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Fem modeling of concrete gravity damsS UMMARYThis thesis is an analysis of two different concrete gravity dams. One of the dams, theBaozhusi Hydropower Station, is a fully functional concrete gravity dam situated inthe Sichuan province in the Peoples Republic of China. This dam reopened again afterits upgrading, which was finished in 1998. The dam has three main purposes:irrigation, flood control and power extraction. Our analysis in this thesis is to prove ordisprove, by results given by the Finite Element Method (FEM), the safety of the damdue to Chinese standards. The section which we have analyzed is in one of the dam’sturbine sections.The second dam is under construction, situated in the Kuchin province in Myanmar.In spite of the dam’s location it’s partly a Chinese project. The Qipei HydropowerProject is going to dam up the Irrawaddy River with the main purpose of generatingpower but also provide flood control for the region. We are in this thesis analyzing thesafety of the dam due to Chinese standards in one of the dam’s solid sections.Both dams are analyzed in a static state, in a usual and an unusual load case state,meaning that we have considered a normal water flow and higher flow simulating aflood.Key words: Baozhusi Station, Qipei Project, irrigation, flood control, powerextraction, FEM, turbine section, solid section, static state and load cases.iii
Björn Boberg & David HolmTRITA LWR Thesis 12:09iv
Fem modeling of concrete gravity damsS AMMANFATTNING (S WEDISH )Den här avhandlingen är en analys av två olika gravitationsdammar av betong. En avdammarna, Baozhusi Vattenkraftverk, är en fullt fungerande gravitationsdam somligger i Sichuan provinsen i Kina. Dammen kom åter i drift efter dess uppgraderingsom var klar 1998. Baozhusi gravitationsdamm har tre huvudsakliga uppgifter:bevattning, översvämningskontroll och energiutvinning. Vår analys i den häravhandlingen är gjord för att bevisa eller motbevisa, genom resultat inskaffade medhjälp av Finita Element Metoden (FEM), dammens säkerhet enligt kinesisk standard.Vi har analyserat en turbinsektion i den här dammen.Den andra dammen är under arbete, den ligger i Kuchin provinsen i Myanmar(Burma). Trots dammens lokalisering är det delvis ett kinesiskt projekt. Qipeivattenkraftverk kommer att dämma upp floden Irrawaddy med huvudanledning attproducera el men också att kontrollera översvämningarna som drabbar området. Vianalyserar säkerheten i dammen utifrån kinesisk standard i en av dammens solidasektioner.Båda dammarna är statiskt analyserade, med en vanlig och en ovanlig typ av last, vilketbetyder att vi har övervägt både ett normalt vattenflöde och ett högre flöde som skasimulera en översvämning.Nyckelord:Baozhusi tning, översvämningskontroll, el utvinning, FEM, turbin sektion,solid sektion, statisk last och lasttyper.v
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Fem modeling of concrete gravity damsS YMBOLS AND DICTIONAR YSymbolsa reduced gravity accelerationc cohesionE elasticityg acc. of modulus gravityK safety factorL Lengthα angleμ friction coefficientσ normal stressτ shear stressρ [kg/m3] safety factor for tension safety factor for compression[-][-]DictionaryBatter. an optional sloped extension at the dam heel.Dam heel: the most upstream part of the dam foundationDam toe: the most downstream part of the dam foundationDischarge section: a part of the dam where the spillway is locatedOverflow: a discharge section over the crest of the dam.Solid section: a part of the dam which consists only of solid concrete.Static state: is a term for simplified analysis wherein the effect of an immediatechange to a system is calculated without respect to the longer term response of thesystem to that change.Turbine section: a part of the dam where the turbines for generating power arelocatedxi
Björn Boberg & David HolmTRITA LWR Thesis 12:09.xii
Fem modeling of concrete gravity damsI NTRODUCTION1.1. Introduction of the projects1.1.1. Baozhusi hydropower projectThe Baozhusi hydropower station is located in the Sichuan province inthe central southern part of the Peoples Republic of China. It is locatedin the lowland of the Sichuan plain displayed in figure 1, lowland anywayin comparison to the highland just to the west, the Tibetan plateau. Sincethe plain has an altitude of 200 to 700 meters above sea level a lot of rainfalls here due to the cooling of the air travelling against the westernplateau. The annual precipitation is over 1000 millimeters(www.bbc.co.uk).The Baozhusi dam is a concrete gravity dam, which means that it issupposed to withstand the loads caused by water simply because of itsown weight. The dam crest is located 595 meters above sea level makingthe maximum height of the dam 132 meters. The length of the dam is525 meters (Ministry of Water Recourses and Electric Power of People’sRepublic of China, 1979).The Bailonghu reservoir has a capacity of containing 2.2 billion cubicmeters of water and an area of 80 thousand square kilometers. The damhas been operational since 1998, eleven years after the decision toconstruct the dam (Ministry of Water Recourses and Electric Power ofPeople’s Republic of China, 1979).There are three different types of sections in the dam: solid section,overflow discharge section and turbine section. In both figure 2 and 3,these sections can be seen, with the turbine sections in the center,surrounded by discharge sections and the solid sections connected to thedam on both sides. The model on which the calculations and the analysisare conducted in the Baozhusi case is from the turbine section unlike inthe Qipei case, presented below, where a solid section is modeled.Figure 1 Map showing the Peoples Republic of China, Sichuan inred and Baozhusi highlighted (www.samsays.com).1
