 苏阿皮蒂水利枢纽工程大坝混凝土碾压质量监控系统的研究与应用
李恒1， 黎羽钢2，戴洪义1
(1. 武汉英思工程科技股份有限公司，湖北省武汉市 430071； 2. 中国水利电力对外有限公司，北京市 100120)
Research and Application of Quality Monitoring and Control System for RCC Dam in the Souapiti Hydro-Power Project
LI Heng1, LI Yugang2, DAI Hongyi1
(1. Wuhan INS Engineering Technology Co., Ltd., Wuhan City, Hubei Province, 430071; 
2. China International Water & Electric Corp., Beijing City, 100120)
摘要：基于高精度差分定位技术与传感技术的碾压施工实时监控是实现碾压施工过程质量控制的重要手段。本文针对混凝土斜层碾压的施工特点，研究并提出碾压混凝土坝施工质量监控系统的组成与实现方案，系统创新实现了基于实时数据的斜层碾压三维展现、并解决了系统国际化应用过程中出现的问题，为苏阿皮蒂水利枢纽工程建设提供了有力支持。
Abstract: Rolling compaction process real-time monitoring and control system based on high precision differential positioning technology and sensor technology is an important means to realize quality control in rolling-compaction construction process. According to the construction characteristics of inclined layer of roller compacted concrete (RCC), authors of this paper researched and proposed the composition and application schemes of the construction quality monitoring and control system for the RCC dam. The system can realize the three-dimensional display of inclined layer construction based on real-time data in an innovative manner, solve the obstacles occurred during internationalization application and provide strong support for the construction of Souapiti Hydro-power Project.     
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近年来碾压质量监控系统在土石坝施工中已有较成熟应用，碾压质量监控系统可实现的功能内容包括对碾压轨迹、碾压速度、碾压遍数、振动频率和压实厚度等指标的动态监测[1]，但目前针对混凝土斜层碾压并没有较好地监控方案。斜层碾压是为了解决碾压混凝土存在的浇筑能力小而仓面面积大，层间间隔时间长等问题而出现的一种碾压工艺[2]。斜层平推铺筑方法的主要特点是碾压层面与浇筑块的顶面和底面相交，碾压层面的倾斜坡度以小于1:10为宜，一般在1:10~1:20之间。通过调整层面坡度，可以灵活的控制层间间隔时间，使之满足施工和质量的要求。
In recent years, rolling compaction process quality monitoring and control system has been well applied to the construction of earth-rock filled dams. The functions of the rolling compaction process quality monitoring and control system include the dynamic monitoring [1] of indicators such as roller compaction track, roller compaction speed, roller compaction time(s), vibration frequency and compacted thickness. However, there is currently no suitable monitoring and control scheme for inclined layer rolling of RCC. The inclined layer method [2] is used to solve the conflicts between limited concrete supply capacity, large concrete covering area and long interval between layers in roller compaction construction process. The main features of the inclined layer rolling method are that the top surface of the roller compaction layer intersects the bottom surface of the pouring block. The inclined slope of the roller compaction layer is preferably less than 1:10, generally between 1:10 and 1:20. By adjusting the slope of the layer, the interval between layers can be flexibly controlled to meet the requirements of construction and quality.
斜层碾压具有立体的特征，碾压质量监控系统的展现形式都是平面二维展示，不能直观地展示斜层碾压的压实厚度。同时，这些系统以国内工程应用为主，没有在国际工程中的应用经验。本文结合在建的苏阿皮蒂水利枢纽工程，设计并实现了碾压混凝土坝施工质量监控系统，重点处理了斜层碾压压实厚度展现问题，并解决了系统在国际工程应用中出现的语言、时区、坐标转换、使用方式等问题，对碾压质量监控系统在国际工程中的应用进行了积极的探索。
The inclined layer rolling has three-dimensional features, but the current rolling compaction process quality monitoring and control system only has two-dimensional display function, which cannot visually display the compacted thickness of the inclined layer. Meanwhile, the system is mainly applied to domestic projects without much experience for international application. According to Souapiti Hydro-power Project construction requirement, authors of this paper designed and implemented construction quality monitoring and control system for the inclined layer rolling process in the RCC dam, put emphasis on displaying the compaction thickness of the inclined layer rolling , solved the problems such as language, time zone, coordinated conversion and usage occurred in the process of internationalization application of the system, and actively explored the application of the rolling compaction process quality monitoring and control system in international market
