JOURNAL OF HYDRAULIC ENGINEERING
Vol . 49

No . 12，2018

（Monthly）
CONTENTS
Study on pattern and mechanism of river section topography adjustment in the downstream of the
Three Gorges project ……………………………… LI Ming

HU Chunhong

FANG Chunming （1439）

Water Resources Comprehensive Allocation and Simulation Model （WAS），part Ⅰ. Theory and devel⁃

opment ………… SANG Xuefeng

WANG Hao

WANG Jianhua

ZHAO Yong

ZHOU Zuhao （1451）

Design method for optimal hydraulic cross-section and practically economic cross-section of horizon⁃
tal-bottomed power-law shaped canals with general exponent parameter …………………………………

……………………………… WANG Zhengzhong

CHEN Bairu

WANG Yi

ZHAO Yanfeng （1460）

Study on the mechanism of water-sediment interaction in the scouring process around a pile ………

…………………………………………………………………………… QI Meilan

SHI Pochen （1471）

………………………… ZENG Xiang

WANG Qin （1481）

Optimality conditions for operating rule of parallel reservoir system，part Ⅰ. Theoretical analysis ……
HU Tiesong

WANG Jing

WANG Xin

Effect of low impact development measures on inundation reduction——Taking Jinan pilot area as ex⁃
ample …………………… LI Na

MENG Yuting

WANG Jing

YU Qian

ZHANG Nianqiang （1489）

Research on slip-stick vibration of emergency gate induced by high dam flood discharge ……………

……………………………………… LIANG Chao

ZHANG Jinliang

LIAN Jijian

LIU Fang （1503）

Coupled swash zone hydrodynamics and beach morphodynamics modeling Ⅱ. Model establishment &

validation …………………………… DENG Bin

JIANG Changbo

CHEN Jie

YANG Shuqing （1512）

Study on preparation of high dense and toughened hydraulic concrete and its properties ………………

………………………………… TANG Xinwei

HE Qibin

ZHOU Yuande

ZHANG Chuhan （1523）

Research on the displacement direction coordination parameterof colluvial landslide induced by reser⁃
voir and its warning destabilized criterion ………………… GUO Lu

HE Keqiang

JIA Yuyue （1532）

Unsteady flow and pressure pulse analysis of a Francis pump-turbine on reverse pump zone with
small guide vane opening ……………………………………………………………………………………

…………………… LE Zhenchun

XIAO Yexiang

GUI Zhonghua

ZENG Congji

ZHU Wei （1541）

Confirmation failure test of 2D Geomechanical model for dam foundation stability of right #1 dam sec⁃
tion in Danba Hydropower Station

