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1.0 INTRODUCTION

1.1 PURPOSE AND OBJECTIVES

This report summarizes the electro-slag weld (ESW) fracture assessment in four of the six bridge
superstructures comprising the west approach to the Fremont Bridge, which crosses the
Willamette River in Portland, Oregon. In this report, the test area will be referred to as the West
Fremont approach complex. This study was undertaken at the request of the Federal Highway
Administration (FHWA) (notice numbers N5040.23 dated 2/16/1977, N5040.29 dated 2/23/1977
and HNG-30 dated 6/21/1978) to verify the safety and serviceability of these structures. The
objectives were to quantify the fracture resistance of the welds and assess their suitability for
continued service. Based on the evaluation, guidance was developed to either leave the
superstructures in service as fabricated or to retrofit them, and recommend future inspection
criteria.

1.2 BACKGROUND

A similar evaluation was conducted by Lovejoy, and was published in 2002. The evaluation
provided an identical assessment on Oregon’s other bridge superstructure containing ESW, on
the Willamette River crossing of 1-205 at West Linn, Oregon. As with the West Linn Bridge, the
West Fremont approach structures were initially examined in 1978 with limited non-destructive
testing (NDT) and materials testing. A more rigorous examination was begun in 2006 and
completed in 2008 as will be described later in this report.

MEI-Charlton Inc. of Portland, Oregon was contracted by the Oregon Department of to perform
the following tasks for this evaluation:

1) Weld identification and location

2) In-service structural load testing

3) Material core removal

4) Materials testing

5) Non-destructive testing of in-service weldments.

The detailed description and results summary of each of these tasks is provided in the contractor
report (MEI-Charlton Inc. 2007).

1.3 STRUCTURE DESCRIPTION

The West Fremont approach complex connects US30 and 1-405 to the Fremont Bridge, which
extends over the Willamette River in Portland, Oregon. As shown in Figure 1.1, the approach
complex is comprised of six bridge superstructures, which were fabricated in 1970. Four of the



six superstructures contain ESW in fracture critical applications. The other two structures do not
have fracture critical girders and are believed to employ only submerged arc welds (SAW) for
the complete joint penetration (CJP) flange welds.

TR

R 3 e

Br. # 09268 W, Toe Decx

Br. # 09268 N
[ C—

Figure 1.1: West Fremont approach complex.

1.3.1 Description of bridge superstructures under evaluation

The following section summarizes the four bridge superstructures that were evaluated as part of
this study. The structures are defined by the bridge identification number, the orientation (line)
and unit numbers.

Bridge #09268A (SW Line, Units 1, 2 and 3) connects I-405 NB to US30 WB. The
superstructure is composed of three units. Unit 1 has three spans which are continuous at the
interior supports (Piers 6 and 7) and are simply supported at the ends (Figure 1.2). The
superstructure is composed of two trapezoidal steel box girders connected by rolled steel wide



flange (WF) sections crossbeams and a reinforced concrete deck continuously composite with
the box girder and crossheam top flanges (Figure 1.3).

Units 2 and 3 have similar configurations and are connected with an expansion joint near Pier 3
(Figure 1.4). The structural details of Units 2 and 3 are shown in Figures 1.5 and 1.6
respectively. All girder butt welds were fabricated with ESW with the exception of two top
flange welds, which appear to have been made with SAW.

Bridge #09268B (WS Line, Units 1, 2 and 3) connects US30 EB to 1-405 SB. The superstructure
is composed of three units. Unit 1 has two spans which are continuous at the interior support
(Pier 2) and are simply supported at the ends (Figure 1.7). The superstructure is composed of two
trapezoidal steel box girders connected by rolled steel WF sections for crossbeams and a
reinforced concrete deck, which is composite with the box girder and crossbeam top flanges
(Figure 1.8 and 1.9).

Units 2 and 3 have similar configurations with the exception of the three spans on Unit 3 (Figure
1.10). The structural details of Unit 3 are shown in Figure 1.11. All girder butt welds were
fabricated with ESW.

Bridge # 09268E (WE Line, Unit 1) connects US30 EB to the west side of the Fremont Bridge
(Bridge # 02529). It is the lower deck of a two deck structure as seen in Figure 1.12. The
structure has four spans, which are continuous at the interior supports (Piers 3, 4 and 5) and are
simply supported at the ends. Construction is similar to the previous bridges with the structural
details shown in Figure 1.13. According to the MEI-Charlton Inc. contractor report, 33 of the 81
flange butt welds that were located were found to be made with SAW and the remaining were
made with ESW (2007).

Bridge # 09268W (EW Line, Unit 1) connects the west side of the Fremont Bridge (Bridge #
02529) to US30 WB. It is the upper deck of a two deck structure as seen in Figure 1.14. The
structure has four spans, which are continuous at the interior supports (Piers 3, 4 and 5) and are
simply supported at the ends. Construction is similar to the previous bridges with the structural
details shown in Figure 1.15. According to the MEI-Charlton Inc. contractor report, four of the
86 flange butt welds that located were found to be made with SAW and the remaining were
made with ESW (2007).

1.4 FABRICATION REQUIREMENTS

The steel box girders were fabricated under the requirements of AWS D2.0-69 (Welded
Highway and Railway Bridges). For weld procedure qualification, Section E102 ( Impact
Properties) of the specification was modified by raising the minimum weld metal average
Charpy V-Notch (CVN) energy at 0 °F from 15 to 20 ft-Ibf and also requiring impact testing in
the heat affected zone (HAZ). The HAZ was tested at quarter depth and was required to have the
same minimum impact energy as the ASTM A 588 base metal (15 ft-1bf at 30 °F). All tension
and stress reversal welds were inspected with magnetic particle testing (MT), ultrasonic testing
(UT) and radiographic testing (RT) in accordance with Appendices C and B of this report. Final
acceptance was based on MT and RT only.
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Figure 1.3: Structural details of SW Unit 1 Bridge superstructure 09268A.
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Figure 1.4: Plan and elevation views of SW Unit 2 and 3 Bridge superstructure 09268A.
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Figure 1.5 Structural details of SW Unit 2 Bridge superstructure 09268A.
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Figure 1.6: Structural details of SW Unit 3 Bridge superstructure 09268A.
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Figure 1.8: Structural details of WS Unit 1 Bridge superstructure 09268B.
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Figure 1.9: Structural details of WS Unit 2 Bridge superstructure 09268B.
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Figure 1.10: Plan and elevation views of WS Unit 3 Bridge superstructure 09268B.
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Figure 1.11: Structural details of WS Unit 3 Bridge superstructure 09268B.
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Figure 1.12: Plan and elevation views of WE Unit 1 Bridge superstructure 09268E.
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Figure 1.13: Structural details of WE Unit 1 Bridge superstructure 09268E.
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2.0 WELD IDENTIFICATION AND LOCATION

2.1 DESCRIPTION OF WORK

MEI-Charlton Inc. was tasked with identifying and locating all flange butt welds in the four
bridge structures under evaluation. Using ODOT design drawings as a map, all constructed
complete joint penetration (CJP) welds in both the upper and lower flanges of the trapezoidal
box girders were identified and examined to determine if the electro-slag weld (ESW) process
was employed. The weld location and adjacent flange thicknesses were measured and then
compared with the design drawings. MEI-Charlton Inc. published a detailed report of this work
in 2007.

2.2 WELD IDENTIFICATION

Welds were located using visual testing (VT), augmented with directional light to highlight the
surface profile. This method proved very effective and efficient for weld identification. Many of
the welds were not in the exact locations shown on the design drawings. ESW has a very unique
surface profile and can usually be easily differentiated from submerged arc welds (SAW) or
shielded metal arc welds (SMAW). Some of the top flange welds were obscured by the sheet
metal forming the underside of the deck. Thus, even though great care was taken in
identification, some top flange welds were not identified.

The flange thickness on each side of the weld was measured using ultrasonic testing (UT). The
interior width of each flange was also measured and recorded. Each weld was assigned an
identification code and labeled as shown in the following example.

Example weld identification code: SW6-A-T2-4

In the example shown above, the code represents the following:

e ‘SWE6’ refers to the Line and span. The first two letters refer to the line number shown
in the design drawings, in this case the Southwest or SW line. The number in the third
space identifies the span number, as shown on the design drawings.

e ‘A’ refers to the Girder. Girders are designated as shown in the design drawings,
either A or B in the case of the SW and WS lines, or D or E in the case of the EW and
WE lines.

e ‘T2’ refers to the Flanges. Flanges are designated as B for bottom flanges, and T1 or
T2 for top flanges, where 1 and 2 are as shown on the design drawings.

o ‘4’ refers to the Weld number. The final digit identifies the sequential number of the
weld in the flange.
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Thus the example code designates the fourth weld in the sixth span of the SW line in the A girder

and is located in the T2 upper flange.

2.3 WELD TYPE AND FLANGE THICKNESS

All flange welds were identified and located including both tension and compression areas. As
noted in the MEI-Charlton Inc. contractor report, many of the welds were not in the locations
shown by the design drawings (2007). In addition, the design drawings indicate thickness
transitions at many weld locations, but thicknesses sometimes remained constant, with a
thickness greater than or equal to the larger specified. The range of flange thicknesses and the
number of welds for each bridge are summarized in Table 2.1.

Table 2.1 Summary of flange thickness range and weld type.

Bridge Line Flange tmax tmin # of welds Type*
Structure (inch) (inch) (# - note)
#
09268A SwW Top 2.55 0.78 130 128-1
2-2
Bottom 2.20 0.80 47 47-1
09268B WS Top 3.08 0.78 118 118-1
Bottom 2.47 0.80 52 52-1
09268E WE Top 2.50 0.78 55 33-1, 22-3
Bottom 1.95 0.78 26 15-1, 11-3
09268W EW Top 2.43 0.78 58 54-1, 4-3
bottom 1.98 0.80 28 28-1

*note 1 ESW confirmed, note 2 SAW confirmed, note 3 ESW with SMAW repair or SAW.

2.4 FRACTURE CRITICAL FLANGE WELDS

The moment inflection points for the continuous spans were estimated at 0.251, where | is the
span length. A total of 261 flange butt welds were identified in locations of net tension or stress
reversal. Of those 261 welds, 81 were located in a bottom flange and 180 in top flanges. ODOT
has historically used a strict, literal interpretation of fracture critical (i.e., tension or stress

reversal components) with no load path redundancy. The bottom flange welds in tension or stress
reversal applications are clearly fracture critical. The top flange welds are in situations that offer
both internal and structural redundancy. The potential benefit of these redundancies has not been
formally analyzed to date. A list of all fracture critical welds can be found in Appendix A.
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3.0 LOAD ANALYSIS

The function of the load analysis is to characterize the fracture potential and crack growth
driving forces. For this, the maximum stress is required to calculate critical crack size, and the
stress range from cyclic loading is needed to calculate potential fatigue crack growth. The
maximum stress in the flange welds is a combination of dead load, live and wind load, thermally
induced load, possible seismically induced load, and residual stresses from the fabrication
process. The dead and live loads are reasonably easy to calculate and vary over the length of the
girders in a smooth or gradual manner. Thermally induced load is similar. Fabrication and
construction induced stresses, especially the high residuals and steep spatial gradients associated
with ESW, are more difficult to quantify.

This analysis considers the loads and stresses in the box girder flange plates. Design load
stresses are not presented in this study, but were included in the first study performed on the
West Linn Bridge (Lovejoy 2002). In lieu of performing a detailed analysis to quantify the dead
load, live load, thermal and seismic stresses, researchers assumed that the maximum combined
stresses for expected dead, live and thermal sources do not exceed 55% of the base metal’s 50
ksi yield stress, or 27.5 ksi. This was supported by the detailed analyses performed by Lovejoy
(2002). The two bridge structures were designed and fabricated under the same codes at nearly
the same time.

The in-service live and thermal stress responses are quantified experimentally in this project.
Since no formal analysis is presented on the design loads, the experimental work is much more
detailed and rigorous when compared to the experimental work performed by Lovejoy (2002).

3.1 DESIGN LOADS

The original design drawings specify that the West Freemont superstructures were designed
using the AASHO Allowable Stress Design (ASD) with a design load of HS20-44 and military
loading. The maximum allowable stress on the flange butt welds is 27.5 ksi including dead load,
live load and thermal loads. To date, load rating using the AASHTO Load Resistance Factor
Rating (LRFR) code has not been performed on these structures. When such an analysis is
performed, using the actual flange plate thicknesses measured in these structures, as opposed to
the design flange thicknesses, will yield higher load rating factors.

Each bridge superstructure that was investigated had multiple spans that were continuous over
interior supports and were free to rotate at end supports. Some of the structures had interior
expansion joints on interior spans. Another key feature affecting the flange stresses was the
composite concrete deck, which was rigidly attached to the top flanges.
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3.2 LIVE AND THERMAL STRESS MEASUREMENTS

One interior span on each of the four subject bridges was instrumented with uniaxial resistance
strain gages. The strain gages were attached to the top and bottom flanges measuring
longitudinal (bending and axial) strain. One gage was attached to each top flange and two gages
attached to each bottom flange as shown in Figure 3.1. This arrangement was used to capture
bending at both the horizontal and vertical axes of the girder, axial and torsional strains of the
box girder.

Figure 3.1: Cross section of box girder with strain gage locations shown.

For each span tested, both girders were instrumented at two different locations along the span.
Both positive and negative moment sections of the girders were instrumented with strain gages.
The specific locations for each bridge are shown in Figures 3.2 through 3.5.

MEI-Charlton Inc. was contracted to install the instruments and collect the data. Details of the
installation and testing can be found in the MEI-Charlton Inc. report (2007). Data were collected
at each section, recording both girders and both sections simultaneously and continuously for
seven days. Currently these bridges have a maximum Average Daily Traffic (ADT) count of
112,300 vehicles per day, with 6.7 % truck traffic or 7,524 trucks per day. Seven days of data at
this level of ADT produces a very good estimate of the loading spectrum.
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3.2.1 Results of Field Testing

Data were reduced and analyzed in the following four different formats:

1. peak-valley strain history;

2. rainflow, using a 2 microstrain (58 psi) hysteresis;

3. transient time history of peak strain events; and

4. root-mean-cube stress range, using a 10 microstrain (290 psi) hysteresis.
The peak-valley strain history presentation took the full transient time history and removed data
where there was little to no change in strain. This is particularly useful for highway bridge
loading that has cyclic loading with randomly occurring components in the temporal domain.

Typical results for the top and bottom flanges at both positive and negative moment sections are
shown in Figures 3.6 through 3.9 respectively.

Line &W, Mid-Zpan, Girder &, Top Flange, Inhoard Hide

100

Live Load

Microstrain

—50 — Thermal Load

- \ 1 1 i I
o0 3000 10000 15000 z0oo0 25000 30000
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Figure 3.6: Typical peak-valley strain data for a top flange in positive moment section.
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Figure 3.7: Typical peak-valley strain data for a bottom flange in positive moment section.
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Figure 3.8: Typical peak-valley strain data for a top flange in negative moment section.
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Figure 3.9: Typical peak-valley strain data for a bottom flange in negative moment section.

The rainflow presentation of data was useful for quantifying the loading and stress spectrum with
respect to the frequency of occurrence. The root-mean-cube effective stress range was calculated
and used for the fatigue analysis. Figures 3.10 through 3.13 show typical rainflow results for the

top and bottom flanges at both positive and negative moment sections.
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Figure 3.10: Typical rainflow strain data for a top flange in positive moment section.
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Figure 3.11: Typical rainflow strain data for a bottom flange in positive moment section.
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Figure 3.12: Typical rainflow strain data for a top flange in negative moment section.
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Figure 3.13: Typical rainflow stain data for a bottom flange in negative moment section.
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Transient time histories were recorded during peak live load strain events to capture the detailed
response of the flanges under heavy loads. This form of presentation, along with the peak-valley
presentation, was useful for validating the results of the rainflow presentation as well. Figures
3.14 and 3.15 show typical examples of the transient responses at both positive and negative
moment sections.

The root-mean-cube (rmc) effective stress range was calculated for each gage location over the
seven days of data acquisition, using a 10 microstrain ( 290 psi) hysteresis in order to reduce the
diluting affect passenger cars have on the truck induced live load and thermal strains. A
summary of results is shown in Table 3.1.

Table 3.1 Summary of fatigue stress for each bridge.

Bridge # | Line Flange Max. thermal Max. live load RMC* effective
stress range ( ksi) stress range ( ksi) stress range ( ksi)

9268A SW Top 3.05 0.61 1.97
Bottom 1.89 2.18 0.96
9268B WS Top 2.90 0.87 0.81
Bottom 1.60 5.08 1.28
9268E WE Top 2.90 1.07 0.64
Bottom 1.60 5.22 0.96
9268W EW Top 2.90 0.58 1.33
bottom 1.74 2.90 0.87

* 7 days of continuous data with a 290 psi hysteresis.

3.3 RESIDUAL STRESSES FROM WELDING

As discussed in the West Linn Bridge study (Lovejoy 2002), the literature review and
experimental results obtained from in-service welds and weld cores, concluded that ESW has a
unique residual stress field compared to multi-pass welding processes such as SAW and SMAW.
The stress field is relatively simple and potentially favorable with respect to fatigue performance.
In cross section, the weld’s outer periphery, near the heat affected zone (HAZ), sustains a
compressive residual stress close to the weld metal yield strength. The inner core is in triaxial
tension and also near yield of the weld metal. No residual stress measurements were taken under
this particular study. Even though the base metals of the West Linn (ASTM A36) and West
Fremont bridges (ASTM A588) differ, the welding procedures and filler metals are essentially
identical. Residual stresses in the subject bridges are therefore presumed similar in nature and
relation to yield, as are those in the West Linn Bridge.
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4.0 MATERIALS TESTING

4.1 PURPOSE OF MATERIALS TESTING

To accurately assess the fitness-for—purpose of the electro-sag weld (ESW) in box girder flanges,
the weld, base metal and heat affected zone (HAZ), need to have pertinent properties quantified.
The primary characteristics investigated were the fracture toughness and potential fatigue crack
growth. Other properties such as hardness, tensile strength, Charpy-V notch (CVN) toughness,
chemistry and microstructure were investigated as supportive data. The fracture toughness was
affected by the thickness, temperature and load rate, so it is not an intrinsic material property.
This testing program was tailored to the specific environment, thickness and loading
requirements of the bridge.

4.2 MATERIALS TESTING STRATEGY

Standard gap ESW in the flange thicknesses of the West Linn and West Fremont approach
structures has a failure mode that varies between ductile and brittle, depending on the
temperature, thickness and metallurgical region where crack-like defects exist. As discussed by
Lovejoy (2002), selecting the appropriate materials testing program is paramount to a successful
and valid fitness-for-purpose evaluation. In almost all cases, at a lowest anticipated service
temperature (LAST) of 0 °F, the fracture properties are the limiting case as opposed to general
yielding. When the material is near the mean service temperature of approximately 50 °F,
general yielding is more likely to govern. Thus, the fracture testing program must include the
brittle to ductile transition region.

Similar to the West Linn, the materials testing program for this project was divided into two
phases. Phase 1 cores were used primarily for CVN impact testing, plus examination of the weld
morphology, hardness, chemical and tensile testing. Cores were positioned to test all-weld metal,
heat affected zone (HAZ) and base metals. The CVN specimens were tested over a range of
temperatures to quantify the transition region and estimate fracture toughness.

Phase 2 used the results of Phase 1 to tailor the fracture toughness testing. As in the West Linn
study, a modified form of ASTM E 1820 J-Integral was selected to quantify the fracture
toughness and ASTM E 647 was selected to quantify the crack growth characteristics. Details of
reducing the J-integral test results to in-service critical stress intensity, K¢, are discussed in
Section 6.3.
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4.3 CORE REMOVAL

Twelve, four inch diameter through-thickness cores were removed from bottom flanges in
negative moment areas of Bridge superstructures 09268A and B. A summary of the core
locations and test phases is shown in Table 4.1.

Table 4.1: Core removal locations

Core # Weld ID Metallurgical position
Phase 1
1 SW2-A-B-4 Weld metal
2 SW3-A-B-1 Weld metal
3 SW3-B-B-1 HAZ
4 SW4-A-B-3 HAZ
5 SW5-A-B-1 HAZ
Phase 2
6 WS4-A-B-2 HAZ
7 WS4-A-B-1 Weld metal
8 WS3-A-B-5 Weld metal
9 WS3-A-B-4 HAZ
10 (WS1-A-B-X)* Base metal
11 WS1-A-B-5 HAZ
12 WS1-A-B-4 Weld metal

* base metal core taken 2 feet from core #11.

At each core location the coating was removed from the top flange face and the surface was acid
etched to precisely locate the weld and HAZ. Ultrasonic Testing (UT) was performed at each
proposed core location to verify defect free material. The cores were removed and structural
compression plugs were installed in each hole to replace the material. Details of the core removal
can be found in the MEI-Charlton Inc. report (2007). Figure 4.1 shows the UT prior to core
removal. Figure 4.2 shows an etched ESW prior to core removal (including probable SMAW
shop repairs to undercut near the fusion boundary). Figure 4.3 shows the core removal. Figure
4.4 shows the core plug and its installation. Figure 4.5 shows the Phase 1 cores after removal.
Figure 4.6 shows the Phase 2 cores after removal.
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Figure 4.1: Ultrasonic testing of ESW prior to core removal.

Figure 4.2: Etched ESW showing fusion lines prior to core removal
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Figure 4.3: Core removal.
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Figure 4.4: Core plug and core plug installation after core removal.
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Figure 4.5: Phase 1 testing material cores.
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Phase 2 Cores, Nos. 7 through 12

Figure 4.6: Phase 2 testing material cores.

40



4.4 PHASE 1 MATERIAL TESTING

The following tasks were performed on the Phase 1 core samples:

e Macro etch the cores per ASTM E340-00el and identify the location/profile of
the base metal, weld metal and HAZ

e Micro polish and etch the samples and perform metallurgical characterization of
the base metal, weld metal and HAZ

e Conduct CVN testing of the weld and HAZ per ASTM E23-04 over a range of
temperatures to produce impact energy vs. temperature transition curves to
identify the upper and lower energy shelves

e Perform chemical analysis of the base and weld metal and evaluate conformance
with base metal specifications

e Calculate the Carbon Equivalent (CE) of the base and weld metal based on
chemical analysis

4.4.1 Weld Profiles

All cores were taken from welds that included a thickness transition. ESW, which were made
with the standard gap method, typically exhibited a barreling of the fusion line as viewed from a
side section. The thicker plate side of the welds displayed concave barreling and the thinner side
welds displayed slightly convex curvature. A typical example is shown in Figure 4.5.

4.4.2 Metallurgical Characterization

Base metal: The base metal consisted of equiaxed grains of ferrite and pearlite in a banded
structure typical of hot-rolled, low carbon steel plates.

HAZ: The HAZ exhibited a transition from the banded structure, with a breakdown of the
pearlite due to recrystallization. Closer to the weld metal the HAZ exhibited course prior
austenitic grains, with a grain size of 2.5 to 3.0 per ASTM E 112, with grain boundary ferrite.

Weld metal: The structure in the weld metal consisted of large prior austenitic grains with
blocky, lath-like grain boundary ferrite, with grain size of 0.5 to 1.0 per ASTM E 112. Finer
Widmanstatten ferrite was present within the large grains.

No significant non-metallic inclusions were observed. Photomicrographs are presented in MEI-
Charlton Inc. report (2007)

4.4.3 Base Metal Chemistry
Four samples of base metal were tested for chemical composition and calculation of the CE. All

four samples were found to be well within the ASTM A 588 Grade B specifications. The CE
ranged from 0.44 to 0.56.

41



4.4.4 Impact Testing

Ten CVN test bars were machined from each of the five Phase 1 material cores, yielding a total
of 50 test bars that were tested from -20 to 170 °F. The results of the impact testing can be seen

in Figure 4.7.
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Figure 4.7: Results of Phase 1 impact testing of ESW cores.
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The data labeled “center” was extracted from mid-thickness or T/2 of the core. The data labeled
‘surface” was extracted at the quarter point or T/4. As discussed in the MEI-Charlton Inc. report
(2007), the HAZ samples were mounted, polished and etched after testing to confirm the location
of the notch tip relative to the microstructure. The notches were found to be located 1 to 2 mm
off of the intended HAZ microstructure, so the test results are more indicative of the impact
energy of the weld metal near the HAZ. The minimum recommended impact energy required for
qualifying standard gap ESW of 15 ft-Ibf is shown on the plotted data. The all-weld metal was
substandard at 0°F, but the HAZ passes the recommendations at 40 °F.

The impact test data were used to estimate the fracture toughness of the weld metal and HAZ
using the Barsom-Rolfe two stage correlation between Charpy V-notch (CVN) impact test data
and plane strain fracture toughness K¢ data for bridge steels at intermediate strain rates (Barsom
and Rolfe 1987). Figure 4.8 shows the results of this correlation for both the West Fremont
(current study) and West Linn (similar previous study) Phase 1 testing. The data shown are
averages from each set at each temperature. This correlation predicts that the weld metal and
HAZ will have a fracture toughness between 80 and 95 ksi-in*? at the LAST of 0°F.

Kic from CVN Test Data West Linn and West Fremont ESW
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For intermediate load rates
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Figure 4.8: Estimated fracture toughness from impact data using the Barsom-Rolfe two stage correlation to
adjust for intermediate loading rates.

43



4.5 PHASE 2 MATERIAL TESTING

The following tasks were performed on the Phase 2 material cores:

e Test three weld metal specimens, three HAZ specimens and one base metal specimen
in accordance with ASTM E 1820 using compact tension specimen configuration at
0°F and a target loading rate of zero to Py in 1 to 3 seconds to establish the fracture
toughness

e Test three weld metal specimens and one base metal specimen in accordance with
ASTM E 647 to establish the fatigue crack growth rates and fatigue thresholds at
ambient temperature of 70 °F.

e Test three weld metal and three base metal specimens in accordance with ASTM E8
to establish tensile properties at room temperature.

4.5.1 Fracture Toughness Testing

The test specimens were machined into compact tension specimens with the geometry shown in
Figure 4.9 and 4.10. The specific specimen measurements are summarized in Table 4.2.
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Figure 4.9: Compact tension specimen geometry used for JR curve and crack growth testing.
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Figure 4.10: Cutting plane for Phase 2 material cores.

Table 4.2: Fracture toughness testing specimen geometry summary

10-W51 | 7-WS4AB1 | 8-WS3ABS5 | 12-WS1AB4 | 6-WS4AB2 | 9-WS3AB4 | 11-WS1ABS
Sample Base

Condition Metal AWM AWM AWM HAZ HAZ HAZ
Specimen Width (W), inch 1.9921 1.9873 1.0875 1.99056 1.9960 1.9978 1.9963
Crack Length (a), before fatigue | 1.1548 1.2360 1.1720 1.1753 /A N/A N/A
Crack Length a(o), after pre-cracking 1.3730 1.3990 1.3540 1.3960 1.3990 1.4000 1.4010
Specimen Thickness B, inch | 0.9940 0.9934 - 0.0948 0.9923 0.9980 0.9984 0.9968
Specimen Met Thickness (By), inch 0.800 0.800 0.800 © 0.800 0.800 0.800 0.800
Physical Crack Size (a(p)), inch | 1.3499 1.3365 1.3465 1.3659 1.3928 1.4017 1.3921
Remaining Ligament bo), inch | 0.6422 0.6508 0.6410 0.6246 0.6032 0.5961 0.6042
Yield Strength (¥S), ksi 56.0 55.6 55.6 55.6 55.6 55.6 55.6
Ultimate Tensile Strength (UTS), ksi 84.3 82.6 82.6 82.6 82.6 82.6 82.6
Flow Strength (FS), ksi 70.1 69.1 69.1 69.1 69.1 69.1 69.1
Elastic Modulus (E), ksi 28,000 27,817 27,817 27,817 27,817 27,817 27,817
Poisson's Ratio (v) 0.3 03 0.3 0.3 0.3 0.3 0.3

(N/A) = Not applicable

4.5.1.1 Base Metal Results

The single base metal test specimen produced a well behaved J-R curve, as shown in
Figure 4.11, yielding a J(Q) value of 723 Ibf/in (126.6 ki/m?).
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Figure 4.11: Base metal JR curve at 0 °F.

4.5.1.2 HAZ Results

The following paragraph was quoted directly from MEI-Charlton Inc. (2007) with the
exception of figure numbers, which were modified to fit this report.

The data for the HAZ specimens revealed a steeper slope and had J(Q) values
higher than those for the base metal specimen. Specimen 9-WS3AB4 and
specimen 11-WS1ABS failed suddenly within the area of J-R valid values, as seen
from the sudden increase in crack length at 976 and 1937 Ibf/in (171 and 339
kJ/m?), respectively. See Figures 4.12 and 4.13. Specimen 6-WS4AB2 did not fail
below the J-limit value for valid test data to be reached, and therefore that value
2236 Ibf/in (391.6 kd/m?) was reported as J(Q). See Figure 4.14.
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Figure 4.12: HAZ JR curve for specimen 6-WS4AB2 at 0 °F.
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Figure 4.13: HAZ JR curve for specimen 9-WS3AB4 at 0 °F.
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Figure 4.14: HAZ JR curve for specimen 11-WS1ABS5 at 0 °F.

4.5.1.3 Weld Metal Results

The following paragraph was also quoted directly from MEI-Charlton Inc. (2007) with
the exception of figure numbers, which were modified to fit this report.

The data for the AWM specimens was difficult to interpret. The EPD signals
during the first phase of load increase showed an erroneous crack increase,
followed by a decrease to the approximate initial value for the specimens. This is
visible as a “nose” in the JR-curves; see figures 4.15, 4.16 and 4.17. This
phenomenon occurred in the normally elastic deformation range, where the crack
is not expected to grow, but the plastic zone size around the crack tip can
increase. By ignoring the nose, and proceeding with the standard analysis of the
remainder of the data, a J(Q) value for the specimens could be determined,
nonetheless. The three specimens (Specimen 7-WS4AB1, 8-WS3AB5 and 12-
WS1AB4) behaved approximately the same, with values of 369,332 and 397
Ibf/in ( 64.7,58.2 and 69.6 kd/m?), respectively.
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Figure 4.15: Weld metal JR curve for specimen 7-WS4ABL1 at 0 °F.
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Figure 4.16: Weld metal JR curve for specimen 8-WS3AB5 at 0 °F.
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Figure 4.17: Weld metal JR curve for specimen 12-WS1AB4 at 0 °F.

Crack propagation of the all-weld metal (AWM) specimens at zero degrees F is by
cleavage, which entails very little plastic deformation or stable crack growth. For these
tests, performed in accordance with ASTM E1820, the Electrical Potential Displacement
(EPD) method of monitoring crack growth was used as opposed to the alternative of
using a clip type displacement transducer. Based on the author’s experience, the EPD
method has disadvantages compared to the clip gage when cleavage is encountered. But
the results of the crack growth during fracture testing of such specimens is of academic
interest only since the critical J values are calculated using the initial crack length, which
is physically measured after the specimen has failed. In other words, there is no J-R plot
for these test specimens because there is no J-R behavior. There is only Jgi: behavior with
the deformation at the crack tip very much elastic with only small (negligible) plasticity.
Jerit can be calculated from the data using the initial crack length and maximum load,
Pmax, from the load displacement curve, which is the case for the three all weld metal test
specimens (Appendix C).

Note that the selection of ASTM E1820 for characterizing the fracture behavior of the
base, HAZ and AWM ,was very purposeful. The base and portions of the HAZ exhibit J-
R behavior and the AWM does not so only the Jq value is reported. With the specimen
geometry and material behavior seen, Jq is a reasonable estimate of Jit.

