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Fig. 1 Index system for safety risk evaluation during

the construction period of Yangtze-to-Huaihe River Water Diversion

Project (Henan section)
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Fig.2 Index system for progress risk evaluation during the

construction period of Yangtze-to-Huaihe River Water Diversion

Project(Henan section)
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Fig. 3 Index system for investment risk evaluation during the
construction period of Yangtze-to-Huaihe River Water Diversion

Project(Henan section)
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Tab. 1 The grade of probability and consequences for risk
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Fig. 4 The index system of safety-progress-investment systemic risk evaluation during construction period
of Yangtze-to-Huaihe River Water Diversion Project(Henan section)
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Tab. 2  Safety risk assessment during the construction period of Yangtze-to-Huaihe River Water Diversion Project(Henan section)
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Tab. 3 Test results of index consistency for progress risk
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Tab.4  Progress risk assessment during the construction period of Yangtze-to-Huaihe River Water Diversion Project(Henan section)
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Tab. 5 Test results of index consistency for investment risk
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Tab. 6 Results of investment risk assessment during the construction period of Yangtze-to-Huaihe River Water Diversion Project(Henan section)
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Tab. 7 The comprehensive evaluation of safety-progress-investment systemic risk during the construction period

of Yangtze-to-Huaihe River Water Diversion Project(Henan section)
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Fig. 5 The improved comprehensive evaluation results of safety-progress-investment systemic risk during the construction period

for Yangtze-to-Huaihe River Water Diversion Project(Henan section)

TR Y AR AT 3 T A A A SR B v A
% T AR KBS Hsf 75 ) 0 3 RS | 4 XU 1 ot o
RIS () B 3 5118 0.15., 0.06 F1 0.28, S H 2 4
FT 2 AU A 9T, TRIREAS 3] 2 4 Joi o XURG >k B KL
o A 2 O AR TR T B 2 4 KU
B2 R 2R R 5 K3 AL 2 RE . A
GARE L BARTZ LG A18VEH IR R,
RIS HAt Ty T AN T8 R A, - 48 SCHk R A S
TREYAH SC U, B T 5 KIS R ALE K (0.26,
0.18,0.20,0.20, 0.16) . “JHFLHLVEFKES G I AN
BURRE « F A T2 KU A3 XU & 51k B3 KUK
i, [RLAE A5 2N B3 RG>3R 37 AR >4 sk 15 4 XU
(W) o BIRAIR] TREAEA KU P FE A A R R
FBFEARA 22 5 . F8 PR ACE IR AN ], (HR 248
B HG A AT, AR5 5 H A e TR R AR

M7 4l R BA —E B b — B, X diE ] 1
AT A B

MIE 5 o m] LA i B XU A AN T4 T (Pys)
SRS A AT ) (L) R 45 R A — 2L, 2
JEE AU oK SOG4 (Py,) 5 %2 4 AR Rk S0
AT (S) BITFO 45 RA — 2, &4 KBS AR
JRAEARDL (Sy,) 5575 BE KU Fr AL R A (Poy) | $EBEIX
R AT RHS (L) B VEA 45 R A — 3L, 22 U
HROBE TS AN L (S,) -5 R XU Hh A TS (P, )
P BT XU it TS (1) BRI 2 R A — 5 X
S R KBS DA B R 5 R T AR G AU Y 2k
RO, (ER A 5 4 Ax- i - T R G 2
[ M R 285 ) AL, 3 8 AU 3 A7 A 3 B 1 R PR 2R3
FEARSEAF LS A B R AR A o B, 75
FEPUN 22 4 HEE RN BT KR Z 1] ) 56 2, BEIR

KA TAEF R » 355



2% F2 BMAAESARBEFE) 2024 5 4 A

SRR A BB | BT AU A I = IR O
B FAE, BISLR R . R, 78 LUR R HESE
Hh s 5 B — 2D R 2 - JEE - R SRR 3L
KRB EAFE BT I

4 it

BT R -BM LGBk, ot 17510
DR TR G BE) 22 4x . EJE | $ BT A BT KU
H1 225 A BN A T TR H S A 1, 1
BE LA b, RN 22 4x-E BE - RGN AT T
Li e AR R R I I, 2R R
B K T BRI ; 256 % I8 -t - R G A
Wiy, A b 22 4 AU oK, 5 TR 52 o XU 175 20
BEAAARE, I T UACHIZIPN 4R A B W4T

W AT A, Fe A BERE | B KR R AH
SR PR BEAE A ] =2 1) A7 A S R e P 2R, B
L RBOEA A, 105 S BFIE v 75 X 3k ] 2
BRI BB T AT

TE G AT 4 G-k P B BT R G I, 22 2 XU
5 1 B2 R BT KU B9 3 W A7 A GE T4 BE AN — B0
[AVRR, Ay A SCH HH — ke Bk i 25 5 KU EAR O 1%,
Xt RGN AT L35 0 M o ZWE ST T7 1 2 -k
JE B RGNS R PR AR AL T RS S %

S35 30k

(1] 248, INIZE, AR, 55, JET n] A HIMIAE B 1Y
P TR K TSR FIROAL TR RE (7). p kb 5K
FIRHL (35 30), 2020, 18(6): 85-92,100. DOI: 10.
13476/j.cnki.nsbdqk.2020.0118.

