hd tro vecto. SVR di duoc su dung rong rai trong viéc
giai cac bai toan hoi quy. Puoc phat trién bai Vapnik [25], SVR ¢6 xu huéng giam thiéu gi6i han trén
ctia 161 tong quat hon 1a giam thiéu 1i thyc nghiém trong mang no-ron [26]. M6 hinh chung cia SVR
cho bai toan dy doan dugc thé hién nhu cong thic (3)

FO) = wigix) + b (3)
j=1

trong d6 w; biéu thi trong sb; gi(x) biéu thi mdt nhom céc phép bién doi phi tuyén bbiéu thi sb du.

3.4. Chi s6 danh gid hiéu sudt

Céc chi s6 sau day duoc sir dung dé danh gia hiéu qua ciing nhu do chinh xac ctia mé hinh trong
qua trinh dy doan.
- Hé s6 xac dinh (R?)

R=1- (=YY /) 0-9 @)
i=1 i=1
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- Sai s6 phan tram tuyét ddi trung binh

L |y—y
MAPE =~ 3" > (5)
=i
- Sai s6 toan phuwong trung binh
1 n
RMSE = 4| - —y)? 6
=07 =) (6)

i=1

- Chi s6 hiéu suit (Performance Index - PI) dung dé do luong hiéu suét du doan ciia mot mo hinh
mot cach toan dién bang cach xem xét nhiéu chi sé danh gia. Thay vi danh gia su khac biét giira gia
tri thuc té va gia tri du doan, PI dugc st dung dé so sanh hiéu suét du doan ciia cac md hinh du doan
khac nhau. Cong thuc toan hoc cho PI la:

2
IRy | RMSE, 1 MAPE,

+3 (7

PI, =
“ 3 R2  3RMSEmax 3 MAPEp

trong d6 y’ 1a gia tri du doan; y 1a gia tri thuc té; va n 1a sd luong mau dit liéu. PI,, Ri,RMS E., va
MAPE, 14 PI, R*, RMSE, vi MAPE clia m6 hinh dy dodn a; R%. 1a R? t6i thiéu trong so sanh, va
RMS Enmay va& MAPEm,y 13 RMS E va MAPE t6i da trong so sanh. C6 thé thiy tir phuong trinh rang
PI loai bé su khac biét vé do 16n giita ba chi s6 danh gia bﬁng cach tiéu chudn hoa, so sanh cac gia
tri chi s6 cia mdi du doan voi hiéu suét chi sé kém nhat trong sb cac so sanh. Khong giéng nhu timg
chi sb, PI xem xét tt ca cac chi s6 co sin va do luong hiéu suit cia mo hinh mot cach toan dién hon.
Trong nghién ctru ndy, R?, RMS E va MAPE duoc coi 1a quan trong nhu nhau trong viéc do luong
hiéu suat du doan; do do, ching dwgc gan vdi ciing trong s trong phuong trinh PI. Gia tri PI nho
hon cho théy hé suit du doan t6t hon va nguoc lai.

4. Thiét 1ap thyc nghiém

4.1. M6 ta va chuan bi di liéu

Dit liéu cho cic mé hinh tri tué nhan tao duge thé hién & Bang 7.

Bang 7. Dit liéu khao sat chi phi gia tang do 1ang phi

S6 lwong mau 150
Min 7,3
Max 10,5
Median 8,8
Mean 8,77
Std. Deviation 0,607
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4.2. Céu tric mé hinh

Cac thong s6 m6 hinh dy doan (ANN, LR, va SVR) duoc dit dia theo dé xuit cua cac nghién ctiru
truée, phuong phap thir sai va cac thiét 1ap mic dinh cta phan mém trong qua trinh huan luyén va
thtr nghi€ém. Viéc cai dat nay dam bao viéc dé dang trong viéc van hanh va d¢ chinh xac ciia mo6 hinh
mot cach khach quan. Hinh 3 minh hoa cai dit bién dau vao va dau ra. Hinh 4 thé hién viéc nhap liéu
thong s6 hoat dong ctia cac mo hinh trong phan mém. Hinh 5 minh hoa cach xay dung cac mo hinh
du doan anh hudng cta cac nhan t6 gay lang phi.

