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Research on performance evaluation of safety management in road

engineering construction site based on DEA method
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Abstract; [Purposes] The paper aims to study the problems of many influencing factors and
difficult safety management in highway construction site. [ Methods] Based on data envel-
opment analysis (DEA) method, a safety management performance evaluation system of
highway engineering construction site was established. Taking a highway project in Guangxi
Province as the research object, six factors were selected as evaluation indexes from safety
assets, safety inspection and safety training, and then the project was evaluated by using
the non-radial slack-based model(SBM) in data envelopment analysis. [Findings] The safe-
ty management levels of the two bid sections of the highway project from January to May
are polarized. For the months with low safety management efficiency of the two bid sec-

tions, there are generally redundant input and insufficient output, which is mainly because
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the number of safety production education and training personnel is small, and the output

rate of completed output value of safety assets is low. Moreover, the actual input and com-

pleted output value of safety assets are more sensitive to the safety management efficiency

of the two bid sections of the highway project from January to May. [ Conclusions| Applying

the established evaluation system to the safety management performance evaluation of highway en-

gineering construction site can find out the problems. causes and main factors affecting the safety

management performance of highway engineering construction site, which provides the direction

for improving safety management in construction site.

Key words: performance evaluation of safety management; construction site; data envelop-

ment analysis

OB TRRAE b EE B LA i TORE L A TR R
(1) 22 38 iz gy B 1R RS H OB AR T h R R A AR
ARk Bl A TR [ 2R R R TR, O B i A
AT R R AT, A4 R G147 4 R0 2238 is
R G BCE L 2016 — 2019 4E TR [ 19 2 Bk 1K
[P 52 % 7= P L I LR LN I TR A A b B
b A A P s B 4 3, o A R A
BE 4 R0 MO AN EOH KA 0 L, (HAR ) Pk
T B R XN 208 BT R S8 1Bl L 2020 4 1—10
J1 A8 3 g 1 TR A = ke BORN AE T N BIA] L
T 106. 3% F1 111. 8%, v] UL, 7 P4 3¢ il 4 % T %
(4 G T8 3t oy TR . SO, 2N B TR A RILAEE
K. ZHBTHANRRZ, BEMEDLEZ/EZFE,
Z T 55 5 E ALY R 58 i B AT R A7 78 3¢ LA
b33 A A B TR i T AR P R e T
YRR H N 25 52 2% X DA — A 87 SR A 3580 7 12
ke At FL 2 4 A B KO 18 185 IR O K 1 X 22 4 4 B
TAEIG AT AR . R, B2 G B A RO A A
6 TRt T g R v A A 4 B S ARL, I 7 I 3 Al
bR 2 A R K T RS B TR B 8 i T
IR 55 B R K S K Jm AT 5 B E R L,

H AT, 6 it T8 3 4 4 8 B S8 i B 9T K
ZAEPFEER G, Kb, BB S R RS
B 7 A AR AT H R AR A R X A PSR AT
Tobr. REFEYZHRG S F IS
G T A % 20T 5 Z 2B T T R
T RSSO BB ST . E IR & 35T e b 4k
6 b 1) Sl sk % 1% B A5 3 A S T A b % 4 B AL
WM 5 A m &, 22 M5 i 4 A 2 i
7 W BT R T BRL AT I 2E A A AT N X 4

EMBUHN A T R A & R
FrAxT e 2 2 MR m R E, L%
EE CRUR i WS PORTNER XS LR A R
RO 0 U IR BE 1 T R 5 SRR B e B AR
ISR I H R BG83 . T
FET A b 0 SR A M A SRR R E AT
RRALL 3 A o R B 15 e SR T Al 2 BT 5
ANCHEER . KANG 4555 o 4 i 4 2 H0m 12 K
B W B P8 A3 4% 43 1 (data envelopment analysis,
DEA)#ERY, I HE A 2 B 148 B ALCR T 7 1843 A 1
2017 4F v [H A48 g i 5l ) % 4 S Ak, KANG
SRS DL ST ML N B A SR B RG A A AN A SR T
BURHA DU S I8 A BE T AR 7 s LA
SrHT T 2009 — 2017 AF [ 4R G SR Y 22 4 4
2. NAHANGI %57 THE T DEA (% 424
REZTHTHEZL , BF ST T 51 T R M L 5% 4
D2 SRR B 19 O 3R . R B A T Ml S K R AR R
BOR 5N THRCRMH K EFH R,