(2] oREE, Xskom, TE/NE, 55, B T4 A ACE iR 7K T
PRI H 4% B 2k 2 0], B /K b R 5 R R £
2015, 13(6): 1207-1211. DOI: 10.13476/j.cnki.nsb-
dgk.2015.06.039.

(3] ook, Peld, v B Ak Jnibl K 2 8 T 5 R 40K
W 2 A 5 0], R K BV 5 K R (h 3 50),
2022, 20(4): 757-764. DOIL: 10.13476/j.cnki.nsbdgk.
2022.0077.

(4] I, /M, 278, 25 5 VT DT REE T XU 51
HEMJ]. NRKIT, 2016, 47(2): 56-58,66. DOI:
10.16232/j.cnki.1001-4179.2016.02.013.

[5] BIEE, 7 TF. 3T AHPHI M 254 374 9 TBM
Jit T XU PP (0], 25 £ J1%%, 2009, 30(3): 793-798.
DOI: 10.16285/j.rsm.2009.03.017.

* 356« KA TEAR

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

YR, k4, IER 2 ST RACR G AHPIY /N
UK H, TR T AU A ASE 7R K iy FH LI 7K i e TR
BL2£, 2016, 34(7): 171-174, 162. DOI: CNKI:SUN:
SDNY.0.2016-07-043.
SRER, (T2 #E, Xete. BT RO Z R Hr i i /)
RYZK A 7K A T ARt T XU A (0]t T4 R, 2013,
42(21): 51-54.
NP, SR, Bigk, 45 5T PLS-SEME/KFI T /4
it T2 43 #r L] K FIK HL AR, 2019, 50(6): 115-
119. DOI: 10.13928/j.cnki.wrahe.2019.06.015.
TV, BAGAR, SH0T, 5. JEF DUF30T I 265 (it T4 42
PBSARESRPEAG 72 [1] . A TRz, 2010, 43(S2):
384-391. DOI: 10.15951/j.tmgexb.2010.52.066.
ZEIYE, MAEAR, HB SO, 45, JKR TR T2k B X
B 53 At (3. KR K HLHE AR, 2018, 49(6): 141-147.
DOI: 10.13928/j.cnki.wrahe.2018.06.020.
XIEAR. AR H B0 XS Y (D] AR & : ]
el R, 2005.
XU, e, T T, 4. TR0 4o 28 W 26 () 7K
R T2 AR BT [T KR KGE TR, 2020,
179(1): 105-111. DOI: 10.12170/20181031004.
G4, A tEEE, K, 45, JLF DU 7 ) 2% 1) R Al
02 5 T AR TG BE B XU 3 A7 (7). 10BL*7, 2016,
30(4): 120-126,139. DOI: 10.13956/j.55.1001-8409.
2016.04.26.
T EVE. ST AHPHYit T B XU PP AR AU B
NEFH LT, PRARER I8 4% AR, 2022, 59(S2): 5-12. DOI:
10.13807/j.cnki.mtt.2022.S2.02.
N, R AT IR RPN AR AL PPN o TG
FHAR G RURS: [T]. K R4 AR W, 2019, 148(2): 79-
81, 163. DOI: 10.3969/iissn.1008-1305.2019.02.026.
TR, KA T AR AR B KBS 434 L] Tl g K A
5 Fg K b ¥, 2015, 286(16): 85-86. DOI: CNKI:
SUN:HNBD.0.2015-16-046.
Dk, RO B A R B R K T AR KU 2R
VB 7E 5 5 0], s KA TR S5k R R, (b3
30), 2023, 21(1): 29-38. DOI: 10.13476/j.cnki.nsb-
dqk.2023.0004.
HUERAK, B0te, FRR. IRB TR 2R G
B F KL 5K FIFHE, 2015, 13(5): 1011-
1015. DOI: 10.13476/j.cnki.nsbdgk.2015.05.040.
Bz, TRIAR, 2805, KARFLLTI0 B RS AL 589
LG AT ] KFKBER, 2011, 42(2):
66-70. DOI: 10.13928/j.cnki.wrahe.2011.02.007.


