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ABSTRACT

This report discusses the seismic behavior of a bridge bent systems that consist of
round HSS piles, welded to a steel HP section cap beam. Past practice has typically
utilized a simple fillet weld to complete the connection between the pile and cap beam.
The results of the research indicate that the overal ductility capacity of this system is
controlled by the configuration of the welded connection between the piles and cap beam.

In response to a lack of current knowledge concerning this type of connection, six
full scale bridge bent tests have been conducted at North Carolina State University’s
Constructed Facilities Laboratory to evaluate the performance of the system when
subjected to incremental simulated seismic loading. The two main goals of the research
were to first evaluate the behavior of the system with a fillet weld which mimics the
current typical design practice, and secondly to improve performance by investigating
alternative weld configurations and connection details.

The results indicate that the use of a simple fillet weld led to connection failure at
a low ductility level rendering the detail inadequate for even moderate seismic regions.
Subsequent tests showed that the use of other weld configurations, such as full joint
penetration welds, improved the capabilities of the system but were still inadequate for
higher seismic regions. However, promising results were obtained from a connection in
which the flexural hinge region was relocated away from the pile to cap beam connection
weld. This connection system remained essentially elastic at the pile to cap beam
interface, which allowed for a more ductile base metal failure away from the connection.
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Chapter 1

Introduction to the Research Program

1.1 General Background Information

Although the bridge construction industry is historically dominated by the use of
reinforced concrete, the use of steel as a bridge pier construction material has its place in
history as well as the future. The benefits of the use of steel for the construction of bridge
piers or bents includes but is not limited to speed and ease of construction, as well as the
utilization of what is inherently a very ductile material. For these reasons the Alaska
Department of Transportation and Public facilities desires to maintain the use of steel
bridge piers as an option for future designs. In addition, the Department of Transportation
is responsible for existing structures of this type that have been inherited into their

inventory of bridgesto maintain.

The typical design of these existing structures includes driven hollow steel pipe
piles extending above grade to the cap beam where a welded connection exists between
the two elements. This system of two or more driven pile columns welded to the cap
beam, which typicaly consist of double HP steel sections, comprises the lateral force
resisting system for the structure. Although the superstructure of the bridge system may
vary between construction materials such as steel or concrete, thisis of little consequence
to the behavior of the bent system when subjected to seismically induced forces and
displacements. Examples of this type of bridge bent construction can be seen in Figure
1.1 and Figure 1.2.

Although from the perspective of the Alaska Department of Transportation, these
structures are typically used as road and highway overpasses, they have actually been



found to be useful in a number of other applications. In particular, similar driven pile
steedl moment frames have been commonly utilized as pier and wharf-type marine
structures. For example, as can be seen in Figure 1.3, mooring docks located in the city of
Juneau, AK utilized by the cruise ship industry contain thistype of system.

Figure 1.1 76™ Ave. Under pass
Compliments of AKDOT



Figure 1.2 Bird Creek Pedestrian Bridge
Complimentsof AKDOT

Figure 1.3 Cruise Ship Mooring Dock — Juneau, AK



1.2 Motivation for Research

1.2.1 Alaskan Seismic Hazard

Many areas of the state of Alaska are susceptible to high seismic hazard. Thisis
mainly due its geographic location near the North American and Pacific tectonic plate
boundary. The circum-Pacific belt, one of the world’'s most active seismic regions,
brushes along Alaska’'s Aleutian Islands which extend from centra Alaska for
approximately 2500 miles. This region is arguably the most active seismic area in the
world as “more than 80 percent of the planet’ s tremors’ (usgs.gov) occur here. In addition
more earthquakes take place in this area than “in the other 49 States combined”
(usgs.gov). However, thisis not the only highly active seismic zone of the state. Another
zone “begins north of Yakutat Bay in southeastern Alaska and extends southeastward to
the west coast of the Vancouver island” (usgs.gov) encompassing portions of the Denali
and Fairweather fault systems. The state is a'so home to the most powerful earthquake
ever recorded by modern equipment in North America and second largest in the world.
This event took place on March 27", 1964 occurring in the Anchorage area and measuring
a moment magnitude of 9.2. Clearly a significant concern would exist within the Alaska
Department of Transportation as to the performance of their bridge structure in such a
highly active seismic region.

1.2.2 Welded Steel Connection | ssues

When subjected to design level seismic events, structures are expected to perform
in the non-linear range and sustain damage. This damage must however be controllable,
prevent collapse, and in the case of demands less than the design seismic event, be
repairable.  Although as a base metal steel is very desirable due to its ductile
characteristics, welded steel connections, if not detailed properly, can be problematic
when subjected to large inelastic deformations. In accordance with the principals of
capacity design, undesirable modes of failure such as brittle connection failures must be
avoided in order to develop plastic hinges at the intended location. Should undesirable
modes of failure develop prior to the formation of pile plastic hinges, issues such as
structural collapse, irreparable damage, or lack of member ductility will occur.

Concern has existed amongst the Alaska DOT as to the capabilities of the existing
steel bent bridge inventory as well as of any future steel bridges subjected to earthquake



excitation. In particular, mgjor concern exists regarding the capabilities of the welded
column to cap beam connection. The typical connection utilized in existing bridges and
the design of new bridges prior to this research project consisted of a simple field
performed fillet weld. Many of the filet welds in the existing structures are too small to
develop the full flexural strength of the pile. Examples of existing connections can be
seenin Figure 1.4 and Figure 1.5.
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Figure 1.4 Excerpt from Lowell Creek Bridge As-Builts
Compliments of AKDOT

Regardless of whether the fillet weld is adequate to develop the strength of the
pile, issues such as weld geometry, quality of the weld, and heat effects could lead to
undesirable brittle connection failures. Taking into account this consideration paired with
the high seismicity of Alaska as discussed in section 1.2.1 and the lack of research
concerning hollow steel pipe connections, it is of interest to investigate the capability of
the connection and more generally the entire steel bent.
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Figure 1.5 Excerpt from Bodenburg Creek Drawings (Note: Pile Thickness 0.375")
Compliments of AKDOT

1.3 General Research Plan

Six full scale tests, consisting of two pile bents, were conducted at North Carolina
State University’s (NCSU) Constructed Facilities Laboratory (CFL) in which the bents
were subjected to increasing levels of reversed cyclic latera displacement demand until
failure. Emphasis was placed on the implementation of a flexible testing matrix in order
to maximize the benefits of the research. The initial test was aimed at assessing the
capabilities of the existing system (a plane field conducted overhead fillet welded
connection). The result of this test dictated the course of action for the remaining tests.

Had the existing system been shown to perform well and allow for the proper
flexural plastic hinges to form in the pile sections, the remaining tests would have
incorporated construction tolerances such as cap-beam miss-alignment. Since the existing
system proved inadequate, the remaining tests focused on development of an adequate
connection that is capable of withstanding the demands of a capacity design

The tests were conducted utilizing reversed cyclic three cycle set loadings, typical
of seismic testing. Data analysis was conducted that primarily focused on strain and



curvature interpretation to understand failure modes and assist in development of a better
connection. Direct Displacement-Based Design calculations have also been conducted to
create a generalized method of providing estimation of spectral acceleration necessary to
fail a given bridge structure consisting of hollow steel pile bents. The ultimate goal of the
testing series was to provide a relatively simple connection capable of meetings the
inelastic demands necessary in high seismic regions.

1.4 Literature Review

1.4.1 Introduction

A search of multiple engineering focused bibliographic databases provided no
prior studies with direct applicability to this research project. This affirms the research
team’s initial hypothesis that no prior testing of this unique structural system has been
conducted. However, the literature review did produce two studies of interest that discuss
projects of moderate similarity to this research. The first of these two studies, “ Seismic
Behavior of Steel Pile to Precast Concrete Cap Beam Connections’ (Steunenberg, M., €t.
a., 1998), discusses testing of a single column hollow steel pile welded to a steel plate
which was embedded in concrete. The second article, “ Retrofitting for seismic upgrading
of steel bridge columns’ (Nishikawa, K., et. al., 1998), discusses research in which single
column hollow piles sections were tested utilizing a pocketed style connection with outer
reinforcing rings to control buckling. The details of these two projects are provided in the
remainder of this section.

1.4.2 *Seismic Behavior of Steel Pileto Precast Concrete Cap Beam Connections’

The research discussed in this paper focuses on a single laboratory test that
evaluated the performance of a steel pile welded to a stedl plate that was embedded in
concrete using anchor rods. The connection utilized a full joint penetrating weld which
was conducted in an overhead position to simulate actual construction practice. The
specimen was subjected to reverse cyclic lateral load and was ultimately able to achieve a
displacement ductility of 8 after local buckling formed in the pile according to the
researchers. Although this seems to be a positive response, areview of the testing results



indicates otherwise. The yield displacement reported in the article is 30 mm. However,
as can be seen in Figure 1.6, this structure did not reach first yield at 30 mm much less full
yield. From Figure 1.6, it is apparent that a ductility one displacement value would be
approximately 50 mm indicating a maximum ductility of approximately four and a
reliable ductility capacity of slightly over two.
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Figure 1.6 Testing Force Displacement Hysteresis
(Steunenberg, €t. al., 2007)

Although the dimensions and diameter-to-thickness (D/t) ratio of the pile tested
were similar to the dimensions used in this research project severa differencesin the test
specimen exist. First, the steel plate will produce a more stiff connection face than will
connecting to an actual flexible cap beam. As will be discussed later in this report, this
effect is likely significant. Secondly, no axial load was applied during testing as would
develop in afull scale bent test. Thiseffect islikely less significant than the rigidity of the
connection face but non-the-less does produce another difference. Although this
specimen was able to develop base meta failure prior to connection cracking, the force
displacement response indicates that these structures may be of limited ductility capacity.
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Figure 1.7 Test Specimen Detail
(Steunenberg, et. al., 2007)

1.4.3 “Retrofitting for seismic upgrading of steel bridge columns’

The research considered in this paper focused on retrofitting of existing columns
as the title indicates. The study considered both square and circular sections. However,
only the results of the circular specimens are presented here as the basis of this research
project isto determine the performance capabilities of circular sections.

The study assumed that local buckling of pile would occur before connection
cracking, as was reportedly experienced following the Kobe earthquake of 1995. The goal
of the research was to prolong the life of the structure by controlling the growth of
outward local buckling. This would be achieved by placing an outside reinforcing pipe



around the column with a specified tolerance. The lack of contact between the two
elements indicates that the outer ring provides no strength or stiffness to the structure until
buckling occurs. Following local buckling, the bulges that develop should come in
contact with the outer ring which in turn will control the growth of these bulges and
prolong the life of the structure.

Although the results of single column testing proved the method to be relatively
successful, this conclusion is not of great importance to this research project. The fact that
connection cracking did not occur prior to pile local buckling is of importance to this
project. However, the connection utilized during this testing was a pocketed type
connection where the pile was passed through an upper plate then welded to both a lower
plate and the upper plate as shown in Figure 1.8. This significant difference indicates that
direct comparison of these results to the results of this research project is not possible.
Regardless, the study does provide what may be a viable connection alternative, the
pocketed connection, to the simple welded connection considered in this research project.
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Figure 1.8 Test Specimen Detail
(Steunenberg, et. al., 2007)
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Chapter 2

The Experimental Program

2.1 Specimen and Testing Frame Design

2.1.1 Introduction

The main goal of the experimental program was to model as accurately as possible
atypical steel bridge bent used in Alaska. The use of a full scale two pile bent ensured
that the influence of axial forces and proper boundary conditions were captured.
Although laboratory limitations were considered throughout the design, an attempt, as
indicated in the following sections, was made to minimize the influence of these
limitations in order to achieve the main goa of capturing the actual system response to
lateral load.

2.1.2 Specimen Design

A very important aspect of the specimen design was coordination with Alaska
DOT to ensure that the design was, in fact, representative of their existing bridge
inventory. Table 2.1 provides a representative sampling of the steel bent bridge inventory
provided by AKDOT. Note from Table 2.1, that the pile heights range from 10-20 feet
and the pile diameters range from 12-30 inches. Taking into account the fact that pinned
based supports would be used to model the point of inflection, which would exist under
lateral loading asillustrated in Figure 2.1, the decision was made to set a target pile height
at 10-14 feet which would correlate to a 20-28 foot pile in the field to the point of fixity.
The decision was aso made to use 16 inch diameter piles which are typical (although on
the smaller side) pilesused in the field. The thickness was chosen as 0.5 inches to create a
D/t ratio of 32 which iswithin the typical range of AKDOT practice. ASTM A500 Grade
B& C material was chosen for the pipe, with an anticipated yield stress of 50 ksi.

The design of the cap beam was controlled by capacity design principles. In order
to ensure that flexural hinging occurred at the tops of the piles, other failure mechanisms
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(beam hinging, joint failure) had to be capacity protected. An over-strength factor of 1.3
was assumed in the calculation of the ultimate pile strength as shown in Eq. 2.1. The
selection of an HP section to comprise the double HP cap beam was then based on the
evaluated moment demand at the column face as calculated in Eq. 2.3. From thisvalue an
HP14x89 section comprised of ASTM A572 Grade 50 material was chosen since it
remains elastic at the over-strength column face moment demand as shown in Eq. 2.4.
Note that Egs. 2.1-2.4 are all based on final dimensions selected asis discussed in the next
paragraph Full depth stiffeners of %4 inch thickness were also included in order to protect
the cap beam inside the joint region. These stiffeners were placed over the extreme fiber
of the HSS pile.

Table 2.1 Sampling of AKDOT Steel Bridge I nventory
Compliments of AKDOT

Pile Location
Weld ‘\-'\'.eld Pile .PI].E Height Nu.m_ber 2of Span Figure
Name Twpe Size Diam thickness | above | of Piles | Cap Beam Spans Length Latitude | Longitude | reference
P [in] i [in] ground | per bent P [ft] g
[ft]
Field - , - . . ,
208 | Loo| 025 |12 N/A 10 1 HP14x73 | 3 75 | 57618 | -152315 | N/
1196 Eﬁﬁ 025 |12 0.833 14 4 HP14x73 | 3 33 | 59478 | -139.608 | N/A
Figure
1754 | Fleld | 695 1 30+ N/A 16.5 4 2W36x280 | 3 50 | 61.150 | -149.700 | 1-2and
Fillet Figure
16
1820 | FEd | 5395 | 16 N/A 20 4 JHP10x37 | 3 35 | 60178 | -149.365 | TiEwe
Fillet 14
1136 | Bl | 5375 | 167 05 10 2 2HP14x89 | 1 80 | 60105 | -149.44g | Flewre
Fillet 1.7
1945 | Fi¥ld 1 5309520 | 0625 | 20 3 | owisx3s | 23 | 30 | 54852 | -163.408 | FlEwTe
Fillet 1.1
Figure
1714 | BEld | 6505 1 4o 0375 | NA 2 W24x84 1 74 | 61560 | -149.03g | 13 2nd
Fillet Figure
L5

‘ﬁ Point of
< ( S—_— Inflection

Figure 2.1 Pile Bending Moment Schematic
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My pile= 26y o = (112n3)>(5mg)>(1.3) - 607 kipft Eq. 2.1

f o = "Over Strength Factor”

H
cl 139n
M = — o= —— X607 kipét) = 639 kipxt Eq 2.2
beam_cl Ho p_pile 132in>( PAt) p

Mpeam o = "Moment Demand at Beam Center Line"
Hg = "Height to Center Line of Cap Beam"

Hgjegr = "Column Clear Height"

05 5424

Clear 0.5424in
M _ M = —2Z X639 kipift) = 566 kipft Eqg. 2.3
beam _of = 55~ Mbeam ol = {54, (K

Mpeam of = "Moment Demand of Beam at Column Face"
Ly = "Horizontal Distance from Center to Center of Piles’

Lolear = "Horizontal Distance from Inside Face to Inside Face of Piles’

My HP14x89" S)efy = (131in3)>50(3i = 546 kipAt Eq 2.4

My Hp14xgg= "Elastic Moment Capacity of SINGLE HP14x89"

Although the desired sections comprising the test specimen had been chosen, the
exact dimensions of the bent were ultimately dictated by laboratory restrictions. The CFL
strong floor and strong wall each have restraining access holes at 3 feet on center. Taking
this into account as well as the design of the testing frame, which will be discussed in the
next section, it was decided that the clear distance from the point of inflection (pin base)
to the bottom flange of the cap beam would be 10 feet 11-1/8 inches. Since the width of
the bent was assumed to create no significant affects, a center to center of pile distance of
11feet 8 inches was chosen to accommodate the layout of the strong floor. Design
drawings of the entire bent are provided in Figure 2.2 and Figure 2.3.
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2.1.3 Test Frame Design

The testing frame design consisted of two main entities. The first and most crucial
was the design of the pinned base supports. As described earlier the function of these
supports was to model the point of inflection that would exist half way between the point
of fixity created by the soil restraint and the bottom of the cap beam in an actual driven
pile bent. The second entity of the testing frame design was the elevated lateral support
frame. The purpose of the frame was to resist any out-of-plane motion that may occur
during testing. Although no such motion was anticipated, this frame was utilized as a
safety measure.

Each assembly, which can be seen in Figure 2.4 through Figure 2.7, consists of
four short W14x159 sections, two shoes, two sleeves, four restraining angles, and one 5.5
inch diameter steel pin. The tolerance between the sleeves and pin was 0.002 inch. Each
assembly was post tensioned to the CFL strong floor using four 1-3/8 inch Dywidag post
tensioning bars, tensioned to approximately 50 kips. The assembly also utilized a 1 inch
steel bearing plate beneath each shoe to replace rocker bearings which were used in the
first two tests but proved to be problematic. Base displacement observed in the first two
tests was found to be due to the rocker bearings and for this reason they were replaced
during subsequent tests. Detailed shop drawings of the assembly are included in
Appendix 1.

Figure 2.4 Front Elevation of Pinned Base Assembly
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Figure 2.5 Side Elevation of Pinned Base Assembly

Figure 2.6 Plan View of Pinned Base Assembly
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Figure 2.7 Picture of Pinned Base Assembly

As stated earlier, the main function of the elevated steel frame was to resist any
incidental out of plane motion. This frame consisted of the three main elements. Thefirst
is the beams and columns forming the frame. Secondly, K bracing was used to provide
the actual out of plane stiffness. Lastly, a caster (roller) system was used to guide the cap
beam should they come in contact. This system can be seen in Figure 2.8 and the entire
setup can be seen in Figure 2.9.
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Figure 2.8 Elevated Steel Frame

Figure 2.9 Specimen and Testing Frame
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2.2 Instrumentation Overview

2.2.1 General Instrumentation Discussion

Multiple systems of instrumentation were used during the testing series. These
systems included traditional measurement devices such strain gauges, linear
potentiometers, and inclinometers all of which conduct a particular type of measurement
based on electric resistivity readings. There were also two types of non-traditional
measurement equipment used throughout the testing series. The first of these two was an
audio recording system consisting of ten microphones. The purpose of the audio
recording device was to help the researchers identify possibly locations of cracking. The
second type of non-traditional equipment and arguably the most valuable measurement
device used during testing was the Optotrak system which is discussed in subsequent
sections. Although for most tests the instrumentation layout was very similar, there were
some alterations made between tests. For this reason, the instrumentation layout will be
discussed on a per test basis in the remainder of this report.

2.2.2 Optotrak Overview

The Optotrak system is a motion capturing device that utilizes a combination of
LED markers, strobers, a camera and a data acquisition station as shown in Figure 2.10 to
record the relative motion associated with the markers throughout a test. The system
captures X, Y, and Z location data at a prescribed frequency with accuracy to the
hundredth of a millimeter for each marker. By applying a grid of markersto a specimen as
is shown in Figure 2.11 and Figure 2.12, simple post processing of the recorded data
allows for accurate calculations of strains and cross section curvatures.
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Figure 2.10 Optotrak Motion Capturing Camera
Compliments of NDI

Figure2.11 Grid Application of Optotrak Markers
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Figure 2.12 Optotrak 3D Grid Snapshots

2.2.3 Calculation of Strainsand Curvatureswith the Optotrak System

For these calculations, the initial gauge length between markers is simply taken as
the distance between any two given markers recorded at time zero prior to the beginning
of the test. The magnitude of strain can then be calculated for the remainder of the test by
simply dividing the change in distance between the markers by the initial reading. This
system allows for an average value of strain to be calculated between any two markers.
Since the markers are attached in a grid system, the total of the absolute value of strain at
either extreme fiber of a cross section divided by the diameter of the column provides the
curvature of that cross section at that given time.

2.2.4 Advantages of the Optotrak System

In general, the system provides accurate data far beyond the capabilities of the
traditional systems such as electric resistance strain gauges which typically cannot handle
very high levels of inelastic strain. The markers are applied to the specimen using a hot
glue system and accurate data is collected as long as the markers stay attached. It was
typically seen that the Optotrak markers are able to remain adhered to the specimen for the
duration of the test and provide reliable data beyond buckling or fracture. By employing
the grid system it is also possible to capture the strain variance along the height of the

21



column or through a cross section of the column. It is important to note that although the
primary use of the Optotrak system in this testing series was for the calculation of strains,
any measurement related to the relative motion of points on the specimen can be derived
from the raw data.

2.3 Loading Protocol: Traditional Three Cycle Sets

2.3.1 Background of the Load History

The lateral load history applied to the test specimens throughout this series
consisted of traditional reverse cyclic three cycle sets. The main objective of this type of
load history is to test the capabilities of the system for large inelastic reverse cyclic
demands typical of seismic loadings. To establish thisload history, material properties and
member geometry must be known. Based upon mill certifications of the pile material, a
material yield stress of 54 ksi was used for the development of the load history.

