m =

WE & P 2 B HE\ R el B, R AR il K E LIS Ak, EPC Bk
AR AN A HZ T . B LB I RUHET o (ERAE TR A R N 8] P A PR e J A 2 1
AN JRRYE, B B E A TR ARIE R A SRR R, {535
F A Jte T A S B s A 6 2t 1S B b 153 IR AN DB A Z i D9 EPC &,
ARERE P2, ORI ER) K I EEA . BT A SC LA PD Sk EPC S KA I H
Bt S S M ] 3 ARl A 42 AR TR BEAT AT 7 -

(1) ZEFad £t E KT B AR A0 ST IR, 32~ % e
LOPEHATRE, $8HEGIIERAL, T I AT QIR Z AL, RIVEESL AR
PRI R PP A4 28 A AR 2 il DAL A A

(2) #FE PD y=ik EPC KT HAF AT FOR 5, I8 I S 2 i 2 1) 7 200 T
S it A m R AR R DR 3 AL JZ IR o BTl 25 S DR Al I TS Ko 4
RG22 a5l NI, S A ASOMIAT B B th R P R B R e MR, BRI S5
FFEAE DD Matlab 2 A% J5 A5 38 A% 5% P A0 TH AT 21, i e BRUER A0 H) R AR Sl BT 3R
BEAT RO 702K, 545 2% AR R D 3 (1 45 BLEAE AT HEF o

(3) FEM A A AR TR I, ABBE T H i L B 19 300 AR - it 1) AR A EL G
FM IR, AR A RBATHE ST, AR QAR SFA T R REIT AT 7T, %
454 PD fEk EPC I X i 37 (A R BEAT AR AIE, 2 HAH S 0 AR A A 5 56

FEXE EIRWFFUNEABT UL, JRas & R AR TR, S H T EPC R B
AT R 2R VA A R R A 1 AR R S AT IR, BN EPC KB
H SRR 1 A A Az H1 5, DS SR g S

KA EPC BURB TS, BOMIRRMT, $9EE: ARz



Abstract

As China's economy enters a high-quality development stage, the engineering field is also
facing a lot of opportunities and challenges. The EPC mode has gradually revealed its
advantages and been promoted in the industry. However, the rapid development of any mode
in a short period of time will be accompanied by certain limitations. In the past, the domestic
engineering industry has not formed an effective cost control system, so that there are many
phenomena that the cost of the project increases in the construction process and then leads to
the loss of the enterprise. As the top priority of EPC, cost control is the foundation to ensure the
vigorous development of enterprises. Based on this, this paper takes the PD high-speed EPC
project as an example to study the cost influencing factors and cost control model:

(1) By consulting relevant literature, this paper summarizes the current situation of EPC
project cost control, expounds the current commonly used theories and methods, points out the
shortcomings of traditional methods. And puts forward the innovation of this paper, that is, to
establish the evaluation system of cost influencing factors and the optimization model of cost
control.

(2) Relying on PD high-speed EPC general contract project as the research object, this
paper establishes a hierarchical analysis structure for cost influencing factors in the process of
project implementation by means of expert questionnaire. Weights of influencing factors are
obtained by calculating expert scoring results. Then, the fuzzy clustering method is introduced,
in which the fuzzy similar matrix is established by the commonly used maximum and minimum
method, and the fuzzy equivalent matrix is calculated by means of transfer closure after
programming with MATLAB. Finally, the optimal threshold is selected to classify the
influencing factors, and the comprehensive weight values and ranking of each cost influencing
factor are calculated.

(3) In the process of constructing the duration cost quality comprehensive optimization
model, assuming that the construction duration, construction cost and project quality of the
project are quadratic functions, the relationship between them is derived. The duration model

under quality and cost constraints, the cost model under duration and quality constraints, and
i



the quality model under duration and cost constraints are studied respectively, Based on the PD
high-speed EPC project, the specific application of the model is carried out, and the
corresponding cost control optimization scheme is given.

In view of the above research methods and theories, and in combination with specific
engineering cases, this paper proposes, establishes and verifies the cost impact factor evaluation
system and cost control optimization model under the EPC mode, in order to provide new cost
control and cost control methods for EPC projects and provide reference for EPC enterprises.
Key words: EPC general contracting project; Fuzzy cluster analysis; Earned value method;

Cost control
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TR S 1% 755N W A DG 23 R AN e 5 3381, 38R SRR (R Z IR A TR
BT RORI VAN 12 U5 ORI 2 T SR 00 2 o A, ELAE TRE AT il 2 A
P 77 THAS BB 22 (132 Y= 9, @ KRB SEBRIER, 27770 — MRS S U ek
Jiidie
22.1 BROHLER