1 工程概述
1 Project overview
几内亚苏阿皮蒂水利枢纽项目是三峡集团中水电公司在几内亚首个以PPP模式开发实施的大型水电站工程。工程位于孔库雷河中游，电站装机容量450兆瓦，年发电量18.99亿千瓦时，被誉为“西非的三峡工程”。工程于2016年4月1日开工，总工期58个月。
Souapiti Hydro-power Project in Guinea is the first large-scale hydropower project developed and implemented in PPP mode by China International Water & Electric Corp., a wholly-owned subsidiary of China Three Gorges Corporation. The project is located in the middle reaches of the Konkoure River. The installed capacity of the power station is 450 MW, and the annual power generation is 1.899 billion KWH. It is known as the “Three Gorges Project in West Africa”. The project started on April 1, 2016, with a total duration of 58 months.  
苏阿皮蒂工程采用碾压混凝土重力坝，坝轴线总长1164米，最大坝高120米，混凝土总量约360万方，枢纽布置从左至右分别为左岸挡水坝段、厂房坝段、导流底孔坝段、泄洪底孔坝段、溢流坝段和右岸挡水坝段。发电厂房位于左岸发电引水坝段坝后。
RCC gravity dam is applied to the Souapiti Hydro-power Project. The total length of the dam axis is 1,164 meters, the maximum dam height is 120 meters, and the total concrete volume is about 3.6 million cubic meters. Layout of the Hydro-power project is (from left to right): left bank retaining dam section, power house dam section, bottom diversion outlet dam section, bottom flood discharge outlet dam section, overflow dam section and right bank retaining dam section. The power house is located behind the left bank power generation and water diversion dam section.
为保证大坝碾压混凝土的施工质量，工程碾压混凝土施工中采用了基于GPS的碾压质量监控系统，以监控碾压工序中关键的质量控制参数。在大坝施工后期，为更好地满足斜层碾压施工的现场控制管理需求，项目部针对工程实际应用情况，进一步研发了斜层碾压管理系统。
In order to ensure the construction quality of the RCC dam, a GPS-based roller compacted quality monitoring and control system was applied to the construction of the project to monitor and control the key quality control parameters in roller compaction process. In the later stage of dam construction, in order to better meet the on-site control and management requirements of the inclined layer rolling  construction, the Project Department further researched and developed the inclined layer rolling  management system in accordance with the actual application conditions.
下图为苏阿皮蒂工程37#~49#坝段碾压混凝土浇筑仓面工艺设计图（图1），本仓混凝土浇筑从左岸向右岸方向斜层碾压，碾压混凝土松铺厚度为35cm，压实厚度为30cm。振动碾行走速度控制在1.0km/h~1.5km/h，碾压遍数为2+6；收仓面达到规定的碾压遍数及表观密度后，进行2遍无振碾压。
Below is the RCC pouring platform process design figure (Figure 1) of the 37#~49# dam section of the Souapiti Hydro-power Project. The concrete pouring direction of the platform is from the left bank to the right bank, and the uncompacted thickness of the concrete is 35cm, the compacted thickness is 30cm. The running speed of the vibrating roller is controlled at 1.0km/h~1.5km/h, and the roller compaction time(s) are 2+6. After the closing platform reaches the specified roller compaction time(s) and apparent density, it is subjected to 2 times of vibrationless roller compaction.
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图1碾压混凝土浇筑仓面工艺设计图
Figure 1 RCC pouring platform process design figure
2 斜层碾压关键技术点的实现方案
2 Application schemes of key technologies for inclined layer rolling 
斜层碾压作为碾压工艺的一种，和水平碾压在施工方法和监测指标上有很多相似的部分，除了持续、动态、高精度地追踪测读碾压机械的运行轨迹、速度、振动状态及激振力等数据信息，斜层碾压在监控中需要对斜坡的坡度及最终碾压厚度进行分析。
As one of the roller compaction methods, the inclined layer rolling has many similarities to the horizontal layer in the construction method and monitoring indicators. In addition to the continuous, dynamic and high-precision tracking and measuring of roller compaction track, speed, vibration state, excitation force and other data information of the compacting machinery, the inclined layer rolling  requires the analysis of inclined slope and the final compacted thickness in the monitoring and control process. 
为了实现碾压机在施工过程中对作业面角度及垂直厚度方向的厚度的计算，在碾压车上加装了各类传感器，包括安装在车顶的定位移动站、无线电接收器，安装在驾驶室的司机端平板，安装在振动轮上的压实传感器，安装在驾驶室内的倾角传感器，整体仪器布置图如2所示：