The first section of atypical three cycle set load history consists of load controlled
cycles beginning at 1/4F, as calculated in Eq. 2.5. After testing both the push and pull
direction, the load is then increased to 1/2F,. Increasing increments of 1/4F, are repeated
until afull cycle of F, has been conducted. During this cycle, the structural displacements
recorded during testing at both +F, and —F, (+ indicates actuator pushing, - indicates
actuator pulling) are averaged to established an observed first yield displacement. This
observed displacement is then extrapolated by a factor equal to My/My for the pile cross
section to determine the displacement magnitude of ductility 1 asis shown in Eq. 2.6 to
establish the equivalent first yield displacement. This equivalent first yield displacement
is equal to the magnitude of the displacement ductility level 1 often indicated by pu; The
remainder of the test is then run in displacement control testing increments of ductility as
indicated in Eq. 2.7. The typical sequence followed includes ductility 1, 1.5, 2, 3, 4, 6,
and 8. Three complete cycles are conducted at each level until specimen failure occurs.
A typical three cycle set load and displacement history is shown in Figure 2.13 and Figure
2.14 respectively.
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Figure 2.13 Example Three Cycle Sets L oad History

Figure 2.14 Example Three Cycle Sets Displacement History
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2.3.2 Application of Lateral Load

Structural analysis was conducted with the known material properties of the piles
to determine that a 220 kip MTS actuator (220 kip compression or push, 150 kip tension
or pull capacity) would be adequate to test the specimen. The other major consideration
when designing the lateral loading system was actuator stroke. The 220 kip MTS actuator
has a total stroke capacity of 40in. For the purpose of reverse cyclic loading, the lateral
loading system was designed to allow for a balanced set up that would provide plus or
minus 20 inches of stroke. Thiswould be enough stroke to test a ductility level of 8 based
upon elastic column flexure calculations. The lateral loading system can be seen in Figure
2.15 and Figure 2.16. The connection system between the actuator and the cap beam is
shown in Figure 2.17.

Es——=

SOUTH NORTH

Figure 2.15 Lateral L oading System
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Figure 2.16 220 kip M TS Actuator
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Figure 2.17 L oading Assembly Connection
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Chapter 3

Experimental Observations

3.1 Introduction

As discussed in Chapter 2, emphasis was placed on the use of a flexible testing
matrix which would allow the outcome of a test to dictate the direction of the subsequent
tests. For this reason it is of value to review the tests in chronological order. Issues
regarding the connection design, instrumentation, and response of each test are included in
this Chapter.

3.2 Test 1 Purpose, Observations, and Conclusions

3.2.1 Purpose: Evaluate the Capacity of the Current Design

Aswas discussed in Chapter 1, the typical detail utilized during construction of the
existing bridge inventory consists of a simple field conducted fillet weld. The connection
requires no backing bar and provides no root opening as can be seen in Figure 3.1 which
depicts a section cut of the 1/2 inch pile wall and the bottom flange of the HP section cap
beam. It isimportant to note that due to a construction error the actual weld used in test 1
was undersized by approximately 1/16 of an inch. Although thisis an error, the situation
is actualy more indicative of the existing bridge inventory which possesses many
undersized fillet welds with throat thicknesses less than the pile wall thickness.

During construction of the test specimen, care was taken to mimic construction
practices as much as possible. Although for this initial test an optimal weld was desired
with minimal defects and no construction tolerances considered, the methods used to
construct the test specimen needed to be equitable to field procedures. For this reason all
welding of the connection, which can be seen in Figure 3.2, was done from an overhead
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position. The instrumentation utilized to monitor the response of the specimen included
traditional equipment as well as the Optotrak system. The layout of this instrumentation is
shown below in Figure 3.3 and Figure 3.4. Figure 3.3 provides the reference location and
distance below the bottom flange of the cap beam in inches (i.e. North Column North Face
4 inches down) for al strain gauges used in the test. In addition to the instrumentation
shown, four linear potentiometers were used. Two were placed at the centerline of the cap
beam on the south end, one at mid height of the south column and one at the base. Four
inclinometers were also utilized on the specimen. Two were located at the cap
beam/column centerline intersection and two at the base of the columns.

N
‘\/\;

lll

Figure 3.1 Test 1 Connection Detail Section
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Figure 3.2 Test 1 Fillet Weld Connection
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Figure3.3 Test 1 Strain Gauge M ap
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Figure3.4Test 1LED Grid

3.2.2 Test 1 Observations

Structural analysis conducted prior to testing provided a system first yield force of
73 kips on which the initial portion of the loading history was based. The average first
yield displacement of the system was observed to be 2.99 in which is considerably higher
than the calculated estimate of 1.75 in. One reason for the higher than expected yield
displacement is the effect of base displacement which can be attributed to the rocker
bearings located in the base supports as mentioned in the description of the support
design. However, larger than expected first yield displacements were observed
throughout the testing series even after the removal of the rocker bearings. Thisissue will
be discussed in later Chapters of this report. From the recorded first yield displacement of
2.99 in, the equivaent yield displacement or ductility 1 displacement was calculated as
3.89in.

Regardless of the base displacement issue, the specimen was found to respond
adequately within the elastic range. No signs of failure were observed during the load
controlled portion of the load history prior to first yield nor were any observed during the
ductility 1 and 1.5 levels. However, rapid degradation of the connection was observed
during the first cycle of the second ductility level. During this cycle cracking was seen at
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the toe of the fillet weld on the south column as can be seen in Figure 3.5 and described in
Table 3.1. The effect of this cracking in regards to the strength of the specimen can be
seen in Figure 3.6 and Figure 3.7 which provide the force displacement hysteresis and the
load history respectively. It should be noted that the force displacement hysteresis
appears to be shifted towards the positive direction due to the effects of base displacement
which is plotted in Figure 3.8. As aresult of the cracking in the first cycle of ductility 2,
the specimen was assumed to be failed and the test was concluded.

Figure 3.5 Cracking of South Coumnin Test 1
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Table 3.1 Overview of Test 1 Cracking

Ductility

Cycle

Load

[kips]

Displacement

[inches]

Plan view*

Notes

n2y

74

6.4

South column

Crack appeared
to originate at the
bottom of weld

59

7.1

T

South column

Crack in heat
affected zone
below weld and
opened up
approx. ¥4

Figure 3.6 Test 1 Force Displacement Hysteresis
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Figure3.7 Test 1 Load History
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Figure 3.8 Test 1 — Base Displacement vs Cap Beam Displacement
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3.2.3 Test 1 Conclusion

Reviewing the outcome of test 1 and considering that a target ductility of 8 was
desired by AKDOT, it seems that the current connection design is inadequate. Given the
failure which occurred early in the second ductility level the current design would likely
be assigned a reliable ductility 1 or 1.5 by most designers. This is barely outside the
elastic range and inadequate for even mild levels of seismic activity. For this reason
AKDOT decided to put an immediate halt to the construction of any bridges involving this
type of connection until a better system could be determined. It was decided in
conjunction with AKDOT that no more tests would be used to evaluate the capacity of the
current design and the research program would be redirected towards the goal of finding
an adequate connection.

3.3 Test 2 Purpose, Observations, and Conclusions

3.3.1 Purpose: Improve Connection Ductility with New Weld Configuration

Readlizing that the current fillet weld detail was inadequate, test 2 focused on
improvement of the connection. The overal goal at this point in the testing series was to
provide a detail that would allow for plastic hinging to form in the pile section without the
connection becoming overly complex. Multiple options were considered such as the use
of stiffeners and reduced sections. Ultimately it was decided that refinement of the weld
geometry would be most sensible option for the first attempt at system improvement.

Possible options for weld geometry refinement included the use of a partid
penetration weld, a full penetration weld, or a full penetration weld with a reinforcing
fillet. In general it was felt that the cracks observed in test 1 were likely due to high stress
concentrations around the sharp geometry of the fillet weld. For this reason it was
decided that a full penetration weld with a full size reinforcing fillet as can be seen in
Figure 3.9 would be used in order to induce smooth stress flow from the column to the
beam flange. Although the use of such alarge amount of weld material does induce more
heat effect and provides for the possibility of more defects, it was still felt to be the best
option.
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Figure 3.9 Test 2 Connection Detail Section

As was the case in test 1, care was taken during construction of the specimen to
ensure that the construction practices were in fact realistic. For thisreason, all welds were
performed from an overhead position after the columns were erected in the lab. In
addition, a welding procedure specification (WPS) as required by the American Welding
Society (AWS) code was established and utilized in conjunction with visual and ultrasonic
inspection, as appropriate for each type of weld. These measures were taken to ensure the
weld tested would at least meet the minimum quality requirements of typical engineered
welds. The credentials of the inspectors used and the results of the inspections can be
found in Appendix 4. The completed weld is shown in Figure 3.10

The instrumentation plan for test 2 remained the same as for test 1 except for
aterations to the strain gauge layout. For test 2 the strain gauge map was atered by
excluding the transverse gauges, the radia quarter point gauges, and the top of cap beam
gauges. The total number of longitudinal gauges used at the extreme fibers of the pile was
increased. The revised strain gauge map for test 2 is provided in Figure 3.11 and again
shows the reference location and distance below the cap beam for each strain gauge
utilized.
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Figure 3.10 Completed Test 2 Connection Weld
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Figure3.11 Test 2 Strain Gauge Map
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3.3.2 Test 2 Observations

Given that the only alteration to the system was the welding configuration, the
global strength and stiffness were not affected. For this reason the first yield force
remained at 73 kipsasintest 1. The observed average first yield displacement in this test
was found to be 2.49 inches and was used to establish a new displacement history for the
remainder of thetest. From the first yield displacement, the equivalent yield displacement
or ductility 1 displacement was calculated as 3.24 inches from Eq. 2.6. Although the base
displacement was much more controlled as can be seen in Figure 3.12, the observed first
yield displacement was again higher than expected.

20

Cap Beam displacement [inches]
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Figure 3.12 Test 2 — Base Displacement vs. Cap Beam Displacement

The test 2 specimen generally performed much better than the test 1 specimen. No
signs of failure were observed through the displacement ductility 1, 1.5, and 2 levels. The
specimen was accidentally subjected to an overload cycle corresponding to a displacement
ductility of 5 during the transition from ductility 2 to 3 as can be seen in Figure 3.13.
Although no damage was observed during this overloading, reversal to the negative or
pull correct ductility 3 displacement led to a crack forming at the weld toe in the north
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column. This crack extended from the extreme fiber of the south face to approximately
the neutral axis as shown in Figure 3.15. It is possible that this crack was due to damage
sustained during the overload cycle. For this reason and the fact that only minor strength
loss had been experienced asis shown in Figure 3.14, the test was continued.
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Figure 3.13 Test 2 Force Displacement Hysteresis
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Figure 3.14 Test 2 Load History
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Figure 3.15 Test 2- Cracking at Weld Toe North Column South Face

Ultimately the specimen was able to develop local buckling as is seen in Figure
3.16 when subjected to ductility 4 displacements. This buckling led to significant strength
degradation and base material fracture at a location of local buckling on the south column
shown in Figure 3.17. The failure mechanism of this specimen can be summarized as a
combination of local buckling, strength loss, base material fracture, and weld to fracture
possibly due to the overload cycle. A summary of these failure mechanisms has been
provided in Table 3.2,

Figure3.16 Test 2 — L ocal Buckling of North Column
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Figure3.17 Test 2- Base Material Fractureon South Column

3.3.3 Test 2 Conclusion

The overal performance of test 2 was significantly better than that of test 1.
Taking into account the multiple failure mechanisms, the specimen would likely be
assigned areliable displacement ductility of 3 assuming that the crack at the weld toe was
due to the errant overload cycle. Although thisreliable ductility level is still far below the
originally desired value of 8, it had become clear that a value of 8 was likely unattainable.
Also, areliable ductility value of 3 for this specimen corresponds to approximately 7%
drift. Thisisareasonably high allowable drift percentage.

It is clear that the value of displacement ductility should not be the only measure
of capacity considered when evaluating the capabilities of the system. Since the measure
of ductility is normalized to the yield displaced, the value of reliable ductility is sensitive
the magnitude of the yield displacement. Considering that the test 2 specimen had an
equivalent yield displacement 3.34 inches, areliable ductility value of 3 would correspond
to 10.02 inches of reliable displacement. This is a considerable amount of displacement
capacity which may be adequate in some moderate seismic hazard regions. The displaced
test 2 specimen can be seen in Figure 3.18.
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Table 3.2 Test 2 Failure Mechanism Summary

Ductility | Load Displacement N
Cyde | [kipd [inches] Plan view Notes
Loaded past
w3, ductility 3to a
displacement of
16", approx. u5
N
M3 -01 9.72 L

North Column

Buckling on both

b 71 12.96
columns
N
4, Crack at the toe of
H 62 12.96 theweld or alittle
below
South column
N
ud, 62 12.96 i Crack lengthen
from p3-1
North Column
4 Crack in buckling
H%2 -58 12.96 region of south

column
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Figure 3.18 Displaced Test 2 Specimen

3.4 Test 3 Purpose, Observations, and Conclusions

3.4.1 Purpose: Evaluate Ductility of Full Penetration Weld without a Reinforcing
Fillet

Given the relatively good results obtained in test 2, the research team desired to
determine if an equitable response could be obtained with the exclusion of the full depth
reinforcing fillet weld as seen in Figure 3.19. Should the results be repeatable without the
reinforcing fillet, the benefits of the revised connection would be numerous. By removing
the reinforcing fillet, a significant amount of weld material and welding time would be
saved along with the benefits of reducing heat effects and the probability of weld defects.
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Given that the globa system was still unaltered, the yield force remained at 73
kips. Although the base displacement had been reduced in test 2 the magnitude observed

was dill 5% of the yield displacement, an unacceptable amount.

For this reason the

rocker bearings were removed and replaced with a steel shim plate. The instrumentation
layout remained the same except for the string potentiometers which were reduced in total
number to two. One was located at the cap beam centerline and one at the base support.

Asintest 2, significant quality control measures were implemented to ensure that
the best possible weld, still constructed under redlistic conditions, was achieved. Both
visual and ultrasonic testing of the weld, which can be seen in Figure 3.20, was conducted

and can be found in Appendix 4.
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Figure 3.20 Test 3 Connection

3.4.2 Test 3 Observations

During the testing of the third specimen, a loading error occurred early in the test.
Following the 50% F, push. The specimen was significantly overloaded and data was lost
during this time as is seen in Figure 3.21. As can be seen in Figure 3.22 estimates from
extrapolation of the force displacement hysteresis indicate that the overload cycle reached
approximately -100 kips (pull) and -15.74 inches of displacement. Unfortunately, due to
the time during testing at which the overload cycle occurred, no first yield displacement
could be established for this specimen. For this reason the average displacement value of
2.49 inches found in test 2 was utilized resulting in an equivalent yield or ductility one
value of 3.24 inches.
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Figure 3.21 Test 3 Force Displacement Hysteresis

125

1/2F,

F /4

'~— Overload
Figure3.22 Test 3 Load History

During the overload cycle, a fracture developed at the weld toe at the beam flange
in the north column as is seen in Figure 3.23. The next crack that formed was during
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second pull cycle of ductility 1.5 on the south column in the northeastern quadrant at the
cap beam weld toe as seen in Figure 3.24. Multiple small cracks also developed on the
south side of the south column. The crack seen at the weld toe of the north column also
grew in length during this cycle. The cracks already formed on both columns continued to
grow both in length and width during the first cycle of the second ductility level and even
propagated through the weld in the case of the cracking on the south column during the
second cycle of ductility 2 as shown in Figure 3.25. The cracking observed on the north
pile was also seen to propagate through the weld during the third cycle of ductility 2 as
shown in Figure 3.26. The test was continued into ductility three even though the
reduction in strength was clearly more than 20%. After the first cycle of ductility 3 the
cap beam showed distortion near both columns, as seen in Figure 3.27, and a new crack
had formed in the north column at the cap beam weld toe. At this point the test was
stopped due the extent of damage and loss of strength of the test unit as has been
summarized in Table 3.3.

Figure 3.23 North Column Crack During Overload Cycle

Figure 3.24 South Column Cracking — Ductility 1.5 Second Pull cycle
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Figure 3.25 South Column Propagation of Cracking through the Weld

Figure 3.26 North Column Propagation of Cracking through the Weld

Figure 3.27 Cap Beam Distortion
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Table3.3 Test 3 Summary

Ductility
Cycle

Load
[Kips]

Displacement
[inches]

Plan view

Notes

Over load

-100

Unknown

Specimen was
loaded past
50%F, to an

unknown load

and displacement

uly

50

3.24

North column

ul.5;

-61.5

4.86

South column

Green arrows
show areawhere
small cracks
Were seen

|,l1.5-2

-61.5

4.86

North column

Red line growth
of crack and blue
lines are old
crack

HZ21

85

12.96

N

i

North column

Red lines are
new crack that
formed




Table3.3 Test 3 Summary Continued

South Column
crack from pl.5-
2 propagated
through weld in
location shown
previously
North column
crack from p24
propagated
through weld in
location shown
previously

w2, -70 12.96

].L23 76

i New crack on
south column
H31 -8 9.72 shown in red.

South column

3.4.3 Test 3Conclusion

Regardless of the loading error, it is clear that the response of test 3 was
inadequate. Although the test would likely be assigned a reliable ductility of 1.5 to 2
which is slightly better than that of test 1, the response was not comparable to that of test
2. The unreinforced complete joint penetration weld was therefore deemed inadequate
and the connection would not be used in future tests.
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3.5 Test 4 Purpose, Observations, and Conclusions

3.5.1 Purpose: Validate Results of Test 2

As test 3 had proven that a complete joint penetration weld without a reinforcing
fillet was generally inadequate, test 4 aimed to validate the results of test 2. For this
reason an identical weld detail to test 2, as shown in Figure 3.28, was conducted following
the earlier practice of visual and ultrasonic testing to ensure the weld was as defect free as
possible. Again, all welding was performed overhead in order to follow typical
construction practices.

Although the traditional instrumentation and Optotrak system remained unchanged
from test 3, test 4 also included audio monitoring equipment. The system consisted of ten
microphones of which the layout can be seen in Figure 3.29 and a recording station. The
main purpose of this equipment was to assist the research team in identifying locations of
damage, cracking in particular, over random noises emitted by the setup such as pin
rotations. The system was also successful in helping to identify when possible cracking
inside the pile occurred as will be discussed in subsequent sections.
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Figure 3.28 Test 4 Weld Detail Section
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3.5.2 Test 4 Observations

Again since the globa system remained unchanged, the first yield was maintained
as 73 kips. In the case of test 4, the observed average first yield displacement was 2.54
inches resulting in an equivalent yield displacement of 3.30 inches. Although no visual
signs of failure and no strength loss was observed prior to the third cycle of ductility 3,
two audio emissions not attributable to support noise were recorded. The first of these
occurred during the third pull cycle of ductility 2 and registered highest at microphone 3
as shown in Figure 3.30. The next omission occurred during the first pull cycle of
ductility 3 and again was recorded with the highest amplitude at microphone 3 as shown
in Figure 3.31. Both these records indicate a much sharper and shorter emission than that
of a common pin dip emission which is shown in Figure 3.32. It is possible that these
emissions were the result of cracking in the inside of the pile which may have been at the
backing bar weld or the root of the complete joint penetration weld.
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Figure 3.32 Typical Pin Slip Recording
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Ultimate failure occurred rapidly during the third push cycle of ductility 3. A large
crack quickly formed and propagated around a significant portion of the south face of the
south column as seen in Figure 3.33 and Figure 3.34. This crack significantly affected the
strength of the system as can be seen in both Figure 3.35 and Figure 3.36. The last pull
cycle of ductility three was completed and the test was assumed to be completed given the
significant cracking on the south column and approximately 30% strength loss.

Figure 3.33 Cracking on South Column
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Figure 3.34 Cracking on South Column — Post Test

Figure 3.35 Test 4 Force Displacement Hysteresis

54



Figure 3.36 Test 4 Load History

Figure3.37 Minor Local Buckling on the South Column
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3.5.3 Test 4 Conclusion

The test 4 specimen generally responded in an adequate manner prior to ductility
3. Therapid onset of failurein the third push cycle of ductility 3 involving cracking at the
weld toe is however arather undesirable failure mode. The specimen was able to develop
only a minor amount of local buckling as shown in Figure 3.37. In comparison to test 2
which was able to develop significant local buckling and eventual base material fracture,
test 4 was not very successful. For thisreason it was felt that the results of test 2 were not
adequately validated by the given connection detail.

3.6 Test 5 Purpose, Observations, and Conclusions

3.6.1 Purpose: Attempt to Control Joint Deformation Utilizing an Inside
Reinforcing Fillet Weld

Following the first four tests it had become clear that smple weld configuration
changes were not going to produce a reliably adequate design. Taking this into account,
the research team in conjunction with AKDOT decided that more drastic measures were
going to be necessary. At this point in the testing series, it was still unclear whether the
failures seen in test 1-4 were a strain controlled or stress controlled issue. Considering
this, it was decided that the addition of an inside reinforcing fillet weld would provide a
larger capacity and possibly prolong the life of the structure. The detail shown in Figure
3.38 was developed to incorporate this inside reinforcing fillet. Consideration was given
to the fact that the detail develop would induce even more heat effects and introduce the
possibility for more defects. The addition of the splice weld also adds to the negative
effects of the detail. However, it was decided that regardless of these issues the
connection still had good potential and was the next logical step.
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Figure 3.38 Connection Detail Section

Considerable effort was made to ensure that during the construction process each
step taken could be realistically reproduced in the field. In order to incorporate the inside
fillet weld as shown in Figure 3.39, it was necessary to use a 12 inch stub column which
would first be welded to the cap beam in a sequence indicated by a WPS. Prior to the
welding of the stub column to the cap beam, the proper location of the stub column on the
cap beam was marked by placing the cap beam on the piles which had already been
erected and marking their location. This step was utilized to ensure alignment of the stub
column to the pile. The welding of the stub column to the cap beam as can be seen in
Figure 3.40 was then conducted underhand on the ground prior to the placement of the cap
beam as could be done in the field. Next, the cap beam was placed on the piles and the
splice weld between the stub column and piles was completed. Again all three types of
instrumentation were used in thistest. The layout of each system remained the same asin
test 4.
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Figure3.39 Test 5—Inside Reinforcing Fillet Weld

Figure 3.40 Completed Stub Column Weld

58



3.6.2 Test 5 Observations

A first yield force of 73 kips was again used and the average first yield
displacement for this test was found to be 2.84 inches resulting in an equivaent yield
magnitude of 3.69 inches. The overall response of the test 5 specimen was very similar to
that of test 4. No visual signs of failure or strength degradation were observed prior to a
displacement ductility level of 3. Also similar to test 4, severa audio emissions were
noted prior to failure that were not attributable to set up noise as shown in Figure 3.41.
However there were again no visua signs of failure associated with the noises. Itislikely
that these noises can be attributed to cracking taking place inside the column. Thisinside
cracking could likely be taking place in the weld region of the backer ring.