Björn Boberg & David HolmTRITA LWR Thesis 12:09Figure 2 Baozhusi Hydropower Station, picture taken fromdownstream (www.cryptome.org).For the hydropower extraction the dam has four large Francis turbines,each of them with a capacity of 175 MW, adding up to a total capacity of700 MW (Ministry of Water Recourses and Electric Power of People’sRepublic of China, 1979).1.1.2. Qipei hydropower projectThe Qipei hydropower project is to be constructed in the IrrawaddyRiver, which partly flows through China, but as it finds its way to theIndian Ocean it flows into the Chinese neighbor country of Myanmarwhere the dam will be located. It will be constructed 104 km upstream ofthe city Myitkyina the capital of the Kachin province in Myanmar, shownin figure 4.Despite the project being located in Myanmar, it is partly a Chineseproject. In fact the project is a coalition between China's state-ownedChina Power Investment Corporation (CPI) and Myanmar's private AsiaWorld Company (www.reuters.com).One objective for the dam is to generate electricity, which because of theorigin of the project primarily will be rerouted back to China. Thecapacity of the hydropower station will be 3400 MW. A second reason,still a very important one, is flood control (Ministry of Water Recoursesand Electric Power of People’s Republic of China, 1979).There have been two different alternatives how to construct the dam, thedifference between them is the location. Both of the suggested outlinescross the main river. The first alternative is a dam with an axis length of1200 meters and a crest elevation of 408 meters above sea level creatinga maximum height of 215 meters.2
Fem modeling of concrete gravity damsFigure 3 An aerial photo of the Baozhusi Dam and HydropowerStation (www.cryptome.org).The dam will have a non-overflow section on the western side and achannel spillway section on the eastern side (Ministry of WaterRecourses and Electric Power of People’s Republic of China, 1979).The second alternative, which is the one studied in this thesis, has a damaxis length of 1333 meters and the same crest elevation as alternativeone. This alternative consists of two dams, a main dam, 893 meters oflength has a maximum height of 201 meters and an auxiliary dam, 440meters of length which has a maximum height of 60.5 meters. Theauxiliary dam is east of the main dam. Both alternatives have a crestwidth of ten meters (Ministry of Water Recourses and Electric Power ofPeople’s Republic of China, 1979).Figure 4 Map showing Myanmar to the left and the Kachinprovince to the right with province capital and Oipei damhighlighted (www.wikimedia.org).3
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Björn Boberg & David HolmTRITA LWR Thesis 12:091.2. The purpose of the thesisThe purpose of this thesis consists in drawing, modeling and analyzing asection from the concrete dams described above in a static stateaccording to Chinese standards. The analyses are performed with theFinite Element Method (FEM). The purposes of the analyses are tocalculate the capacity of the dams regarding: Sliding stability Tension stress Compressive stress DisplacementThere are some parts of the dam and the foundation that are morevulnerable due to the hydrostatic as well as other external pressures.These parts need to be analyzed very thoroughly, and chosen with greatcare so a risk of future failure can be properly reduced.1.3. Dams in general1.3.1. Main dam typesThere are two main types of dams, embankment dams and concretedams. Embankment dams can either be rockfill or earthfill dams. Themethod of construction is similar in both cases, with just the main typeof material differentiating, an example is shown in figure 5. Embankmentdams are often very inexpensive to build, at least if material from thesurrounding environment can be used. It is sensitive to erosion andcannot support any overflow sections (Armstrong, 1988).Concrete dams are superior in constructing massive overflow dischargesections, and are therefore often used in areas where floods are common.A lot less material is used compared to an embankment dam butconcrete is usually more costly. It is also easier to connect a hydropowerstation to a concrete dam (Golze, 1977). Different concrete dams aredisplayed in figure 6.Three different height spans exsist when concrete dams are consideredand they are defined as: low dams (up to 30 meters), medium heightdams (30-90 meters) and high dams (90 meters and above). This is ameasurement of the difference in elevation between the lowestconstructed part of the dam foundation and the walkway at the damcrest (Golze, 1977).Figure 5 Embankment dam (Bergh, 2009).4
