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Buttress Dams 

Similar to gravity 
dams 
Center removed 
Expensive materials 
Cheap labor 
Sloped upstream 
face 

Upstream water barrier: 
Arches 
Slabs 
Massive-head buttresses 
Domes 

Buttresses 



 

Multiple Arch Buttress 



 

Dome and Buttress 



 

Massive-Head Buttress 



 

Slab and Buttress 



Vega de Tera Dam, Northwest Spain 
 

112’ high buttress dam 
completed 1957 

Winter shutdown, little 
attention to lift joints 

Failed January 10, 1959  

144 fatalities 



Vega de Tera Dam 
Buttresses cement mortared 
masonry 
 
Grouting in 1956 to control 
leakage 
 
Reservoir full in 1958 
 
Empty in October 1958 
 
In January, heavy rains filled 
reservoir 
 
17 buttresses failed in rapid 
succession 
 
Failure initiated between masonry 
and concrete on sloping portion of 
foundation  
 
Modulus of masonry = 140,000 
lb/in2 

 
Official cause of failure attributed 
to large deformations due to low 
modulus masonry 

But not much slope on u/s face! 



Gleno Dam, Italy 
164-ft high multiple arch 
 
52-foot high masonry plug 

constructed in deep central gorge 
(lime mortar instead of specified 
cement mortar) 

 
Original design called for gravity dam; 

design changed and dam built 
prior to approval 

 
Poor concrete quality 
 
Failed October 22, 1923 
 
100-foot high wave, widespread 

destruction in Dezzo River Valley 
 
356 fatalities 



Gleno Dam 
Key facts 
 
Dam survived full 

reservoir for nearly 2 
months 

 
Masonry plug survived 

nearly intact 
 
Cracking in buttresses 

followed direction of 
maximum shear 



Gleno Dam 
Official report on cause of failure 

– Continued leakage 
progressively weakened 
(leached lime mortar) 
masonry plug (dam was 
stable for over a month) 

– Plug unable to “arch” due to 
outlet 

– Plug did not extend 
downstream far enough 

– Deformation occurred 
– Buttresses and Arches unable 

to accommodate movement 

Other reports suggest alternate 
mechanisms 
– Masonry plug survived nearly 

intact 
– Sliding at base of buttresses 

(smooth surface, cleanup 
unknown, anchor bars 
inadequate) 

– Shear failure of buttresses 
(calculated shear stress 
exceeded concrete strength, 
cracks followed planes of 
maximum shear) 



Gleno Dam Failure – FE Model 
• General views of the model 

 



Gleno Dam Failure – FE Model 
• General views of the model 

 



Gleno Dam Failure – FE Model 
• Buttress is modeled with a nonlinear concrete 

material model 
• f’c = 1,500 psi 
• fcrack = 75 psi 
• Buttress contact with foundation is given a 0.9 

friction value for sliding 
• Assume 35 ft of foundation in front of buttress 

allowed to settle and eventually lose contact 
• Static water load applied as pressure loads 



Gleno Dam Failure – FE Model 
• First run done with foundation assumed to be 

sound. 
• Results indicate stability with most of the dam 

in compression 
 



Gleno Dam Failure – FE Model 
• Next a run was done simulating the onset of 

foundation settlement. 
• This was done by softening the front 35 ft of 

the foundation by 100 times 
 



Gleno Dam Failure – FE Model 
• One can observe the onset of cracks near the 

foundation 



Gleno Dam Failure – FE Model 
• The final run simulated  the settlement 

process well underway with eventual 
complete loss of contact over the front 35 ft of 
foundation 



Gleno Dam Failure – FE Model 
• One can observe a well developed cracking 

pattern with major damage to the buttress 



Gleno Dam Failure – FE Model 
• The cracking pattern orientation is indicative 

what was observed at the site after failure 



Gleno Dam Failure – FE Model 
• Finally, with complete loss of contact over the 

front 35 ft of foundation, the dam fails 
catastrophically!  



Exposure and corrosion of reinforcing steel can reduce capacity 



Hydrodynamic  
Interaction 
 
Reduced on sloping face 



 
Determination of Hydrodynamic 
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Hydrodynamic Interaction 
Different added mass in horizontal direction and vertical direction 

Can account for directly when modeling fluids in LS-DYNA 
Can use directional lumped mass in implicit codes like SAP or NIKE 
Must approximate with added mass in explicit codes not using fluid elements 

At Stony Gorge (slab and buttress):  No cross-canyon hydrodynamic interaction on flat slab 
At Bartlett (multiple arch):  Highest hydrodynamic pressures on outer arches 



Struts 
 
Some buttresses have struts 
between buttresses for lateral 
support 
 
As buttresses move in 
earthquake, load accumulates 
across dam and can overload end 
struts (push over analysis) 
 
Crushing stress in struts normally 
controls over buckling 



Condition of Struts During Initial Pulses of Saratoga 
Ground Motions 

Results by Barbara Mills-Bria using ABAQUS 



As Struts Crush, Lateral Support of Buttresses 
is Lost and Instability may Result 



Buttress Dams Vary in Thickness and 
Reinforcement from Base to Crest 



Risk Analysis of Buttress Dams 
• Refer to Reinforced 

Concrete Section of Best 
Practices 

• Depending on level of study, 
various methods can be 
used for evaluating the 
effectiveness of 
reinforcement in the 
buttresses. 
– D/C Ratios and hand 

calculations 
– Nonlinear finite element 

analysis 



Nonlinear Structural Analysis 
• The best way to estimate this type of behavior is using a nonlinear finite 

element analysis that can model cracking of the concrete and transfer of 
load to the reinforcement 

• Reclamation uses LS-DYNA for these analyses 
• See Reinforced Concrete Section 



Nonlinear Analysis Event Tree 

See pg. V-4-18 
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