In order to calculate the angle and the vertical thickness of the working plane in the construction process, various sensors are installed on the compacting machinery, including a positioning mobile station and a radio receiver on the roof, a driver’s control panel in the cab, a compaction sensor on the vibrating drum, and a tilt sensor in the cab. The overall instrument installation layouts are shown in the following Figure 2:
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图2仪器布置图
Figure 2 Instrument installation diagram
斜层碾压不同于水平碾压的监测指标及原理进行分析如下：
The analyses of differences between the inclined layer rolling and the horizontal layer in monitoring indicators and principles are as below: 
2.1 碾压轨迹、遍数、高程分析  碾压轨迹、遍数、高程分析上沿用水平碾压的原理，根据定时采集的高精度定位数据形成的一系列点，连成线形成碾压轨迹、方向与速度，并结合碾压设备宽度，形成碾压覆盖区域，分析某个位置区域的覆盖次数，进而得出碾压遍数。
2.1 Analysis of rolling compaction track, rolling compaction time(s) and elevation. The system adopts similar method as horizontal layer.  It collects a series of points by the high precision positioning data in a certain period of time, connects the points to lines, forms the track, direction and speed of rollers, draws a roller compaction coverage area through combining the width of the compacting machinery, analyzes the coverage time(s) of a certain area, finally obtain the roller compaction time(s).
2.2 碾压速度分析  速度的计算简单来说就是距离除以时间，水平碾压距离的计算只考虑了水平维度，即X、Y坐标，斜坡碾压需要考虑增加高程，即采用X、Y、Z坐标计算距离。
2.2 Analysis of roller compaction speed: in simple terms, the speed is defined as the distance divided by the time. The roller driving speed for the horizontal layer only determine by the X and Y coordinates. However, the calculation in inclined layer circumstance involves the X, Y, and Z coordinates.
2.3 碾压压实厚度分析  混凝土碾压包括斜层面碾压和平段碾压。碾压轮前框架上安装一个GPS装置。摊铺厚度可以通过摊铺车采集获得，结合斜层面的角度和采集的高度信息可以实时计算出每次碾压的压实量信息。
2.3 Analysis of the compacted thickness. The inclined layer rolling compaction methods usually include two section: inclined section in the middle and horizontal section at both end. A GPS device is installed on the front frame of the rolling wheel, concrete spread thickness data can be collected from the paver machine, according to the angle of the oblique layer and the elevation of GPS Device, the elevation of concrete surface after compaction can be worked out in real time basis.
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图3 斜层碾压层厚计算
Figure 3 Calculation of thickness of Inclined layer rolling 
碾压压实厚度分析，原则上应该是当前层的高程减去上一层的最终高程，如果碾压的仓面是一个底板规则的仓，则还可以简化处理。在压实厚度实时分析时，当前层的高程可以实时采集，因此如何获取上一层的最终高程是压实厚度分析的难点。
In the analysis of the compacted thickness, in principle, the elevation of the current layer shall minus the final elevation of the upper layer. If the compaction platform is a platform with a regular-shaped bottom board, the treatment can be simplified. In the real-time analysis of compacted thickness, the elevation of the current layer can be collected in real time, but obtaining of the final elevation of the upper layer is a difficulty in the analysis. 
如图3所示，相对于平面上碾压层厚分析，斜坡碾压的层厚度分析由于斜坡（角度α）的存在会更复杂一点，由于在碾压时，测得的GPS高程AB为竖直方向，而层厚变化则为垂直斜坡（AE）方向，因此斜坡碾压除了考虑上一层的最终高程，还要考虑斜坡（角度α），主要计算过程如图4所示。
As shown in Figure 3, compared to the analysis of the thickness of horizontal layer spread, the analysis of the thickness of Inclined layer rolling  is more complicated due to the presence of the slope (angle α). Since the elevation AB measured by the GPS device in the compaction process is shown in vertical direction, but the layer thickness change is shown in the vertical slope (AE) direction, therefore, in the analysis of the thickness of Inclined layer rolling , the slope (angle α) also needs to be considered in addition to the final elevation of the upper layer. The main calculation process is shown in Figure 4.
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图4 层厚计算过程
Figure 4 Calculation process of layer thickness
技术难点：
（1）斜坡（角度α）的获取。
（2）对应点上一层的最终高程的获取。
（3）实时层厚分析。
Technical difficulties:
(1) Obtaining of the slope (angle α).
(2) Obtaining of the final elevation of the upper layer of the corresponding point.
