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Abstract

Dynamic loading due to earthquakes alters the stress-strain properties and strain
distribution in steel reinforcement. Past research on dynamic load effects has been under
constant strain rates, and the applicability of results to variable strain rates caused by
earthquakes is uncertain. In the study presented herein, the effect of variable strain rate
and distribution of strain along the length of steel bars were studied experimentally. The
specimens were ASTM Grade 60 with #3, #8, and #11 sizes, and the strain rates ranged
from 0.0001 to 0.1 strain per second. The analysis of data showed that the rate of change
in strain rate (second derivative of strain) is an important factor. The data also revealed
concentration of strain at higher strain rates. Based on the results new simple equations
to estimate the yield and ultimate strength of the bars were proposed and compared with
other available data.
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1 INTRODUCTION
1.1 Background

During the last three decades, research has been underway to study the strength of
reinforced concrete members particularly after the introduction of the ‘limit state design’
concept for concrete structures in design codes. The variation of material strength and
geometrical quantities that affect the strength of reinforced concrete members have been
the focus of many research studies. Although in general the reinforcing steel is
manufactured based on specific standards, variation between its target and measured
yield stress is expected. The following are sources of variation in steel yield stress: (1)
variation in the strength of material itself; (2) variation in the area of cross section of the
bar; (3) effect of the bar diameter on the properties of the bar; (4) effect of strain at which
yield is defined; (5) effect of rate of loading.

The variation in strength within a single bar is relatively small, while the in-batch
variation is slightly larger. However, the variability of samples derived from different
batches and sources may be high. This is expected since rolling practices and quality
measures vary for different manufacturers and different bar sizes.

The actual areas of reinforcing bars tend to deviate from the nominal areas due to
rolling process. The designers do not have this information readily available to them and
therefore use the nominal areas in their calculations. For this reason, this variation should
be incorporated into the strength of steel. Since 1968 the ASTM specifications have
based the yield strength on nominal area and thus incorporate this effect directly!.The
static yield strength based on nominal area seems to be desirable because designers use

the nominal areas in their calculations.



The data on the effect of the bar diameter on yield strength are contradictory.
Allen? and Gamble® suggested that the mean yield strength of No. 14 and No. 18 bars may
be less than that of smaller bars. This phenomenon was not present in the other test series
studied by other reaserchers*S.

Different values for the yield strength of steel can be obtained depending on how
it is defined. The ASTM standards for reinforcing bars define the yield strength as the
strength measured at a strain of 0.005. Because concrete crushes at a strain of roughly
0.35%-0.4%, the American Concrete Institute (ACI) Building Code requires that the yield
strength of bars having a specified yield strength in excess of 60 ksi (410 MN/m?) be
defined at a strain of 0.35%. An alternative method to determine the yield point is to use
the proof stress concept. In this method a line is drawn parallel to the initial (elastic)
portion of the steel stress-strain curve at a distance corresponding to the prescribed
elongation, for instance 0.2%, as used in this study. The ordinate for intersecting point of
this line with the curve will give the yield stress.

A literature review on yield strength of reinforcing bars showed that the
coefficient of variation was in general in the order of 1%-4% for individual bar sizes and
4%-7% overall for data derived from one source. When data were taken from many
sources, the coefficient of variation increased to 5%-8% for individual sizes and 8%-12%
overall’. Various standards and studies have addressed the static properties of steel
reinforcing bars. The static properties are obtained in the quasi static tests at about 10 to
10 per second rate of straining. This study investigates the stress-strain properties of
reinforcing steel subjected to quasi-static loading rates up to 0.1 strain per second because

the structures subjected to earthquake loading could generally experience this high rate of



straining. To cover a range of bar sizes generally used in practice, #3, #8, and #11

ASTM? Grade 60 bar specimens have been used in this study.

1.2 Literature Review on Strain Rate

At high strain rates, the yield stress and ultimate stress increase®”-!? and make the
structural response different from that of static loading. However, the steel modulus of
elasticity is not significantly influenced by the rate of straining®*!°, Note that the
ultimate stress is defined as the peak stress in the strain-hardening stage, and not
necessarily as the stress at failure. A literature review of the effects of high strain rates
on the properties of steel reinforcing bars has revealed that steel with lower yield strength
is more sensitive to strain rate variation than steel with higher strength®-13.

Previous tests have indicated a logarithmic increase in the yield and ultimate
strength of reinforcing steel with increasing strain rates®'4. Soroushian and Choil
proposed the following equations for the dynamic to static ratios of the upper yield and

ultimate stress for steel, based on regression analysis of the reported data by other

researchers®!1-16:17.18 .
£=(—6 83x10™° £, +1.72) + (~1.37x10™ /. +0.144)log & (1)
TG . , +L . y TU. g1
y
j: L= (<7.71x107 £, +1.15)+ (—2.44x107 £, +0.04969)log £,, )

where f,, f, = static and dynamic yield strength of steel (ksi), respectively;

f.» f. =static and dynamic ultimate strength of steel (ksi), respectively, and

u

¢ 1is the strain per second



If f, and f, are in MPa, the above equations will be as follows:

=

Y = (=9.90x107 £, +1.72) +(=1.99x107" £, +0.144)log &, (1-1)

-

L= (=1.12x1077 f, +1.15)+(-0.35x107" £, +0.04969) log &, (2-1)

u

Malvar and Crawford!? obtained the following equation for the dynamic to static stress
ratios by regression analysis of experimental data reported in the literature!!:!”-22 for both

yield and ultimate stress:

.

AT 3)

J,

For the yield stress, & =, , where a, =0.074 - 0.040%

J

and for the ultimate stress , & = a;,, where «; =0.019 - 0.0096—6

(If f, is in MPa, the 60 ksi denominator should be replaced by 414 MPa)

Kulkarni and Shah?® analyzed the reported data®2*2%and suggested the following

equations for the dynamic to static yield stress ratios:

For 310 MPa (44.9 ksi) steel: % = 0.0328Ln(i) +0.9873 5)
X &

For 520 MPa (73.4 ksi) steel: % = 0.0124Ln(8—_) +0.9832 (6)
) é

where £’ and ¢ are dynamic and static strain rates respectively.
The above mentioned studies and proposed equations have focused on mechanical

properties of reinforcing steel under constant strain rates. The steel properties under



variable strain rates, however, are unknown and need to be studied. The primary purpose
of the study presented in this article was to determine the effect of variable strain rate on
the characteristics of the stress strain relation for steel reinforcing bars. The study was
triggered by the lack of data and procedures to account for variable strain rates
experienced by reinforced concrete structure during earthquakes.
1.3 Objectives and Scope

This study is a contribution to the existing knowledge of mechanical properties of
reinforcing steel subjected to strain rates expected in an earthquake event. Most of the
reported data are based on monotonic constant strain rate tests, whereas seismic
excitations put the structure under variable strain rates. Knowledge of dynamic
mechanical properties of steel is of significant importance in the numerical analysis of
reinforced concrete structures subjected to seismic loads. The primary objective of this
research was to study the effect of strain rate on the stress-strain properties of reinforcing
bars. The effect of strain rate up to 0.1 strain per second on yield and ultimate stress of
#3, #8, and #11 bars was investigated. The results of this study are useful to engineers to
help understand the behavior of reinforced concrete members under dynamic loads and to
help form a basis for more realistic future seismic design practices.
2 TEST SPECIMENS
2.1 Introduction

To investigate the effect of strain rate on the reinforcing steel response to tensile
loads, #3, #8, and #11 ASTM Grade 60 bar specimens have been used in this study. The
objective was to investigate the strain rate effect on a range of the most common used bar

sizes in practice. The ASTM Grade 60 bar specimens were used for all the bar sizes



because this is the mostly used steel grade in reinforced concrete construction. A typical
stress-strain curve for ASTM A615 Grade 60 steel obtained from steel bars loaded
monotonically in tension at quasi static rate is shown in Figure 1. The curve exhibits an
initial linear elastic portion followed by a yield plateau, i.e. a horizontal portion of the
curve where strain continues to increase at constant stress. High —strength bars generally
do not have a well-defined yield plateau. However, Grade 60 bars normally have much
shorter plateau as compared to Grade 40 steel. With further strains, the stress begins to
increase again, though at a slower rate, a process that is known as strain hardening. The
curve flattens out when the tensile strength is reached. It then turns down until fracture
occurs. Sometimes yielding starts with a high stress level (upper yield) followed by an
abrupt decrease in stress (lower yield), which remains for a while before strain hardening
portion. At the end of strain hardening portion, all locations in the bar still have the same
strain. This strain, called ultimate strain, is the one which characterizes the bar’s energy
dissipation potential in numerical analysis. Beyond this point, necking at one location
takes place, while the rest of the bar remains with the same strain or unloads elastically.
A minimum percent elongation is mostly specified in various standards. ASTM A615!
requires a minimum percent elongation of 9% in 8 inches (200 mm) for small bars (#3 to
#6), 8% for #7 and #8 bars, and 7% for large bars (#9 to #18).
2.2 Test Specimens

Tensile tests were conducted on #3, #8, and #11 ASTM Grade 60 bar specimens.
Bar specimens were 508 mm (20 in.) long. They were tested using a MTS servo-
controlled machine, which was programmed to apply constant and variable strain rates.