4.5.2 Crack Growth Testing Results

One base metal and three weld metal specimens were tested for crack growth rate
characterization and the fatigue threshold stress intensity. Figure 4.18 shows the test results. The
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base metal showed the lowest fatigue threshold at 7.13 ksi-in” with the weld metal ranging from
8.45 to 9.58 ksi-in”.
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Figure 4.18: Crack growth rate testing results.

Coefficients for the crack growth rates are shown in Table 4.3. Fatigue threshold results, from
both the West Linn and West Fremont studies, are shown together in Figure 4.19.

Table 4.3: Summary of fracture toughness and crack growth rates

da/dN (in./cycle) AK, J(Q) (*)

Sample ID Region
Thz‘;irol p Higher AK | (MPavm) | (ksiVinch) | (kJ/m?) | Ibdin.
10-WS1 Base Metal | 1.45E-15 x AK®*® | 9.10E-10 x AK®** 7.84 7.13 126.6 | 723
6-WS4AB2 HAZ — Z - — 391.6 | 2,236
9-WS3AB4 HAZ - ~ - = 171.0| 976
11-WS1AB5 HAZ _ _ - _ 339.3 | 1,937
7-WS4AB1 AWM 4.20E-19 x AK"0 | 1.25E-11 x AK*® 9.80 8.91 647 | 369
8-WS3AB5 AWM 5.74E-21 x AK™>® | 1.99E-09 x AK™® 9.30 8.45 5821 2332
12-WS1AB4 AWM 1.97E-21 x AK™" | 7.94E-11 x AK®® | 10.54 9.58 69.6 | 397

(**) 1 kd/m? = 5.710148 Ibdin.
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Fatigue Stress Intensity Threshold ASTM E647 Results
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Figure 4.19: Crack growth threshold results for both the West Linn and West Fremont ESW studies.

4.5.3 Tensile Testing Results

The weld metal and base metal were found to have very similar tensile properties as shown in
Table 4.4. Both metal types fall within specification.

Table 4.4: Weld and base metal tensile test results

Core No.
Average
7 8 12 [ 1-0ct | 2-0ct | 3.0ct

ASTM Weld Base

A588 Weld Weld Weld Base metal metal metal
Ultimate Strength, ksi 70.0 min 84.6 77.6 855 84.6 84.4 83.8 82.6 84.3
Yield Strength, ksi 50.0 min. 57.6 50.5 58.8 55.4 55.8 56.8 55.6 56.0
Flow Strength (YS+UTS)/2 , ksi 711 64.1 722 70.0 70.1 70.3 69.1 70.1
Elongation, % 19.0 min. 22.0 27.0 245 275 29.0 29.0 245 285
Reduction of area, % 61.5 66.5 59.5 725 725 725 62.5 72.5
E-Modulus, ksi 27,817 | 28,000

4.6 ESTIMATING THE IN-SERVICE FACTURE TOUGHNESS

Anderson and Dodds (1991) presented a method to estimate the critical stress intensity of full
thickness, in-service ESW. They based it upon J integral test data from the brittle to ductile
transition region, using the small scale yielding criteria on sub thickness test specimens. In
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summary, this method scales the results of sub thickness test specimens to estimate the results
for specimens of sufficient thickness to produce small scale yield criteria at the crack tip. If such
criteria are met, then a single parameter approach to failure by fracture can be reasonably
employed. The scaling parameters are the specimen thickness, b, or in this case net thickness by,
the crack length ratio a/W, the measured critical J value and the flow stress of the weld metal.
Using these data and the finite element analysis (FEA) results presented in Anderson and Dodds
(1991), the measured critical J values J(Q) can be converted to the expected critical J values for
specimens thick enough to enforce small scale yielding at the crack tip. In-service weldments
would be expected to produce this value at the LAST.

This small scale yielding toughness is identified in the report as Jssy. Because it is based on a
small plastic zone at the crack tip, the crack propagation can be assumed to be stress dominated,
as opposed to strain dominated found in more ductile or tough material like the base metal. With
this understanding it is appropriate to convert Jss to an equivalent critical stress intensity, Kc,
using the relationship of K¢ = SQRT(E*JSSy/(l-vz)), which is appropriate for plane strain
conditions at the crack tip, where E is Young’s Modulus and v is Poisson’s ratio.

Table 4.5 summarizes the conversion of the sub thickness fracture test specimen J results to full
thickness K results. It can be seen from the J(Q)/Jssy ratio for the weld metal is near unity
indicating that the sub thickness test specimens require very little correction to predict in-service
thickness fracture toughness. The weld metal shows the lowest toughness with the critical stress
intensity ranging from 97 to 104 ksi-in™ . Figure 4.20 shows the test results from both the West
Linn and West Fremont corrected test data.

Table 4.5: Summary of test result conversion to small scale yielding facture toughness estimates at a

LAST of 0°F.
Metallurgical | Specimen | Test results Scaling J(Q)Jssy Jssy Kc
region ID# J(Q) (Ibffin) parameter (Ibffin) (from Jg)
ao'flow/‘J(Q) (kSi'in 1/2)
Base metal 10-WS1 723 131 1.20 603 135
HAZ 6- 2236 43 1.65 1355 203
WS4AB?2
HAZ 9- 977 99 1.25 782 154
WS3AB4
HAZ 11- 1937 50 1.57 1230 193
WS1AB5
Weld metal 7- 369 262 1.08 343 102
WS4AB1
Weld metal 8- 332 282 1.06 312 97
WS3AB5
Weld metal 12- 397 243 1.11 356 104
WS1AB4
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Figure 4.20: Estimated fracture toughness from J-integral testing using small scale yielding adjustments for test
specimen thickness.
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5.0 NON-DESTRUCTIVE TESTING OF WELDMENTS

As discussed in Section 1.3, all tension and stress reversal flange welds were required to pass
both magnetic particle testing (MT) and radiographic testing (RT) during fabrication. Records
indicated that all welds, including compression welds, were examined with ultrasonic testing
(UT) prior to RT. The RT acceptance criteria are defined in Appendix B of American Welding
Society, Specification D2.0-69. Based on the author’s knowledge of ODOT staff and procedures
during the 1969 thru 1972, when girders were fabricated, all accepted flange welds most likely
met the contract requirements.

In 2006, the box girders were given a full NBIS (National Bridge Inspection Standard) fracture
critical visual inspection with no defects reported in the fracture critical flange welds (ODOT
2006). In addition to the full visual inspection, selected flange welds also received UT and RT in
accordance with Section 6 of the AASHTO-AWS D1.5-2004 “Bridge Welding Code”. Twenty
bottom and 20 top flange ESW were inspected, all in tension or stress reversal regions of the
girders. Only 15 of the bottom flanges received the addition RT inspection after UT, due to the
top flange being composite with the deck and traffic restrictions. The inspection locations were
evenly divided in the four bridge structures under study (MEI-Charlton Inc. 2007). Table 5.1 and
5.2 summarize the locations and types of inspections performed.

Table 5.1: Summary of NDT for Bridge Superstructures 09268A and 09268B.

Top Flange (UT) Bottom Flange (UT & RT)
Bridge | Line | Span Weld ID Inside | Outside Weld ID UT RT
SW2-A-T1-8 NRI NEI
2 SW2-B-T1-4 NRI NRI
SW2-B-T1-5 NRI NRI
SW4-A-TI-5 NRI NRI
* SW4-A-T2-5 NRI NRI
9268A | SW
SW3-A-B-2 NRI NEI
’ SW3-B-B-2 NRI NRI
SW4-A-B-2 NRI NRI
* SW4-B-B2 | note® NRI
5 SW5-B-B-2 NRI NRI
1 WS1-A-T2-4 NRI NRI
WS3-A-T1-5 NRI NRI
3 WS3-B-T1-4 NRI NEI
WS3-B-T24 | NRI | note®
4 WS4-A-T2-2 NRI NRI
9268B | WS
1 Ws1-A-B-2 NRI NEI
WS3-A-B2 | note” NRI
’ WS3-B-B-2 | note! NRI
a WS5-A-B-1 NRI NEI
’ WS5-B-B-1 NRI NERI
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Table 5.2: Summary of NDT for Bridge Superstructures 09268E and 09268W.

Top Flange (UT) Bottom Flange (UT & RT)
Bridge | Line | Span Weld ID Inside | Outside Weld ID UT RT
WE3-D-T2-3 NRI NRI
’ WE3-E-T1-3 NRI NRI
WE4-D-T2-1 NRI NRI
* WE4-E-T1-1 NRI NRI
6 WE6-D-T2-1 NRI NRI
9268 WE N o
3 WE3-D-B-1 note NRI
WE3-E-B-2 NRI NEI
WE4-D-B-2 NRI NEI
* WE4-E-B-2 NRI NEI
6 WEG-D-B-2 NRI NEI
9265W EW 3 EW3-D-T1-3 NRI not insp
EW5-D-T1-1 NRI | notinsp
5 EW5-D-T2-1 NRI | notinsp
EWS-E-T2-4 NRI | notinsp
6 EW6-E-T2-1 NRI | notinsp
EW3-D-B-3 NRI not msp
’ EW3-E-B-2 NRI not insp
_ EW5-D-B-2 NRI not insp
> EW5-E-B-2 note ¥ not insp
6 EW6-D-B-2 NRI not insp

5.1 ULTRASONIC INSPECTION

To avoid extensive repainting, lead debris containment and traffic disruptions, ODOT requested
the coating system be left on welds subjected to UT and/or RT. The UT procedures were
adjusted to compensate for the estimated attenuation caused by the coating system. The
following paragraph is from MEI-Charlton Inc. (2007):

Of the 20 bottom flange welds and 20 top flange welds (six top flange welds, inside the
box girder only) inspected ultrasonically, five welds -all on the bottom flanges- had
relevant indications per the reporting requirements of AWS D1.5. Of these, the
indications on three of the welds were reportable but not rejectable per the requirements
of AWS D1.5. The indications on the other two welds were rejectable per the
requirements of AWS D1.5.

Table 5.3 characterizes the flaw severity for Ultrasonic inspection. Figures 5.1 and 5.2 show the
UT inspection form for the two welds with rejectable UT indications. Note that the indication
locations are within 1/16” to 1/32 ” of the bottom surface of the bottom flange. A more detailed
discussion of the UT indications summarized in the MEI-Charlton report (2007).
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Table 5.3: Summary of UT flaw severity per AWS D1.5.

Flaw Severity
Class Acceptance/Rejection Criteria -
A Any indication in this category shall be rejected (regardless of length).
B Any indication in this category having a length greater than 3/4 inch shall be rejected
C Any indication in this category having a length greater than 2 inches in the middle half or
3/4 inch length in the top or bottom quarter of the weld thickness shall be rejected
D Any indication in this category shall be accepted regardless of length or location in the weld
NDE Professionals, Inc., 7505 NE Ambassador Place, Suite N
Portland, OR 97220
Office (503) 287.5255Fax (503) 287.5992
ULTRASONIC TEST REPORT
CUSTOMER: MEI Charlton, Inc. DATE : 10/13/06
DESCRIPTION Electorslag Welds JOB#:
PART SN: - t Brid
Technique
SPEC: AWS D1.5 - 2002 ACCEPTANCE STANDARD: Iension Criteria (Fracture Critical)
PROCEDURE: TIP-UT-103.0 TECHNIQUE: Contact Table 6.2 from Face A
EQUIPMENT: Panametrics Epoch IV SERIAL #: 011362910 CAL. DUE: 10/30/06
CAL. BLOCK: w COUPLANT: UT-X
TRANSDUCER  Panametrics ANGLE/ FREQ.: __0°,60°.70°
MATERIAL: Carbon Steel MATERIAL THICKNESS:___0.80" to 2.85"
JOINT TYPE: BUTT WELD IDENTIFICATION:___SEE BELOW
il
RESULTS
Weld Ind,  Tran. ind.  Ref. Atten, Ind. Angular  Depth From From Discontinuity.
[o] # Angle Face Lewv. Lev Factor _Rate Length Distanca _From A X Y Evaluation Remarks
sSw2
BT14 No ir ner flange
sw2
BT15 No Indications/Inner Flange
sSw3
| _BB2 No Ir
Swa
BB2 1 70 | A | s9 | 415 3 145 | 214 | 2.420 .831" 14 1-3/8" Class D Acceptable
58‘3’25 No Indications
WE3
DB1 1 70 | A |60z )| 415 5 13.7 1 3.348° 1.145° 102" 1-344" Class D Acceptabie
EE‘gz5 1 70 | A | s27 | 415 2 9.2 3-1/2" 2.185" 74T +308" ) Class B Rejectable
2 70 | A | s24 | 415 3 7.9 3 4.496" 806" 0 43" Class A j
EW5 No Indications/Inner Flange
DT11
EW3 No Indications/Inner Flange
DT13
WES No Indications
DB2
WE4 Mo Indicaticns
DB2 [ ]
Remarks: All weld surfaces are in the ainted condition {smooth to dried drips and bubbles)
i itivity transfer correction value of adding 6+ dB was
.1-2004- para. K6.1 .
UT Level Il Technician: Date:_/0/27 /05
\\ -

Figure 5.1: UT inspection report for weld EW5EB2. (It was later determined the 3 dB
attenuation factor for indication 2 was incorrectly reported and should be 7 dB. SCL
11/20/08)
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NDE Professionals, Inc., 7505 NE Ambassador Place, Suite N
Portland, OR 97220
Office (503) 287.5255Fax (503) 287.5992

ULTRASONIC TEST REPORT

CUSTOMER: MEI Charlton,inc. DATE : 10/12/06

DESCRIPTION: Electorslag Welds JOB#:
PART SN: _405 Bridge Portland Oregon ~ Freemont Bridge

Technigue

SPEC: AWSD15-2002 ACCEPTANCE STANDARD: Tension Criteria (Fracture Criticall

PROCEDURE: TIP-UT-103.0 TECHNIQUE:_____Contact Table 6.2 from Face A

EQUIPMENT: Panametrics EpochlV SERIAL # 011362910 CAL.DUE: __10/30/06

CAL. BLOCK: 112 COUPLANT: ULTEX

TRANSDUCER Panametrics ANGLE/ FREQ.: __0°,60°,70°

MATERIAL: Carbon Steel MATERIAL THICKNESS: 0.80" to 2,85

JOINT TYPE: BUTT WELD IDENTIFICATION: SEE BELOW

RESULTS

Weld Ind. Tran. Ind. Ref.  Atten. Ing. Angutar Depth from From Discontinuity.

[[s] # Angle  Face Lev. Lev. Factor Rate Length Distance _ From A X Y Evaluation Remarks

ws3

AB2 1 70 | A |eso |asi | 7 | 13e e 4207 | 1413 0 12-7/8 Class D

2 70 | A | 623 | 451 7 10.2 518" 4,262 1402 0 2-1/4" Class ©
3 70 | A | 621 | 451 7 10 1-1/4° 4.285" 1.409 [1] a" Class C

ws3

882 1 70 | A | 601 | 451 4 1 118 3.131° 970 [1] 4-314" Class D

ws1 '

AB2 No Indications
wss —

AB1 No Indications
wss

BB1 No Indications
ws1 No indications inner
AT24 flange

ws3 No indications inner
BT14 flange

ws3 . No indications inner
BT24 flange

ws4 No indications inner
AT22 flange

Level Il Technician:

Figure 5.2: UT inspection report for weld WS3AB2.
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5.2 RADIOGRAPHIC INSPECTION
The following paragraph is from MEI-Charlton Inc. (2007):

Of the 15 bottom flange welds inspected radiographically, none had relevant or
reportable indications. It is important to note that these 15 welds included the three welds
with reportable-but-not-rejectable UT indications and one of the two welds with
rejectable UT indications. That is, no reportable radiographic indications were found in
any weld with UT indications which were also radiographed (amounting to 4 of the 5
welds with UT indications. Thus, the ultrasonic indications in these welds can likely be
attributed to either paint-related coupling issues or non-significant discontinuities in the
ultrasonic properties, rather then actual flaws in the material.

59



60



6.0 FITNESS FOR PURPOSE EVALUATION

6.1 OVERVIEW OF EVALUATION

In 1977, as a result of an earlier bridge girder failure, Federal Highway Administration (FHWA)
issued Notice N5040.23 directing state highway departments to examine in detail ESW in
fracture critical bridge members. A detailed fracture control plan was developed by Carl
Hartbower for assessing the safety of these structures and distributed by FHWA. A portion of
this plan was executed in 1978 and 1979. The recommendation of this plan is contained in
Section 8.

In a nutshell, the West Fremont approach structures contain fracture critical weldments that
typically show substandard toughness or crack tolerance, when compared to newer bridges
designed and fabricated after the development and execution of the FHWA Fracture Control Plan
(FCP). The FCP is based on Clause 12 of the AASHTO/AWS D1.5 Bridge Welding Code, and
imposes toughness requirements on bridge steels and welds. These requirements, if followed,
almost guarantee ductile failure modes in all critical steel bridge members. Clouding this issue is
the fact that standard gap ESW has a very course grain structure that can lead to UT indications,
but that are not identified by RT.

The purpose of this evaluation was to consider:
e possible crack-like defects in the welds,
e the weld metal’s ability to tolerate cracks,

e whether service loading stresses may cause cracks to grow and

e develop a fracture control plan to insure public safety and structure serviceability
with reasonable inspection costs.

6.2 STANDARD GAP ESW ACCEPTANCE CRITERIA

In addition to the fracture control plan developed by Carl Hartbower and distributed to State
DOT’s via the FHWA, the Transportation Research Board (TRB) published further guidelines
for making such assessments with the NCHRP Report 201, “Acceptance Criteria for Electroslag
Weldments in Bridges” (Benter and Shilling 1979). The acceptance criteria are summarized
below:

e The minimum requirements of the American Welding Society AWS D1.1
Structural Welding Code should be met.

e For tension members in bridge applications, mid-thickness weld metal Charpy V-
notch (CVN) impact energy should average at least 15 ft-Ibf at 0 °F with no single
value lower than 10 ft-1bf and the heat affected zone (HAZ) at quarter thickness
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should provide average impact energy of at least 15 ft-Ibf at 40 °F, as required for
the base metal.

During the fabrication of these structures all tension and stress reversal welds passed AWS D2.0-
69 RT requirements. Contract specifications required that the weld metal qualification test
produce an average CVN energy of 20 ft-Ibf at 0 °F, as opposed to15 ft-lbs required by AWS
D2.0-69 and NCHRP 201. The HAZ was actually tested at 30 °F instead of the 40 °F specified in
NCHRP 201. The welding procedure qualification records for the ESW used to fabricate these
structures are shown in Figures 6.1 and 6.2, which show that both electro-slag welding
procedures met contract requirements. Based on the contract documents, these bridges meet and
exceed the acceptance criteria presented in NCHRP 201. However, as discussed in Section 4.4.4
and shown in Figure 6.3, the CVN specimens from Phase 1 test cores failed the weld metal
specifications at 0 °F.
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5 33 5 21
24 Sl - 1o g A7 Shs, ,-__,._;‘_‘,"
YREoEIveED
; SEPROE R 3
T ANZe LT
REMARKS: i
BRIDGE DIVISION 3
TESTED BY: Howard Grisack
WITNESSED 8Y D'Hayne Peterson - Pittsbuxg Testing COAST ELDRIDGE
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Figure 6.1: Impact test results for ESW Procedure Qualification Record ( PQR) for thick plates.
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Figure 6.2: Impact test results for ESW PQR for thin plates.
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Phase 1 CVN Test Results for West Fremont Study

100
[ 86
=
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[ ] |
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PA 14
—_——— - e —— —— —
’ * NCHRP 201 minimum impact energy level of 15 ft-Ibf
? AWM @ 0°F and HAZ @ 40 °F.
fal
-50 0 50 100 150 200

Test Temperature (°F)

Figure 6.3: Impact test results from Phase 1 testing on West Fremont study.

6.3 FAILURE ASSESSMENT

The main concern about standard gap ESW is its low toughness compared to other common
processes. Poor toughness can result in rapid and unstable crack growth, as in the liberty ship
failures of the 1940’s. High toughness welds can tolerate routine fabrication defects, stress
concentrations caused by poor detailing, or distortion induced cracking under service conditions.
With sufficient material fracture resistance, large cracks could exist in a member, but it would
still fail by ductile yielding of the remaining section without brittle behavior.

Low toughness materials are less tolerant of these deficiencies and under the right conditions,
can fail in a brittle and rapid manner at a load far below general yielding.

For this analysis a Failure Assessment Diagram (FAD) is appropriate. This approach looks at
both ends of the failure mode spectrum and the interaction of both ductile and brittle failure
modes. The FAD used in this analysis is based on a modified form of the strip yield
approximation, first proposed by Dugdale (1960) and Barenblatt (1962). The two-criterion FAD
approach was first proposed by Dowling and Townely (1975) and Harrison, et al. (1976). A
failure envelop is defined in terms of the critical stress and fracture ratios S; and K; respectively,
both of which are defined in Section 6.3.1. For materials with high toughness, failure in tension
occurs when the tensile stress reaches the flow stress. If cracks are present they are accounted for
by a reduction in the net section, occurring when S; equals 1.0. For brittle materials, failure
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occurs when the combination of stress and flaw size produce a critical stress intensity at the
crack resulting in fracture when K; equals 1.0. For intermediate cases, gross yielding and facture
interact, and both S, and K; are less then 1.0 at the point of failure. Points inside the envelope are
predicted to not fail in-service, but points on or outside the failure envelop risk some
combination of ductile and/or brittle failure.

6.3.1 Ductile Failure Mode

The ductile failure mode for the box girder flanges could yield the gross section, if no critical
defects are present. In this failure mode, the critical stress for the flange plates, o, can be
considered to be the flow stress of the base metal. Once this stress level has been reached, the
plate cannot carry additional load. For both the A588 base metal and electro-slag weld metal,
this flow stress is 70 ksi, as determined by tension testing. For a ductile failure with gross section
yielding, the base and weld metal will have similar capacities. The maximum in-service stress on
the flange is caused by the sum of the dead, thermal, live and wind loads. As discussed earlier in
the report, based on the original design, routine stress levels are assumed to be less than or equal
to 55% of the base metal minimum yield strength or 27.5 ksi. Thus, for a completely ductile
failure of the flange plates, the worst case stress ratio (S;) is 0.39, where S; is the ratio of the
maximum predicted stress to the ductile failure stress Equation 6-1.

Sr = maximum service stress / ductile failure stress =0.39 (6-1)
6.3.2 Brittle Failure Mode

Brittle failure of a flange would probably entail a critical-sized flaw within an ESW, since they
have inferior crack tolerance compared to the base metal. Lovejoy (2002) outlined the response
of the weld metal to a crack or other severe defect as being best represented using the Linear

Elastic Fracture Mechanics (LEFM approach, which attributes crack growth, both stable and

unstable, to the single parameter term (K), the stress intensity. The term K represents a function
of applied stress around the crack tip and the size and shape of the crack. In a spatially constant
stress field, as the crack gets bigger the stress intensity raises until it reaches a critical level and
then unstable crack growth occurs, which generally causes complete failure in a brittle material.

The critical K level for brittle fracture is often a function of plate thickness; the crack tip’s
surrounding stress field, strain rate and temperature. It is not an intrinsic material property like
the elastic modulus (E) or Poisson’s ratio (v). Three and one half inch diameter cores were
centered on various metallurgical regions (base metal, HAZ and the ESW) in order to prepare
specimens (see Figure 4.10) that would best predict flange toughness at the lowest anticipated
service temperature and expected strain rates. The lowest toughness found in weld metal with a
critical stress intensity was Kjssy, of 97 ksi-in 2, as determined from brittle failure modes in J-
Integral testing (J-controlled cleavage).

To quantify the maximum stress intensity in service conditions, two parameters must be
evaluated: the flaw characterization, including size, shape and location and the maximum stress
at the flaw. As in the ductile failure mode analysis above, the maximum expected far field stress
from a global view of the structures is 27.5 ksi. As discussed in Section 3.3 the weld residual
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stresses are probably much higher, but are neglected for this scenario. As described in Section
5.1, the rejectable indications identified are not thought to be crack-like (i.e. having an
infinitesimally sharp edge), but statistically, crack-like flaws may exist in these structures. The
maximum crack-like flaw size escaping Non-destructive Testing (NDT) is estimated, by the
author, at less than a %2 inch in length. Based on the ability to perform surface inspection of the
welds (VT and MT), and the compressive stresses on and near the surface of these ESW, the
most likely critical flaw location to escape detection is in the core of the weld.

Assuming a circular or penny shaped crack of radius a, in a plate of finite (width b), the
maximum stress intensity (K), can be expressed as shown in Figure 6.4. With a %2 inch diameter
crack and a far field stress of 27.5 ksi, K = 15.8 ksi-in *. The brittle failure stress intensity,
Kissy, 1S 97 ksi-in” and the stress intensity ratio, K, is equal to K/ Kissy (Equation 6-2).

(6-2)
K = K( service stress intensity ) / Kyssy ( critical stress intensity ) =15.8 ksi-in*?
/97 ksi-in? = 0.16

Uniform
stress , ¢
y

Embedded
circular crack ,
z radius = a

K,=1.13 o f(a/b) Va

Figure 6.4: Stress Intensity definition for an embedded circular crack in a finite width plate.
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6.3.3 Example of the probable maximum service condition

K:=.16 and S;=0.39 are the probable maximum service condition. In case some welds
exhibit even lower toughness than predicted by Ky ( K-controlled cleavage), and Kq is a better
representation of the actual toughness then the K ratio would be about twice as large or K, = 0.32

6.3.4 Example representing the extreme service condition

K:=.32 and S;=0.39 represent the extreme service condition. Figure 6.5 shows the failure
assessment diagram (FAD) for the strip yield model of a through thickness crack as developed
by Dowling and Townley (1975), and Harrison et al. (1976). The vertical axis defines brittle
failure modes and the horizontal axis defines ductile failure modes. The plot shows the locus of
predicted points of failure. All points inside the line are predicted not to fail and those outside
the line are expected to fail.

The flanges probably operate in the region shown by the smaller triangle. This is a realistic
estimate of maximum service conditions based on a % inch diameter crack escaping NDT, the
maximum design loads occurring, and the lowest toughness measured in the welds. The second
triangle area is for the same flaw and loads, but with extremely brittle behavior in the welds with
the toughness being near 50 ksi-in “2. None of the test data indicate a toughness this low, but
only 6 toughness tests were used to quantify 261 fracture critical welds. It is possible for the
toughness of some welds to be this low near the lowest anticipated service temperature (LAST).

Failure Assessment Diagram
West Fremont ESW Study

1.2

Failure by fracture
1.14 Failure Region

0.9

Failure line

08 1 K,=S,[ 8/7°In sec(n/2 S,) T

Safe Region
0.7 1

0.6

Kr

Worst case service region

05 4 for flanges
0.4 4 Failure by gross
yielding of

031 section

0.2 q . .
Most probable service region
for flanges

0.1

0 T T T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Sr

Figure 6.5: Failure Assessment Diagram (FAD) for the flange plates on the West Fremont approach
structures. Both the most likely and worst case operating regimes are shown schematically.
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Stress Intensity at maximum design stress ( ksi-

Anothe
scenario in 6.3.2 mentioned the sub-critical defect being affected by extreme service loads and
residual stresses, but neglected the residual stresses for the calculation of critical crack size. The
load analysis in Section 3.3 indicated that the outer shell or fusion zone of the standard gap ESW
was subjected to large compressive residual stresses and inferred that the weld core was subject
to large magnitude, triaxial tensile stresses.

6.3.4.1 Estimated Critical Crack Size

To estimate the critical crack size considering only LEFM, a full thickness through crack
could be assumed in a lower flange. If an overload event causes the crack to increase in
width, reducing the net section in the flange, the net section stress rises. The stress
intensity for such a crack is shown in Figure 6.6. At the minimum estimated weld metal
fracture toughness of 97 ksi-in*?, the crack would need a 6 inch width in the 46 inch wide
flange to produce 31.6 ksi on net section and become critical at the maximum design
stress of 27.5 ksi on the full section. Presuming a maximum ¥z inch size crack-like defect
that might escape NDT, the safety factor against brittle fracture is 3.9, as depicted in the
figure.

Stress Intensity for a thru thickness crack in bottom flange plate
West Fremont ESW

140 35

120 // 130

100

25

Minimum toughness from

core testing 97 ksi-in*?

80 A T 20

—— K (ksi-in1/2)
——snet ksi

in1/2)

60 - -+ 15

Net stress in Flange ( ksi )

40

K @ maximum likely flaw size 10

of 1/2 inch = 24.6 ksi-in*2. Critical crack length
— AT T T Safety Factor = 97/24.6 = 3.9 2a=6 inches in 46

201 inch wide flange plate

0 1 2 3 4 5 6 7 8 9
Crack width 2a (inches)

Figure 6.6: Stress intensity from a through crack in bottom flange plate.

Defects located in High Residual Stress Zones

r consideration is the potential effect of ESW residual stresses on the defect. The failure
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These weld regions have steep spatial, multi-axis stress gradients typically not addressed in
structural designs, but assumed to develop at least the same strength as the base metal.
Experience has generally supported this assumption. However, given the lower toughness of the
weld metal, the course grain structure, which could present crack initiation sites and the high
triaxiality of the stress, which decreases ductility, the potential for a subcritical flaw in the weld
core growing into a critical length crack must be addressed.

Standard gap ESW has several different crystalline grain structures depending on the welding
parameters and cooling rates (Culp 1979). These typically have long columnar grains in the
middle of the weld metal. Assuming adjacent boundaries of some larger grains provide an
embedded elliptical discontinuity 1.5 inches along the weld axis and 0.25 inches high,
perpendicular to the plate surface (2a=0.25", 2c=1.5",6/6,s=1.0,Q=0.85 using conventional
LEFM nomenclature), the calculated approaches 34 ksi-in * if near yield weld metal residual
stresses are assumed. With a critical stress intensity of 97 to 175 ksi-in % even such high residual
stress would not be expected to propagate the assumed discontinuity into a crack.

6.4 FATIGUE CRACK GROWTH

Fatigue crack growth may progress through three regimes of behavior: initiation, stable growth
and unstable growth. Initiation is the process of transforming a flaw into an actively growing
fatigue crack. The flaw may be very small or relatively large, and planar or rounded: size and
geometry each affect stress concentration and the likelihood of initiating the next stage of crack
growth. In welded structures the initiation portion of the fatigue life is often neglected under the
conservative assumption that crack-like flaws may have escaped NDT. Once a crack is
established in a structural component, it will grow in a stable manner provided that the stress
intensity range (AK) at the crack tip(s) is greater than a threshold value (AKy,) and that the
incremental growth of the crack sufficiently relieves stress so the material toughness can arrest
its progress. The combined dead and live load stresses on fracture critical welds are
intermittently or continuously tensile and the residual stresses are assumed to be tensile at the
core of the weld. Thus, if the applied tensile stress and flaw susceptibility are sufficient, a small
defect could propagate into a fully active fatigue crack.

The NDT performed on this structure will very likely detect discontinuities less than 0.5 inch in
dimension. The maximum tensile stress range due to applied loads was found to be less than 2
ksi at any ESW location. The stress intensity range from this combination of flaw size and stress
range is 1.1 ksi-in” or less. The lowest crack growth threshold measured from the cores was 8.45
ksi-in”. Thus, the largest flaw expected to be missed by NDT would not be expected to grow or
propagate due to the anticipated live load stress range.