10%F |

Amplitude
=

—1x10" —

Time (s)

Figure 3.41 Sound Emission Possibly Related to Interior Cracking

The ultimate failure mechanism in test 5 again occurred in the third push cycle of
ductility 3 and consisted of a large fracture at the weld toe on the south side of the south
column as shown in Figure 3.42. The crack was associated with over 20% strength loss as
shown in Figure 3.43 and Figure 3.44. Since the full cycle had not been completed, the
research team attempted to continue pushing the specimen but the crack began to
propagate very quickly. For thisreason the test was concluded.

Unlike test 4, test 5 was able to develop a minor level of local buckling on both
columns. Thefirst signs of local buckling began to develop during the second push cycle
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of ductility 3 at alocation just above the splice weld on the north face of the south column
and near the cap beam weld on the north face of the north column. The second pull cycle
of ductility 3 led to slight local buckling developing near the cap beam weld on the south
face of the south column and at both the cap beam weld and splice weld on the south face
of the north column as can be seen in Figure 3.45. The buckling never had a chance to
propagate and develop strength loss due to large the fracture that formed shortly after
bucking had begun.

Figure 3.42 Failure Crack —Ducitlity 3 Cycle 3
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Figure 3.45 Double Buckling of North Column

3.6.3 Test 5 Conclusion

Although the test 5 specimen was able to withstand most cycles of ductility 3 asis
shown in Figure 3.46, the reliability of the design was no better than that of test 4. The
test 5 detail did allow for minor local buckling to begin occurring, but ultimately the
failure took place again at the weld toe. The detail was not capable of producing a base
material failure and was there for considered to be inadequate and unreliable. It was till
felt following this test that the weld toe failures observed were likely strain related as
opposed to stress related. Unfortunately the inside reinforcing fillet weld did not prolong
thelife of the structure lending to the conclusion that the failure may be strain controlled.
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Figure 3.46 Test 5 Response — Ductility 3

3.7 Test 6 Purpose, Observations, and Conclusions

3.7.1 Test 6 Purpose: Relocation of Flexural Plastic Hinging

From tests 1-5 it had become apparent that manipulation of the weld joint alone
would not produce a reliable connection. For this reason it was decided that an attempt
would be made to relocate the plastic hinge region to force failure away from the
complicated geometry of the cap beam/column connection. If the failure at the weld
region is impacted by high strains, relocating the hinge away from the weld will improve
behavior. However, if stress is the more important parameter, relocating the hinge does
not help the situation since the stresses at the joint remain high (albeit in the elastic range).
Multiple systems for relocating the location of hinging were considered including a
reduced section, a heat treated section, and a strengthened column capital amongst others.
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Ultimately it was decided that a flared column capital as shown in Figure 3.47 would be
utilized. Although the system was more complicated than originally desired by AKDOT,
it was considered a necessary effort should for an adequate connection to be achieved.

Figure 3.47 Test 6 — Flared Column Capital

The design of this system was based on the principle that the critical section of the
flared column (adjacent to the cap beam flange) should remain elastic under full plastic
flexural moment at the intended hinge region just below the flared section. Taking into
account the demand relationship as shown in Figure 3.48 and the properties of ASTM
A527 Gr. 50 material which was to be used in the fabrication of the column capital, the
final design shown in Figure 3.49 was created. It isimportant to note that the connectivity
of the smaller diameter portion of the column capital to the larger was not created by
welding. The assembly is a single unit fabricated by the bending of plates into two 180
degree sections that were in turn seam welded down the longitudinal axis. The smaller
diameter section was created by then milling down the section as specified. The intention
of this process was to create an intended hinging region away from either weld. By
designing the section for the top weld to remain elastic, it was hoped that the strains would
remain low enough to preclude failure similar to that seen in the prior tests. An excerpt
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from the shop drawings of the assembly can be seen in Figure 3.50. The full shop
drawings are provided in Appendix 2.

Figure 3.48 Moment Demand Relationship
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Similar to al prior tests, consideration was given to the repeatability and
practicality of the bent construction process. A process similar to that of test 5 was used
and has been described in Figure 3.51. Both the top connection and splice weld were
inspected by visual and ultrasonic testing. It is also important to note that a 3/8 inch
reinforcing fillet was used in the top weld of the assembly to the cap beam flange.
Although this is likely unnecessary given the elastic design intention of the joint it was
desired to help relieve the sharp geometry of a plane complete joint penetration weld.

SetUp Cut Piles (Drive and Cut Piles)

— Place and Mark Cap Beam on Cut Piles
Complete CJP Weld of Capitalto Cap Beam
(Underhand Field Weld) <
> Place Cap Beam
Perform CJP (V-Groove) Splice Weld <——

Figure 3.51 Construction Sequence of Test 6

In addition to the instrumentation used in test 5, a series of 4 Pl gauges were used
to measure base rotation due to bolt strain. Although the calculated estimates of these
measurements were of no considerable magnitude, the gauges were used in hopes of
determining a source of the consistently higher than anticipated first yield deflections.
The layout of these gaugesis shown in Figure 3.52.
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3.7.2 Test 6 Observations

Given that the global strength of the system had been altered due to the inclusion
of the flared column capital, it was necessary to increase the system first yield force to
79.7 kips. The observed average first yield displacement was 2.33 inches resulting in an
equivalent yield or ductility 1 value of 3.03 inches. As in prior tests, multiple audio
emissions were noted well before failure but no visual signs of cracking existed nor was
any strength degradation associated with these emissions. It is likely that the recordings
are due to the cracking of the welding of the backing bars used in the connection details.

The test 6 specimen showed no signs of failure through ductility 1.5 and began to
develop dlight local buckling during ductility 2 as shown in Figure 3.53. This local
buckling progressed throughout the cycles of ductility 2, 3, and 4. The slow propagation
of the local buckling on both columns allowed for the degradation of the structures
strength to aso take place in a slow manner. Ultimately faillure was dictated by base
material rupture at a location of local buckling on the south column as shown in Figure
3.54. This rupture was not associated with a welded zone and occurred after
approximately 30% strength loss as can be seen in Figure 3.55 and Figure 3.56.
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Figure 3.53 Propogation of Local Buckling —Ductility 3 Cycle 1

Figure 3.54 Test 6 Rupture— South Column North Face — Ductility 4 Cycle -3
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Figure 3.55 Test 6 Force Displacement Hysteresis

A A
UL

-125 -

Figure 3.56 Test 6 Load History
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As can be seen in the figures provided the buckling observed occurred below the
intended hinging region of the flared column capital. Initial speculation for how this
occurred included the possibility that the capital was acting as a rigid end more than a
flexural member for an unknown reason. As seen in Figure 3.57 Vertical Strain Profile —
South Column South Face, flexural strains were present in the capital and it was not acting
asarigid end block. However, the strains were marginally higher just below the intended
region. Although no theoretical reasons exist for this since the intended hinge region and
plane pile section have the same properties, it is likely due to stiffening effects creating by
the presence of the backer ring and splice weld. In future tests it would be possible to
avoid this effect by lengthening the intended hinge region or weakening the material. A
combination of both would also be possible. It should be noted that in this particular tests,
no adverse affects were generated by the location of buckling being outside the intended
region. It is however desired to be able to control the exact location of this buckling to
ensure that it will not occur near the splice weld. More in depth analysis of test 6 as well
as discussion of future considerations are both provided in subsequent Chapters of this
report.
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3.7.3 Test 6 Conclusions

In general, the test 6 specimen significantly outperformed that of any prior
specimen as can be seen in Figure 3.58. The system would likely be assigned a reliable
ductility of 3 or 4, at least one level greater than that of test 1-5. Not only was the
ultimate displacement ductility capacity increased in this test, a more desirable and
controllable failure mode was observed. By inducing local bucking and base material
fracture prior to brittle rupture at a weld region the specimen has achieved its ultimate
capability. Should greater displacement capacity be desired, it may be possible with a
detail smilar to that of test 6 to decrease the pile D/t ratio and achieve an even higher
reliable ductility prior to base materia fracture.

Figure 3.58 Test 6 — Ductility 4

It was also found during test 6, that the influence of base rotation due to elongation
of the bolts in the base supports was insignificant as was suspected. As seen in Figure
3.59, the measurements of bolt elongation remained at extremely low values that would be
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considered insignificant even when taking into account the extrapolation factor of about
12 that would exist when calculating the observed displacement at the cap beam level due
to this elongation. This would indicate that bolt elongation does not contribute to the
higher than expected first yield displacements.

1250 +

Force(kips)

-125.0
-0.010 -0008 -0006 -0004 -0.00Z2 0000 0.002 0.004 0.006

Displacement (inches)

Figure 3.59 Typical PI Gauge Recording

During the testing of specimen 6 it was noted that both inclinometers located at the
intersections of the cap beam and pile centerlines fell off at an early ductility level. This
prompted the research team to investigate the data recorded by the gauges prior to them
falling off. It was found that the joint rotations of this intersection were much higher than
expected at first yield. It aso appears that inelastic panel shear strain was experienced in
thejoint asis seenin Figure 3.60. This apparently weak joint could be the source of some
or al of the first yield displacement discrepancy that had been experienced. These issues
will also be discussed in more detail in the following Chapters.
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Chapter 4

Response Considerations and Comparisons

4.1 Review of the Testing Series

To summarize Chapter 3, the specimens of tests 1-5 consisted of matching global
systems with varying connection details while test 6 consisted of a specimen with a
dightly altered global system in order to relocate the plastic hinge. With exception of
loading errors, the force deformation response of the matching specimens remained
relatively similar as would be anticipated. However the failure ductility and reliable
displacement ductility capacities were highly variable. For convenience the six tests
conducted have been summarized in Table 4.1 Testing Results Summary and the force
displacement hystereses from the six tests are provided in successive order within this
section.
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Figure4.1 Test 1 Force Displacement Hysteresis
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Figure 4.2 Test 2 Force Displacement Hysteresis
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Figure 4.3 Test 3 Force Displacement Hysteresis

Figure4.4 Test 4 For ce Displacement Hysteresis
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Figure 4.5 Test 5 Force Displacement Hysteresis
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Figure 4.6 Test 6 Force Displacement Hysteresis
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Table 4.1 Testing Results Summary

. . . Failure | Failure . . Reliable Equivalent
Test Configuration Fy (K) | A (in) Ductilty| Cycle Failure Description Ductilty | Reliable Drift
South Column North-Mid Face Crack at
" Eilat3 1 .
1 3/4" Fillet 73.0 2.99 2 1 Weld Toe in Base Metal 1 0.028
2 45° CIP wi 3/4" Backer Fillet 730 | 249 4 o  [South Column North Face Crack at Weld 3 0.070
Toe In Base Metal
Multiple Cracks in Both Columns at Weld
o 2 - -
3 45° CJP 730 249 3 1 Toe in Base Metal and Through Weld 152 0.035-0.047
4 45° CIP wi 3/4" Backer Fillet 730 | 2.54 3 3 |South Column South Face CrackatWeld) 5 1 6/9 072
Toe in Base Metal
5 45° CJIP w/ 3/4 Baclfer Fillet Inside 73.0 284 3 3 South Column Sputh Face Crack at Weld 2.3 0.054 - 0.080
and Out w/ CJP Splice Butt Weld Toe in Base Metal
) South Column North Face Crack at Local
6 Flared Column Capital Assembly 79.7 2.33 4 3 Buckling Below Weld in Base Metal 4 0.088

1. Higher yield displacement in test 1 is partially due to support displacement.

2. Due to loading error no yield displacement was captured for test 3. Test 2 data was used.

3. Due to construction error the 3/4" fillet weld in test 1 was slightly undersized. The actual weld was approximately 5/8".
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4.2 Force Displacement Response Envelopes

As was mentioned in section 4.1, the connection configuration had very little
effect on the force deformation response of the structure. The configuration did however
have a significant effect on the ultimate displacement capability of the system. These two
issues can be recognized by reviewing the force displacement envelopes provided in this
section. These figures represent the envelope to the peak responses at ¥4 yield, Y2 yield, ¥
yield, first yield, ductility 1, 1.5, 2, etc. This process has been conducted for each of the
three cycles at each ductility level and the various tests have been plotted on the
corresponding figures in order to form appropriate conclusions. It should be noted that
tests 2 and 3 have been omitted due to the loading errors experienced during testing.

Drift Ratio
-0.108 -0.054 0.000 0.054 0.108
150
100 - aaEtE
oo
-
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= 0 —&-Test 4
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£ .
-50 A - ——Test 6
-
-100 - -""i:":.----_-.-l--'--:.-'-b""
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-15 -10 -5 0 5 10 15

Displacement (inches)

Figure 4.7 Cycle 1 For ce Displacement Envelopes
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Figure 4.8 Cycle 2 For ce Displacement Envelopes

Figure 4.9 Cycle 3 For ce Displacement Envelopes
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It is not surprising that the envelopes of test 1, 4, and 5 match almost exactly in
magnitude prior to their respective failures since the globa systems were the same. It
should be noted that in all tests prior to test 6, strength degradation occurred between
cycles of the same ductility level rather than between cycles of different levels of ductility.
Although it is not uncommon to observe some strength loss between cycles of the same
ductility level, it is indicative of a rapid failure for significant strength degradation of a
system to take place at a given ductility. This behavior can also be observed in the force
displacement hysteresis provided in earlier in this Chapter.

4.3 Equivalent Viscous Damping Comparison

The equivalent viscous damping values for each ductility level of testing have
been calculated in order to compare the structures inelastic damping capabilities with
typical values. The method used to calculate the total equivalent viscous damping is
based on a modified Jacobsen’ s approach (Jacobsen, 1930). Jacobsen’s approach is based
on an energy balance method which equates the area encompassed within a full force
displacement cycle of a rigid perfectly plastic oscillator to the input energy from a
sinusoidal forcing function. The outcome of this approach shows the total hysteretic
damping ratio to be equal to 2/z. It can aso be shown that the total hysteretic damping of
anon rigid-perfectly plastic response can be determined by scaling the value of 2/z by the
ratio of the area contained in the realistic hysteric loop divided by the area contained in
the rigid-perfectly plastic response as shown in Eq. 4.1 and Figure 4.10 (Priestley et al.
2007).

Since the loading history used to generate the actual response is not based on a
sinusoidal forcing function as considered in Jacobsen’s derivation, it is necessary to apply
a modification factor as shown in EQq. 4.2 to avoid inappropriately large values of
hysteretic damping (Montejo, 2008; Priestley et al. 2007). It is aso necessary to apply a
modification factor to the elastic viscous damping which was assumed to be 2% in these
calculations to capture a conservative value for steel structures. Thisis necessary because
typical values of elastic viscous damping are based on tangent stiffness while the
hysteretic damping calculated by the Jacobsen approach is based on secant stiffness which
is recommended for use with the DDBD approach (Priestley et al. 2007). The
modification factor k is afunction of the ductility level and avariable A which isequal to -
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0.617 assuming a Ramberg-Osgood model for the ductile steel structure (Priestley et al.
2007). Both the loading history and tangent stiffness modification factors have been
calibrated using non-linear time history analysis to match maximum response
displacements with the DDBD approach. The values of total equivalent viscous damping
obtained from the combination of corrected elastic viscous damping and corrected
hysteretic damping as shown in Eqg. 4.3 will be compared with the typical relationship for
asteel frame provided in Eq. 4.4.

Force

Displacement

Figure 4.10 Relationship Between Hysteretic and Plastic Response
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_ @2 6 HO Eq. 4.1

X3¢ = "Jacobsen's Approach Hysteretic Damping”
Ap = "Areaof Hysteretic Loop"

Ap="Areaof Rigid-Perfectly Plastic Response"

& 21 04Y
Xpyst = Xga’80.53m+ 09°% Eq. 4.2

Xhyst = "Equivaent Hysteretic Damping"”
m= "Ductility Level Under Evaluation™
= Eq. 4.3
Xeq k>9<eq + Xhyst q

X = " Total Equivalent Viscous Damping”

8

k = rnI = "Tangent Stiffness Elastic Damping Correction Factor"

| = "Prescribed Modifcation Factor"

1
X = 005+ 0578 =0 Eq. 4.4
Ltyp &m g

Xeq typ = Typical Steel Fram Total Equivalent Viscous Damping
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Figure 4.11 Damping Comparison

From Figure 4.11 it is clear that each of the tests follow the genera trend of the
steel frame recommendation. It isalso clear that the test 6 specimen was able to dissipate
a considerably larger amount of energy than that of the prior tests. Although it appears
that the test 5 specimen was able to dissipate an unreasonably high amount of energy
especialy at the lower ductility levels the situation is explainable. As can be seen in
Figure 4.12, the yield cycle used to establish the ductility level displacements for test 5
experienced a considerable amount of inelastic action compared to the yield cycle of test 6
which is more indicative of al prior tests. It should be noted that this was not due to any
loading errors during testing. It is possible that the addition of the splice weld and the
additional welding of the inside fillet in test 5 increased the heat zone effects and softened
the specimen to some degree. Regardless of the cause, the amount of inelastic action seen
during this cycle likely caused the ductility level displacements to be dlightly over
calculated. As aresult, the calculated values of total equivalent viscous damping would
also be high. This effect would be even more significant at lower levels of ductility where
the modification factor for hysteric damping is much larger (0.886 for ductility 1) as
compared to higher levels of ductility (0.661 for ductility 3). Taking this into account,
should the damping curve for test 5 be shifted to the right by a value of approximately 2
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of a ductility level, the calculated values of damping would be much more reasonable. It
is important to note that this possible over calculation of ductility level displacements in
test 5 has no significant effects on the general conclusions about the specimen’s response.
It is only important in the case of damping due to the fact that the modified Jacobsen’s

approach is very sensitive to hysteretic energy dissipation.
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Figure4.12 Yield Cycle Comparison

4.4 Selected Strain Topics

4.4.1 General Introduction to Strain Consider ations

As was discussed in earlier sections, two main strain measurement devices were
used during testing for al six specimens. These two methods consisted of traditional
strain gauges and the Optotrak system. In each test, multiple strain gauges were placed in
the longitudinal direction on the extreme fibers of both columns. These gauges will
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generally be referred to by the face of the column they were applied to and their distance
below the cap beam. For example, N-N-3 would reference a strain gauge on the north
face of the north column three inches below the cap beam. A small number of gauges
were also placed in other locations throughout the testing series to monitor local
deformation such as the elastic actions of the cap beam flanges. These will similarly be
referred to by their respective location when necessary.

Optotrak markers or LEDs were placed in the critical region of the south column
and varied in number between tests but not in general layout. Post processing of the data
provided from the marker locations throughout the tests allowed for the calculation of
average strain between any two markers. The calculations were of course conducted
between successive markers to minimize gauge length and maximize the accuracy of the
average strain value. Optotrak markers were not only placed on the extreme fibers of the
pile but also on the radial quarter points and the centerline, as can be seen in Figure 4.13.
This layout allowed for strain cross section profiles to be generated at various heights
along the columns as well vertical strain profilesto be plotted for either extreme fiber.

4.4.2 Validation of Optotrak Capabilities

Given that the Optotrak system was relatively new technology to our research
group during this testing series, it was necessary to validate the reliability of the system.
To achieve this objective, traditiona strain gauges were placed within many of the LED
gauge lengths and the resulting strain histories were compared. As can be seen in Figure
4.14, Figure 4.15, and Figure 4.16 the Optotrak data proved to be very reliable by
matching the traditional strain gauge readings well.
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Optotrak Strain Hysteresis Strain Gauge Hysteresis

Figure4.14 Strain Comparison (S-S-3”, Test 6)
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Optotrak Strain Hysteresis Strain Gauge Hysteresis

Figure 4.15 Strain Comparison (S-S-19”, Test 6)

Optotrak Strain Hysteresis Strain Gauge Hysteresis

Figure 4.16 Strain Comparison (S-S-25”, Test 6)

It should be noted these comparisons have been provided as examples of typical
behavior not as the best relationships. This type of similarity was seen throughout the
analysis of the test data and has lead to confidence in the system. Similarity between the
two systems can also be noted throughout various figures provided in support of other
conclusions throughout the remainder of this report.

It is also worth noting from Figure 4.13 that the Optotrack system is adept at
recording strains beyond the point where conventional electrical resistance strain gages
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fail. As can be seen the strains at a location 25 inches down the south column reached a
value of approximately 20000 e prior to buckling, which was accurately captured by the
Optotrak while the conventional strain gauge failed at approximately 10000 pe. Thisisan
important attribute for the system in that it allows for the measure of very large strains that
would not otherwise be assessed with traditional techniques. This in turn allows
identification of the occurrence of key performance limit states.

4.4.3 Strain Issues Relating to L ocal Buckling

The primary method for evaluation of local buckling, a possible limit state for
these structures, utilizes Optotrak produced strain measurements to plot horizontal strain
cross sections. The grid system used for the layout of Optotrak markers allows for strain
measurements to be calculated at both extreme fibers, the radial quarter points, and the
centerline of the pile at the same vertical location. Plotting the calculated strains versus
thelir respective horizontal position on the pile produces a cross sectional strain profile.