2.3 Instrumentation



2.3.1 Introduction

The basic instrumentation consisted of strain gages and laser to measure the bar
specimen elongation.
2.3.2 Data Acquisition System

Data were collected from the tensile tests using a National Instrument control
unit. This system had a maximum sampling rate of 2Hz. Analog filters were set up at 4
Hz. Analog output was available for on-line monitoring or control of any selected input
parameter. Strain gages and laser were connected to the acquisition system terminals.
2.3.3 Strain Gages

Each specimen was instrumented with three strain gages at three equally spaced
locations along the specimen. Strain gages used were the post yield YF-series provided
by Texas Measurements Inc?’.. The specific type that was used is the YFLA-2. They had
large strain measurement capacity, which could reach up to 200,000 micro-strains at
room temperature. The YFLA-2 strain gage has a small backing size that enabled their
adhesion to small surfaces. The backing length of the strain gages is 0.295 in (7.49 mm)
and the backing width of 0.157 in (3.99 mm). The CN-Y compatible adhesive was used
to fix the strain gages on the bars.
2.3.4 Laser Device

A Laser device was also used to measure bar elongation over a nominally 254 mm
(10 in.) gage length. The laser extensometer had a measurement range of 0.2 in (5.08
mm) up to 5.0 in (127 mm). It had a resolution of 0.0001 inches (0.00254 mm). It
measured bar elongation by scanning the specimen and detecting the location of

reflective tape markings. As the marks move during the test, the laser tracks and records



their exact position. The manufacturer of the laser extensometer used is Mechanical
Testing and Simulation (MTS) and the type used is LX 500.
2.4  Test Procedure

All tests were done at the Structural Laboratory at University of Nevada, Reno
(UNR). The bar specimens were placed vertically and were held in position with steel
grips. Tensile loads were then applied, monitored, and recorded up until failure of
specimen. The applied force and the bar elongation were recorded by the testing machine.
The elongation of the bars was also monitored by the strain gages and laser readings. The
testing machine was programmed to apply pre-selected strain rate histories. The actual
strain rates were also calculated at intervals of 0.05 seconds using bar elongation data.
2.4.1 Constant Strain Rate Tests

Monotonic constant strain rate tests were conducted on #3 and #8 bar sizes at
different strain rates ranging from 100 to 100,000 pe/sec. Attempts were also made to test
#11 bar specimens under similar strain rates used for #3 and #8 bars. However, due to the
slippage of the bar at the end grips during the tests at high strain rates, the maximum
strain rate was limited to 15000 pe/sec for #11 bars. In fact for #11 bars, the testing
machine was not capable to apply a large enough grip force to prevent the bar specimen
from sliding simultaneous with tensile loads at moderate strain rates.
2.4.2 Variable Strain Rate Tests

Variable strain rate and cyclic load tests were performed using pre-selected strain
rate patterns. The patterns were chosen to cover a range of possible strain rates that a
reinforcing bar may experience under seismic excitations. In practice the yielding of bars

is expected to occur when the strain rate is decreasing and the maximum displacement of



the structure occurs at zero strain rate at the end of a quarter of a loading cycle. Thus to
simulate the real loading trend, a pattern of decreasing strain rates for variable and cyclic
load tests were chosen as shown in Tables 1 and 2. The specimens were tested up to
failure. As shown in Table 1, the bar tests started at a high range of strain rates up to the
point of 1500 pe. Lower range of strain rates were then applied up to the point of 3000
pe. The tests were continued to 150000 pe at the decreasing strain rates, ending with 100
pe/sec at failure. The 1500 pe and 3000 pe points were chosen as pre-yield and post-yield
representative points for the test specimens respectively. The applied strain rates were
changed linearly within the ranges shown in Table 1 for pre-yield, yield and post-yield
parts of the tests. Test under constant strain rate of 100 microstrain per second (Test No.
1) was performed to establish a benchmark for static loading rate.
2.43 Cyclic Load Tests

In cyclic load tests (Table 2), the specimens were first subjected to five
similar half-cycle loads. The tensile load applied up to 4000 pe, and then released to zero
stress point. The peak tensile strains were then increased by 2000 e in each subsequent
cycle up to the failure. In order to follow the pattern of straining and avoid buckling of
the specimen coupons, the testing machine was programmed to perform on both
displacement and force control mechanisms. The specimens were loaded at a specified
strain rate up to a pre-defined strain point, and then unloaded to the point of zero force.
The range of strain rates for the first 5 cycles were smaller than the strain rates for the
subsequent cycles as shown in Table 2. The range of strain rates from static to 0.1 per

second were chosen based on the strain rate data obtained from longitudinal bars in many



previous RC column shake table tests under different earthquake records performed at

University of Nevada, Reno (UNR) structural lab.

3 TEST RESULTS
31 Strain Rate Calculation

The testing machine was programmed to apply pre-selected strain rate histories.
The actual strain rates were also calculated at intervals of 0.05 seconds using bar
elongation data. The actual strain rates deviated from the target strain rates. The
deviation was larger at higher strain rates particularly at the starting point and before and
close to yielding, where rapid changes in strain rates were observed. This was because the
bar experienced a large change in strain at the starting point and reached the yield strain
quickly under high strain rates and the testing machine was not able to adjust the strain
rates at high speeds. Therefore, the strain rate at yielding was taken as the average of the
actual strain rates between 0.5¢y to €y, calculated at 0.05 second intervals. For ultimate
stress the strain rate was taken as the average of strain rates from zero to ultimate stress.
This was due to the fact that for variable strain rate tests, the strain rate before yielding is
not an appropriate representative for ultimate strength evaluation. The reason for
including strain rates from zero stress to 0.5¢y in average strain rate calculation was the
fact that this portion of strain rate history had negligible effect on the average strain rate
calculated up to ultimate strength point.
3.2 Constant Strain Rate

The test results are summarized in Tables 3-5 for #3, #8, and #11 bars

respectively. The deviation exists between the target strain rates and the calculated strain
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rates based on the measured strains. Strain rates equal to 10 per second or smaller were
taken as static rates. This was due to the fact that there is little or no strain rate effect for
strain rates below 10 per second'!. In this study the relative strain rate is the dynamic
strain rate divided by static strain rate (i.e.10* per second). The advantage of using
relative strain rate, is that it provides a basis for comparing different reported results with
different reference static rates. In general, the yield stress and ultimate strength of
reinforcing bars increase with increasing strain rate. The yield strength is more strain rate
sensitive than the ultimate strength (see Figs.2 and 3). The amplification factors for yield
stress in bars #3 and #8 are shown in Figure 2. For each bar size the measured static yield
stress is shown in the graphs. It can be seen in Figure 1 that the yield stress enhancement
is increased as the bar size increased from #3 to #8. The increase in the ultimate stresses
for different size bars followed the same trend (Figure 3) but with lower slope.

3.3  Variable Strain Rate

Yield Stress - The test results are shown in Table 6. Figure 4 shows the yield stress
amplification factors for variable strain rate tests. In general the data points are more
scattered. The fitted line slope is comparable for #3 bar but smaller for #8 bar as
compared to constant rate test data.

Ultimate Stress - The increase in ultimate stress is shown in Figure 6. The strain rates in
this figure are the average strain rates from 0.5 gy to €y. To include the strain rate history
beyond the yield strain, the average strain rate from zero to ultimate load were also
plotted to determine the scatter is reduced (as measured by R? value). The results are

shown in Figure 7. It can be seen that for ultimate stress enhancement, the average strain
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rate which includes strain rates from zero to ultimate is a better representative for strain
rate.
34 Cyclic Load Tests
Yield Stress — The test results are shown in Table 7. The amplification in the first yield
stress versus the strain rates for bar #3 and #8 are shown in Figure 8.
Ultimate Stress The data points and the best fitted line based on the average strain rates
from zero to the ultimate stress are shown in Fig. 10. As mentioned earlier, the slope of
correlation line is smaller than for yield stress enhancement (Fig.9).
4 ANALYSIS OF TEST RESULTS
4.1 General

By carefully analyzing the data, it appeared that the second derivative of strain
with respect to time (the slope of strain rate relative to time) is an important factor that
affects the stress amplification. The yield stress enhancement was higher when the strain
rate was increasing (positive slope for strain rate) compared with the case with negative
slope in the strain rate.
4.2 Strain Rate Index

An index termed ‘Strain Rate Index’ (SRI) was introduced to account for the
effect of rate of strain rate. The index is a product of a factor “K” and the average strain
rate between half yield strain to the yield strain. The proposed SRI is:
SRI =Kg¢,, (7)

£
where:  K=(—-)"

Eosy
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£,,&s5, & €,, = strain rate at yield, at half yield, and the average strain rate between half

yield and yield, respectively.

The factor K is one when the strain rate is constant, more than one for positive rate of
strain rate and less than one for negative rate of strain rate.

4.2.1 Yield Stress in Variable Strain Rate Tests

Replacing the strain rate (Figure 4) by SRI (Figure 5), has shown a slightly better
correlation for the effect of variable strain rate on yield strength of reinforcing bars, by

slightly improving the R-squared value.

4.2.2 Yield Stress in Cyclic Load Tests
The amplification factors as a function of the SRI values are shown in Figure 9. It can be
seen that the data point scatter is reduced and a better correlation is achieved with SRI

values rather than strain rates at yielding.

4.3  Proposed Equations
Considering the influence of yield strength and bar size on the strain rate sensitivity of
the steel mechanical properties, the following expressions were derived in terms of the

ratio of dynamic yield stress ( f;) to static yield stress ( f,) as a function of relative

Strain Rate Index (SRI). The expressions were derived by analyzing the best fit line
equations and expanding them to include the effect of different types of loading and

different size bars for strain rates up to 1 per second.
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f, _SRI,

_fy —(10_4) (8)
_0.022(2105 _0.006¢">

@=0022(.5)"" ~0.006( %) (9)

8

Where: f,, f, = static and dynamic yield stress of steel (ksi), respectively;
(If f, is in MPa, the 60 ksi denominator should be replaced by 414 MPa)

¢ = the diameter of the bar and ¢, is the diameter of bar #8;

The ratio of the dynamic to the static ultimate strength is proposed as follows:

' . 2
fl‘/l gave 37
7=(—1()4)3 (10)
Where &, is the average strain rate from zero to ultimate strain

4.3.1 Verification of Proposed Equations

The proposed equations were verified using the experimental results obtained from this
study. It was found that the proposed equations estimate the increase in yield and ultimate
stresses with reasonably good agreement with the experimentally observed values. The
proposed fits for estimating yield and ultimate stresses for constant and variable and
cyclic strain rates are shown in Figs.11, 12 and 13 respectively. It was found that the
difference between estimated yield stress and the best fit line is less than 4% for all cases.
A better correlation is achieved for the cyclic strain rates (Fig. 13) as compared to

constant and variable strain rates (Figs.11 and 12).
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4.3.1.1 Comparison with Previous Test Results
The equations that are proposed in this article were compared with the test data that had
formed the basis of the existing equations discussed in previous sections. A comparison
was also made with reported data on the ultimate strength for bars with different static
yield strength. As shown in Fig. 14, a reasonable correlation exists between the data and
the proposed equations. The maximum difference between the best fit line to the reported
data and the proposed equation is less than 3%.
4.4  Localization and Propagation of Strain
Comparison between the strain gage readings at different locations of bar specimens
shows that in high rate tests, the strain was not uniformly distributed along the bar.
Localization of strain started well before peak stress was reached. Figure 15 shows the
ratio of peak strain to average strain against ratio of peak strain to yield strain for bar #3
and #8 at different strain rates. For #3 bar, at the strain rate of 0.1 strain per second, the
localization started before yielding, decreased until about 40 times the yield strain then
increased up to the failure point. For lower rate of straining, the strain localization started
after yield strain and almost linearly increased until rupture. Similar behavior was
observed for #8 bars. In general the localization of strain was higher for higher rate of
straining. On average for different bar sizes at the strain rate of 0.1 strain per second, the
ratio of peak strain to average strain at the strain equal to 30 times yield strain (about 7%
specimen elongation) was about 1.25. The ratio was approximately 1.70 at 80 times yield
strain (about 18% elongation).