(3) Real-time layer thickness analysis.
解决思路：
（1）斜坡（角度α）准备通过在碾压机横梁上安装倾角传感器来实时采集（需要根据硬件采集到的值转换得到）。
（2）高程网格化，上一层的最终高程通过网格来查找。
（3）斜层碾压具有立体的特征，实时层厚分析采用三维展现。
Solutions:
(1) Obtain the slope (angle α) in real time by installing a tilt sensor on the beam of compacting machinery (require conversion from values collected by the hardware). 
(2) Elevation gridding, the final elevation of the upper layer can be found through the grid.
(3) The Inclined layer rolling  has three-dimensional features, and the real-time layer thickness analysis is made through the three-dimensional display.
分析过程：
（1）当碾压车运行到斜坡上某点时，采集到的高程为AB，天线高为AC，因此F点的高程为FB = (AB – AC/ cosα)；
（2）上一层的最终高程通过网格来查找为HB；
（3）因此该点的碾压层厚变化∆H为：
∆H = FH * cosα=(FB –HB) * cosα=  (AB – AC/ cosα - HB) * cosα；
Analysis process:
(1) When the compacting machinery runs to a certain point on the slope, the collected elevation is AB, the antenna height is AC, so the elevation of point F is FB = (AB – AC/ cosα); 
(2) The final elevation of the upper layer is found as HB through the grid;
(3) Therefore, the layer thickness change ∆H at this point is:
∆H = FH * cosα=(FB –HB) * cosα= (AB – AC/ cosα - HB) * cosα;  
2.5 高程网格化处理  由于碾压系统中采集的是点，因此对于采集到的实时点（X，Y，Z），要获取与其水平坐标（X，Y）完全相同的以前层的点是不可能的，系统只能获取（X，Y）一定范围内以前层的点高程作为上一层的最终高程。
系统会根据仓面施工区域范围，构建一个网格面，对于每个采集点（X，Y，Z），系统会计算一个对应的键值（X1，Y1，N），其中（X1，Y1）根据（X，Y）获得，N为层号，根据键值将点汇入对应的网格中，用于碾压层厚的计算。网格的大小可以根据项目需要进行调整。
2.5 Elevation gridding processing: since the points are collected in the system, for the collected real-time points (X, Y, Z), it is impossible to obtain the points of the upper layer that is exactly the same as their horizontal coordinates (X, Y). The system can only obtain the elevation of the points of the upper layer within a certain range of coordinates (X, Y) as the final elevation of the upper layer.
The system will construct a grid according to the platform construction scope. For each collection point (X, Y, Z), the system will calculate a corresponding key value (X1, Y1, N), wherein (X1, Y1) can be obtained according to (X, Y), N is the layer number, and the points are imported into the corresponding grid according to key values for the calculation of the layer thickness. The size of the grid can be adjusted to suit the needs of the project.
2.6 斜层展现形式  斜层碾压具有立体的特征，本系统使用三维展现压实厚度，反映施工过程状况。
（1）加载碾压层司机端采集到的实时点和历史施工点，对碾压层中的点进行三角网格化处理，构建碾压层的三维模型，如图5所示。
2.6 Inclined layer display form: the inclined layer rolling has three-dimensional features, and the system displays the compacted thickness in the three-dimensional form and shows the construction process.
(1) Load the real-time points and historical construction points collected by the driver’s terminal, and perform triangular gridding processing for the points to construct a three-dimensional model of the compaction layer, as shown in Figure 5.
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图5 碾压层三维模型
Figure 5 Three-dimensional model of the compaction layer
（2）在进行层厚分析时，每次加载所要分析碾压层的三维模型及其上层模型。
(2) In each layer thickness analysis, the three-dimensional model of the layer to be analyzed and that of its upper layer need to be loaded.  
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图6 碾压层的三维模型及其上层模型
Figure 6 Three-dimensional model of the compaction layer and that of its upper layer
（3）构建平行与坝轴线的切面，用户可以通过交互的方式获取所要分析位置的层厚信息和量化数据。
(3) Construct a section parallel to the dam axis, and the user can obtain the layer thickness information and quantitative data of the position to be analyzed by interactive means.
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图7 碾压层层厚信息
Figure 7 Layer thickness information of the compaction layer 
3. 系统国际化改造
为了适应苏阿皮蒂工程特殊的地理、语言及施工劳务人员的素质等因素，项目部也对碾压系统进行了国际化的适应性改造，包括：
3. System internationalization adaption
In order to adapt to the special geography, language and quality of construction workers of Souapiti Hydro-power Project, the Project Department also carried out an international transformation of the system, including:
3.1 多语言改造  在国际化环境下，越来越多的国际工程大量使用本地技术及劳务人员，系统需要提供多语言版本，以方便当地劳务人员的操作与使用。系统开发人员采用语言包的形式支持多语言的切换，本工程位于几内亚，几内亚官方语言为法语，系统专门配置了法语语言包，中方、几方人员可根据习惯选择不同的系统语言。
3.1 Multi-language transformation: in the international environment, many local technicians and workers are involved in more and more international projects. Multi-language versions of the system are required to facilitate the operation and use of local workers. The system developers adopt a language package that makes the multi-language switching possible. This project is located in Guinea, and the official language of Guinea is French. The system is specially configured with French language package. Both Chinese and Guinean workers can choose different system languages according to their habits.
3.2 时区配置改造  在国际化环境下，数据采集者与数据访问者可能处于不同的时区，例如在国内（东八区）使用监控端查看苏阿皮蒂（零时区）工程司机端采集到的数据，可能会因为时区的差异而引起数据统计错误。因此，在数据包含时间信息的情况下，需要考虑时区问题。本系统开发了项目时区的配置功能，使用UTC格式传输、存储采集到的时间信息，监控端查看数据时，根据本地时区自动完成时间信息的转换，解决了时区不一致的问题。
3.2 Time zone configuration transformation: in the international environment, data collectors and data visitors may be in different time zones. For example, when a person in China (East Eight District), through monitoring and control terminal, views the data collected by the driver’s terminal in Souapiti (Zero Time Zone), there may be errors in data due to the difference in time zones. Therefore, in the case where the data contains time information, the time zone problem shall be taken into consideration. The system develops the configuration function of the project time zone, uses the UTC format to transmit and store the collected time information. When a person views data through the monitoring and control terminal, the time information is automatically converted according to the local time zone, so the difference in time zones is no longer a problem. 
3.3 坐标转换改造  国内工程主要使用北京54和西安80坐标系，而国际工程往往因为国别不同而采用不同的坐标体系，苏阿皮蒂工程使用的是GRS80坐标系。RTK坐标与工程坐标的转换涉及到椭球体的设置，本系统对坐标转换进行了优化，并提供了对多种坐标系的支持。
3.3 Coordinate transformation: Beijing 54 and Xi'an 80 coordinate systems are generally applied to domestic projects, while different coordinate systems are often used in international projects in different countries. GRS80 coordinate system is applied to the Souapiti Hydro-power Project. The conversion of RTK coordinates and engineering coordinates involves the settings of the ellipsoid. The system optimizes the coordinate transformation and provides support for various coordinate systems.
3.4 系统使用模式改造  本系统中的司机端是集数据采集、数据展示、施工引导功能于一体的软件，在国内多个工程使用，具有很高地应用价值，但在苏阿皮蒂工程中，由于语言、受教育程度等因素的制约，一些司机在软件操作方面出现了困难，基于这种情况，本系统中加入了碾压旁站端，通过碾压旁站端，现场中方施工员可以将碾压车、摊铺车的数据关联到正确的单元中，代替司机进行软件操作，司机只需接收碾压平板端的指引，完成施工操作。
3.4 System use mode transformation: the driver’s terminal of the system is a software that integrates the functions of data collection, data display with construction guidance. It is applied to many domestic projects and has high application value. However, in the Souapiti Hydro-power Project, some drivers have difficulty in software operation due to factors such as language and education level. In view of this situation, the side station terminal is added to the system. Through the side station terminal, the on-site Chinese construction workers can link the data of compacting machinery and paver to the correct unit and perform the software operation instead of the driver, and the driver only needs to follow the guidance of the control panel to complete the construction operation.
4 系统总体功能
经过针对斜层碾压与国际化技术改造，苏阿皮蒂工程碾压混凝土坝施工质量监控系统最终由7个部分组成，分别是碾压服务端、PC监控端软件、碾压旁站端、车载司机端、车载摊铺端、碾压移动端、碾压系统标准接口。
软件的整体结构及关系如图8所示：
4 Overall system functions
After completing technical transformation concerning the Inclined layer rolling  and internationalization, the quality monitoring and control system for roller-compacted concrete dam in Souapiti Hydro-power Project is finally composed of 7 parts, including roller compaction service terminal, PC monitoring and control terminal software, roller compaction side station terminal, driver’s terminal, paver terminal, roller compaction mobile terminal and roller compaction system standard interface. 
