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6.2.2.3 Yielding of PT Steel of TW3 

The post-tensioning bars of TW3 began to yield at 1.42% first story drift and a load of 

150 kips. This was the load capacity of the wall. At the same first story drift, the plate-

confined wall was at 184 kips. This corresponds to a 22% more load capacity. It should 

be reiterated that due to the damage at the top west corner, there was loss of prestress 

which delayed yielding of the post-tensioning bars. 

 

6.2.2.4 Crushing of TW3 

TW3 failed at 2.57% first story drift and a load of 125 kips. At the same first story drift 

level, the plate-confined wall was at 196 kips. This corresponds to 57% more load 

capacity. Figure 6-5 shows TW3 at failure while Figure 6-6 shows the plate-confined 

wall at failure. The damage seen at the bottom corner of TW3 is not seen at all for the 

plate-confined wall. The failure which was experienced by the plate-confined wall was of 

a similar, sudden nature, but was in a different location. Therefore the plate-confined wall 

reached the same drift and carried a larger load without sustaining severe damage at the 

bottom corners of the first story panel, where failure occurred in TW3. However, the 

failure occurred at a similar drift level because of unanticipated damage at the top of the 

first story panel. 
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6.3 Comparison to Predictions from Closed Form Expressions 

Figure 6-7 shows the predicted monotonic behavior of the plate-confined wall compared 

to the behavior from the test. The figure indicates that the closed form expressions were 

accurate through the DEC and ELL stages. There is a substantial change in the slope of 

the plot after the 0.25% drift cycle, indicating softening. This occurs at the same load 

level as predicted analytically. The experiment showed approximately 21% more load 

capacity than the predictions. The plate-confined wall did not approach the predicted roof 

drift of 6.8%.  

 

6.3.1 Difference in Load Capacity 

The difference in load capacity results from a discrepancy in the assumed and actual yield 

stress of the PT bars. The design of the plate-confined panel and the analytical 

predictions were based on an assumed yield stress value, fpy, of 120 ksi. In reality, the 

bars yielded at a stress of 136 ksi which represents an increase of 13%. Figure 6-8 shows 

the updated predictions, including the correct yield stress for the PT bars. The 

experimental results align well with the adjusted analytical predictions in terms of 

capacity.  

Note that the greater than expected PT bar forces produced a larger compressive force 

resultant and increased the axial compressive stress and strain in the concrete panel.  
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Figure 6-1 - Base Shear vs. 1st Story Drift 
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Figure 6-2 - Base Shear vs. First Story Drift at Limit States 
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Figure 6-3 - TW3 at 1% Roof Drift 

 

 

Figure 6-4 - Plate-confined Wall at 1% Roof Drift 
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Figure 6-5 - TW3 at Failure 

 

Figure 6-6 - Plate-confined Wall at Failure 



166 

 

 

Figure 6-7 – Initial Prediction from Closed Form Analytical Expressions vs. Experimental Behavior 
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Figure 6-8 - Adjusted Prediction from Closed Form Analytical Expression vs. Experimental Behavior 
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7 Assessment of Plate-confined Panel Design Performance 

7.1 Introduction 

This chapter will discuss how the plate-confined wall panel performed experimentally as 

compared to the intended performance. Section 7.2 will explain the behaviors which 

differed greatly from the predictions by highlighting the main design assumptions which 

were violated during the test. Section 7.3 will provide a qualitative assessment of the 

panel performance.  

 

7.2 Discussion of Deviations from Closed Form Predictions 

As discussed in Chapter 2, the closed form predictions used for the panel option 

assessment and selection, and final panel design were dependent on several assumptions. 

The deviation of the actual behavior from that predicted using the closed form 

expressions was a result of these assumptions being violated. These assumptions, whether 

implicit or explicit, are reiterated and discussed in Sections 7.2.1 through 7.2.3.  

Recall that in Section 6.3.1 the effect of the difference between the nominal yield stress 

(120ksi) and the actual yield stress (136 ksi) of the PT bars was quantified. The 

correlation of the experimental results with the analytical predictions improved when the 

actual yield stress was used in the prediction. The remaining discussion focuses on why 

the failure occurred in the top east corner of the plate-confined panel, and why the 

predicted drift capacity was not achieved.  
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7.2.1 Assumption of Gap Opening Only at the Base of the First-Story Panel 

The assumption that gap opening would occur at the base of the first story panel only was 

violated during the test. Substantial gap opening was observed at the joint at the top of 

the first story panel, as evident in Figure 5-11. In Section 5.8, this gap opening and the 

effect that it had on the theoretical distribution of compression stress and strain over the 

height of the first story panel was discussed. The violation of this assumption was critical 

in developing damage at the top of the first story panel.  

 

7.2.2 Assumption of Nominal Confinement at the Top of the Panel 

The assumption that the top of the panel needed only a nominal amount of confinement 

for constructability was incorrect. Neglecting the gap opening at the top of the first story 

and underestimating the post-tensioning forces at yield resulted in an underestimate of the 

axial strain demand at the top of the first story panel. The axial strain resulting from the 

increased compressive force and the decrease in contact area between the first and second 

panels was much larger than expected. The decision to stop the end plate at 2/3 of the 

height of the panel was also critical. The in-plane transverse strain of the panel was 

expected to be small in the upper part of the panel. However, the larger axial compressive 

strains led to larger in-plane transverse tensile strains in the horizontal direction. The 

result was a large amount of spalling of the edge of the panel at the top corners of the first 



170 

 

story panel which was associated with both Damage Event 1 and the ultimate failure of 

the panel.  

