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SUMMARY 
 
In conjunction with the U.S.–Japan Cooperative Research Program on Composite and Hybrid Structures, 
studies on the seismic behavior of a steel moment resisting frame (MRF) with concrete filled steel tubular 
(CFT) columns are being conducted at the ATLSS Engineering Research Center, located at Lehigh 
University. The objectives of these studies are to investigate the seismic performance of this type of frame, 
to evaluate existing design criteria, and to calibrate analytical models developed as part of the studies. 
 
The test structure is a three-fifths scale model of a prototype MRF extracted from a four-story building. 
The CFT columns consist of steel tubes (552 MPa yield strength) filled with concrete (55 MPa 
compressive strength). The beams are A992 steel wide-flange sections (345 MPa yield strength). The 
moment connections between the beams and the column are split-tee connections, where the tee-stem is 
fillet welded to the beam flange and the tee-flanges are post-tensioned to the CFT column using high-
strength rods. Several verification studies conducted to ensure that the test structure behavior is 
representative of the behavior of the prototype frame are presented here. 
 
From time-history analyses performed on a model of the prototype frame, representative displacement 
histories have been determined, each one representing increasing levels of seismic hazard. These hazards 
include the Design Basis Earthquake (DBE) and the Maximum Considered Earthquake (MCE). These 
displacements histories are used to quasi-statically apply displacements to the test structure, under which 
its state is assessed before, during, and after each hazard level history is applied. 
 
According to analytical simulations performed of the test structure, under the DBE level, member and 
connection deformations are not large enough to cause strength degradation. Under the MCE level, more 
damage is expected, including local buckling of beams and columns, but collapse is not anticipated. 
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INTRODUCTION 
 
The use of composite steel-concrete construction has proven very efficient to resist wind and gravity 
loads. This type of construction makes use of the best characteristics of each material, combining the 
speed of construction, strength, long-span capability, and light weight of steel with the inherent stiffness, 
damping, and economy of concrete, resulting in an efficient structure. One particular form of composite 
member is a concrete filled tube (CFT). In a CFT, the tube replaces the formwork during construction, and 
confines the concrete infill during service, while the concrete infill restrains the local buckling of the steel 
tube, reducing the construction costs as well as the amount of transverse and longitudinal reinforcement 
required. In addition, the concrete infill enhances the fire resistance of the CFT column by acting as a heat 
sink (Shakir-Khalil [1]). Moment resisting frames (MRFs) composed of CFT columns combined with 
wide flange steel beams (CFT-MRF) are one form of composite construction. This system provides a 
lightweight and ductile frame with the added stiffness of composite columns to control lateral drift. 
 
Previous research has investigated the behavior of the different elements that compose a CFT-MRF, 
including columns, beams, connections, and panel zones. All of these studies indicate that CFT members 
can be expected to behave satisfactorily when used as part of a lateral load resisting system designed to 
withstand seismic excitations. Due to the increasing interest in the use of this type of frame, design codes 
and specifications have been developed for CFT elements, as well as for buildings with CFT components. 
However, there is currently a lack of experimental and analytical data on the behavior of complete 
structural systems with CFT members, hence, an expected behavior is assumed in order to design the 
building, based on the knowledge of steel or reinforced concrete structural behavior.  
 
Testing has been conducted on one-story, one-bay CFT column frames in Japan (Kawaguchi et al. [2]). 
The ten specimens tested included column width-to-thickness (b/t) ratios of 21, 39, and 54, and levels of 
axial load on the columns of 15, 30, and 50 percent of No, where No is defined in Eq. (1) as: 
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In Eq. (1), Fy and As are the yield stress and area of the steel tube, and f’c and Ac are the compressive 
strength and area of the concrete infill. The beam was welded to the columns with through-type 
diaphragms, which had holes to allow concrete placement, and was designed to remain elastic throughout 
the test. The specimens were subjected to a cyclic displacement history. This study concluded that the 
frames tested showed consistently better hysteretic characteristics than a similar steel frame. The local 
buckling at the base of the columns was the principal cause for strength degradation. The beam remained 
elastic and the panel zones suffered only minor yielding. More recently, pseudo-dynamic tests on a full-
scale composite frame were performed in Taiwan (Tsai et al. [3]). The frame was composed of a 
concentrically braced frame with buckling restrained braces. Previous large-scale tests of multi-bay, 
multiple floor CFT-MRF structures are non-existent. The evident need for a better understanding of CFT-
MRFs motivated the development of analytical and experimental studies on the seismic behavior of these 
systems that is reported herein. In this study, accurate models of components of CFT-MRFs and 
procedures for modeling CFT-MRF systems for nonlinear time-history analysis were obtained from the 
analytical investigations, and are briefly discussed here. This paper also presents the details of the ongoing 
experimental studies on a CFT-MRF test specimen as part of the U.S.-Japan Cooperative Research 
Program in Composite and Hybrid Structures. 
 