JE IRy A4 A% DR 3% T R AH ELIC R AR A T AT R 43, T g — A~ B B
THZE AR R L AT LK BRI R R AT AL, R DA I E AT S A R
RIFNVE L, BEEO N B F 2l AR, 2R — A B R, 2EIE 1
FAUFIRE SR BT R 0 Z IR ZORAENZ, 240 H bR e 6 & 1 a2,
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®21 HEHE

PRI FHAR T2 B E AL
1 R&KiS K &g, —FEEE
3 RIS FEERjE, fHEZE
5 FSENESTPSE N A
7 Kz SR, smEE %
9 FSENESTPSE N e

2, 4, 6. 8 AR AR AT W 0 ]

1. 20 ===. 9 1%L K& ] SHE 1B E AR

. 1.
FIWHEE PR & =14 :a_7aij >0,

223 BRBEHF
E I TR B AR R R R R, TR W = (W, W, W),

=3 - j=12-n

= 2.1
i=1 :
2. FATH—AEFEW = (W, Wy, -, w,)T, Hod
W,
W =—
~ 2.2)
i=1 I

2.2.4 F|#rEEpE—BUMEI IS
T BB RN, KL WTRE B 2 A3 2 oK . 7R b2 B 75 vF R AR RS 2R PR i K
FFIEAE Ay :

- (AW),
it W,

A=

max

JA=12,---n (2.3)

A AW—— FIBFEREA S FFIL A REW P 2 8] 3R
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(AW), ——AW BI58 i DA &

REEE AT A S Ay CL:

Cl =T (2.4)

e n AER
Bt EARIN cr AL (2.5) B3 —FEHE CR:

_cl

CR=—
RI

(2.5)

AH: CR——FENL—FELL %,
RI— “PYIFENL—EEdabr, BRI,
225 ZENEHF

BT EHARRB A R B O HE X H b 23T 3R 2.3.3 TSGR RT A = A E
i, 1% (2.6) IHHESHRGEPERE.

W, = Wh W,

cij

I, j=1-n (2.6)
X W, — T REN A PR

Wy ——AE D J= BB A

Wey —— 7 RS2 AL ELE

2.3 {EHAB2E (FCA) RIHEXEIES

REORY) SR S5 O R AR F OB B v A S 1), e Ry it 52 AL A 4
I A i R 491, Tt 52 B B % DR SR A AR 00T AR £ A TR0, B R BR B D
WK ZR B2, HLAE S bp TR AP R A3 21 R A7 AR R phAT i 2
NULT U W SERMBRHEA AL B . ISR AR U R . HESROASOR S5 47 RE B A0 B Rk
3831,

231 MREBEFFRENIIE
(1) XFHEH

4%‘ m /I\’?%éj\%xﬂ‘%j&/?%%, iﬁ'j\j X:(Xl’ X2, oo Xm): /I\Xﬂ‘%ﬁ n /I\%{JCTE
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bR, RN X=X, Xos oo Xin), SREAHIEMIRIR Xy DA BRI RE R SUPR 9 SR G958 bR A K

X,

(2) brUEfCALEE
FARMR AL S ZEATE, TiRG A, HOR R IaTabRE R T U A B 2 [-1, 171X

[N, 7 (585 SE DR A PR A, % T BB P e I 7 V5 A LR L3R

a IR TSR AATRARIERE XS FIRIbRIEZE o), BT AR HAT R X =% =X,
i=1,2---n,j=12---m,

b UM AL . T RGBSR AR AE BE XP S A, BEAT A S B X =X X,
=120, j=12---m,

CH NI AL : T BUATRARIEE XP R BBl , BTG5 X = % /M, 3
fi=12--n,j=12---m,
2.3.2 HiEEM R B RE

BT R e e bR A TH S B AR AE AR R, I % PR3 TR AR DURE O T B4 A5
BIFREERE Re, 3X B4 URR R FH BOARAURE FE i T 57 1k

a AL R BE
_ ;W_WM_W R L N
M= n ’Xi:_ZXik’Xj:_ZXjk (2.7
—\2 = \2 M M
Z(Xik_xi) Z(Xjk_xj)
k=1 k=1
b A EAE
1, =] m
ri_ — . . ,XioX_ = Xi X. (28)
) ixi'xj 1# ] : é .