During data analysis it was noticed by the research team that the strain diagrams at
locations of known local buckling did not remain linear after the buckling had taken place
and therefore the common bending theory assumption that plane sections remain plane
was no longer true asis shown in Figure 4.17 and Figure 4.18. It was further noticed that
the non-linearity of the strain diagrams began before visual signs of local buckling
indicating that the onset of local buckling takes place before visual signs develop. This
information was in turn used to qualitatively evaluate the relationship between buckling
and strength degradation as is shown in Chapter 6. Conversely, at lower levels of
response, the Opotrak data supports the assumptions of plane sections remaining plan after
bending, first sketched by Robert Hooke in 1678.
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Figure 4.17 Example Strain Cross Section Prior to Local Buckling
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Figure 4.18 Example Strain Cross Section Following L ocal Buckling
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As can be seen in Figure 4.19 the ability of Optotrak to function at significantly
higher strains than can be handled by traditional strain gauges allowed for this data to be
captured. It should be noted though, after significant propagation of local buckling the
strains calculated are no longer indicative of flexural engineering strains. As shown in
Figure 4.19, the compressive strains near the location of local buckling in test 6 reached
values as large as 200000 pe. Thisis absurdly large and simply indicates that buckling
has occurred and plane sections no longer remain plane However, the data is till valuable
to describe the transformed shape of the cross section alowing for the linearity of the
strain diagram to describe the propagation of local buckling. It should also be noted that
at the early stages of local buckling (prior to visual signs) the calculated strains are likely
till indicative of flexural engineering strains.
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Figure4.19 Strain Hysteresis Test 6 at S-S-29

Attempts have been made to produce a more quantitative evaluation of local
buckling. These attempts include methods related to the rapid change in lateral movement
of the LED markers as well evauation of radial hoop strain or ovalization changes.
Although these methods are theoretically correct, they require a set of LED markers to be
directly located at the location of local buckling for the necessary data to be captured.
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Coincidentally, buckling observed in this testing series (generally only the buckling in test
6 was considered since it was the only test with a buckling related failure) occurred
between LED markers. In future tests, it would likely be beneficial to include LED
markers at the closest interval possible in order to capture the data necessary for these
alternate methods of buckling analysis. It should be noted that the original intent of the
Optotrak system was primarily for strain calculations and the ability to evaluate local
buckling with the data by any method should be considered complimentary to the original
intent. However, this unintended ability depicts very well the versatility of the system.

4.4.4 Curvature and Plastic Hinge Length

As was mentioned earlier in this report, it is possible to calculate cross section
curvature utilizing the Optotrak grid by simply dividing the total difference between
extreme fiber strains by the diameter of the cross section. It was attempted to utilize the
testing data to calibrate a plastic hinge length for the specimens tested. This data could
then be utilized in the basic plastic hinge method of calculating structural displacement in
the inelastic range. This method essentially simplifies a non-linear curvature profile,
which is experienced in the inelastic range, by representing the actual profile with a linear
elastic component and a rectangular plastic component with a length equal to the plastic
hinge length as can be seen in Figure 4.20. This simplified diagram can then be utilized to
calculate structural deformation by the second moment area method.

In design, a plastic hinge length is assumed or calculated using an appropriate
relationship allowing total structural deformation to then be calculated using Eq. 4.5. For
this research project, structural deformation is known along with al other parameters of
the relationship with exception of the plastic hinge length (Lp). The relationship can
simply be rearranged to solve for L, using testing data. The results of this analysis which
are presented in Table 4.2 and Table 4.3 indicate that the calculated plastic hinge length
follows no particular pattern. This is largely due to the numerous modes of deformation
taking place during testing. This method of calculating plastic hinge length is essentially
attempting to capture all modes of deformation and represent the effect within an artificial
pile plastic hinge length. Unfortunately, the results indicate that this attempt was not
successful and it is the view of the research team that the use of the plastic hinge method
is not recommended for calculating displacementsin regards to this type of structure.

Although this attempt to calibrate the plastic hinge method was not successful, it
may be possible to appropriately calibrate the method for response prior to local buckling
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if single column tests were conducted for analysis. However, this presents two key
problems. First, in actual design all modes of deformation should be accounted for such
as the cap beam flexibility. Secondly, designers will likely utilize this type of structures
capabilities past the onset of local buckling when designing for the maximum considered
earthquake. These items again support that the plastic hinge method is likely not the best
option for design of steel bridge bents.

limwenr to i
yield .

Figure 4.20 Plastic Hinge I dealization of Non-Linear Curvature Distribution
(Priestley, et. al. 2007)

Dy=Dy+ (fy- fyPipH Eq. 45
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Table 4.2 Detailed Test 6 Lp Calculations

Test Six Lp Calculations

Ductility 1.5 -1.5 2 -2 L{in) = |131.lﬁ
Al (in) 2.2 2.2 2.2 2.2 Measured
.l'-..f (in) 3 -3 3 -3 Measured - Extrapolated
@'.flll,-"ir'l] 0.000310 |-0.000327| 0.000310 |-0.000327 Measured
¢, (1/in) 0.000515 |-0.000563 | 0.000515 |-0.000563 Measured
&, (1/in) | 0.001423 (-0.001090 | 0.003555 |-0.003770 Measured
& (1/in) 0.000908 |-0.000527 | 0.003040 |-0.003208 T - Py
A (in) L5 -1.5 3 -3 A (p-1)
Lp (in) 12.60 21.69 7.52 7.13 AP *L)
Table 4.3 Selected L p Results
Test Ductility Level
1.5 -1.5 2 -2

1 3.0 373m N/A N/A

2 5 11.81in 11.11in 13.0in

4 19.5m 144m 16.21m 154m
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Chapter 5

DDBD Analysis and Drift Considerations

5.1 Introduction to DDBD Analysis of Hollow Steel Pile Bents

It has been the goal of this research study to determine (and improve) the reliable
displacement ductility of the steel bent structures under consideration. Using the
information found from testing it is possible to conduct a simple Direct Displacement
Based Design (DDBD) analysis of the structure to determine the minimum seismic hazard
to either require explicit design of the lateral force resisting system or more practically to
develop the full strength of the system. It is envisioned by the research team that these
tools may be of particular use to AKDOT as a quick assessment tool of existing structures
or even asadesign aid for new structures

The development of these analysis tools is based on first principles and remains
fairly generalized. As a result, the application of these relationships is valid for any
circular HSS pile bent regardiess of number of piles, height, aspect ratio, D/t ratio, and
material type. The relationships also alow for user specified levels of total equivalent
viscous damping and ductility capacity. This alows for issues such as radiant soil
damping to be taken into account should the user care to do so. Although much of the
formulation is based on recommendations provided in “Displacement-Based Seismic
Design of Structures’ (Priestley, et. a., 2007), parameters such as damping reduction
factors could easily be altered to match applicable codes or other recommendations as
necessary. Similar relationships could be developed for any steel pile section bent about a
symmetric axis with only slight modification to the relationship provided for circular
sections.

However, it should be noted that multiple assumptions have been made in regards
to the system response. First, the displacement is based solely on pile flexura
displacement. Secondly, the calculation of target displacement is based on reliable
ductility where the yield displacement is calculated in regards to a ssimplified moment
distribution. As is shown in Figure 5.1 the moment distribution assumed within these
calculations is that of a double bending moment frame with a total pile length extending to
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the in ground hinge where the moment is assumed equal to the moment that exists at the
top of pile. Thisisasimplification of the actual moment distribution that would become
non-linear below grade due to the non-linear spring characteristics of the resisting soil. In
addition, the maximum in ground moment is likely less than that of the top moment as has
been shown in prior research (Suarez, Kowalsky, 2007). Regardless of these assumptions,
the purpose of this chapter is to illustrate how simple direct displacement-based design
procedures can be used to develop a rapid assessment tool and to obtain general estimates
of the seismic hazard necessary to exhaust the capabilities of the systems tested in this
research. Should more accurate results be desired, the relationships can be revised to
directly consider areliable drift or displacement (determined by the engineer’s method of
choice) asisdiscussed later in this chapter.

Actual Moment Pattern
—

Assumed Moment Pattern

L AN Grade _
AN
AN
A
AN
A v

Figure 5.1 Actual vs. Assumed Pile Moment Pattern
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5.2 Development of DDBD Analysis Tools

5.2.1 Minimum Hazard to Require Explicit Lateral Strength Design

It may be of interest to the AKDOT to determine the minimum seismic hazard,
based on the mapped 1 second design spectral acceleration value (Sp;), to require explicit
lateral strength consideration for a given steel bent bridge. Included in this section is the
development of a simple relationship (Egs 5.1-5.6) between target displacement (Ar),
structural characteristics, mapped corner point period (T¢), and the minimum Sp; value
desired. As noted earlier, the relationship provided is based on first principles but aso
utilizes the design response acceleration spectrum provided by ASCE7-05 and damping
reduction factors provided by EuroCode 2003. The genera approach used to develop the
relationship equates target displacement to the corner point spectral displacement (Ac) and
back solves for the minimum Sp; value to require explicit lateral strength design. Simply
stated, a Sp; value less than that generated by the relationship provided will create a
maximum spectral displacement less than that of the structural yield displacement.

2(SF)»e
fo= y Eq. 5.1
y D
SF = "Section Shape Factor"
2 2
_ fyt _ (SFyeypt Eqg. 5.2
Y= 6 D=3
Y SP) e, L
y
S .a a&er 20 .a T .a
DC:E>§7 Q:SDlng}i?? 925D1C>i?79 Eq 5.4
W2 €2+xg T 8%25e2+xg 4)92 Q2+xg g. o.

a = "0.5for Farfield Event or 0.25 for Nearfield Event"
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Dr=D¢ Eq. 5.5

0 Eq. 5.6

As an example, this analysis tool has been used to evaluate the capabilities of the
bents tested in this research project. For this example the reliable ductility levels and
corresponding equivalent viscous damping ratios determined from the results of testing of
each individual specimen have been used. In the case of test 2 and 4 which consisted of
the same connection detail, different results have been provided since the actual
specimens performed in different manners likely due to the natural variability that exists
within construction tolerances. From a design standpoint it would be advantageous to
consider test 4 as a lower bound response from the results of the two tests of a CJP weld
with a reinforcing fillet. Similarly from a design standpoint it may be advantageous to
conservatively consider test 6 as reliable ductility of 3 or 3.5. Although these results have
not been provided, Eq. 5.6 is directly proportional to change in ductility. Results can
therefor be linearly extrapolated in regards to ductility.

Pile length (L) was assumed to be 20 feet as the point of inflection was modeled at
10 feet during testing. Table 5.1 provides the results of the analysis for a far field event
Thus a = 0.5. It is aso possible to use the relationship to produce a graphical solution
with regards to a given corner point period, event type, and aspect ratio. However as can
be seen in Figure 5.2, which provides the graphical solution for a 12 second corner point
period far field event, this type of solution is somewhat restrictive and would require a
large number of graphsto cover alikely range of structural configurations.
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Table5.1 Minimum Sp; to Require Explicit Lateral Strength Design

Reliabl Minimum SD1 to Require Explicit
Test Configuration Diclzattilitf/ €eq (%) Lateral Strength Design (g)
T.=6sec | T.=12sec | T.=16sec
1 3/4" Fillet 1 5.0* 0.050 0.025 0.019
2 45° CJP w/ 3/4" Backer Fillet 3 15.6 0.237 0.119 0.089
3 45° CJP 15 11.5* 0.104 0.052 0.039
4 45° CJP w/ 3/4" Backer Fillet 2 11.8 0.140 0.070 0.052
45° CJIP w/ 3/4" Backer Fillet Inside o
S and Out w/ CJP Splice Butt Weld 2 14.2 0.152 0.076 0.057
6 Flared Column Capital Assembly 4 23.5 0.381 0.190 0.143
*Recommended Steel Frame Value Used Due to Lack of Data
** Recommended Steel Frame Value Used Due to Unreasonably High Calculated Value
0.25
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Figure 5.2 Minimum Sp; to Require Explicit Lateral Strength Design (T c=12s)
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It can be seen from Figure 5.2 that a linear relationship exists between the aspect
ratio and minimum seismic hazard for a given ductility level, length of pile, and corner
point period. As may seem logical for the purpose of Displacement Based Design, the
minimum hazard to require explicit lateral strength design increases proportionally to
aspect ratio and is relatively sensitive to the magnitude of corner point period. This can be
seen by comparing Figure 5.2 and Figure 5.3 Minimum Sp; to Require Explicit Lateral
Strength Design (Tc=6s) which display the results for 12 and 6 second corner points,
respectively. It should be noted that a typical steel frame damping ductility relationship
(§eq=0.05+0.577[[p-1]/[pr]]) as recommended in “ Displacement-Based Seismic Design of
Structures’ (Priestly, et. al.) was used in the generation of the graphs.
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Figure 5.3 Minimum Sp; to Require Explicit Lateral Strength Design (T c=69)

In general, the minimum seismic hazard as discussed in this section is relatively
low for normal structures. As can be seen in Table 5.1 the best response (test 6) still
requires only a 0.381g Sp; value for the shortest considered corner point period (6
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seconds). Thisisafairly low value and generally indicates that explicit seismic design for
lateral strength is going to be necessary. Nonetheless, it is felt that the relationship
provided is still valuable to determine areas in which explicit seismic design is not
necessary for a given structures regardless of the inherently low values of seismicity that
will be present.

5.2.2 Required Hazard to Develop the Full Lateral Strength of the System

Although the minimum hazard to require explicit lateral strength consideration
may be pertinent information, it will likely be far more useful to determine the required
hazard (mapped Sp; value) to develop the full strength of the column sections. Asin the
prior section, this relationship can be developed utilizing first principles, a design
response spectrum provided by ASCE7-05, and damping reduction factors provided in
EuroCode 2003. In general the approach calculates a required moment of inertia (which is
actually already known from the given dimensions) and back solves for the required Sp;
value. The relationship is dependent on several parameters including structural
configuration, material type, and anticipated performance. Again emphasis was placed on
maintaining generality within the approach. However, the relationship provided has been
specialized for circular HSS piles. As can be seen in Eq. 5.7-5.14, which provide the
development of the analysis tool, minor changes would allow the relationship to be valid
for any steel pile section bent about a symmetrical axis.

2 2
2. D .24 2 ST & .27
Vpo PR OC go 7 G 4T, 1 DT g0 7 g Eq. 5.7
2 D+ @2+x D 27 2 - @2+x
T, T € (4] T T. e 4p° g e (%]
2p2m Eele & 7 &2 SD12’m 7 &2
Vp = T; = >§E>2 0 :_>§82_9 Eq. 5.8
2 2= @2+Xx 2 @2+x
DB | SD12>m 7 &2 3’D>5012>‘“ 7 &2
V= € Ui 2 0 _ L0 Eq. 5.9
A 2 2 @2+Xx 2 2@2+Xx
Em(se L 4p ectxa m(SF) e, L ecrxg
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w= 220 et 2 L0 Eq. 5.10
ez2g 2rTP(SF)>ey>L>p2>P Q2+Xg

P = "Tota Number of Piles"

2 2 24
MDD w7 g Eq. 5.11
(SF)>fy>Q 4m>(SF)2>ey>L>p2>P e2+xg
4m(SF)2>e >L>p2>P>1 - 2a
Spi’= y 20 Eq. 5.12
3>Dz>m e2+xg
| = 6%@34- ©- 2% Eq. 5.13
2 3. .44 4
SF) e L D - (D- 2%) ( .- 24
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48>D2>m e2+xg

As was done for the minimum hazard to require explicit lateral design, the test
structures from this series have been analyzed using the relationship provided in Eg. 5.13.
Again atotal pile length of 20 feet was assumed and in this case a random inertial weight
of 150 kips was considered. The results of the analysis for a far field event have been
provided in Table 5.2 Required SD1 to Develop Column Flexural Strength. It should be
noted that the relationship for required SD1 is independent of corner point period due to
the configuration of the design response spectrum utilized. The results of the analysis
indicate that for this moderate level of inertial weight, the capabilities of the various
systems may be adequate for some seismic regions. As would be expected, the results of
the analysis are concurrent with the general conclusions for the testing series with respect
to structural configuration. The capabilities of the plane fillet weld (test 1) are clearly low
and would only be reliable in significantly low seismic regions. Although test 2 shows a
reasonable level of capabilities subsequent tests (3, 4 and 5) were not able to replicate this
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with weld configurations alone. Alternatively, test 6 is capable of producing adequate
response in a moderately high seismic region. Although areliable ductility of 4 may seem
low, thisis a parameter that has been normalized to yield displacement and ultimately the
capabilities of the system are related to overall deformation capacity. This issue is
discussed in further detail in subsequent sections. It should be noted that these results can
be extrapolated for other inertial weights by a factor inversely proportional to the square
root of the difference (i.e. (0.5)"(-1/2) for and inertial weight of 75 kips). Further
interpretation of the relationship between various parameters and required hazard is
discussed in the remainder of this section.

Table 5.2 Required SD1 to Develop Column Flexural Strength

Test Configuraton usity | ©409 | Feyural Srengthof the et 0
1 3/4" Fillet 1 5.0* 0.449
2 45° CJP w/ 3/4" Backer Fillet 3 15.6 1.232
3 45° CJP 15 11.5* 0.763
4 45° CJP w/ 3/4" Backer Fillet 2 11.8 0.891
e I
6 Flared Column Capital Assembly 4 235 1.712

*Recommended Steel Frame Value Used Due to Lack of Data
**Recommended Steel Frame Value Used Due to Unreasonably High Calculated Value

It is possible to create graphical solutions for the relationship as was done in the
prior section by controlling D/t, inertial weight and number of piles. However, it can
again be seen in Figure 5.4 and Figure 5.5 that the graphical solutions are very restrictive
and would require a large number of graphs to cover a reasonable range of structural
configurations. Regardless of this, the graphical solution can be helpful to identify trends
between the required seismic hazard and various parameters such as inertial weight. It can
be seen from Eq. 5.13 and the provided figures that the relationship between required
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hazard (Sp;) and structural parameters is generally either proportional or inversely
proportional to the sguare root of the change in variable. This is clear from the non-
linearity between required hazard and aspect ratio as well as the non-linear increases
between ductility levels. Although from comparison of Figure 5.4 and Figure 5.5 it may
appear that alinear relationship exists between required hazard and either number of piles
or inertial weight this is not a correct assumption. These relationships are also not linear
but proportional (or inversely proportional) to the square root of the change. The
comparison of double inertial weight and one half numbers of piles creates a seemingly
linear relationship. Should only one variable had been changed, the change would not
have been linear.
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Figure 5.4 Required Sp; to Develop Pile Flexural Strength (W=360k, 2 Piles, D/t =32)
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Figure 5.5 Required Sp; to Develop Pile Flexural Strength (W=180Kk, 4 Piles, D/t=32)
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The general trends illustrated by Figure 5.4 and Figure 5.5 are not overly
surprising. As ductility capacity and pile length is increased, a higher required hazard is
necessary to develop the flexural strength of the piles. Both length and ductility capacity
will increase deformation capacity as well as effective period which will in turn increase
the necessary demand to exhaust the structure. Equally as clear is the effect of aspect
ratio. For agiven pile length and ductility (and constant D/t) as the diameter increases, so
will the necessary demand to develop the flexural strength of the system. Although a
wide range of ductility, length, and diameter parameters have been provided in these
figures, significant consideration should be given to the appropriate selection of realistic
bounds. For example, ductility capacity is typically related to the length of a column.
When considering the effect of length it is obvious that that a taller column will have a
higher yield displacement but approximately the same amount of plastic curvature as a
shorter column with the same dimensions. Taking this into account the taller column will
actualy have alower ductility capacity which may seem counter intuitive. This does not
indicate that the taller column as a lower displacement capacity, only a lower ductility
capacity. In short, consideration must be given the capabilities of the system. Equally
detailed systems of different pile lengths may have significantly different ductility
capacities. This sort of effect is evident in the ductility 4, 30ft pile length curve. For an
aspect ratio of 4, 4 piles, and an inertial weight of 180 kips the required hazard would
theoretically be 14g which is obviously unreasonable. Consideration of the differences
between ductility capacity and structural deformation capacity is discussed further in the
following sections.

5.3 Application of DDBD Analysis Tools

This section is provided to illustrate a smple example of how the DDBD analysis
tools developed in prior sections can be used to provide a quick evaluation of a given
structure. It is important to note that this analysis does not necessarily fulfill any code
requirements and should be used only as a secondary anaysis and/or to satisfy
engineering judgment. The example bridge bent to be analyzed can be defined by the
following parameters:
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Height = 20ft (point of fixity to bottom of cap beam)

Pile Diameter = 20in

Thickness = 0.625in

P=4 (total number of piles)

Inertial Weight = 180Kips (total on pier)

Target Ductility =3

Equivalent Viscous Damping = 15.6% (from At and §e=0.05+0.577[[u-1]/[pux]] )
Soil Type=E

Event Type = Farfield

Fye = 54ks

Shape Factor = 1.309 (typical for circular HSS)
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These parameters can now be used in EqQ. 5.13:

Sp1=

M: ™M

€1309268. 2K 0,56y 201t ip S 20im)* - [(20in) - 2x0.628r)] Tl 205
€ ©2900ksi g L,;,ae 7 85
— 0¥ 2
48(20'n)2>5;3§00('p9 |;e2+ 15.6g
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Alternatively, the value could also be estimated from the graphical solution:
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The resulting design spectral acceleration must now be adjusted for the given soil
conditions. Utilizing the recommended 2006 AASHTO Seismic Design Provisions
provided in Table 3.4.2.3-2 of the document the appropriate F, value can be determined.
Note that as the typical design process is being conducted in reverse it may be necessary
to iterate the process of determining F, since this parameter is dependent on S;, which the
output of this process, not on Sp; which is currently known. In this example it is apparent
that S; will likely be greater than 0.5g indicating that an F, value of 2.4 will be appropriate
but the relationship will not always be this apparent.

R, = 24
)
S = F—l = 0.78y

\Y

The calculated S; value can now be compared to the mapped S; values for a given
earthquake hazard probability to determine suitable locations for the structure.

5.4 Displacement Considerations. Ductility vs. Drift

5.4.1 Ductility Considerations

It is important to consider the sensitivity of ductility capacity to equivalent yield
deformation. More flexible structures with higher first yield displacements and
consequently higher equivalent yield displacements will likely have a lower ultimate
ductility capacity. This concept is not only applicable to steel structures. A simple
example of this effect can be provided by considering two concrete columns of the same
cross section with one being considerably taller than the other. These sections will clearly
posses the same yield curvature and ultimate curvature ductility which is only based on
cross sectional characteristics. Given the same yield curvature, the taller column will have
amuch higher yield displacement. However, since the length of plastic hinging is “rather
weakly related to, and is frequently assumed to be independent of, H” (Priestley, et. al.
2007) where H is the height of the column, the plastic displacement capacity of the taller
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column will not be much greater than that of the shorter column. In turn the magnitude of
ultimate ductility capacity will be considerably lower for the taller column with a
matching cross section.