……………… YANG Gengxin

…………………………………………………………………………
YANG Baoquan

ZHANG Lin

CHEN Yuan

CHEN Jianye （1550）

水
第 49 卷

利

SHUILI

2018 年

学

报

XUEBAO

目

第 12 期（月刊）

次

三峡水库坝下游河道断面形态调整模式与机理研究 ………………… 李

明

胡春宏

方春明（1439）

水资源综合模拟与调配模型 WAS（I）：模型原理与构建 …………………………………………………

……………………………………………………… 桑学锋

王

浩

王建华

赵

勇

周祖昊（1451）

平底抛物线形复合渠道水力最佳断面及实用经济断面统一设计方法 ……………………………………

………………………………………………………………… 王正中

陈柏儒

王

羿

赵延风（1460）

局部冲刷坑发展过程的泥沙输运特性 …………………………………………… 齐梅兰

石粕辰（1471）

并联供水水库联合调度规则最优性条件研究Ⅰ：理论分析 ………………………………………………

……………………………………………………… 曾

祥

胡铁松

王

敬

王

欣

汪

琴（1481）

低影响开发措施的内涝削减效果研究——以济南市海绵试点区为例 ……………………………………

……………………………………………………… 李

娜

孟雨婷

王

静

俞

茜

张念强（1489）

高坝泄流诱发事故闸门的爬行振动研究 …………………… 梁

超

张金良

练继建

刘

冲泻区形态动力学耦合模型研究Ⅱ：模型建立与验证 …… 邓

斌

蒋昌波

陈

杰

杨树清（1512）

高致密增韧水工混凝土的制备及其性能研究 ……………… 唐欣薇

何奇滨

周元德

张楚汉（1523）

昉（1503）

水库型堆积层滑坡位移方向协调性参数及其失稳判据研究 ………………………………………………

…………………………………………………………………………… 郭

璐

贺可强

贾玉跃（1532）

水泵水轮机极小开度反水泵工况压力脉动与内流特性分析 ………………………………………………

……………………………………………………… 乐振春

肖业祥

桂中华

曾崇济

朱

伟（1541）

丹巴水电站右 1# 坝段坝基稳定二维地质力学模型验证性破坏试验 ………………………………………

……………………………………………………… 杨庚鑫

杨宝全

张

林

陈

媛

陈建叶（1550）

2017 年度《水利学报》优秀论文公告 ………………………………………………………………… （1558）
2018 年总目录

………………………………………………………………………………………… （Ⅰ）

［期刊基本参数］CN11 - 1882/TV * 1956 * m * A4 * 126 * zh * P * ￥30.00 * 1200 * 12 * 2018-12

EDITORIAL BOARD
HONORARY PRESIDENTS
SUO Lisheng

HU Siyi

LIU Ning

CONSULTANTS
LU Youmei

ZHU Erming

GAO Anze

ZHANG Zezhen

CHEN Bingxin

GAO Jizhang

PRESIDENT
KUANG Shangfu

VICE PRESIDENTS
WU Hongwei

TANG Xinhua

JIA Jinsheng

YANG Xiaodong

MEMBERS
CAI Ximing

CAI Yuebo

CHEN Minjian

CHEN Shengshui

Desmond Walling（UK）
GAO Zhanyi

HUAI Wenxin

Chandra Madramootoo （Canada）

GU Hong

DU Leigong
GUO Jun

HUANG Jiesheng

Yang（Sweden） JIANG Naiqian

LI Jiren LI Jia

LI Jiusheng

LIU Handong

LIU Xiaoyan

SHU Longcang

TIAN Bin

NI Jinren

NIU Xinqiang

WANG Wensheng
WU Zhongru

Jin

CHEN

CHENG Guoyin

FENG Ping

HUANG Qiang

JIE Yuxin

LIU Yulong

LI Yuanyuan

LI Zantang

KANG Shaozhong
LU Jinyou

LIAN Jijian

ZHONG Denghua

WANG Fujun

XU Zeping

ZHANG Jianmin

ZHONG Pingan

CHIEF EDITOR

DEPUTY CHIEF EDITORS
XU Zeping

Xu Liang（U.S.A）
MA Jianhua

Norihisa Matsumoto（Japan） PENG Caide QIN Boqiang Roger Falconer（UK） SHEN Zhenzhong

CHENG Xiaotao

GAN Hong

HU Chunhong

KUANG Shangfu

MA Hongqi

WANG Guangqian

WANG Yicheng
XU Zongxue

WANG Hao

WANG Xiaogang

XU Weilin

WANG Lizhong

WANG Renkun

YANG Kailin

YANG Xiaodong

WEI Qiwei

YANG Dawen

WU Hongwei

YAO Shuanxi YAO Wenyi YU Qiyang ZHANG Chaoran ZHANG Chunsheng ZHANG Guoxin
ZHANG Jian