From another perspective, based on the measured AKy, thru-thickness crack up to 5 inches long
in the bottom flange would be expected to remain dormant under current live loads. Thus,
developing and propagating an active fatigue crack within a flange ESW is very unlikely. Proper
NDT can assure this with a very high probability of success.
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6.5 S-N APPROACH

Looking at ESW from a design perspective, the fatigue life is typically characterized by the
number of stress cycles at a particular stress amplitude. Prior research (Shilling and Kippstein
1981) has shown that standard gap ESW can be characterized as an AASHTO fatigue Category
B at constant thickness butt joints and Category C for thickness transition butt joints. Category C
also applies to the studs welded to the top flanges for composite action. The constant amplitude
fatigue limit (CAFL) for more than 2 million stress cycles is 16 ksi for Categories B and 9 ksi for
Category C.

Using the fatigue life procedures suggested by Yen, et al. (1990) the measured effective stress
range should be compared with the CAFL. The largest effective stress range measured at the 64
strain gauge locations was 2.0 ksi. The maximum stress cycle measured had a range of 5.8 ksi.
Both of these parameters are substantially below the CAFL and infinite fatigue life is therefore
predicted under the current loading.
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7.0 SUMMARY AND CONCLUSIONS OF STUDY

7.1 SUMMARY

A fitness-for-purpose evaluation was performed on the flange butt welds on the West Fremont
approach bridges as per FHWA notices N5040.23 and 5040.29, dated 2/16/77 and 2/23/77,
respectively, as well as Memorandum HNG-30, dated 6/21/78. This requires defining the
material properties, the flaw or defect population from fabrication and service load stresses on
the weldments. With these data the serviceability of the weldments can be assessed and repair or
inspection requirements can be developed to assure public safety.

Service Loads —To date, a formal load rating or seismic analysis has not been performed for
these four bridge structures. The maximum design stress for the box girder flange plates is less
then or equal to 55% of the minimum yield stress of the base metal or 27.5 ksi. Structural load
testing concluded that the maximum thermal stress range is approximately 3.0 ksi, the maximum
single event live load is less than 6 ksi and the root-mean-cube (rmc) effective stress range is less
then 2.0 ksi.

Fabrication Stresses — Residual stresses from the welding process were shown by previous
studies (Lovejoy 2002) to have a core of triaxial tension and a compressive outer shell
surrounding the weld region. The magnitude of these stresses was near the yield strength of the
weld metal.

Material Properties — The tensile, toughness and crack growth threshold properties of the base,
HAZ and weld metals were quantified. The lowest measured fracture toughness as defined by the
small scale yielding criteria applied to ASTM E 1820 test data was found to be 97 ksi-in* in the
weld metal at 0°F. The minimum fatigue crack growth threshold measured, as defined by ASTM
E 647, was 8.4 ksi-in” in the weld metal and 7.1 ksi-in'’? in the base metal.

Non-destructive Testing — Based on the original fabrication inspection documents and UT / RT
/' VT in 2006, the most likely size of crack-like weld defects to escape inspection is less than %
inch in maximum dimension. The largest flaw anticipated to escape detection is % inch in
minimum dimension. Two of the 20 fracture critical ESW inspected contained UT rejectable
defects based on the AASHTO/AWS D1.5-2002 Bridge Welding Code. One of these welds with
UT rejectable defect indications was inspected with RT and no defects were identified. Based on
radiographic testing and detailed analysis of the UT results, these defect indications were not
considered to be crack-like.

Failure Analysis — Based on the quantified data above, a failure assessment was made
considering two modes of failure — brittle and ductile. Based on the strip yield theory of
combined failure modes, the ESW were found to be very unlikely to fail under even the most
extreme combination of service loads and relatively low material crack tolerance. Critical crack
dimensions were on the order of four inches for an assumed through-thickness crack in a finite
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width plate. Given the maximum crack size to escape NDT, the fatigue crack growth threshold
and service loads, fatigue crack growth under live load was not anticipated for the service life of
this structure. From a traditional Stress Life (S-N) approach, infinite fatigue life was predicted
based on comparison with fatigue testing of similar ESW weldments.

7.2 CONCLUSIONS

A number of conclusions resulted from the study. The conclusions are summarized as follows:

e The ESW metal had equal strength yet slightly less ductility than the base metal.
The toughness was substantially lower than the base metal, yet adequate to
sustain anticipated service conditions.

e The fatigue crack growth threshold indicated that fatigue crack growth was very
unlikely under service loads.

e The fabrication and inspection quality of these welds were very good. A crack-
like flaw larger than % inch is unlikely to exist in any of the ESW, they are
probably less than % inch.

e The bottom flange welds experienced higher fatigue stress ranges than the upper
flange welds.

e From a conventional S-N approach the ESW are expected to have an infinite
fatigue life.

e Retrofitting of the ESW is not necessary nor is it recommended.

e Avrrigorous yet reasonable NDT program can insure public safety.
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8.0 FRACTURE CONTROL PROGRAM FOR THE BOX
GIRDERS

8.1 OVERVIEW

Between 1977 and 2007, ODOT carried out the fracture control program for the fracture critical
ESW in the box girders of the West Fremont Approach Bridge at Portland, Oregon. This plan
characterized the fracture potential of these welds by quantifying the structural loading, material
toughness and weld defects present. The results of this study concluded that the ESW were fit
for continued service without any modifications or repairs. Under the National Bridge Inspection
Standards (NBIS) act of 1967, the box girders are required to be visually inspected by a licensed
lead bridge inspector every two years. Details of fracture critical inspections can be found in
(ODOT 2006).

8.2 FRACTURE CONTROL PLAN FOR REMAINING LIFE OF
STRUCTURE

In addition to the biennial NBIS inspections, the box girders shall receive the inspection
described below at the specified period.

Using the fracture critical weld identification tables found in Appendix A of this report all
fracture critical flange butt welds shall receive a hands on visual inspection meeting the
requirements of the NBIS for Fracture Critical Inspections. Both the interior and exterior
surfaces of the welds shall be fully examined with the exception of the portion of the top flanges
that are covered by the concrete deck.

Any crack-like defects discovered by VT shall be followed up with MT and UT. If UT discloses
rejectable defects in the bottom flanges then RT will be employed to resolve the UT defects. UT
shall be performed by an ASNT level 2 inspector.

This special fracture critical inspection shall be performed cyclically, with a period of time
between inspections not exceeding 6 years (every 3" biannual inspection).
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APPENDIX A: FRACTURE CRITICAL FLANGE WELD
IDENTIFICATION






Welds that are highlighted are considered to be fracture critical by the Agency.

TO: Oregon Department of Transportation PAGE 11
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table 1. Bridge 9268AWelds (Line “SW7)
Flange Before Weld Flange After Weld
Thickness Width® Thickness Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 1 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 8)
SW1-A-T1-1 41 1.00 7 1.00 7
SWI1-A-T1-2 84 1.00 7 1.00 §1/2
SWI-A-T1-3 142 1.50 81/2 1.75 10 1/2
SWI-A-TI-{ 153 1.77 10 1/2 2.15 10 1/2
Span 1 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 8)
SWI1-A-T2-1 41 1.00 ) 1.00 73
SWI1-A-T2-2 85 1.00 T 1.00 81/2
SWI1-A-T2-3 142 1.50 81/2 1.75 10 1/2
SWI-A-TZ-_{‘.} 153 1.7 10 1/2 2.15 10172
Span 1 Girder A Flange B (distance measured from bulkhead of expansion joint No. 8)
SWI-A-B-1. 41 115 115
SWI1-A-B-2. 86 118 118
SWI-A-B-3 152 1.43 1578
Span 1 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 8)
SWI1-B-T1-1 39 1.05 7 1.05 7
SW1-B-T1-2 82 1.05 7 1.07 7
SWI1-B-T1-3 117 1.05 7 1.27 9
SW1-B-T1-4 140 1.27 9 1.68 101/2
SWI-B-T1-5 148 1.7 10 1/2 217 10 1/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed al this location.  *Weld did nol appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only.

"Weld located under gusset.

*Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

*Gussels located 1.5 ft on either side of weld.

A-1

NR = Flange width not recorded.



TO: Oregon Department of Transportation PAGE 12
SUBIJECT: FREMONT BRIDGE; RPT I WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW”)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span1 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 8)

SW1-B-T2-1 39 1.05 7 1.05 7
SW1-B-T2-2 82 1.05 7 1.07 7
SWI-B-T2-3 117 1.05 7 127 9
SW1-B-T2-4 140 1.27 9 1.68 10 1/2
SWI-B-T2-5 148 1.68 10172 2.13 10 172

Span 1 Girder B Flange B (distance measured from bulkhead of expansion joint No. 8)

SW1-B-B-1 43 8 1.17
SWI-B-B2 84 117 117
SWI1-B-B-3 148 1.45 1.78

Span 2 Girder A Flange T1 (distance measured from centerline of pier No. 7)

SW2-A-TI-1 9 2.18 NR 1.77 NR
SW2-AT12 18 1.80 NR 1.52 NR
SW2ATI3 36 1.55 NR 1.03 NR
SW2-A-T1-4 58 1.03 NR 1.53 NR
SW2-A-T1-5 90 1.55 NR 1.55 NR
SW2-A-T1-6 123 1.50 NR 1.0 NR
SW2ATIT 155 1.55 NR 2,05 NR
SW2-A-TI-S 167 2.05 NR 2.55 NR

MNotes: 'Weld erown difficult to distinguish; presence of weld not confirmed at this location, "Weld did not appear
to he an Electroslag Weld (ESW). *Top Mange width on inside of girder only. "Weld located under gusset.  *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussels located 1.5 fl on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 13
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW")

Flange Before Weld Flange After Weld

Thickness Width* Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span2 Girder A Flange T2 (distance measured from centerline of pier No. 7)

SW2-A-T2-1 | 9 2.13 NR 1.80 NR
SW2AT2:2 18 178 NR 1.55 NR
SW2-A-T2-3 36 1.55 NR 1.05 NR
SW2-A-T2-4 58 1.05 NR 1.53 NR
SW2-A-T2-5 90 1.55 NR 1.53 NR
SW2-A-T2:6 123 1.50 NR 1.03 NR
SW2-A-T2-7 156 1.55 NR 2.05 NR
SW2AT2E 168 2.05 NR 2.52 NR

Span2 Girder A Flange B (distance measured from centerline of pier No. 7)

SW2-A-B-1 9 1.78 1.42
SW2-A-B-2 18 1.43 1.20
SW2-A-B-3 155 1.12 1.55
SW2-A-B-4 167 1.55 2.05

Span2 Girder B Flange T1 (distance measured from centerline of pier No. 7)

SW2-B-TI-1 12 2.18 10 1.68 10
SW2-B-T1-2. 24 1.70 9.5 125 8
SW2-B-T1-3 87 0.80 7 0.80 7
SW2-B-T1-4 155 1.25 8172 1.65 10
SW2-B-T1-5 166 1.68 10 2.15 10

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. "'Weld did not appear
to be an Electroslag Weld (ESW). 'Tup Mange width on inside of girder only. ‘Weld located under gusset. ‘Weld
erown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussects located 1.5 fi on cither side of weld.  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 14
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW?)

Flange Before Weld Flange After Weld

Thickness Width' Thickness Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 2 Girder B Flange T2 (distance measured from centerline of pier No. 7)

SW2-B-T2-1 | 12 218 10 1.68 10
SW2-B-T22. 24 1.68 91/2 1.28 8
SW2-B-T2-3 87 0.80 7 0.80 7
SW2-B-T2-4 155 1.25 81/2 1.65 10
SW2-B-T2-5 166 1.68 10 2.15 10

Span 2 Girder B Flange B (distance measured from centerline of pier No. 7)

SW2-B-B-1 12 1.78 1.43
SW2-B-B-2 24 1.45 1.05
SW2-B-B-3 54 1.03 1.58
SW2-B-B-4 121 0.83 1.01
SW2-B-B-5 155 1.05 1.43
SW2-B-B-6 166 1.45 1.77

Span 3 Girder A Flange T1 (distance measured from centerline of pier No. 6)

SW3-A-T1-1. 10 2.52 NR 2.05 NR
SW3-A-T1-2 22 2.05 NR 1.55 NR
SW3-A-T1-3 78 1.40 NR 1.40 NR
SW3-A-T1-4' 125 1.40 NR 1.40 NR
SW3-A-T1-5 136 1.40 NR 1.02 NR

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
to be an Electroslag Weld (ESW).  'Top flange width on inside of girder only. "Weld located under gusset.  “Weld
crown appearance suggested the weld had cither been repaired by some process other than ESW, or the weld was not
an ESW.  ®Gussets located 1.5 ft on cither side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 15
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW?)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span3 Girder A Flange T2 (distance measured from centerline of pier No. 6)

SW3-A-T1-1 11 252 NR 2.05 NR
SW3-A-T1-2 23 2.05 NR 1.55 NR
SW3-A-T1-3 78 1.50 NR 1.40 NR
SW3-A-T1-4 125 1.40 NR 1.40 NR
SW3-A-T1-5 136 1.40 NR 1.03 NR

Span 3 Girder A Flange B (distance measured from centerline of pier No. 6)

SW3-A-B-1 10 2.05 1.52

SW3-A-B-2. 78 1.52 1.57

Span3 Girder B Flange T1 (distance measured from centerline of pier No. 6)

SW3-B-T1-1 11 217 10 1/2 1.70 10172
SW3-B-T1-2 46 1.25 81/2 0.92 7
SW3-B-T1-3 78 0.90 7 0.90 7
SW3-B-T1-4 118 0.92 7 0.90 7

Span3 Girder B Flange T2 (distance measured from centerline of pier No. 6)

SW3-B-T2-1 " 12 2.20 10 1/2 1.70 10172
SW3-B-T2-2 46 1.25 8172 0.92 7
SW3-B-T2-3 78 0.92 7 0.92 7
SW3-B-T2-4 118 0.92 7 0.92 7

Span 3 Girder B Flange B (distance measured from centerline of picr No. 6)

SW3-B-B-1 11 1.80 1.50
SW3-B-B-2 81 1.20 1.20

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. “Weld did not appear
to be an Electroslag Weld (ESW). *Top Mange width on inside of girder only. ‘Weld located under gusset. ~Weld
crown appearance suggesied the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gusscts located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation

PAGE 16

SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table I. Bridge 9268AWelds (Line “SW”)
Flange Before Weld Flange After Weld
Thickness Width? Thickness Width*
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 1)
SWA-ATI-1 31 120 7 0.83 7
SW4-A-T1-2 81 0.83 7 0.80 T
SW4-A-TI-3 112 0.80 7 1.33 7
SW4-A-T1-4 | 131 1.33 7 1.83 9
SW4-A-TI-5 146 1.85 9 2.30 10 1/2
Span4 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 1)
SW4-A-T2—1'5'.._ 31 1.20 7 0.85 7
SW4-A-T2-2 81 0.83 7 0.80 7
SW4-A-T2-3 112 0.80 7 1.35 7
SW4-A-T24 131 1.30 7 1.83 9
S_Wd-A-Tﬂ-S".- 146 1.85 9 2.30 10 1/2
Span 4 Girder A Flange B (distance measured from bulkhead of expansion joint No. 1)
SW4-A-B-1 51 1.03 1.03
SW4-A-B-2 86 1.05 1.05
SW4-A-B-3 148 1.45 1.85
Span4 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 1)
SW4-B-T1-1 66 0.85 7 0.85 7
SW4-B-T1-2" 128 1.20 7 1.55 9
SW4-B-T1-3 142 1.55 9 1.83 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location, *Weld did not appear
to be an Electroslag Weld (ESW).  *Top flange width on inside of girder only. *Weld located under gusset.  *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.  “Gussets located 1.5 ft on either side of weld.  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 17
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table I. Bridge 9268AWelds (Line “SW™)
Flange Before Weld Flange After Weld
Thickness Width* Thickness Width’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 1)
SW4-B-T2-1 66 0.83 7 0.83 7.
SW4-B-T2-2 | 128 1.20 7 1.55 9
SW4-B-T2-3 142 1.57 9 1.85 10
Span 4 Girder B Flange B (distance measured from bulkhead of expansion joint No. 1)
SW4-B-B-1 = 47 0.83 0.83
SW4-B-B-2 87 0.83 0.83
SW4-B-B-3 142 1.18 1.45
Span 5 Girder A Flange T1 (distance measured from centerline of pier No. 2)
SW5S-A-T1-1 16 2.32 10172 1.85 9
SW5-A-T1-2 31 1.83 9 1.32 71/2
SW5-A-T1-3° 90 0.83 7142 0.83 71/2
Span 5 Girder A Flange T2 (distance measured from centerline of pier No. 2)
SWS-A-T2-1 16 232 10 1/2 1.85 9
SWS-A-T2-2 31 1.83 9 1.32 7172
SW5-A-T2-37 920 0.83 71/2 0.83 71/2
Span 5 Girder A Flange B (distance measured from centerline of pier No. 2)
SWS5-A-B-1 10 1.83 1.43
SW5-A-B-2 28 1.43 0.93
SW5-A-B-3' 32 0.95 0.95
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only.

“Weld located under gusset,

‘Weld

crown appcarance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussels Jocated 1.5 it on ¢ither side of weld.  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 18
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW”)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 5 Girder B Flange T1 (distance measured from centerline of pier No. 2)

SW5-B-T1-1 11 1.85 10 1.55 9
SW5-B-T1-2 25 1.55 9 1.2 7
SWS5-B-T1-3 89 0.83 7 0.83 7

Span 5 Girder B Flange T2 (distance measured from centerline of pier No. 2)

SW5-B-T2-1 1 1.83 10 1.55 9
SW5-B-T2:2. 25 1.58 9 1.2 7
SW5-B-T2-3 89 0.83 7 0.83 7

Span 5 Girder B Flange B (distance measured from centerline of pier No. 2)

SW5-B-B-1 11 1.43 1.20

SW5-B-B2 83 0.83 0.85

Span 6 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 3)

SW6-A-T1-1 40 0.80 7 0.80 7
SW6-A-T1-2 92 1.45 9 1.45 9
SW6-A-T1-3 107 1.45 9 1.80 9

Span 6 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 3)

SW6-A-T2-1 40 0.83 7 0.83 7
SW6-A-T2-2 92 1.40 9 1.40 9
SW6-A-T2-3 107 1.45 9 1.83 9

Span 6 Girder A Flange B (distance measured from bulkhead of expansion joint No. 3)

SW6-A-B-1 39 0.83 0.80

SWo6-A-B-2 105 1.05 1.30

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
1o be an Electroslag Weld (ESW). *Top flange width on inside of girder only. ‘Weld located under gusset.  “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW.  “Gussets located 1.5 fl on cither side ofweld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 19
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW”)

Flange Before Weld Flange After Weld

Thickness Width’ Thickness Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 6 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 3)

SW6-B-T1-1 39 0.80 7 0.80 7

SW6-B-T1-2 102 1.20 §1/2 1.50 81/2

Span 6 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 3)

SW6-B-T2-1 39 0.80 7 0.80 7
SW6-B-T2-2 102 1.20 812 1.50 81/2

Span 6 Girder B Flange B (distance measured from bulkhead of expansion joint No. 3)

SW6-B-B-1 39 0.85 0.85

SW6-B-B-2 102 1.05 1.20

Span 7 Girder A Flange T1 (distance measured from centerline of pier No. 4)

SW7-A-T1-1 | 1 1.83 9 1.45 9
SW7-ATI2 23 1.45 9 1.08 7
SW7-A-T1-3 51 0.83 7 0.83 7
SW7-A-T1-4 79 0.83 81/2 0.83 81/2
SW7-A-T1-5 150 1.55 8 1/2 2.10 8 1/2

Span 7 Girder A Flange T2 (distance measured from centerline of pier No. 4)

SW7-A-T2-1 11 1.83 9 1.48 9
SW7-A-T2-2" 23 1.45 9 1.08 9
SW7-A-T2-3 51 0.83 7 0.83 7
SW7-A-T2-4 79 0.83 81/2 0.83 81/2
SW7-A-T2-5 150 1.53 81/2 2.10 g1/2

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. "Weld did not appear
to be an Electroslag Weld (ESW).  *Top flange width on inside of girder only.  "Weld located under gusset.  *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW.  ®Gussets located 1.5 ft on either side of weld.  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 20
SUBIJECT: FREMONT BRIDGE; RPT I WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I, Bridge 9268AWelds (Line “SW”)

Flange Before Weld Flange After Weld

Thickness Width’ Thickness Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 7 Girder A Flange B (distance measured from centerline of pier No. 4)

SW7-A-B-1 10 1.28 1.08
SW7-A-B-2 79 0.83 0.85
SW7-A-B-3 146 1.08 1.50

Span 7 Girder B Flange T1 (distance measured from centerline of pier No. 4)

SW7-B-T1-1 10 1.55 81/2 1.20 81/2
SW7-B-T1-2 20 1.20 81/2 1.05 7112
SW7-B-T1-3 76 0.83 71/2 0.85 7172
SW7-B-T1-4 | 145 1.43 9 1.83 9

Span 7 Girder B Flange T2 (distance measured from centerline of pier No. 4)

SW7-B-T2-1 10 1.55 8 1/2 1.20 81/2
SW7-B-T2-2 20 1.20 81/2 1.03 7102
SW7-B-T2-3 76 0.83 71/2 0.85 7172
SW7-B-T2-4 145 1.40 9 1.83 9

Span 7 Girder B Flange B (distance measured from centerline of pier No. 4)

SW7-B-B-1 10 1.18 1.08
SW7-B-B-2 76 0.85 0.85
SW7-B-B-3 143 1.03 1.27

Span 8 Girder A Flange T1 (distance measured from centerline of pier No. 5)

SW8-A-TI1-1 10 2.10 8172 1.55 81/2
SWER-A-T1-2 41 1.08 7 0.78 7
SWEB-A-T1-3 93 0.80 7 0.80 7

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. “Weld did not appear
to be an Electroslag Weld (ESW).  “Top flange width on inside of girder only. "Weld located under gussel.  “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. ®Gussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 21
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268AWelds (Line “SW™)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 8 Girder A Flange T2 (distance measured from centerline of pier No. §)

SW8-A-T2-1 10 2.10 81/2 153 812
SW8-A-T2-2 41 1.08 7 0.78 7
SW8-A-T2-3 93 0.80 7 0.80 7

Span 8 Girder A Flange B (distance measured from centerline of pier No. 5)

SWE-A-B-1 13 1.45 1.08

SW8-A-B-2 93 0.80 0.80

Span 8 Girder B Flange T1 (distance measured from centerline of pier No. 5)

SW8-B-T1-1 10 1.83 9 1.43 9
SW8-B-T1-2 54 0.80 7172 0.80 7172
SWS8-B-T1-3 95 0.78 71/2 0.80 71/2

Span 8 Girder B Flange T2 (distance measured from centerline of pier No, 5)

SW8-B-T2-1 10 1.85 9 1.45 9
SW8-B-T2-2 55 0.80 71/2 0.80 71/2
SW8-B-T2-3 95 0.80 71/2 0.83 71/2

Span 8 Girder B Flange B (distance measured from centerline of pier No. 5)

SW8-B-B-1 10 1.30 1.05
SW8-B-B-2 54 0.80 0.80
SWS-B-B-3 95 0.83 0.83

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed al this location. *Weld did not appear
to be an Electroslag Weld (ESW ). *Top flange width on inside of girder only. *Weld located under gusset.  “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussets located 1.5 fl on either side of weld. NR = Flange width nol recorded.
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TO: Oregon Department of Transportation PAGE 22
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table II. Bridge 9268B Welds (Line “WS§”)
Flange Before Weld Flange After Weld
Thickness Width’ Thickness Width*
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 1 Girder A Flange T1 (distance measured from bulkhead of expan

sion joint No. 8)

WSI1-A-T1-1 36 0.83 7 0.80 7
WS1-A-T1-2 79 0.80 7 0.85 7
WS1-A-T1-3 138 1.85 7 2.36 10
WS1-A-T1-4 151 2.36 10 2.85 10
Span 1 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. §)
WS1-A-T2-1 36 0.83 7 0.80 7
WS1-A-12-2 79 0.80 7 0.83 7
WSI1-A-T2-3 138 1.85 i 2.36 10
WS1-A-T2-4 151 2.32 10 2.85 10
Span 1 Girder A Flange B (distance measured from bulkhead of expansion joint No. 8)
WS1-A-B-1 40 1.08 1.05
WS1-A-B-2 80 1.10 L10
WS1-A-B-3 133 1.05 1:58
WS1-A-B-4 146 1.60 2.00
WS1-A-B-5 152 1.98 2.30
Span 1 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 8)
WS1-B-T1-1 34 0.83 7 0.80 7
WSI1-B-T1-2 78 0.80 T 0.85 7
WSI1-B-T1-3 125 1.70 81/2 1.70 8172
WS1-B-T1-4 139 1.70 81/2 2.03 10
WS1-B-T1-5 148 2.05 10 2.58 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.  *Weld did not appear

to be an Electroslag Weld (ESW ).

*Top fMange width on inside of girder only.

“Weld located under gusset.

‘Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. "Gussets located 1.5 ft on cither side of weld.

A-12

NR = Flange width not recorded.



TO: Oregon Department of Transportation PAGE 23
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “WS§™)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 1 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 8)

WS1-B-T2-1 34 0.83 7 0.80 7
WS1-B-T2-2 78 0.80 7 0.85 7
WS1-B-T2-3 i 125 1.70 81/2 1.70 81/2
WS1-B-T2-4 139 1.70 812 2.05 10
WS1-B-T2-5 148 2.05 10 2.58 10

Span 1 Girder B Flange B (distance measured from bulkhead of expansion joint No. 8)

WS1-B-B- 1. 38 1.08 1.08
WS1-B-B-2. 78 1.05 1.08
WS1-B-B-3 144 1.45 1.85
WS1-B-B-4 151 1.88 2.08

Span 2 Girder A Flange T1 (distance measured from centerline of pier No. 1)

WS2-A-TI-1 10 2.83 10 2.36 10
WS2:AT12] 22 2.33 10 1.85 7
WS2-A-T1-3 123 0.92 7 0.90 7

Span 2 Girder A Flange T2 (distance measured from centerline of pier No. |

WS2-A-T2-1 10 2.86 10 2.36 10
WS2-A-T2-2 22 2.36 10 1.87 7
WS2-A-T2-3 123 0.92 7 0.90 7

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location, *Weld did not appear
to be an Electroslag Weld (ESW). *Top Mange width on inside of girder only. ‘Weld located under gusset. *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW.  “Gussets located 1.5 ft on cither side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 24
SUBIJECT: FREMONT BRIDGE; RPT I WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “W§")

Flange Before Weld Flange After Weld

Thickness | Width® | Thickness | Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 2 Girder A Flange B (distance measured from centerline of pier No. 1

WS2-A-B-1 9 2.90 1.98

WS2-A-B-2 17 1.98 1.56

WS2-A-B-3 26 1.55 1.29

WS2-A-B4 85 1.56 1.20

WS2-A-B-5 122 1.20 1.20

Span 2 Girder B Flange T1 (distance measured from centerline of pier No. 1

WS2B-TI-1 12 2.58 10 2.03 10
WS2-B-T1-2 21 2.03 10 1.70 9
WS2-B-T1-3 84 0.80 7 0.83 7
WS82-B-T1-4 125 0.83 7 0.83 7

Span 2 Girder B Flange I'2 (distance measured from centerline of pier No. 1

WS2-B-T2-1 12 2.58 10 2.06 10
WS2-B-T2-2 21 2.02 10 1.70 9
WS2-B-T2-3 84 0.80 7 0.80 7
WS2-B-T2-4 125 0.83 7 0.83 7

Span 2 Girder B Flange B (distance measured from centerline of pier No. 1

WS$2-B-B-1 8 2.08 192
WS2-B-B-2 15 1.92 1.45
WS2-B-B3 | 84 1.08 1.10
WS2-BB4 125 1.05 1.07

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.  *Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. *Weld located under gusset. *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. %Gussets located 1.5 ft on cither side of weld.  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 25
SUBIJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “WS”)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 3 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 2)

WS3-A-T1-1 22 0.80 7 1.30 7
WS3-A-T1-2 37 1.30 1 1.32 9
WS3-A-T1-3 86 1.32 7 132 7
WS3-A-T1-4 133 1.55 7 2.05 7
WS3-A-T1-5 142 2.05 7 2.55 91/2
WS3-A-T1-6 153 2.58 91/2 3.08 10

Span 3 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 2)

WS3-A-T2-1 22 0.80 7 1.30 7
WS3-A-T2-2 37 1.30 7 1.32 7
WS3-A-T2-3 86 1.30 7 1.30 7
WE3-A-T2-4 133 1.55 7 2.05 7
WS3-A-T2-5 142 2.05 7 2.55 91/2
WS83-A-T2-6 153 2.58 91/2 3.08 10

Span 3 Girder A Flange B (distance measured from bulkhead of expansion joint No. 2)

WS3-A-B-1 31 1.20 1.45
WS3-A-B2 84 1.48 148
WS3-A-B-3 136 1.08 1.55
WS3-A-B-4 149 1.55 210
WS3-A-B-5 158 2.08 247

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.  *Weld did not appear
to be an Electroslag Weld (ESW ). *Top Mange width on inside of girder only. *Weld located under gusset.  “Weld
crown appearance suggested the weld had cither been repaired by some process other than ESW, or the weld was not
an ESW. “Gusscts located 1.5 fi on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 20
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “W§”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Width’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 3 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 2)

WS3-B-T1-1 31 0.80 7 0.93 7
WE3-B-T1-2 39 0.93 7 0.95 7
WS3-B-T1-3 85 0.93 7 0.83 7
WS3-B-T1-4 137 1.55 7 1.93 91/2
WS83-B-T1-5 ] 148 1.95 91/2 2.30 10

Span 3 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 2)

W83-B-T2-1 31 0.80 7 0.93 7
WS3-B-12-2 39 0.93 7 0.95 7
WS3-B-T2-3 &5 0.93 7 0.83 7
WS3-B-T2-4 137 1.55 7 193 91/2
‘WS3-B-T2-5 148 1.95 91/2 230 10

Span 3 Girder B Flange B (distance measured from bulkhead of expansion joint No. 2)

WS3-B-B-1 19 1.05 1.08
WS3-B-B2 85 1.05 1.08
WS3-B-B-3 137 1.05 1.55
WS3-B-B4 151 1.58 1.95

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
to be an Electroslag Weld (ESW).  *Top flange width on inside of girder only. 'Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. ®Gussets located 1.5 It on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 27
SUBJECT: FREMONT BRIDGE; RPT I WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “WS§”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 4 Girder A Flange T1 (distance measured from centerline of pier No. 3)

WS4-A-T1-1 14 3.05 10 2.58 9
WS4-A-T1-2 23 2.52 9 222 7
WS4-A-T1-3 32 2.22 7 1.65 7
WS4-A-T1-4 59 1.28 7 0.83 7
WS4-A-TI-5 87 0.80 7 0.80 7
WS4-A-T1-6 115 0.83 7 0.80 7

Span 4 Girder A Flange T2 (distance measured from centerline of pier No. 3)

WS4-A-T2-1 14 3.05 10 2.58 9
WS4-A-T2-2 23 2.52 9 2.22 7
WS4-A-T2-3 32 2.2 7 1.65 7
WS4-A-T2-4 59 1.28 7 0.83 7
WS4-A-T2-5 87 0.80 7 0.80 7
WS4-A-T2-6 115 0.80 7 0.80 7

Span 4 Girder A Flange B (distance measured from centerline of pier No. 3)

WE54-A-B-1 10 2.47 2.08
WS4-A-B-2 17 2.08 1.55
WS4-A-B-3 34 1.35 1.05
WS4-A-B-4 82 1.08 1.05
WS4-A-B-5 118 1.10 1.10

Notes: 'Weld crown difficull to distinguish; presence of weld not confirmed at this location, *Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. 'Weld located under gusser. "Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW.  ®Gussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 28
SUBIJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table I. Bridge 9268B Welds (Line “W§”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 4 Girder B Flange T1 (distance measured from centerline of pier No. 3)

WS4-B-T1-1 14 2.30 10 1.95 81/2
WS4-B-T1-2 25 1.90 81/2 1.53 7
WS4-B-T1-3 75 0.80 7 0.80 7
WS4-B-T1-4 114 0.80 7 0.78 7

Span 4 Girder B Flange T2 (distance measured from centerline of pier No. 3)

W54-B-12-1 14 2.30 10 1.95 8172
WS4-B-T2-2 25 1.95 §1/2 1.55 T
WS4-B-T2-3 75 0.80 7 0.80 7
WS4-B-T2-4 114 0.80 7 0.78 7

Span 4 Girder B Flange B (distance measured from centerline of pier No. 3)

WE4-B-B-1 10 1.93 1.58
WS4-B-B-2 24 1.58 1.10
W84-B-B-3 75 0.80 0.85
WS4-B-B-4 114 0.85 0.80
Span 5 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 4)
WS5-A-T1-1 33 1.07 7 1.05 7
WS5-A-T1-2 78 1.05 7 1.05 7
WS5-A-T1-3 128 1.55 7 2.08 8
WS5-A-TI-4 140 2.05 8 2.42 9

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
to be an Electroslag Weld (ESW).  *Top flange width on inside of girder only. *Weld located under gusset. *Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. "Gusselts located 1.5 it on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 29
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table I1. Bridge 9268B Welds (Line “WS”)
Flange Before Weld Flange After Weld
Thickness Width® Thickness Width’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder A Flange T2 (distance measured from bulkhead of cxpansion joint No. 4)
WS5-A-T2-1 33 1.08 7 1.05 7
WS5-A-T2-2 78 1.05 7 1.05 ¥
WS5-A-T2-3 128 1.55 7 2.05 8
WSS-A-T24 | 140 2.05 8 2.42 9
Span 5 Girder A Flange B (distance measured from bulkhead of expansion joint No. 4)
WS5-A-B-1 47 1.20 1.20
WS5-A-B-2 140 1.43 1.90
Span 5 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 4)
WS5-B-T1-1 38 0.80 7 0.80 7
WS5-B-T1-2 76 0.80 7 0.80 7
WS5-B-T1-3 132 1.45 81/2 1.85 10

Span 5 Girder B

Flange T2 (distance measured from bulkhead of expansion joint No. 4)

WS5-B-T2-1 38 0.83 7 0.80 7
WS5-B-T2-2 76 0.80 7 0.83 7
WS5-B-T2-3 | 132 1.45 8112 1.80 10

Span 5 Girder B

Flange B (distance measured from bulkh

cad of expansion joint No. 4)

WS85-B-B-1 36 0.93 0.93
WS5-B-B-2 139 1.33 1.55
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location, *Weld did not appear

to be an Electroslag Weld (ESW ).

an ESW.