This clearly does not indicate that the taller column is a poor structure, it smply
illustrates that ductility capacity should not be a sole factor used to evaluate the
performance of a structure. In the case of the steel bents tested in this research project,
each test provided significantly higher than expected first yield displacements for reasons
discussed throughout this report. In turn the tested ductility levels were not incorrect but
relatively large. For example, test 6 was able to withstand a reliable drift of
approximately 8 percent. Although this only corresponded to a ductility of 4 it is a
significant level of drift and displacement capacity. It islikely that an appropriate design
would not even utilize this high of a drift capacity since PA may become very large.

Although the DDBD calculations developed earlier in this Chapter use the
principle of ultimate ductility to calculate required hazards, the basic DDBD method is
based on target displacements which could be calculated by any method desired. The
equations devel oped could easily have been based on drift capacity or directly on an input
target displacement as opposed to the ductility value used.

5.4.2 Alternate Defor mation M odes

Of equal if not greater importance to displacement considerations is the issue of
alternate modes of deformation. As was seen throughout this testing series, measured first
yield displacements were significantly higher than expected, approximately 40% for each
test. In no case was alarge magnitude of inelastic action experienced during the first yield
cycle. Thiswould indicate that other modes of deformation were contributing to the first
yield displacement and these modes were not being captured by centerline modeling of the
structure. It should be noted that an elevated level of inelastic action was experienced
during the first yield cycle of test 5, but the magnitude although significant to damping
calculations was till insignificant to the elevated levels of first yield displacement
experienced.

It isfelt by the research team that at least a portion of the extra deformation can be
attributed to joint panel shear which of course would not be captured in a centerline
model. As was mentioned earlier in this report and will be covered in more detail in
Chapter 6, large inelastic panel joint shears were experienced in test six as well as the
other test. The higher than expected joint shear strain likely caused larger joint rotations
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and a generally more flexible structure. However, it should be noted that this is only
hypothesis and has not been proven analytically. Regardliess of this issue it is clear that
accounting for alternate modes of deformation is critical in DDBD to capture an accurate
response of agiven structure.

5.4.3 Conclusions Regarding Displacement | ssues

As the two previous sections have indicated, it is important to account for an
accurate displacement capacity of a structure for the structures capabilities to be
evaluated. No inherent issues exist within the use of reliable ductility as the definition a
structures maximum displacement capacity when conducting a DDBD. The flexibility (or
lack of) will by nature be included in the use of aductility factor. However, the flexibility
of a structure must be considered when qualitatively evaluating its capabilities using the
parameter of reliable ductility. As has been shown, a steel structure will likely have a
lower reliable ductility than an equitable concrete structure even if the two structures
possess similar ultimate displacement capacities.

It is important to consider all modes contributing to yield displacement if using
ultimate ductility to calculate a structures ultimate displacement capacity. Asis shown in
Table 5.3 should the DDBD analysis of the test results be revised using reliable drift to
determine the displacement capacity, a significant increase in the structures capabilitiesis
experienced. This is due to the fact that the reliable drift determined from testing
inherently includes all modes of deformation (column shear, cap beam flexibility, panel
shear, etc.) while the use of reliable ductility in the relationship developed in this chapter
includes only column flexural displacement and greatly under predicts the actua
capabilities of the structure.
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Table5.3 Modified Analyses of Test Structures

Reliabl Reliabl Minimum SD1 to Develop Full Flexural Strength of o

ellaole a ellable the Bent

Test Ductility Cea (%) Drift @ Bent (g) Increase

Basis: Reliable Ductility Basis: Reliable Drift

1 1 50% 0.028 0.449 0.68 1514
2 3 156 0.070 1.232 1.705 1.384
3 1.5 1157 0.035 0.763 1.056 1.384
4 2 11.8 0.049 0.891 1.263 1.418
5 2 14 2%* 0.054 0.965 1.436 1.488
6 4 235 0.088 1.712 2.301 1.344

* Recommended Steel Frame Value Used Due to Lack of Data Average Increase: 1.422

** Recommended Steel Frame Value Used Due to Unreasonably High Calculated Value
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Chapter 6

Detailed Analysis of Test 6

6.1 Introduction

Test 6 was clearly the most successful test considering the desirable failure mode
achieved as well as the significantly improved force displacement performance which can
be seen in Figure 6.1. Considering this improved performance, the flared column capital
will likely be one of the designs that are explored in further research. For this reason a
more in depth analysis of the test 6 datais provided in this chapter. The majority of the
discussion provided will focus on three particular issues related to the test. First a
qualitative relationship between local buckling and strength degradation will be evaluated.
Secondly, issues related to the performance of the flared column capital will be
considered. Lastly, the effects of joint panel zone shear will be considered. A brief
discussion of issues related to afinite element analysis study (FEA), which is currently in
its early developmental stages, will also be provided
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Figure 6.1 Test 1/Test6 Force Displacement Comparison
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6.2 Local Buckling Considerations

Throughout the testing series, emphasis was placed on producing a base metal
failure by reducing the possibility of brittle connection cracking. Obvious advantages
exist in producing a base metal failure as it can be considered utilization of the ultimate
capacity of the structure. It was anticipated, and eventually shown in test 6, that a base
metal failure would consist of local buckling of the pile wall leading to eventual material
rupture at the locally buckled region. Though buckling was also seen on prior tests, the
ultimate limit states of all earlier tests were related to connection failure.

It was noted during testing of specimen 6 that visua signs of local buckling
developed during the second ductility level. However, as can be seen in Figure 6.2 the
maximum strength of the structure was also developed at the second ductility level or
possibly even the first cycle of the third ductility level. From this, the reasonable
conclusion could be developed that the onset of local buckling and possibly even
moderate levels of buckling propagation are not associated with significant strength loss.
It was seen during test 6 that severe local buckling, as shown in Figure 6.3, had to develop
before significant strength loss occurred which took place during ductility 4.

Figure 6.2 Test 6 For ce Displacement Hysteresis
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Figure 6.3 Severe Local Bucklingin Test 6 — Ductility 4

Although comparison of testing observations and the force displacement hysteresis
seem to indicate that initial local buckling did not correlate with strength loss, it was
desired to show this in a more analytical manner. As was discussed in Chapter 4, a
qualitative relationship between local buckling and strength degradation can be achieved
by utilizing horizontal (cross sectional) strain diagrams at a given height along the
column. These diagrams can be developed for any position located within the Optotrak
grid, only sections of known local buckling will be discussed along with an example of a
non-local buckling location for comparison purposes. Although this is still a qualitative
analysis, it is valuable support for any conclusions made from testing observations.

As can be seen in Figure 6.4 and Figure 6.5, the strain diagrams of a region that
was known to not experience local buckling remain essentially linear throughout the entire
test. Contrarily, as can be seen in Figure 6.6 and Figure 6.7, the progression of local
buckling at the cross section 25 inches below the cap beam is captured by the non-
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linearity of the strain diagrams. Note that these figures provide the diagrams for the first
cycleonly of each ductility level for clarity. It isaso important to note that the figures are
not plotted to the same scale and hence the non-linearity seen at the upper ductility levels
at a cross section 7 inches below the cap beam is extremely insignificant compared to the
non-linearity experienced at 25 inches below the cap beam.
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Figure 6.4 Strain Cross Section 7 inches Below the Cap Beam — Push Direction
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Figure 6.5 Strain Cross Section 7 inches Below the Cap Beam — Pull Direction
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As has been shown, severe buckling clearly took place at a location 25 inches
below the cap beam. The following figures depict the onset and propagation of local
buckling at this location by individually plotting the strain diagrams for each ductility
level and cycle. By reviewing Figure 6.20 through Figure 6.25 it is clear that local
buckling did begin to develop in the second ductility level and continue to grow in
magnitude throughout the remainder of the test. It is also arguable that minor effects of
local buckling were experienced during the ductility 1.5 level which clearly produced no
adverse effectsin load carrying capacity. It should be noted that the specimen was tested
through al three cycles of ductility 4 and local buckling was observed to significantly
propagate during this level. However, due to erroneously high strain calculations the
diagrams for these cycles are skewed and unreliable and there for have not been included
in this report.
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Figure 6.8 Strain Cross Section 25" Down - Ductility 1 Cycle 1
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Figure 6.9 Strain Cross Section 25" Down - Ductility 1 Cycle-1
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Figure 6.10 Strain Cross Section 25" Down - Ductility 1 Cycle 2
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Figure 6.11 Strain Cross Section 25" Down - Ductility 1 Cycle-2
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Figure 6.12 Strain Cross Section 25" Down - Ductility 1 Cycle 3
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Figure 6.13 Strain Cross Section 25" Down - Ductility 1 Cycle-3
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Figure 6.14 Strain Cross Section 25” Down - Ductility 1.5 Cycle 1
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Figure 6.17 Strain Cross Section 25" Down - Ductility 1.5 Cycle-2
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Figure 6.18 Strain Cross Section 25” Down - Ductility 1.5 Cycle 3
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Figure 6.19 Strain Cross Section 25" Down - Ductility 1.5 Cycle-3
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Figure 6.20 Strain Cross Section 25" Down - Ductility 2 Cycle 1
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Figure 6.21 Strain Cross Section 25" Down - Ductility 2 Cycle -1
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Figure 6.22 Strain Cross Section 25" Down - Ductility 2 Cycle 2
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Figure 6.23 Strain Cross Section 25" Down - Ductility 2 Cycle -2
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Figure 6.24 Strain Cross Section 25" Down - Ductility 2 Cycle 3

132



Strain Cross Section 25" Down -y, Cycle 3
5000

-5000 H

ue

-10000 A

-15000 H

-20000

-9 -7 -5 -3 -1 1 3 5 7 9
Location (inches)

Figure 6.25 Strain Cross Section 25" Down - Ductility 2 Cycle-3
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Figure 6.26 Strain Cross Section 25" Down - Ductility 3 Cycle 1
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Figure 6.27 Strain Cross Section 25" Down - Ductility 3 Cycle-1
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Figure 6.28 Strain Cross Section 25" Down - Ductility 3 Cycle 2
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Figure 6.29 Strain Cross Section 25" Down - Ductility 3 Cycle -2
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Figure 6.30 Strain Cross Section 25" Down - Ductility 3 Cycle 3
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Figure 6.31 Strain Cross Section 25" Down - Ductility 3 Cycle-3
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Figure 6.32 Strain Cross Section 25" Down - Ductility 4 Cycle 1
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By superimposing these strain diagrams on their respective force displacement
envelope figures, a simple graphical comparison between buckling and strength loss can
be made. Reviewing Figure 6.33 through Figure 6.35 it seems to be a reasonable
conclusion that the onset of and moderate levels of local buckling do necessarily indicate
significant strength loss. This lends to the conclusion that local buckling should not
necessarily be taken as an ultimate limit state. It may however be desirable to consider
local buckling as a damage control limit state as repair would be difficult following even a
moderate level of local buckling. From the results of this testing series, this damage
control limit state would approximately correspond to pa=1.5 for a D/t ratio of 32.

It is important to note that any conclusions about the effects of local buckling
developed in this section are in regards to local buckling at the fixed end of a hollow steel
circular pile. It should also be noted that very similar modes of local buckling developed
in the research discussed in “Retrofitting for seismic upgrading of steel bridge columns”
which was also considering a fixed end condition. However, it has been shown in another
testing series at North Carolina State University that the effects of local buckling of
hollow steel piles away from fixed end conditions produce significantly different effects.
In this situation it was observed that local buckling took place very rapidly and in an
inward (concave) manner. The buckling was aso accompanied with immediate
significant strength loss often greater than 30%. The results of that testing series will be
discussed in further detail in Chapter 7.

In addition to the fixed end limitation in regards to the response conclusions made
here, the results are also limited to members with a D/t ratio of 32. Considering a failure
mode of local buckling leading to eventual material rupture, D/t ratio and ultimate
ductility capacity are likely inversely proportional. This indicates that the conclusions
made here are likely non-conservative for member with D/t ratios greater than 32 since
local buckling will likely occur earlier and conservative for members with lower D/t
ratios.
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Figure 6.33 For ce — Displacement/Buckling Comparison — Cycle 1
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Figure 6.34 For ce — Displacement/Buckling Comparison — Cycle 2
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Figure 6.35 For ce — Displacement/Buckling Comparison — Cycle 3
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6.3 Performance of the Flared Column Capital

Aswas discussed in Chapter 3, test 6 was successful in relocating the plastic hinge
region by forcing local buckling to take place below the column cap beam connection.
This was achieved by the use of aflared column capital shown in Figure 6.36. However,
as can be seen in Figure 6.37, the local buckling that developed was located below the
intended turned down region of the column capital. This effect was seen on both columns.
It should be noted that dimensions of the turned down section matched that of the actual
pile as did the design strength column capital material. Considering this, along with basic
structural analysis that indicates a higher moment demand above the splice weld, buckling
theoretically should have taken place in the intended region.

Figure 6.36 Flared Column Capital Prior to Testing
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Figure 6.37 Observed Local Bucklingin Test 6

An initial hypothesis existed that the entire column capital may have been acting
as arigid stub as opposed to a flexural member for some unknown reason. Although this
may not seem logical, it would easily explain the why buckling took place at the observed
location. However, from Optotrak data, vertical strain profiles have been developed and
indicate the capitals were, in fact, acting as flexura members developing strains similar to
what would be anticipated by flexural analysis.

As can be seen in Figure 6.38 through Figure 6.41 the flared column capital
remained essentially elastic developing strains near the yield value at the top of the
capital. Also as anticipated, the turned down section developed significant inelastic
tensile strains. Contrarily, the turned down section developed little compressive inelastic
strain while the pile section below the splice weld developed both significant tensile and
compressive strains. Taking this into account it is understandable that local buckling,
which is of course a compression related failure mode, would take place below the
intended hinge region. It is likely that the presence of the splice weld incorporated with
the backing ring and the effect of the flared section above, stiffened the intended hinging
region in compression. It should be noted though, that from the relationship between non-
linear strain diagrams and local buckling developed in the prior section, it does appear that
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the intended hinge region was experiencing the onset of local buckling. This can be seen
in Figure 6.46 and Figure 6.47.

Figure 6.42 through Figure 6.45 created using traditional strain gauge data,
indicate that a similar situation existed on the north pile as would be expected.
Unfortunately, these graphs are not as refined since they are based alower number of data
points and may not lead to a clear conclusion on their own, but are use full in support of
the conclusions drawn from the Optotrak strain profiles.

From the conclusions made in this section, it is reasonable to assume that by
increasing the length of the turned down section, buckling would take place where
intended. Alternatively, it is also likely that using weaker material in the turned down
section would likewise control the location of buckling. A combination of the two would
likely also be effective. It is important to note, that no adverse effects were observed
during this test due to the location of local buckling occurring further down the pile than
anticipated. The desire to precisely control the location of local buckling is ultimately a
function of protecting the splice weld. The splice weld experienced no damage during this
test and hence no adverse effects were experienced from the location of buckling.
However, it would be difficult to ensure the principles of capacity were fulfilled if the
precise location of local buckling was not confidently established.
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6.4 Effectsof Joint Panel Zone Shear

During the testing of specimen 6, the inclinometers which were placed on the cap
beam/pile centerline intersection as can be seen in Figure 6.48 Location of Inclinometers
fell off during the early stages of inelastic loading. Although the loss of valuable datais
undesirable, the event did lead the research team to investigate the magnitude of joint
rotation that was taking place during testing prior to the loss of these gauges. By plotting
the rotation reading of the inclinometer versus structural displacement a joint rotation
hysteresis can be generated as shown in Figure 6.49 and Figure 6.50. Appropriate
conclusions can then be drawn from these figures.
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Figure 6.48 L ocation of Inclinometers
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Figure 6.49 Test 6 —North Joint Rotation Hysteresis
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Figure 6.50 Test 6 - South Joint Rotation Hysteresis
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Asis shown in the joint rotation hysteresis provided for test 6, inelastic rotation at
the location of the inclinometers was clearly occurring even during the low ductility
cycles. The recorded joint rotations at first yield in the push direction for the north and
south column joints were -0.288 degrees and -0.291 degrees respectively. In the pull
direction at first yield these values were recorded as 0.247 degrees and 0.280 degrees,
clearly in good agreement. However, the predicted joint rotation from centerline
modeling (including all applicable typical modes of deformation: flexible cap beam,
member shear deformation, etc) was found to be +/- 0.1606 degrees. This indicates that
the actual joint rotation experienced at first yield was approximately 75% greater than the
predicted value.

Considering that that the cap beam was designed to remain elastic (and did outside
the joint as is shown in Figure 6.51) it is possible that the additional joint rotation is a
result of large panel zone shear strains within the web of the beam. This would at least
explain a portion of the higher than expected yield displacements that were experienced
during testing since this mode of deformation would not be captured by a centerline
model. It should also be noted that the presence of large/inelastic joint rotations was not
limited to test 6. This effect was also experienced in prior test as shown in Figure 6.52.
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Figure 6.51 Strain Gauge Hysteresis - Bottom Flange of Cap Beam at South Column
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Assuming that the hypothesis of panel zone shear is correct, it would be possible to
eliminate this mode of deformation by adding web stiffener plates or utilizing some other
method of stiffening the region. Although this would alow for a smple model to more
accurately predict the displacement of the structure, the additional deflection due to the
panel zone shear is not necessarily a negative effect. This displacement will increase the
reliable displacement of the system and improve its seismic performance. However,
caution should also be taken to consider the capabilities of the system to perform with this
inelastic action. In this testing series no adverse effects were noted from the presence of
the inelastic panel zone shear but should a designer desire to ensure that every part of the
cap beam remain elastic to reduce damage, web doubler plates would be necessary in
addition to the stiffener plates used in the test specimen.
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6.5 Development of a Finite Element M odel

The development of afinite element model (FEM) is planned in particular for the
purpose of verifying the results obtained in test 6. The model will likely utilize advanced
shell elements and represent the entire bent to capture the highest accuracy possible. It is
desired by the research team to verify the effects of panel zone shear as well as the
capabilities of the flared column capital to control strains at the cap beam column
interface. The use of the model will likely aso include verification of failure modes from
test 1-5 and more importantly predict the capabilities of other connections systems which
will be discussed in further detail in Chapter 7.
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Chapter 7

General Conclusions and Design

Recommendations

7.1 General Conclusions of the Research Program

As has been discussed throughout this report, the failures observed during testing
of the first 5 specimens would generally be considered unsatisfactory. Although test 2
began to develop desirable base material failure modes, the ultimate failure was still
related to the welded connection. In addition to thisissue, the results of this test were not
found to be repeatable in test 4. It may seem that these tests lacked ductility capacity but
with the exception of test 1 the specimens were able to endure moderate amounts of
displacement or drift. This point is not provided to indicate that the structures tested in
tests 1-5 may in fact be satisfactory but rather to highlight the importance of observed
failure modes. In all casesfor tests 1-5, the failures occurred in arapid manner (within the
cycles of a single ductility level) and were related to weld cracking which is clearly an
undesirable failure mode considering the principles of capacity design and the desire to
fully utilize a structures capability.

However in the case of test 6, a higher ductility capacity as well as a desirable
failure mode were produced by relocating the location of hinging. Although the specimen
was only able to reach areliable ductility capacity of 4, this corresponds to approximately
8% drift which is a considerable displacement as has been discussed in earlier sections of
this report. Regardless of this, the more significant achievement of tests 6 was the
successful production of a base material failure. Although a more optimal design of the
flared column capital should allow for more accurate locating of plastic hinging, the test
was successful in showing that relocating the hinge will help prevent brittle connection
failure. Ultimately, it is felt by the research team that weld configuration alone will not
produce areliable steel bent structure for a moderate or high seismic region.
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7.2 Design Recommendationsfor Hollow Steel Pipe Pileto Cap
Beam Connections

As has been discussed, the results of the six full scale bent tests indicate that brittle
connection cracking is likely for any weld configuration without direct consideration of
strain control at the pile cap beam interface. As a result of testing observations and data
analysis it is the recommendation of the research team that direct consideration for the
relocation of hinging away from the welded cap beam/pile joint be made for the design of
any steel bent expected to endure inelastic displacements. It is further recommended that
a proper design should alow for the strains experienced at the cap beam/pile interface to
remain essentially elastic when subjected to the full over strength moment capacity of the
intended hinging location as was the case of test 6. However, it should be noted that
although sufficient data exist indicating that weld configuration alone will not produce
reliable results (test 1-5), the favorable results obtained by the plastic hinge relocation
method (test 6) have not yet been verified in subsequent tests. Nonetheless, the research
team feels that this method would prove to be reliable in further testing as similar methods
have worked well in building design where reduced section W-shapes are used to control
locations of hinging.

However, this recommendation only indicates that the relocation of hinging will
produce a favorable base material failure not necessarily an adequate response. The
ultimate capacity of the section will be dependent upon member parameters such as D/t
ratio. Consideration must also be given to the quality of all welds utilized and control of
construction tolerances. In thistesting series the minimum requirements of the AWSD1.1
code were considered and an emphasis was placed on minimizing construction tolerances
while maintaining realistic construction practice. Significant increase in construction
tolerance issues and utilization of welds with quality less than that indicated by applicable
codes will possibly jeopardize the capabilities of the hinge relocation method.

It should be noted that methods other than the relocation of plastic hinging exist
which may also produce adequate response. The relocation of hinging method has been
recommended as the most applicable method for retaining the simple nature of the
structure utilizing a weld at the pile cap beam interface. Alternate methods which may
produce adequate response include, but are not limited to, post tensioning systems,
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pocketed type connections, and kerf type connections as will be discussed in subsequent
sections of this chapter.

7.3 Consideration of Pipe Buckling Under Pure Bending

Consideration should be given to the general limit states of circular HSS members
subjected to pure bending with no boundary condition effects. This situation would
somewhat capture the condition of a plastic hinge relocated at a significant distance from
the fixed end or a plastic hinge formation occurring at the point of fixity of adriven pile.
Similar limit states will exist between this condition and the fixed end condition tested
including local buckling, strength loss, and cracking associated only with base metal.

The physical differences between the two conditions are the presence of axia load
and boundary condition effects. It islikely that the boundary condition effects will have a
greater impact on any variation in member failure mode response considering the nature
of the axial load being relatively low. However, it should be noted that this is only a
hypothesis and is not supported by any analytical or physical research.