GAN Hong

JIA Jinsheng James

KONG Xianjing

LU Wenxi

Qiuwen

DENG Jiaquan

HE Jianbing

Hyo-Seop Woo（Korea）

LIU Zhiping

CHEN

FNEG Shurong

HU Zuoliang

JIN Juliang
LI Yun

Houqun

CHENG Xiaotao

FENG Shaoyuan

GUO Qizhong（U.S.A） GUO Shenglian HAN Qiwei

LI Wanhong

WANG Xiaohong

XIA Jun

CHEN Zuyu

FANG Hongwei

CHEN

ZHANG Jianyun

ZHONG Zhiyu

ZHANG Yongbo

ZHOU Xiaoguang

ZHANG Zongliang

ZHU Bofang

ZHU Xingming

WU Pute

ZHANG Limin

ZHENG Peiming
ZUO Qiting

《水利学报》第九届编辑委员会组成名单

名誉主任： 索丽生

胡四一

刘

顾

问： 陆佑楣

朱尔明

高安泽

张泽祯

主

任： 匡尚富
汤鑫华

贾金生

杨晓东

副 主 任： 吴宏伟
主

陈炳新

高季章

编： 程晓陶

副 主 编： 甘
编

宁

泓

徐泽平

委：（以汉语拼音为序）
蔡喜明（美国）

蔡跃波

Chandra Madramootoo（加拿大）

陈

陈厚群

陈敏建

陈生水

陈祖煜

程国银

程晓陶

邓家泉

杜雷功

方红卫

冯

冯绍元

冯树荣

郭

郭祺忠（美国）

郭生练

韩其为

陈求稳

Desmond Walling（英国）
甘

泓

高占义

顾

何建兵

胡春宏

槐文信

黄介生

黄

贾金生

姜乃迁

介玉新

金菊良

康绍忠

孔宪京

匡尚富

李

嘉

李久生

李万红

李

云

李原园

李赞堂

练继建

梁

旭（美 国）

刘汉东

刘晓燕

刘玉龙

刘之平 卢金友

卢文喜

倪晋仁

钮新强

松 本 德 久（日 本）

彭才德

秦伯强

Roger Falconer（英 国）

沈振中

束龙仓 田

斌

王福军

王光谦

王

马洪琪

马建华

洪

军

平

进

强

户 作 亮 禹 孝 燮（韩 国）
李纪人

浩

王立忠

王仁坤

王文圣

王小红

王义成

汪小刚

危起伟

吴宏伟

吴普特

吴中如

夏

徐泽平

徐宗学

许唯临

杨大文

杨开林

杨晓东

杨效亮（瑞典）

姚栓喜

姚文艺

于琪洋

张超然

张春生

张国新

张利民

张

健

张建民

张建云

张永波

张宗亮

郑沛溟

钟登华

钟平安

仲志余

周晓光

朱伯芳

朱星明

左其亭

军

Study on pattern and mechanism of river section topography adjustment
in the downstream of the Three Gorges project
LI Ming1，2 ，HU Chunhong1 ，FANG Chunming1

（1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin，
China Institute of Water Resources and Hydropower Research，Beijing
2. Changjiang Waterway Institute of Planning and Design，Wuhan

100038，China；

430040，China ）

Abstract： After the use of the Three Gorges Reservoir in 2003， the adaptive adjustment of the middle

and lower reaches of the Yangtze River is very complicated because of the variation of incoming flow and
sediment. The analysis shows that in the influence of sand reduction， the change of the section form can

be divided into three modes： the whole undercutting， the translational adjustment and the compound adjust⁃

ment. For the middle and lower reaches of the Yangtze River are mostly controlled channels， the relative

depth of cross section centroid is presented as a useful index of section topography to reveal the mecha⁃

nism of river cross section adjustment. Through quantitative analysis， it is found that during the bed mak⁃

ing process the sectional topography has not only the sharpening phenomenon due to deep groove scouring，
but also the attenuation phenomenon due to beach scouring. Both directions are closely related to the strong
scouring effect of the main flow region caused by the new flow and sediment conditions， and also up to

bed-forming function of normal water has been strengthened and bed-forming function of flood water has
been significantly weakened. So， in the channel where the direction of the thalweg is far different from the

mainflow position of the dominant flow level， the cross sections show translational adjustment mode firstly，

and in the straight channel， the cross sections mainly show compound adjustment mode， accompanied by

making the sectional topography more sharp.

Keywords： river bed evolution； bed-forming function； the Three Gorges project； section topography； flow

and sediment conditions
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Water Resources Comprehensive Allocation and Simulation Model （WAS），part Ⅰ.
Theory and development
SANG Xuefeng，WANG Hao，WANG Jianhua，ZHAO Yong，ZHOU Zuhao
（State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin，

China Institute of Water Resources and Hydropower Research，Beijing

100038，China）

Abstract： Aiming at the scientific problems of complex mutual feedback mechanism of natural-social water
resources system， as well as the application requirements of water management， a conceptual semi-distribut⁃

ed Water Resources Comprehensive Allocation and Simulation Model （WAS） was constructed by combining

hydrological numerical simulation and adaptive allocation of water resources. The related theoretical methods
such as WAS model framework， unit division， dynamic mutual feedback simulation， calculation principle

and operation strategy are proposed to provide support for the simulation and scientific deployment of natu⁃
ral-social water resources composite system.