*Top flange width on inside of girder only.
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
“Gussets located 1.5 [l on either side of weld.

A-19

NR = Flange width not recorded.

“Weld located under gussel.

‘Weld



TO: Oregon Department of Transportation

SUBJECT:

FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT

PAGE 30

REF. NO.: 7112003 (6911042)
Table II. Bridge 9268B Welds (Line “WS™)
Flange Before Weld Flange After Weld
Thickness Width® Thickness Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder A Flange T1 (distance measured from centerline of pier No. 5)
WS6-A-T1-1 13 2.40 10 2.08 81/2
WS6-A-T1-2 | 27 2.05 81/2 1.55 7172
WS6-A-T1-3 89 0.83 71/2 0.83 71/2
WS6-A-T1-4 150 1.60 71/2 2.08 9
WS6-A-T1-5 162 2.10 9 2.43 10
Span 6 Girder A Flange T2 (distance measured from centerline of pier No. 5)
WS6-A-T2-1 13 2.40 10 2.05 81/2
WS6-A-T2-2 27 2.08 8172 1.55 7172
WS6-A-T2-3 89 0.83 7172 0.83 71/2
WS6-A-T2-4 150 1.55 712 2.08 9
WS6-A-T2-5 162 2.10 9 2.43 10
Span 6 Girder A Flange B (distance measured from centerline of pier No. 5)
WS6-A-B-1 13 1.93 1.50
WS6-A-B-2 63 0.85 0.85
WS6-A-B-3 113 0.85 0.85
Span 6 Girder B Flange T1 (distance measured from centerline of pier No. 5)
WS6-B-T1-1 15 1.83 10 1.43 81/2
WS6-B-T1-2 86 0.83 7 0.80 7
WS6-B-T1-3 155 1.55 8172 2.02 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Top Mange width on inside of girder only.

*Weld located under gusset.

"Weld

crown appearance suggesled the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

"Gussels located 1.5 It on ecither side of weld.
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NR = Flange width not recorded.



TO:
SUBJECT:
REF. NO.:

Oregon Department of Transportation
FREMONT BRIDGE; RPT I. WELD IDENTIFICATION, INTERIM RPT
7112003 (6911042)

PAGE 31

Table I1. Bridge 9268B Welds (Line “W§”)

to be an Electroslag Weld (ESW ).

“Top flange width

on inside of girder anly.

“Weld located under gusset.

Flange Before Weld Flange After Weld
Thickness Width? Thickness Width’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder B Flange T2 (distance measured from centerline of pier No. 5)
WS6-B-T2-1 15 1.83 10 1.43 81/2
WS6-B-12-2 80 0.83 7 0.80 7
WS6-B-T23 155 1.55 8172 2.02 10
Span 6 Girder B Flange B (distance measured from centerline of pier No. 5)
WS6-B-B-1 9 1,33 1.33
WS6-B-B2 86 0.83 0.80
WS6-B-B-3 160 1.32 1.70
Span 7 Girder A Flange T1 (distance measured from centerline of pier No. 5A)
WS7-A-T1-1 13 2.40 10 2.05 8
WS7-A-T1-2 | 24 2.08 8 155 8
WS7-A-T1-3 78 1.03 7 1.05 7
WS7-A-T1-4 122 1.03 7 1.03 7
Span 7 Girder A Flange T2 (distance measured from centerline of pier No. 5A)
WS7-A-T2-1 13 2.43 10 2.05 8
WS7-A-T2-2 24 2.10 8 1.55 8
WS7-A-T2-3 78 1.03 7 1.05 7
WS7-A-T2-4 122 1.05 7 1.05 7
Span 7 Girder A Flange B (distance measured from centerline of pier No. SA)
WS7-A-B-1 13 1.93 1.45
WS7-A-B-2 77 1.18 118
WS7-A-B-3 122 1.18 1.18
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

*Weld

crown appearance suggested the weld had cither been repaired by some process other than ESW, or the weld was not

an ESW,

*Gussets located 1.5 ft on either side of weld.
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NR = Flange width not recorded.



TO: Oregon Department of Transportation PAGE 32
SUBIJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table II. Bridge 9268B Welds (Line “WS”)

Flange Before Weld Flange After Weld
Thickness | Width® | Thickness | Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 7 Girder B Flange T1 (distance measured from centerline of pier No. 5A)
WS7-B-T1-1 14 2.05 10 1.55 9
WS§7-B-T1-2 72 0.83 7 0.83 7
W8E7-B-T1-3 120 0.80 7 0.80 7
Span 7 Girder B Flange T2 (distance measured from centerline of pier No. 5A)
WS7-B-T2-1 14 2.02 10 1.55 9
WS7-B-T2-2 72 0.80 7 0.83 7
WS7-B-T2-3 120 0.80 7 0.80 7
Span 7 Girder B Flange B (distance measured from centerline of pier No. SA)
WS7-B-B-1 10 1.68 1.35
WS87-B-B-2 73 1.03 1.03
WS7-B-B-3 116 1.08 1.05

Motes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.

Weld did not appear

to be an Electroslag Weld (ESW). *Top fange width on inside of girder only. 'Weld located under gusset.  “Weld
crown appearance suggesied the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussets located 1.5 ft on cither side ol weld. MR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 33
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table IT1. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder D Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T1-1° 39 1.05 7 1.05 7
WE3-D-T1-2° 84 1.05 7 1.07 7
WE3-D-T1-3 145 1.95 9 2.47 10
Span3 Girder D Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T2-1° 39 1.03 7 1.05 7
WE3-D-12-2 84 1.05 T 1.03 i
WE3-D-T2-3 145 1.97 9 2.50 10
Span 3 Girder D Flange B (distance measured from bulkhead of expansion joint No. 2)
WE3-D-B-1 41 1.20 1.13
WE3-D-B2 86 1.50 1.20
WE3-D-B-3* 145 1.45 1.95
Span3 Girder E Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WE3-E-T1-1 45 0.80 71/2 0.78 7172
WE3-E-T1-2 91 0.80 71/2 0.80 71/2
WE3-E-T1-3 138 1.27 9 1.83 10
Span3 Girder E Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WE3-E-T2-1 45 0.78 7172 0.78 71/2
WE3-E-T2-2 91 0.80 71/2 0.78 71/2
WE3-E-T23 138 1.23 9 1.80 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Tap flange width on inside of girder only.

*Weld located under gusset.

Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

bGussets located 1.5 ft on cither side of weld.

A-23

NR = Flange width not recorded.



to be an Elcctroslag Weld (ESW).

*Top flange width on inside of girder only.

"Weld located under gussel.

TO: Oregon Department of Transportation PAGE 34
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table I11. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width? Thickncss Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 3 Girder E Flange B (distance measured from bulkhead of expansion joint No. 2)
WE3-E-B-1 _ 38 0.85 0.83
‘WE3-E-B-2 83 0.83 0.85
WE3-E-B-3° 138 1.05 1.45

Span 4 Girder D Flange T1 (distance measured from centerline of pier No. 3)

WE4-D-T1-1 15 2.45 10 2.05 9
WE4-D-T1-2 26 2.10 9 1.57 7112
WE4-D-T1-3° 79 0.80 71/2 0.83 71/2
WE4-D-T1-4° 116 0.83 7172 0.80 71/2
WE4-D-T1-5 160 1.58 8 2.08 8

Span 4 Girder D Flange T2 (distance measured from centerline of pier No. 3)

- WE4-D-T2-1° 15 2.47 10 2.07 9
WE4-D-T2-2 26 2.15 9 1.57 7172
WE4-D-T2-3° 89 0.80 71/2 0.80 712
WE4-D-T2-4 160 1.60 8 2.10 8

Span4 Girder D Flange B (distance measured from centerline of pier No. 3)

WE4-D-B-1° 15 1.93 1.45
WE4-D-B-2 76 0.78 0.83
WE4-D-B-3 . 101 0.83 0.80
WE4-D-B-4* 160 1.20 1.68
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.  *Weld did not appear

Weld

crown appearance suggested the weld had cither been repaired by some process other than ESW, or the weld was not

an ESW.

*Gussets located 1.5 ft on either side of weld,

A-24

NR = Flange width not recorded.



TO: Oregon Department of Transportation PAGE 33
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table IT1. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder D Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T1-1° 39 1.05 7 1.05 7
WE3-D-T1-2° 84 1.05 7 1.07 7
WE3-D-T1-3 145 1.95 9 2.47 10
Span3 Girder D Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T2-1° 39 1.03 7 1.05 7
WE3-D-12-2 84 1.05 T 1.03 i
WE3-D-T2-3 145 1.97 9 2.50 10
Span 3 Girder D Flange B (distance measured from bulkhead of expansion joint No. 2)
WE3-D-B-1 41 1.20 1.13
WE3-D-B2 86 1.50 1.20
WE3-D-B-3* 145 1.45 1.95
Span3 Girder E Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WE3-E-T1-1 45 0.80 71/2 0.78 7172
WE3-E-T1-2 91 0.80 71/2 0.80 71/2
WE3-E-T1-3 138 1.27 9 1.83 10
Span3 Girder E Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WE3-E-T2-1 45 0.78 7172 0.78 71/2
WE3-E-T2-2 91 0.80 71/2 0.78 71/2
WE3-E-T23 138 1.23 9 1.80 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Tap flange width on inside of girder only.

*Weld located under gusset.

Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

bGussets located 1.5 ft on cither side of weld.

A-25

NR = Flange width not recorded.



to be an Elcctroslag Weld (ESW).

*Top flange width on inside of girder only.

"Weld located under gussel.

TO: Oregon Department of Transportation PAGE 34
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table I11. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width? Thickncss Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 3 Girder E Flange B (distance measured from bulkhead of expansion joint No. 2)
WE3-E-B-1 _ 38 0.85 0.83
‘WE3-E-B-2 83 0.83 0.85
WE3-E-B-3° 138 1.05 1.45

Span 4 Girder D Flange T1 (distance measured from centerline of pier No. 3)

WE4-D-T1-1 15 2.45 10 2.05 9
WE4-D-T1-2 26 2.10 9 1.57 7112
WE4-D-T1-3° 79 0.80 71/2 0.83 71/2
WE4-D-T1-4° 116 0.83 7172 0.80 71/2
WE4-D-T1-5 160 1.58 8 2.08 8

Span 4 Girder D Flange T2 (distance measured from centerline of pier No. 3)

- WE4-D-T2-1° 15 2.47 10 2.07 9
WE4-D-T2-2 26 2.15 9 1.57 7172
WE4-D-T2-3° 89 0.80 71/2 0.80 712
WE4-D-T2-4 160 1.60 8 2.10 8

Span4 Girder D Flange B (distance measured from centerline of pier No. 3)

WE4-D-B-1° 15 1.93 1.45
WE4-D-B-2 76 0.78 0.83
WE4-D-B-3 . 101 0.83 0.80
WE4-D-B-4* 160 1.20 1.68
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location.  *Weld did not appear

Weld

crown appearance suggested the weld had cither been repaired by some process other than ESW, or the weld was not

an ESW.

*Gussets located 1.5 ft on either side of weld,

A-26

NR = Flange width not recorded.



TO: Oregon Department of Transportation PAGE 35
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table III. Bridge 9268E Welds (Line “WE”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 4 Girder E Flange T1 (distance measured from centerline of pier No. 3)

WE4-E-T1-1 15 1.80 10 1.30 10
WE4-E-T1-2 86 0.80 7 0.80 7
WE4-E-T1-3 153 1.20 9 1.63 101/2

Span 4 Girder E Flange T2 (distance measured from centerline of pier No. 3)

WE4-E-T2-1 15 1.80 10 1.30 10
WE4-E-T2-2 86 0.80 7 0.80 7
WE4-E-T2-3 153 1.20 9 1.60 10 1/2

Span 4 Girder E Flange B (distance measured from centerline of pier No. 3)

WE4-E-B-1 52 0.80 0.80
WE4-E-B-2 86 0.80 0.80
WE4-E-B-3° 153 1.08 1.30

Span 5 Girder D Flange T1 (distance measured from centerline of pier No. 4)

WES-D-T1-1 15 2.10 10 1.58 81/2
WES-D-T1-2° 72 0.80 7 0.80 7
WES-D-T1-3° 104 0.83 7 0.83 7
WES-D-T1-4 160 1.63 9 2.08 10 172

Span 5 Girder D Flange T2 (distance measured from centerline of pier No. 4)

 WES-D-T2-1 15 2.08 10 1.58 81/2
WES-D-T2-2° 72 0.80 7 0.80 7
WES-D-T2-3° 104 0.80 7 0.83 7
WE5-D-T2-4° 160 1.58 9 2,08 10172

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
to be an Electroslag Weld (ESW ). *Top flange width on inside of girder only.  *Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. ®Gussets located 1.5 it on either side of weld, NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 36

SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only.

*Weld located under gussel.

REF. NO.: 7112003 (6911042)
Table I11. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width* | Thickness | Width’'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder D Flange B (distance measured from centerline of pier No. 4)
WES-D-B-1° 15 1.77 1.20
WE5-D-B-2 75 0.83 0.85
WES-D-B-3 110 0.80 0.83
WES-D-B-4* 160 1.20 1.70
Span 5 Girder E Flange T1 (distance measured from centerline of pier No. 4)
WES-E-T1-1 13 1.60 10 1/2 1.08 9
WES-E-T1-2° 76 0.78 7 0.78 7
WES-E-T1-3° 113 0.80 7 0.80 7
WES-E-T1-4 157 1.20 81/2 1.58 10 1/2
Span 5 Girder E Flange T2 (distance measured from centerline of pier No. 4)
WES-E-T2-1° 13 1.60 101/2 1.10 9
WES-E-T2-2° 76 0.80 7 0.80 7
WES-E-T2-3° 113 0.80 7 0.80 7
WES-E-T2-4° 157 1.20 8§1/2 1.60 10 1/2
Span 5 Girder E Flange B (distance measured from centerline of pier No. 4)
WES-E-B-1° 13 1.38 1.08
WES-E-B-2 79 0.80 0.80
WES-E-B-3 119 0.80 0.80
WES-E-B-4° 157 1.08 1.28
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

"Gussets located 1.5 fl on cither side of weld.

A-28
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TO: Oregon Department of Transportation PAGE 37
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table II1. Bridge 9268E Welds (Line “WE”)
Flange Before Weld Flange After Weld
Thickness Width' Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder D Flange T1 (distance measured from centerline of pier No. 5)
WE6-D-T1-1 15 2.07 10 1/2 1.58 9
WE6-D-T1-2° 85 0.80 71/2 0.80 71/2
WE6-D-T1-3° 129 0.80 71/2 0.80 71/2
Span 6 Girder D Flange T2 (distance measured from centerline of pier No. 5)
WE6-D-T2-1 15 2.10 101/2 1.58 9
WE6-D-T2-2° 85 0.80 7172 0.80 71/2
WE6-D-T2-3° 129 0.80 7172 0.80 712
Span 6 Girder D Flange B (distance measured from centerline of pier No. 5)
WE6-D-B-1° 15 1.73 1.20
WE6-D-B-2 65 0.83 0.85
WE6-D-B-37 106 0.83 0.83
Span 6 Girder E Flange T1 (distance measured from centerline of pier No. 5)
WE6-E-T1-1 13 1.55 10 1.18 81/2
WEG6-E-T1-2° 69 0.80 7 0.83 A
WE6-E-T1-3° 101 0.83 7 0.83 7
Span 6 Girder E Flange T2 (distance measured from centerline of pier No. 5)
WEG-E-T2-1 13 1.58 10 1.18 81/2
WE6-E-T2-2° 69 0.83 7 0.80 7
WE6-E-T2-3° 101 0.80 7 0.83 7

Span 6 Girder E

Flange B (distance measur

red from centerline of pier No. 5)

WE6-E-B-1° 13 1.38 1.05
WEG-E-B-2 77 0.85 0.85
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW ).

an ESW.

Top flange width on inside of girder only.
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
“Gussets located 1.5 t on cither side of weld.

A-29

NR = Flange width nol recorded.

‘"Weld located under gusset.

‘Weld



TO: Oregon Department ol Transportation PAGE 38
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table IV. Bridge 9268W Welds (Line “EW?”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Width’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span3 Girder D Flange T1 (distance measured from bulkhead of expansion joint No. 2)

EW3-D-T1-1 36 0.80 7 1.05 7
EW3-D-T1-2 84 1.03 7 1.03 g
EW3-D-T1-3 '/ 145 1.90 81/2 2.43 10

Span3 Girder D Flange T2 (distance measured from bulkhead of expansion joint No. 2)

EW3-D-T2-1 36 0.83 7 1.05 7
EW3.D-T2-2* 84 1.03 7 1.05 i
EW3-D-T2-3 145 1.90 §1/2 243 10

Span 3 Girder D Flange B (distance measured from bulkhead of expansion joint No. 2)

EW3-D-B-1 24 0.80 1.15
EW3-D-B-2 43 1.12 1.12
EW3-D-B-3 | 85 1.17 1.17
EW3-D-B-4 145 1.48 1.98

Span3 Girder E Flange T1 (distance measured from bulkhead of expansion joint No. 2)

EW3-E-T1-1 38 0.78 7172 0.80 712
EW3-E-T1-2 78 0.80 7172 0.80 71/2
EW3-E-T13 138 1.30 9 1.78 10 1/2

Span3 Girder E Flange T2 (distance measured from bulkhead of expansion joint No. 2)

EW3-E-T2-1 38 0.80 71/2 0.80 71/2
EW3-E-T2-2 78 0.80 71/2 0.80 71/2
EW3-E-T2-3 138 1.28 9 1.80 10 1/2

Notes: '"Weld erown difficult to distinguish; presence of weld not confirmed at this location. "Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. *Weld located under gusset.  “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW.  “Gussets located 1.5 ft on either side of weld,  NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 39
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table IV. Bridge 9268W Welds (Line “EW")
Flange Before Weld Flange After Weld
Thickness | Width® Thickness | Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder E Flange B (distance measured from bulkhead of expansion joint No. 2)
EW3-E-B-1 39 0.80 0.83
EW3-E-B-2/ 82 0.80 0.80
EW3-E-B-3 138 1.07 1.45

Span 4 Girder D Flange T1 (distance measured from centerline of pier No. 3)

EW4-D-T1-1 15 2.40 10 2.05 8
EW4-D-T1-2 20 2.03 8 1.55 7
EW4-D-T1-3 83 0.80 7 0.80 7
EW4-D-T1-4 122 0.80 7 0.80 7

EWA4-D-T1-5 161 1.55 8112 2.05 10

Span 4 Girder D Flange T2 (distance measured from centerline of pier No. 3)

EW4-D-T2-1 15 2.42 10 2.05 8
EW4-D-T2-2 " 26 2.03 8 1.55 7
EW4-D-T2-3 83 0.80 7 0.80 7
EW4-D-T2-4 122 0.80 7 0.80 7
EW4-D-T2-5 161 1:55 81/2 2.05 10

Span 4 Girder D Flange B (distance measured from centerline of pier No. 3)

EW4-D-B-1 15 1.95 1.45
EW4-D-B-2 78 0.85 0.80
EW4-D-B-3 99 0.80 0.80
EW4-D-B-4 161 1.17 1.68
Notes: 'Weld erown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only.

"Weld located under gusset,

"Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

SGussets located 1.5 ft on cither side of weld.

NR = Flange width not reco

A-31

rded.



TO: Oregon Department of Transportation PAGE 40
SUBIECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table IV. Bridge 9268W Welds (Line “EW?”)
Flange Before Weld Flange After Weld
Thickness | Width® | Thickness | Width'
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder E Flange T1 (distance measured from centerline of pier No. 3)
EW4-E-T1-1 15 1.82 10 1/2 1.32 81/2
EW4-E-T1-2 81 0.80 7 0.78 7
EW4-E-T1-3 121 0.80 7 0.80 7
EW4-E-T1-4 153 1.20 9 1.55 10
Span 4 Girder E Flange T2 (distance measured from centerline of pier No. 3)
EW4-E-T2-1 15 1.83 10 1/2 1.30 8172
EW4-T-T2-2 81 0.80 7 0.83 7
EW4-E-T2- 3 121 0.78 7 0.80 7
EW4-E-T2-4 153 1.20 9 1.55 10
Span 4 Girder E Flange B (distance measured from centerline of pier No. 3)
EW4-E-B-1 15 1.43 1.05
EW4-E-B-2 81 0.85 0.80
EW4-E-B-3 | 121 0.80 0.80
EW4-E-B-4 153 1.07 1.28
Span 5 Girder D Flange T1 (distance measured from centerline of pier No. 4)
EWS-D-T1-1. 15 2.02 10 1/2 1.55 81/2
EWS-D-T1-2° 81 0.80 7 0.80 7
EW35-D-T1-3 121 0.80 7 0.80 7
EWS5-D-T1-4 © 160 1.55 81/2 2.05 10 1/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Top fMange width on inside of girder only.

“Weld located under gusset.  “Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

SGussets located 1.5 ft on cither side of weld.

A-32
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TO: Oregon Department of Transportation PAGE 41
SUBIECT: FREMONT BRIDGE; RPT I. WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table V. Bridge 9268W Welds (Line “EW?”)

Flange Before Weld Flange After Weld

Thickness Width® Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 5 Girder D Flange T2 (distance measured from centerline of pier No. 4)

EW5-D-T2-1 15 2.05 10 1/2 1.55 81/2
EWS5-D-T2-2° 81 0.80 7 0.80 7
EWS-D-T2-3° 121 0.83 7 0.80 7
EWS-D-T2-4 160 1.55 81/2 2.05 10 1/2

Span 5 Girder D Flange B (distance measured from centerline of pier No. 4)

EW5-D-B-1 15 1.68 1.20
EWS-D-B-2 109 0.80 0.80
EWS5-D-B-3 161 1.20 1.65

Span 5 Girder E Flange T1 (distance measured from centerline of pier No. 4)

EWS5-E-T1-1¢ 13 1.55 10 1.18 81/2
EWS5-E-T1-2 78 0.78 7 0.80 7
EWS5-E-T1-3 118 0.80 7 0.80 7
EWS-E-T1-4 157 1.18 81/2 1.55 10 172

Span 5 Girder E Flange T2 (distance measured from centerline of pier No. 4)

EWS-E-T2-1° 13 1.53 10 1.18 81/2
EWS5-E-T2-2 78 0.78 7 0.78 7
EWS5-E-T2-3 118 0.78 7 0.80 7
EWS5-E-1T2-4 157 1.18 8172 1.55 10 1/2

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location. *Weld did not appear
1o be an Electroslag Weld (ESW).  *Top flange width on inside of girder only. *Weld located under gusset. ‘Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. ‘Gussets located 1.5 It on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation PAGE 42
SUBJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)
Table IV. Bridge 9268W Welds (Line “EW?”)
Flange Before Weld Flange After Weld
Thickness Width* Thickness Width®
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder E Flange B (distance measured from centerline of pier No. 4)
EW5-E-B-1° 13 1.28 1.05
EWS5-E-B-2 78 0.83 0.83
EWS-E-B-3 | 118 0.83 0.80
EWS5-E-B-4 157 1.03 1.30
Span 6 Girder D Flange T1 (distance measured from centerline of pier No. 5)
EW6-D-T1-1 15 2.02 10 1/2 1:55 9
EW6-D-T1-2 81 0.80 7 0.83 7
EWo6-D-T1-3 120 0.80 i 0.80 7
Span 6 Girder D Flange T2 (distance measured from centerline of pier No. 5)
EW6-D-T2-1 7 15 2.02 101/2 1.55 9
EW6-D-T2-2 81 0.83 7 0.83 7
EWo6-D-T2-3 120 0.80 7 0.83 7
Span 6 Girder D Flange B (distance measured from centerline of pier No. 5)
EW6-D-B-1 15 1.65 1.21
EW6-D-B-2 81 0.80 0.80
EW6-D-B-3 99 0.83 0.83
Span 6 Girder E Flange T1 (distance measured from centerline of pier No. 5)
EW6-E-T1-1° 14 1.53 10 118 9
EW6-E-T1-2 77 0.83 7 0.83 7
EWG6-E-T1-3 116 0.80 7 0.80 7
Notes: 'Weld crown difficult 1o distinguish; presence of weld not confirmed at this location. *Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only.

*Weld located under gusset.

Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW,

“Gussels located 1.5 ft on either side of weld.

A-34
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TO: Oregon Department of Transportation PAGE 43
SUBIJECT: FREMONT BRIDGE; RPT I: WELD IDENTIFICATION, INTERIM RPT
REF. NO.: 7112003 (6911042)

Table IV. Bridge 9268W Welds (Line “EW”)

Flange Before Weld Flange After Weld

Thickness Width? Thickness Widih’
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 6 Girder E Flange T2 (distance measured from centerline of pier No. 5)

EW6-E-T2-1 14 1.60 10 1.18 9
EW6-E-T2-2 77 0.80 7 0.80 7
EW6-E-12-3 116 0.78 7 0.80 7

Span 6 Girder E Flange B (distance measured from centerline of pier No. 5)

EW6-E-B-1 14 1.30 1.03
EWG-E-B-2 77 0.80 0.83
EW6-E-B-3 116 0.83 0.83

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at this location, *Weld did not appear
to be an Electroslag Weld (ESW ). "I‘op flange width on inside of girderonly. '"Weld located under gusset. ‘Weld
crown appearance suggesied the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. “Gussets located 1.5 il on either side of weld. NR = Flange width not recorded.
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Fabruary 26, 1970

Canron Limited
Fremont Project Office
22 East 5th Avenue
Vancouver 10, B.C,

Attentiont « M. Nitkin

Gentlement

Ret VWest Fremont Interchange
Contract No. 7214
Welding Procedures

By letter of January 20 you sent us a revision of your
Procedure Specification 5.0 for approval. This materizcl hae been
reviewed and we find your Specifications 5.0, pages 1 and 2, 5.01
and 5.02 are satisfactory and are hereby approved.

It iz noted that no impaect values are included with the
above letter of January 20 for 1" thick A4l ateel. OCur letter to
you cn October 9, 1969, for the approval of electroslag welding
required impact values. This material should be supplied at the
earliest possible time. Other than the impact values for Abl1
Steel the material is satisfactory to the State.

My apologies to you for being so slow in reviewing this
procedure, however, illness has taken its toll in the intervening
tire since we received your January 20 letter.

Yours very truly,

Ivan D. Merchant
Bridge Cngineer
IDM: if
cer  Pittsburgh Testing Laboratory
Attn: Don Soott
Pittsburch Testing Laboratory
Attn: Ken Tetterson

B-1




WESTERN BRIDGE DIVISIGN
(©ANRON

145 WEST FIRST AVENUE, VANCOUVER 10, B.C. — TEL, 874-2311

Reply to:
FREMONT PROJECT OFFICE

22 East Fifth Avenue

Vanecouver 10, B.C.

January 20, 1970 87l4-2311

Mr., Ivan D. Merchant
Oregon State Highway Dept.
Highway Building

Salem, Cregon 97310

UsaA

Dear 3ir:

Enclosed are copies of the electroslag procedure
gualification test results for your file, and also a
revision of Procedure Specification 5.0 for your approval.

Welding wvariables shown on the original submission
were as provided by the eguipment supplier but did not
give the reguired impact results. This situation has now
been corrected.

Wire feed speed and amperage are dependent variables

and we have chosen to specify the former which can be more
precisely determined.

Yours very truly,

CANRON LIMITED
WESTERN BRIDGE DIVISICN

. A. GRAHAM,P.Eng.
Welding Epgineer

Encl:

cc: L.M., Nitkin
K. Peterson (encl.)

NOTED
D. Q. Christensen
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- COAST ELDRIDGE

ENGINEERS & CHEMISTS LTD.

\..

125 EAST 4TH AVE.. VANCOUVER 10, B.C. TELEPHONE: TRINITY 6-4111
CABLE ADDREss “"ELDRICO"™

4901

PROJECT: DATE January 16, 1970
: Canron Ltd. FILE
REPORTED TO: »
145 Viest 1st Ave., R
Vancouver, B.C, P/o 4140
B S Repart No. 10/70
LEYID rnat
TvPEOF TEST: Charpy Impact SPECIMEN SIZE: Standard
o o
TYPE OF SPECIMEN! V-Notch Testep @ O F & +30Ewme. SPECIFICATION; AWS 1-67
MATERIAL: ASTH 1\588(0) ElBCtI'OBlﬁg (2—3/4" P]ata)
SPECIMEN PREPARED BY:
. TES'II' RESURTS . £ g L
weln v € ba op Zow e +30 T
SPECIMEMN IMPACT VALUE SPECIMEN IMPACT VALUE SPECIMEN IMPACT VALUE
L No. IN FT. LBS. Mk, No. M FT. LBS. Mk No. IN FT. LBS.
2y 1 40 4’4 1 18.8
2 35 2 25.5
4 42 4 15
S 33 5 21
2 I A puine 5% FE Pge e
VTRECEIVED
H
[ A28 1670
REMARKS: ’ §
: . BRIDGE DIVISIGN ;
TESTED BY: Howard Grisack
IDGE
WITNESSED BY: Dwym Peterson - Pittsbuxg Teati.ng & 0 AST ELDR
Frank Graham -~ Canron Brian T. Sh Supervisor

pen. VERE _i;"}jg:cea_m
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MATERIAL TESTED:

PROJECT:

REPORTED TO:

WARNOCK HERSEY -~/
INTERNATIONAL LTD.