Hrh M >0 J93E Ik BB KO FLis 2 M = max{xox [i# j}, 3B X X, A X 15 X

HER.
c.KARIEIE
‘Xi.xj‘ " L2 .
.= s X =0 % )?,1=12,---,n (2.9
BTy R
RZEVRIERERoFS
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1 i=j
C ..
=y 1#] (2.10)
Z‘Xik_xjk
k=1

Horr ¢ S A % € [0,1] 3 2 IE4L

2.3.3 SRR FEREAD BB EL

PR AN o [ 22 FRA 336 P 0 SR N A Bl Matlab 8RR HEAT AR 18, EL 1S3
B M AR S, 2ETREA 1 TR 50 FAH SV i IR A R, %o DR 2 3 A7 vHE A (4 A58
SRR

2.4 #EERIEXIER

{8 (Earned Value)iX — & T JUtH 2R & A2t il A45 (B0l 2 4 AH [F] 350 H 1
TR AN S BRI B 2 TR A 96 56 R 0003, 7 3 25 T 4 F A A0 3 R 24 v, o B S Ak
e H B, R S AR M o AR, g Se BT H FRAE R A LA TAE A0 6T, f A
BH P Ok Seind AT E SIS, IR SN AR AT TR R0, iR
23 o A e 5 A AR K B T TE SEBR 300 H 2 U B T 2 2 38 B R A R L A
I FEVETR, - HAE TR U BCAS i 72 43 BT U7 SOVRI R A 4 Hl) o 1) 68 P A ok ek 22 81890,
24.1 BEESBRIERER

BB 0 EAKEB 5053 5 BCWS. BCWP, ACWP, %3t} Fik =2 Hk 471+ H A
A1 B A i 2 A P A 2 o AT R BT S0 v S5 B B AR FR AR AE i 22, 06t O
FERII G AR N A T7 58, BETOR A BEAT & BRAE S, IXPERUAEAR T H AR SR A 5T AT
DI B B A — AN S BRI A 22 HE, i SRR B TR R . S E VA R AR DL 2.2
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—
e —

(B BAO )

22 FEEEERE

(1) =ANEASH
HRIEA (BCWS): 1180 T

BCWS (1) = Z;:iHZIJIYE% PSR (0 <t <T)
el (EV), AR F s

BCWP(1) =2i%11’5§%x?ﬁﬁ$1ﬂ(ostﬂ)
ERRRA (AcwP), HEARI TR
ACWP(t) :gi%ﬂfﬁixg@ﬁmmst <T)

A
t—— R
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x22 REHRK:
i 22 R HEA PR AE

HCV > 0, FRoRAASHES
WAMRZE CV CV =BCWP—-ACWP  34CV =0, Forit-RlsARMSLprmAH

HCV <O, FIORRATTZ:

SV >0, FRORBEE TR T THRIHEE
Rz SV SV = BCWP - BCWS SV =O0f, FoRihEE SRR FD
SV < O, RoRSERRIERE T 5

K23 BRIRN:
fRPR MY HEAK PEU bR

MCPI >, RREABEB, THT,
AR G R T 5

ARG

CPI =BCWP/ ACWP MCPI =1, FRIARMA ST G U ;
febr CPI

AR GRS 7
MSPI > 1, RNt IR TR

RS SPI =1, FoRFEERFE TR

SPI = BCWP/BCWS
febw SPI MSPI < UK, FRoRBEEET IR, SRS

WO FE, LUAEBR)S,  E AR ™ .
(3) H{HESH Wt B Rix 5

24 ACWP >BCWS >BCWP , EISV <0, CV <0; HINHEEWE, mA#ET, 2E
I, NiZE B RS o TR A = AR AR

24 BCWP > BCWS > ACWP , EISV >0, CV >0,; M HEEIRAT, MATY, 3E
i W IR BN, T MR FFERANAR

*4 BCWP > ACWP > BCWS , BISV >0, CV >0, #EEH, mARY, MEke:
AN —IRHIIE SR SE, 92 AR s
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ZERAT A B0 LA b, WS ELBY B AR IUH Hh BA T AR AE B BRI, S B4
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(5) iz, 5%

HHEENOEUE R . UM SH, 0 TR SR SO Jdt BE AT VA o

(6) FEHlpiAs . R

20



B MRS A

WRAE T S BIRI VPO, ACHE P WTAR XS SE bR AR T H AT B0k, SRAUHI N 1 e 4
Jt, SRR, AR R, R R AT AL ST e TR T ) B b

2.5 KENE

AT BN BT A R B AU R AT A i, JF U7 TR S
TR, R SR AR e, Hrb AHP 301 FCA VA BEHERIENL A5
Wi PR R PP 44 28 FHEAT A P 1], FAELI2 R T2 8 H B o M A i 22 73 BT (R 5 1%

21



K2 KA AR S

=% PD =iF EPC In B A= I IR 55 #r
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JEX PR RIS OL T, S5 A PR, X% 32 BT T TR AT A A e HE, it
A A H i T AR RN, CRUESAN 5 B T HATZE VR B (8] 9 58 e, 3 ek 3=
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2016 fEREE TREHRI 4 L, RIS 29%;
2017 AEFxE TAE TR 5 B 40%;
B i TR 2018 fEBEIE TFE R 5¢ % 12%:
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[ TI1I~TI1253# TN ]