Fem modeling of concrete gravity damsFigure 6 Different types of concrete dams (Bergh, 2009).1.3.2. Concrete damsThere are different types of concrete dams based on the principal for thetransfer of the hydrostatic pressure. Gravity dams, figure 7Buttress dams, figure 8Arch dams, figure 9Figure 7 Concrete gravity dam north of Irkutsk, RussianFederation (www.hydroelecritc.energy.blogspot.com).5
Björn Boberg & David HolmTRITA LWR Thesis 12:09Gravity dams will be described in the following paragraphs. They, thedifferent types of dams exists both as independent and as combineddams due to changes in the topography or other factors in thesurroundings such as the bottom of the river or the composition of theunderlying ground.The theory behind gravity dams is that their own weight should besufficient to withstand the hydrostatic pressures affecting them. Thismeans that gravity dams are usually massive and therefore require a lotof construction material. With the amount of concrete required, this damtype may be somewhat expensive but on the other hand, it is veryversatile. Another advantage is that it can possess substantial overflowdischarge capacity (Golze, 1977).Buttress dams, shown in figure 8, are similar to gravity dams with thedistinction that they also use the gravity of the reservoir water instead ofonly the gravity of the dam itself. Because of this, the dam body does notneed to be as massive and use buttresses instead of a solid downstreampart of the dam. Being less solid on the downstream side, buttress damshave the advantage of being a lot less affected by the water uplift force(Golze, 1977).Arch dams, shown in figure 9, are curved around a vertical cord to resistthe hydrostatic pressure by arching thus transferring the pressure intothe canyon walls. For this transfer to be possible and cost effective thewidth to height ratio should not exceed 5:1, although in some cases archdams has been built with a ratio as high as 10:1. Another criteria which isimportant for arch dams is the shape of the canyon, if it is symmetricalan arch dam is often very suitable. If the canyon is a little lesssymmetrical, an arch dam with influences of a gravity dam may beconstructed. If the canyon is extremely asymmetric, another dam typemay be preferred (Golze, 1977).Figure 8 One of the buttresses in the Manic-Ceng buttress dam inQuébec, Canada (www.dappolonia.com).6
Fem modeling of concrete gravity damsFigure 9 Arch dam in Zernez, Switzerland, view from side,(www.commandatastorage.googleapsis.com).2. C ONCRETE GRAVITY DAMS2.1. LoadsThere are several types of forces acting on dams, the eight that arecommonly used are listed and explained in this chapter. In figure 10 theforces acting on a gravity dam are shown: Dead weight Hydrostatic pressure from reservoir Hydrostatic pressure from tail water Internal hydrostatic pressure (uplift pressure) Sand and silt Ice Temperature EarthquakeDead weight is the gravity affecting the dam itself, since we are dealingwith compact, heavy structures this is a major factor. This is a static loadas well as the others, except for earthquake (Golze, 1977).Hydrostatic pressure from reservoir is the pressure created by theupstream water.Hydrostatic pressure from tail water affects the dam the same way asthe hydrostatic pressure caused by reservoir water does, with the onlydifference that it is the pressure from the water downstream of the dam(Golze, 1977).Internal hydrostatic pressure is what we also call uplift pressure. Thisis the pressure from the water in the foundation and in the dam bodythat will push the dam body upward, causing an enhanced risk of sliding.This is especially problematic for gravity dams since they cover a greaterarea than other types of concrete dams (Golze, 1977).Sand and silt is the load applied as an earth pressure from erodedmaterial at the upstream face of the dam. It is usually reasonably smallcompared to the hydrostatic reservoir pressure (Golze, 1977).Ice load affects the upstream face of the dam, as the surface of the waterfreezes. If the ice gets thick enough it will cause a significant load. The7
Björn Boberg & David HolmTRITA LWR Thesis 12:09load is concentrated to a small surface where the dam body is thinnest(Golze, 1977).Temperature is a concern both during the construction phase and theentire lifespan of the dam. The hardening of the concrete causes severetemperature variations that will lead to strains. Depending on where inthe world the dam is located the temperature changes may continue,during the entire lifespan of the dam, to be an important issue (Golze,1977).Earthquake is a dynamic load. This load is, unlike the other seven, veryhard to predict but is very important to consider in earthquake affectedregions (Golze, 1977).2.2. Load casesFrom the loads mentioned above it is possible to create load cases. Inthe present study we use these three load cases. Usual Unusual ExtremeA usual load case occurs often, or even all the time. For example thecombination of dead weight, sand and silt load, uplift pressure, hydraulicpressures from reservoir and tail water at a normal level.Figure 10 Forces acting on a gravity dam: 1. Dead weight, 2.Hydostatic pressure from the Reservoir, 3. Hydrostatic pressurefrom the Tailwater, 4. Internal hydrostatic pressure, 5. Sand andsilt, 6. Ice. Temperature and seismic loads are not displayed in thispicture.8