A research project conducted at North Carolina State University shortly after the
completion of lab testing of the stee bent project, focused on the pure bending
performance of hollow circular HHS sections. In that research, specimens with D/t ratios
varying from 36-55 were tested under four point bending. The specimens ranged from 18
— 24 inchesin diameter and were al 36 feet long.

Although the ultimate ductility capacity of those members was moderately
sensitive to the D/t ratio, as would be expected, the ultimate failure modes were all
similar. In each case, very rapid local buckling took place within the constant moment
region of the test specimen as is shown in Figure 1.1. This local buckling was also
associated with significant immediate strength loss as shown in Figure 7.2. Data analysis
utilizing the strain linearity method has not yet been conducted to determine if small
magnitudes of local buckling were actually occurring before this rapid onset of large local
buckling. However, in no case were any clear visual signs of local buckling noted before
this time. In each case eventual material rupture occurred near this location of local
buckling athough the strength loss was already large.
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Figure 7.1 Example of L ocal Buckling of a Pile Subjected to Pure Beding
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Figure 7.2 Example of Strength Loss Dueto Rapid Buckling
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The failure modes observed in this test are clearly different from those seen in the
steel bent tests. Obviously no correlation exist between the pipe bending tests and the
faillures observed in tests 1-5 of the steel bent series since those failures were related to
connection weld cracking. However, comparison can be made between this series and
steel bent test 6 where base metal buckling and rupture occurred. In that case the buckling
occurred in an outward circumferential manner over several cycles as was expected and
desirable. In the case of pure bending the bucking occurred rapidly in an inward manner
and was not circumferential. It is likely that this difference exists due to the fixed end
condition of the steel bent test. Regardless of why this difference exist, it may be
important to consider locations of pile hinging at significant distances from the cap beam
as possessing different failure modes and reliable ductility than at a location near the cap
beam.

7.4 Future Considerations

7.4.1 General Issues Related to Future Research

Three possible options exist in regards to future research. First, future
considerations could solely focus on new designs by searching for an optimal
configuration of the cap beam pile connection. Secondly, future considerations could
focus on retrofitting techniques by only considering options that are applicable to existing
structures. Lastly, a combination of consideration for both new and existing structures
could occur simultaneously.

Benefits may exist in pursuing a retrofit solution since this solution would
inherently also be applicable to new designs. However, restrictive limitations that exist in
regards to altering an existing structure will likely cause any solution determined in
regards to retrofit to be less optimal than that of a connection configuration developed by
focusing on new design. For example, the reduction of the existing cross section of the
pile may control the location of hinging and produce a more desirable failure mode.
However, this will also weaken the structure which may or may not be a problem given
the increased deformation capacity. Nonetheless, the same objective can be achieved for a
new structure using a system such as the flared column capital which actually
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strengthened the structure and increased the deformation capacity. Clearly separate
benefits exist for either option.

Regardless of whether focusing on new design or retrofit, future research will
likely include five major areas of study. One of the five major areas will of courseinclude
full scale testing as has been discussed in this report. Another task would focus on
dynamic shake table testing of approximately %2 scale bents which could be conducted at
North Carolina State University’s Constructed Facilities Laboratory. Thirdly,
environmental chamber testing could be conducted at the CFL on full scale single column
specimens to evaluate the capabilities of any new connection configurations at extremely
low temperatures. Fourth, finite element and global analytical modeling could be used to
assist in the process of developing a new connection. Lastly, the methods described in the
first four areas of study could be utilized to focus on construction tolerance and weld
quality issues. It isenvisioned by the research team that any future research projects will
focus on a combination of these task utilizing full scale testing and analytical modeling to
develop an optimal connection which could then be dynamically tested as well as
evaluated at low temperatures.

7.4.2 New Design Options

As has been discussed, one possible option for future research would focus on new
designs. Consideration has been given as to what possible connection configurations, out
of the many options that are possible, would produce the best results with the least
difficulty of construction. Four possible options have been provided that the research
team feels have the highest likelihood of producing adequate failure modes. One of these
options would utilize a pocketed type connection where the pile is passed through the
bottom flange of the cap beam and welded to both the bottom and top flanges of the beam.
Note that thisis similar to the pocketed type connection used in the research discussed in
“Retrofitting for seismic upgrading of steel bridge columns’ which produced desirable
base material failures. Secondly a kerf connection has been suggested which utilizes a
cross plate member that is welded to the cap beam and inserted into a slotted pile. The
plate member would then be longitudinally welded to the pile. Thirdly, a truss style
connection has been suggested which utilizes a shallow cross bracing system to force
hinging lower in the section and reduce strains near the cap beam. Lastly, an improved
flared column capital could be tested utilizing a larger, and possibly weaker, intended
hinging region. Sketches of these four options have been provided in Figure 7.3.
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Figure 7.3 Possible New Design Conections

7.4.3 Retrofit Options

In addition to new designs, consideration has also been given to possible retrofit
options. These options may be of particular interest to AKDOT since the organization has
a considerable amount of these existing structures within their inventory. As has already
been noted, these options could clearly be used as new design options but it is generally
felt that although they may improve the capabilities of the structure, they will not be as
effective as the options presented for new designs. A few of these options have been
provided in this section such as the non-welded stiffened collar option and the heat
treatment options where a zone of the pile is weakened by heat treatment to control the

location of local buckling.
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VA

Figure 7.7 Heat Treatment Option

7.4.4 Future Research Conclusions

It is clear from the results of this project that these structures potentialy possess
considerable capabilities for seismic design purposes. However, it isimportant that direct
consideration be given to the protection of the connection zone. Regardless of whether
future research focuses on new design or retrofit, continued study of methods to protect
the connection will be undoubtedly produce useful results.

7.5 Final Conclusions

The following list of items is provided as an encompassing list of conclusions
developed throughout this research project.

Modifying weld geometry alone will not produce an adequate ductility capacity or
desirable failure mode as seen in tests 1-5. This would indicate that structures with
modified weld geometry only should not be used in high seismic areas should the
designer intend for the structure to experience even moderate levels of inelastic action
asistypical in seismic design.
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Relocating the plastic hinge will likely produce both a higher ductility capacity and
more desirable failure mode as was seen in test 6.

The success of the relocating the plastic hinge is likely due to the ability to limit
strains at the cap beam/pile joint to the elastic range.

Attempts to calibrate an accurate plastic hinge length were not successful due to
multiple sources of deformation and local pipe buckling. As a result the use of the
plastic hinge method to calculate displacement in the inelastic range is not
recommended for this type of system.

Consideration should be given to ductility capacity as well as drift and failure mode.
Displacement ductility is normalized to yield displacement and will inherently be
lower for structures with higher elastic flexibility.

Although a structure similar to test 6 may not be suitable for areas with extremely high
seismic demands, the structure could perform well under considerable seismic attack if

proper considerations are provided in regards to protection of the connection zone.

Future research will likely focus on determining the most optimal connection system
for new designs. However, retrofit investigations would also be beneficial.
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Appendix 1: Specimen and Set Up Design Drawings
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Appendix 2: Flared Column Capital Details
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Appendix 3: Material Certification
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Figure A 3.2 HSS Pile Certification Continued

184



Atiag ‘I'uba Cansda ULES

of B/L: 276823

200 Clark gm: Eg 13.3033

Harrayw, nnmln Cannda omer; 103

KOR 130

Tali | 518-738-3541

Fux. | §18.739-3537 ag

i TUBE
d
o AR MATERIAL TEST REPORT St
ar Tul:lula’ T
33 Hﬂ‘b 5 n‘?a Il R,

ST LOUIE 631 TAU L G2088
Muterial, 7. 000=280x21 00" M 7x1) Material No: RO7CDO220 Mads in: Cenada
Sales order; 382488 Purchase Order; 1318-2ut order
Hemt No Pos e a, [ [ W Al Cu = Ma ] Cr v
482380 0460 o081 0012 0008 O00S O0E1 0087 00508 0002 001 0028 0000
Bundls Mo | Wisld Tensila Ein.2in Cartitieatlon
M100704317 DEIDAT Psl  DBB3TO Pel  35.7 % ASTM AB0O-03A GRADE BAC
Material Note:
Salms U1, Note:
Wararial; 18.000=500x8C" 0" 04 21 )NMH Metersl No: R16000500 Made in: Canada
£ales ordar; 360283 Purchase Ordar: 1072 Cust Meterisl #: 1072104
Heat No Pea c Mn P ] Ll Al Cu Ch Ma ] Cr v
482877 2 0200 0800 0010 oC004 0160 €040 0032 0005 €002 0013 0088 0000
Bundls No Yol Termtle Ebn.Zin Certifieation
ﬁ'zonuuon 053072 Pal 07810 Pel  35.3 % ASTM ASOC-03A GRADE BAC
Mutural Noh-
Salea Or.Ndte:
Mpgarial: 1§ CO0S00B0"0" 062 1 | NMH mataril Mo: R18000600 Mada 0 Canada
Sales unhr.j IB02E3 Purchasd Orderr 1072 Cust Matorta! #1 1072103
Hoat No | Pea c Mn [ s s Al Cu cb Mo Ni &r v
282877 2 0.200 D0.E00 0010 0.004 0080 0040 0032 0008 0002 0013 0038 000

]

Bundis No Yiakd Tonsils Ein.Zin Certification
MZ00E0B808 53872 Fil  DOTBIO Pel  2B.3 W ASTM ASD0.01A ARADE RAE
Matarinl Note:

Salen Or Mate:

ALL INCLUDED ROUNDE MEFT ABOD GRADE BIC AND AB3 NON-HYDRO-TESTED

A.nu-h-d:b.nn-uyhmuﬁd/,é,f_{

The nm:wdmﬂ\h riport represent the actusl attributed of the material fumished and indleste full compllances with sl applicabls
spacifioation snd contrest regquiremonts,

Pege + 304 3

@ Metals Service Center Institute
Certs Recawed by

—

Figure A 3.3 HSS Pile Material Certification Continued
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BILL OF LADING NO. 222691
STRAIGHT BILL OF LADING - SHORT FORM Freenims T ee s | Page 1
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MARKING BOBTS
Moz C M P 5 § C N £ Me S A ¥ N N T B 3
f, Lal-bFa 0.%8 .84 0012 LLOd €189 027 008 oI o2 0008 0OD3 6,004 0.00) 00000 D003 L.0000 0.0020
9100184-D2 3 21B206IDF PLATE - 1,25 1 56" = 240" BI2E2 T2 24.503.04

Cirede; ASTM ADTE Graoe S0-0T/ASTM ATOR Crade 30-

. OBAASHTO M270-80 Typa 2
df; Cug, Pans: 100803
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beat € ¥ p 5 8 N o Mo £ A ¥ M N I B g
fswmua 017 4120 pE12 G005 021 622 007 L0848 002 0008 D030 0080 9007 D.OCOD ©003 0ODO0 0 DED

Ship To Notes : "DO NOT SHIP WITH TESTS FENDING, ™DO NOT MY WITH ONEAL BTEEL 1NC. GREENSBORO ORDEAS TN SAME THUCK
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Figure A 3.4 Column Capital Material Certification
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Appendix 4: Construction Inspection and Weld Certification Details
A4.1 Welder Certifications

Green's Welding Pogs 1 of 1
Welder Qualification Test Record Green, Justin
WOQTR No. Green, Justin 'MF&E"wnsm i ___  Weider Id - |
WPS No.  Prequalified Revision G T - Date /142008 |
Variables Record Actual Values Used In Qualification | Qualification Range I
Process (Table 4.10, tem (1)) FCAW FCAW —
Transfer Mode (GMAW): Short-Cir. [|  Glebular [|  Spray [ Shart-Circuiting [ Gobular [ Spray [
Type Menual [] Machine [] Semi-Auto (]  Auto [ Manual [1 Machine [ Semi-Auto [ Auto []
Number of Electrodes  Single ] Multipie [ Single [ Multiple [
Curent/Polerity AC ] DCEP [ DCEN [ Pulsed [ ACT] DCEP [x]  DCEN [] Putsed [
Position (Table 4.10, lem{4)) 16 Flat L .
Weld Progression: {Table 4.10, kem (8)) Up [1  Down [ Up Down [
Backing [Table 4.10, tem (7)]  Use Backing ] With Backing [£) Without Backing (£
Consumable Insert {GTAW) Use Insert [ | With Insert [ ] Without Insert ]
Material'Spec.  A-36 to A-36 o Group 1 Material
Thickness (Plate): Groove (in ) 1.0 0.125 - Unlimited in
Fillet{ oy _ Unlimited - Unlimited in
Thickness (Pipeftube): Groove( ) I
Filet{ ) Unlimited - Unlimited _ in
Diameter(Pipa): Groove (| ) -
Fillet { ) Unlimited - Unlimited in
m e [~ e S B " R e —— e —
Filer Matal (Table 10, llam {2} &/84" Tri mark B B
Spec. AWS A5.20 _ % = -
Class. E70T-4
FHo & o o -
Gas/Flux Type (Table 4.10, ltem (3))
Other _ i _ )
VISUAL INSPECTION (4.81) Acceptable Yes
GUIDED BEND TEST RESULTS (4,30.5)
Typa Result o CTTpe "~ |Resut
I Fillot Test Results (4.3023 and 4.304.1)
I Appeararce - Filet Size Macroalch
| Fracture Test Root Penelration

Inspected By Leroy Spangler  OrganizationTriad NOT, Inc. Date 4/T/2004

Film ldentification No. | Resut - - - ]
| Je1e Satisfactory Interpreted By Leroy Spangler

Organization Trigd NDT, Ing.
Test No. 04-162
Date SM42008

I . -

We the undersigned, cetify that the stalemerts in this record are comrect and that the test welds were prepared, welded and
tested in accordance with the requirements of section 4 of ANSUAWS D1.1, ( 2006 ) Structural Welding Code-Steel.

Mznufacturer Green's Welding =~ Authorized By Justin Green Date 5/14/2008

Figure A 4.1 Justin Green Welding Certification (Test 1-6)
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T mEa

WELDER, WELDING OPERATOR OR TACK WELDER QUALIFICATION TEST RECORD

Hama: Moises Sanchez ldentification No.: §06-11-8500
Walding Procedure Specilication No.; CPB 2036 Rav.: Date:  B-17-07
Record Actual Values Used
- I Quaification Qualification Renge
Varahles
ProcesaType [Table 4.10, tem (2)] SMAW
Elactrada [single or multpia) [Taoie 4 10 ftem (9) INGLE
Curmant/Folanty DCEN
G OVERNEAD FLAT HORIZONTAL
Poztinn [Tabie 4 10, ltem (S]] 30 VERTICAL VERTICAL SVERHEAD
Weld Frogression [Tanla 4.10, [em (7))
Racking [YES or NOY) [Table 4.10, Ham (8)] YES
MalenalfSpec. [Tabke 4.10, (tam {1)] ASTM ta A3E
Boze Melal
Trickneos: (Flata) UNLIMTED GROOVE
Groove 1" PLATE & FILLET
Filiet HiA
Thickness: (Fipaftuba)
Giroove WA
Pt WA
Dismatar {Pipa) A,
Grmave MIA
ik A
Filler Medal [Tabls 4,10, e (3}]
Saec Ho. A AWS A5.1
Class E E-TR18
F-Na. Fd
GasiFlux Type [Tabia 410, o {4]] MIA
orher
VISUAL INSPECTION (4.5.1)
Accaptable YES or NO _YES
Guided Band Test Roaults (430.8)
Type __Resul Tyme Resul
3C1 SI0E SATISFACTORY 43! 5IDE SATISFACTORY
a3 SibE SATISFACTORY 452 5IDE EATISFACTORY
Fillet Test Roaults (430,23 and 4,30,4.1)
Fppaarance Fillet Size
Fraciurs Test Rool Penetration Maciosich
{Derceribe the loeafion, nature, and cizo of any erack or tearing of tha epaciman. |
Inspectad by JERRY CAGLE Test Numbar _ CPB 2056
Organization  AWS D13 Do 61707 s
RADIDGRAPHIC TEST RESLLTS (4.30.3.1)
film ldentification Resuits Remarks Fiim Iceniificafion Resuha Rermarks
Humbaer
[stempmeted by Tatt Humber
Chrganization D

We, the undersigned, cerily that the siatemants In this mcord #re comect and that he les] welds weare
propantd, welded, and tested In nccordance with the requirements of sectlon 4 of ANSUAWS D11,
{2004 ) Etructursl Welding Codo-Stoal

{yecary k
Mamfacthres o Confrartor P BUCKMER STEEL Aptheotirsed by \
Form E-4 Dam 81707 %E

Figure A 4.2 Moises Sanchez Welding Certification (Test 2)
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Anan EDOS
WELDER, WELDING OPERATOR OR TACK WELDER QUALIFICATION TEST RECORD

Typs of Waider: _WELDER

Name: _Ralph Quick —________ identification No.: _244-88-2550
Wealding Procedure Spocilication No= CcPB 1023 Rav.: Data; _ 6-27-08
Fecard Actual Values Used
In Qualification Cuallication Ranga
Vrlshles
ProcessiType [Tables 4 10, lem (2] |
Elscmde (sngle or mullipls) [Tabls 4.10, tem (9} SN FCAN
CurmeniPolarity
HORIPONTAL FLAT HORIZONTA.
Poation [Taxs 4 10, fam 5]
Wield Progression [Table 4. 10, lem (7)) [T
Backing (YES or NO) [Tabi 4.10, item (8] _¥ES WITH BACKING ONLY
BsteriabSpac. [Table 4. 10, ibam (1)) ASTM lo A28 T e e
Bawe Malal 18
Thickrsss: (Plia) UNLIMITED GROOVE
1" PLATE SUMLIMITED FILLET
Vo A
Thickness: [Fipaiube)
B
Fillet TR
Dismwter (Pipe) [T
SFocve [T
Fillad Ni&
Fillize Mistal [Tabie 4 10, an (3))
B Mo, A AWE A5 20
Chss E WS ETOTA
Fla.
GasFiux Typs [Table 4.10, fterm (4)] NR-311
Oiher
VISUAL INSPECTION (4,8.1)
Accaptable YES or NO _YES
Goided Bend Tes! Resuilts (4.30,5)
Type _ Resutt Type Resutt
2G1 SIDE SATIEFACTORY
2e2 SILE SATISFAC TORT
Filiet Taat Results (430,33 asd 4 39.4.1)
Appatance [Fillet Sis
Fracure Tesd Aol Penetreion Mmoo -h
hs andl wirs of gy crack, or tearng of M
s LA T
Owpanizotion AN Dste 82703
mmrﬁ:ﬁtﬂ.ﬂuman
Film identifization et Remams | {irt Febnel el Results Remarks
s Fhrrbar
Intermreted by Tawl Nurrber
Organization Dl

_We, the vadersigned, certlfy tha! the statemeants in this recard are corract and that the 1651 i
prepared, welded, and fested in accordance with the requirements of section 4 of ANSLANED
(2006 ) Structural Walding Cods-Steal

Mamufectwrer or Contrecior  CLP.BUCKNER STEEL Auttorized by

Figure A 4.3 Ralph Quick Weld Certification (Test 5)
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Amni EFA0S
WELDER, WELDING OPERATOR OR TACK WELDER QUALIFICATION TEST RECORD
Typo of Welder: _ WELDER

Name: _RALPH QUICK Identification No.: _244-85-2556 N
Walding Procedure Spacification No.: CPB 1023 Rew.: Date;  6-7-08
== Record Actual Values Used
in Qualification Qualification Renge
Varighles
ProcessType [Table 4,10, item (2}] SAN
Elgctrode (singla or ruttipie) [Tabia 4.10, lem (8) SINGLE
Currant!Palarity DCEN
4G OVERHEAD FLAT HORIZONTAL
Position [Table 4,10, em (5)] 3G VERTICAL VERTICAL OWVERHEAD
Wald Progression [Table 4,10, ltem (7))
Backing (YES o NO) [Tabla £.10, llem (8] ves 0
Material/Spec. [Table 4.10, Hem (1} ASTM 1o AZE
Base Matal
Thicknass: {Plata) UNLIMITED GROODVE
Groove 1° PLATE & FILLET
Fillat WA
Thickness: (Pipefube)
Groove A
Fillet M
Diameter: (Pips) Wi
Groowve PA
Fillet [y
Fillar Wetal [Table 4.10, fem (3))
Spec Mo A AWUS AS.1
Class E E-T018
F-Mao. F-4
Gas/Flux Type [Table 4.10, Hem (43) MR
(her
WISUAL INSPECTION (48,1}
Acoaptable YES or NO
Guided Bend Test Resuils [4.30.5)
Type Resull Typa _Resull
351 SIDE SATISFACTORY AG1 SIDE SATISFACTORY
352 BIDE SATISFACTORY 4G2 SIDE SATISFACTORY
Fiitet Teat Resolts (4.30.2.3 and 4.30.4.1)
Appoarance Fillet Skze
Fraciure Teet Rood Penetrafion Macroatch
Describe the location, nature, and size of any crack or earing of the specimsen.}
Inspecled by _ JERRY CAGLE Test Number _CPE 1022
Organization _AWS D1.1 Date  6-7-08
| RADIOGRAPHIC TEST RESULTS [4.30.3.1)
| Film Identification Resulls Remarks | Flim Identification Results Remarks
Number Numier
Ingasprsted by Teat Mumbar
Crganteation Date

Structural Welding Code-Steel
{year}
Manufacturar or Contractor C.P.BUCKNER STEEL Authovired by
Form E-4 Date _ 8-T-08

Figure A 4.4 Ralph Quick Weld Certification Continued (Test 5)
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A4.2 Inspector Certifications

N -101- 7998 AT 1d RO TO: 1219555301 P.B-8

Biwia of Wesl Virginia
DEPARTMENT OF LABOR

CERTIFICATE

af
TEST AND APPRDVAL OF WELDING PROCESS

and
QUALIFICATION OF OPERATOR OF

WELDING EQUIPMENT

Ihe SLate Cepartmant of Labor, Bollar Chvison, Ras withasssd e welding and
testing of sl spwsimmens wylded Dy BN wmployee of

Faady Devid Denpeey
in accordance wth

wide Amarican Society of Mechancal Engineers Soier Construciion Code,
Seclicn 1M, and American Weldmg Goziety Standard Qualificatian Procedurs,

Vpkting Cporator  Bandy Devid Dempeey  No, WPWEOL 5
Welding Procass  Shie’dcd Metul Gre - E0OLE N

This i5 ta oAty T e Welding TRoanie used

m this test and described in SPEGIFICATIONS

lor WELD'NG PROCESS No. St above
ard the regu’tc ¢f the iggl gven in PHYSICAL
TEST 3EPORT NO. T80 comnplicd wilh

tha ranuiraments of e asows codn within tho
lallawarn limitations

My Pressure xi«i‘

Masmmuiy T poralure =ode

Waximum Plate or Wall Thickness 205
Llimimurm Plate or Wall Thickness 17

Vielcing Fos < ons _Bordsemsal, Yeryloal, Uver-
Other Lamitations _Swe Code hend.