The overall structure and relationship of the software are shown in Figure 8:
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图8 软件的整体结构及关系
Figure 8: Overall structure and relationship of the software
4.1 碾压服务端  运行在施工现场监控中心的后台服务，负责接收前端硬件发送过来的数字信号，进行转换和初步处理后存储，并向各端推送转换后的信息。服务端还向各端提供工程属性信息数据（如：仓面控制点范围等）、车辆参数、质量参数、项目信息，为监控数据分析提供基础。
4.1 Roller compaction service terminal: run the background services in the monitoring and control center of the construction site, receive the digital signals sent by the front-end hardware, store them after conversion and preliminary processing, and send the converted information to each terminal. The service terminal also sends engineering attribute information data (such as platform control point range), vehicle parameters, quality parameters and project information to each terminal to provide a basis for analysis of monitoring and control data.
4.2 碾压系统标准接口  从碾压数据库中获取数据，通过WebAPI向其他系统软件和碾压移动端提供数据服务，包括基础数据查询、碾压报告查询、试验数据上传与查询、控制点上传等。
4.2 Roller compaction system standard interface: obtain data from roller compaction database, through WebAPI, provide other system software and roller compaction mobile terminal with data services, including basic data query, roller compaction report query, test data uploading and query and control point uploading, etc.
4.3 PC监控端  运行在施工现场监控室内的集中、实时监控程序，它通过与碾压服务端进行通讯，获取碾压服务端推送的实时采集的信息，进行数据分析（运行轨迹、碾压遍数、运行速度、热升层、碾压高程、碾压层厚）与动态显示、报告生成与报警。
4.3 PC monitoring and control terminal: run the centralized and real-time monitoring and control program in the monitoring room of the construction site, communicate with roller compaction service terminal to obtain the real-time data collected by it, analyze the data (roller compaction track, roller compaction time(s), roller compaction speed, hot lifting layer, roller compaction elevation, roller compaction layer thickness) and display dynamic information, generate reports and give alarms.
4.4 车载司机端  是一个在碾压设备上安装的工业平板设备，可实现碾压车位置、振动状态等数据采集，司机登录、碾压任务下达、碾压遍数的实时跟踪显示，并提供施工引导与异常预警，辅助司机进行碾压施工。
4.4 Driver’s terminal: an industrial panel device installed on the compacting machinery, can realize the data collection of the position and vibration state of the compacting machinery, the real-time tracking and display of the driver login, roller compaction task assignment and roller compaction time(s), provide construction guidance and abnormal warning, and assist the driver to carry out the roller compaction task.
4.5车载摊铺端  与司机端类似，是一个在碾压设备上安装的工业平板设备，可实现碾压车位置、摊铺时间等数据采集，为热升层分析提供数据，司机登录、摊铺任务下达、碾压高程的实时跟踪显示，并提供施工引导与异常预警，辅助司机进行摊铺施工。
4.5 Paver terminal: similar to the driver’s terminal, it is an industrial panel device installed on the compacting machinery that can realize the data collection of the position and paving time of the compacting machinery, provide data for the analysis of hot lifting layer, realize the real-time tracking and display of the driver login, paving task assignment and roller compaction elevation, provide construction guidance and abnormal warning, and assist the driver to carry out the paving task.
4.6碾压旁站端  便于现场施工员下达施工任务，同时提供一定监控功能的软件，安装运行在工业平板设备。通过碾压旁站端，现场施工员可以将碾压车、摊铺车的数据关联到正确的单元中，代替司机的操作，并可以监控单元施工情况（碾压遍数）。
4.6 Roller compaction side station terminal: it is convenient for the on-site construction workers to assign construction tasks, and at the same time provides software with certain monitoring and control functions, which are installed and run in industrial panel device. Through the roller compaction side station terminal, the on-site construction workers can link the data of compacting machinery and paver to the correct unit and perform the operation instead of the driver, and can monitor and control the unit constriction conditions (roller compaction time(s)).
4.7碾压移动端  通过WebAPI接口上传施工单元控制点、试验数据、施工资料（图片、小视频）。