Yielding initially takes place at one point in the bar. It will then propagate across

the section and then in longitudinal direction. As can be seen in Fig.15, in general the
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localization of strain is higher for small size bars (#3) as compared to larger size bars (#8)
at similar strain rates. However, larger size bars are more sensitive to the strain rate. As
shown in Fig. 15, #8 bars have larger increase in the slope of localization line from low to
high strain rates as compared to #3 bars. This is because it takes more time for yield
strain to propagate across the larger size bar cross section than for the small bars. It seems
that this delay is the cause of higher yield and ultimate stress enhancement in large size
bars.

Figure 16 shows the ruptured sections of typical bars failed under low (0.0001/sec) and
high strain rates (0.015/sec). At low rate the ruptured section is relatively smooth, while
for bars failed at high rate the section is rough with sharp edges. This shows a smoother
transverse propagation of strain at low strain rate in comparison to high strain rate
loading.

4.4.1 Discussion

The strain localization phenomenon is very important to understand the flexural behavior
of reinforced concrete elements subjected to earthquake loadings. Previous studies by
several investigators®®-? have shown that reinforced concrete members subjected to
rapidly applied loads failed in a relatively brittle manner with less cracks as compared to
members subjected to lower rate loads. An increase in concrete tensile strength and
improved bond strength by 50%?3!-* have been mentioned as the reasons for formation of
less flexural cracks and concentration of strain in steel at crack locations®®. The
improvement in bond, however, shall cause more cracks because concrete is forced to
deform with steel. The new test data presented in this article provide a plausible

explanation on the concentration of damage in members that are subjected to high strain
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rates. Figure 15 demonstrated the more localization of steel strain as strain rate increased.
It is believed that the lack of propagation of steel yield strain is the main cause for
concentration of concrete cracking in the vicinity of the point of maximum steel strain.
More experimental research work on reinforced concrete elements is required to quantify
these effects. This research also shows high sensitivity of the larger size bars to high
strain rates as compared to smaller size bars. This requires special care to be taken in
extrapolating the results of small scale RC experimental tests to the prototype models.

It shall be noted that yield strain initiation and localization may occur at any point
along bare steel, while in a reinforced concrete member, the steel yield strain and
localization most likely are initiated at a crack location.

5 SUMMARY AND CONCLUSIONS
5.1 Summary

The main objectives of this study were to determine the effects of high strain rates

on the yield and ultimate stresses and yield propagation properties of reinforcing bars.

8.9.10 and make the

At high strain rates, the yield stress and ultimate stress increase
structural response different from that of static loading. A literature review of the effects
of high strain rates on the properties of steel reinforcing bars has revealed that steel with
lower yield strength is more sensitive to strain rate variation than steel with higher
strength®!3. The previous studies have focused on mechanical properties of reinforcing
steel under constant strain rates. During earthquake loading strain rate is variable, and it
is uncertain if the above equations are applicable. The steel properties under variable

strain rates are unknown and need to be studied. The primary purpose of the study

presented in this article was to determine the effect of variable strain rate on the
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characteristics of the stress strain relation for steel reinforcing bars. The study was
triggered by the lack of data and procedures to account for variable strain rates
experienced by structures during earthquakes.

To cover a range of bar sizes generally used in practice, #3, #8, and #11 ASTM?
Grade 60 bar specimens have been used in this study. The bars were 20 in (508 mm.)
long. They were tested using a Material Testing Systems (MTS) servo-controlled
machine, which was programmed to apply constant and variable strain rates.
5.2 Conclusions
The following conclusions are drawn from the study:

1- The yield stress and ultimate strength of reinforcing bars increase with increasing
strain rate. The yield strength is more strain rate sensitive than the ultimate
strength.

2- The main factors influencing the strain rate effects are the static yield strength of
the reinforcing bar and its size.

3- The increase in yield and ultimate stress is lower for smaller size bars.

4- The yield stress amplification depends not only on the strain rate, but also on the
rate of strain rate. A new parameter, the “strain rate index,” was introduced and
incorporated in the proposed equations to account for this effect.

5- By increasing the strain rate, strain concentration (localization) will be increased.
Furthermore, the increase in localization of strain is higher for larger diameter

bars.
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6- The proposed equations in this study for steel subjected to monotonic, variable,
and cyclic loadings compare well with test results and data obtained in previous

studies.
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Table 1-Variable strain rate loading program

Test No. Strain (pe) Type of
No. of Strain Rate
Bars 0 to 1500 to 3000 to
1500 e~ 3000 pe 150000 pe
Strain Rate (pe/sec)
1 2 100 Constant
2 3 100,000 90,000 70,000 Non-Linear
to to to Variable
90,000 70,000 100
3 3 80,000 60,000 40,000
to to to
60,000 40,000 100
4 3 50,000 40,000 20,000
to to to
40,000 20,000 100
5 3 30,000 10,000 100
to 10,000 to 100
6 2 100,000 to 100 Linear
Variable

Table 2- Cyclic strain rate loading program

Test No. Strain (ug) Comments
No. of
Bars | 0--—-4000---0 2000 pe increase
(First 5 cycles)  in each cycle until
failure
Strain Rate (pe/sec) No compressive strain,
1 2 0---10,000---0 0---30,000---0 cycles start from zero to
the maximum specified
2 2 0---30,000---0 0---50,000---0 strain and then come
3 2 0---50,000---0 0---80,000---0 back to zero,
4 2 | 0--70,000--0 | 0---100,000--0 | repeatedly.
Strain rates are
52 0'"40’(,)00'"0 maximum between zero
(to failure) and maximum strain
points.
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Table 3-

Constant Stain Rate Results for # 3 Bars

Test | Target Strain | Calculated Calculated Yield Stress | Ultimate
No. | Rate.(us/sec) | Strain Rate Strain Rate Ksi (MPa) Stress

(Ave. of 0.85fy | (Ave. of Ksi (MPa)

to fy) (us/sec) | 0.50fy to fy)

(us/sec)

1.1.3 | 100 86 84 72.5 (499) 102 (703)
1.2.3 | 100 110 99 76.0 (524) 102.5 (706)
1.3.3 | 100 122 84 74.0 (510) 103.5 (713)
2.1.3 | 1,000 945 845 71.7 (494) 102.0 (703)
2.2.3 | 1,000 1,230 1838 71.2 (491) 103.0 (710)
2.3.3 | 1,000 1,223 1092 73.2 (504) 102.0 (703)
3.1.3 | 2,000 1,550 1519 75.5 (520) 102.0 (703)
3.2.3 | 2,000 1,940 1490 72.5 (499) 104.0 (717)
3.3.3 | 2,000 2,560 2194 74.6 (514) 103.9 (716)
4.1.3 | 10,000 13,870 11380 76.1 (524) 105.4 (726)
4.2.3 110,000 11,195 10500 78.0 (537) 106.6 (735)
4.3.3 110,000 6,530 7568 77.4 (533) 105.2 (725)
5.1.3 | 20,000 19,870 19355 76.6 (528) 106.0 (730)
5.2.3 | 20,000 21,000 19500 75.2 (518) 107.0 (737)
5.3.3 | 20,000 24,130 22640 74.0 (510) 106.5 (734)
6.1.3 | 30,000 31,940 30780 75.2 (518) 106.0 (730)
6.2.3 | 30.000 20,200 18932 76.0 (524) 107.0 (737)
6.3.3 | 30,000 30,990 27533 79.0 (544) 106.0 (730)
7.1.3 | 40,000 36,360 32372 80.0 (551) 105.0 (723)
7.2.3 | 40,000 47,128 39159 76.6 (528) 106.0 (730)
7.3.3 | 40,000 49,450 25950 75.0 (517) 103.8 (715)
8.1.3 | 100,000 99,380 71444 76.1 (524) 107.6 (741)
8.2.3 | 100,000 84,990 76216 79.0 (544) 105.6 (728)
8.3.3 | 100,000 85,930 71063 80.0 (551) 106.5 (734)
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Table 4-