—
= 125 EAST 4TH AVE. — VANCOUVER 10, B.C.

PHYSICAL TEST REPORT

2-3/4" Plate
4901

SPECIFICATION:

Canron Ltd., -PAGE

145 West lst ave.,

PROFESSIOMAL SERVICES DIVISION

Vancouver, B.C.

Sosda b
g e " g
CESCHIPTION OF SPECIMEN TERNTIFICATIoN bl AmEa ! =P I
I i SR S 1 (O 8 -5
A1l Weld Tensile Specimen | 0.501 | 0.1971 | 53,780
1,003 x
Reduced Section Tensile Specimen 1,490 | 1,494 e
1.006
=L e el s l;490','"lt499'-' |
Standard Side Bend Specimen | Satisfactory to AYS Suppl: 1-67
1
— —_—l — | Satisfactory to ANS Suppl. 1-67
—_— _ | satisfactory to A4S Suppl. 1-67
ey = Satisfactory to AWS Suppl. 1-6L
1 |
SPECIFICATION REQUIREMENTS
MM
GRADE

SAMFLED BY

REMARKS:

TECHMICIAM:

Client AT  Canron

Witnessed by: Dwayne Peterson - Pittsburg Testing
Frank Graham - Canron
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DATE:

TELEPHONE: 876.4111 TELEX: 04.50353
FILENO.  480-120-C.4
PATE Jenuary 16, 1970
REPORT No.: 7/?3
2 = ORDER No.: 4140
22% piia
e | S Lo | ] merer | oo
i el ; .lmi._l ! s [
[
82,700 | __&L_lij.. - 5. 1, 2 ) |
85,010 f———— F. e —dnweld zone—
| |
82,399_ F———— —t B} 3. - " ———
MIN MM MIN. ¢
______ WARNOCK HERSEY INTERNATIONAL LTD.
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ENGINEERS & CHEMISTS LTD.

125 EAST 41H AVE., VANCOUVER 10, B.C,

REPORT OF If

PROJECT:

4901

COAST ELDRIDG

TELEPHONE: TRINITY 6-4111
CABLE ADDRESS

$
E

“ELDRICO"

DATE

January 16, 1970

REPORTED TO: Canron Limited, FIFE 480-129-C.4
145 West 1st Ave.,
Vancouver, B.C. XXX Repart No. 8/70
e R .0 4140
TYPE OF TEST: Q SPECIMEN SIZE: AAMPR deris
‘harpy Impact Standard
TYPE OF SPECIMEN: v_Hotch TESTED & QOP & +3°°P'EMP. SPECIFICATION: ﬂws 1_67
MATERIAL: ASTM AS88(C) Electroslag (14" Plate)
SPECIMEN PREPARED BY: Client .
TEST RESULTS . i :
weld melat \.‘:'ri—'q.’
SPECIMEN iIMPACT VALUE w“S“F’ECIMEN +JR\4§ACT VALUE SPECIMEN IMPACT VALUE
MK MNo. IN FT. LBS. M. No. IN FT, LS, MK, . No. 1N FT. LBS.
v 1 27 ¥ 1 28
2 49 2 21
3 22 3 18.5
4 18 4 22.5
5 25 5 27.5
Spec.: ©2 ft.lbs. 15 ft.lbs.
REM i SR LY
ARKS:
L SRIDGE pivision |
TESTED By: ; o
w H. Grisack co IDGE
ITHESSED Bvy: -
Sl Dwayne Peterson - Pittsburg Testing - AT
Fr - -
ank Graham Canron Brian T. Shmvisor

/nb
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WARNOCK HERSEY
INTERNATIONAL LTD.

125 EAST aTH AVE. — VANCOUVER 10, B.C.

PHYSICAL TEST REFORT

MATERIAL TESTED: 1Ln plate SPECIFICATION:
ASTM ASE8 (C) Electroslag

PROJECT:
4901

REPORTED TO: Canron H.m.{ted.

145 West 1st Ave.,

a mrn

PROFESSIONAL SERVICES DIVISION

TELEPHONE: B76.4111 TELEX: ©4.50353

FILE No.: 480-129-C.4

DATE: Januwary 16, 1970
7/70

4140

REPORT MNo.:

ORDER No.:

Vancouver, B.C. 209 :{ ”:’ g2 ¥ ie
smwnssesescsn T A | e | TETEN | i | RRAW | me | wsmpie | ST |
L 8. g 57 G | Mg |
411 Weld Tensile Specimen—— i—o;m —i— 0.1979 | 54,070 783830 29:8 | 3/4 eup B R —
0.993 x: P
Reduced Section Tensile Specimen. . | ) 49g ~| 1.480 i [— 83;450 — Failure in weld zope —
1.003 x | .
o 1482 2ed86——— 845790 ‘ - - e
Standard Side Bend Specimer — ' SATISE TO AWS Suppl: 1-67 ! ——
| |
| |
= | SATISFACTCRY TO ANS Suppl. 1—6? i S L .
n | SATISFACTORY TO AWS Suppl. 1-67 e -
™| SATISFACTORY TO AWS Suppl. 1-6 "t___ __—| = —
— — e ——— - e —— ——_i_ e ____.i s s
[
SPECIFICATION REQUIREMENTS
MM MIN. MIN. MIN,
GRADE 3
o o = . o WARNOGCK HERSEY INTERNATIONAL LTD.
SAMPLED BY Client Caiirdi DATE: 3o, 15/70 !
REMARKS: ; R
Witnessed by: Dwayne Peterson - Pittsburg Testing Brian T. Sh Supervisor
Frank Grahem - Canron " physical 2 3\-““

TECHNICIAN:
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Specification No. 5.0 Page 1 of 2
Date: 28/7/69

PROCEDURE SPECIFICATION FOR CONSUMABLE GUIDE ELECTRCSLAG WELDING

1. SCOPE

This specification in conjunction with the General Specification
1.0 covers electroslag welding, utilizing a single electrode

and consumable guide tube, on flange components shop-fabricated
for the West Fremont Interchange.

2. BASE METAL:

The base metals that may be welded under this specification are
as outlined in Section 2 of Specification No. 1.0.

3. FILLER METAL & FLUX:

(2) The electrode shall conform to specification A.3.T.M. 559-
65T, classification E70S5-3 (Hobart Type 25P).

(b) The consumable guide shall conform to specification A TSk T
! 1018 and shall be 1/2" 0.D. x 1/8" 1.D.

(c) The molten weld pbol shall be shielded with Hobart PF 201
electroslag flux,

4, POSITION:

Welding shall be done only within the range of £ 10¢ to the

vertical position.

5, MOLDING SHOES:

Water cooled copper shoes shall be used at each side of the gap
-opening to retain the molten weld pool and provide uniform
weld profile with minimum weld reinforcement.

6. PREHEAT:

Base materials shall be preheated to 250°F prior to welding.

7. PREPARATION OF BASE MATERIAL:

(2) The edges or surfaces of parts to be joined by welding
shall be squarely jcut by flame cutting or machining.

,(b) The requirements of Section 4 of the General Specification
1.0. also to apply.

B-7



Specification No. 5.Q. Page ..2...0of .2

Dau:.?ﬁ{?{ég

8. NATURE OF THE ELECTRIC CURRENT:
Direct current, reverse polarity (electrode positive).

9. WELDING TECHNIQUE:

(a) The welding shall be done in a single pass. A starting
sump and run-off tab shall be used for each joint and
shall be of sufficient length to ensure complete fusion.

(b) Welding of a joint shall be continuous from start to finish,
10. The following Welding Procedure data sheet forms a part of this

speclfication. d

B-8




Welding Process:

ELECTPOOLAG

Welding Puosition:

SO, I A

Joint Detail

| FoR COMPRESSION FLG

l e
-

=

| P s W
Thickness
T o .
size "L

e e

Sude
i LRt

-

2
.. (R

Layer

Nu.

No. Type

1 4o,
i ;

Sembal

: PR
Yass Electrade } i I_"“--

Are
Unllage

£ :‘:I -',' 9

L. B S e
I ; . i
- — l....,_.,.L_..-,-.—- —_L {__-‘_- ’ :I; 1

[ W NGO . 1 i :
¢ . 1 1T |
2% b
e
R RN
: o | .')
i e " | !
- SO . NPV PO S
s - e st o et e . e ._ . A e ——— _I
;’.1-(_\. 2m e T /6D ~REV AL INRDIEATEDR e
N2 an/70 = da o de -
TE 127 ¢
- Ny _ I
= i O o 'I'_"— s Date
frEoa My £ i
e -: "‘.-- '_-".-"-“- I- | L'.! "."n_n."'-x;l. o '.‘..':1 Wi
e E T RaaTT RAEY bt ALL TR ezmL s _ B -

—,

B-9



. (' CLDING PROCEDURE . No, 2+ PR

! Welding Process: o . © Welding Position:
: CLECSTROILAG e H,TiC_*"—"-L—-

—
——

s .

v E {f:—.». oz

| y @ )

; : W

| Symbol -
| : L MCOTE Fieisl eRINUIWGE . - ‘ T_ﬂ_
] ,

I Lo cet TPkt %
s L Tiove @F T
Juint Detail “‘”R‘F( 1=z ‘ Weldink Sequence
For TEMCION FlL& S

r—— , SR
ST Sule Laver Pass ! Electrode T e

H
Are
o, ¢ Type Da. |[(L.P.mM) Voltage
i
|
|
|
]

R AP -

A T

-

i
i
L
|

| i . ' ¢ ooy
| 12 SN N T M . WP N
1 1 ——— + + ,
o la Ao [ -
{ e (2 I .- | -
- . - | . . ——
: 24 1 ; . o
L I
:
! L
-OSCILLATE 'L b OVER
' . —_— o o s BT \ e
- PALEL e v ) . LB Wl leerlESSES JE‘ B
TOIL Ly Sl TRnER PLATE T _
i VeLT A L FrED Vil e T TEL __ = 4 e S
bt . LSE 14 oot asFT eR ALl Tk MNESSED N I

B-10



-
-

. { | | (‘

——

Specification No, 5.0 Page 1 of 2

Date: 28/7/69

PROCEDURE SPECIFICATION FOR CONSUMABLE GUIDE ELECTROSLAG WELDING

' SCOPE

This specification in conjunction with the General Specification
1.0 covers electroslag welding, utilizing a single electrode
and consumable gulde tube, on flange components shop-fabricated

" for the West Fremont Interchange.

BASE METAL:

The base metals that may be welded under this specification are
as outlined in Section 2 of Specification No. 1.0.

FILLER METAL & FLUX:

(2) The electrode shall conform to specification A.S.T.M. 559-
65T, classification E705-3 (Hobart Type 25P).

b The consumable guide shall conform to s eéification KoTiS.T5
- p
1018 and shall be 1/2" 0.D. x 1/8" 1.D.

(c) The molten weld pool shall be shielded with Hobart EF 201
electroslag flux.

POSITION:

Welding shall be done only within the range of I 10° to the
vertical position.

MOLDING SHOES:

Water cooled copper shoes shall be used at each side of the gap
opening to retain the molten weld pool and provide uniform

weld profile with minimun weld reinforcement.

PREHEAT :

Base materials shall be preheated to 250°F prior to welding.

PREPARATION OF BASE MATERIAL:

(a) The edges or surfaces of parts to be Jjoined by welding
shall be squarely sjcut by flame cutting or machining.

(b) The reguirements of Section 4 of the General Specification

1.0. also to apply.

.

- ——— S—

B-11



Specification No. 5.0. Page ..2...of .2

Date: 28/7/ 69 ......

8. NATURE OF THE ELECTRIC CURRENT:

Direct current, reverse polarity (electrode positive).

9. WELDING TECHNIQUE:

(a) The welding shall be done in a single pass. A starting
sump and run-off tab shall be used for each joint and
shall be of sufficient length to ensure complete fusion.

(b) Welding of a Jjoint shall be continuous from start to finish.

10. The following Welding Procedure data sheet forms a part of this
specification.
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APPENDIX C:
STRUCTURAL LOAD TESTING AND MATERIALS EVALUATION
OF WEST FREMONT APPROACHES FINAL REPORT



7220 N Lombard Street Phone: 503-228-9663
Portland, OR 97203-3208 Fax: 503-228-4065
WWW. meic.com meic@meic.com

ISHANT! + BHRAGUVANSHI ENTERPRIZE

STRUCTURAL LOAD TESTING AND MATERIALS
EVALUATION OF WEST FREMONT APPROACHES

FINAL REPORT

Client:

Steven C. Lovejoy, P.E.
Senior Mechanical Engineer
Oregon Department of Transportation
355 Capitol Street NE, Room 301
Salem, OR 97301

Submitted by:
Robert E. Hodel, PE
Principal Engineer
MEI-Charlton, Inc
7220 N Lombard Street
Portland, OR 97203

expires 6/30/2007

21 May 2007
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7220 N Lombard Street Phone: 503-228-9663

M E I Portland, OR 97203-3208 Fax: 503-228-4065
ABISHANTI + BHRAGUVANSHI ENTERPRIZE WwWW. meic.com meic@meic.com
TO: Oregon Department of Transportation CLIENT NO.: PSK 23179
Attention: Steven C. Lovejoy, PE WOC5
355 Capitol Street NE, Room 301 REFERENCE NO.: 7112003

Salem, OR 97301-3871
DATE: 21 May 2007

SUBJECT: STRUCTURAL LOAD TESTING AND MATERIALS
EVALUATION OF WEST FREMONT APPROACHES;
FINAL REPORT

Background/Overview

The approach structures for the west side of the Fremont Bridge in Portland, Oregon were fabricated
using the Electroslag Welding (ESW) process of joining girder flange plates. Girdersfabricated using ESW
welds have been found to exhibit brittle failure modesin some instances. Asaresult, the Federal Highway
Administration (FHWA) issued a moratorium on using such welding processes and required all states with
bridges fabricated by such methods to determine if they are serviceable, as described in FWHA Notice
N5040.23 and N5040.29.

The State of Oregon has two such structures, the [-205 West Linn Bridge and the West Fremont Bridge
Approaches. The West Linn Bridge has already been investigated by the Oregon Department of
Trangportation (ODOT) and determined to be fit for service. Currently, ODOT isin process of evaluating
the fitness-for-purpose of the West Fremont Bridge Approaches.

MEI-Charlton, Inc. (MEI-C) was retained by (ODOT) to collect the physical evidence needed by the
Agency to perform the fitness-for-purpose analysis. This assignment was defined in Work Order Contract
(WOC) No. 5, and was part of MEI-C’s Nondestructive, Materials, and Performance Testing of Highway
Bridges Contract, PSK 23179. WOC No. 5 contains the following five tasks:

» Task 1. Weld Identification

» Task 2. Strain Gaging

e Task 3. Core Removal from Bottom Flange Plates; Phases 1 and 2
» Task 4. Material Testing; Phases 1 and 2

» Task 5. Nondestructive Testing of In-Service Weldments

Interim or draft review reports were submitted previously to ODOT on Tasks 1, 2, 3, 4 (Phase 1 only),
and 5. Thisfinal report includes all the work done in WOC #5 and incorporates comments or clarifications
resulting from reviews of the earlier, interim/draft reports.

Robert E. Hodel, PE
Project Director

REH:sas
6 hard copies, 1 digital copy on CD



TO: Oregon Department of Transportation Page 2
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

TASK 1
WELD IDENTIFICATION

Scope of Work

Figure 1 (provided by ODOT) shows the west side approachesto the Fremont Bridge. Task 1 of WOC
5 wasto locate, identify, and mark all visibly identifiable flange butt welds in the girders of the following
bridges:

Bridge 09268A (“SW” Line), Units 1, 2, and 3
Bridge 09268B (“WS’ Line), Units 1, 2, and 3
Bridge 09268E (“WE” Line), Unit 1
Bridge 09268W (“EW” Line), Unit 1

These bridges (colored blue, green, orange, and pink in the photograph) each have two girders and are
the only bridges included in the study because the other bridges (brown, red, and yellow in the photograph)
each have three girders and thus, the welds are not considered by ODOT to be“fracture critical”.

The basis for locating the weldswas visual inspection, with reference to the design drawings of the
structures. The shop drawings, which would have identified the locations of all the welds, were not available
for reference.

The inspection reveal ed that some of the welds shown in the design drawings were not present. In
particular, MEIC engineers found that at some locations, thicker flange plates had been used than what the
design drawings called for; thus, at some locations where the design drawings specified atransition from a
thinner plate to athicker plate, no weld was present because the material on both sides of the specified
transition was already at the thicker value.

Visual inspection was a viable means of identifying the welds at many locations, where the weld crown
had either not been ground at all or had only been partially ground and was still visible. At these locations,
the welds were readily visible, either with just normd, incident lighting or with shallow-ang e lighting (which
enhances any dight surface contours). However, at some locations, the welds had been ground very smaath,
to the extent that we were unable to visually find the welds even though we knew where they were. In
particular, this condition was evident on the top flanges at some locations, where we could see a thickness
transition along the edge of the flange, and thus knew there was aweld at that location, but we could not
identify the weld visually on the surface, even with shallow-angle lighting.

Although etching and/or ultrasonic inspection would have been viable means of identifying the welds,
such techniques are much moretime consuming than visual inspection and were not deemed practical from
acost standpoint. Thus, they were not specified in the WOC.

MEI CHARLTON

ANTI + BHRAGUVANSHI ENTERPRIZE o



TO:
SUBJECT:
REF. NO.:

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003

Figure 1. Fremont Bridge, West Side Approaches
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TO: Oregon Department of Transportation Page 4
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Fremont Bridge West Side Approaches Girders

Figure 2 shows the typical appearance of the girders on the west side approaches, as viewed from
inside agirder. The girders are composed of asingle, full width bottom flange and two, narrower top flanges.
The top and bottom flanges are joined to the webs with fillet welds.

According to the design drawings, the webs are welded to the bottom flange plates about one inch from
the edge of the flange plate. In contrast, the webs are welded to the top flanges at about the middle of the
flange plates; thus, while nearly the full width of the bottom flanges is visible from indde the girder, only

about half the width of the top flange is visible from inside.
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Bottom Flange Welds

Figures 3 and 4 show typical bottom flange welds observed during our inspection. At some locations,
the welds had not been ground at all or were only partially ground and thus, were readily evident with
incident lighting (Figure 3). At other locations, the welds had been ground somewhat smooth, but were still
relatively easy to find with shallow-anglelighting (Figure 4).

Figure3 (D71055-08) Bottom Flange Weld

Figure4 (71056-02) Bottom Flange Weld; As Ground During Construction
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Top Flange Welds

Figures 5 and 6 show examples of top flange welds observed during MEIC’s inspection. At some
locations, the edges of the top flanges were visible, and thus, we could visually inspect the flanges for
thickness transitions as a means of identifying weld locations (Figure 6). Additionally, because the flanges
had apparently been cut by athermal processand had relatively rough edges, we could aso inspect for the
presence of welds by looking for areas where the edges exhibited a change in roughness, thereby suggesting

the presence of aweld.

However, at many locations, the edges of the top flanges were covered by the sheet metal forming the
underside of the deck (Figure 5), and at these locations, because we could not see the edges, we could not
utilize them for our weld search. Thiswas of concern, because, while at some locations, the weld crowns
on the top flanges werereadily visible, at other locations they had been ground very smooth, to the extent
that the welds were not visible, even with shallow-angle lighting and event though we knew precisely where

they were located based on our inspection of the flange edges.

Figure 6 shows a location where the flange changed thickness, indicating the presence of aweld joint.
At thislocation, the weld had been ground smooth and was covered by athick layer of paint, obscuring any
visual evidence of the weld on the plate surface. Had the edge of the flange not been visible at thislocation,

we would not have been able to find thisweld by visual inspection.

The fact that we found several top flange welds via our “edge” inspection, where the weld crowns were
not visually evident, raises concerns about how many similar welds may exist in the bridges. That is, given
that we were able to find a few top flange welds only because the edges of the flanges werevisible, it is
reasonabl e to assume that other flange welds may be present that we were unableto find because the flange
edges were not visible (either because they were obscured by decking sheet metal in the case of the top

flanges, or because they were on the bottom flanges, where the edges are not visible from inside the girders.)

MEI CHARLTON

HTI+ BHRAGUVANSHI ENTERPRIZE =
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Weld Crown Ground Smooth; Weld Not Visible
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REF. NO.: 7112003

Weld I dentifications

Tables 1 through 4 show the locations of the welds MEIC engineersidentified during the inspection.
The tables show the weld number and distance to the weld from either the centerline of the pier or, in the
case of an expansion joint, from the start of the Unit. (A “unit” goes from one expansion joint to the next.)
The welds and distances were numbered/measured in the same direction as the spans were numbered, as

shown in the design drawings.

To allow the welds to be easily identified in the future, MEIC engineers marked them (on the inside
the girders) with ablack, indelible felt-tip pen per the following notation:

» Lineand Span: designated by the bridge notation shown on the design drawings, either “SW”,
“WS’, “EW”, or “WE”, followed by adigit 1 through 8 to indicate the span number.

» Girders designated as shown in the design drawings, either “A” or “B” in the case of Lines“SW”
and “WS’, or “D” or “E” in the case of Lines“EW” and “WE".

» Flanges identified as either “B” for bottom flanges, or “T1” or “T2" for top flanges, where the
designations “1” and “2” for the top flanges are as shown in the design drawings.
So, for example, a designation of SW6-A-T2-4 would indicate the fourthweld in Line“SW” (Bridge
No. 09268A), Span No. 6, Girder A, Top Flange T2.

The design drawings showing plan and elevation views of the spans and elevation views of the girders
for each unit follow the tables. Reference to these drawings can be used to identify the welds listed in the
tables.

BEE CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 1 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 8)
SW1-A-T1-1 41 1.00 7 1.00 7
SW1-A-T1-2 84 1.00 7 1.00 81/2
SW1-A-T1-3 142 1.50 81/2 1.75 101/2
SW1-A-T1-4 153 1.77 101/2 215 101/2
Span 1 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 8)
SW1-A-T2-1 41 1.00 7 1.00 7
SW1-A-T2-2 85 1.00 7 1.00 81/2
SW1-A-T2-3 142 1.50 81/2 1.75 101/2
SW1-A-T2-4 153 1.77 101/2 215 101/2
Span 1 Girder A Flange B (distance measured from bulkhead of expansion joint No. 8)
SW1-A-B-1 41 115 115
SW1-A-B-2 86 1.18 1.18
SW1-A-B-3 152 143 1.75
Span 1 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 8)
SW1-B-T1-1 39 1.05 7 1.05 7
SW1-B-T1-2 82 1.05 7 1.07 7
SW1-B-T1-3 117 1.05 7 1.27 9
SW1-B-T1-4 140 1.27 9 1.68 101/2
SW1-B-T1-5 148 17 101/2 2.17 101/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

an ESW.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

*Top flange width on inside of girder only. “Weld located under gusset.
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

SWeld
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 1 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 8)
SW1-B-T2-1 39 1.05 7 1.05 7
SW1-B-T2-2 82 1.05 7 1.07 7
SW1-B-T2-3 117 1.05 7 1.27 9
SW1-B-T2-4 140 1.27 9 1.68 101/2
SW1-B-T2-5 148 1.68 101/2 2.13 101/2
Span 1 Girder B Flange B (distance measured from bulkhead of expansion joint No. 8)
SW1-B-B-1 43 117 117
SW1-B-B-2 84 117 117
SW1-B-B-3 148 1.45 1.78
Span 2 Girder A Flange T1 (distance measured from centerline of pier No. 7)
SW2-A-T1-1 9 2.18 NR 1.77 NR
SW2-A-T1-2 18 1.80 NR 152 NR
SW2-A-T1-3 36 155 NR 1.03 NR
SW2-A-T1-4 58 1.03 NR 153 NR
SW2-A-T1-5 90 155 NR 155 NR
SW2-A-T1-6 123 1.50 NR 1.0 NR
SW2-A-T1-7 155 155 NR 2.05 NR
SW2-A-T1-8 167 2.05 NR 2.55 NR
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 2 Girder A Flange T2 (distance measured from centerline of pier No. 7)
SW2-A-T2-1 9 2.13 NR 1.80 NR
SW2-A-T2-2 18 1.78 NR 155 NR
SW2-A-T2-3 36 155 NR 1.05 NR
SW2-A-T2-4 58 1.05 NR 153 NR
SW2-A-T2-5 90 155 NR 153 NR
SW2-A-T2-6 123 1.50 NR 1.03 NR
SW2-A-T2-7 156 155 NR 2.05 NR
SW2-A-T2-8 168 2.05 NR 2.52 NR
Span 2 Girder A Flange B (distance measured from centerline of pier No. 7)
SW2-A-B-1 9 1.78 142
SW2-A-B-2 18 143 1.20
SW2-A-B-3 155 112 155
SW2-A-B-4 167 155 2.05
Span 2 Girder B Flange T1 (distance measured from centerline of pier No. 7)
SW2-B-T1-1 12 2.18 10 1.68 10
SW2-B-T1-2 24 1.70 9.5 1.25 8
SW2-B-T1-3 87 0.80 7 0.80 7
SW2-B-T1-4 155 1.25 81/2 1.65 10
SW2-B-T1-5 166 1.68 10 215 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 2 Girder B Flange T2 (distance measured from centerline of pier No. 7)
SW2-B-T2-1 12 2.18 10 1.68 10
SW2-B-T2-2 24 1.68 91/2 1.28 8
SW2-B-T2-3 87 0.80 7 0.80
SW2-B-T2-4 155 1.25 81/2 1.65 10
SW2-B-T2-5 166 1.68 10 215 10
Span 2 Girder B Flange B (distance measured from centerline of pier No. 7)
SW2-B-B-1 12 1.78 143
SW2-B-B-2 24 1.45 1.05
SW2-B-B-3 54 1.03 158
SW2-B-B4 121 0.83 101
SW2-B-B-5 155 1.05 143
SW2-B-B-6 166 1.45 1.77
Span 3 Girder A Flange T1 (distance measured from centerline of pier No. 6)
SW3-A-T1-1 10 2.52 NR 2.05 NR
SW3-A-T1-2 22 2.05 NR 155 NR
SW3-A-T1-3 78 1.40 NR 1.40 NR
SW3-A-T1-4* 125 1.40 NR 1.40 NR
SW3-A-T1-5 136 1.40 NR 1.02 NR

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

& CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder A Flange T2 (distance measured from centerline of pier No. 6)
SW3-A-T1-1 11 2.52 NR 2.05 NR
SW3-A-T1-2 23 2.05 NR 155 NR
SW3-A-T1-3 78 1.50 NR 1.40 NR
SW3-A-T1-4 125 1.40 NR 1.40 NR
SW3-A-T1-5 136 1.40 NR 1.03 NR
Span 3 Girder A Flange B (distance measured from centerline of pier No. 6)
SW3-A-B-1 10 2.05 152
SW3-A-B-2 78 152 157
Span 3 Girder B Flange T1 (distance measured from centerline of pier No. 6)
SW3-B-T1-1 11 2.17 101/2 1.70 101/2
SW3-B-T1-2 46 1.25 81/2 0.92 7
SW3-B-T1-3 78 0.90 7 0.90 7
SW3-B-T1-4 118 0.92 7 0.90 7
Span 3 Girder B Flange T2 (distance measured from centerline of pier No. 6)
SW3-B-T2-1 12 2.20 101/2 1.70 101/2
SW3-B-T2-2 46 1.25 81/2 0.92 7
SW3-B-T2-3 78 0.92 7 0.92 7
SW3-B-T2-4 118 0.92 7 0.92 7
Span 3 Girder B Flange B (distance measured from centerline of pier No. 6)
SW3-B-B-1 11 1.80 1.50
SW3-B-B-2 81 1.20 1.20
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 1)
SW4-A-T1-1 31 1.20 7 0.83 7
SWA4-A-T1-2 81 0.83 7 0.80 7
SW4-A-T1-3 112 0.80 7 1.33 7
SWA4-A-T1-4 131 1.33 7 1.83 9
SW4-A-T1-5 146 1.85 9 2.30 101/2
Span 4 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 1)
SWA4-A-T2-1 31 1.20 7 0.85 7
SWA4-A-T2-2 81 0.83 7 0.80 7
SW4-A-T2-3 112 0.80 7 135 7
SWA4-A-T2-4 131 1.30 7 1.83 9
SWA4-A-T2-5 146 1.85 9 2.30 101/2
Span 4 Girder A Flange B (distance measured from bulkhead of expansion joint No. 1)
SW4-A-B-1 51 1.03 1.03
SWA4-A-B-2 86 1.05 1.05
SW4-A-B-3 148 1.45 1.85
Span 4 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 1)
SW4-B-T1-1 66 0.85 7 0.85 7
SWA4-B-T1-2 128 1.20 7 155 9
SW4-B-T1-3 142 155 9 1.83 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.
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Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 1)
SW4-B-T2-1 66 0.83 7 0.83 7
SWA4-B-T2-2 128 1.20 7 155 9
SW4-B-T2-3 142 157 9 1.85 10
Span 4 Girder B Flange B (distance measured from bulkhead of expansion joint No. 1)
SW4-B-B-1 47 0.83 0.83
SW4-B-B-2 87 0.83 0.83
SW4-B-B-3 142 1.18 1.45
Span 5 Girder A Flange T1 (distance measured from centerline of pier No. 2)
SW5-A-T1-1 16 2.32 101/2 1.85 9
SW5-A-T1-2 31 1.83 9 1.32 712
SW5-A-T1-3? 90 0.83 712 0.83 712
Span 5 Girder A Flange T2 (distance measured from centerline of pier No. 2)
SW5-A-T2-1 16 2.32 101/2 1.85 9
SW5-A-T2-2 31 1.83 9 1.32 712
SW5-A-T2-3? 90 0.83 712 0.83 712
Span 5 Girder A Flange B (distance measured from centerline of pier No. 2)
SW5-A-B-1 10 1.83 143
SW5-A-B-2 28 143 0.93
SW5-A-B-3 32 0.95 0.95
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

an ESW.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.

*Top flange width on inside of girder only. “Weld located under gusset.
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
®Gussets located 1.5 ft on either side of weld.