 
 



TEST FRAME DEVELOPMENT AND DESCRIPTION 
 
To arrive at a test structure, the approach taken required the design of a prototype building according to 
current U.S. specifications (International [4]). One of the MRFs of this building was selected as a 
prototype frame and analyzed using the models developed and calibrated in the analytical phase of the 
study. The analysis results were then used to evaluate the performance of the frame and its suitability to be 
experimentally studied. If modifications were required, they were carried out and the evaluation process 
repeated. The details of the analytical studies are presented elsewhere (Herrera et al. [5]). Once the final 
design was achieved, a sub assemblage of the prototype frame was selected as the test structure, which 
included several floors and multiple bays. Limitations on the height of the laboratory constrained the test 
structure to have three to four floors, depending on the scale factor chosen. The scaled column, beam and 
connection sizes were selected, trying to maintain similitude on stiffness, strength, and slenderness 
parameters between the prototype and the test frame. 
 
The floor plan of the prototype building is shown in Figure 1. The initial prototype building had six floors 
and was fixed at the base of the first floor columns. The analyses of a frame of the prototype building 
showed that the fixed base condition resulted in unrealistically large plastic rotation demands at the base 
of each ground floor column. Therefore, a basement level was added to consider base conditions closer to 
the actual conditions in a prototype structure. Additionally, the combined effect of gravity load and 
overturning on the axial force in the columns was studied using a collapse mechanism of the frame, where 
plastic hinges develop at the beam ends and at the base of the first floor columns. To calculate the column 
axial load at each floor, the maximum shear expected to develop on the beams was combined with the 
column axial load due to dead loads. The maximum shear developed on the beams was calculated 
considering that the maximum expected plastic moment occurred at the plastic hinge locations. This 
procedure was carried out for both the prototype and the test frame. The test frame column axial forces 
were compared to scaled axial forces from the prototype. The difference, caused by the absence of the 
upper floors and the lighter dead load on the test frame due to the absence of the slab, was considered too 
large. Based on these findings, the prototype building was modified to include only four floors above 
ground (to minimize the difference in the axial forces due to overturning). An elevation of the final 
configuration of the prototype frame is shown in Figure 2(a). 
 

 

Figure 1: Prototype building floor plan. 

 



The moment connections consisted of split tees, fillet welded to the beam flanges and post-tensioned to 
the column (see Figure 2(b)) 
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Figure 2: Prototype frame. 

 
The test frame consisted of a three-fifths scale model of two bays of the prototype frame, including one 
interior and two exterior columns. All of the columns were made of high-strength square steel tubes 
(nominal yield strength 552 MPa) filled with high strength concrete (compressive strength 55 MPa). The 
beams and tees were made out of A992 steel (nominal yield strength 345 MPa). A summary of the 
measured properties of the steel tubes and beams is shown in Table 1. The test frame beam and column 
sizes are shown in Figure 3. Bay spacing and floor heights (top-of-steel dimensions) are indicated. A 
partial basement level is included to simulate the effect of the basement level on the prototype.  

Table 1: Measured beam, tee and steel tube properties 

Section - Location Use in Frame Fy 

(MPa) 
Fys 

(MPa) 
Fu 

(MPa) 

