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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 | - Preliminary Analysis
* Model testing (concurrent with dam design)

« Parametric study to determine significant
parameters

= Phase |l — Final Analysis

* Final dam geometry
* Final material properties



Heat loss (or gain) to water

Heat loss (or gain )to
atmosphere through dam crest

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

A\VA D

Heat loss (or gain) to
water through lower part

of upstream face
from foundation _

/ Heat loss (or gain) to

atmosphere through
downstream face

Heat loss (or gain) to
atmosphere from foundation

vA
< >
A

Solar Radiation

N

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

Heat loss (or gain) to atmosphere

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

on south side (most recent lift)

kcent liﬁ)l

Internal heat
generation

(previously placed
lifts)

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

Heat loss (or gain) to
- atmosphere on south side

(previously placed lifts)




Ana|YSis ApprOa

(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






3D Dam Geometry
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Thermal Material Properties

= Roller compacted
concrete
— Non linear internal
heat generation
(heat of hydration

from adiabatic
temperature rise)

— All other properties
linear (Cp, k, y)

* Linear (uniform)
foundation material
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Structural Material Properties
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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
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Average Data (1961 - 1990) 15th Day of Each Month
Global Horizontal (Normalized to Max)
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Simplified Analysis

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



simplified Tt | Analysis of Port .

Structural Properties
Crast length X
Crass saction length L
Crass section height H

LH
AdA,

Monthly Average Temperatures
January 750 F
Fabruary 75.2°%F
March 757 F
Aprl 771 F
May 789 °F
June 804 °F
July 804 F
August 80,8 F
Septermber 802 %
October 795 %F
hlewarm bar 774F
Decamber 758 F
Average 81 F

RCC Thermal Properties
adiabatic temperabire rise T4
Specific heat Gy,

Ceneuctivity K
Diftustty h?
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Induced strain
Long term temperature changs dT=T #T 4-T¢
Induced strain & =Crd T Kg K
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RCC Mechanical Properties

Coefficient of thermal expansion Cy 42608 1 F
Weight density W, 0.00265048 1bin®
Tansile strain capacity & 1.065E-04
Madulus of elasticity RCCE, 4 30E+08
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Mete: kf = kr= 1, if not specified on the graph







Results Status Phase Il - Stress

FCICICACINICI eI

FIFTFFFIFTTTTT

B L ks ]
[ e R i A

| ERRENAEED ]

+5




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
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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)

= 3" party material model usage

— |t 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