SWeld
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.:
Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder B Flange T1 (distance measured from centerline of pier No. 2)
SW5-B-T1-1 11 1.85 10 155 9
SW5-B-T1-2 25 155 9 12 7
SW5-B-T1-3 89 0.83 7 0.83 7
Span 5 Girder B Flange T2 (distance measured from centerline of pier No. 2)
SW5-B-T2-1 11 1.83 10 155 9
SW5-B-T2-2 25 158 9 12 7
SW5-B-T2-3 89 0.83 7 0.83 7
Span 5 Girder B Flange B (distance measured from centerline of pier No. 2)
SW5-B-B-1 11 143 1.20
SW5-B-B-2 83 0.83 0.85
Span 6 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 3)
SW6E-A-T1-1 40 0.80 7 0.80 7
SW6E-A-T1-2 92 1.45 9 1.45 9
SW6-A-T1-3 107 1.45 9 1.80 9
Span 6 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 3)
SW6E-A-T2-1 40 0.83 7 0.83 7
SW6E-A-T2-2 92 1.40 9 1.40 9
SW6E-A-T2-3 107 1.45 9 1.83 9
Span 6 Girder A Flange B (distance measured from bulkhead of expansion joint No. 3)
SW6-A-B-1 39 0.83 0.80
SW6-A-B-2 105 1.05 1.30

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset. *Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. SGussets located 1.5 ft on either side of weld.

k- CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE

NR = Flange width not recorded.
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 3)
SW6-B-T1-1 39 0.80 7 0.80 7
SW6-B-T1-2 102 1.20 81/2 1.50 81/2
Span 6 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 3)
SW6-B-T2-1 39 0.80 7 0.80 7
SW6-B-T2-2 102 1.20 81/2 1.50 81/2
Span 6 Girder B Flange B (distance measured from bulkhead of expansion joint No. 3)
SW6-B-B-1 39 0.85 0.85
SW6-B-B-2 102 1.05 1.20
Span 7 Girder A Flange T1 (distance measured from centerline of pier No. 4)
SW7-A-T1-1 11 1.83 9 1.45 9
SW7-A-T1-2 23 1.45 9 1.08 7
SW7-A-T1-3 51 0.83 7 0.83 7
SW7-A-T1-4 79 0.83 81/2 0.83 81/2
SW7-A-T1-5 150 155 81/2 2.10 81/2
Span 7 Girder A Flange T2 (distance measured from centerline of pier No. 4)
SW7-A-T2-1 11 1.83 9 1.48 9
SW7-A-T2-2 23 1.45 9 1.08 9
SW7-A-T2-3 51 0.83 7 0.83 7
SW7-A-T2-4 79 0.83 81/2 0.83 81/2
SW7-A-T2-5 150 153 81/2 2.10 81/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table1l. Bridge 9268AWelds (Line SW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 7 Girder A Flange B (distance measured from centerline of pier No. 4)
SW7-A-B-1 10 1.28 1.08
SW7-A-B-2 79 0.83 0.85
SW7-A-B-3 146 1.08 1.50
Span 7 Girder B Flange T1 (distance measured from centerline of pier No. 4)
SW7-B-T1-1 10 155 81/2 1.20 81/2
SW7-B-T1-2 20 1.20 81/2 1.05 712
SW7-B-T1-3 76 0.83 712 0.85 712
SW7-B-T1-4 145 143 9 1.83 9
Span 7 Girder B Flange T2 (distance measured from centerline of pier No. 4)
SW7-B-T2-1 10 155 81/2 1.20 81/2
SW7-B-T2-2 20 1.20 81/2 1.03 712
SW7-B-T2-3 76 0.83 712 0.85 712
SW7-B-T2-4 145 1.40 9 1.83 9
Span 7 Girder B Flange B (distance measured from centerline of pier No. 4)
SW7-B-B-1 10 1.18 1.08
SW7-B-B-2 76 0.85 0.85
SW7-B-B-3 143 1.03 1.27
Span 8 Girder A Flange T1 (distance measured from centerline of pier No. 5)
SW8-A-T1-1 10 2.10 81/2 155 81/2
SW8-A-T1-2 41 1.08 7 0.78 7
SW8-A-T1-3 93 0.80 7 0.80 7
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 19
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table1l. Bridge 9268AWelds (Line SW)

Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 8 Girder A Flange T2 (distance measured from centerline of pier No. 5)
SW8-A-T2-1 10 2.10 81/2 153 81/2
SW8-A-T2-2 41 1.08 7 0.78 7
SW8-A-T2-3 93 0.80 7 0.80 7
Span 8 Girder A Flange B (distance measured from centerline of pier No. 5)
SW8-A-B-1 13 1.45 1.08
SW8-A-B-2 93 0.80 0.80
Span 8 Girder B Flange T1 (distance measured from centerline of pier No. 5)
SW8-B-T1-1 10 1.83 9 143 9
SW8-B-T1-2 54 0.80 712 0.80 712
SW8-B-T1-3 95 0.78 712 0.80 712
Span 8 Girder B Flange T2 (distance measured from centerline of pier No. 5)
SW8-B-T2-1 10 1.85 9 1.45 9
SW8-B-T2-2 55 0.80 712 0.80 712
SW8-B-T2-3 95 0.80 712 0.83 712
Span 8 Girder B Flange B (distance measured from centerline of pier No. 5)
SW8-B-B-1 10 1.30 1.05
SW8-B-B-2 54 0.80 0.80
SW8-B-B-3 95 0.83 0.83

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

k- CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 20
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 1 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 8)
WS1-A-T1-1 36 0.83 7 0.80 7
WS1-A-T1-2 79 0.80 7 0.85 7
WS1-A-T1-3 138 1.85 7 2.36 10
WS1-A-T1-4 151 2.36 10 2.85 10
Span 1 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 8)
WS1-A-T2-1 36 0.83 7 0.80 7
WSI1-A-T2-2 79 0.80 7 0.83 7
WS1-A-T2-3 138 1.85 7 2.36 10
WS1-A-T2-4 151 2.32 10 2.85 10
Span 1 Girder A Flange B (distance measured from bulkhead of expansion joint No. 8)
WSI1-A-B-1 40 1.08 1.05
WSI1-A-B-2 80 1.10 1.10
WSI1-A-B-3 133 1.05 155
WSI1-A-B-4 146 1.60 2.00
WSI1-A-B-5 152 1.98 2.30
Span 1 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 8)
WS1-B-T1-1 34 0.83 7 0.80 7
WS1-B-T1-2 78 0.80 7 0.85 7
WS1-B-T1-3 125 1.70 81/2 1.70 81/2
WS1-B-T1-4 139 1.70 81/2 2.03 10
WS1-B-T1-5 148 2.05 10 2.58 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 21
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table2. Bridge 9268B Welds (Line WS)

Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 1 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 8)
WS1-B-T2-1 34 0.83 7 0.80 7
WS1-B-T2-2 78 0.80 7 0.85 7
WS1-B-T2-3 125 1.70 81/2 1.70 81/2
WS1-B-T2-4 139 1.70 81/2 2.05 10
WS1-B-T2-5 148 2.05 10 2.58 10

Span 1 Girder B Flange B (distance measured from bulkhead of expansion joint No. 8)

WS1-B-B- 1 38 1.08 1.08
WS1-B-B-2 78 1.05 1.08
WS1-B-B-3 144 1.45 1.85
WS1-B-B-4 151 1.88 2.08
Span 2 Girder A Flange T1 (distance measured from centerline of pier No. 1)
WS2-A-T1-1 10 2.83 10 2.36 10
WS2-A-T1-2 22 2.33 10 1.85 7
WS2-A-T1-3 123 0.92 7 0.90 7
Span 2 Girder A Flange T2 (distance measured from centerline of pier No. 1
WS2-A-T2-1 10 2.86 10 2.36 10
WS2-A-T2-2 22 2.36 10 1.87 7
WS2-A-T2-3 123 0.92 7 0.90 7

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

& CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE



TO:

Oregon Department of Transportation

Page 22

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 2 Girder A Flange B (distance measured from centerline of pier No. 1
WS2-A-B-1 9 1.90 1.98
WS2-A-B-2 17 1.98 1.56
WS2-A-B-3 26 155 1.29
WS2-A-B-4 85 1.56 1.20
WS2-A-B-5 122 1.20 1.20
Span 2 Girder B Flange T1 (distance measured from centerline of pier No. 1
WS2-B-T1-1 12 2.58 10 2.03 10
WS2-B-T1-2 21 2.03 10 1.70 9
WS2-B-T1-3 84 0.80 7 0.83 7
WS2-B-T1-4 125 0.83 7 0.83 7
Span 2 Girder B Flange T2 (distance measured from centerline of pier No. 1
WS2-B-T2-1 12 2.58 10 2.06 10
WS2-B-T2-2 21 2.02 10 1.70 9
WS2-B-T2-3 84 0.80 7 0.80 7
WS2-B-T2-4 125 0.83 7 0.83 7
Span 2 Girder B Flange B (distance measured from centerline of pier No. 1
WS2-B-B-1 8 2.08 1.92
WS2-B-B-2 15 1.92 1.45
WS2-B-B-3 84 1.08 1.10
WS2-B-B-4 125 1.05 1.07
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 23
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WS3-A-T1-1 22 0.80 7 1.30 7
WS3-A-T1-2 37 1.30 7 1.32 7
WS3-A-T1-3 86 1.32 7 1.32 7
WS3-A-T1-4 133 155 7 2.05 7
WS3-A-T1-5 142 2.05 7 2.55 91/2
WS3-A-T1-6 153 2.58 91/2 3.08 10
Span 3 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WS3-A-T2-1 22 0.80 7 1.30 7
WS3-A-T2-2 37 1.30 7 1.32 7
WS3-A-T2-3 86 1.30 7 1.30 7
WS3-A-T2-4 133 155 7 2.05 7
WS3-A-T2-5 142 2.05 7 2.55 91/2
WS3-A-T2-6 153 2.58 91/2 3.08 10
Span 3 Girder A Flange B (distance measured from bulkhead of expansion joint No. 2)
WS3-A-B-1 31 1.20 1.45
WS3-A-B-2 84 1.48 1.48
WS3-A-B-3* 136 1.08 155
WS3-A-B-4 149 155 2.10
WS3-A-B-5 158 2.08 247
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.



TO:

Oregon Department of Transportation

Page 24

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WS3-B-T1-1 31 0.80 7 0.93 7
WS3-B-T1-2 39 0.93 7 0.95 7
WS3-B-T1-3 85 0.93 7 0.83 7
WS3-B-T1-4 137 155 7 1.93 91/2
WS3-B-T1-5 148 1.95 91/2 2.30 10
Span 3 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WS3-B-T2-1 31 0.80 7 0.93 7
WS3-B-T2-2 39 0.93 7 0.95 7
WS3-B-T2-3 85 0.93 7 0.83 7
WS3-B-T2-4 137 155 7 1.93 91/2
WS3-B-T2-5 148 1.95 91/2 2.30 10
Span 3 Girder B Flange B (distance measured from bulkhead of expansion joint No. 2)
WS3-B-B-1 39 1.05 1.08
WS3-B-B-2 85 1.05 1.08
WS3-B-B-3 137 1.05 155
WS3-B-B-4 151 158 1.95
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

k- CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 25
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 4 Girder A Flange T1 (distance measured from centerline of pier No. 3)

WH-A-T1-1 14 3.05 10 2.58 9

WHA-A-T1-2 23 2.52 9 2.22 7

WHA-A-T1-3 32 2.22 7 1.65 7

WHA-A-T1-4 59 1.28 7 0.83 7

WHA-A-T1-5 87 0.80 7 0.80 7

WHA-A-T1-6 115 0.83 7 0.80 7
Span 4 Girder A Flange T2 (distance measured from centerline of pier No. 3)

WH-A-T2-1 14 3.05 10 2.58 9

WHA-A-T2-2 23 2.52 9 2.22 7

WHA-A-T2-3 32 2.22 7 1.65 7

WHA-A-T2-4 59 1.28 7 0.83 7

WHA-A-T2-5 87 0.80 7 0.80 7

WHA-A-T2-6 115 0.80 7 0.80 7
Span 4 Girder A Flange B (distance measured from centerline of pier No. 3)

WHA-A-B-1 10 247 2.08

WHA-A-B-2 17 2.08 155

WHA-A-B-3 34 155 1.05

WHA-A-B-4 82 1.08 1.05

WHA-A-B-5 118 1.10 1.10

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

& CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 26
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder B Flange T1 (distance measured from centerline of pier No. 3)
WHA-B-T1-1 14 2.30 10 1.95 81/2
WHA-B-T1-2 25 1.90 81/2 153 7
WHA-B-T1-3 75 0.80 7 0.80 7
WHA-B-T1-4 114 0.80 7 0.78 7
Span 4 Girder B Flange T2 (distance measured from centerline of pier No. 3)
WHA-B-T2-1 14 2.30 10 1.95 81/2
WHA-B-T2-2 25 1.95 81/2 155 7
WHA-B-T2-3 75 0.80 7 0.80 7
WHA-B-T2-4 114 0.80 7 0.78 7
Span 4 Girder B Flange B (distance measured from centerline of pier No. 3)
W34-B-B-1 10 1.93 158
W3A-B-B-2 24 158 1.10
W34-B-B-3 75 0.80 0.85
W3A4-B-B-4 114 0.85 0.80
Span 5 Girder A Flange T1 (distance measured from bulkhead of expansion joint No. 4)
WS5-A-T1-1 33 1.07 7 1.05 7
WS5-A-T1-2 78 1.05 7 1.05 7
WS5-A-T1-3 128 155 7 2.08 8
WS5-A-T1-4 140 2.05 8 242 9

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

& CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 27
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder A Flange T2 (distance measured from bulkhead of expansion joint No. 4)
WS5-A-T2-1 33 1.08 7 1.05 7
WS5-A-T2-2 78 1.05 7 1.05 7
WS5-A-T2-3 128 155 7 2.05 8
WS5-A-T2-4 140 2.05 8 242 9
Span 5 Girder A Flange B (distance measured from bulkhead of expansion joint No. 4)
WS5-A-B-1 47 1.20 1.20
WS5-A-B-2 140 143 1.90
Span 5 Girder B Flange T1 (distance measured from bulkhead of expansion joint No. 4)
WS5-B-T1-1 38 0.80 7 0.80 7
WS5-B-T1-2 76 0.80 7 0.80 7
WS5-B-T1-3 132 1.45 81/2 1.85 10
Span 5 Girder B Flange T2 (distance measured from bulkhead of expansion joint No. 4)
WS5-B-T2-1 38 0.83 7 0.80 7
WS5-B-T2-2 76 0.80 7 0.83 7
WS5-B-T2-3 132 1.45 81/2 1.80 10
Span 5 Girder B Flange B (distance measured from bulkhead of expansion joint No. 4)
WS5-B-B-1 36 0.93 0.93
WS5-B-B-2 139 1.33 155
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

k- CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 28
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder A Flange T1 (distance measured from centerline of pier No. 5)
WS6-A-T1-1 13 2.40 10 2.08 81/2
WS6-A-T1-2 27 2.05 81/2 155 712
WS6-A-T1-3 89 0.83 712 0.83 712
WS6-A-T1-4 150 1.60 712 2.08 9
WS6-A-T1-5 162 2.10 9 243 10
Span 6 Girder A Flange T2 (distance measured from centerline of pier No. 5)
WS6-A-T2-1 13 2.40 10 2.05 81/2
WS6-A-T2-2 27 2.08 81/2 155 712
WS6-A-T2-3 89 0.83 712 0.83 712
WS6-A-T2-4 150 155 712 2.08 9
WS6-A-T2-5 162 2.10 9 243 10
Span 6 Girder A Flange B (distance measured from centerline of pier No. 5)
WS6-A-B-1 13 1.93 1.50
WS6-A-B-2 63 0.85 0.85
WS6-A-B-3 113 0.85 0.85
Span 6 Girder B Flange T1 (distance measured from centerline of pier No. 5)
WS6-B-T1-1 15 1.83 10 143 81/2
WS6-B-T1-2 86 0.83 7 0.80 7
WS6-B-T1-3 155 155 81/2 2.02 10
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 29
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder B Flange T2 (distance measured from centerline of pier No. 5)
WS6-B-T2-1 15 1.83 10 143 81/2
WS6-B-T2-2 86 0.83 7 0.80 7
WS6-B-T2-3 155 155 81/2 2.02 10
Span 6 Girder B Flange B (distance measured from centerline of pier No. 5)
WS6-B-B-1 9 155 1.33
WS6-B-B-2 86 0.83 0.80
WS6-B-B-3 160 1.32 1.70
Span 7 Girder A Flange T1 (distance measured from centerline of pier No. 5A)
WS7-A-T1-1 13 2.40 10 2.05 8
WS7-A-T1-2 24 2.08 8 155 8
WS7-A-T1-3 78 1.03 7 1.05 7
WS7-A-T1-4 122 1.03 7 1.03 7
Span 7 Girder A Flange T2 (distance measured from centerline of pier No. 5A)
WS7-A-T2-1 13 243 10 2.05 8
WS7-A-T2-2 24 2.10 8 155 8
WS7-A-T2-3 78 1.03 7 1.05 7
WS7-A-T2-4 122 1.05 7 1.05 7
Span 7 Girder A Flange B (distance measured from centerline of pier No. 5A)
WS7-A-B-1 13 1.93 1.45
WS7-A-B-2 77 1.18 1.18
WS7-A-B-3 122 1.18 1.18
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE

& CHARLTON

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 30
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.:
Table2. Bridge 9268B Welds (Line WS)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 7 Girder B Flange T1 (distance measured from centerline of pier No. 5A)
WS/7-B-T1-1 14 2.05 10 155 9
WS7-B-T1-2 72 0.83 7 0.83 7
WS7-B-T1-3 120 0.80 7 0.80 7
Span 7 Girder B Flange T2 (distance measured from centerline of pier No. 5A)
WS/7-B-T2-1 14 2.02 10 155 9
WS7-B-T2-2 72 0.80 7 0.83 7
WS7-B-T2-3 120 0.80 7 0.80 7
Span 7 Girder B Flange B (distance measured from centerline of pier No. 5A)
WS7-B-B-1 10 1.68 1.35
WS7-B-B-2 73 1.03 1.03
WS7-B-B-3 116 1.08 1.05

Notes: *Weld crown difficult to distinguish; presence of weld not confirmed at this location.

to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. *Weld

2Weld did not appear

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. SGussets located 1.5 ft on either side of weld.

- CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE

NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 31
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table 3. Bridge 9268E Welds (Line WE)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder D Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T1-1° 39 1.05 7 1.05 7
WE3-D-T1-2° 84 1.05 7 1.07 7
WE3-D-T1-3 145 1.95 9 247 10
Span 3 Girder D Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WE3-D-T2-1° 39 1.03 7 1.05 7
WE3-D-T2-2 84 1.05 7 1.03 7
WE3-D-T2-3 145 1.97 9 2.50 10
Span 3 Girder D Flange B (distance measured from bulkhead of expansion joint No. 2)
WE3-D-B-1 41 1.20 1.13
WE3-D-B-2 86 1.50 1.20
WE3-D-B-3° 145 1.45 1.95
Span 3 Girder E Flange T1 (distance measured from bulkhead of expansion joint No. 2)
WES3-E-T1-1 45 0.80 712 0.78 712
WE3-E-T1-2 91 0.80 712 0.80 712
WE3-E-T1-3 138 1.27 9 1.83 10
Span 3 Girder E Flange T2 (distance measured from bulkhead of expansion joint No. 2)
WES3-E-T2-1 45 0.78 712 0.78 712
WE3-E-T2-2 91 0.80 712 0.78 712
WE3-E-T2-3 138 1.23 9 1.80 10

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.

k- CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 32

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table 3. Bridge 9268E Welds (Line WE)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder E Flange B (distance measured from bulkhead of expansion joint No. 2
WE3-E-B-1 38 0.85 0.83
WE3-E-B-2 83 0.83 0.85
WE3-E-B-3° 138 1.05 1.45
Span 4 Girder D Flange T1 (distance measured from centerline of pier No. 3)
WE4-D-T1-1 15 245 10 2.05 9
WE4-D-T1-2 26 2.10 9 157 712
WE4-D-T1-3° 79 0.80 712 0.83 712
WE4-D-T1-4° 116 0.83 71/2 0.80 712
WE4-D-T1-5 160 158 8 2.08 8
Span 4 Girder D Flange T2 (distance measured from centerline of pier No. 3)
WE4-D-T2-1 15 247 10 2.07 9
WE4-D-T2-2 26 215 9 157 712
WE4-D-T2-3° 89 0.80 712 0.80 712
WE4-D-T2-4 160 1.60 8 2.10 8
Span 4 Girder D Flange B (distance measured from centerline of pier No. 3)
WE4-D-B-1° 15 1.93 1.45
WEA4-D-B-2 76 0.78 0.83
WEA4-D-B-3 101 0.83 0.80
WE4-D-B-4° 160 1.20 1.68
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation Page 33
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table 3. Bridge 9268E Welds (Line WE)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder E Flange T1 (distance measured from centerline of pier No. 3)
WE4-E-T1-1 15 1.80 10 1.30 10
WEA4-E-T1-2 86 0.80 7 0.80 7
WEA4-E-T1-3 153 1.20 9 1.63 101/2
Span 4 Girder E Flange T2 (distance measured from centerline of pier No. 3)
WE4-E-T2-1 15 1.80 10 1.30 10
WEA4-E-T2-2 86 0.80 7 0.80 7
WEA4-E-T2-3 153 1.20 9 1.60 101/2
Span 4 Girder E Flange B (distance measured from centerline of pier No. 3)
WE4-E-B-1 52 0.80 0.80
WE4-E-B-2 86 0.80 0.80
WE4-E-B-3° 153 1.08 1.30
Span 5 Girder D Flange T1 (distance measured from centerline of pier No. 4)
WE5-D-T1-1 15 2.10 10 158 81/2
WE5-D-T1-2° 72 0.80 7 0.80 7
WE5-D-T1-3° 104 0.83 7 0.83 7
WES5-D-T1-4 160 1.63 9 2.08 101/2
Span 5 Girder D Flange T2 (distance measured from centerline of pier No. 4)
WES-D-T2-1 15 2.08 10 158 81/2
WE5-D-T2-2° 72 0.80 7 0.80 7
WE5-D-T2-3° 104 0.80 7 0.83 7
WES5S-D-T2-4 160 158 9 2.08 101/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE
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NR = Flange width not recorded.



TO: Oregon Department of Transportation

Page 34

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table 3. Bridge 9268E Welds (Line WE)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder D Flange B (distance measured from centerline of pier No. 4)
WE5-D-B-1° 15 1.77 1.20
WES5-D-B-2 75 0.83 0.85
WES5-D-B-3 110 0.80 0.83
WE5-D-B-4° 160 1.20 1.70
Span 5 Girder E Flange T1 (distance measured from centerline of pier No. 4)
WES-E-T1-1 13 1.60 101/2 1.08 9
WES-E-T1-2° 76 0.78 7 0.78 7
WES-E-T1-3° 113 0.80 7 0.80 7
WES-E-T1-4 157 1.20 81/2 158 101/2
Span 5 Girder E Flange T2 (distance measured from centerline of pier No. 4)
WES-E-T2-1 13 1.60 101/2 1.10 9
WES5-E-T2-2° 76 0.80 7 0.80 7
WES-E-T2-3° 113 0.80 7 0.80 7
WES-E-T2-4 157 1.20 81/2 1.60 101/2
Span 5 Girder E Flange B (distance measured from centerline of pier No. 4)
WE5-E-B-1° 13 1.38 1.08
WES5-E-B-2 79 0.80 0.80
WES5-E-B-3 119 0.80 0.80
WE5-E-B-4° 157 1.08 1.28
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset. *Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. SGussets located 1.5 ft on either side of weld.
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NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 35
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table 3. Bridge 9268E Welds (Line WE)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder D Flange T1 (distance measured from centerline of pier No. 5)
WE6-D-T1-1 15 2.07 101/2 158 9
WE6-D-T1-2° 85 0.80 71/2 0.80 712
WE6-D-T1-3° 129 0.80 712 0.80 712
Span 6 Girder D Flange T2 (distance measured from centerline of pier No. 5)
WE6-D-T2-1 15 2.10 101/2 158 9
WE6-D-T2-2° 85 0.80 712 0.80 712
WE6-D-T2-3° 129 0.80 712 0.80 712
Span 6 Girder D Flange B (distance measured from centerline of pier No. 5)
WE6-D-B-1° 15 1.73 1.20
WE6-D-B-2 65 0.83 0.85
WE6-D-B-3 106 0.83 0.83
Span 6 Girder E Flange T1 (distance measured from centerline of pier No. 5)
WEG-E-T1-1 13 155 10 1.18 81/2
WEG6-E-T1-2° 69 0.80 7 0.83 7
WEG6-E-T1-3° 101 0.83 7 0.83 7
Span 6 Girder E Flange T2 (distance measured from centerline of pier No. 5)
WEG-E-T2-1 13 158 10 1.18 81/2
WEG6-E-T2-2° 69 0.83 7 0.80 7
WEG6-E-T2-3° 101 0.80 7 0.83 7
Span 6 Girder E Flange B (distance measured from centerline of pier No. 5)
WE6-E-B-1° 13 1.38 1.05
WEG6-E-B-2 77 0.85 0.85
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.
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NR = Flange width not recorded.



TO: Oregon Department of Transportation Page 36
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table4. Bridge 9268W Welds (Line EW)

Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 3 Girder D Flange T1 (distance measured from bulkhead of expansion joint No. 2)
EW3-D-T1-1 36 0.80 7 1.05 7
EW3-D-T1-2 84 1.03 7 1.03 7
EW3-D-T1-3 145 1.90 81/2 243 10
Span 3 Girder D Flange T2 (distance measured from bulkhead of expansion joint No. 2)
EW3-D-T2-1 36 0.83 7 1.05 7
EW3-D-T2-2° 84 1.03 7 1.05 7
EW3-D-T2-3 145 1.90 81/2 243 10
Span 3 Girder D Flange B (distance measured from bulkhead of expansion joint No. 2)
EW3-D-B-1 24 0.80 115
EW3-D-B-2 43 112 112
EW3-D-B-3 85 117 117
EW3-D-B-4 145 1.48 1.98
Span 3 Girder E Flange T1 (distance measured from bulkhead of expansion joint No. 2)
EWS3-E-T1-1 38 0.78 712 0.80 712
EWS3-E-T1-2 78 0.80 712 0.80 712
EWS3-E-T1-3 138 1.30 9 1.78 101/2
Span 3 Girder E Flange T2 (distance measured from bulkhead of expansion joint No. 2)
EWS3-E-T2-1 38 0.80 712 0.80 712
EWS3-E-T2-2 78 0.80 712 0.80 712
EWS3-E-T2-3 138 1.28 9 1.80 101/2

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation Page 37
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table4. Bridge 9268W Welds (Line EW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)

Span 3 Girder E Flange B (distance measured from bulkhead of expansion joint No. 2)

EWS-E-B-1 39 0.80 0.83

EWS-E-B-2 82 0.80 0.80

EWS3-E-B-3 138 1.07 1.45
Span 4 Girder D Flange T1 (distance measured from centerline of pier No. 3)

EwW4-D-T1-1 15 2.40 10 2.05 8

EW4-D-T1-2 26 2.03 8 155 7

EwW4-D-T1-3 83 0.80 7 0.80 7

EW4-D-T1-4 122 0.80 7 0.80 7

EW4-D-T1-5 161 155 81/2 2.05 10
Span 4 Girder D Flange T2 (distance measured from centerline of pier No. 3)

EW4-D-T2-1 15 242 10 2.05 8

EWA4-D-T2-2 26 2.03 8 155 7

EWA4-D-T2-3 83 0.80 7 0.80 7

EWA4-D-T2-4 122 0.80 7 0.80 7

EWA4-D-T2-5 161 155 81/2 2.05 10
Span 4 Girder D Flange B (distance measured from centerline of pier No. 3)

EwW4-D-B-1 15 1.95 1.45

EW4-D-B-2 78 0.85 0.80

EwW4-D-B-3 99 0.80 0.80

EwW4-D-B-4 161 117 1.68

Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear
to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table4. Bridge 9268W Welds (Line EW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 4 Girder E Flange T 1 (distance measured from centerline of pier No. 3)
EW4-E-T1-1 15 1.82 101/2 1.32 81/2
EW4-E-T1-2 81 0.80 7 0.78 7
EWA4-E-T1-3 121 0.80 7 0.80 7
EW4-E-T1-4 153 1.20 9 155 10
Span 4 Girder E Flange T2 (distance measured from centerline of pier No. 3)
EW4-E-T2- 1 15 1.83 101/2 1.30 81/2
EWA4-E-T2- 2 81 0.80 7 0.83 7
EWA4-E-T2- 3 121 0.78 7 0.80 7
EW4-E-T2-4 153 1.20 9 155 10
Span 4 Girder E Flange B (distance measured from centerline of pier No. 3)
EWA4-E-B-1 15 143 1.05
EWA4-E-B-2 81 0.85 0.80
EW4-E-B-3 121 0.80 0.80
EWA4-E-B-4 153 1.07 1.28
Span 5 Girder D Flange T1 (distance measured from centerline of pier No. 4)
EW5-D-T1-1 15 2.02 101/2 155 81/2
EW5-D-T1-2° 81 0.80 7 0.80 7
EW5-D-T1-3 121 0.80 7 0.80 7
EW5-D-T1-4 160 155 81/2 2.05 101/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW). *Top flange width on inside of girder only. “Weld located under gusset. “Weld
crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not
an ESW. SGussets located 1.5 ft on either side of weld. NR = Flange width not recorded.
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TO: Oregon Department of Transportation

Page 39

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table4. Bridge 9268W Welds (Line EW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder D Flange T2 (distance measured from centerline of pier No. 4)
EW5-D-T2-1 15 2.05 101/2 155 81/2
EW5-D-T2-2° 81 0.80 7 0.80 7
EW5-D-T2-3° 121 0.83 7 0.80 7
EW5-D-T2-4 160 155 81/2 2.05 101/2
Span 5 Girder D Flange B (distance measured from centerline of pier No. 4)
EW5-D-B-1 15 1.68 1.20
EW5-D-B-2 109 0.80 0.80
EW5-D-B-3 161 1.20 1.65
Span 5 Girder E Flange T1 (distance measured from centerline of pier No. 4)
EW5-E-T1-1° 13 155 10 1.18 81/2
EWS5-E-T1-2 78 0.78 7 0.80 7
EW5-E-T1-3 118 0.80 7 0.80 7
EWS5-E-T1-4 157 1.18 81/2 155 101/2
Span 5 Girder E Flange T2 (distance measured from centerline of pier No. 4)
EW5-E-T2-1° 13 153 10 1.18 81/2
EWS5-E-T2-2 78 0.78 7 0.78 7
EWS5-E-T2-3 118 0.78 7 0.80 7
EWS5-E-T2-4 157 1.18 81/2 155 101/2
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset. *Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. SGussets located 1.5 ft on either side of weld.

ISHANTI + BHRAGUVANSHI ENTERPRIZE
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NR = Flange width not recorded.



TO: Oregon Department of Transportation

Page 40

SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table4. Bridge 9268W Welds (Line EW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 5 Girder E Flange B (distance measured from centerline of pier No. 4)
EW5-E-B-1° 13 1.28 1.05
EW5-E-B-2 78 0.83 0.83
EW5-E-B-3 118 0.83 0.80
EW5-E-B-4 157 1.03 1.30
Span 6 Girder D Flange T1 (distance measured from centerline of pier No. 5)
EW6-D-T1-1 15 2.02 101/2 155 9
EW6-D-T1-2 81 0.80 7 0.83 7
EW6-D-T1-3 120 0.80 7 0.80 7
Span 6 Girder D Flange T2 (distance measured from centerline of pier No. 5)
EW6-D-T2-1 15 2.02 101/2 155 9
EW6-D-T2-2 81 0.83 7 0.83 7
EW6-D-T2-3 120 0.80 7 0.83 7
Span 6 Girder D Flange B (distance measured from centerline of pier No. 5)
EW6-D-B-1 15 1.65 121
EW6-D-B-2 81 0.80 0.80
EW6-D-B-3 99 0.83 0.83
Span 6 Girder E Flange T1 (distance measured from centerline of pier No. 5)
EWG6-E-T1-1 14 153 10 1.18 9
EWG6-E-T1-2 77 0.83 7 0.83 7
EWG6-E-T1-3 116 0.80 7 0.80 7
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset.

SWeld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW.

5Gussets located 1.5 ft on either side of weld.