B H T, R B TR T Y 4 B G
B+ A B, ARk, HA 2R 45
XN I H 2 44 BRI AT T M 5,
FORI I 70 3 BT ik RSO 5027 vk N 1 1 X8
T H 24 BLGTROT  RAY IR A TN R
Jiti T2 2 G A S, ABESE R DEA Jr ik
XF 2 e AR i T B 1 4 4 BB RGHE AT T
HIEIE AN ALAR B Tl T A A % e
PG M H AR T AR T RAEZ2E M B
TR 1), 7 1 B Al b o3 B 1 4% PF 0 48 bR X 22 4
BRI R o B TR T 0 % 4
T ARSI T 3R AR Atk T 1 .

F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



#195% 18

Th4), % . & T DEA 7 sk 69 A% TA2 56 T I3 4 A % 50 245 5GR 0 1 52 107

1 iR iEfRE B AN 7 2 51

1.1 DEA Fi%

BHE L2 o BT R R I8 B A B & T R
PRI — AN B 1 58 AL S — Rl A
LRI PEANY Z A5 AR Z2 A B [a] AH X
AR T R B L ik LR
T B PEAN 2530 RO TR = 5 0 A (5 B 55 O T H
A MR B HOET, i DEA 5 X % 4
ST E & 2 DS B Tz N,
TR T 2 e PR A AR 0 AR AR T A O B Y K
SR S A A B P 4F . {H DEA
D5 ¥ P R 32 A P LR (CCR Fi BCC A YD)
SEAR A BRI = 0 17 f $8 A [R) L 31 A2 4L
RAE SEBrits Toad R v A i TR 25 A B B A A
F= B 8 br B0 2% AR el AE b,
I, 3Rt A i BT DL B AR PE A 38
B E 45 B A28 b 1 E A2 1) A b ) B AR AR (slack-
based model, SBM) T i& H] T2\ % T2 Jiti T. ¥ 3%
)% 48 BREOEN

AR n AREHRIC. x Fm AN R
FRAL Y 1 1, y Ry s A7 PE A 48 bR 2 Y 1)
Hex = (ryaayasx,) oy = (yayses
vy HERATHBIE MR KT 0, W
DEA J7i () SBM #E R .

1 < S
nn

min p =

1 .St
1+ — o
U ori=2eh, +S, (D
i=1
Yok = ny'f/\./ - ST
i=1

S =0.8) =0.4, =0
Ko HRFLITTHB R ;2 By, 535105
YR BITIEE | DN RAEM AR PR RIS - A7
HAIEM 8RR S0 G =1,2,.m) N i DA
WraRAR = AN R I AE B ST (r=1,2,+,5)
K A 7E VT8 AR AR A TR AR A
G=1,2, ) NTHEE KL,

1.2 SRS EUANR R # S

NHTRAA S ZLRKE P AME L35
SORHATERNRZ AR A 5% 2 50R 2% Hf
SRR B PR 2 i TORR A 25 AR R R HAE
Tad B 2 B I P 3R 22 ) 2 A AR L G 2 fil
PN s T T 22 4 S WO A L O 3 R B Y I
PR AT L S T 8 B AR i
Yt A S i S A Bk 2 T M 1 MR 4 A B 45
R PEOT SR AR AR JE N B A TR A B
MR — AR R G TR i T B % e g
JEIN 22 A 2%, F LA vk 6 B 28 B T it T B
Y% A BGTRGT M R AR o IR

TE LA 27 25 of i S0 40U 1 0 3 22 42 4 P 5
I FE R L A8 3k O A 48 A i T fE 22 M %
it T B 37 B 4 A I T, G RE O 58 W R BT A
b2 N 7S ou S LR O B NN VI 2 TV QN S I
A5 1A o AL M A A LG v i R 2 B A o
F L FAT o3 5 B AT WA L T & 58T 0 A A
A A ) A, DU A e U T R
PRGN F8 R, AN BE — DR MG SR A2 1T L if B %
JERE TS B MU A 0P E I . A e ek
YRCREE SR U e T B 37 2 A A T G AR R T AN R B
I S T 3 S O 1 b R A 19 S UL L L BT
8 & LSRR 8 Wi DR =L e B 8 N W K '
A A Bn FE AT 2 AR B SUBOT AN, s A
TR 2 B 2 L 2 2 P VSN
b A B SRBIL AR B A R S T AR A A O AT
(IR G=R TR e O Y AT BN | o S5 (7 NS 4 1 R B
FEAEAE 7 PR R AR R DU A X
S BLGTRCRIT ST 14 I [ JE ) OK 22 0 — 4R AN fiE
IR 3t X0 e T B 37 1) 4 42 A B DL EAT & BE T f
FRER M E R L. P, L — A H O i fa) S
O B TR T B 1) % A48 PR G AL AT T B
AR . BT LA A 3 Xt ST AU T B 3 %
2 BRI H B 5 R 2N e TR i T A B R A
EN TSN e I G I o ) QNS I
A VLA HCE F N2 4 S AL 5 T 3k RE % KL
Ha e Al ELAE S i AT 55t S 5 it T B 3 4 A BEOK
PR o (EH TR I ) PN 2 A S OB D B
A BOH B W R A b A R — B R R AL i