The rebar cage design was inadequate as a source of confinement. The spacing of the u-

shaped bars on the ends of the longitudinal bars was too large to provide sufficient 

confinement. There was also a large amount of cover concrete left on the edges of the 

plate-confined panel, resulting in a region of completely unconfined concrete along the 

edge, where the compressive strains are the largest.  

 

7.2.3 Assumption that Panel does not Slide at the Base 

The decision to not measure lateral displacement at the base of the first story panel, based 

on prior tests by Perez et al. (2004), resulted in valuable information being lost. The panel 

appeared to slide towards the east, as shown in Figure 5-21. The sliding of the base and 

the damage in the top west corner of the plate-confined panel made it difficult to 

determine the actual behavior of the bottom corner region of the plate-confined panel.  

 

7.3 Qualitative Panel Performance 

The bottom corner regions of the plate-confined panel appeared to perform very well, 

though the early failure of the wall near the joint at the top of the first story panel, and 

construction issues made it difficult to identify the benefits of this panel design option. A 

qualitative assessment of the performance of the panel design is presented in this section. 
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7.3.1 Positive Panel Design Performance Assessment 

The most apparent indicator of the positive performance of the plate-confined panel was 

the complete lack of damage at the bottom corners. The plate-confined panel developed 

almost no damage in this critical region, as opposed to the panels tested by Perez et al. 

(2004) which, after a major seismic event, would have required total replacement due to 

extensive spalling and rebar fracture. Even the damage from a minor seismic event would 

require some repair. 

 Additionally, the increase in lateral load capacity is seen as a positive outcome. The 

contact zone at the base of the panel was smaller, resulting in a larger base moment 

capacity with a corresponding larger base shear capacity. 

 

7.3.2 Negative Panel Design Performance Assessment 

The damage to the top corners and the upper interior region of the plate-confined panel 

was undesirable. This damage was due to the under-design of the panel as discussed in 

Section 7.2. The probable design corrections would require more bolts up the height of 

the plate-confined panel. This would make the wall more difficult and expensive to 

construct.  

The material required and the preparation required to incorporate bolts, plates, ducts, and 

a rebar cage into one wall panel made construction difficult. Ensuring complete 
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consolidation of the concrete within the tight rebar cage is difficult as well. The plate-

confined wall panel as designed in this study would not readily lend itself to rapid 

production.  

 

7.3.3 Behavior as a Seismic Design System 

Due to the damage that occurred at the top west corner of the first floor panel and the 

shortening of the wall, the plate-confined system did not exhibit the self-centering 

behavior that was expected. These failures were not anticipated and not accounted for in 

the design of the plate-confined panel. However, even if the design was adequate, this 

test suggests that it is difficult to limit damage under seismic loading.  

The substantial effort required to install the plate-confined first story panel as a 

replacement panel into a damaged wall is an indicator that repairing these systems in a 

building after a seismic event is difficult.  
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8 Conclusions and Recommendations 

8.1 Summary 

The research presented herein was an effort to improve precast, post-tensioned concrete 

wall panels by investigating alternative panel designs. The work intended to improve the 

performance of the previous wall panels in two areas; lateral roof drift capacity and base 

shear capacity. A set of expressions for predicting the behavior of a precast, unbonded 

post-tensioned concrete shear wall with several different first story panel options was 

presented, based on prior work by Perez et al. (2004). The options considered were 

compared and a plate-confined panel design using steel plates with bolts through the 

thickness of the wall was selected. The experimental test setup, data acquisition and 

instrumentation and test plan for the plate-confined panel were presented.  

 

8.2 Conclusions 

The plate-confined wall panel detail did not reach the performance goal level of 6% 

lateral roof drift, though it did exceed the performance goal of 140 kips of base shear 

capacity. The following conclusions can be drawn from the study: 

 The plate-confined wall panel behaved exceptionally well regarding local damage 

resistance within the plate-confined region. 

 The damage that occurred was to the top of the first story panel, causing an 

unexpected and early failure. 
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 Gap opening at the joint between the first and second story panels led to the 

failure of the top of the first story panel from excessive compressive strains. 

 Accumulation of damage in this region caused a loss of prestress force.  

 Full confinement over the height of the first story panel edges is crucial to the 

performance of the system. 

 Constructability and cost are a major concern for the plate-confined wall panel 

system. 

 Incorporation of this system into an actual building presents an interesting 

challenge that warrants further investigation. 

 

8.3 Recommendations for Future Work 

Several future research areas were identified during this research which could be 

addressed. These recommendations for future work include: 

 An in-depth investigation into how the axial strain varies along the height of the 

panel during a test should be conducted in order to develop an improved bolt 

pattern for the confinement plates. 

 The sliding of the base of the first story panel should be addressed.  

 Modifications to the design in order to avoid damage to the top of the panel 

should be analyzed to determine if it will result in damage somewhere else in the 

panel. 
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 Effort should be expended on increasing constructability of the plate-confined 

panel. 

 An in-depth study of plate-confined wall panels within the entire structural system 

of a building should be conducted. 
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