Constant Stain Rate Results for # 8 Bars

Test No. Target Calculated | Calculated | Yield Ultimate
Strain Strain Strain Stress Stress
Rate Rate(Ave. | Rate(Ave. | ksi (MPa) | ksi(MPa)

of 0.85fy | of 0.50fy

to fy)( to fy)(

us/sec) us/sec)
1.1.8 100 70 40 61.5(424) | 100.5 (692)
1.2.8 100 20 34 64.7 (446) | 101.4 (699)
1.3.8 100 87 62 65.0 (448) | 102.5 (706)
2.1.8 1,000 570 451 65.7 (453) | 103.8 (715)
2.2.8 1,000 250 340 62.4 (430) | 103.0 (710)
2.3.8 1,000 390 326 65.5(452) | 104.0 (717)
3.1.8 2,000 1,700 1530 66.2 (456) | 103.0 (710)
3.2.8 2,000 1,800 1580 65.0 (448) | 102.2 (704)
3.3.8 2,000 2,300 534 65.0 (448) | 102.8 (708)
4.1.8 10,000 9,000 6976 68.6 (473) | 106.2 (732)
4.2.8 10,000 3,600 4270 67.8 (467) | 105.5 (727)
4.3.8 10,000 1,250 1277 65.5 (452) | 105.5 (727)
5.1.8 20,000 6,260 7380 69.5 (479) | 104.7 (721)
5.2.8 20,000 23,850 19250 67.2 (463) | 105.5 (727)
53.8 20,000 24,780 17950 69.0 (476) | 106.0 (730)
6.1.8 30.000 12,810 9530 66.7 (460) | 107.6 (741)
6.2.8 30,000 16,000 12600 64.9 (447) | 101.0 (696)
6.3.8 30,000 19,800 8940 69.0 (476) | 105.0 (723)
7.1.8 40,000 29,360 20430 70.0 (482) | 105.5 (727)
7.2.8 40,000 20,125 14937 68.0 (468) | 107.3 (739)
7.3.8 40,000 46,700 19045 68.5(452) | 104.8 (722)
8.1.8 100,000 117,100 99288 68.8 (474) | 106.2 (732)
8.2.8 100,000 69,700 36230 67.6 (466) | 106.7 (735)
8.3.8 100,000 47,865 30259 70.0 (482) | 105.2 (725)
8.4.8 100,000 84,360 64488 70.0 (482) | 107.2 (738)
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Table 5- Constant Stain Rate Results for # 11 Bars
Test | Target Strain | Calculated Calculated Yield Ultimate
No. Rate(us/sec) | Strain Rate Strain Rate Stress Stress

(Ave. of 0.85fy | (Ave. of ksi (MPa) | ksi (MPa)

to fy) (us/sec) 0.50fy to fy)

(us/sec)

1.1.11 | 100 11 16 62.0 (427) | 104.0 (717)
1.2.11 | 100 11 26 62.8 (433) | 103.3(712)
1.3.11 | 100 8 16 61.2 (422) | 102.4 (706)
2.1.11 | 500 226 150 60.0 (413) | 102.0 (703)
2.3.11 | 500 47 189 59.2 (408) | 101.5 (699)
3.1.11 | 1,000 87 189 60.0 (413) | 102.0 (703)
3.2.11 | 1,000 770 144 62.0 (427) | 105.7 (728)
3.3.11 | 1,000 70 347 60.0 (413) | 102.0 (703)
4.1.11 | 1,500 310 144 61.0 (420) | 102.8 (708)
4.2.11 | 1,500 174 345 61.5(424) | 103.0 (710)
4.3.11 | 1,500 2,590 290 63.3 (436) | 106.2 (732)
4.1.11 | 2,000 174 336 61.9 (427) | 103.8 (715)
5.2.11 | 2,000 269 629 62.8 (433) | 105.7 (728)
5.3.11 | 2,000 1,360 372 63.3 (436) | 106.2 (732)
6.1.11 | 5,000 860 993 61.0 (420) | 101.9 (702)
6.2.11 | 5,000 850 995 62.0 (427) | 102.9 (709)
6.3.11 | 5,000 820 1133 61.9 (427) | 104.3 (719)
7.1.11 | 10,000 1,000 1210 64.5 (444) | 105.0 (723)
7.2.11 | 10,000 1,350 9666 63.3 (436) | 105.0 (723)
7.3.11 | 10,000 3,400 2276 64.5 (444) | 108.6 (748)
8.1.11 | 15,000 2,350 3496 63.6 (436) | 106.8 (736)
8.2.11 | 15,000 2,900 3484 61.9 (427) | 103.8 (715)
8.3.11 | 15,000 5,840 5966 62.4 (430) | 105.5 (727)
9.1.11 | 20,000 890 1867 63.9 (440) | 104.4 (719)
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Table 6-

Variable Stain Rate Results for # 3 and # 8 Bars

Bar Test No. | Calculated Calculated Yield Ultimate
Size Strain Rate Strain Rate | Stress Stress
(Ave. of 0.85fy | (Ave. of ksi (MPa) | Ksi(MPa)
to fy)(us/sec) 0.50fy to
fy)(us/sec)

#3 V.1.1.3 | 310 77 64.5 (444) | 105.0 (723)
V.1.2.3 270 90.5 65.4 (451) 107.9 (743)
V.2.1.3 | 52600 37100 52.4 (361) | 94.7 (652)
V.223 | 95670 54700 69.0 (475) | 113.2 (780)
V233 454600 66020 67.5 (465) | 111.5(768)
V.3.1.3 81600 48260 70.5 (486) | 110.8 (763)
V.323 113960 44710 69.9 (482) 110.8 (763)
V.3.3.3 | 107500 47846 65.9 (454) | 107.0 (737)
V413 41760 24110 66.3 (457) 111.2 (766)
V423 52100 22220 66.3 (457) 111.2 (766)
V.43.3 | 31100 18865 70.7 (487) | 110.7 (763)
V.5.13 | 24760 8713 68.8 (474) | 108.6 (748)
V523 15000 1780 61.6 (424) 103.0 (710)
V.533 26900 12699 61.2 (422) 104.4 (719)
V.6.1.3 109200 58023 70.0 (482) 112.3 (774)
V.6.23 108647 38283 61.7 (425) 108.2 (745)

#8 V.1.1.8 67 46 61.2 (422) | 104.0 (717)
V.1.2.8 65 40 60.5 (417) | 101.9 (702)
V.2.1.8 60420 36900 61.6 (424) | 102.8 (708)
V.2.2.8 42529 35540 62.9 (433) | 104.5 (720)
V.2.3.8 60180 33690 63.6 (438) | 106.3 (432)
V.3.1.8 29650 19320 66.0 (455) | 106.8 (736)
V.3.2.8 | 38700 21290 60.9 (420) | 102.2 (705)
V.3.3.8 5849 29260 58.5(403) | 101.8 (701)
V.4.1.8 | 26052 9070 63.4 (437) | 106.2 (432)
V.4.28 18280 8700 63.0 (434) | 107.3 (739)
V.4.3.8 16088 9060 64.2 (442) | 106.0 (730)
V.5.1.8 6920 3500 60.0 (413) | 102.2 (705)
V.5.2.8 7000 5140 63.9 (440) | 104.8 (722)
V.5.3.8 5778 8630 64.9 (447) 104.9 (723)
V.6.1.8 74790 56150 61.8 (426) | 105.2 (725)
V.6.2.8 |3532 46880 65.2 (449) | 108.0 (744)
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Table 7- Cyclic Test Stain Rate Results for # 3 and # 8 Bars

Bar Test No. | Calculated Calculated Yield Ultimate
Size Strain Rate Strain Rate | Stress Stress
(Ave. of 0.85fy | (Ave. of ksi (MPa) | Ksi(MPa)
to fy)(us/sec) 0.50fy to
fy)(us/sec)
#3 C.1.1.3 | 8540 7259 60.2 (415) | 106.7 (735)
C1.2.3 7600 27810 64.6 (445) 106.7 (735)
C.21.3 20860 41720 63.8 (440) 104.8 (722)
C.3.1.3 42800 76600 60.0 (413) | 102.0 (703)
C.3.23 | 47470 120570 66.6 (459) | 107.2 (739)
C.4.1.3 | 71860 180000 63.9 (440) | 104.6 (721)
C.4.23 55800 116630 67.3 (464) | 109.6 (755)
C.5.1.3 16320 26600 66.7 (460) | 110.0 (758)
C.5.2.3 36710 53600 65.1 (449) | 107.7 (742)
C.6.1.3 8610 27000 66.2 (456) | 107.2 (739)
c623 |7610 15220 67.3 (464) | 108.9 (750)
#8 C.1.1.8 40 480 60.5 (417) 101.9 (702)
C1.28 | 4691 15527 64.1 (445) | 105.8 (729)
C.2.1.8 | 4878 9463 63.9 (440) | 104.9 (723)
C.2.28 13510 23640 63.8 (440) 103.7 (715)
C.3.1.8 15570 31450 63.6 438) 105.2 (725)
C.32.8 | 31820 49957 63.8 (440) | 105.5 (727)
C4.1.8 28007 56574 66.3 (457) 107.9 (743)
C428 | 48960 74900 63.2 (435) | 105.2 (725)
C.5.1.8 33942 90625 64.5 (444) | 105.4 (726)
C5.2.8 |24503 39200 63.4 (437) | 104.4 (719)
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Figure 1- Typical stress-strain curve for ASTM A615 Grade 60 steel
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APPENDIX A

PLOTS OF STRESS-STRAIN CURVES OF BAR SPECIMENS

Appendix A presents plots of experimental results that are not presented in the
previous sections. The plots represent the stress-strain curves for the bar specimens tested
at different strain rates. The strains used in the plots are the average of the strains

measured by three strain gages installed on each specimen.
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APPENDIX B

PLOTS OF EXPERIMENTAL MEASUREMENTS OF # 11 BAR SPECIMENS

Appendix B presents the plots of yield and ultimate stress enhancement of
#11 bars at different strain rates and the strain localizations. Because of the slippage of
some of the # 11 bar specimens at the MTS testing machine grips, the stresses seems to
be underestimated for this size of bars particularly at high strain rates. However the test
results are presented here to show the large size bars measured properties at high strain

rates which support the conclusions drawn in this study for different size bars.