Keywords：water resources；simulation and allocation；conceptual；semi-distributed；model
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Design method for optimal hydraulic cross-section and practically economic cross-section of
horizontal-bottomed power-law shaped canals with general exponent parameter
WANG Zhengzhong1，2 ，CHEN Bairu1，2 ，WANG Yi1，2 ，ZHAO Yanfeng1，2

（1. Cold and Arid Regions Water Engineering Safety Research Center，Northwest A&F University，Yangling

712100，China；

2. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry
of Education Northwest A&F University，Yangling

712100，China）

Abstract： As to large and medium-sized canals， they are often designed in the form of horizontal-bot⁃

tomed Power-Law shaped canals. But there is no analytical solution for all of the wetted-perimeter of hori⁃

zontal-bottomed power-law shaped canals with general exponent parameter. Therefore， its optimal hydraulic

cross-section and practically economic cross-section with general exponent parameter is very complicated. In

addition， in the literature the optimum hydraulic horizontal-bottomed power-law shaped canals has been de⁃
veloped for only specific exponent m of the power-law formula. In this article，by using Gauss-hypergeomet⁃

ric function， an analytical solution for the integral formula of the wetted-perimeter of horizontal-bottomed

power-law section with general exponent parameter is obtained. Taking ratio of water surface width of pow⁃
er-law shaped side to water depth， and ratio of bed width to water depth as variables， hydraulic optimal

section parameter can be obtained by using Lagrange multiplier method. The parameter equation of optimal
hydraulic cross-section is obtained. According to the relationship between optimal hydraulic cross-section
and practically economic cross-section， the parameter equation of practically economic cross-section of any

horizontal-bottomed power-law section with general exponent parameter is also obtained. This article not on⁃
ly presents the uniform design method of optimal hydraulic cross-section and practically economic cross-sec⁃
tion about these shaped canals with general exponent parameter， but also gives a super-optimal hydraulic

horizontal-bottomed power-law shaped canals’s exponent parameter m=3， where the discharge is largest.
This super-optimal hydraulic section presents a new discovery as it provides the global maximum discharge

among all possible section shapes. It can be used as reference in the planning and design of large and me⁃
dium-sized canals.

Keywords： horizontal-bottomed power-law shaped canals； Gaussian hypergeometric function； optimal hy⁃

draulic cross-section；practically economic cross-section；open channel hydraulics
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Study on the mechanism of water-sediment interaction
in the scouring process around a pile
QI Meilan1，2 ，SHI Pochen1

（1. School of Civil Engineering，Beijing Jiaotong University，Beijing

100044，China；

2. Beijing Key Laboratory of Structural Wind Engineering and Urban Wind Environment，Beijing

100044，China）

Abstract： Aimed at exploration of the sediment transport behavior in local scouring process around a struc⁃
ture， 3D turbulent flow equations coupled with bedload and suspended load transport， as well as bed defor⁃

mation were used to numerically simulate the local scour and investigate the contribution of the two kinds
of sediment transportation， horse-shoe vortex， and the correlation of suspended load with the sediment sus⁃
pension index under clear water and livebed conditions. It was found that under the clear water scour condi⁃

tion， the transport of suspended load contributes a relatively small proportion， and the scouring process is

dominated by bed load transport which contributes approximately up 95 percent. Under the live bed scour
condition， suspended load transport increases rapidly with the decrease of the particle suspension index. In

the scouring process， the variation of sediment transport rate for suspended load and bed load is consistent
with the trend of the local shear stress around the structure. Further， the variation of the bed shear stress
is positively controlled by the horseshoe vortex.

Keywords：local scouring；bed shear stress；horseshoe vortex；sediment transport；suspended load；bed load

— 1480 —

Optimality conditions for operating rule of parallel reservoir system，part Ⅰ.
Theoretical analysis
ZENG Xiang，HU Tiesong，WANG Jing，WANG Xin，WANG Qin

（State Key Laboratory of Water Resources and Hydropower Engineering Science，Wuhan University，Wuhan

430072，China）

Abstract：The optimality conditions of operation rule are essential for the coordinated operation of multi-res⁃

ervoir system. The purpose of this paper is to derive the optimality conditions of operation rule for parallel
reservoir system，which is defined in terms of system-wide release rules and individual reservoir storage bal⁃

ancing functions， by using the K-T conditions to solve a two-period model. Specially， the applicable water
availability of both parallel system and individual reservoir for the optimality conditions are given， and the

main factors to determine the water supply priority of individual reservoir are specified. The theoretical re⁃
sults show that both the total system water availability and individual reservoir water availability have to be
restricted within a certain range，in order to guarantee the optimal operation of parallel reservoir system.