K31 TEAREE

T N A TR A TAEBEAT S 4% . =M A0EhR, (A8 7/ EPC BT, SURET5
MNTBETT 381 R D) P 380 T %% B B A BB R AN 3 R e . R TN ST HA TR
WL, fmbE . PRt WS, WSee. PR, BT E S B T
%, A HSN N E S5 ) ST, 55H &5 e H LI A
3.1.2 B AFF R

X PD ik EPC WA &, K fmnd A, WRUABESEZRTHE, &
KRB HIIE T/, AT H BeA T H] A 2 @ E 2. PD i EPC JiH 2 BK

23



K2 KA AR S

AEEEUTT
(L ZIHKEE KR, FrPIAMY T B K ah g sy, [RS8 7 5 0™ 5 1 K
Az

(2) HSR EPC ez A A5 Hhod il [F] g e 4 0] 00 77 V20 U e RS 5 R G0 R, BT
RIS T b S AR R RS, RS T FAR S XA RN b BB BT s«
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TREIUH A WiH
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# =% PD =& EPC Il H sUAE B HUIR 73 Hr

£33 2016 FERLERIMRER
lig 2016 4F 58 TAESEPR 2 ACWP (FiT)
i TN 25
5 1 2 3 4 5 6 7 8 9 10 11 12
1 AT 1499.6 47433 2946 1966 3514 10049 4322 6872 14763 1521142 152067  11955.95
2 HoAth 2% 220 3930
it (i) 1499.6 47433 2946 1966 3734 10049 4322 6872 14763 152114 152067  15885.9
BCWP (Jit) 1549.8 500 2943 4388 4344 7968.2 9307 10000 12000 12000 12000 13000
cv (Jize) 50.2 25.67 -3 2422 610 22080.8 4985 3128 2763 321142 -3206.7  -2885.95
£ 34 2017 FERTERIRER
¥ 2017 £ 58 TAESERR 9 ACWP (F378)
it T A2
5 1 2 3 4 5 6 7 8 9 10 11 12
1 BHTESR 6500 3900 7550 8423 8500 12000 8960 9324 15150 15310 6301
2 oA 3% 1300 1200 1650 1000 800 1200 1200 400 400 750 3000 11757
it () 7800 5100 9200 9423 9300 13200 6825 9360 9724 15900 18310 18058
BCWP (Ji7t) 7500 7000 9500 10000 10500 10500 10500 10500 11500 11500 10500 10500
cv (Jire) -300 1900 300 577 1200 -2700 3675 1140 1776 -4400 -7810 -7558
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#£3-5 2018 EFECBITEBRIMRESE

Fr 2018 FF 58 LA SRR B ACWP (Ji70)
it TN %
5 1 2 3 4 5 6 7 8 9 10 11 12
1 EHITRE 6640 2479 8663 8863 9406 9181 9460 10574 10020 11339 9184
2 HoAth 7% 512 400 400 800 800 800 1050 451 2090 950 7395.6
Hit Jigo 7152 2879 9063 9663 10206 9981 10510 11025 12050 12110 12289  16879.6
BCWP (JiJt) 6000 3000 6000 10000 13000 17000 12000 11000 12000 10000 10000 10000
Ccv (Jizn) -1152 121 -3063 337 2794 7019 1490 25 -50 2110 2289 -6879.6
#3-6 2019 FEFERTERIRER
Fr 2019 4 58 TAESERR 9 ACWP (J378)
. it PN 2%
5 1 2 3 4 5 6 7 8 9 10 11 12
1 #EH TR 5606 2104 5105 7779.3 9388 11810 7837 4900 6974 7982 7426 7323
2 FoAdr 2% H 920 1037 1107 1115 2115 2115 1500 3250 4650 4805 6640 7039
it (Jigo) 6526 3141 6212 8894.3 11503 13925 9337 8150 11624 12787 14066 14362
BCWP (Jijt) 7000 3000 8000 8000 9000 9000 9000 8000 8000 10000 10000 11000
CV (Jit) 474 -141 1788 -894.3 2503 -4925 -337 -150 -3624 2787 -4066 -3362
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it o 2000 5104 6296 6265 11210 8091 4107 4310 8523
BCWP (Jit) 2000 6000 7500 8000 8000 8000 6000 6500 6500
cv CHG) 0 896 1204 1735 3210 91 1893 2190 2023
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FHAD B, M LR B2 ST ST, RIX Bt PD 3% EPC 51 H S Fr it 1
I8 A AE O BSOS Z B BUIR #4723 7

(1) AR il i 3 0 2

JUEAE PD mpi® EPC T H @ Bod 15 rpos i LI H 22 Y B0 i B S, HE Hr
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