52



1.08 -
107 1 = Bar# 11, fy=60 ksi n n
[ ]

1.06 —

105 l. I/'/ |
1.04 x,
o /If/ - AN 0.0096
y =1.0178x"
1.02
5 O = R = 0.4569
1.01 —

Dynamic/Static Yield Stress

0.99 ; T
0.1 1 10 100

Fig. B-1 Yield stress enhancement of #11bars tested under constant strain rates

1.08 —
1.07 4— ’s
1.06 {— -
1.05 PADY

1.04 — > Y

- v

1.03 4 L4
1.02 % -
1.01

¢ Bar# 11,fy=60 ksi
— Best Fit

L J
y =1.014x00% %
RF=0.3084

&
\ g

L 2 3

0.99 T T
1 10 100 1000

Dynamic/Static Ultimate Stress

Relative Strain Rate

Fig.B-2 Ultimate stress enhancement of #11 bars tested under constant strain rates

53



1.08

& Bar# 11,fy=60 ksi

Proposed Equation

o 1.1 »

g m  Bar #11,fy= 9 107

& 1.08 60 ksi 5 5 / ﬁ 1,06

T 1.06 Proposed n -

9 Equation ./. u £ 1.05

> 1.04 —————————— - = 1.04

) . / - >

8 1.02 > . g 103

a =7 & 1.02 3

3} 1 4 2

é 2 1.01

§ 0.98 E

g c

A 0.96 . & 0.99
1 10 100 1

Relative Strain Rate

10 100

Relative Strain Rate

Fig. B-3 Comparison of proposed Equation to results of #11constant strain

c

E ¢ Bar #11, Strain Rate =0.0001/s A Bar #11, Strain Rate=0.015/s
n

g 191 == =BestFi, Strain Rate=0.0001/s Best Fit, Strain Rate=0.015/s
©

g 17 ~"a

P A /‘

o 15 A

c 1.3 A

»

x 1.1

e - W=y = e —3 me——e= =
5 0.9 T T T T T T

k) 0 10 20 30 40 50 60 70
) Ratio of Peak Strain to Yield Strain

Fig. B-4 Localization of strain for #11 size bars at low and high strain rates

54

1000



Report No.

CCEER-84-1

CCEER-84-2

CCEER-84-3

CCEER-84-4

CCEER-85-1

CCEER-86-1

CCEER-86-2

CCEER-87-1

CCEER-87-2

CCEER-88-1

LIST OF CCEER PUBLICATIONS
Publication

Saiidi, M., and R. Lawver, "User's Manual for LZAK-C64, A Computer
Program to Implement the Q-Model on Commodore 64," Civil
Engineering Department, Report No. CCEER-84-1, University of Nevada,
Reno, January 1984.

Douglas, B. and T. Iwasaki, "Proceedings of the First USA-Japan Bridge
Engineering Workshop," held at the Public Works Research Institute,
Tsukuba, Japan, Civil Engineering Department, Report No. CCEER-84-2,
University of Nevada, Reno, April 1984.

Saiidi, M., J. Hart, and B. Douglas, "Inelastic Static and Dynamic
Analysis of Short R/C Bridges Subjected to Lateral Loads," Civil
Engineering Department, Report No. CCEER-84-3, University of Nevada,
Reno, July 1984.

Douglas, B., "A Proposed Plan for a National Bridge Engineering
Laboratory," Civil Engineering Department, Report No. CCEER-84-4,
University of Nevada, Reno, December 1984.

Norris, G. and P. Abdollaholiaee, "Laterally Loaded Pile Response:
Studies with the Strain Wedge Model," Civil Engineering Department,
Report No. CCEER-85-1, University of Nevada, Reno, April 1985.

Ghusn, G. and M. Saiidi, "A Simple Hysteretic Element for Biaxial
Bending of R/C in NEABS-86," Civil Engineering Department, Report
No. CCEER-86-1, University of Nevada, Reno, July 1986.

Saiidi, M., R. Lawver, and J. Hart, "User's Manual of ISADAB and SIBA,
Computer Programs for Nonlinear Transverse Analysis of Highway
Bridges Subjected to Static and Dynamic Lateral Loads," Civil
Engineering Department, Report No. CCEER-86-2, University of Nevada,
Reno, September 1986.

Siddharthan, R., "Dynamic Effective Stress Response of Surface and
Embedded Footings in Sand," Civil engineering Department, Report No.
CCEER-86-2, University of Nevada, Reno, June 1987.

Norris, G. and R. Sack, "Lateral and Rotational Stiffness of Pile Groups
for Seismic Analysis of Highway Bridges," Civil Engineering Department,
Report No. CCEER-87-2, University of Nevada, Reno, June 1987.

Orie, J. and M. Saiidi, "A Preliminary Study of One-Way Reinforced
Concrete Pier Hinges Subjected to Shear and Flexure," Civil Engineering

55



CCEER-88-2

CCEER-88-3

CCEER-89-1

CCEER-89-2

CCEER-89-2

CCEER-89-3

CCEER-89-4

CCEER-90-1

CCEER-90-2

CCEER-91-1

Department, Report No. CCEER-88-1, University of Nevada, Reno,
January 1988.

Orie, D., M. Saiidi, and B. Douglas, "A Micro-CAD System for Seismic
Design of Regular Highway Bridges," Civil Engineering Department,
Report No. CCEER-88-2, University of Nevada, Reno, June 1988.

Orie, D. and M. Saiidi, "User's Manual for Micro-SARB, a
Microcomputer Program for Seismic Analysis of Regular Highway
Bridges," Civil Engineering Department, Report No. CCEER-88-3,
University of Nevada, Reno, October 1988.

Douglas, B., M. Saiidi, R. Hayes, and G. Holcomb, "A Comprehensive
Study of the Loads and Pressures Exerted on Wall Forms by the
Placement of Concrete," Civil Engineering Department, Report No.
CCEER-89-1, University of Nevada, Reno, February 1989.

Richardson, J. and B. Douglas, "Dynamic Response Analysis of the
Dominion Road Bridge Test Data," Civil Engineering Department, Report
No. CCEER-89-2, University of Nevada, Reno, March 1989.

Vrontinos, S., M. Saiidi, and B. Douglas, "A Simple Model to Predict the
Ultimate Response of R/C Beams with Concrete Overlays," Civil
Engineering Department, Report NO. CCEER-89-2, University of
Nevada, Reno, June 1989.

Ebrahimpour, A. and P. Jagadish, "Statistical Modeling of Bridge Traffic
Loads - A Case Study," Civil Engineering Department, Report No.
CCEER-89-3, University of Nevada, Reno, December 1989.

Shields, J. and M. Saiidi, "Direct Field Measurement of Prestress Losses
in Box Girder Bridges," Civil Engineering Department, Report No.
CCEER-89-4, University of Nevada, Reno, December 1989.

Saiidi, M., E. Maragakis, G. Ghusn, Y. Jiang, and D. Schwartz, "Survey
and Evaluation of Nevada's Transportation Infrastructure, Task 7.2 -
Highway Bridges, Final Report," Civil Engineering Department, Report
No. CCEER 90-1, University of Nevada, Reno, October 1990.

Abdel-Ghaffar, S., E. Maragakis, and M. Saiidi, "Analysis of the Response
of Reinforced Concrete Structures During the Whittier Earthquake 1987,"
Civil Engineering Department, Report No. CCEER 90-2, University of
Nevada, Reno, October 1990.

Saiidi, M., E. Hwang, E. Maragakis, and B. Douglas, "Dynamic Testing
and the Analysis of the Flamingo Road Interchange," Civil Engineering

56



CCEER-91-2

CCEER-91-3

CCEER-91-4

CCEER-91-5

CCEER-92-1

CCEER-92-2

CCEER-92-3

CCEER-92-4

CCEER-92-5

CCEER-92-6

Department, Report No. CCEER-91-1, University of Nevada, Reno,
February 1991.

Norris, G., R. Siddharthan, Z. Zafir, S. Abdel-Ghaffar, and P. Gowda,
"Soil-Foundation-Structure Behavior at the Oakland Outer Harbor Wharf,"
Civil Engineering Department, Report No. CCEER-91-2, University of
Nevada, Reno, July 1991.

Norris, G., "Seismic Lateral and Rotational Pile Foundation Stiffnesses at
Cypress," Civil Engineering Department, Report No. CCEER-91-3,
University of Nevada, Reno, August 1991.

O'Connor, D. and M. Saiidi, "A Study of Protective Overlays for Highway
Bridge Decks in Nevada, with Emphasis on Polyester-Styrene Polymer
Concrete," Civil Engineering Department, Report No. CCEER-91-4,
University of Nevada, Reno, October 1991.

O'Connor, D.N. and M. Saiidi, "Laboratory Studies of Polyester-Styrene
Polymer Concrete Engineering Properties," Civil Engineering Department,
Report No. CCEER-91-5, University of Nevada, Reno, November 1991.

Straw, D.L. and M. Saiidi, "Scale Model Testing of One-Way Reinforced
Concrete Pier Hinges Subject to Combined Axial Force, Shear and
Flexure," edited by D.N. O'Connor, Civil Engineering Department, Report
No. CCEER-92-1, University of Nevada, Reno, March 1992.

Wehbe, N., M. Saiidi, and F. Gordaninejad, "Basic Behavior of Composite
Sections Made of Concrete Slabs and Graphite Epoxy Beams," Civil
Engineering Department, Report No. CCEER-92-2, University of Nevada,
Reno, August 1992.

Saiidi, M. and E. Hutchens, "A Study of Prestress Changes in A Post-
Tensioned Bridge During the First 30 Months," Civil Engineering
Department, Report No. CCEER-92-3, University of Nevada, Reno, April
1992.

Saiidi, M., B. Douglas, S. Feng, E. Hwang, and E. Maragakis, "Effects of
Axial Force on Frequency of Prestressed Concrete Bridges," Civil
Engineering Department, Report No. CCEER-92-4, University of Nevada,
Reno, August 1992.

Siddharthan, R., and Z. Zafir, "Response of Layered Deposits to
Traveling Surface Pressure Waves," Civil Engineering Department,

Report No. CCEER-92-5, University of Nevada, Reno, September 1992.

Norris, G., and Z. Zafir, "Liquefaction and Residual Strength of Loose

57



CCEER-92-7

CCEER-92-8

CCEER-92-9

Sands from Drained Triaxial Tests," Civil Engineering Department,
Report No. CCEER-92-6, University of Nevada, Reno, September 1992.