https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0118
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.039
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.16232/j.cnki.1001-4179.2016.02.013
https://doi.org/10.16232/j.cnki.1001-4179.2016.02.013
https://doi.org/10.16285/j.rsm.2009.03.017
https://doi.org/10.16285/j.rsm.2009.03.017
https://doi.org/CNKI:SUN:SDNY.0.2016-07-043
https://doi.org/CNKI:SUN:SDNY.0.2016-07-043
https://doi.org/CNKI:SUN:SDNY.0.2016-07-043
https://doi.org/CNKI:SUN:SDNY.0.2016-07-043
https://doi.org/10.13928/j.cnki.wrahe.2019.06.015
https://doi.org/10.13928/j.cnki.wrahe.2019.06.015
https://doi.org/10.15951/j.tmgcxb.2010.s2.066
https://doi.org/10.15951/j.tmgcxb.2010.s2.066
https://doi.org/10.13928/j.cnki.wrahe.2018.06.020
https://doi.org/10.13928/j.cnki.wrahe.2018.06.020
https://doi.org/10.12170/20181031004
https://doi.org/10.12170/20181031004
https://doi.org/10.13956/j.ss.1001-8409.2016.04.26
https://doi.org/10.13956/j.ss.1001-8409.2016.04.26
https://doi.org/10.13956/j.ss.1001-8409.2016.04.26
https://doi.org/10.13807/j.cnki.mtt.2022.S2.02
https://doi.org/10.13807/j.cnki.mtt.2022.S2.02
https://doi.org/10.3969/iissn.1008-1305.2019.02.026
https://doi.org/10.3969/iissn.1008-1305.2019.02.026
https://doi.org/CNKI:SUN:HNBD.0.2015-16-046
https://doi.org/CNKI:SUN:HNBD.0.2015-16-046
https://doi.org/CNKI:SUN:HNBD.0.2015-16-046
https://doi.org/CNKI:SUN:HNBD.0.2015-16-046
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2015.05.040
https://doi.org/10.13476/j.cnki.nsbdqk.2015.05.040
https://doi.org/10.13928/j.cnki.wrahe.2011.02.007
https://doi.org/10.13928/j.cnki.wrahe.2011.02.007

T, % RAATBRAZENZL-HE-RFRERNG N —UFILFETE (TEE)

[20] HHELT. ¥RiC KL A TR R . HERE . RLZEIAIAY TARE RSB IR PPN TR A R D], v AR
BEIEXER (7], BHE 25T, 2014( 10): 80. DOI: 10. FEREERI AR, 2009, 5(4): 51-54. DOL: 10.3969/iissn.
3969/j.issn.1009-3788.2014.10.058. 1673-193X.2009.04.011.

(211 ZeHos, e, B3R, & SIvnsk TR g2 [26]  Gimfik, sy R, 8L, 45, JE T BuLECIA R KA
K I K W BRI T Ak 2 I 02 i) 1 R S M4 BT . T2 4 W AL 58 0] N RK L, 2018,
Mk AL 5 K R RS (P 3E0), 2023, 21(1): 39- 49(19): 63-66, 104. DOI: 10.16232/j.cnki.1001-4179.
47,75. DOI: 10.13476/j.cnki.nsbdgk.2023.0005. 2018.19.012.

[22] Faid, akZete foler 8 HPZRRIEEmACRE  (27] ERALER. JE T 00 Al SR iy R T T 4
Be B AR LS VLS e T ARl R B 6] (7] AU DA (3] B T G (Hh e 30), 2018, 38(H5 Ti)2):
NI, 2023, 54(12): 113-119. DOIL: 10.16232/). 25.30.
onki.1001-4179.2023.12.015. (28] Bish, EFIFL, R EMR, 55 B TLS-FAMEBIAY T.

[23] S, VT, JR PN, 55 IR 20 T4 4 XU 257 T2 4 KUK ST 54 B2 000 KR A 0 A
G FEFISM-ANPIK AR ] ARK 2022(6): 107-111,133.
7L, 2020, 51(6): 159-165. DOI: 10.16232/j.cnki. [29] ik 2807, MR, S T2k A E B R s
1001-4179.2020.06.028. % AR T RS PR 0 5 R 55 PE AN ] B

[24] P2k, SRk, Xk, 45, LT LECTE 3 Bt Y 1. T AP AR, 2012, 10(12): 46-51. DOL: 10.
T fE B VR BER ST (0], 7K i BB TR AL 24, 2022, 3969/j.issn.1672-4313.2012.12.009.

40(5): 131-134. [30] 4% M. @5 TR H it TR Bk 2 XU sh AR

[25] 2RI, fi1274E, 2250, 45, eFLECETE/KRIK i SASEH TREWFSY (D], dbat: fedbi SR, 2017.