Fem modeling of concrete gravity damsAn unusual load case may be the usual case from above with added iceload and lowest possible temperature.An extreme load case could be a combination of the worst scenario inall eight load-types, including a nearby earthquake.The reason to use these load cases is to be able to estimate and calculatesafety factors, the more usual a load case is, the higher the safety factorshould be. This is just an example of how different scenarios can bepredicted, in reality these different cases are very thoroughly evaluated,with a lot of different combinations (Golze, 1977).2.3. Stability criteriaThe loads listed in chapter 2.1 will create different types of stresses in thedam body. Although every dam project is unique, problems with thesestresses will often occur in the same areas. Figure 11 shows these generalcritical areas. To create a clear overview of the figure none of the appliedloads are displayed (Golze, 1977).To evaluate shear stress in the different, carefully chosen, areas in andbelow the dam foundation, information about the friction coefficientboth in concrete, rock and between the two is needed. The cohesion inconcrete and rock is also needed. With the vertical stress, the shearstress, the friction coefficient and the cohesion a safety factor, K can becalculated. This safety factor is calculated according to Mohr-coulombfailure criterion, this criterion is Eq. 1 shown in appendix 8.2. Unstablesliding surfaces can occur in numerous places in the dam and thefoundation. Therefore it is important to single out the areas where thegreatest risk of damage exists. For example such surfaces could be cracksin the ground, where a change of rock material occurs and in variousplaces in the dam, the two most obvious of such being in the foundationplane just in the contact surface with the underlying rock and thehorizontal plane where the slope of the downstream side of the dambody starts to flatten out shown in figure 11 (China water press, 1979a).According to the Chinese standards for constructing dams the safetyfactor for a sliding surface should be 3.0 for the usual state, 2.5 for theunusual state and in the extreme state the factor must be 2.3 (Chinawater press, 1979b).Figure 11 Simple dam model showing critical areas for compressive(blue), tensile (green) and sliding (red).9
Björn Boberg & David HolmTRITA LWR Thesis 12:09When constructing a concrete gravity dam according to Chinesestandards only seven per cent of the length of the dam is allowed to beexposed to tension stresses. Tension stress is as shown in figure 11usually found in the dam heel, this area is therefore treated with extracare when conducting a stress analysis (China water press, 1979a).According to Chinese standards the compressive stress value of concreteshould be divided by three and compared to the highest value ofcompressive stress in the model for usual load case. Compressive stresscontrol is of course very important to check as well as the tension stress.It is important to get an overview of the compression situation in thefoundation but it is equally important to see the areas affected by thestresses (China water press, 1979b).According to Chinese standards, no requirements for how bigdisplacements in a concrete gravity dam can be. Compared to otherdams in China of the same magnitude displacements up to tencentimeters are not unusual but in case the model indicate higher valuesthan that further investigation about the problem should be done(Personal communication Ph. D. M.X. Zhong 2010).3. FEM ANALYSIS PROCESSFEM means Finite Element Method and it is a way of turning real lifeobjects, such as a dam construction, to a computable model. In theFEM the object is divided into smaller elements which are calculatedseparately, preferably by a computer. It is the density and shapes of theseelements that determines the accuracy of the FEM-model.There is one very important issue we need to understand about makingmodels, not just FEM models but models in general. From advancedmathematical models to simple models made of for example clay, theyare still just models. Models can be more or less accurate, but they willnever behave exactly as reality would.3.1. FEM modeling of concrete gravity dams3.1.1. Modeling the damThe four types of controls listed in chapter 1.3 are of course somethingwe need to consider when creating the FEM-models. Knowing what tolook for helps a lot to make the model as accurate as possible. Sliding stability Tension stress Compressive stress DisplacementSliding stability; To make sure the calculations are accurate, theelement standards, described later in this chapter, will be consideredwhen creating elements inside and around the critical areas, especiallyclose to the dam foundation and in the batter (Zhang et al., 2001).Tension stress often occurs, in the region around the dam heel,therefore we put extra care in forming the elements in this region. Inaddition to this we make the elements smaller the clo
Dictionary Batter. an optional sloped extension at the dam heel. Dam heel: the most upstream part of the dam foundation Dam toe: the most downstream part of the dam foundation Discharge section: a part of the dam where the spillway is located Overflow: a discharge section over the crest of the dam.
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CRANES (Jib length 60 m) - Nordic Crane 