Douglas, B., "Some Thoughts Regarding the Improvement of the
University of Nevada, Reno's National Academic Standing," Civil
Engineering Department, Report No. CCEER-92-7, University of Nevada,
Reno, September 1992.

Saiidi, M., E. Maragakis, and S. Feng, "An Evaluation of the Current
Caltrans Seismic Restrainer Design Method," Civil Engineering
Department, Report No. CCEER-92-8, University of Nevada, Reno,
October 1992.

O'Connor, D., M. Saiidi, and E. Maragakis, "Effect of Hinge Restrainers
on the Response of the Madrone Drive Undercrossing During the Loma
Prieta Earthquake," Civil Engineering Department, Report No. CCEER-
92-9, University of Nevada, Reno, February 1993.

CCEER-92-100'Connor, D., and M. Saiidi, "Laboratory Studies of Polyester Concrete:

Compressive Strength at Elevated Temperatures and Following
Temperature Cycling, Bond Strength to Portland Cement Concrete, and
Modulus of Elasticity," Civil Engineering Department, Report No.
CCEER-92-10, University of Nevada, Reno, February 1993.

CCEER-92-11 Wehbe, N., M. Saiidi, and D. O'Connor, "Economic Impact of Passage of

CCEER-93-1

CCEER-93-2

CCEER-93-3

CCEER-93-4

Spent Fuel Traffic on Two Bridges in Northeast Nevada," Civil
Engineering Department, Report No. CCEER-92-11, University of
Nevada, Reno, December 1992.

Jiang, Y., and M. Saiidi, "Behavior, Design, and Retrofit of Reinforced
Concrete One-way Bridge Column Hinges," edited by D. O'Connor, Civil
Engineering Department, Report No. CCEER-93-1, University of Nevada,
Reno, March 1993.

Abdel-Ghaffar, S., E. Maragakis, and M. Saiidi, "Evaluation of the
Response of the Aptos Creek Bridge During the 1989 Loma Prieta
Earthquake," Civil Engineering Department, Report No. CCEER-93-2,
University of Nevada, Reno, June 1993.

Sanders, D.H., B.M. Douglas, and T.L. Martin, "Seismic Retrofit
Prioritization of Nevada Bridges," Civil Engineering Department, Report
No. CCEER-93-3, University of Nevada, Reno, July 1993.

Abdel-Ghaffar, S., E. Maragakis, and M. Saiidi, "Performance of Hinge

Restrainers in the Huntington Avenue Overhead During the 1989 Loma
Prieta Earthquake," Civil Engineering Department, Report No. CCEER-

58



CCEER-93-5

CCEER-93-6

CCEER-93-7

CCEER-93-8

CCEER-93-9

93-4, University of Nevada, Reno, June 1993 (in final preparation).

Maragakis, E., M. Saiidi, S. Feng, and L. Flournoy, "Effects of Hinge
Restrainers on the Response of the San Gregorio Bridge During the Loma
Prieta Earthquake," (in final preparation) Civil Engineering Department,
Report No. CCEER-93-5, University of Nevada, Reno.

Saiidi, M., E. Maragakis, S. Abdel-Ghaffar, S. Feng, and D. O'Connor,
"Response of Bridge Hinge Restrainers During Earthquakes -Field
Performance, Analysis, and Design," Civil Engineering Department,
Report No. CCEER-93-6, University of Nevada, Reno, May 1993.

Wehbe, N., Saiidi, M., Maragakis, E., and Sanders, D., "Adequacy of
Three Highway Structures in Southern Nevada for Spent Fuel
Transportion, Civil Engineering Department, Report No. CCEER-93-7,
University of Nevada, Reno, August 1993.

Roybal, J., Sanders, D.H., and Maragakis, E., "Vulnerability Assessment
of Masonry in the Reno-Carson City Urban Corridor," Civil Engineering
Department, Report No. CCEER-93-8, University of Nevada, Reno, May
1993.

Zafir, Z. and Siddharthan, R., "MOVLOAD: A Program to Determine the
Behavior of Nonlinear Horizontally Layered Medium Under Moving
Load," Civil Engineering Department, Report No. CCEER-93-9,
University of Nevada, Reno, August 1993.

CCEER-93-100'Connor, D.N., Saiidi, M., and Maragakis, E.A., "A Study of Bridge

CCEER-94-1

CCEER-94-2

CCEER-94-3

CCEER-94-4

Column Seismic Damage Susceptibility at the Interstate 80/U.S. 395
Interchange in Reno, Nevada," Civil Engineering Department, Report No.
CCEER-93-10, University of Nevada, Reno, October 1993.

Maragakis, E., B. Douglas, and E. Abdelwahed, "Preliminary Dynamic
Analysis of a Railroad Bridge," Report CCEER-94-1, January 1994.

Douglas, B.M., Maragakis, E.A., and Feng, S., "Stiffness Evaluation of
Pile Foundation of Cazenovia Creek Overpass," Civil Engineering
Department, Report No. CCEER-94-2, University of Nevada, Reno,
March 1994.

Douglas, B.M., Maragakis, E.A., and Feng, S., "Summary of Pretest
Analysis of Cazenovia Creek Bridge," Civil Engineering Department,

Report No. CCEER-94-3, University of Nevada, Reno, April 1994.

Norris, G.M. and Madhu, R., "Liquefaction and Residual Strength of

59



CCEER-94-5

CCEER-95-1

CCEER-95-2

CCEER-95-3

CCEER-95-4

CCEER-95-5

CCEER-95-6

CCEER-95-7

CCEER-95-8

Sands from Drained Triaxial Tests, Report 2," Civil Engineering
Department, CCEER-94-4, University of Nevada, Reno, August 1994.

Saiidi, M., Hutchens, E., and Gardella, D., "Prestress Losses in a Post-
Tensioned R/C Box Girder Bridge in Southern Nevada," Civil
Engineering Department, CCEER-94-5, University of Nevada, Reno,
August 1994.

Siddharthan, R., El-Gamal, M., and Maragakis, E.A., "Nonlinear Bridge
Abutment , Verification, and Design Curves," Civil Engineering
Department, CCEER-95-1, University of Nevada, Reno, January 1995.

Norris, G.M., Madhu, R., Valceschini, R., and Ashour, M., "Liquefaction
and Residual Strength of Loose Sands from Drained Triaxial Tests,"
Report 2, Civil Engineering Department, Report No. CCEER-95-2,
University of Nevada, Reno, February 1995.

Wehbe, N., Saiidi, M., Sanders, D., and Douglas, B., "Ductility of
Rectangular Reinforced Concrete Bridge Columns with Moderate
Confinement,"Civil Engineering Department, Report No. CCEER-95-3,
University of Nevada, Reno, July 1995.

Martin, T., Saiidi, M., and Sanders, D., “Seismic Retrofit of Column-Pier
Cap Connections in Bridges in Northern Nevada,” Civil Engineering
Department, Report No. CCEER-95-4, University of Nevada, Reno,
August 1995.

Darwish, 1., Saiidi, M., and Sanders, D., “Experimental Study of Seismic
Susceptibility Column-Footing Connections,” Civil Engineering
Department, Report No. CCEER-95-5, University of Nevada, Reno,
September 1995.

Griffin, G., Saiidi, M., and Maragakis, E., “Nonlinear Seismic Response
of Isolated Bridges and Effects of Pier Ductility Demand,” Civil
Engineering Department, Report No. CCEER-95-6, University of Nevada,
Reno, November 1995.

Acharya, S., Saiidi, M., and Sanders, D., “Seismic Retrofit of Bridge
Footings and Column-Footing Connections,” Report for the Nevada
Department of Transportation, Civil Engineering Department, Report No.
CCEER-95-7, University of Nevada, Reno, November 1995.

Maragakis, E., Douglas, B., and Sandirasegaram, U., “Full-Scale Field
Resonance Tests of a Railway Bridge,” A Report to the Association of
American Railroads, Civil Engineering Department, Report No. CCEER-
95-8, University of Nevada, Reno, December 1995.

60



CCEER-95-9

CCEER-96-1

CCEER-96-2

CCEER-96-3

CCEER-96-4

Douglas, B., Maragakis, E., and Feng, S., “System Identification Studies
on Cazenovia Creek Overpass,” Report for the National Center for
Earthquake Engineering Research, Civil Engineering Department, Report
No. CCEER-95-9, University of Nevada, Reno, October 1995.

El-Gamal, M.E. and Siddharthan, R.V., “Programs to Computer
Translational Stiffness of Seat-Type Bridge Abutment,” Civil Engineering
Department, Report No. CCEER-96-1, University of Nevada, Reno,
March 1996.

Labia, Y., Saiidi, M., and Douglas, B., “Evaluation and Repair of Full-
Scale Prestressed Concrete Box Girders,” A Report to the National
Science Foundation, Research Grant CMS-9201908, Civil Engineering
Department, Report No. CCEER-96-2, University of Nevada, Reno, May
1996.

Darwish, 1., Saiidi, M., and Sanders, D., “Seismic Retrofit of R/C Oblong
Tapered Bridge Columns with Inadequate Bar Anchorage in Columns and
Footings,” A Report to the Nevada Department of Transportation, Civil
Engineering Department, Report No. CCEER-96-3, University of Nevada,
Reno, May 1996.

Ashour, M., Pilling, P., Norris, G., and Perez, H., “The Prediction of
Lateral Load Behavior of Single Piles and Pile Groups Using the Strain
Wedge Model,” A Report to the California Department of Transportation,
Civil Engineering Department, Report No. CCEER-96-4, University of
Nevada, Reno, June, 1996.

CCEER-97-1-A Rimal, P. and Itani, A. “Sensitivity Analysis of Fatigue

Evaluations of Steel Bridges”, Center for Earthquake Research,
Department of Civil Engineering, University of Nevada, Reno, Nevada
Report No. CCEER-97-1-A, September, 1997.

CCEER-97-1-B Maragakis, E., Douglas, B., and Sandirasegaram, U. “Full-Scale

CCEER-97-2

CCEER-97-3

Field Resonance Tests of a Railway Bridge,” A Report to the Association
of American Railroads, Civil Engineering Department, University of
Nevada, Reno, May, 1996.