F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



108

¥ Ik FEFHRCERAF R

2022 % 3 A

TR R fE G . P, A BF 5 16 #5242 B
LPRBEA A AR AR 2 A o B
NE T s EARARE R, 22 2 B8 ™ 58 O™ (H A A
1 — i et SB B Ry B T DEA J7 25 1 2 B TR it
T A B PR FE R

28 % TR T B0 % 448 PR ST RGTA 48 AR 1
ST 2N B TR B AR BRR AIE R AT B R AN
AR B i AR i T IR 375 3 2 4 =R RO A& A
WER BRI ARER HHZ 500 T4 Tt T3
Yyt BTN I K A R o TR it T B
Yyt a8 PGTHOT M 48 AR R R I ik 7 AR DL I
. @ A SEG bR R R 4 T S 2
P TR T % 2 BN A . © AR ST 5
W, A Z R Y A PR A A T AR Bk S B R A
BN AT R B A e, © SRR, (AR
TSI 4 b RO T AL eSS BT TR e
PG ITAY . RS LA 2N B TR T8 % 4
RGN A5 n A & B 7 U AT DEA J7 3k

PEAT 2 AR BRGSO B4R L R 2 A BT S PR AR
A E ARG A YR T N B A A R B I CEOR
LAEALRRERUE BTN AR, & A" 58K
PR AN A — BB RO D 7 A 5 b S S
N TR RS BB MR IR R

L T 7R O o B TR 22 4 A B GURO0 o O
Bl AR o < 1 . B E N I TR 22 A LT
RO B9 H AR, OF LL2S B TRt Tt 2 1 4~ H oy
PLHE T AR it T B 3 2 4 A B A% R T TN R
i 5 VPO 8 AR OF A S 2 4 B G001 98 A K
Ao ORJA S SE IR 16 AR B B iR SV 45 R
A TEIC. d e o A A R X 3 A0 18 A 2 4l 2E
FEbaar o A X TSR 45 SR AN 6 5 DU 3] T A 9% A A
F s 0 TR 2 R A Y A% B SR T Y 2 4
B BACR IR IR 1, 20 B I i E X A% D A
TG A AR R WA e R A i R A 4 A
IR 2L X o i AR T I 3 1Y A B4R R
B S et T

A TR S B A

i T PR3 LT

S B TR T P r )]
BRI e LN

/\

i ||
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ||
R Ik ACIEEY E § ;
2 S B4 R [ A e AT ke [ A SR 1 T R S
UL L EL5 %t v ECEEGE S IEn
o 0o -
TN ey e ITRT G Lo LEL Be : ﬂ'ﬁ%}%ﬁfggiéifﬁ
([BEA T35 4] 7= T 61 4B jém %ﬁ m;i M)
O A X[ AR : ;
s ST || e 1 g ‘ S
Qjﬁ 15 14 W 22 4 AR
Rt o Gy Lo CRRIEEAD

4 AL

PR bR A R

B1 A%BIAEEA
Fig. 1
2 B
2.1 ZREBEHREREM

DL P AT FL 3 DX PR 2 200 i TR o) sk
TRZEEMEHFM. ZAHTERKY 57.6

— ]
D[SBM BRI = 43

I L AGE R AE B

Flow diagram of performance evaluation of safety management for road engineering

km , 73 R ATl TARBL (1 AR AT 2 B3 it T2 45 &2
TN A TR T G B | ST AT R TR
WRH S5 TR T 24 A . AP BB T X
N TR AREL 2021 4F 1—5 H it TG0 % 4
R, OF X 2 i TR 5 A Bt T A A
122 228 BRKCF- HEAT 70 A B VA