W18 X 143 - Flange Tee - 1st Floor 328.9 312.3 464.7 

W18 X 143 - Web Tee - 1st Floor 378.5 349.6 477.1 

W18 X 130 - Flange Tee - 2nd Floor 343.4 321.3 496.4 

W18 X 130 - Web Tee - 2nd Floor 389.6 366.1 496.4 

W16 X 100 - Flange Tee - 3rd Floor 342.7 324.1 499.9 

W16 X 100 - Web Tee - 3rd Floor 383.3 357.8 486.8 

W18 X 71 - Flange Tee - 4th Floor 320.6 299.2 475.7 

W18 X 71 - Web Tee - 4th Floor 378.5 357.1 484.7 

W18 X 46 - Flange Beam - 1st Floor 370.9 346.8 495.0 

W18 X 46 - Web Beam - 1st Floor 386.1 363.4 499.2 

W16 X 40 - Flange Beam - 2nd Floor 333.0 311.0 457.1 

W16 X 40 - Web Beam - 2nd Floor 392.3 365.4 488.1 

W16 X 31 - Flange Beam - 3rd Floor 324.7 299.2 448.8 

W16 X 31 - Web Beam - 3rd Floor 362.0 326.8 465.4 

W12 X 22 - Flange Beam - 4th Floor 335.1 305.4 435.1 

W12 X 22 - Web Beam - 4th Floor 370.9 335.1 448.8 

HSS 305 X 305 X 9.5 Columns 559.2 523.3 646.7 

Note: Fy = Stress at 0.2% Offset Strain, Fys = Static Yield Stress, Fu = Ultimate Strength 

(b(a
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Figure 3: Test frame. 

 
Modeling details 
The computer program DRAIN-2DX (Prakash et al. [6]) was used to develop a model of a perimeter MRF 
of the prototype building with material and geometric non-linearities. Fiber models were used to model the 
inelastic regions of the CFT columns and WF beams, which considered the use of a special steel fiber that 
allowed modeling of post-buckling strength degradation (Herrera et al. [7]). The fiber element model was 
calibrated to experimental data from component tests (Fujimoto et al. [8], Varma et al. [9]). The steel and 
concrete stress-strain curves for the CFT were obtained using a nonlinear continuum finite element model 
developed using concepts formulated by Varma et al. [9]. This model considered the effects of local 
buckling in the steel tube, as well as cracking and confinement of the concrete. Preliminary analysis 
results showed that the plastic deformation in the columns was concentrated at the base of the first floor 
columns, therefore, only a segment at the base of each first floor column was required to be modeled using 
the specialized steel fibers, as shown in Figure 4. 
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Figure 4: Column base model detail. 

 
These fibers were also used to model the local buckling behavior of the wide flange (WF) steel beams in 
their plastic hinges. The beams were modeled using a fiber model (see Figure 5). A fiber element without 
local buckling modeling capabilities, but including the area of the tee stems, was used to model the region 
between the plastic hinge and the connection, and an elastic beam element was used to model the beam 
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between the two plastic hinges. The steel fibers with local buckling were then used to model the WF beam 
plastic hinge regions. The stress-strain curves for the WF beam fibers were determined using calibrated 
experimental curves, in terms of a generalized slenderness ratio (Muhummud [10]). The center of the 
plastic hinge was estimated as one-third of the depth of the beam from the end of the tee stem, based on 
experimental observation from connection tests performed by Peng et al. [11]. The panel zones and beam-
to-column split tee moment connections were modeled using inelastic springs (see Figure 5) calibrated to 
experimental data from previous U.S.-Japan studies by Peng et al. [11] and Koester [12], respectively. 
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Figure 5: Beam-column joint model detail. 

 
Second-order effects were considered through the geometric stiffness of the elements, based on the 
transverse displacement of the element chord. Several calibration analyses showed that this is the 
dominant second-order effect. P-delta effects caused by the interaction of the perimeter MRF with the 
interior gravity frames were accounted for by using a leaning column as shown in Figure 6. This column 
had the geometric properties and axial load at each floor level corresponding to the sum of the gravity 
columns that were tributary to the perimeter MRF. The gravity load was applied to the girders and 
columns using the load pattern shown in Figure 6 at each floor. The model considered the mass of the 
structure lumped at each floor level on the leaning column, which was rigidly connected to the beams to 
simulate the effect of a rigid diaphragm. No consideration was introduced to model the effects of in-plane 
torsion of the building on the demand imposed on the frame. 
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Figure 6: Prototype frame model. 

The test frame model had the same features of the prototype model, except that it did not include a leaning 
column and the gravity load was smaller. The testing methodology discussed later ensures that the 
displacements applied to the test structure will include the P-∆ effects of the leaning column on the 
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prototype frame; therefore, its absence on the test frame model and on the test structure will not affect the 
results. 
 