Wehbe, N., Saiidi, M., and D. Sanders, "Effect of Confinement and Flares
on the Seismic Performance of Reinforced Concrete Bridge Columns,"
Civil Engineering Department, Report No. CCEER-97-2, University of
Nevada, Reno, September 1997.

Darwish, 1., M. Saiidi, G. Norris, and E. Maragakis, “Determination of In-
Situ Footing Stiffness Using Full-Scale Dynamic Field Testing,” A Report

61



CCEER-97-4

CCEER-97-5

CCEER-98-1

CCEER-98-2

CCEER-98-3

CCEER-98-4

CCEER-98-5

CCEER-98-6

to the Nevada Department of Transportation, Structural Design Division,
Carson City, Nevada, Report No. CCEER-97-3, University of Nevada,
Reno, October 1997.

Wehbe, N., and M. Saiidi, “User’s manual for RCMC v. 1.2 : A Computer Program for
Moment-Curvature Analysis of Confined and Unconfined Reinforced Concrete
Sections,” Center for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-97-4, November,
1997.

Isakovic, T., M. Saiidi, and A. Itani, “Influence of new Bridge
Configurations on Seismic Performance,” Department of Civil
Engineering, University of Nevada, Reno, Report No. CCEER-97-5,
September, 1997.

Itani, A., Vesco, T. and Dietrich, A., “Cyclic Behavior of “as Built”
Laced Members With End Gusset Plates on the San Francisco Bay
Bridge” Center for Civil Engineering Earthquake Research, Department of
Civil Engineering, University of Nevada, Reno, Nevada Report No.
CCEER-98-1, March, 1998.

G. Norris and M. Ashour, “Liqueficiation and Undraned response
evaluation of Sands from Drained Formulation.” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-98-2, May,
1998.

Qingbin, Chen, B. M. Douglas, E. Maragakis, and I. G. Buckle,
"Extraction of Nonlinear Hysteretic Properties of Seismically Isolated
Bridges from Quick-Release Field Tests", Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-98-3, June, 1998.

Maragakis, E., B. M. Douglas, and C. Qingbin, "Full-Scale Field Capacity
Tests of a Railway Bridge", Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-98-4, June, 1998.

Itani, A., Douglas, B., and Woodgate, J., “Cyclic Behavior of Richmond-
San Rafael Retrofitted Tower Leg”. Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno. Report No. CCEER-98-5, June 1998

Moore, R., Saiidi, M., and Itani, A., “Seismic Behavior of New Bridges
with Skew and Curvature”. Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno.
Report No. CCEER-98-6, October, 1998.

62



CCEER-98-7

CCEER-99-1

CCEER-99-2

CCEER-99-3

CCEER-99-4

CCEER-99-5

CCEER-99-6

CCEER-99-7

CCEER-99-8

CCEER-99-9

CCEER 99-10

Itani, A and Dietrich, A, “Cyclic Behavior of Double Gusset Plate
Connections”, Center for Civil Engineering Earthquake Research,

Department of Civil Engineering, University of Nevada, Reno, Nevada,
Report No. CCEER-98-5, December, 1998.

Caywood, C., M. Saiidi, and D. Sanders, “ Seismic Retrofit of Flared
Bridge Columns With Steel Jackets,” Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER-99-1, February 1999.

Mangoba, N., M. Mayberry, and M. Saiidi, “Prestress Loss in Four Box
Girder Bridges in Northern Nevada,” Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER-99-2, March 1999.

Abo-Shadi, N., M. Saiidi, and D. Sanders, "Seismic Response of Bridge
Pier Walls in the Weak Direction", Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER-99-3, April 1999.

Buzick, A., and M. Saiidi, "Shear Strength and Shear Fatigue Behavior of
Full-Scale Prestressed Concrete Box Girders", Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER-99-4, April
1999.

Randall, M., M. Saiidi, E. Maragakis and T. Isakovic, "Restrainer Design
Procedures For Multi-Span Simply-Supported Bridges", Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER-99-5, April
1999.

Wehbe, N. and M. Saiidi, "User's Manual for RCMC v. 1.2, A Computer
Program for Moment-Curvature Analysis of Confined and Unconfined
Reinforced Concrete Sections", Civil Engineering Department, University
of Nevada, Reno, Report No. CCEER-99-6, May 1999.

Burda, J. and A. Itani, “Studies of Seismic Behavior of Steel Base Plates,”
Civil Engineering Department, University of Nevada, Reno, Report No.
CCEER-99-7, May 1999.

Ashour, M., and G. Norris, “Refinement of the Strain Wedge Model
Program,” Civil Engineering Department, University of Nevada, Reno,
Report No. CCEER-99-8, March 1999.

Dietrich, A., and A. Itani, “Cyclic Behavior of Laced and Perforated Steel
Members on the San Francisco-Oakland Bay Bridge,” Civil Engineering

Department, University, Reno. December 1999.

Itani, A., A. Dietrich, “Cyclic Behavior of Built Up Steel Members

63



and their Connections,” Civil Engineering Department, University of
Nevada, Reno. December 1999.

CCEER 99-11 Itani, A., J. Woodgate, “Axial and Rotational Ductility of BuiltUp
Structural Steel Members,” Civil Engineering Department, University of
Nevada, Reno December 1999.

CCEER-99-12 Sgambelluri, M., Sanders, D.H., and Saiidi, M.S., Behavior of
One-Way
Reinforced Concrete Bridge Column Hinges in the Weak Direction,
Report No.
Department of Civil Engineering, University of Nevada, Reno, December
1999.

CCEER-99-13 Laplace, P., Sanders, D.H., Douglas, B, and Saiidi, M, Shake Table
Testing of Flexure Dominated Reinforced Concrete Bridge Columns,
Report No.
Department of Civil Engineering, University of Nevada, Reno, December
1999.

CCEER-99-14 Ahmad M. Itani, Jose A. Zepeda, and Elizabeth A. Ware "Cyclic Behavior
of Steel Moment Frame Connections for the Moscone Center Expansion,”
December 1999.

CCEER 00-1 Ashour, M., and Norris, G. “Undrained Lateral Pile and Pile Group
Response in Saturated Sand”, Civil Engineering Department, University of
Nevada, Reno, Report No. CCEER-00-1, May 1999. January 2000.

CCEER 00-2 Saiidi, M. and Wehbe, N., “A Comparison of Confinement Requirements
in Different Codes for Rectangular, Circular, and Double-Spiral RC
Bridge Columns,” Civil Engineering Department, University of Nevada,
Reno, Report No. CCEER-00-2, January 2000.

CCEER 00-3 McElhaney, B., M. Saiidi, and D. Sanders, “Shake Table Testing of Flared
Bridge Columns With Steel Jacket Retrofit,” Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER-00-3,
January 2000.

CCEER 00-4 Martinovic, F., M. Saiidi, D. Sanders, and F. Gordaninejad, “Dynamic
Testing of Non-Prismatic Reinforced Concrete Bridge Columns
Retrofitted with FRP Jackets,” Civil Engineering Department, University
of Nevada, Reno, Report No. CCEER-00-4, January 2000.

CCEER 00-5 TItani, A., and M. Saiidi, “Seismic Evaluation of Steel Joints for UCLA
Center for Health Science Westwood Replacement Hospital,” Civil

64



CCEER 00-6

CCEER 00-7

CCEER 00-8

CCEER 00-9

CCEER 00-10

CCEER 01-1

CCEER 01-2

CCEER 01-3

CCEER 01-4

CCEER 01-5

CCEER 01-6

Engineering Department, University of Nevada, Reno, Report No.
CCEER-00-5, February 2000.

Will, J. and D. Sanders, “High Performance Concrete Using Nevada
Aggregates,” Civil Engineering Department, University of Nevada, Reno,
Report No. CCEER-00-6, May 2000.

French, C., and M. Saiidi, “A Comparison of Static and Dynamic
Performance of Models of Flared Bridge Columns ,” Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER-00-7,
October 2000.

Itani, A., H. Sedarat, “Seismic Analysis of the AISI LRFD Design Example of Steel
Highway Bridges,” Civil Engineering Department, University of Nevada, Reno, Report
No. CCEER 00-08, November 2000.

Moore, J., D. Sanders, and M. Saiidi, “Shake Table Testing of 1960’s Two Column Bent
with Hinges Bases, Civil Engineering Department, University of Nevada, Reno, Report
No. CCEER 00-09, December 2000.

Asthana, M., D. Sanders, and M. Saiidi, “One-Way Reinforced Concrete Bridge Column
Hinges in the Weak Direction,* Civil Engineering Department, University of Nevada,
Reno, Report No. CCEER 00-10, April 2001.

Ah Sha, H., D. Sanders, M. Saiidi, “Early Age Shrinkage and Cracking of
Nevada Concrete Bridge Decks, “Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER 01-01, May 2001.

Ashour, M. and G. Norris, “Pile Group program for Full Material
Modeling an Progressive Failure.” Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER 01-02, July 2001.

Itani, A., C. Lanaud, and P. Dusicka, “Non-Linear Finite Element
Analysis of Built-Up Shear Links.” Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER 01-03, July 2001.

Saiidi, M., J. Mortensen, and F. Martinovic, “Analysis and Retrofit of
Fixed Flared Columns with Glass Fiber-Reinforced Plastic Jacketing,”
Civil Engineering Department, University of Nevada, Reno, Report No.
CCEER 01-4, August 2001

Saiidi, M., A. Itani, I. Buckle, and Z. Cheng,” Performance of A Full-
Scale Two-Story Wood Frame Structure Supported on Ever-Level

Isolators,” Civil Engineering Department, University of Nevada, Reno,
Report No. CCEER 01-5, October 2001

Laplace, P., D. Sanders, and M. Saiidi, “Experimental Study and Analysis of Retrofitted
Flexure and Shear Dominated Circular Reinforced Concrete Bridge Columns Subjected
to Shake Table Excitation, “Civil Engineering Department, University of Nevada, Reno,

65



CCEER 01-7

CCEER 02-1

CCEER 02-2

CCEER 02-3

CCEER 02-4

CCEER 02-5

CCEER 02-6

CCEER 02-7

CCEER 03-1

CCEER 03-2

Report No. CCEER 01-6, June 2001.