Keywords： parallel reservoir system； two-period model； operation rule； optimality conditions； K-T condi⁃

tions
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Effect of low impact development measures on inundation reduction
——Taking Jinan pilot area as example
LI Na1，2 ，MENG Yuting1，2 ，WANG Jing1，2 ，YU Qian1，2 ，ZHANG Nianqiang1，2
（1. China Institute of Water Resources and Hydropower Research，Beijing

100038，China；

2. Research Center on Flood & Drought Disaster Reduction of the Ministry of Water Resources，Beijing

100038，China）

Abstract： Flood Simulation Numerical Model and Flood Risk Analysis Software （FRAS） developed indepen⁃

dently by IWHR are used in this study to evaluate the effect of individual and combined low impact devel⁃

opment （LID） measures on inundation reduction. In addition， the SCS method is added to the original rain⁃

fall-runoff model， which is coupled with the 2D surface hydraulic model in real-time. Therefore， the soft⁃

ware can reflect the runoff and confluence process more accurately. The simulation results indicate：（1）
Combined LID measures can decrease the flooding area at pilot area， small watershed and block scale un⁃

der all the 24h design storm with 5-year， 10-year and 20-year return period. Besides， the total runoff vol⁃

ume and peak discharge are also reduced at watershed scale after implementing these measures. The effects
are most significant under the 5-year return period storm， where the total runoff and peak discharge are

cut respectively by 6.5% and 9.7% and the inundation area is cut by 48.96% in the measure-intensive
block. （2） Individual LID measures have different effects under the 24h design storm with 10-year return

period at basin scale. All measures can reduce inundation volume but it tends to increase at first and then

decrease during the rainfall procedure. The effects of different individual LID measures on inundation area

reduction are ranked as： sunken lawn， permeable pavement， green roof. （3） Inundation reduction effect of

LID measure is also closely related to the measure type and scale， terrain， underlying surface condition

and setting location. It is necessary to have multi-scheme simulation as well as analysis through hydrologi⁃
cal-hydraulic model when design the LID measures.

Keywords：low impact development；urban inundation；effect assessment；sponge city；Jinan
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Coupled swash zone hydrodynamics and beach morphodynamics modeling Ⅱ. Model
establishment & validation
DENG Bin1，2，3 ，JIANG Changbo1，2，3 ，CHEN Jie1，2，3 ，YANG Shuqing3，4

410114，China；

（1. School of Hydraulic Engineering，Changsha University of Science & Technology，Changsha

2. Key Laboratory of Water-Sediment Sciences and Water Disaster Prevention of Hunan Province，Changsha
3. International Research Center of Water Science & Environmental Engineering，
Changsha University of Science & Technology，Changsha

410114，China；

4. School of Civil， Mining and Environmental Engineering，University of Wollongong，Wollongong

410114，China；

2522，Australia）

Abstract： Based on the one-dimensional nonlinear shallow water equations and the bed deformation equa⁃

tion， this study considers two types （a total of six） of different sediment transport rate formulas， and im ⁃

plants the bed shear stress and seepage source terms to the equations， and finally a more complete model
of swash zone hydrodynamics and beach morphodynamics is proposed，in which a coupled solution was real⁃

ized. The model reliability is numerically verified based on the classical benchmark. The verification results

show that the TVD-WAF format and the segmental sand transport rate formula used in the proposed cou⁃
pling model have achieved good solutions in numerical accuracy and morphological changes， which are bet⁃

ter than previous research results. On this basis， this model is used to carry out numerical investigation of

smash zone hydrodynamics and beach profile evolution. The results of depth， shoreline trajectory and shore⁃
line profile are in good agreement with the experimental results， and then the study focused on the effects

of different friction coefficients and the presence of seepage on beach morphologies. The results indicate
that the segmental sediment transport rate formula proposed in this study is suitable for the study of sedi⁃

ment transport in the swash zone， and the effects of bed friction and seepage should not be ignored during
established the beach morphodynamics model of swash zone.