Fielg Wegaurement Wasing Creor Role
B moaa @ Contnucus Vo  input
A gekcantter & Comtoucus Hore N Ingut
&) dckcanthietd & Corrucus Hone “w ingut
A} dehcanted & Condruses Mone . ingut
& dohcantheetd & Contnuous Hore “ Input
D ochanonscantuet! & Corrutus Hone N Ingurt
dieanengcanmiet? o Cortrucus Hene “ input
SlEnANLA IS} & Cortmusas Mane N Ingut
& gichanongeanBists. & Cortnucus Fore . ingut
[ & Corsnuous Home “w Input
& tonanal & Cornucus Hone “ input
) toehad & Corrucus Home Sw ingut
A tamehod & Contruous More “ Input
£ conmuat o Confrucus MNore “w Input
¥} commmual & Cortrucan Fome “ ingut
W aashual & Contnugus Merw “u ingut
& shhicong) & Cortnucus Hare S Ingut
& smiconga & Comarucus Hone Sw Ingut
£ smicong & Coranucus = N input
@ smicongd & Cortnueus Morw “» input
# sihicong? & Cortrnucus Forn u ingut
& nimdnongsudung 1 & Cortrucus Mone . Input
& ninahongsudung? & Cortrucus Haorg e ingut
& rinanengEung ) & comnucus Hong N mput
@ Langrn o Comnuous Mome @ Target

Hinh 3. X4c dinh bién dau vao va dau ra

semngs Annolatons

Partition field: |Parttion |

Partitions @ Train and test © Train, test and yalidation

Training pariition size ma Label. ITlalnlng I Value = I‘1_T!a|nm9' |

Testing partition size: ma Label ITesung l Value = I‘2_Teshng‘ |
| e value =

Total size 100%
values: O Use system-defined values (1", "2" and "3)
® Append labels to system-defined values
© Use Iabels as values

| ¥ Repeatable partition assignment

Hinh 4. Thong s6 dau vao cia md hinh

v -~

s
Kiém I{ghxem

Bang két qua

. @
M6 hinh SVR q
_ : h
Dit lieu Phan loai b
: / 0 hinh Phan tich

M6 hinh LR

\

Bang két qua

\ Kiém nghiém

@

NV Phan tich
Bing kétqua  Kiém nghigm

Phan tich

Hinh 5. M6 hinh céc thuat toan dy doan anh hudng cua lang phi bing SPSS Modeler V18
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5. Két qua thye nghiém

5.1. Két qua dir dodn

Gia tri du doan

Gia tri du doan ( chi phi gia tang)

Gia tri du doan

11,0
10.5
10.0
.5
9.0
85
8.0
75

7.0
7.0 75 8.0 8.5 9.0 9.5 10,0 105 110
Gia tri khao sat

(a) M6 hinh ANN

9.0 >

85 e
80 o .
A ]
[ ]

75 8.0 8.5 9.0 9.5 10,0 10,5
Gia tri khao sat

(b) M6 hinh Linear Regression

7.0 7.5 8.0 8.5 9.0 95 10.0 10,5
Gia tri khao sat

(¢) M6 hinh SVR

Hinh 6. Sy phan bd cua gia tri khao sat va du doan béng mo hinh tri tu€ nhan tao
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—8—(Gia tny khao sat —4—Gha tn dudoan

9 Chi phi gia ting do lang phi
©
=

8.0
1.5
7.0
1 2 3 45 6 7 8 9 10111213 14151617 1819 20 21 22 23 24 25 26 27 28 29 30
S6 hrgmg mau thir
(a) ANN
11,0 — —
= 105 @ Gid tri khao sit —4— Gid tri du doén
2100
I
2 95
o
g 9.0
8 85
A 80
8 75
e
7.0
1 234567 8 9101112131415161718192021222324252627282930
$6 lirong mau thir
(b) LR
110
=105 - ® - Gia tr] khao sit —a— Gia tri dir doan
B .
2100 -
2 95
£y
s 90
o
= 853
=)
g 80
(=}
K]
70

123 456 7 8 910111213141516 17 18192021 22 23 24 25 26 27 28 29 30
56 lwgng mau thir

(c) SVR

Hinh 7. Sy phan bd cua gia tri khao sat va dy doan béng mo hinh tri tué nhan tao

5.2. So sanh két qua ciia cdc mé hinh

Két qua du doan ti 1€ chi phi gia ting do lang phi ctia 3 m6 hinh ANN, LR, SVR lan luot 12 7,78%;
8,75%; 8,80% so vdi gia tri khao sat 1a 8,77%. Céc gia tri nay 1a trung binh cia két qua du doan cua
3 mé hinh duoc thé hién & Hinh 6. Gia tri khao 1a gia tri trung binh (Mean) cua 150 phiéu khao sat &
Bang 5.