Reppi, F., and D. Sanders, “Removal and Replacement of Cast-in-Place, Post-tensioned,
Box Girder Bridge,” Civil Engineering Department, University of Nevada, Reno, Report
No. CCEER 01-7, December 2001.

Pulido, C., M. Saiidi, D. Sanders, and A. Itani, ”’Seismic Performance and
Retrofitting of Reinforced Concrete Bridge Bents,” Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER 02-1,
January 2002.

Yang, Q., M. Saiidi, H. Wang, and A. Itani, "Influence of Ground Motion
Incoherency on Earthquake Response of Multi-Support Structures,” Civil

Engineering Department, University of Nevada, Reno, Report No. CCEER
02-2, May 2002.

M. Saiidi, B. Gopalakrishnan, E. Reinhardt, and R. Siddharthan, A
Preliminary Study of Shake Table Response of A Two-Column Bridge
Bent on Flexible Footings

Civil Engineering Department, University of Nevada, Reno, Report No.
CCEER 02-03,

June 2002.

Not Published

Banghart, A., Sanders, D., Saiidi, M., “Evaluation of Concrete Mixes for
Filling the Steel Arches in the Galena Creek Bridge,” Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER 02-05, June
2002.

Dusicka, P., Itani, A., Buckle, I. G., “Cyclic Behavior of Shear Links and
Tower Shaft Assembley of San Francisco — Oakland Bay Bridge Tower”

Civil Engineering Department, University of Nevada, Reno, Report No.
CCEER 02-06, July 2002.

Mortensen, J., and M. Saiidi, " A Performance-Based Design Method for
Confinement in Circular Columns," Civil Engineering Department,
University of Nevada, Reno, Report No. CCEER 02-07, November 2002.

Wehbe, N., and M. Saiidi, “User’s manual for SPMC v. 1.0 : A Computer
Program for Moment-Curvature Analysis of Reinforced Concrete Sections
with Interlocking Spirals,” Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-03-1, May, 2003.

Wehbe, N., and M. Saiidi, “User’s manual for RCMCv.2.0: A
Computer Program for Moment-Curvature Analysis of Confined and

66



CCEER 03-3

CCEER 03-4

CCEER 03-5

CCEER 03-6

Unconfined Reinforced Concrete Sections,” Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-03-2, June, 2003.

Nada, H., D. Sanders, and M. Saiidi, “ Seismic Performance of RC Bridge
Frames with Architectural-Flared Columns,” Civil Engineering
Department, University of Nevada, Reno, Report No. CCEER 03-3,
January 2003.

Reinhardt, E., M. Saiidi, and R. Siddharthan, " Seismic Performance of a
CFRP/ Concrete Bridge Bent on Flexible Footings." Civil Engineering
Department, University of Nevada, Reno. Report No. CCEER 03-4,
August 2003.

Johnson, N., M. Saiidi, A. Itani, and S. Ladkany, “Seismic Retrofit of
Octagonal Columns with Pedestal and One-Way Hinge at the Base,”
Center for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
03-5, August 2003.

Mortensen, C., M. Saiidi, and S. Ladkany, “Creep and Shrinkage Losses in
Highly Variable Climates,” Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-03-6, September 2003.

CCEER 03- 7 Ayoub, C., M. Saiidi, and A. Itani, “A Study of Shape-Memory-Alloy-

CCEER 03-8

CCEER 04-1

CCEER 04-2

Reinforced Beams and Cubes,” Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-03-7, October 2003.

Chandane, S., D. Sanders, and M. Saiidi, "Static and Dynamic
Performance of RC Bridge Bents with Architectural-Flared Columns,"
Center for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
03-8, November 2003.

Olaegbe, C., and Saiidi, M., "Effect of Loading History on Shake Table
Performance of A Two-Column Bent with Infill Wall," Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-04-1, January
2004.

Johnson, R., Maragakis, E., Saiidi, M., and DesRoches, R., “Experimental

Evaluation of Seismic Performance of SMA Bridge Restrainers,” Center
for Civil Engineering Earthquake Research, Department of Civil

67



CCEER 04-3

CCEER 04-4

CCEER 04-5

CCEER 04-6

CCEER 04-7

CCEER 04-8

CCEER 04-9

CCEER 05-1

Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
04-2, February 2004.

Moustafa, K., Sanders, D., and Saiidi, M., "Impact of Aspect Ratio on
Two-Column Bent Seismic Performance," Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-04-3, February 2004.

Maragakis, E., Saiidi, M., Sanchez-Camargo, F., and Elfass, S., “Seismic
Performance of Bridge Restrainers At In-Span Hinges,” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-04-4, March
2004.

Ashour, M., Norris, G. and Elfass, S., “Analysis of Laterally Loaded Long
or Intermediate Drilled Shafts of Small or Large Diameter in Layered
Soil,” Center for Civil Engineering Earthquake Research, Department of
Civil Engineering, University of Nevada, Reno, Nevada, Report No.
CCEER-04-5, June 2004.

Correal, J., Saiidi, M. and Sanders, D., “Seismic Performance of RC
Bridge Columns Reinforced with Two Interlocking Spirals,” Center for
Civil Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-04-6, August
2004.

Dusicka, P., Itani, A. and Buckle, I., ”Cyclic Response and Low Cycle
Fatigue Characteristics of Plate Steels,” Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-04-7, November 2004.

Dusicka, P., Itani, A. and Buckle, 1., ” Built-up Shear Links as Energy
Dissipaters for Seismic Protection of Bridges,” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-04-8,
November 2004.

Sureshkumar, K., Saiidi, S., Itani, A. and Ladkany, S., “Seismic Retrofit of
Two-Column Bents with Diamond Shape Columns,” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-04-9,
November 2004.

Wang, H. and Saiidi, S., “A Study of RC Columns with Shape Memory

Alloy and Engineered Cementitious Composites,” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,

68



CCEER 05-2

CCEER 05-3

CCEER 05-4

CCEER 05-5

CCEER 05-6

CCEER 05-7

CCEER 05-8

CCEER 05-9

University of Nevada, Reno, Nevada, Report No. CCEER-05-1, January
2005.

Johnson, R., Saiidi, S. and Maragakis, E., "A Study of Fiber Reinforced
Plastics for Seismic Bridge Restrainers," Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-05-2, January 2005.

Carden, L.P., Itani, A.M., Buckle, I.G, "Seismic Load Path in Steel Girder
Bridge Superstructures,” Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-05-3, January 2005.

Carden, L.P., Itani, A.M., Buckle, 1.G, "Seismic Performance of Steel
Girder Bridge Superstructures with Ductile End Cross Frames and Seismic
Isolation,” Center for Civil Engineering Earthquake Research, Department
of Civil Engineering, University of Nevada, Reno, Nevada, Report No.
CCEER-05-4, January 2005.

Goodwin, E., Maragakis, M., Itani, A. and Luo, S., "Experimental
Evaluation of the Seismic Performance of Hospital Piping
Subassemblies,” Center for Civil Engineering Earthquake Research,
Department of Civil Engineering, University of Nevada, Reno, Nevada,
Report No. CCEER-05-5, February 2005.

Zadeh M. S., Saiidi, S, Itani, A. and Ladkany, S., "Seismic Vulnerability
Evaluation and Retrofit Design of Las Vegas Downtown Viaduct,” Center
for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
05-6, February 2005.

Phan, V., Saiidi, S. and Anderson, J., “Near Fault (Near Field) Ground
Motion Effects on Reinforced Concrete Bridge Columns” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-05-7, August
2005.

Carden, L., Itani, A. and Laplace, P., “Performance of Steel Props at the
UNR Fire Science Academy subjected to Repeated Fire” Center for Civil
Engineering Earthquake Research, Department of Civil Engineering,
University of Nevada, Reno, Nevada, Report No. CCEER-05-8, August
2005.

Yamashita, R. and Sanders, D., “Shake Table Testing and an Analytical

Study of Unbonded Prestressed Hollow Concrete Column Constructed
with Precast Segments” Center for Civil Engineering Earthquake

69



Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-05-9, August 2005.

CCEER 05-10 Moustafa, K. Sanders, D., and Saiidi, M., “Seismic Behavior of R/C
Bridge Bents with Architectural-Flared Columns Including both
Horizontal and Vertical Gaps,” Center for Civil Engineering Earthquake
Research, Department of Civil Engineering, University of Nevada, Reno,
Nevada, Report No. CCEER-05-10, February 2005.

CCEER 05-11 Carden, L., Itani., A., and Peckan, G., “Recommendations for the Design
of Beams and Posts in Bridge Falsework,” Center for Civil Engineering
Earthquake Research, Department of Civil Engineering, University of
Nevada, Reno, Nevada, Report No. CCEER-05-11, October 2005.

CCEER 06-01 Cheng, Z., Saiidi, M., and Sanders, D., “Development of a Seismic Design
Method for Reinforced Concrete Two-Way Bridge Column Hinges,”
Center for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
06-01, February 2006.

CCEER 06-02 Johnson, N., Saiidi, M., and Sanders, D., “Large-Scale Experimental and
Analytical Studies of a Two-Span Reinforced Concrete Bridge System,”
Center for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
06-02, March 2006.

CCEER 06-03 Saiidi, M., Ghasemi, H. and Tiras, A., “Seismic Design and Retrofit of
Highway Bridges,” Proceedings, Second US-Turkey Workshop, Center
for Civil Engineering Earthquake Research, Department of Civil
Engineering, University of Nevada, Reno, Nevada, Report No. CCEER-
06-03, May 2006.

CCEER 07-01 O'Brien, M., Saiidi, M. and Sadrossadat-Zadeh, M., “A Study of Concrete
Bridge Columns Using Innovative Materials Subjected to Cyclic
Loading,” Center for Civil Engineering Earthquake Research, Department
of Civil Engineering, University of Nevada, Reno, Nevada, Report No.
CCEER-06-04, December 2006.

70