4.7 Roller compaction mobile terminal: upload construction unit control points, test data and construction materials (pictures, short videos) through the WebAPI interface.
5 系统应用成果
本系统在苏阿皮蒂水利枢纽工程项目中开展应用，为碾压混凝土施工过程的精细化质量监控提供了有效的手段。
下面为系统典型的应用界面：
5 System application results
The system is applied to the Souapiti Hydro-power Project and provides an effective means for the fine quality monitoring and control of the RCC construction process.
Typical application interfaces of the system are as below:
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图9 法语版监控端
Figure 9 French version monitoring and control terminal 
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图10 法语版旁站端登录界面
Figure 10 French version side station terminal login interface
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图11 法语版司机端夜间模式
Figure 11 French version driver’s terminal night mode
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图12 法语版司机端实时施工界面
Figure 12 French version driver’s terminal real-time construction interface
     截至2019年8月底，苏阿皮蒂大坝累计浇筑混凝土约304.4万方，其中碾压混凝土约248.4万方，压实度抽检89162个点，合格率100%。系统自上线以来，累计完成24仓，728个碾压层施工监控。
By the end of August 2019, the poured concrete for the dam in the Souapiti Hydro-power Project has reached about 3.44 million cubic meters, including about 2.484 million cubic meters of roller compacted concrete. 89,162 points has undergone spot check for compaction conditions, and the pass rate is 100%. Since its application, the system has completed construction monitoring and control for 24 platforms and 728 roller compacted layers. 
6 展望
在“互联网+”国家战略引导下，各行业都在开展基于物联网、大数据、云计算、互联网加等新一代信息技术应用的行业智慧化研究，水电工程行业也应该以智慧管控为手段加快提升现代化管理水平，更好实现“一带一路”市场拓展。
本文主要围绕苏阿皮蒂工程混凝土碾压施工监控及其国际化展开研究，实现了斜层碾压三维展现。系统提高了施工过程的质量监控水平和效率，同时也可应用于类似国际工程或混凝土工程，具有较为广阔地应用前景。
6 Prospects
Under the guidance of the national strategy “Internet Plus”, all industries are carrying out intelligence research on the new generation of information technology applications based on Internet of Things, big data, cloud computing and Internet Plus, etc. The hydropower engineering industry should also take intelligence management and control as a means to accelerate the improvement of its modern management level and better realize the expansion of “the Belt and Road” market.
This paper mainly focuses on the research of the monitoring and control system for roller compacted concrete dam in Souapiti Hydro-power Project and its internationalization. The system can realize the three-dimensional display of the Inclined layer rolling  and improve the quality monitoring and control level and efficiency in the construction process. Meanwhile, it can also be applied to similar international engineering projects or concrete works, and has a broad application prospects.
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Real-time layer thickness analysis of monitoring and control terminal





Real-time calculation of layer thickness (Z-antenna height/cosα-Z1)*cosα








Layer No. N-1, elevation Z1











Or (N-1) nearby point Z1





Elevation corresponding to the network point





Database


<X’,Y’,Z’,N’>





Current elevation Z





Network point (X1, Y1)





Angle α





Positioning data (X, Y, Z)





Layer No. N





Data collection





Average layer thickness between two layers under the section: 36 cm


Average layer thickness between two layers above the section: 37 cm





Driver’s terminal (industrial panel)








Driver’s terminal





Paver terminal 








PC monitoring and control terminal (C/S C#)





Roller compaction side station terminal (industrial panel)








Paver terminal 


(industrial panel)








Driver’s terminal





PC monitoring and control terminal





PC monitoring and control terminal





Other system software (data query)





Roller compaction mobile terminal





Roller compaction service terminal (Windows service)





Roller compaction system standard interface (WebAPI)
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