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Objectives of Study

� Long term stable temperature response
� Location and behavior of contraction joints
� Potential for cracking
� Significance of material properties





Project Approach

� Phase I - Preliminary Analysis
• Model testing (concurrent with dam design)
• Parametric study to determine significant

parameters

� Phase II – Final Analysis
• Final dam geometry
• Final material properties



Heat loss (or gain) to
atmosphere through upper
surface of (most recent lift)

Heat loss (or gain) to atmosphere
through upper part of upstream face

Internal heat
generation

Solar Radiation

Heat loss (or gain )to
atmosphere through dam crest

Heat loss (or gain) to
atmosphere through
downstream face

Heat loss (or gain) to
atmosphere from foundationHeat loss (or gain) to water

from foundation

Heat loss (or gain) to
water through lower part
of upstream face

Heat loss (or gain) to atmosphere
on north side (most recent lift)

Heat loss (or gain) to
atmosphere through upper
surface of (most recent lift)

Heat loss (or gain) to atmosphere
on south side (most recent lift)

Heat loss (or gain) to atmosphere
on north side (previously placed
lifts)

Heat loss (or gain) to
atmosphere on south side
(previously placed lifts)

Internal heat
generation
(previously placed
lifts)

Internal heat
generation
(most recent lift)

Solar Radiation

Analysis Procedure



Analysis Approach
(ETL 1110-2-365)

� De-coupled thermal/stress analysis
using ABAQUS/Standard

� Combination 2D and 3D analysis
� Incremental placement of lifts
� Material nonlinearity
� Boundary conditions



2D Dam Geometry



3D Dam Geometry



Thermal Material Properties

� Roller compacted
concrete
– Non linear internal

heat generation
(heat of hydration
from adiabatic
temperature rise)

– All other properties
linear (Cp, k, γ)

� Linear (uniform)
foundation material
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Structural Material Properties

� General nonlinear
properties for RCC
– Modulus
– Shrinkage
– Creep/Aging

� Linear foundation
material
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Boundary Conditions

� Thermal analysis
– Time/temperature dependent transfer films
– Solar radiation flux
– Heat loss to foundation

� Structural analysis
– Foundation constraint
– 3D Model - contact at construction joints



Average Solar Radiation (1961-1990)
(every hour for 365 days)
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Average Data (1961 - 1990) 15th Day of Each Month
Global Horizontal (Normalized to Max)
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15th Day of 2004 Normalized to Max Temp of the Day
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Solar Radiation
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After Placement of 50 Lifts After Placement of 100 Lifts After Placement of 150 Lifts After Placement of 200 Lifts

At the End of Construction 1 year after the Construction 5 years after the Construction 10 years after the Construction

Phase I Example Results



Simplified Analysis

� Tatro & Schrader
� ACI 207.2R-95
� ETL 1110-2-542



Simplified Analysis



Results Status (Phase II) - Thermal



Results Status Phase II - Stress



Remaining Steps

� Thermal component of analysis are nearing
completion

� Stress analysis
– Construction sequence completed
– Long term cool down requires coarser mesh to

achieve adequate computational performance

� Coarse mesh mapping of thermal results is
underway – reasonable comparison is being
obtained



Mesh Mapping Methods



Analytical Management
� Management of model size

– Geometry (lift size)
– Load time step resolution

(solar radiation/daily temperature variation)
– Long duration for dam cool down (years

rather than months)

� 3rd party material model usage
– It would be more convenient to use an internal

material model in ABAQUS



Analytical Management

� Software bugs
– Debugging vendor software
– Memory management issues

(porting of software to non native platforms)

� Software limitations (and workarounds)
– Mesh mapping to reduce computational

overheads of stress analysis phase of work
– Selection of contact algorithms