Luffing the jib 30' can be controlled from crane cab or by remote control. Crane can be driven in its erected postion under special conditions (refer user guide). Crane specification FEM 1.001 Max. load FEM 1.001 FEM 1.001 FEM 1.001 10,0 tonne (Jib length 60 m) Max.radius with max. load 13,2 m Max. capacity 132tm Max. jib length 60 m
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Introduction to Quantum Gravity I 


An indirect way of observing quantum gravity e ects is via the gauge / gravity corre-spondence, which relates quantum eld theories and quantum gravity. 1.3 Approaches to quantum gravity List of the largest existing research programmes. Semiclassical gravity Energy-momentum-t
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Energy Statistics Manual - University of California, Berkeley 


Moreover, specific gravity is often quoted as a percentage, e.g. a specific gravity of 0.89 is shown as 89. The term API gravity(a standard adopted by the American Petroleum Institute) is commonly used to express the specific gravity of petroleum. Nota bene:API gravity is defined as: ( 141.5 / 60o specific gravity at 60o F ) – 131.5.
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400 Hc & 500 Hc Series Gravity & Vacuum/Gravity Steam Sterilizers for ... 


422HC Gravity Steam 433HC Gravity and Vacuum Steam 500HC Series 21'' (532 mm) x 21'' (532 mm) x 38'' (965 mm), 9.7 Cu Ft (275 L) 522HC Gravity Steam 533HC Gravity and Vacuum Steam DOOR SELECTION Manual Power (400 Series Double Door, Special Order) SINGLE DOOR MOUNTING Recessed Cabinet DOUBLE DOOR MOUNTING Cabinet, recessed one end
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Chapter 3. Concrete Gravity Dams - FALMATASABA 


3.2 Types of Concrete Gravity Dams 3.2.1 Conventional Concrete Dams (CC Dams) These are dams constructed with Mass concrete Mass Concrete is any volume of concrete with dimensions large enough to require that measures be taken to cope with generation of heat from hydration of the cement and attendant volume change to minimizing cracking.
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Spectral modal modeling by FEM of reinforced concrete framed buildings ... 