F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



%19 5% 14 %4, 5

F . T DEA 7 69 A% T2 T %

e & 109

K 1ONIZA TR T % 28 ARG
TR PR FE AR 0 I s . oL 1 AR 1 A I
EARPRIEEON 2 45 5 A B9 % Ak A IR 1 K
0 BAEME ] DEA J7 1% #5473 50 I BOR BT A 69
b A 1RO S R T 04 PR R 3 S Kl
WE N 1 BEAT 2 a4 BRACRTH S . AN, DEA
JTIEAE S BT 5 F ™ IR 6 AR B B9 7 v
SRRIA T B B B T A 4 B SO
B 7 A8 B bR S A A T 58 ™ (L ) B
7 R Y — i e A A A S B A X

A A FE AR 5 78 4 X JE 48 AR B AR BEAT 3153 1
ﬁ%%ﬁﬁ FE R b B S T T B

WG — AT AR UEAL AL B . B v fl Ak R 23 2X0h -

x1
Table 1

xdllojlzo;.ruj,al,Z,"-ﬁ (2)
[ &
S, = 102 (2 — 7)) s a= 1,2,,6 (3)
Z = 4 =126 4)
v =3
K~ z, HEPRBITH a DA
PPN ARG B S, WS BRATTH o M A

PN R AR PR M 22 5 Z ., b AR AL LS TSR
I S o DA PPN EAR.

2 A% BRSR IT I 45 b 1 D0 K 288
PRUEAAL BSR4 R s 56 3 Dy i DEA J5 kit B A
FI Y 2% R SR BATT Y 2 4 PR

AR PG AR AR 6 R 45 R

Original data of performance evaluation indicators of safety management

A v e A e e

GefAIRE L THER

TRTEML HRVREM A

j WA 2,/ AN a /N WNAE x5 /N BB 2 /A P x5 /T B 26, /A
141 H 8.59 11 63 0 1 065.00 11
1452 H 4.99 10 32 20 900. 00 10
1453 H 5.22 25 102 5 700. 00 16
1454 A 7.33 15 147 9 1 066. 00 19
1455 A 6.78 10 33 10 1 168. 50 7
2Fr 1 A 33.83 28 179 45 1191.00 33
2kr2 A 9.13 24 258 25 637.00 9
2F8 3 H 15.67 22 212 30 1714. 00 30
254 A 13.06 26 56 17 791. 00 30
2455 H 18.78 0 106 33 1102.03 12

K2 AREAAIE WM AR
Table 2 Values of evaluation indexes after standardized treatment
PN 8 b fE
REHTT g™ #ehf BAEPH RHEEMLE  HEWT Hl#
J SLFRA RPN RPN i 1 56 B H W B
Z1; Zs; Zs; Z4j Zs Zs;
1451 H 1.026 9 1.256 1 0. 850 4 0.076 0 3.636 0 2.512 1
1452 H 0.596 5 1.1419 0.432 0 1.503 1 3.072 7 2.826 2
1453 H 0.624 3 2.854 8 1.376 9 0.375 8 2.389 9 1.727 0
1454 H 0.875 5 1.712 9 1.984 3 0.676 4 3.639 4 1.454 4
14551 0.809 8 1.1419 0.445 5 0.7515 3.989 4 3.947 5
21 A 4.043 4 3.197 3 2.416 2 3.382 0 4,066 2 0.837 4
2t 2 A 1.091 2 2.740 6 3.482 6 1.878 9 2.174 8 3.070 3
2k 3 A 1.872 6 2.512 2 2.861 7 2.254 7 5.851 8 0.9211
2k 4 A 1.560 6 2.969 0 0.7559 1.277 7 2.700 6 0.921 1
285 A 2.244 9 0.116 8 1.430 8 2.480 1 3.762 4 2.3027

F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



110

¥ Ik FEFHRCERAF R

2022 % 3 A

%3 I DEA 7 #5l00 5ok R LM %2 FRAE

Table 3 Safety management efficiency of each decision-making unit obtained by DEA method
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Table 4 Calculation results of deviation degree of safety management efficiency
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management efficiency
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Fig. 3 Safety management efficiency after change of

each evaluation index value of bid 1 in March
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Table 5 Statistical values of safety management
efficiency after change of each evaluation

index value of bid 1 in March
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