Verification studies 
Several verification studies were carried out to ensure that the test frame was an appropriately scaled 
version of the prototype frame. The first evaluation involved the comparison of the elastic dynamic 
properties of both frames. In order to compare the two frames, an adequate value of the floor mass needed 
to be assigned to each floor for the test frame. First, the mass of the prototype frame had to be scaled 
properly for dimensional consistency. Then, considering that the inertia forces are transferred from the 
slab through the girders into the frame and that the test frame has only two of the four bays, half of the 
scaled mass was initially selected as an appropriate value. This value was slightly adjusted in an attempt 
to match the first two natural periods of the prototype structure. The final mass assigned (analytically) to 
the test frame corresponded to 51.4 percent of the total scaled floor mass. Table 2 shows the difference 
obtained between the scaled natural periods of the prototype and the test structure. It can be seen that the 
periods of the first and second modes closely agree. The differences can be attributed to the difficulty of 
scaling the beams exactly due to the limited available section sizes, discrepancies in the base flexibility 
between the two models, as well as the effect of the leaning column. 

Table 2: Prototype vs. test frame elastic natural period comparison 

Mode Prototype Frame 
(sec) 

Scaled Prototype 
(sec) 

Test 
Frame 
(sec) 

Differenc
e 

(%) 
1 1.388 1.075 1.039 -3.3 

2 0.446 0.345 0.356 3.2 

3 0.204 0.158 0.179 13.3 

4 0.122 0.095 0.111 16.8 

 
For further comparison, the prototype frame was subjected to a static non-linear pushover analysis using 
the lateral load profile prescribed by the IBC 2000 (International [4]), and the history of displacements at 
each floor was extracted. These lateral displacement histories at each floor were then scaled and applied to 
the model of the test frame. Table 3 shows a comparison between the maximum story shear developed in 
both frames. The values under prototype represent the story shears obtained from the analysis of the model 
of the prototype frame. The values under scaled correspond to 0.36 times (the square of the scale factor) 
the 4-bay prototype frame story shears.  The values under test frame are the story shears resulting from the 
analysis of the 2-bay test frame model. Since the test frame has half the number of bays of the prototype, 
the ratio in the last column of Table 3 should be close to 50 percent. It can be seen that the shear in the test 
frame at each floor is approximately in the same proportion with respect to the scaled story shear in the 
prototype, ranging from 45 to 59 percent, and confirming that the test frame is an appropriate 
representation of the prototype. 

Table 3: Prototype vs. test frame story shears 

Story Shear Floor Story 
Drift 
(rad) 

Prototype 
(kN) 

Scaled 
(kN) 

Test Frame 
(kN) 

Test/Scaled 
(%) 

4 0.046 3363 1210 538 45 
3 0.051 5133 1846 1068 58 
2 0.054 7224 2602 1179 45 
1 0.050 8647 3113 1850 59 



 
The inelastic deformation of the different components was also studied. If the test frame were an exactly 
scaled version of the prototype frame, the inelastic deformations would be equal in both frames. A 
comparison of the plastic deformation demands for both frames is presented in Table 4. The results 
indicate that, the test and prototype frame deformations are reasonably close in value, and thus the test 
frame deformations are representative of the deformations that are seen in the prototype frame. 

Table 4: Prototype vs. test frame maximum plastic deformations 

Beam Plastic Rotation Column Plastic Rotation Panel Zone Plastic 
Deformation 

Floor 

Prototype 
(rad) 

Test Frame 
(rad) 

Prototype 
(rad) 

Test Frame 
(rad) 

Prototype 
(rad) 

Test Frame 
(rad) 

4 0.038 0.032 0.000 0.000 0.0000 0.0000 
3 0.046 0.045 0.000 0.000 0.0003 0.0000 
2 0.053 0.049 0.000 0.000 0.0005 0.0019 
1 0.056 0.054 0.039 0.045 0.003 0.005 

 
The distribution of the story shear among the columns on each floor was also studied. Table 5 shows the 
distribution of the base shear on the first floor columns of both frames. The ratios between the shear in the 
test frame and the shear of the prototype are approximately constant and close to the exact scaling factor 
for forces (36 percent), indicating that the shear distribution between the columns is maintained. 

Table 5: Distribution of shear on first floor columns 

Frame Units Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 
Prototype (kN) 1574 1893 1869 1892 1676 

Test (kN) 560 - 699 - 591 
Test/Prototype (%) 35.6 - 37.4 - 35.3 

 
A last verification study consisted of the application of the same earthquake record to both the test frame 
and the prototype frame models. For the application to the test frame model, the scaling procedure 
considered a scale factor of 1 for the acceleration values, and, consequently, a scale factor equal to the 

square root of the global scale factor of the test structure (i.e., 6.0 ) was applied to the time scale. A 
comparison of the roof displacement response of both frames is shown in Figure 7. This comparison is 
made with the test frame model analysis results scaled up to the prototype model results. It can be seen 
that the test frame captures the major features of the prototype frame response, giving equal, or slightly 
larger, peak displacements than the prototype frame. The differences in response can be attributed to the 
differences in the prototype and test frame periods for the higher modes, and to the missing effect of the 
leaning column in the test frame model. The effects of the higher modes are more pronounced when both 
frames go into the inelastic range. 
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Figure 7: Comparison of dynamic response for NRCPC record, DBE level. 