concrete framed buildings irregular in elevation subjected to a seismic excitation by the FEM. To find the displacements, two dynamic calculation methods were used: the method of modal analysis and the method of spectral modal analysis. The numerical modeling of these irregular frames represents the originality of this study compared to the work
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Concrete Beam Design Concrete - Texas A&M University 


Concrete Beams 9 Lecture 21 Elements of Architectural Structures ARCH 614 S2007abn Reinforced Concrete - stress/strain Concrete Beams 10 Lecture 21 Elements of Architectural Structures ARCH 614 S2007abn Reinforced Concrete Analysis for stress calculations steel is transformed to concrete concrete is in compression above n.a. and
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Life Cycle Impact Results 3 About Redi-Mix Concrete - NSF International 


Redi-Mix Concrete, LLC 10K11521 . While EPDs can be used to compare concrete mixtures, the data cannot be used to compare between construction products or concrete mixtures used in different concrete products unless the data is integrated into a comprehensive LCA. For example, precast concrete, concrete masonry units and site cast concrete all .
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3) You can also hire a lawyer for ongoing representation. Rocket Lawyer On Call attorneys generally offer Rocket Lawyer members 40% off their normal rate. Alternatively, you can speak to your Rocket Lawyer customer representative or call us at (877) 881-0947. We'll contact you within one business day and connect you to a local lawyer.
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Gorilla exceptions and the ethically apathetic corporate lawyer

Here, Dare sees the lawyer as the instrument of the institution of law. Postema disagrees: 'The lawyer must recognise that the institution acts only through the voluntary activities of the lawyer and client. The lawyer is not the instrument of the institution, rather the institution is the instrument of the client and the client engages the .
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ALABAMA Alabama Legal Help Alabama Lawyer Referral Service How Does the .

The Lawyer Referral Service does not have free attorneys. How Does the Lawyer Referral Service Work? When you call the Lawyer Referral Service's toll free number (1-800-392-5660) you will be asked to briefly state your problem. All information will be held in the strictest confidence. After listening to your problem, the Lawyer Referral .
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TEXAS DISCIPLINARY RULES OF PROFESSIONAL CONDUCT VII .

the lawyer’s letterhead, business cards, office sign, fee contracts, and with the lawyer’s signature on pleadings and other legal documents. (f) A lawyer shall not use a firm name, letterhead, or other professional designation that violates Rule 7.02(a). Comment 1. A lawyer or law firm may not practice law using a name that is misleading as .File Size: 137KB
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RISK MANAGEMENT FOR LEGAL SUPPORT STAFF

A lawyer’s letterhead or a business card may include the name of a non-lawyer assistant if the assistant’s ca-pacity is clearly indicated and the document is otherwise neither false nor misleading. 10. A lawyer may use a non-lawyer, non-employee f
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Hiring and Working with an Attorney

questions and how well the lawyer listens to you. You also want to pay attention to how easy it is to understand the lawyer's explanation of your legal problem, and how you feel about the lawyer's abilities. During the interview, you may ask questions about the lawyer's background, qualifi-cations and experience, such as:
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A Guide to Setting Up and Using Your Lawyer Trust Account

The ethical obligations for those who set up lawyer trust accounts are rooted in the principle that a lawyer who holds funds of a client or third person in trust, even for a . those assets from the lawyer's personal and business assets. Oregon Rules of Professional Conduct (ORPC) 1.15-1 and ORPC 1.15-2 set forth the ethical duties and
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Ethics and the Virtual Practice of Law

An office or a law firm may be "virtual," but the lawyer is in a specific location. Must the lawyer be licensed to practice in the jurisdiction where the lawyer is physically located? Must the lawyer be licensed in the jurisdiction where the client and the client's matter is located? 8. E THICS & V IRTUAL P RACTICE Relevant Ethics Rules .
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Enron and the Corporate Lawyer: A Primer on Legal and Ethical Issues

144 The Business Lawyer; Vol. 58, November 2002 responsibilities when the lawyer learns, or has reason to know, that officers or other agents of the lawyer's corporate client are engaged in conduct that violates the law or their fiduciary duty to the corporation and is likely to result in harm
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