Bumuorks - Flatr Test

Figure A 4.5 Randy Dempsey Certification (Test 1-4)
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JUN-18-20@8 @7:13 FROM: T0:19195155301 P.7/8

P ~North Camima Department of Transpomtlon t J
=~ * _ Division'of nghways : ‘: s
P Materials and Tests Unit "y

PrmntedToo g
- us1’
_‘" ?la‘-

- RandyD Dempsey

R T

S ,’- Cae .,_;I"*w
. Tlns certifies the above named welder satlsfnctonly ‘passed the North
%+ Carolina Departmznt of Transportation 6G PIPE WELDER
' :Qualification test as adnunmlered by the Materials and Tests Unit of the
North Carolina Depaﬂment of Transportation and in accordance wuth
i TAWS Dl l—2006, Scctmn 4 Structural Wcldmg Code

“L

.-\.

.:l“

1~y This qunhﬁu rhe welder to, weld fillet welds, groove welds. and pnpea f
-,‘welds of unlumted llnckneas. g 3R

2 Hmmmwf
iR, Y ¥k

Vertical | * C_r‘vértuf;d Horkzontal Flat

LiBr. e O ®

2-22-2008

Y

<% Stcven C. Walton, Metals Engineer
Materials and Test Unit

Figure A 4.6 Randy Dempsey Certification (Test 1-4)
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P.278

TO: 19195155391

JUN-18-2088 87:89 FROM:

American ‘We[&[zry Society
f‘ﬂﬂ%‘

Certifies that WetE{zrg Inspector
Randy D Dempsey

has complied with the requirements of AWS QC1,
Standard for AWS Cemfimtion of Welding Inspectors

08051811

CERTIFICATE NUMEER PRESIDENT AWS

May 1 2011 Pmﬂ R. & oo

EXPIRATION DATE i ; ALIFICATION COMMITTEE
Detode

CHAIR, CERTIFICATION COMMITTEE

Figure A 4.7 Randy Dempsey Certification (Test 1-4)
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P.3

T0:19195155381

JUN-10-2988 B7:10 FROM:

Certifies that Welding Educator
Randy D Dempsey

> !

Standard for AWS Certification of Welding Educators

-

0805018E X e e

GERTIFICATE NUWBER ; : A PRESIDENT AWS -

May 1 2012 X S il wnd & Lvsio

DXFRATION DATE i ‘ CHAIE OUAITFICATION COMMITTEE

EMPLOYER: REFER TO WALLET CARD FOR .
VALIDITY AN EXPIRATION DATE (2] -»1 A IW

CHAIR, CERTIFICATION COMMITTEE

Figure A 4.8 Randy Dempsey Certification (Test 1-4)
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§
()
i

T0: 19195155301
P A T SRR N O S e et

_

’*‘*’0**’*’*’**‘*

CERTIFICATE

OF ACHIEVEMENT
CWI CONSULTANTS, Inc.
_ Contos Tl
RANDY D. DEMPSEY
Has Tt 12. s of Fromed Cls- Foom Trining

i Tl Thony Tt Pt of Th

Y LIQUID PENETRANT % o 5
0 ﬂM%ASMSM@mMSNTTC 1A u 0\
Y %% 6th _ % ¢ NOVEMBER. 2001
V0 Y -
Robert D. Phillips / LEVEL 1l Consultant Certificate Number

"

4
i
i

JuN-18-2088 B7:13 FROM:

Figure A 4.9 Randy Dempsey Certification (Test 1-4)
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55301

191951

) JUN-18-2088 87: 12 FROM:

. CERTIFICATE |

S 5

__RANDY D. DEMPSEY :
§

Hits Peoctved 80 Hiars of Formal Class-Room Training I
ULTRASONIC %t gz, |

T 5th_ T ¢ _OCTOBER.2001

Robert D. Phillips / LEVEL Il Consultant Cartﬂ_icale Number

j

Figure A 4.10 Randy Dempsey Certification (Test 1-4)
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Figure A 4.11 Russell Ogdent Certification (Test 5)
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e Tt

e —

enifies Thas
WELDING INSPECTOR
Rhonda G Rogers

comp i : 1
lied with the requiremenis of AWS QCl1,
Efnlnfnrd for AWS Cenificaton of Welidiog I.u.r.'pecm

@’iﬁﬁhﬁ‘mﬁmw |

. wilh without _ X eyc correetion, colar blind

_08091551
Ceqificats Namber
S_gp_hmm 12011
Expirarion Dhue

AWS Pressdenl

AWS Ce n Chair

- - -
=t |~: AT I e

! T el =i e L ER
B et T I ot ."_...-1‘,"-‘.“3- ,,ht_:sl--ﬂ_' = 4

Figure A 4.12 Rhonda Rogers Certification (Test 5)
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A4.3 Test 1 Details

T H"\‘_'_ -

i __\‘._;'\_._ .

_.] coign

N =t

Figure A 4.13 Test 1 Connection Detail
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A4.4 Test 2 Details

- .
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whieo [ g & m
25 3
i (

Figure A 4.14 Test 2 Connection Detail
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ANMNEX N

PREQUALIFIED X

AWS D1.1/01.1M:2006

WELDING PROCEDURE SPECIFICATION (WPS) Yes
QUALIFIED BY TESTING

Or PROCEDURE QUALIFICATION RECORDS (PQR) Yes

Company Name _Buckner Steel

‘Welding Process(es] _ SMAW

Identification # CPB1015

Reviiion Date By
Authorizec by _Jerry Cagle Date 6-12-08
Type: Manual X Semi-Automatic ]

Supporting PQR NaJs) Machine ] Automatic []
JOINT DESIGN USED POSITION

Type: TC-UdA Position of groove _Horizontal/Qverhead Fillet_Overhead
Single [] Double weld [] Vertical Position: Up [] pown []

Backing: Yes <] No []
Backing Material: Steel A36 grade B
Foot Osening _0.25 _ Root Face Dimansion

ELECTRICAL CHARACTERISTICS

Groove Angle: _45 Radius (}U) Transfer Made (GMAW) Short-circuiting

Backing Gouging:Yes[ ] No[{]  Method Globular spray
Current: AC[]  DCEP DceEn [ pulsed []

EASE METALS Other

Material Spec. _ASTM AS3/ AST2 Grade 50 for HP section Tungsten Electrode (GTAW)

Type of Grade _B Size

Thickness: Groove _1/2" Fillet Type

Diameter (Pipe) _16"

FILLER MFETALS TECHNIQUE

AWS Specification _A 5.1

AWS Classification _E7018

SHIELDING

Flux _N/A Gas _N/A
Composition

Electrode-Flux (Class) Flow rate
Gzs Cup Size

FREHEAT
Preheat temp., Min_70 (table 3.2 note A)

Inler pass Temp., Min _70F Max _S00F

Strirger or Weave Bead: _Stringer
Multi-pass or Single pass (perside) Multipass

Number of Electiodes; 1

Eleczrode Spacing Longitudinal _N/A
Lateral _N/A
Angle _N/A

Contact Tube o Work Distance
Peening _Mo
Interpass Cleanirg: _Wire brush, grinding or chipping

POSTWELD HEAT TREATMENT
Temp:_N/A
Time: _N/A

WELDING PROCEDURES

Pass or Filler Metals Current

weld Type & Amps or Wire Travel

Layer(s) Process Class Ciam. Palarity Feed Speed Volts Speed Joint Detai's
12 SMAW E7018 1/8" DC+ 100-130 20-24 Sto7
in/min

Please see attached
Form N-1 (Front)
Figure A 415 Test 2 WPS
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TableA 4.1 Test 2 QC Report

North Carolina Department of Transportation QA Inspection Check List Project Description
Alaska DOT
Part Description Owner Representative: Kendra Cookson

NCSU Constructed
Project Location: Facilities Lab

Bridge Bent Fabricator Name: Buckner Companies

Welder's Name: Justin Green

Randy Dempsey,
Weld Location QA Inspector: CWI/CWE

North & South

Pipe Pile Date Comments
Consumable Storage/Control - - - - - - - - - - - - - - - - - 6/13/08 see note 1
Base Metal Preparation - - - - - - - - - - - - - - - - - - - 6/13/08 see note 2
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JointFitUp - - - - - - - - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld - - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. fillet weld - - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

6/13/08

see note 3
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note 1: An electrode oven was delivered to the site. The E7018HR (9 hour exposure limit rods) electrodes were delivered in a
hermetically sealed container and placed in the oven immediately after breaking the seal.

note 2: The North and South pipe piles were beveled using a grinder and all mill scale and rust within 1" of the area to be
welded was removed.

note 3: A 2"x 3/16" flat bar (w/ MTR) was formed and installed in each pipe pile with a CJP weld aligned to the neutral axis and
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welded continuous to the pipe with a 1/4" extension for the root opening + 1/16" to 1/8" fit-up tolerance.
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North Carolina Department of Transportation QA Inspection Check List Project Description

Alaska DOT

Part Description Owner Representative: Kendra Cookson

NCSU Constructed
Project Location: Facilities Lab

Bridge Bent Fabricator Name: Buckner Companies

Justin Green, Moises
Welder's Name: Sanchez

Randy Dempsey,
Weld Location QA Inspector: CWI/CWE

North & South

Pipe Pile Date Comments
Consumable Storage/Control - - - - - - - - - - - - - - - - - 6/19/08 see note 1
Base Metal Preparation - - - - - - - - - - - - - - - - - - -
JointFit-Up - - - - - - - - - - - - - - - - - - - - - - - 6/19/08 see note 2
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Pre-Heat & Interpass Temperature Control - - - - - - - - - - - - 6/19/08 see note 3and 4

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - - 6/19/08 see note 5

Visual Inspection of Groove Weld - - - - - - - - - - - - - - - 6/19/08 acceptable, see note 6

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

note 1: The power to the electrode oven was interrupted. The electrodes from the oven were returned to the Buckner facility for
re-drying and a new box of E7018HR electrodes were opened.
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note 2: Due to flange tilt mill tolerance issues on the cap beam, 1/16" to 1/8" was removed (using a grinder) from the extension
of the backing bar as needed to improve the joint fit-up.

note 3: Although preheat was not required due to the 70° lab temperature, a Makita Thermocouple Heat Gun (model HG 1100)
was used to raise the base metal temperature to approximately 100° F to reduce the cooling rate of the weld metal.

208



note 4: Interpass temperature was monitored using an EDL Pocket-Probe (model NMP) Pyrometer, which indicated
temperatures from 280° F to 320° F.
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note 5: All slag was removed with a chipping hammer. The start of some welds was contoured to a concave finish prior to
covering with additional weld metal. Any anomalous material or weld discontinuity that might be detrimental to the integrity of
the completed weld was removed using a wire brush or grinder.

note 6: The North Pile was welded by Justin Green and the South Pile was welded by Moises Sanchez. Both grooves were
filled to the full cross section of the pipe member and found to be visually acceptable in accordance with AWS D1.1 2006 Table
6.1.
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North Carolina Department of Transportation

QA Ingpection Check List

Project Description

Part Description

Bridge Bent

Weld Location

North & South
Pipe Pile

Consumable Storage/Control - - - - - - - - -

Base Metal Preparation - - - - - - - - - - -

Joint Fit-Up - - - -

211

Alaska DOT

Owner Representative:Kendra Cookson

NCSU Constructed

Project Location:Facilities Lab

Fabricator Name:Buckner Companies

Justin Green, Moises

Welder's Name:Sanchez

Randy Dempsey,

QA Inspector:CWI/CWE

Date

6/20/08

Comments

see note 1




Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -
Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld - - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

note 1: The electrode oven is working correctly.

refer to the UT Inspection

6/20/08 Report
6/20/08 no repair required
N/A
6/20/08 see note 2 and 3
6/20/08 see note 4
6/20/08 acceptable; see note 5

note 2: Although preheat was not required due to the 70° lab temperature, a Makita Thermocouple Heat Gun (model HG 1100)
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was used to raise the base metal temperature to approximately 100° F to reduce the cooling rate of the weld metal.

note 3: Interpass temperature was monitored using an EDL Pocket-Probe (model NMP) Pyrometer, which indicated
temperatures from 260° F to 300° F.

note 4: All slag was removed using a chipping hammer. Any anomalous material or weld discontinuity that might be
detrimental to the integrity of the completed weld was removed using a wire brush or grinder.

note 5: The leg and the throat was inspected using a 3/4" G.A.L. weld gage with a flash light as a luminous aid. The profile of

the completed weld was improved using a grinder. The completed weld was found to be visually acceptable in accordance with
AWS D1.1 2006 Figure 5.4 and Table 6.1.
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North Carolina Department of Transportation

QA Inspection Commentary

Project Description

Part Description

Bridge Bent

Weld Location

North & South
Pipe Pile

Owner Representative:

Project Location:

Fabricator Name:

Welder's Name:

QA Inspector:

Alaska DOT

Kendra Cookson

NCSU Constructed
Facilities Lab

Buckner Companies

Justin Green, Moises
Sanchez

Randy Dempsey, CWI/CWE

Cl. If the cap beam was assembled with the stipulation that the bottom side needs to be flat by pushing the mill tolerance to

the top, the fit-up and weld quality at the root could be improved.

C2. Purchasing the backing rings (http://www.robvon.com/html/backing.html) may prove to be a more practical and efficient

method for actual production conditions.
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http://www.robvon.com/html/backing.html)

C3. Due to the low interpass temperatures that were recorded, a WPS that stipulates 1/8" electrodes for passes 1, 2, and 3, but
permits 5/32" electrodes for all subsequent passes could improve efficiency of production conditions.

C4. The approximate labor that was recorded (excluding QA and NCSU involvement) included 16 man hours for beveling the
pipe and attaching the backing ring, 22 man hours for the groove weld, 2 hours for the UT (excluding travel time) with no flaws
detected and 20 man hours for the 3/4" fillet weld.
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A4.5 Test 3 Details

Continuous weld for 7

cyclic loading

Backer ring min. thickness 1%' —

4 AL

N T
F
i

Figure A 4.17 Test 3 Connection Detail
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AWS D0 LT LN 2006

ANMEX N
mmmmmnmlmﬁ
PREQUALIFIED __K_______ QUALIFIED BY TESTING
Or PROCIDURE QUALIFICATION RECORDS (POR) Yei
identification § _CPE101S
Rl Date By _
Companry Mame _Buckner Seel ""“mh%ﬂ-m——mm—
Welding Processies] _ SMAW Trgeir: Mamisal Serni-Autormatic
Supporting POR Ne.[s) Machine Automatic
BOIMT DESIGH USED POSITION
Type: TC-Lidiy mﬂﬁm_tﬁlnu@mﬁlﬂ_w_
sangle (] Dosuble weld ] wvertical Pesition: Up Dawn
BI-:Hng'.TnE H:uD
Backirg Material; Steel A3G grade B ELECTRICAL CHARACTERISTICS

Root Opening 035 Root Face Dimension
Groove Angle: _45 Radings (J-L)
Backing Gougieg: Yos ] Mo [X]  Method

Transfer Maode [GRAW) Shan-cinguiing

Ghobalar Spray
curent: AC[]  ooer[E  ecen[ Pulsad ]

BASE METALS Orther
Matarial Spec. _ASTMUASS ASTZ Grade 20 for HP section Tungsten Elecirode [GTAW]}
Type of Grade _B Siae
Thich Geoww 12" Fillet gt
Diamweter (Pipe) _16°
FILLER METALS TOCHNIGUE
AW Specif aA%] Stringer or Weawe Bead: _Stringer
AWS Classification _EP008 Multi-pasi or Sanghe pass (per side] _hultipass
Muemnber of Electrodes: 1
Elecirode Spacing Longuding NS
SHIELDING Lateral Mi8_
Flux WA Gas _N/A Anghe WA
iCi : fthon
Electrode-Flus (Class) ______ Flow rate Cositact Tube 10 Work Distance
Gl Cup Sibe Peening _No
Inberpass Ceaning: _WWire bnah, prnding or chicoing
PREHEAT

Prehest temp., Min 7O (bl dnotedl oo

FOSTWELD HEAT TREATMENT

interpass Temp., Min _T0F Max _S00F Temp: W8
Tirme: _M/
WELDMG FROCEDURES
P Filler Maedals Current
withd T & Ampd oF Wine Teaned
Layer(s] | Process Class Diam. Palarity Feed Speed Waolts Spbnd it Durtaills
12 SRAAW EFOLE & [ 100 - 130 =324 57
Inymin
Please see attached
Foarrm M-1 (Fromt]

Figure A 4.18 Test 3WPS
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TableA 4.2 Test 3 QC Report

North Carolina Department of Transportation

Part Description

Bridge Bent Test 3

Weld Location

North & South
Pipe Pile

Consumable Storage/Control - - - - - - - - - - - - - - - - -

Base Metal Preparation - - - - - - - - - - - - - - - - - - -

219

QA Inspection Check List Project Description

Owner Representative:

NCSU Constructed
Project Location:Facilities Lab

Fabricator Name:Buckner Companies

Welder's Name:Justin Green

Randy Dempsey,
QA Inspector:CWI/CWE

Date

8/5/08

8/5/08




JOINLFItUP = = = = = = = = = = = = = e oo oo oo

Pre-Heat & Interpass Temperature Control - - - - - - - - - - -

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. fillet weld- - - - - - - - - - - - - -
Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of FilletWeld - - - - - - - - - - - - - - - -
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note 1. An electrode oven was delivered to the site. The E7018 (4 hour exposure limit rods) electrodes were delivered in a
hermetically sealed container and placed in the oven within one hour after breaking the seal. The oven was plugged into an
outlet on the inside of the lab to ensure an uninterrupted power source.

note 2: The North and South pipe piles were beveled to a 45° angle using a grinder and all mill scale and rust within 1" of the area
to be welded was removed. The bevel angle was inspected using a mechanical protractor. One area on the North Pile was found
to be less than the specified angle and was corrected prior to fit-up of the backing bar.
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note 3: A 2"x 3/16" flat bar was formed and installed in each pipe pile with the CJP weld that is transverse to the length of the
material aligned to the neutral axis of the pipe. The full length of the flat bar was welded continuous to the pipe with a 1/4"
extension for the root opening + 1/16" fit-up tolerance. Tack welds placed in the area to be groove welded were removed by

grinding.
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note 4. The 50° F preheat was not necessary due to the thickness of the material and the atmospheric conditions at the work site
being recorded at 98° F using an air thermometer that was placed in the shade at the same elevation and location as the material
to be welded.
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North Carolina Department of Transportation

Part Description

Bridge Bent Test 3

Weld Location

North & South Pipe
Pile

Consumable Storage/Control - - - - - - - - - - - - - -
Base Metal Preparation - - -

Joint Fit-Up - - - - -

Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -

224

QA Ingpection Check List  Project Description

Alaska DOT

Owner Representative:Kendra Cookson

NCSU Constructed
Project Location:Facilities Lab

Fabricator Name:Buckner Companies
Welder's Name:Justin Green

Randy Dempsey,
QA Inspector:CWI/CWE

Date Comments
8/11/08 see note 1
8/11/08 see note 2
8/11/08 see note 3and 4



Interpass Cleaning - - - - - - - - - - - - - - - - - - - - - 8/11/08

Visual Inspection of Groove Weld - - - - - - - - - - - - - - - 8/12/08

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -
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acceptable, see note 6



note 1: The electrodes and electrode oven were inspected and found to be hot and undisturbed from the previous activity.

note 2: The nt fit-up was acceptable without making adjustments to the backing bar.

note 3: Although preheat was not required due to the 70° lab temperature, an oxygen/acetylene torch was used to drive away
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moisture and raise the base metal temperature to approximately 125° to reduce the cooling rate of the weld metal.

note 4: Interpass temperature was monitored using 248° and 302° Nissen® Temperature Sticks. Due to one welder alternating
between pipe piles, interpass temperatures did not exceed 302°.

note 5: All slag was removed with a chipping hammer. The start of some welds was contoured to a concave finish prior to
covering with additional weld metal. Any anomalous material or weld discontinuity that could have been detrimental to the
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integrity of the completed weld was removed using a wire brush or grinder.

note 6: The North and South Pipe Piles were welded by Justin Green. Both grooves were filled to the full cross section of the
pipe member and found to be visually acceptable in accordance with AWS D1.1 2006 Table 6.1.
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North Carolina Department of Transportation

Part Description

Bridge Bent
Test 3

Weld Location

North & South
Pipe Pile

Consumable Storage/Control - - - - - - - - - - - - - - - - -

Base Metal Preparation - - - - - - - - - - - -

JointFit-Up - - - - - - - - - - - - - - - -
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QA Ingpection Check List

Project Description

Owner Representative:

Project Location:
Fabricator Name:

Welder's Name:

QA Inspector:

Date

Alaska DOT

Kendra Cookson

NCSU Constructed
Facilities Lab

8/12/08

Buckner Companies

Justin Green

Randy Dempsey,
CWI/CWE

Comments

see note 1




Pre-Heat & Interpass Temperature Control - - - - - - - - - - - - 8/12/08 see note 2 and 3

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - - 8/12/08 see note 4

Visual Inspection of Groove Weld - - - - - - - - - - - - - - - 8/12/08 acceptable, see note 5

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

note 1: The electrodes and electrode oven were inspected and found to be hot and undisturbed from the previous activity.

note 2: Although preheat was not required due to the 70° lab temperature, an oxygen/acetylene torch was used to drive away
moisture and raise the base metal temperature to approximately 125° to reduce the cooling rate of the weld metal.
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note 3: Interpass temperature was monitored using a 248° and 302° Nissen® Temperature Sticks. Due to one welder alternating
between pipe piles, interpass temperatures did not exceed 248°.

note 4: All slag was removed with a chipping hammer. Any anomalous material or weld discontinuity that might be detrimental
to the integrity of the completed weld was removed using a wire brush or grinder.

note 5: The North and South Pipe Piles were welded by Justin Green. Both grooves were filled to the full cross section of the
pipe member and after repairing several small deficiencies, found to be visually acceptable in accordance with AWS D1.1 2006
Table 6.1. A grinder was used to improve the profile of the completed weld.
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North Carolina Department of Transportation

Part Description

Bridge Bent
Test 3

Weld Location

North & South
Pipe Pile

Consumable Storage/Control - - - - - - - - - - - - - - - - -

Base Metal Preparation - - - - - - - - - - - -

JointFit-Up - - - - - - - - - - - - - - - -
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QA Ingpection Check List

Project Description

Owner Representative:

Project Location:
Fabricator Name:

Welder's Name:

QA Inspector:

Date

Alaska DOT

Kendra Cookson

8/13/08

NCSU Constructed
Facilities Lab

Buckner Companies

Justin Green

Randy Dempsey,
CWI/CWE

Comments

see note 1




Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld - - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

8/13/08 see UT report
8/13/08 see note 2
8/13/08 see UT report

note 1: The electrodes and electrode oven were inspected and found to be hot and undisturbed from the previous activity.

note 2: Although preheat was not required due to the 70° lab temperature, an oxygen/acetylene torch was used to drive away
moisture and raise the base metal temperature to approximately 125° to reduce the cooling rate of the weld metal
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North Carolina Department of Transportation QA Ingpection Commentary Project Description

Alaska DOT

Part Description Owner Representative: Kendra Cookson

NCSU Constructed Facilities
Project Location: Lab

Bridge Bent
Test 3 Fabricator Name: Buckner Companies
Welder's Name: Justin Green
Weld Location QA Inspector: Randy Dempsey, CWI/CWE

North & South
Pipe Pile

Comments from Test 2

Cl. If the cap beam was assembled with the stipulation that the bottom side needs to be flat by pushing the mill tolerance to the
top, the fit-up and weld quality at the root could be improved.
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C2. Purchasing the backing rings (http://www.robvon.com/html/backing.html) may prove to be a more practical and efficient
method for actual production conditions.