NR = Flange width not recorded.
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TO: Oregon Department of Transportation Page 41
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
Table4. Bridge 9268W Welds (Line EW)
Flange Before Weld Flange After Weld
Thickness | Width? Thickness | Width?
Weld No. Distance (feet) (inch) (inch) (inch) (inch)
Span 6 Girder E Flange T2 (distance measured from centerline of pier No. 5)
EW6-E-T2-1 14 1.60 10 1.18 9
EW6-E-T2-2 77 0.80 7 0.80 7
EW6-E-T2-3 116 0.78 7 0.80 7
Span 6 Girder E Flange B (distance measured from centerline of pier No. 5)
EWG6-E-B-1 14 1.30 1.03
EWG6-E-B-2 77 0.80 0.83
EWG6-E-B-3 116 0.83 0.83
Notes: 'Weld crown difficult to distinguish; presence of weld not confirmed at thislocation. 2Weld did not appear

to be an Electroslag Weld (ESW).

*Top flange width on inside of girder only. “Weld located under gusset. *Weld

crown appearance suggested the weld had either been repaired by some process other than ESW, or the weld was not

an ESW. SGussets located 1.5 ft on either side of weld.

£ CHARLTON
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NR = Flange width not recorded.



TO: Oregon Department of Transportation
SUBJECT: FREMONT BRIDGE; FINAL REPORT

REF. NO.: 7112003

Table5. Bridge Drawings

Oregon State Highway Department
Bridge Division

Fremont Bridge Approaches
West Fremont I nterchange

Multnomah County

Drawing Title Sheet No. Drawing No. Page No.
Plan and Elevation “SW” Unit 1 178 25186 43
Girder Elevation “SW” Unit 1 181 25189 44
Plan and Elevation “SW” Unit 2 & 3 184 25192 45
Girder Elevation “ SW” Unit 2 187 25195 46
Girder elevation “SW” Unit 3 192 25200 47
Plan and Elevation “WS’ Unit 1 & 2 163 25171 48
Girder Elevaion “WS’ Unit 1 166 25174 49
Girder Elevaion” WS’ Unit 2 171 25179 50
Plan and Elevation “WS’ Unit 3 173 25181 51
Girder Elevaion “WS’ Unit 3 176 25184 52
Plan and Elevation “WE” Unit 1 111 25119 53
Girder Elevaion “WE” Unit 1 115 25123 54
Plan and Elevation “EW” Unit 1 141 25149 55
Girder Elevation “EW” Unit 1 144 25152 56
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TO: Oregon Department of Transportation Page 43
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
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TO: Oregon Department of Transportation Page 44
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003
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2|27 sp0\w vt 15 |21 36 Spa 18 5o Z@LsspuJ:p.Jv Spn 36 5pa, cos e obout 15" 4:».: sm 1 9pq 2/ Spoces ®_I/Spq, /9 Spa., 30 .rpa. 7 Sea 0" Stud Spaeing
| '['@ 6 |@ T@ /z'] e aa»'l'e 2 9 T® 6" 1 T e/z abovt /J'Ts 2 |'s 97 67| @+|[[ 2 57uds per row
s @ﬂA zpus:u’“ 2P115"x 13" .;J zPl!d'nA P = (each frange)
2P1 (551" RGN i 2/%73" (Wl 4370 370 .
'—‘_‘P'—'i T I t I T 2AL 153" (A-44T)
T — Lon; /fvd/na/ stiffener
S IS N S — 1 i ! e AP B AxZ (Adar) (inside
Face oF box orlyy between
tiffeners) typica
® @ @10 @ @ ® 010 ® ® 1@ @' ® 06 ® 0 170,00 0. e
! i
! 0. for 119 ph. 8 Web pl typ (444) e for £1g pls
N - | |- _,Iymgu' Ll B I pLitp ) (cm/k"’q
H [ i ; ; . £
4 720, n Py PTTEL Notes:
N PL 158" 14875147 L4” typical P 4!74/2 XL S A8 /i P48/ PLe8R 1 i 4 w3 caal) T ”':Burr welds shall not be perml}‘?‘ed
i - Fop end bottom PL48 % /5 i ', in leng?h of flange shown or within 5
350" t327-0" *40%0" 4/-0 fee ,of The center Iine of pler:
- 1 i5 GImension hos been frireased
i aporextnatery T in ch ot field splices
-85 m 107-08"¢ ot 20, 23 34" 83-7"¢ 28/ "3 and expdgslfc,m,jol ra. Jhe bofron
", T i "y " ange a. e. 5 ‘ces and exponsio,
SPAN "Ws" 2 SPAN "Ws" | Joints shall’se 2ir 75" natcn wess om
ELEVATION OF GIRDER "A" Top flanges oFter the girder 15 eseen-
No Scale #£0ephs of webs, os shown on rhe
ylrdnr et ione shall e /Masw‘ed a-
ong on inclinalion of 1 To 4 from o line
$Brg Fxp It 8 rormal the roodway cross 8o,
£8rg £1p Joint 2+ £ Piers —8 Fiekf Solice E Fiekt Sptice € Pier 1 - Fiet Spliee 1 S wlevolie aunbers circled on the girder
14972 4993~ 49'- 1052 Flange 81 fransver(se .grmnem ate s7iffener
e =y : Ty lores (4441) equally spaced betwe
s 49°-8/ 49" 107- 2/ Flange 82 prm;,; deams,” or berw en Floor beoms ond
2" 33 16"~ 93" 202 907 (20| [I"-059"0516"- 0"  /3"3d "] 103, Flonge 81 ond web 8/ leld aplice.
] 2 /r-a,”'l?z'-o*ﬁ’-a‘]zz’-o” 170901 /607 |/378]" 11070, Flange 82 and web 82 ,,,,,,,,42,;3:‘;:‘;’:’ 1real shall beidzme
91|27 500 & oot 157, 17 26 Spo. nsm 115pg, 15 Spa 8, 12 Spg, /9 Ipo. Jz.sp- Zf.fpglbé‘pa_j/s 20 -Spocesss Sy /ss 23 u J'pv u 9" Stud Spacing sl alisar Connectors shall be I
e | C 67 /zi cbout 157 © 2] @ e Gl @ about /57©/2" 2 Studs per row P e A i Comreciors eClr be
L £40-0" - " + # " feacti.Flange) ssder glrder transitio
2 l!':,]“{A-WVJ '—’L‘—‘?‘Lﬁ o i ot s "7 2 o Tongiradinol dinensians are
g = £ 11 1 T 2 PSR e mel;auredha[ong centertine o7 Flenges
T orizonta ope.
i I i [ [k#¥gitading atithensr rder Flonges shall de fabricor-
1T "[”’ - e S et Tt et [ 21 ¥/ - D3 PR L R o R
P ® ® steioioto! e ® @iei® Jff:'f‘:’;ebra;l "r"yl,’,' Lewean rrengFioor beans shalt be ploce Ver-
‘ ' ¥ co.
Ry ! i e ® e o | For derails of longlrtudinal ond
N ' ! 3" Web pl. tyo. (A43)) 2 rron;v;r:e intermediote stiffeners see
3 - T -4 i 4 E‘;’%"’Z;’;’w*h/&’zl vee sior girder flange cutting loyour
e — — - T <113 tgpice! For field splice defolls see sheel
PL #8753 (AT CXIET /4"__fypical P48 PTb-ltl—J-vJ\_‘t;, PR Pl A8%1" P48 (A9) | 8. Fiburt weld detall. ot gl
| sicos Kppg- TP BT LA PLA8Y 2" P48 " e - Flonges m'é wobs see sheer 8. 0
- | fedld 1250 " Far shear :.m;,;rm spacing on
stringers see shee
33-67%"r 105-24" 21°- 10" o_]_/:"o'lﬁojg iv_lzvj_/sua-J 20108 82" 3i" 28-/" ¢
SPAN "Ws" 2 ' SPAN "Ws" |
ELEVATION OF GIRDER "B"
WNo Scale
436"
e 22lon 4]— Lt 2 Lout Sooves
7 bent bar meosured q-2{" 4, 3-ai" _&n  a-4i” 4" 5-3, a4 5-74 a4 554" & a-4lt  _gin 3-&f L 2%
along roadway slepe |
Stud spacing i/on 4 Spaces 6 sb1 18" G Speres 14_Spoces & got 12" 4 Spoces @ 251 18" + — N
Floor beom @abous 9" Bws o abou) 9™ i v i e O ansverse botron stab reinforc-
. s s, .5 o I =) Ing sreel sholl be onir7ed oler rhe
2 2 3pe ' poces % 24 1S bolts cross girder af all piers. .
ol yoellice o Salr i e s L ) L e
Vi || 71 fop ¢ boltorm - +H, L € s girder af all pi. a
L “5bars & 7 et ben 72 506 inctes WA - [ Scese gliger 2f ol plors e
| 12Top of shb be added I e 7op slab tronsverse
— ﬁ//s %o fop ofweb ermroe reinforcing steel in the same area.
3 . . Ar
N | Ry _Varies _ -30NF 108
F‘d R e E"(A44) P 52314-441)
. SECTION A-A
5 e
" e
# e
70 :
¢ ilgome WEES, o bewsi 70 T oare mevision OREGON STATE HIGHWAY DEPARTMENT
ronpection ses Sheet 7 Deck Skb Steel 745| Notes BRIDGE DIVISION
1 dimension and callouts RErFA-341) ralZd EWT5[ As Constructed
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| oo
P B’X £op. p— —~——Oirection of Stationing 1
Join? 4 ( £ Field Splice 6 C‘ £ Field :p//ce 5 £ Pier 3 £ Freld Splice "2 £ B8rg. Eap Joint 2 =
95173 53 [_ 44' e q 179°-07" < £ Fronge 41
BZ4 z N 52 7l~ 2 18"-2%" Flonge Az |
15171 e 210, 80", 9" a" 150 /4 07 /a . 9-0; 15117 95-108" 230" Flange A1 i
50 87754 T 7576 EZ s l Flange A2 |
9~ ||, .28 Spoces - o 17 Spo. .9‘7 .Ypﬂctr @ obost 157 13530 9419 5 Spr 10 Soa. 1t Spa, 20 Spo_, 36 pol _, 51 Spe_ || Stud Spacing
7yp. “ @s ‘F!anr 77| @ 9" Pl ce| @ 9" QIZFA’F‘@/Z @9 es” @ 47 [[|2 Studs per row
- | J e a" (each ‘flange) l
I 2Pls 15714~ 2Py, 1572, 2P 1832, = 2PUs. 1512 1Ada e =
2prs /:‘:/‘\ z;u 155 /4»4«/;' 2810, 157 1£ " (2Pl 2 ':’h 2 1532 {2 T | 2o /5:/,\ i (\_I/{ T
| (o P ) / i 3 ter et s
: : } e TR
q i i ]
R stittener B 4°4E" i
7 ua/}(mm e of bos only, |
? ® @ ® i 6 ® ® ®@ i 006 @6 i 25 Teeen ienensf Hyprcal,
D<) /s
o [o}; @+ Vspid
3 - %7 Web pls typ (@44)),
! i H |
= =nlf ] — ] j 3
L T o pasirt Ne sz P asiti P a1 pasiii” pariy e sy
L . #asis | . (A-a41) Ables
4350 360 ta3-0” g2 2urr welds sholl not be permitred
in length of flgnge shown, or within 5
ey ispigpe S [ W e ; P — toor ol Phe conistline o slors: Ly
15181 719+ 4" | 9584 17401d %) 1700 |eolwig|galsio 1307|218 102 f133 73" 4. poror| <220’ approximately I inch of Field splices
SPAN "ws" 4 SPAN "WS" 3 and expansion joints. The porrom
=== ELEVATION OF GIRDER "A" == flange af field splices and expansion
SRR OF BERRER A Join?s shall be cul 7o march webs ond
o Seale Top Flangss' affer the girder is assem-
bled,
£ Bry £ Pier 4
Gornta P Fietd Splice s £ Field Splice *5 £ Pier 3 £ Ficld Splice 7 £ Bry. E1p. Join? 2 IrdeDf 2 :vn"rffu':,'s"f"shﬂa’/l"'&";u:sund o=
) ,,/ gl ( . [ ( rgn Gty ong an [nclinarion of 1 avfroma
188} 92'- 47" EAY 5 7544 £ Flange 81 tine'normal o The. rocamay eross S
1864 3/ -74" 50-8 J 17457 F Flonge Be numi ber: circled on The gffder
2 184/ 92297 L N N N A R NN A R T ‘ 590" 32t Flonge 81 . #5,‘;"’7 233 Indirntins 4T tenar
73 ] 78" T i 7 iR Flange Bz Bigtes (4441) eayolly spaced berwe
9* 2¢ 5, - i Ploor beans, or between Floor beoms and
poces ¥ Sps (€ Spg_K Spo_[€ Spo. 15 Spa 24 Spa 75 J‘pa:e: emm/ X Spa. 19 Spe r/ 17 Spa 13 Spa_22 s;: 34 Spo_3e3m || Stud Spocing 51270 solTcess i
1yp. & abour 157 ©e (e |@atr/s" @ 10" |€8 @ 6" 5| | Teer @9” @/Z'T@mwﬁe’ e7le 97 [ e @€ "[|| 2 Studs per row At rrucmrql sr"l shall be A588 (
N = ) 1 oD (each flonge) unless otherwise s |
o0 /5,/, 2Pl 15517 All shear cannetfo/-s shdll be Jix
-2P¥s 1547 1A-941) 2PIs 154/ zﬂ: 2/ 20" 2%y ZP/: /5x 204 44/) 2Pls /j;,’~ 2P% 154 ’7441/) 6" APﬂrgv'ed“af
h 1 i | 3T hear connectors shall be
) 1 ! | se ar’ glrder rransitions
longi tudinal dimensions ore #
( oy along enferllmv OF Flanges
e s it EERIEE B - -~ B B S - and ore ho rizo ?al, adjust for slope.
i o polirder ){/angud Shall ve fopricar-
ed pora. o rogawoy cross slope.
| @ ® ®i®i6i6e o6 ® @ | ® 06 ® 6, ® @ @ 0 pol pln ' seans sholl be ploced ver-
o,
@A H ) For details of langitudinal and
Ly - < g: E A‘%b o rrﬂniverse intermedlare stiffeners see
o E L J\' For ylrd:r flange cutting luyoul
1 / T \ w/ | M see sheel |7
2 48771-441) R agr 1" [ 452771 » 28512 R a83/T4-441) 5 o Fre1d splice detoils see sheet
47407 1 0 < 745-0" 410" For burt weld detell of girder
J Flanges' and webs. see oh
p po e onactors spocing on
sk s LA T oz o\ o) -0 | *25°-07 *88-0" * #27-0" stringers see sheel 7.
SPAN "ws" 4 . SPAN "ws® 3
——— ELEVATION OF GIRDER _——
Wo Scale
3-6"
5 e .
’ s_‘_ 220 2 Lovol Spoces |
5 bent bn/' meosored a-24" & 34l _dln  a-alt_4- 550" a4 ~7° 44, - 57" a4/, 3-a/% & 'l
olong roadway slope N : ., 2%,
818 spacing along fioor beom, 4 Spoces @ ast1g G Spoces 18 Spaces @bt 12 6 rres o Spoces @t 18"
waboys 9° ®aboy/ 9" L N
Ews SL 3 N $
3 oo @94 Iog 13 Spoces @ 5 Vi) 53p0 8 8°,
Lot 2 Spa @95 Bo| Top £ Botfom Top ¢ Bot- \ I LA HS bolts Notes:
VAN o Va #5 bors @ 11” ctrs. “Gbors @117 ctrs. ben 7" Slb includes kot ,4 Fronsverse bottom slab reinforc-
top ¢ bottom I F"Monolithic Al ing steel shall be om Ned over the
-—t wearing surfoce ke cross girder at all
K ? slab_7 e T ; 5 ansverse bent 275 reinfore-
W of slb 7o Flg Ar 1 ing steel shall be omitled over rhe
: Y 21 w6z b s0WF 108 cross girder of all piers ond fhe
RS £ g A R bl
Y - <" adzed to The 7ob
Y S 30WF108 e reinforcing steel in the same areo.
® SECTION A-A
H e .
.4 .—(b e eciericacd OREGON STATE HIGHWAY DEPARTMENT
g (‘,,’:,';;,7‘,’,',’,’ botm so gnier 27.09 | Motes BRIDGE DIVISION
g ¢ A‘/ fimensions ana//a:;fr 5 (a0 k5[ As Constructed 3
g . 270 typres] unless ahown other
4 4 L M%/ymmm oars Shall be &3 Deck kb Steel FREMONT BRID(:E APEPRRg'::::ES
& #herwise shown.
1. ‘ — =2 e e e e ed WEST FREMONT INT
i8 Fuserts inrows see sheet 7 bottom. MULTNOMAH COUNTY
2 P 3:k " s A ’cg- Lent, m
HES A4, "5 Long:t. bors as shown. APFROVED: s
g (A47) o rwes  TYPICAL DECK SECTION g i GIRDER ELEVATION "WS"UNIT 2
b HOWARD, NEEDLES, TAWMEN & BERGENDOFF nd g//-der Flange. — o ERDE ENGINEER oare S€PT. 24,1968 777 226
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€ Besring expensrin,
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" 11 5 € Berrry o

- s - 58 Doy, expunin
WS 37511187 FCS

- — == = — = Swimes =
= = =
[ : —
= TJIA——/ !
i |
K ENWITT Ave a rg( NW Ralergh St
‘ ‘ AL i ! Bl Exrnting grond line 5
_sean ws"7 Tt SPAN"ws's. T SPAN‘ws"s

P E'
Seale 1"-30%0"

\ Pur 378110 18RS
7 10639

GRADE _LINE

PUL378140 221% 2001 Vo' scale
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Notes
construction cleorances ond falsework

For
location see Sheet 202.
For footing plon and foundation data see
Sheet 185.
For piers 5 and 5A details see Sheet /69.
For povement elevations and camber see
Sheet 168.
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1969

1

FEB 1

Direction of Stotworing

€ pers ¢ Brg Exp Jont 4
[sei8re: Spviort @ . ¢ Field Solice*10y e £ Field Soice =0 £ Freld Jlice *8; . T ¢ Freld Solce *7 g 8 Prg Espedom
124-4% 37-6% rr “ 40-11"% -9 ny 74'-3 Flange Al
123-3%" 75 108" 48768 " 5% 113~ 4%" Flange A2
300" 72-2%" 22'-0" 79'-5 %" “-n%, 801 207 440" 0" 70798 22-0" &5 1/2" L 27-0" Flange Al and web A1
30707 7" 2770" 787 10" 146 R 80 207 1407 [ 12707120 [FOTIS T 22707 64723 [ 27mo” Florge 42 and web AZ
48 Spo. 18 Spo., 12503 205pa__, NS, 7 Spal _, 3500 70 Spaces @ about 15 (2) 34 $00,_17 Spa._, 0507, 18 Soa. , 35 Sea. 70 Spaces @ about 15" (2) £yl fota 2od e o%e Lwasome | Stud sooen
@67 (3], 1 @/27(3] ez b7 /5702) /2’(2)&/2“(1) @6" (3] L. ”:/b" | | | [@67(5) [@/2" (3] (@727 @/2" (3] |@67(3) 2 Pis /504" 2PIs /5% /2" 5 0" (3] | @727 (37| abost /27 (2 72" 3] |[@s" G @6” (3) "
20407 LA 1 Ay L. 2 Prs. 18" 2) l 2 Prs, [50x 157 fa L ~44-0 1 | [sater —t2
- [ 2 pYs 157 %" S /a~x2~ . 2p)s 15715 _—_— 2pis 2| g t
e i 2 Prs /5'.;'l |4 (29 /"2? ‘ 25 15 14" 2 Ps. ’/,’4;3,; 2‘ /s 202 ) N 2bi /5"/ 2 s /5,, ,‘ (—2 PI& 5% 1 zlp/s. 15 %"
& { itads) oz girtr nd detar/
1 _1 1 1 1 L = 1C 1 e Sheet 1577
3 eet et e @I @1 @000 @l ® @ ® Q0 ®; @ @ 0 i@ ®: @ &) ® @ @@ ® ® ® i @d
» ! 1
| i : 3wt @ Tuo. | L@ i typ. for Flg. O
b i P 3 ady” B P e
o i i i i {
i | f T | ] T ¢
D 48" %" P 48"x 16" Lp/ 488" o/ 48"/ B " | ,L Pl ay: a” LP/ 487 3" i L ‘ ‘Lp/ 48"« /| ( | ‘Lp/ 28"x /%" LP/ 8% B ) 48
tada)) 0 48"« /3" P/ 4 ‘/’a“ PL4B K" Pl 48 18" (444/)
P 0" Depth S nen)3. typreal anar
Fop and bottom
2 2515 72-2%" f26-73" YW -0 | 1307|1540 200" )89, 79"-44"¢ /6" /ali 200" _L/z‘o' 12407 rrto” |96k 166 - i 2427
-+ t -+
i
SPAN "ws" 7 ELEVATION GIRDER "A" SPAN "WS" 6 Motes
SPAN_WS T e,
No seale Py ;; welds shall nol be pernirred
£ 8rg Exp.Joint 6 ¢ Prer 5A £ Per5 £ 8rg Exp Joint 4 1 lengll of Ylonge shomn or, wlihin
5y 9 R0, Lo Z £ Field Solhce */0. ¢ Feld Splice®® ¢ Field Sp//ee'c& € Freld Solce =7 rg. Exp. Jor) R er of s'”fﬂ enler line of.plers. o
no-74" 36'-6/%" 48'-30" 76" 94" 472" s7e4% LS 70"1t" Florrge B/ apprutmor,/:'/s;n?n o f7:/; 3}775;
TIE- 5T 367337 PE =T X 76778 26704 370 %" | 705757 Flange B2 and expansion jolnts. Th
e » « 00| 7e0n ‘on —okn 0 v | ra0n "  phe flange af field splices a/rd ansio
179" 5% s/. 2401 Mor| 170", /7°0", sac38! 76'- 94 17205 150" f5:0° | 1807, 150 24 109" 1/ fo Florige B1_ond web Bl ja,,,,, S W A A ':g‘,;"m{;
1183 72-07| 1470"| [7-0" | 17-0" | I3-IF; 76778 16"0k[ 1507 [ 15F0" [ 140" 15°0" |goh’ 708" I1% Florge B2 and web B2 Han;” after The qlrt/:r is ossem-
9%\ 18 16 300, & _/25pa /6 Spo., 28 Sea 69 Spaces @ gbout /5" (2) 6 Spa, 16 Spa., K Spa, /8 Spa. , 345, 69 Spaces © about /5” @) 4, /4, B 5pa. 28 Spo & . /9 Spo_ [65pa, 3! Stud_spocing
35291 Yo Q/z'(z)z @57 (2) {252 ©/127(3)186" (3) 1 | \ | 531812 () feiz (2 @12 (3) 1867 (3) o s5rire 1 pmsere abou/ /z’(z) ]@/2' /:)‘Ewsi"f?wa) ifnm s K "a’ll”b"o";u'f,”,/,-",4 e
-0 | i 2P /5 i ls {3/ |93 0" ong ‘o, Inc[marlnn or 1 To 1 (‘um line
/3) | _36-0" o 4:2 3 o /5,,‘ hn ZP/s /a”-/ 25 1% S ZF/J;I,GI/A . iﬂwa /3" (63. mwmz/
2/7a2* 30 Caea) | moers circled Ao y[rd!l‘
|| e | ! ! | 2o sy da TevaTions Tagieate The number oF
: G I 1 1 b b $oran verss 13r ermediare S1TFFener
e, fores (4941 0lly spaced between
Jd b - . I A L ¥ : 947 meioe alotes [4%e)) counlly spiced velueen
| 1 | i SGitrenens Slns e CRy e 7ol steel snall be 4358
; / - v tu e e
U ' + + less otherwl
s @@ @ @7 @1 @ @l & @1 @ Qe @] @] @ @ @ i ® @ @@ 06 @ @ @ H Oy Rt Cotmetars shall be Fnx
# i i 4D 3 i 6" aparojes stee/ sheor conneciers
it 1 —— |I- | Wes 2 Typ. i excepr J'x7" shear connecfors Shadl be
| | (Aagi) ; use ar girder Fransitions.
| | T H All 1?,,;. rwn;al[ﬂmen;.‘%m are
L ——F = = T meosured olong centerline of flonges
e i B _— Y | Smgmar } . )| S ‘ g s G ond ore nort:nnral adjust for slope.
P 48”3 . #e7<E o ‘ﬁ,’w} g3 3 3 Pl 48" %" (4d41) P’” {,‘ DL w.,p 74}% b A 4575 Fad Flonges shall be rnnrtmr—
1) 487414 P985! /A & ¢
4qa1) s " o donr et pa/'ﬂlle[ 7o roodway cross slope.
P 406" 430" Depth_of web/3 #yprcal * 500" 7 beams shall be placed ver-
| tagend barremy ! rieat, deroils of longlrudinal ond
3228 66-9%" 202"t J 182647 1207 10°0) 120" | 16-0"| 20°34"* 76 87"+ 24°- 13" ¢ ld'o' 9'0f 14°0" | 1633 4| 211" * 59" 85" ?rwuver:' intermedtote stiffeners see
T T T U shee,
SPAN "WS" 7 A o g sPAN ws" 6 sPAN s ee ng;rgiraer flonge curting logour
R No Scale & For field splice detalls see sheel
436" For burt ~alo‘ defail of girder
L& ns . Flanges ond webs see sheet 8.
79 220" 18"-0 or shear connectors :pa.’:lng on
-1 . = stringers see shee;
#5 bent bor messured 42" P74 ) W/ S A 4 554" a4 5-7¢ K73 558 a4l afn 3-af" 4, 2 Lovo) Somer 3) oenotes number of stuchs per row.
/o7 e
Sy ey SEEE i besm | 4 Spoces @ G 5poces 14 Spoces & | obour /27 6 Sooees o Spoces @ =
obout /8" -abous 9 ®aboys 9° obout 18" ‘ N
2 B
3 500 @94" s 13 Specese® 5 i Spe @ 87, <! FT Ay
oo E 7o0 § Bottom oo £ 5ot " N i — N
#5 bors @ 117 ctrs 46 bars @117 ctrs. benr. 7" Sleb includes 7 . S
7op £ bottom \ LMool thia D [alell 4 4
3 4 [ | [P st : / kil D Hotes:
o #eTop of slob o <) Flg A1 [ , 7 7:./;/:7 garrmr:lan rgl‘nfo’:'-
RERgE PRl varier 7 e iy 3 aes) 2 anh oz st tany g Tl el b CaTrR
3 Y = 4 pegié L aad) tp. Jow 108 d onaverse bent siad reinfore=
e ?, = A P 30WF108 (A 44]) ing steel shall be omitted over The
R ECTION cross girder af all piers and the
s = S 21mreZ same pumber and size of bars shall
® ~F1y. B Ky be odded fo the Top slab fransverse
4 3| e reinforcing steel in the same area.
2 PL|10$ 72 t4a1)y = E]
3~ \ f f, l Notes: oare evision
47 V-groove R For floor beom to girder AL OREGON STATE HIGHWAY DEPARTMENT
1y B2 connection See sheet 7. i o 2725 ores BRIDGE DIVISION
s o0 1z A1l dimensions and calloufs Syf (1-401) 7 e E0E[As Constructed
tada) - s j‘ bl v A i iare lypical unjese dthermse FREMONT BRIDGE APPROACHES
‘\_ N 7 ;- Girder 8 bel//j/%’wmdlrja/ oors snall 310" Deck b Steel WEST FREMONT INTERCHANGE
o or: fe. s
7 % 1.3 bors Show s iesyelhenese derd "5 Bors € et topand MULTNOMAH COUNTY
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TASK 2
STRAIN GAGING

Scope of Work

Task 2 of WOC 5wasto install electric resistance strain gages at Agency-designated locations

inside the bridge girders and measure and record the service strains for a period of seven days.

The designated bridges, listed in Table 6, each have two girders. The scope of work required the
installation of strain gages on both girders of each bridge, at two cross sections per bridge-one near a
pier and the other at midspan.

Figures 7 through 10 show the gage locations on ODOT elevation drawings of the spans.

Table 6. Strain Gage L ocations

Cross Section L ocation
Bridge Line Unit Span Midspan* Pier No. Girders& Lane
9268A SW 3 7 79 feet 4 A Slow, B Fast
9268B WS 3 6 87 feet 5 A Fast, B Slow
9268E WE 1 5 87 feet 5 D Slow, E Fast
9268W EW 1 5 87 feet 5 D Fast, E Slow

* approximate distance from pier

E-CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE
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Figure 7. Plan and Elevation “SW” Units2 & 3 (ODOT Drawing 25192)
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Figure 8. Plan and Elevation “WS” Unit 3(ODOT Drawing 25181)
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Figure 9. Plan and Elevation “WE”" Unit 1(ODOT Drawing 25119)
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Figure 10. Plan and Elevation “EW” Unit 1 (ODOT Drawing 25149)
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Strain Gage Mounting L ocations

Figure 11 shows the gage mounting locations within the girders. The scope of work specified the
installation of four single-element, uniaxial Srain gagesin each girder at each cross section, with one
gage on each of the two top flanges and one gage on each side of the bottom flange. The gages were
installed 3 inches from the web plates at each location.

The gages at piers were mounted 2 feet beyond the cross giffener bulkhead at the pier (i.e., toward
midspan), or approximately 4 feet from the centerline of the pier. Per Agency indructions, the gages
were mounted at least 2 feet from any bolted splice plates.

The gages used on this assignment were Measurements Group L WK-06-W250B-350 weld-on,
single-element, uniaxial strain gages. The gages had integral lead wires, which were attached to terminal
blocks fixed to the girder near the gage. A coating of Measurements Group M-Coat F was applied to the
gages to provide environmenta protection. Figure 12 shows atypical gage, as-mounted on atop flange
(prior to connecting and securing the integral lead wires).

The data acquisition system was a 16-channel, 16-bit, Somat® eDag™ data acquisition system.
Data were recorded at asampling rate of 100 Hz using a 15-Hz eight-pole Butterworth low pass filter.
Strain data from normal, random bridge traffic were recorded for a period of seven dayson each bridge,
with al 16 gages per bridge read simultaneously. Power for the data acquisition system was provided by
four, deep-cycle storage batteries.

Figure11. Strain Gage Mounting L ocations
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Figure 12 (71148-02) Strain Gageon Top Flange
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Strain Gage I dentification

The strain gages were numbered 1 through 16 on each bridge, with Gages 1 through 8 next to the piers
and Gages 9 through 16 at midspan. The same numbering sequence was used for each bridge section, with
each gage numbered according to its |ocation on the span. Figure 13 shows cross-sectional views of each
bridge, with the girders identified per the ODOT drawings and the gages numbered per our numbering
sequence.

The work order specified that data be collected for 7 days on each bridge. Although the data
acquisition system we were using had a capacity of 64 channels, which would have alowed us to collect data
from all four bridges simultaneously, the practical aspects of connecting the wires from gages on four
different bridges to the system all at once made it more practical to collect datafrom each bridge separatdly.

The actual data collection times were slightly less than a full 7 days because of the logistics of
accessing the bridges. That is, the bridges were only available from 8:00 pm until 5:00 am each night and
required partial lane closures (which were done by atraffic control subcontractor). To control costs, each
time we moved the data acquisition egquipment from one bridge to the next, we did so in a single night, rather
than remove the equipment from one bridge one night and install it on the next bridge the following night.

Thus, we would start work disconnecting the equipment at around 8:00 pm. After it was disconnected,
traffic control would shift to the next bridge and we would start connecting the equipment to the gages on
that bridge, typically finishing around midnight or 1:00 am. This process was then repeated the following
week, resulting in afour to five hour time span each week (between disconnecting the equipment on one
bridge and reconnecting it on the next bridge), during which no data were taken.

The starting, ending, and elapsed times and dates for the data collection on each bridge are shown in
Table 7.

