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Tainter gate operating load cases incorporating trunnion friction are standard practice for gate 
evaluations and often times are a critical load case to consider for the performance of gate strut arms.  
The trunnion friction load cases have historically been implemented in radial gate evaluations using 
three-dimensional (3D) finite element analyses (FEA) and one of the following modeling methodologies:   
1. Free Pin Axis - External Pin Moments -No iteration - The trunnion supports are free to rotate 
about the pin axis with boundary conditions assigned in the model representing the hoist. The trunnion 
friction moment is calculated based on model reactions and assigned to the model without iterating the 
effect of wire rope / chain wrapping forces on the normal forces at the pin.   2. Free Pin Axis -Iterated 
External Pin Moments - The trunnion supports are free to rotate about the pin axis with boundary 
conditions assigned in the model representing the hoist, and the trunnion friction moment is applied as 
external moments in the model. The moment and any wire rope / chain wrapping forces are iterated 
until the moment at the pin converges with the calculated trunnion friction moment.   3. Rotationally 
Fixed Pin Axis -Iterated External Hoist Loads - The trunnion supports are rotationally fixed about the pin 
axis and hoist loads are applied as external forces in the model.  The hoist loads and any wire rope /chain 
wrapping forces are iterated until the moment generated at the trunnion pin converges with the 
calculated trunnion friction moment.    All methods likely produce similar strut demand-to-capacity
(DCR) ratios near the trunnion when performing a linear analysis with first-order effects.  However, the 
deformed shape of the gate will vary between these methods which could lead to diverging results for 
non-linear analyses that incorporates second order effects, such as performing a direct design analysis 
with P-Delta Effects.   This paper will discuss a rational approach for incorporating the direct design 
analysis methodology and will look at case studies using the modeling methods described above. Finally, 
the model results will be compared and conclusions on the adequacy of each modeling method for use in 
direct design analysis will be presented.