 
TESTING METHODOLOGY 

 
Four methods for the simulation of seismic loading on a structure can be identified: the Shake Table 
Testing (STT) method; the Quasi-Static (QST) method (Lee and Lu [13]); the Effective Force Testing 
(EFT) method (Dimig et al. [14]); and the Pseudo-Dynamic (PSD) method (Mahin and Shing [15]). The 
most realistic method is the STT method; however, the size of the specimens that can be tested is usually 
limited, requiring the use of a small scale that cannot always be achieved without introducing important 
differences between the prototype and the model.  The Quasi-Static method consists of slowly applying a 
predetermined history of displacements, either calculated using a refined model of the test structure or 
arbitrarily defined. This method neglects strain rate and damping effects, as well as the actual response of 
the structure, but it is very useful when careful observations are desired for comparison with analytical 
models.  The EFT method can be applied only in real-time testing. It is a force-based control procedure 
and, for systems that can be modeled as lumped-mass systems, it has the advantage that no solution of the 
equations of motion is required. The history of force signals is known a priori from the ground 
acceleration and the mass of the structure. Finally, the Pseudo-Dynamic method is a displacement-based 
control technique that requires solving the equations of motion of the structure for each time step to 
determine the next time step displacement target. It is the most widely used method, together with the 
QST. The method has been extended to both slow and real-time testing and, though it neglects damping, 
this is normally acceptable since for most structures hysteretic damping is the predominant mode of 
energy dissipation. The main disadvantage of the PSD method is its sensitivity to error, either numerical 
or from laboratory measurements. 
 
Considering all these factors, a displacement-controlled Quasi-Static method was selected to simulate 
earthquake loading conditions on the test structure. The methodology is illustrated in Figure 8. In this 
method, the displacements are calculated from nonlinear time-history analyses performed on a detailed 
model of the prototype frame. These displacements are then multiplied by the scale factor to obtain the 
displacement input for the test frame. A minimum of three levels of seismic excitation (earthquake hazard 
levels) will be applied to the test structure, including Frequent Occurrence, Design Basis, and Maximum 
Considered Earthquake (FOE, DBE, and MCE, respectively), as defined in the Commentary to the 



NEHRP Provisions (NEHRP [16]). These earthquakes will be applied sequentially in increasing order of 
hazard level. 
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Figure 8: Test methodology. 

The selection of the records to be used in the experimental program was based on the results from time-
history analyses of the prototype frame performed using 30 ground motion records (15 representing DBE 
hazard, and 15 MCE), reported elsewhere (Herrera et al. [5]). From all the records studied, the records 
selected were those that gave the closest structural response to the median story drift response for the 
ensemble of earthquake records at each earthquake hazard level. For the DBE and MCE levels, the 1994 
Northridge Canoga Park (NRCPC) station record was therefore selected. 
 
The displacement histories will be applied to the test structure by four independently acting hydraulic 
actuators. These actuators are connected to two loading beams that transfer the load to the mid-span of 
each bay of the test structure at each floor level (indicated by the loading stubs in Figure 3). Because the 
test structure has no slab, these loading beams serve the additional purpose of simulating the rigid 
diaphragm effect of the floor slab. 
 

TEST SIMULATIONS 
 
Using the model of the test frame described before, analytical simulations of the different tests were 
carried out to evaluate the expected performance of the test structure. For the simulations, the frame model 
was first subjected to the expected gravity loads (actual dead loads in the test frame), followed by the 
application of the scaled displacement history of the prototype frame when subjected to the FOE, DBE, 
and finally the MCE record, respectively. Under the FOE level, the frame remained essentially elastic, 
with only cracking of concrete occurring. When subjected to the DBE level displacement history, the 
frame developed yielding in the beams and at the base of the first floor columns, but no local buckling. 
The inelastic rotation demand on the frame for the DBE ground motion is presented in Figure 9. No 
strength degradation was observed in the beams or at the base of the first floor columns. The maximum 
column plastic rotation demand was 0.011 radians, while the maximum demand on the beams was 0.016 
radians. The results indicate that the frame performs adequately under a DBE ground motion. The results 
for the MCE level earthquake are shown in Figure 10. The same pattern of deformation is observed, but 
with increased demands. No significant strength degradation was observed and the maximum deformation 
demand was 0.037 radians for the beams and 0.034 radians for the columns. The frame survived the MCE 
without collapsing. 
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Figure 9: Plastic rotation demand from NRCPC DBE record. 
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Figure 10: Plastic rotation demand for NRCPC MCE record. 