Bang 8. Hiéu suit cia 3 mo hinh

M6 hinh R RMSE MAPE (%) PI (Xép hang)
LR 0,906 0,185 1,543 0,42
ANN 0,700 0,332 2,709 0,62
SVR 0,830 1,915 3,958 0,95
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Dé xac minh thém do chinh xac ciia mé hinh du doan chi phi gia ting, 3 mé hinh ANN, LR va
SVR duoc xem xét dé dy doan mirc phan tram chi phi gia ting do ldng phi trong thi cong xay dung
céc dy 4n cao ting. Két qua du doan cta ba mé hinh nay tir phdn mém SPSS Modeler V18 va PI duoc
str dung dé danh gia hiéu suat giita cac mé hinh. PI dung dé do ludng hiéu sudt du doan ctia mé hinh
mot cach toan dién bang cach xem xét ba chi s danh gid, d6 1a R2, RMSE va MAPE. Gi4 tri PI <
1 va PI cang nho thi hiéu suét dy doan cia mé hinh cang tot. Hinh 4 thé hién sy phan bd cua gia tri
khdo sat so v6i gia tri du doan tir ba mo hinh ANN, LR va SVR. Két qua Hinh 6 va 7 cho thiy ring
mo hinh LR ¢6 gié tri du doan gan vdi gia tri mé phong nhat. Didu nay phu hop véi chi s6 hiéu suat
clia cac md hinh dugc thé hién trong Bang 8 hi¢u suat du doan cua ba mé hinh duogc xép hang dya
vao gia tri PI, trong d6 m6 hinh LR duoc xép hang sb 1, lan lugt 1a mo hinh ANN va SVR.

6. Két luan

Nghién ctru nay dua trén 150 dir liéu khao sat tir nhitng ngudi c6 kinh nghiém trong thi cong xay
dung va quan Iy du an. K§¥ thuat phan tich nhén t chinh dugc sir dung dé xac dinh mbi quan hé tiém
4n giita 30 yéu t6 lang phi ban dau. Tiép theo cac mé hinh tri tué nhan tao dugc ap dung dé dy doan
va danh gia tic dong cua cac yéu t6 lang phi dén chi phi thuc hién du an. Cac két qua ctia nghién ctiru

nay nhu sau:
1. Tam nhom thanh phan cu thé 1a “Sai 16i do thi cong”, “cho doi”, “quy trinh lam viéc”, “giao
tiép va van chuyén”, “san xuat qua mirc” va "di chuyén khéng can thiét”va “ning lyc ctia nhan vién

khong duoc st dung”, dugc trich Xuét véi 75,5% phuong sai duoc giai thich cho 30 yéu tb lang phi
trong du 4n x4y dyung. Didu nay chi ra raing mbi quan hé tiém 4n giira cac yéu t lang phi ban dau 1a
dang ké vi phuong sai cta n6 16n hon 50% theo quy ludt chung.

2. Gia tri trung binh cua viéc tang chi phi thuc hién dy an do cac yéu td lang phi la khoang 8,75%
tong chi phi du 4n. Cac mé hinh tri tué nhan tao dugc phat trién dé du doan anh hudng cua cac yéu to
lang phi dén chi phi thuc hién du an. Két qua cho théy su khac biét giira gia tri du doan va gia tri thuc
té 1a kha nho.

3. Nghién ctru nay dd xem xét anh huong cua cac yéu t6 lang phi dén du 4n xay dung theo quan
diém ctia xdy dung tinh gon. Két qua da chimg minh rang nhimg yéu t6 ling phi nay dang ton tai trong
cac quy trinh thyc hién thuc té va chung c¢6 tac dong manh dén chi phi du an. Két qua nghién ctru giap
cac bén tham gia du 4n, dic biét la cic tong thiu hodc nha thau phy ngin ngira va kiém soat ling phi
trén cong truong hiéu qua. Két qua con 1a co s dé chu dau tu kiém tra nang luc quan 1y, thi cong gitra
nha thiu va don vi tu van trude va trong giai doan thyuc hién.

Lo1i cam on

Nghién ctru duoc tai tro bai Pai hoc Qubc gia Thanh phd HO6 Chi Minh (PHQG-HCM) trong
khuén kho Dé tai ma s6 DS2022-20-01.
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