C3. Due to the low interpass temperatures that were recorded, a WPS that stipulates 1/8" electrodes for passes 1, 2, and 3, but
permits 5/32" electrodes for all subsequent passes could improve efficiency of production conditions.

C4. The approximate labor that was recorded (excluding QA and NCSU involvement) included 16 man hours for beveling the
pipe and attaching the backing ring, 22 man hours for the groove weld, 2 hours for the UT (excluding travel time) with no flaws
detected and 20 man hours for the 3/4" fillet weld.

Additional Comments from Test 3

C5. The approximate production man-hours recorded were; 10 hours for beveling the pipe and attaching the backing ring, 18
hours for applying the groove weld, 4 hours for the UT inspection and 4 hours for weld repair.

C6. Due to the deficiency found with the groove bevel, a close inspection prior to backing bar fit-up during actual production is
recommended to ensure that the specification of +10°, -0° is maintained.

C7. Close QA verification of the UT Testing and follow-up UT after weld repairs have been made is recommended to ensure that
the proper code and section specifications are followed.
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Figure A 419 Test 3UT Report
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A4.6 Test 4 Details
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Figure A 4.20 Test 4 Connection Detail
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AMNNEX N AWS D1.1/D1.1M:2006
WELDING PROCEDURE SPECIFICATION (WPS) Yes [
PREQUALIFIED ___ X  QUALIFIED BY TESTING
Or PROCEDURE QUALIFICATION RECORDS (PQR) Yes
Identification # _CPB1015
Revision Date By
Company Name _Buckner Steel Authorizedby JerryCagle  Date 8/5/08
Welding Process{es) _SMAW Type: Manual X Semi-Automatic D_
Supporting PQR No.(s) Machine [] Automatic []
JOINT DESIGN USED POSITION
Type: TC-U4A Position of groove _Horizontal/Qverhead _ Fillet _Overhead
single [J Double Weld [] Vertical Position: Up [] Down [_]
Backing: Yes E No I:l
Backing Material: Steel A36 grade B ELECTRICAL CHARACTERISTICS
Root Opening _0.25 _ Root Face Dimension
Groove Angle: _45 Radius (J-U) Transfer Mode (GMAW) Short-circuiting
Backing Gouging: Yes[ ] No Method Globular spray
= current: AC[] Dcer(d Dcen[]  pulsed []
BASE METALS Other
Material Spec. _ASTM A53/ A572 Grade 50 for HP section Tungsten Electrode (GTAW)
Type of Grade _B Size
Thickness: Groove _1/2" Fillet Type
Diameter (Pipe) _16"
FILLER METALS TECHNIQUE
AWS Specification _AS.1 Stringer or Weave Bead: _Stringer
AWS Classification _E7018 Multi-pass or Single pass (per side) _Multipass
Number of Electrodes: _1
Electrode Spacing Longitudinal _N/A
SHIELDING Lateral _N/A
Flux _N/& Gas _N/A Angle _N/A
Composition
Electrode-Flux (Class) Flow rate Contact Tube to Work Distance
Gas Cup Size Peening _No
interpass Cleaning: _Wire brush, grinding or chipping
PREHEAT
Preheat temp., Min _70 (table 3.2 note A) POSTWELD HEAT TREATMENT
Interpass Temp., Min _70F Max _S00F Temp:_N/A
Time: _N/A
WELDING PROCEDURES
Pass or Filler Metals Current
weld Type & Amps or Wire Travel
Layer(s) | Process Class Diam. Polarity Feed Speed Volts Speed Joint Details
12 SMAW E7018 1/8" DC+ 100-130 20-24 5to?
in/min
Please see attached
Form N-1 (Front)
Figure A 4.21 Test 4 WPS
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TableA 4.3 Test 4 QC Report

North Carolina Department of Transportation

Consumable Storage/Control - - - - - - - - - -

Part Description

Bridge Bent
Test 4

Weld Location

North & South

Pipe Pile

Base Metal Preparation - - - - - - - - - - - - - - - - - - -

JointFit-Up - - - - = =« = =« = & & & & & 4 4 ot
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QA Inspection Check List

Project Description

Owner Representative:

Project Location:
Fabricator Name:
Welder's Name:

QA Inspector:

Alaska DOT

Kendra Cookson

NCSU Constructed Facilities
Lab

Buckner Companies

Justin Green

Randy Dempsey, CWI/CWE

Date Comments
9/15/08 see note 1
9/15/08 see note 2
9/15/08 see note 3




Pre-Heat & Interpass Temperature Control - - - - - - - - - - - - 9/15/08 see note 4

Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld - - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

note 1: The electrode oven and electrodes (E7018, 4 hour exposure limit rods) from the previous test have remained on site and
will be used for today's operations. According to NCSU sources, the oven's power source has been uninterrupted.

note 2: The North and South pipe piles were beveled to a 45° angle using a grinder and all mill scale and rust within 1" of the
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area to be welded was removed. The bevel angle was inspected using a tri-square.

note 3: A 2"x 3/16" flat bar was pre-formed to an approximate diameter and installed in each pipe pile with the CIJP weld that is
transverse to the length of the material aligned to the neutral axis of the pipe. The full length of the flat bar was welded
continuous to the pipe with a 1/4" extension for the root opening + 1/16" fit-up tolerance. Tack welds placed in the area to be
groove welded were removed by grinding.
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note 4: The 50° F preheat was not necessary due to the thickness of the material and the atmospheric conditions at the work site
being 73° F for alow and 85° F for a high, according to weather.com.
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North Carolina Department of Transportation

Part Description

Bridge Bent
Test 4

Weld Location

North & South
Pipe Pile

Consumable Storage/Control - - - - - - - - - - - - - - - - -
Base Metal Preparation - - - - - - - - - - - - - - - - - - -

JOIMEFIUP - = = = = = =« = o e e o e oo oo

Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -

244

QA Ingpection Check List

Project Description

Owner Representative:

Project Location:
Fabricator Name:
Welder's Name:

QA Inspector:

Alaska DOT

Kendra Cookson

NCSU Constructed
Facilities Lab

Buckner Companies

Justin Green, Chris

Randy Dempsey, CWI/CWE

Date Comments
9/17/08 see note 1
9/17/08 see note 2
9/17/08 see note 3and 4




Interpass Cleaning - - - - - - - - - - - - - - - - - - - - - 9/17/08 see note 5

Visual Inspection of Groove Weld - - - - - - - - - - - - - - -

Witness UT Testing of Groove Weld - - - - - - - - - - - - - -

Groove Weld Repair - - - - - - - - - - - - - - - - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - - - - - - -

Interpass Cleaning, filletweld - - - - - - - - - - - - - - - - -

Visual Inspection of FilletWeld - - - - - - - - - - - - - - - -

note 1: The electrodes and electrode oven were inspected and found to be hot and undisturbed from the previous activity.

note 2: The joint fit-up was acceptable after making adjustments to the backing bar by grinding excess material to close the gap.

note 3: Although preheat was not required due to the 70° lab temperature, an oxygen/acetylene torch was used to drive away
moisture and raise the base metal temperature to approximately 125° to reduce the cooling rate of the weld metal.

note 4: Interpass temperature was monitored using 248° and 302° Nissen® Temperature Sticks. Interpass temperatures did not
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exceed 302°.

note 5: All slag was removed with a chipping hammer. The start of some welds was contoured to a concave finish prior to
covering with additional weld metal. Any anomalous material or weld discontinuity that could have been detrimental to the
integrity of the completed weld was removed using a wire brush or grinder.
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QA Inspection Check

North Carolina Department of Transportation List Project Description
Alaska DOT
Part Description Owner Representative: Kendra Cookson

Project Location: NCSU Constructed Facilities Lab

Bridge Bent
Test 4 Fabricator Name: Buckner Companies
Welder's Name: Justin Green, Chris
Weld Location QA Inspector: Randy Dempsey, CWI/CWE

North & South
Pipe Pile Date Comments

Consumable Storage/Control - - - - - - - - - - - - - - - - - 9/18/08 see note 1

Base Metal Preparation - - - - - - - - - - - - - - - - - - -

JOINtFIttUP = - = = = = = = = = =« © « o oo oo oo

Pre-Heat & Interpass Temperature Control - - - - - - - - - - - -
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Interpass Cleaning - - - - - - - - - - - - - - - - - - - - -

Visual Inspection of Groove Weld

Witness UT Testing of Groove Weld - -

Groove Weld Repair - - - -

Follow-Up UT of Groove Weld - - - - - - - - - - - -

Pre-Heat & Interpass Temp. filletweld- - - - - - - - -

Interpass Cleaning, fillet weld -

Visual Inspection of Fillet Weld - - - - - - - - - - - - - - - -

9/18/08 refer to the UT Inspection Report
9/18/08

9/18/08

9/18/08 see note 2 and 3

9/18/08 see note 4

9/18/08 acceptable; see note 5

note 1: The electrode oven is working correctly.

note 2: Although preheat was not required due to the 70° lab temperature, an oxy/acetylene torch was used to raise the base

metal temperature to approximately 100° F to reduce the cooling rate of the weld metal.

note 4: Interpass temperature was monitored using 248° and 302° Nissen® Temperature Sticks. Interpass temperatures did not

exceed 302°.
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note 4: All slag was removed using a chipping hammer. Any anomalous material or weld discontinuity that might be detrimental
to the integrity of the completed weld was removed using a wire brush or grinder.

note 5: The leg and the throat was inspected using a 3/4" G.A.L. weld gage with a flash light as a luminous aid. The profile of the
completed weld was improved using a grinder. The completed weld was found to be visually acceptable in accordance with AWS
D1.1 2006 Figure 5.4 and Table 6.1.
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Figure A 422 Test 4 UT Report
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A4.7 Test 5 Details

| OO |
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Inm
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‘M\;
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11-1/4" 2 BACKGOUGE,
— — uT
Continuous weld for j\F\r 12" N
cyclic loading \ 45
boos, o
1" 16 || 1.
o N
L R uT
45°
——— Tack Weld for Fit-Up
— - l" |et—
2
AL

Figure A 4.23 Test 5 Connection Detail

251



AWS D1L.1/DL 182006

WELDING mmmmmﬁ

PREQUALIFIED ___X  QUALIFED BY TESTING

Or PROCEDURE QUALIFICATION RECORDS (PQR) Yes

Company Nome _Bucknar Steel

Identification # _EPELOLS
Revision Date Ry

suthorized by _lerry Caples  Duate §-12-08

Welding Process(es) _ SMAW Type: Manual 53 Semi-Autormatic [
Supparting POR Mo.ig) Machine ] Automatic []
JOINT DESIGN USED POSITION
Type: TC-Uda Pasition of groove _Horeontal/Overheod  Fillet Overhead
Single [ Dbl Weld [ Wertical Position: Up [ Bown [
Backing: Yes [ wo[]

Backing Miaterial: Steel A6 grade B ELECTRICAL CHARACTERISTICS
fioot Opening 025  Aoot Face Dimension _
Groove Angle: 45 Radius [1-U) Trancfer Mode (GMAW)  Short-circuiting
BackingGougirg=¥es[1 No[X]  method Glonular spray

BASE METALS
Material Spec._ASTA A53/ AST2 Grage SO for M2 section
Typa of Grada_8

Thickness: Groove _L/3” Fillet
Dlameter [Pipa) _16°

cument: AC[] beep[E] oeEN[]  Puked
Other
Tungsten Electronde (GTAW)
Size
Type

FILLER METALS

AWS Specification _A 5.1 )
AWS5 Classification _E7018 :

TECHNIQUE

Stringer ar Weave Bead: _Stringer

Whlti-pass or Single pass |por side) _Multipass
Mumber of Elactrodes: 1

Slectrode Spacing Longltudinal _N/&
SHIELDING Laveral Nfa
Flux _N/JA Gas _N/A Angle _N/A

Composition
Flactrode-Flus [Cass) Flow rate Contact Tube to Work Distance
Bas Cup Slie Peenmg_No

Interpass Cleaning: _Wire bngh, grindingor chioping
FREHEAT
Preheat temp., Min POSTWELD HEAT TREATMENT
Interpass Temp., Min _70F Max SOO0F Temp:_N/A

Time: _MN/A

WELDING PROCEDURES
Hmesor Filker Wetaly Current
weld Type & Amgs or Wire Travel
Layerls) | Process Class D, Polarity Feed Speed Valts Speed Joint Detalls
12 ShAWN E7DIA 1/8" DC+ 100-130 20-24 5107
Infmmin ——
| R
Earm N-1 (Front)
Figure A 4.24 Test 5WPS
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Figure A 425 Test 5 QC Report
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Figure A 4.26 Test 5 QC Report Continued

254



Figure A 4.27 Test 5 QC Report Continued
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Figure A 4.28 Test 5 QC Report Continued
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Figure A 4.29 Test 5 QC Report Continued
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Figure A 4.30 Test 5 QC Report Continued
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REPORT OF ULTRASOMIC TESTING OF WVELDS

T Testing, Inc.
Komarniio, NO ETSRE a0 prolect Qudsid oy #S scbo
(338) 998-2578
Veld Identification S Jarepy
Material Thick b & ot
X+ Weld Joint AWS
- Welding Process I dul
Guality requirements - section no.
Rewarks _S0C & coeldeed) ol 22 B ezt ciomt)
Dec ibels Discontinuity
Di stance
Indication |Reference Attewmtion | Indication Angular
Line |[Piece |Trensducer |From Level Level Factor Rating distance Depth from |From |From |Discontinuity
Nunber | Number Angle Face |Leg* Length |(sound path) |“A" surface X )3 Elevation Remarks
L] b [ d
1 P e —
(A %0 Al'z o3 GosP T |Sooh
2 ] ‘r
zA| %’ |al|' &3 Acap v | orth
1 '
&
5
6
7
8
L

Ve, the undertigned, certify that the statements in this record are correct and that the welds were prepared and tested in accordance with the requirements

of 6C of AWS D1.7, ( ZEF & ) Structursl Welding Code.

year
Test date

Marufac turer ,:r contractor __ 0IC . STA TE

7
— f;fM

-

Author zed by

Figure A 4.31 Test 5UT Report
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A4.8 Test 6 Details

Tollce —i<t

2x1% Backer Ring

Continous Weld for
Cyclic Loading

8" 1 I_3"

7J\F7
Continous Weld for A

Cyclic Loading \"\

T

2"x5" Backer Ring
Centered A
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Buckner Steel Erectors Page 1 of 3
Welding Procedure Specification CPB1015
IJ—WPS No. CPBIDIS Revision Date By L. Leroy Spangler 3 |
i Authofized By Jerry Cagle _ Date 3M2/2009 Prequalified X
Weiding Process(es) SMAW Type. Manual [<] Machine [J Semi-Auto [ Auto []
Supporting PQR(s) - - S —— .
| Jomr o o Em— .“.':__ . ,-_ < Lr =
Type T-Joint P e ] i '
Backing Yes [ No (] Single Weld [ Double Weid [] ‘ ' :
Backing Material  A-36 . Lo
Root Opening 14"  Root Face Dimension 0" to 118" L
Groove Angle 45 deg.  Radius (J-U) W .::_: — T =]
| BackGouge  Yes O No R Dl G B o P et e
| Method S m—— _ i Ml ) M S T | o] ..I
BASE METALS POSITION '
Material Spec.  ASTM A-500 to ASTM A-572 Posiionof Groove Al Fillet AW
TypeorGrade GRB o | verticalProgression: 1 Up [ Down |
Thickness: Groove (in }1.0 = Unlimited ELECTRICAL CHARACTERISTICS
Filletin JAN - Unlimited Transfer Mode (GMAW):
Diameter (Pipe,in ) Al - All Short-Circuiting 1 Globular [ Seray ]
L ER METALS - Current  AC [] DCEP X DCEN [1 Puised []
AWS Specification AWS A 5.1 Other _ )
AWS Classification E7018 Tungsten Electrode (ETAW):
‘‘‘‘ Size Type |
- . TECHNIQUE

—

'SHIELDING
Flux Gas -
Composition
Electrode-Flux (Class)  Flow Rate
- Gas Cup Size
PREHEAT

Preheat Temp., Min. 32 deg. 'z
Thickness Upto 3/4" Temperature 32 deg.

Over 3/4" to 1-1/2" 150deg.
Over 1-1/2" to 2-1/2" 225 deg.
Qver 2-1/2" 300 deg.
Interpass Temp., Min, 32 deg. Mace. 300 I!ng.

Stringer or Weave Bead Both
Multi-pass or Single Pass {per side)
Number of Electrodes 1
Electrode Spacing: Longitudinal
Lateral
Angle
Contact Tube to Wiork Distance
Peening None
Interpass Cleaning ~ Mechanical

POSTWELD HEAT TREATMENT
Temp. -

PWHT Required [

Time

WELDING PROCEDURE

¢

Layer/Pass Process

Filler Metal Class Diameter Cur. Type Amps or WFS

Volts Travel Speed  Other Notes

1-15 SMAW  ET018 18" DCEN

90 -130

2024 57IPM

Figure A 4.32 Test 6 WPS
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Buckner Steel Erectors Page 2 of 3

Welding Procedure Specification ~  cpaiots
|
'Single-bevel-groove-weld (4)
| T-joint (T) e L
Comer joint (C a,
e ,
- |
[ | . A
I T1 |
[ , Y
i ! |
| ! | | ‘
- = R |
- T2 = |
:BaseMata! ' _ Grnw_e Preparation ' |
| Thickness ' | ' Tolerances | Permitted |
|Weldin9| Joint __(U=unli|_'nit_gd)| Root Groove | AsDetailed | AsFitUp Welding | ‘

Process Designation T1 | T2 | Opening Angle | (see3.131) (see3.13.1) | Positiors | Notes
! { { N . - - | | - 4 4 {
' ' | | R=38 | «=30° R:H“&_J #1/4-116 | FVOH |p J N,V ‘
| SMAW | TCUsa | U | U | @=+10°, 0°| +10°, -5° i '

g R=1/4 | o=45 | Al DNV ‘

Figure A 4.33 Test 6 WPS Continued
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Single-V-groove weld (2}

Butt joint (B)
Base Metal |
. | Thickness
Welding| Joint | ( U=unlimited )
| Process | Designation| T1 | T2 |
| .
| SMAW | B-U2a v -

Root
Opening

R=1/4

R=3/8

R=1/2

e .
- L1
T
|
Groove Preparafion
Tolerances
Groove As Detailed As Fit Up
Angle (see 3.13.1) | (see 3.13.1)
@ = 45°
i {R=+1116,-0 | +1/4,-1/16
a =30
a=+10°, 0° +10° -&°

o = 20°

Figure A 4.34 Test 6 WPS Continued
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TRIAD Nondestructive
T Testing, Inc. REPORT OF ULTRASOMIC TESTING OF WELDS
P.O. ;
et s rroject DLASKD POV sbvo. Q1
veld Identification JEE [A&lgry '
Materisl Thickness "
xt weld Joint AWS TC - & b
- velding Process = 1Y
Quality requirements - section no.
Remarks
Decibels piscontinuity
Distamce
Indication (Reference Attewstion |Indication Argular
Line Piece |Transducer |From Level Level Factar Rating distance Depth from From { From | Discontinuity
Number | Number Angle Face |Leg* Length |(sound path) |™A® surface X Y Elevation Remarks
2 b € d
i o ¥
N 707 (A% Lo PCeEPT

2| q 2 |all \ ceepr

3 v

4

5

&

7

]

L]

We, the undersigned, certify that the statements in th
of 6C of MuS D11, (2008 j structursl Welding Code.

year
Test date [1=3¥-4

is record are correct and that the welds were prepared sand tested in-sccordance with the requirements

N
Inspected by 57’ G/X’“;/L

Authorized by

Marufacturer or Contractor _ Byac kol 6
Cap —to “Termy Cagle - o3/23/ot

Figure A 435 Test 6 UT Report
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