Risk analysis of safety-progress-investment system during the construction of
water diversion project: Taking Yangtze-to-Huaihe River Water Diversion
Project (Henan section) as an example

HE Shan', WANG Hui’, CHENG Weishuai', LIU Yuan®’, FAN Jiayi’, WANG Yongqiang', SANG Lianhai'
(1. Water Resources Department, Changjiang River Scientific Research Institute, Wuhan 430010, China;

2. Henan Water Diversion Engineering Co., Ltd, Zhengzhou 450000, China )

Abstract: Water diversion project is an important measure to solve the uneven distribution of regional water
resources, and effectively improve the ability of regional water security. Analyzing and evaluating the risks during
the construction is of great importance for the project management. The risks during the construction of a water
diversion project can be summarized as safety risks, progress risks, and investment risks. Considering only a single
risk is not conducive to the overall management of the project, and it needs a comprehensive analysis of the project's
systemic risk. The Yangtze-to-Huaihe River Water Diversion Project (Henan section) aims to supply water to urban
and rural residents and improve the environment. This project is a long-distance water diversion project with a
complex and changeable environment, along which there are many kinds of crossing structures such as roads and
rivers. Some buildings are complicated in structure and difficult to construct. It is necessary to carry out a risk
analysis of safety, progress, and investment system during the construction period for the Henan section to improve
the safety and reliability of this project.

Many factors affect the risk of safety, progress, and investment system, and there are mutual influences among
these factors. Establishing a comprehensive index system for risk evaluation is the key to systemic risk analysis.
Based on the established risk evaluation index system, the LEC method was used to evaluate the safety risk during
the construction period, and the risk matrix method was used to evaluate the progress risk and investment risk. The
results of risk evaluation for the single risk of safety, progress, and investment were obtained based on the analytic

hierarchy process and fuzzy comprehensive risk assessment method. This process was divided into two steps: After
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the index matrix passed the consistency test, the analytic hierarchy process was used to determine the weight of each
index and the fuzzy comprehensive assessment method was used to determine membership function. When
analyzing safety, progress, and investment systemic risk, it was found that the statistical dimension of safety risk
was inconsistent with the progress and investment risks. Therefore, this study proposed an improved comprehensive
risk assessment method to analyze the comprehensive risks of safety, progress, and investment systems.

The results showed that the evaluation results of single risk for safety, progress, and investment were 84.7,
0.806, and 0.802, respectively. All of the evaluation results were general. Because of the various approaches used,
the resulting data had inconsistencies in statistical dimensions. Consequently, the results of the single risk
assessment had to be normalized. Following that, the enhanced safety risk was 0.058, the enhanced progress risk
was 0.012, and the improved investment risk was 0.006. The safety, progress, and investment systemic risks were
the highest, commensurate with the project's real risk condition. Further analysis of the criterion layer and index
layer in the index system showed that the risks of construction technology and scheme ranked first among the safety
risks, which was the focus of subsequent risk management and control. The risks of lack of personnel cognition and
the maintenance of equipment among the safety risks ranked second and third, respectively. As can be observed, the
greatest impact on the construction of this project was the safety risk. Among the investment risks, the risk of
erroneous project information was the lowest.

This study provided theoretical and technical references to improve the reliability of the systemic risk and reduce
the occurrence of risk events during the construction period for the Yangtze-to-Huaihe River Water Diversion
Project (Henan section).

Key words: construction risk; improved comprehensive risk assessment method; safety, progress and investments

systemic risk; water diversion project; Yangtze-to-Huaihe River Water Diversion Project (Henan section)

(L% 257 W)

In summary, the VG model has high applicability in the Naqu watershed of the Nujiang River source area, and
it is recommended to use the VG model for fitting the soil water characteristic curve in the high altitude seasonal
frozen zone . However, the model still has more obvious errors in the middle section of the soil matrix potential, and
further work is still needed to prove its applicability to other alpine regions. Currently, there are still few studies on
soil moisture profiles in the Tibetan Plateau, with scarce references and difficulties in field experiments. Therefore,
in-situ observation experiments were chosen for data collection to obtain a long series of volumetric soil moisture
content and soil matrix potential data, but soil moisture profiles are affected by wet and dry paths, and there are
some errors in the soil moisture profiles. Therefore, it is necessary to analyze the paths of the collected data in the
subsequent research and carry out validation experiments in the laboratory to improve and innovate the model to
increase the simulation accuracy of the model, so as to make it more applicable in the Tibetan Plateau. This study
can provide a basis for a deeper understanding of the soil moisture movement characteristics in the high altitude

seasonal frozen zone and the water conservation role of the Chinese water tower zone.

Key words: soil water characteristic curve; model optimisation; soil texture; Van Genuchten model; Naqu

watershed
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