 
INSTRUMENTATION 

 
The planned instrumentation layout for the test structure is shown in Figure 11. Inclinometers are used to 
determine the inclination of each actuator, while load cells are used to measure the load H applied by them 
and the horizontal reactions R at the ground level. Instrumented pins are used to measure the vertical 
reaction at the base of the left column and the horizontal reactions at the base of the other two columns. 
The remaining reactions can be calculated using statics. Additionally, the ground and first floor beams 
have been instrumented with calibrated full strain gage bridges to measure the axial force, shear and 
bending moment developed in those members. In Figure 11, N and M indicate the places where the 
member axial force and bending moment are being measured, respectively. These measurements will 
enable the determination of the moment-rotation response for the first floor beams, as well as the base of 
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the first floor columns, which are the locations where the most demand is expected. Horizontal 
displacements at each floor level are also measured at the midpoints of the beams to detect differential 
displacement between the two points at each floor due to the flexibility of the loading beams. The load L 
transferred to the left bay at each floor is measured through calibrated full bridges embedded on the 
loading beams. These measurements combined with the applied actuator load are used to calculate the 
load transferred to the right bay. These load measurements will also be used to measure any residual 
forces due to inelastic behavior of the frame during testing. 
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Figure 11: Frame Instrumentation Layout. 

 
The locations of the instruments and sensors were selected to agree with the features of the analytical 
model, because the experimental results will be used to verify and recalibrate the model, if needed. Figure 
12 shows the instrumentation to capture the deformation at the base of the first floor columns. Three 
inclinometers measuring the rotation at different sections of the column are used to estimate the plastic 
hinge rotation. Two LVDTs, one on each side of the column, measure the shortening of the column in the 
plastic hinge region. Strain gages are located on all four sides of the tube to detect yielding of the steel. 
The relation of the instrumentation to the model is clear when comparing this figure with Figure 4(b), 
where the rotation meters are located on the edges of the expected plastic hinge region. 
 

 

Figure 12: First floor column base instrumentation layout. 
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The same comparison can be made between Figure 13, showing the instrumentation at the beam column 
joint and Figure 5, where the two exterior rotation meters are located on the edges of the plastic hinge 
zone, while the inclinometer on the face of the column is used in conjunction with the one at the end of 
the split tee to capture connection deformation. The LVDTs in the joint measure the panel zone 
deformation which corresponds with the deformation of the panel zone springs in the model. The strain 
gages on the tees and the beam flanges are used to capture yielding of these members. 
 

 

Figure 13: Beam-column joint instrumentation layout. 

 
Finally, Figure 14 shows the instrumentation to measure the displacements at the base of the columns due 
to the tolerances in the diameter of the pin and the diameter of the clevis hole. These displacements, 
together with the displacements recorded at each floor will later be applied to the analytical model to 
reproduce the test and compare the analytical model to the test results. 
 

 
Figure 14: Column base instrumentation layout. 

 
SUMMARY AND CONCLUSIONS 

 
A prototype frame was designed according to current U.S. seismic design specifications. The design of 
this frame was adjusted based on an analytical evaluation of its performance under earthquake loading 
conditions. Based on the final prototype frame design, an appropriate configuration was selected for the 
test frame to be used in the experimental studies. According to analytical simulations, the test frame will 
reproduce closely the behavior of the prototype frame when subjected to simulated earthquake loading 
conditions. The frame is expected to exhibit no strength degradation under the DBE level, while 
withstanding an MCE level earthquake without collapse. Plastic hinges are expected only at the beam 
ends near the connection region, and at the base of the first floor columns. 
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Testing will be conducted using a displacement controlled quasi-static loading scheme, where the 
imposed displacements are determined in advance by subjecting a detailed model of the prototype frame 
to selected ground motion records. 
 
The instrumentation has been carefully laid out to measure the internal forces and inelastic deformations 
on the frame. The locations of the instruments have been selected to match the features of the analytical 
model. This will allow for a direct comparison of analytical and test results. The test results will be used to 
calibrate and validate the analytical model for future use in evaluation of the seismic performance of CFT-
MRFs. 
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