Key words：swash zone；morphodynamics；nonlinear shallow water equation；bed friction；seepage

Research on slip-stick vibration of emergency gate induced by high dam flood discharge
LIANG Chao1，2 ，ZHANG Jinliang1，3 ，LIAN Jijian3 ，LIU Fang3

（1. Post-Doctoral Research Workstation，Yellow River Engineering Consulting Co.， Ltd.，Zhengzhou
2. College of Water Conservancy and Hydropower Engineering， Hohai University，Nanjing

450003，China；

210098，China；

3. State Key Laboratory of Hydraulic Engineering Simulation and Safety，Tianjin University，Tianjin

300350，China）

Abstract： The emergency gate is employed for emergency closure in flowing water to prevent the accident
propagation.

However， the

frequent

occurrence

of

emergency

gate

incomplete

closure

accompanying

slip-stick vibration may cause serious loss， and lead to strong load on hydraulic structures. Based on con⁃
trol theory， the nonlinear friction characteristics induced by static/dynamic friction conversion are separated

from the gate closing process， and is regarded as an independent element in systematic structure diagram.

Furthermore， by reasonably selecting the controlled variable and reference input， a negative feedback con⁃

trol system model is established to describe the aforementioned engineering problem. The rationality and ef⁃

fectiveness of the presented theoretical model is validated by comparing the theoretical results and actual

conditions， simulating slip-stick vibration displacement， and reversely deducing the holding force. Accord⁃

ing to the theory analysis，the generative mechanism of the engineering problem is clarified and the theoreti⁃
cal guidance is provided for the gate optimization scheme.

Keywords：control theory；emergency gate；incomplete closure of emergency gate；slip-stick vibration；non⁃

linear friction characteristic；phase plane
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Study on preparation of high dense and toughened hydraulic concrete and its properties
TANG Xinwei1，2 ，HE Qibin1 ，ZHOU Yuande2 ，ZHANG Chuhan2

（1. South China University of Technology， School of Civil Engineering and Transportation，Guangzhou
2. The State key laboratory of Hydroscience and Engineering of China， Tsinghua University，Beijing

510640，China；

100084，China）

Abstract： Aiming to obtain the concrete with satisfactory volume stability and anti-permeability， the mi⁃

cro-performance of cement-based materials were analyzed to design the rheological property of slurry by
mixing appropriate chemical admixtures. The effect of the dispersion， air entrainment， coagulation of chemi⁃
cal admixtures and curing system on filling capacity of slurry and rate of setting were investigated to opti⁃

mize the particle packing and workability of slurry by particle accumulation algorithm. The toughness and

shrinkage strain were improved by adding steel fiber. Meanwhile， a series of experimental tests were car⁃
ried out to estimate the basic mechanical characteristic， durability and volume stability on the high-dense

and toughened hydraulic concrete（HDTHC）. The results show that the compressive strength and splitting ten⁃

sile strength of HDTHC reached 109.66MPa and 17.60MPa respectively. Its electric flux of 6h was not ex⁃
ceeding 130C， the carbonation depth of 28d was 2mm， the loss rate of freeze-thaw quality was no more

than 0.2% ， the strength loss rate was no more than 2% ， as well as the dry shrinkage deformation of 42d

was no more than 0.17‰ . HDTHC showed good mechanical properties， excellent durability and volume sta⁃
bility.

Keywords：hydraulic concrete；high dense；toughened；preparation；performance test
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Research on the displacement direction coordination parameter
of colluvial landslide induced by reservoir and its warning destabilized criterion
GUO Lu，HE Keqiang，JIA Yuyue

（Engineering Technique Research Center of Geo-Environment and Impact，
Qingdao University of Technology，Qingdao

266033，China）

Abstract： The displacement of colluvial landslide in reservoir area is affected by the circulating fluctuation
of reservoir water level and rainfall and has the characteristics of fluctuation and oscillation. However， the

change and mutation of the displacement are mostly caused by the fluctuation of reservoir water level and

rainfall，which are not necessarily due to the decrease of slope stability. Therefore，using the traditional sin⁃

gle-dimension displacement prediction parameters and criteria to analyze the stability of landslides often
causes misjudgment. For this problem， this paper proposes the vertical displacement direction rate as an ef⁃

fective displacement direction coordination parameter for the analysis and evaluation of slope stability evolu⁃

