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DEA-Based Organizational Efficiency Evaluation of Unmanned
Construction in Drill-and-Blast Tunnels

Li Rui', Zhu Chunyu’, Lei Mingfeng®, Xiao Yingming’®, Jia Chaojun’

(1. Yuanping Branch, CHN Energy Shuohuang Railway Development Co., Ltd.,Yuanping 034100, China;
2. School of Civil Engineering, Central South University, Changsha 410083, China)

Abstract: To address the efficiency evaluation of organizational management in unmanned construction of drill-
and-blast tunnels, an evaluation system based on the super-efficiency Slack-Based Measure (SBM) model with
undesirable outputs was constructed. Taking a tunnel under construction in the Xizang Autonomous Region as a
case study, an evaluation index system comprising four input indicators and four output indicators was estab-
lished, wherein the overbreak volume was treated as an undesirable output. The evaluation of 30 construction cy-
cles revealed that the average efficiency value was 0.988, with 66.67% of the cycles being DEA-efficient. The
sub-process scheduling time and advance distance per cycle were identified as the most critical factors influenc-
ing the organizational efficiency. Furthermore, construction cycles at different efficiency levels exhibited signifi-
cant sensitivity stratification characteristics, indicating the presence of a diminishing marginal effect in efficiency
improvement.

Key words: drill- and- blast method; unmanned construction; efficiency evaluation; data envelopment analysis
(DEA); super-efficiency SBM model
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Fig. 1 Flowchart for evaluating the organizational efficiency of unmanned tunnel construction by drilling and blasting
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Tab.1 Data from 30 construction cycles during the construction of a certain tunnel
REANG BRI BRI "EYh T BEARN BRI UGS SRR
(7552 TR BB BINAEIE  TUFRIEEERT TR Tk (A, e
(A-h)  Ji A

1 275.88 2.76 6.8 1.17 34 27.56 9.08% 14.1
2 210.06 3.02 7.2 1.08 3.8 27.16 9.04% 15.4
3 271.84 3.11 7.6 1.30 3.9 24.51 9.14% 15.9
4 215.42 291 6.9 1.30 3.6 24.23 9.08% 14.9
5 217.44 2.47 5.8 1.03 3.1 27.30 9.11% 12.6
6 203.62 3.36 8.2 1.05 4.2 24.39 9.15% 17.2
7 243.51 2.85 6.7 1.12 3.6 25.38 9.04% 14.6
8 234.98 3.16 7.8 1.12 4.0 25.54 9.14% 16.2
9 263.59 2.98 7.1 1.32 3.7 26.07 9.08% 15.3
10 235.97 3.04 7.4 1.07 3.8 24.60 9.12% 15.6
11 229.17 2.64 6.1 1.10 33 24.15 9.06% 13.5
12 247.56 2.92 6.8 1.42 3.6 24.76 9.12% 14.9
13 272.80 3.20 7.9 1.23 4.0 26.46 9.11% 16.3
14 242.53 2.54 5.9 1.00 32 27.38 9.13% 13.0
15 205.83 2.74 6.5 1.02 34 25.37 9.14% 14.0
16 240.04 2.88 6.8 1.13 3.6 26.35 9.09% 14.7
17 243.02 3.19 7.8 1.30 4.0 24.56 9.07% 16.3
18 222.17 2.72 6.3 1.37 34 26.07 9.10% 13.9
19 249.36 3.22 8 1.37 4.0 26.58 9.12% 16.5
20 257.74 2.74 6.5 1.27 34 27.35 9.12% 14.0
21 233.04 2.88 6.9 1.13 3.6 27.24 9.10% 14.7
22 212.15 3.07 7.3 1.33 3.8 25.95 9.05% 15.7
23 250.57 2.77 6.6 1.13 3.5 25.38 9.04% 14.2
24 239.97 2.86 6.7 1.35 3.6 27.29 9.06% 14.6
25 222.42 2.72 6.3 1.10 34 26.34 9.12% 13.9
26 250.80 2.89 6.8 1.05 3.6 24.04 9.06% 14.8
27 235.89 2.80 6.6 1.23 3.5 27.30 9.11% 14.3
28 210.08 2.40 5.6 1.22 3.0 27.35 9.08% 12.3
29 248.85 2.70 6.4 1.27 34 27.11 9.11% 13.8
30 226.87 2.98 7.2 1.25 3.7 24.38 9.08% 15.2
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Tab.2 Construction organisation efficiency of each decision—making unit obtained using the DEA method
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Fig. 2 Scatter plot of evaluation scores for construction

organization efficiency per cycle

AR AR
e WETA WA EEFL BT BEEYTh T EER O EEH Suses BER
ZUCR BT MIREE BIRRPREL  TEMVEERT O RTRE Tk (RARTY AR
(N-h) AT VNG JH AL [E] /R PR /m T/ 23KR) 2 E/m
1 1.002 0 0 0 0 0 0 0 0
2 1.016 0 0 0 0 0 0 0 0
3 1.000 0 0 0 0 0 0 0 0
4 0.927 4.634 0 0 0.231 2.386 0 0 0
5 1.028 0 0 0 0 0 0 0 0
6 1.044 0 0 0 0 0 0 0 0
7 0.950 27.715 0 0 0.031 1.461 0 0 0
8 1.000 0 0 0 0 0 0 0 0
9 0.900 52.672 0 0 0.241 0.459 0 0 0
10 0.953 30.354 0 0.079 0.025 0.663 0 0 0
11 1.001 0 0 0 0 0 0 0 0
12 1.003 0 0 0 0 0 0 0 0
13 1.002 0 0 0 0 0 0 0 0
14 1.014 0 0 0 0 0 0 0 0
15 1.016 0 0 0 0 0 0 0 0
16 0.959 26.780 0 0 0.058 0.097 0 0 0
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18 1.001 0 0 0 0 0 0 0 0
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Tab.3 Efficiency values of typical cycles at
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Fig. 3 Sensitivity comparison of construction cycles at
different efficiency levels
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Fig. 4 Variation pattern of the average absolute
sensitivity of input indicators for construction
cycles under different efficiency levels
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Fig. 5 The variation pattern of the average absolute
sensitivity of each output indicator in the construction
cycle under different efficiency levels
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