tion according to the basic principle of holographic theory of landslide. Meanwhile， the quantitative relation⁃
ship between surface vertical displacement direction rate and the evolution of stability in the compression

stage and the plastic deformation stage of slope are deeply analyzed and determined. Based on the analysis

results above， this paper establishes the monitoring and warning criteria of the vertical displacement direc⁃
tion rate of the colluvial landslide induced by reservoir through the basic trend displacement analysis princi⁃
ple of mathematical statistics. According to the vertical displacement direction rate parameter and the criteri⁃

on， the stability of Xintan landslide is calculated and discriminated by the data of F series monitoring

points. The prediction coincide with actual deformation of slope in different instability stage， it reveals that

the vertical displacement direction rate parameter is effective in the stability evaluation and warning of collu⁃
vial landslide induced by reservoir.

Keywords： colluvial landslide induced by reservoir； vertical displacement direction rate； trend displace⁃

ment criterion；Xintan landslide
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Unsteady flow and pressure pulse analysis of a Francis pump-turbine
on reverse pump zone with small guide vane opening
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Abstract： The S-curve characteristic is widespread in pump-turbine. When the unit starts running under
turbine-mode， the operating condition usually cannot be changed from no-load to full-load directly， which

inevitably make the unit to enter reverse pump zone. This phenomenon brings difficulties for grid connec⁃

tions. In this paper， a model pump-turbine was chosen for analysis. The three-dimensional numerical calcu⁃

lation of the overall flow channel was carried out for the reverse pump mode under an extreme small guide
vane opening. The simulations were performed with the SAS SST-CC turbulence model. The steady simulat⁃
ed external characteristic parameter curves were in good agreement with the model test data for five operat⁃

ing points. The operating point where the flow rate is relatively small was chosen for long-term unsteady
flow calculations， where eight different points on nine runner blade to blade flow channel were chosen to

monitor the pressure fluctuations. The results show that there exists a noteworthy difference of pressure
peak-to-peak amplitudes and pulsation frequencies in each rotating flow passage. The largest peak-to-peak

difference is up to 4.2%， which means that the flow distribution in the runners is not uniform for this con⁃

dition. From points rva to rvh with those points closer to the guide vane， the main frequency of the pulsa⁃
tion in the low frequency region is gradually increased from 0.19fn to 1.07fn ； the pulsation amplitude

caused by rotate and static interference （RSI） will gradually increase， but not for points rvg. The flow pat⁃
tern shows that this points was located on outflow and the inflow transition zone of the runner blade out⁃

flow channels. Flow pattern analysis indicates that the runner flow fields are asymmetrical in different blade
passages under this revise pump condition，with significant flow separation and vortexes.

Keywords：Pump-turbine；reverse pump；unsteady flow；pressure pulse；rotate and state interaction
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Confirmation failure test of 2D Geomechanical model for dam foundation stability
of right #1 dam section in Danba Hydropower Station
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Abstract： Danba Hydropower Station will be the first gate dam project in China with a dam height of
more than 40m on the deep overburden. The dam site area is dominated by deep Quaternary overburden

layer with a maximum thickness of 127.66m. The foundation of the retaining right #1 dam section is divid⁃
ed into 5 cover layers with low deformation modulus and large compressibility. Such geological conditions
could result in uneven settlement on the dam and foundation， which has a direct impact on the stability

and safety of dam foundation. Therefore， further study on the stability of dam foundation is needed. For

the above geological problems， this paper selected the right #1 dam section with weak geological conditions
as the research object， and the geomechanical model test method was adopted. In the test， the deep over⁃

burden in the dam site was fully simulated. Through the failure test，the deformation distribution characteris⁃

tics of the dam and the foundation are obtained， the maximum vertical displacement of the dam is 7.60cm

under the normal water level， which meets the requirements of the specification. The destruction mechanism

and the failure mode are revealed. And the dam foundation stability of overloading method test safety coeffi⁃

cients are determined as follows： crack initiation overload safety coefficient K1 =1.2， nonlinear deformation

safety coefficient K2 =1.6 ~ 1.8， ultimate overload safety coefficient K3 =2.0 ~ 2.4. The test results can pro⁃

vide reference for the design，construction and reinforcement design of the project.

Keywords： Danba Hydropower Station； thick overburden layer； stability of dam foundation； geomechanical
model；failure test；safety coefficient
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