Table7. Strain Gage Data Collection Dates/Times

Bridge Line Start Stop Elapsed Time

9268A SW 5/26/2006 1:00 AM 6/1/2006 8:25 PM 6d,19h,25m

9268B WS 5/19/2006 1:55 AM 5/25/2006 9:00 PM 6d,19h,5m

9268E WE 5/12/2006 12:15 AM 5/18/2006 9:25 PM 6d,21h,10m

9268W EW 5/1/2006 10:40 PM 5/8/2006 8:55 PM 6d,22h,15m
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Figure 13. Strain Gage Identification
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Strain Gage Data Presentation

The data from the strain gages are presented in this report in three formats: the first being a continuous
recording of gtrain ranges in rain-flow format, the second being a root-mean-cube compil ation of effective
strain range, and the third being arecording of strain-time histories of the ten largest strain cycles for each

gage.

Rainflow Diagram

Figure 14 shows atypical plot of rain-flow data, presented on a semi-log scale so as to accommodate
the large difference in counts between the lower and higher strain ranges.The rain-flow data were collected
in 200 evenly divided bins, each of which was 1 microstrain wide, using a 2-microstrain peak-valley
hysteresis value. Asshown in Figure 14, the rain-flow data exhibited alogarithmic decrease in the number
of counts asafunction of strain range, up to a strain range of about 40 microstrain. However, beyond this
strain range, the data continued to exhibit sngle-strain eventsall the way to a strain range of about 97
microstrain.

Seven-Day Peak-Valley Strain History Diagram

Figure 15 shows the entire seven days of peak-valley strain datafor the same gage shown in Figure 14
The peak-valley histories showed that in addition to the very short-term fluctuations in strain caused by
bridge loading, the gages registered amuch larger, gradual change in strain over a time period of several
hours during the course of each day. A review of the a peak-valley history for the entire seven-day data
collection period showed that these gradual strain events occurred on all gagesfor al bridges. These strains
were not due to mechanical loading imposed by traffic, but rather, they were the result of temperature-
induced strains imposed by daily, ambient temperature fluctuations. For example, the change in strain from
Point A to Point B in Figure 15 isabout 97 microstrain and corresponds with the single Rainflow event
shown at arange of 97 microstrainin Figure 14.

Note that the X-axisin Figure 14 is number of events, rather than time. Thus, the spacing between
major peaks varies, depending on traffic volume. In this case, the data collection started at 1:55 am on
Friday, May 19. Thefirst broad maxima represents the afternoon heating of the bridge on Friday afternoon.
The next two maximums are much closer together than the others and represent the afternoon heating of the
bridge on Saturday and Sunday afternoon when the traffic volume (i.e., number of strain events) was
presumably substantially less than on the weekdays.

These large-magnitude, daily fluctuationsin strain due to temperature had a significant impact on the
root-mean-cube calculation in some instances. That is, the root-mean-cube data were cal culated using three
different cut-off values: 2, 5, and 10 microstrain. At the higher cutoff values, with alesser amount of overall
data, the inclusion of afew very high strain values had a significant effect on the root-mean-cube value.
However, because they do indeed represent actual strain events, these large-magnitude daily strain
fluctuations were included when running the root-mean-cube cal cul ations for each bridge.

Individud charts showing rain flow data for each of the strain gages start on page 70 through 101.
Individual charts showing seven-day peak-valley histories for each of the gages are on pages 102 through
133. Tables 8 through 11 on pages 134 through 137 show root-mean-cube data for each of the gages.
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Strain-Time Histories of Largest Strain Events

Figure 16 is a graph of atypical strain-time history showing the firg-highest strain cycles that occurred
during the seven days of data gathering (in this case, Bridge 9268W (EW Line) at mid-span) for each of the
eight gagesin the section. Similar plotsfor each of the eight instrumented bridge sections (four bridges, two
sections each) are shown on pages 138 through 217 for each of the ten highest-strain events (i.e., first-highest

strain event, second-highest strain event, third-highest strain event, etc.)

The magnitude of the recorded grain for each individual gage during a particular traffic event was
dependent on the weight of the truck and its position on the bridge relative to the gage location; thus, only
in afew instances did a single traffic event (i.e., a particularly large truck) result in the simultaneous

recording of a maximum strain on more than one gage.

To compensate for the fact that the maximum strains did not, in general, occur simultaneously, the
plots have been superimposed on each other so that the highest peak of each strain event for each gageis

shown at the same position on the graph.

Note the discontinuity in data at about 3% seconds on gage No. 9 (see Figure 13 for gage
identifications). We had set up the data acquisition equipment to record 10 seconds of data for each of the
ten highest strain events for each gage—five seconds before the peak strain and five seconds after. In most
cases the data record for the event showed exactly that—5 seconds before the highest strain and 5 seconds
after the highest strain; however, in afew instances, the length of the recording was not symmetrical about
the highest strain. We did not establish why this occurred, but when it did, the plots do not contain afull
5 seconds of data on both sides of the maximum strain. (i.e., they contain more than 5 seconds on one side

and less than 5 seconds on the other.)

Because we wanted to show all the peaks aligned in the plot, it was necessary in these cases to offset
the data relative to the peak, leaving a discontinuity in the data either before or after the peak. Whenthis
non-symmetrical recording of data occurred, the data shown either before or after the discontinuity are from
the adjacent strain event recorded by the equipment. Thus, in the case of Figure 16, the data shown in the
plot for gage No. 9 after the discontinuity (beyond 3% seconds) is from the next strain event recorded by the

instrumentation.
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RainFlow Diagrams
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RainFlow Diagrams
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RainFlow Diagrams
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Peak-Valley Strain History Diagrams
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TO: Oregon Department of Transportation Page 106
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line 3W, Mid-3pan, Girder A, Top Flange, Outhoard Zide
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TO: Oregon Department of Transportation Page 107
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line 3W, Mid-Zpan, Girder B, Top Flange, Inboard Zide
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TO:
SUBJECT:
REF. NO.:

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003
Peak-Valley Strain History Diagrams

Line 3W, Mid-Zpan, Girder A,
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TO:
SUBJECT:
REF. NO.:

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003
Peak-Valley Strain History Diagrams

Line 3W, Mid-Zpan, Girder B, Bottom Flange,
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TO: Oregon Department of Transportation Page 110
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, At FPier, Girder A, Top Flange, Cuthoard Zide
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TO: Oregon Department of Transportation Page 111
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, At Pier, &irder B, Top Flange, Inboard Fide
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TO: Oregon Department of Transportation Page 112
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, At Pier, &irder A, Bottom Flange, Outhoard Zide
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TO: Oregon Department of Transportation Page 113
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, At Pier, wirder B, Bottom Flange, Inboard 3ide
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TO: Oregon Department of Transportation Page 114
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, Mid-3pan, Girder A, Top Flange, Outhoard Zide
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TO: Oregon Department of Transportation Page 115
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, Mid-Zpan, Girder B, Top Flange, Inboard Zide
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TO: Oregon Department of Transportation Page 116
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WS, Mid-Span, irder &, Bottom Flange, Cuthoard Side
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TO: Oregon Department of Transportation Page 117
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line W3, Mid-3pan, Girder B, Bottom Flange, Inboard 3ide
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TO: Oregon Department of Transportation Page 118
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, At FPier, Girder D, Top Flange, Cuthoard Zide
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TO:
SUBJECT:
REF. NO.:

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003

Peak-Valley Strain History Diagrams

Line WE, At Pier, &irder E, Top Flange, Inboard Fide
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TO: Oregon Department of Transportation Page 120
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, At Pier, Girder D, Bottom Flange, Outhoard Side
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TO: Oregon Department of Transportation Page 121
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, At Pier, wirder E, Bottom Flange, Inboard Side
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TO: Oregon Department of Transportation Page 122
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, Mid-3pan, Girder [, Top Flange, Outhoard Zide
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TO: Oregon Department of Transportation Page 123
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, Mid-Zpan, Girder E, Top Flange, Inboard Zide
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TO: Oregon Department of Transportation Page 124
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

S8 Line WE, Mid-Span, irder DI, Bottom Flange, Cuthoard ZSide
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TO: Oregon Department of Transportation Page 125
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams
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TO: Oregon Department of Transportation Page 126
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams
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TO:

SUBJECT:
REF. NO.:

Microstrain

Microstrain

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003
Peak-Valley Strain History Diagrams

Line EW, At Pier, Girder E, Top Flange, Inhoard Side
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TO: Oregon Department of Transportation Page 128
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams
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TO: Oregon Department of Transportation Page 129
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams

Line EW, At Pier, Girder E, Bottom Flange, Inboard 3Side
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TO:

SUBJECT:
REF. NO.:

Microstrain
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200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003

Peak-Valley Strain History Diagrams

Line EW, Mid-Span, Girder DI, Top Flange,

Outhoard Side
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TO:

SUBJECT:
REF. NO.:

Microstrain

Microstrain

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003
Peak-Valley Strain History Diagrams

Line EW, Mid-Span, Girder E, Top Flange, Inboard 3Z3ide
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TO:

SUBJECT:

REF. NO.:

Microstrain

Microstrain

200

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT

7112003

Peak-Valley Strain History Diagrams
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Girder D,

BEottom Flange,

Cuthoard Side
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TO: Oregon Department of Transportation Page 133
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Peak-Valley Strain History Diagrams
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TO:
SUBJECT:
REF. NO.:

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT

7112003

Page 134

Table 8. Root-Mean-Cube Effective Strain Range (microstrain), Bridge 9268A, Line SW

Strain Cut-Off
Channel | GageNo. | Girder Flange 2ustrain | 5ustrain | 10 y strain
Next to Pier

1630 1 Outboard 4 9 37
A

1631 2 Inboard 7 17 68

Top

1702 3 Inboard 6 16 58
B

1707 4 Outboard 5 10 23

1698 5 Outboard 11 16 21
A

1699 6 Inboard 11 16 22

Bottom

1708 7 Inboard 10 14 20
B

1712 8 Outboard 10 14 20

Midspan

1952 9 Outboard 7 35 51
A

1953 10 Inboard 7 13 36

Top

1960 11 Inboard 7 11 19
B

1961 12 Outboard 6 10 17

1954 13 Outboard 15 22 33
A

1959 14 Inboard 14 21 32

Bottom

1962 15 Inboard 13 18 28
B

1967 16 Outboard 13 19 28

E-CHARLTON

A BISH.
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TO: Oregon Department of Transportation Page 135
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table9. Root-Mean-Cube Effective Strain Range (microstrain), Bridge 9268B, Line WS

Strain Cut-Off
Channel | Gage No. | Girder Flange 2ustrain | S5ustrain | 10y strain
Next to Pier
1630 1 Outboard 8 12 18
A
1631 2 Inboard 7 10 17
Top
1702 3 Inboard 5 9 17
B
1707 4 Outboard 5 8 14
1698 5 Outboard 15 19 25
A
1699 6 Inboard 16 20 26
Bottom
1708 7 Inboard 14 18 23
B
1712 8 Outboard 13 17 22
Midspan
1952 9 Outboard 8 14 21
A
1953 10 Inboard 8 12 17
Top
1960 11 Inboard 8 13 17
B
1961 12 Outboard 5 8 28
1954 13 Outboard 26 33 44
A
1959 14 Inboard 26 33 44
Bottom
1962 15 Inboard 19 24 31
B
1967 16 Outboard 19 24 32

E-CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 136
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table 10. Root-Mean-Cube Effective Strain Range (microstrain), Bridge 9268E, Line WE

Strain Cut-Off
Channel | Gage No. | Girder Flange 2ustrain | S5ustrain | 10y strain
Next to Pier
1630 1 Outboard 5 10 16
D
1631 2 Inboard 6 10 16
Top
1702 3 Inboard 7 12 19
E
1707 4 Outboard 7 12 19
1698 5 Outboard 11 16 23
D
1699 6 Inboard 11 15 21
Bottom
1708 7 Inboard 13 17 24
E
1712 8 Outboard 12 17 26
Midspan
1952 9 Outboard 5 11 15
D
1953 10 Inboard 7 12 16
Top
1960 11 Inboard 7 14 19
E
1961 12 Outboard 8 14 22
1954 13 Outboard 17 23 32
D
1959 14 Inboard 18 24 33
Bottom
1962 15 Inboard 17 22 32
E
1967 16 Outboard 17 23 32

E-CHARLTON

A BISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 137
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table 11. Root-M ean-Cube Effective Strain Range (microstrain), Bridge 9268W, Line EW

Strain Cut-Off
Channel | Gage No. | Girder Flange 2ustrain | S5ustrain | 10y strain
Next to Pier
1630 1 Outboard 5 10 17
D
1631 2 Inboard 5 10 19
Top
1702 3 Inboard 6 13 46
E
1707 4 Outboard 4 10 34
1698 5 Outboard 10 13 21
D
1699 6 Inboard 10 13 20
Bottom
1708 7 Inboard 9 12 17
E
1712 8 Outboard 10 14 21
Midspan
1952 9 Outboard 5 10 18
D
1953 10 Inboard 5 9 16
Top
1960 11 Inboard 6 11 16
E
1961 12 Outboard 5 10 14
1954 13 Outboard 14 19 29
D
1959 14 Inboard 16 21 30
Bottom
1962 15 Inboard 11 15 22
E
1967 16 Outboard 11 15 22
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TO: Oregon Department of Transportation Page 218
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

TASK 3
CORE REMOVAL FROM
BOTTOM FLANGE PLATES
Phases 1 and 2

Scope of Work

Task 3 of WOC 5 was to remove material testing cores at Agency-specified locations from the bottom
flange plates by core drilling through the full thickness of the plates. The task was divided into two phases.
Phase 1 specified the removal of five coresfor Phase 1 Material Testing. These cores were used for Charpy
V-Notch impact bars, which were machined and tested prior to the next phase of core remova. Phase 2
specified the removal of ten additional cores for Phase 2 Material Testing. These cores were used for
fracture toughness and fatigue crack growth threshold testing. Per Agency instructions, only seven of the

ten authorized Phase 2 cores were removed..
Core Removal Locations

The coreswere removed from the girders near piers, where the bottom flange plates are thickest and
areloaded in compression. The locations of the cores were selected from the list compiled during the Weld
I dentification survey conducted by MEIC engineers as Task 1 of thework order.

The cores were removed using 4-inch diameter, bi-metal hole saws and a portable, magnetic base drill

by core drilling from the inside of the girders.

Because access and traffic control is more difficult on the “ double deck” spans of Bridges 9268E (WE
Line) and 9268W (EW Line) than it is on Bridges 9268 A (SW Line) and 9268B (WS Line), all 12 cores
were taken from Bridges 9268A and 9268B. Table 12 lists the cores removed from the bridges. All cores

(except the base metal core) were removed from weld joints between plates of different thicknesses.
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TO:
SUBJECT:
REF. NO.:

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT

7112003
Table12. CoreRemoval L ocations
CoreNo. Weld No. Position
Phase 1
1 SW2-A-B-4 Weld
2 SW3-A-B-1 Weld
3 SW3-B-B-1 HAZ
4 SW4-A-B-3 HAZ
5 SW5-A-B-1 HAZ
Phase 2
6 WS4-A-B-2 HAZ
7 WS4-A-B-1 Weld
8 WS3-A-B-5 Weld
9 WS3-A-B-4 HAZ
10 (WSL-A-B-)* Base Metal
11 WS1-A-B-5 HAZ
12 WS1-A-B-4 Weld

*Base metal coreremoved from WS Line, girder A, bottom flange,
mid-width of girder, 2 feet from core No. 11, toward core No. 12
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TO: Oregon Department of Transportation Page 220
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Weld Inspection

Prior to removing the cores, the welds were inspected by ultrasonic testing. The inspection during this
phase of the WOC was limited to the weld in just the center portion of the girder. (A more detailed
inspection of other weldswas subsequently performed as Task 5 of the WOC.)

The ingpection was preformed under subcontract by NDE Professionals, Inc., by Mr. Bob Hosman and
Mr. Lee Garrison, both ASNT Leve |1l Certified UT inspectors. The inspection was done in accordance
with the American Welding Society (AWS) Bridge Welding Code, AWS D1.5, except that, per Agency

directive, the paint was not removed'.

The inspection was by straight beam ultrasonic scanning, using a 1-inch diameter, 2.25 MHz
transducer, followed by shear wave (angle beam) scanning using both a 70° and a 45°, 2.25 MHz transducer.
The test instrument was a Panametrics Epoch™ 3 flaw detector. Prior to inspection, the surface of the
ingpection area was cleaned by wire brushing and/or scraping with a putty knife, followed by solvent wiping,
to remove surface deposits and/or any protrusions in the paint that might otherwise prevent good contact

between the transducer and the surface.

lawsD15 requires the paint to beremoved for codeinspections However, because of the extent of grinding and
repainting that would have been required, ODOT directed that the paint not be removed. To compensate for the presence of the
paint, the scanning level gain was increased by an amount determined by taking a pitch-catch angle beam reading in an areawith
paint and another reading next to that, where the paint was removed in two small spots. Theamount of gain required to bring the
UT signal in the painted areaup to the same level as the signal in the bare area wasthen added to the instrument for theangle
beam ingpection of the welds through the paint.

CHARLTON
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TO: Oregon Department of Transportation Page 221
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Figure 17 (71149-02) Ultrasonic inspection of weld prior to removing core




TO: Oregon Department of Transportation Page 222
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

The ultrasonic inspection revealed a few minor, non-reportable indications but no significant flaws.
In two instances (cores Nos. 8 and 9), the indications were present along a considerable length of the weld,
but because they were non-reportable in magnitude they were judged insignificant, and the cores were taken
at mid-width of the girder. In athird instance (core 6), where a minor indication was encountered at just one
location, the core location was shifted off to one side to avoid the area with the indication. Note that even
at thislocation, the indication was judged insignificant, but because it was localized to just one spot, and the
core could be easily shifted away from that spot, the spot with the indication was avoided.

The cause for the non-reportable indications was not conclusively established; however, subsequent
polishing and etching of core Nos. 8 and 9 revealed the presence of repair welds at the outside surface, dong
the toe of the electrodag weld, as shown in Figure 60. Wet fluorescent magnetic particletesting of the cores
did not reveal any cracks or other defects, either on the outside surface of the weld or on the cross-sectiond
surface cut by the hole saw; thus, the we suspect the UT signals may have been due to metallurgical
variations (such as adifference in grain structure) between the repair weld and the electroslag wel d/base
metal.

The results of the ultrasonic inspection arein Table 13.

ANTI + BHRAGUVANSHI ENTERPRIZE




TO: Oregon Department of Transportation Page 223
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Table 13. UT Inspection Results

Core Thickness,
No. Weld No. Inch Results

Phase 1
1 SW2-A-B-4 1.55/2.05 | No reportable indications.
2 SW3-A-B-1 2.05/1.52 | No reportable indications.
3 SW3-B-B-1 1.80/1.50 | No reportableindications.
4 SW4-A-B-3 1.45/1.85 | No reportable indications.
5 SW5-A-B-1 1.83/1.43 | No reportable indications.

Phase 2
5 WSAA.B.2 L55/2.08 No reportable indications; dight signal at mid-width of

girder; core removed 19" from web to avoid indication.

7 WSA-A-B-1 2.08/2.47 | Noindications, core removed mid-width of girder.

Slight UT signal al dong weld toe at outside surface with
8 WS3-A-B-5 2.08/2.47 | 45° transducer—interpreted to be non-relevant; core

removed from mid-width of girder.

Similar signal as & core No. 8 but not as strong; core

9 WS3-A-B-4 1.55/2.10

removed from mid-width of girder.
10 Base Meal* 194 No indications, core removed from mid-width of girder.
11 WS1-A-B-5 1.98/2.00 | Noindications, core removed from mid-width of girder.
12 WS1-A-B-4 1.60/2.00 | Noindications, core removed from mid-width of girder.

*Base metal coupon removed from WS Line, mid-width of girder,
2 feet from core No. 11, toward core No. 12
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Weld Etching

After each weld had been inspected and the general location for the core selected, astrip of paint was
removed by grinding, and the surface was sanded and etched with 10 percent Nital (10 percent nitric
acid/90 percent methanol) to reveal the precise location of the weld and heat-affected zones.

The etching was done under subcontract by Mr. Bob Turpin of Portland State University, who has
considerable experience in the “barreling” profiles exhibited by electroslag welds and was thus retained by
MEIC to provide consulting advise on where best to center the core drilling equipment so as to maximize
the useable volume of the core. Figure 18 shows the weld being etched by Mr. Turpin, Figure 19 shows the
weld after etching, and Figure 20 shows the weld after center-punch marking the precise location wherethe

core drill was to be centered.

Figure 18 (71149-05) Weld being etched
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Figure 19 (71149-07) Etched weld (10% Nital)

Figure 20 (71149-08) Punch marked weld
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Core Removal Procedure

Figures 21 and 22 show a core being removed from one of the bottom flange welds (core No. 6, weld
No. WS4-A-B-2). The cores were removed with 4-inch diameter bi-metal holes saws, using a Milwaukee
Model 4297-1/4203, magnetic-base portable drill2.

Because the thickness of the girder was greater than the cutting depth of a standard hole saw, special
cutters were fabricated by welding extension tubes onto standard hole saws, thereby increasing the depth that
could be cut.

The photograph shows a standard hole saw in use. To reduce the number of modified hole saws
needed for the project, standard hole saws were used until the cut reached the maximum cutting depth of the
standard saw (1.4 inches), at which point ahole saw with an extension tube was ingalled on the drill to

complete the cut.

The cores were cut without cutting fluid, because it was found that the presence of cutting fluid made
it very difficult to clear the chips from the saw kerf after the cutting depth exceeded about 1/4 inch. That is,
once the hole saw reached a depth of about 1/4 inch, the fluid-soaked chips matted together in the bottom
of the cut and the hole saw would cease cutting. A laborious process of clearing the chips from the kerf was
then necessary before cutting could be resumed. When cuts were made using cutting fluid, several hours
were required to remove a single core. By making the cut without fluid, MEIC' s engineers were able to blow
the chips out of the kerf using a portable air compressor and a needle-shaped nozzl e (bottom photograph),

and a core could be removed in about 45 minutes.

2 nitially, it was planned to use a milling cutter to remove the cores, similar to what ODOT had used on the West Linn
Bridge. MEIC engineers tested electric, portable drill presses from three manufacturers but found that none had sufficient power
to drive the cutter, despite claims to the contrary by the drill/cutter manufacturers. (ODOT had used a large, custom-built, 27-HP
hydraulic unit to drivethe cutter during the previous sampling.) Subsequently, tests showed that a standard hole saw was capable
of making the cut, so the original plan of using a milling cutter was abandoned. An advantage to using hole saws was cost. That
is, the hole saws cost |ess than $20 each, and even with the cost of adding an extengon tube, the cost was till less than $75,
whereas the milling cutters varied in price from $700 to $1,300 each and reportedly would require sharpening after 4 to 5 cuts, at
a cost of $400.

MEI CHARLTON
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Figure 21 (71149-15) Coredrilling equipment

e

Figure 22 (71149-13) ESW weld during coredrilling




TO: Oregon Department of Transportation Page 228
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

CorePlugs

Figures 23 and 24 show one of the girders after removing the core sample. In accordance with the
work order contract, machined steel hole plugs were fabricated by MEIC engineers and subsequently
installed in the holes. The hale plugs were fabricated in accordance with Agency drawing No. 33043,
modified® as shown in Figure 25.

The hole plugs consisted of an outer, hollow, split deeve with a cylindrical profile on the outside and
aconical tapered profile on the inside. A mating, tapered plug, forced into the split sleeve with a bolt and
nut, causes the split deeve to expand tightly into the hole. The cores wereinstalled by MEIC engineers using
atorgue wrench from inside the girder, while the applied torque was being resisted from outside by an MEIC
engineer in aboom lift using awrench. Per Agency instructions, the plugs were installed to a torque of about
350 ft-Ibs.

Prior to installing the plugs, the plugs and the inside of the holes were painted with “Zero-Rust” paint,
as was the area surrounding the holes, where the paint had been ground off to provide a more secure surface

for the magnetic base drill*.

3Agency drawing No. 33043, Electroslag Weld Sample Hole Plug, was for the plugs used on the Willamette River
(West Linn) Bridge, wherethe flanges were substantially thicker and the cores were of a different sze than on the Fremont
Bridge west side approaches. The drawing was modified by MEIC engineers (with Agency approval) to provide for a shorter
plug, sized for the hole diameter of the cores being removed from the Fremont Bridge approaches.

“The Agency reported that “ Zero-Rugt” wasthe paint used by the Bridge Crews to repair breaks in the paint.
According to the manufacture’ s website, Zero-Rust is adirect metal, phenolic modified alkyd rust and corrosion control coating.
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B
Figure 23 Figure 24
(71149-19) (71149-20)

Coreplug ready to beinstalled Core plug beingtorqued to 350 ft-lbs
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TASK 4
MATERIAL TESTING
Phases 1 and 2

Scope of Work

Task 4 of WOC 5 was to perform destructive material testing of the bridge material on the core samples
removed from the bridge during Task 3. Task 4 was divided into two phases, 1 and 2. The purpose of
Phase 1 testing was to qualitatively determine the fracture toughness of the weld and heat-affected zone
(HAZ) metals using Charpy V-Notch (CVN) testing in accordance with ASTM E23-04, Standard Test
Methods for Notch Bar Impact Testing of Metallic Materials. The purpose of Phase 2 testing was to quantify
the in service fracture toughness and fatigue crack growth threshold of the weld and HAZ metals.

Phase 1 Material Testing
The following tasks were identified in the scope of work for the Phase 1 testing:

» Macro etch the cores per ASTM E340-00el and identify the location/profile of the base
metal, weld, and HAZ.

» Micro polish and etch the samples and metallurgically characterize the base metd, weld
metal, and HAZ.

e Conduct Charpy V-notch testing of the weld and HAZ per ASTM E23-04 over arange of
temperatures to produce Impact Strength vs Temperature transition curves which identify
the upper and lower transition temperatures.

» Perform chemica analysis of the base metal and weld metal and eval uate conformance with
base metal specification.

« Caculate Carbon Equivalent (CE) of base metal and weld metal, using results of chemicd
analysis.

» Provide recommendations for Phase 2 core extraction and testing.
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Weld Profiles

Figures 26 through 31 show the Phase 1cores after macro etching to reveal the location of the weld,
HAZ, and base metal. All five Phase 1 cores were taken from welds between plates of different thicknesses.
The thickness transition (step) was accommodated on the outside (bottom side) of the girder, with the inside
surfaces flush with each other. (The cores are shown in these photographs upside down, with the thickness

transition on the top.)

The cores exhibited varying degrees of “barreling,” or depth of fusion, a condition that occursin
el ectroslag welds whereby the location of the fusion zone of the weld metal beneath the surface is not the
same as it is at the surface, being either convex (bowing outward) or concave (bowinginward). Onthe
thicker plate side of the weld, the barreling was convex, while on the thinner plate side, it was concave. (The
welds were not particularly easy to discern—especially in the photographs—so their locations were marked

with a series of dots using afelt tip marker.)

Table 14 shows weld barreling relative to the toe of the weld at the surface.

Table 14. Weld Profiles, Phase 1 Coupons

Thicker Plate Side of Weld Thinner Plate Sde of Weld
Plate Plate
Thickness, Thickness,
CoreNo. | Wed No. Inch Barreling, Inch Inch Barreling, Inch

1 SW2-A-B-4 2.05 3/8 to 7/16; convex 1.55 3/8; concave
2 SW3-A-B-1 2.05 1/16 to 1/8; convex 1.52 3/8; concave
3 SW3-B-B-1 18 <1/16 to 1/16; convex 15 *
4 SW4-A-B-3 1.85 3/16 to 1/4; convex 1.45 *
5 SW5-A-B-1 1.83 5/16; convex 143 *

*Core was centered on HAZ of thicker plate; weld and HAZ on thinner plate not present in core coupon.

BEE cHARLTON
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Figure 26 (D71142-01) Phase 1 Cores Nos. 1 through 5

Figure 27 (D71142-05) Core No. 1 (weld metal)
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Figure 29 (D71142-07) Core No. 3 (HAZ)
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Figure 31 (D71142-09) Core No. 5 (HAZ)
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Microstructures

Figures 32 and 33 are micrographs showing the etched microstructure of the base metal and HAZ on
the material in core No. 4. The base metal (Figure 32) consisted of equiaxed grains of ferrite and pearlite
in a banded structure typical of hot-rolled, low carbon steel plates. The HAZ (Figure 33) exhibited a
transition from the banded structure, exhibiting a breakdown of the pearlite due to recrystallization.

Figure 34 shows an areain the HAZ closer to the weld metal.




TO:
SUBJECT:
REF. NO.:

Oregon Department of Transportation
FREMONT BRIDGE; FINAL REPORT
7112003

BTG 3

P Al AN AN T T S P ey e
tar] 1 ;

N Te

iria
t‘aw;

;‘-‘:
PR

Ay

Page 237



TO: Oregon Department of Transportation Page 238
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Figure 34 shows another view of the HAZ closer to the weld metal than the area shown in Figure 33.
In this area, the HAZ exhibited coarse prior austenitic grains, with agrain size of 2.5 to 3.0 as measured per
ASTM E 112, with grain boundary ferrite.

Figure 35 shows the weld metal in core No. 4. The structure in the weld metal consisted of large prior
austenitic grains with blocky, lath-like grain boundary ferrite, with agrain size of 0.5t0 1.0 per ASTM E 112,

Finer Widmanstatten ferrite was present within thelarge grains.

No significant non-metallic inclusions were observed.
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Impact Testing

The impact bars were machined and the tests conducted under subcontract at Koon-Hall-Adrian
Metallurgical in Portland, Oregon. The thickness of the flange plate on the thinner side of the cores was
insufficient to obtain three sets (rows) of Charpy bars; thus, only two sets of bars were removed from each
core. One set wastaken at the surface of the flange (corresponding to the inside of the girder) after first
machining off athin layer of metal to remove repair welds that had been made at the toes of the ESW welds
during fabrication. The other set was taken below that, corresponding to the bottom half of the thinner plate
or near mid-thickness of the thicker plate.

Each set consisted of five bars, for atotal of 10 bars per core, or atotal of 50 bars for the five cores.
The bars were tested at five temperatures from -20 to +170°F.

Table 15 shows the results of the Charpy V-Notch impact tests, with the data organized according to
test temperature and whether the bar was in the weld metal or HAZ®. Plots of the dataare in the figures that
follow.

Table 15. Charpy V-Notch Impact Test Data

Impact Strength (ft-1b)
Temp (°F) | CoreNo. Surface Center
Center Weld Metal
1 9.5% 5.0*
-20
2 6.0* 8.0*
1 26 9.0*
0 1 11 8.5*
2 5 18
1 345 18
40
2 16 30
76 2 30.0 30.5
100 2 38.5 52
170 1 68.0 61

°A more detailed table showi ng the Charpy test resultswith the data organized according to core and bar number isin
Table 17.

BEE CHARLTON
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Impact Strength (ft-1b)
Temp (°F) | CoreNo. Surface Center
HAZ Metal
4 58 17
-20
5 53.0 16
3 12.0* 10
0 4 60.0 18
5 110 16
3 24.5 21
3 135 24
4 85.5 76
40
4 82 68.5
5 37 23
5 102 18
76 3 38 63
3 32 57
100
4 86 86
170 5 98.0 109

Page 241

*value is outside of machine’s verified range of 12.5 to 211.0 ft-lbs; per ASTM E 23-05, Annex A2,

impact values outside of verified range are reported as approximate.

- CHARLTON

ISHANTI + BHRAGUVANSHI ENTERPRIZE



TO: Oregon Department of Transportation Page 242
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Charpy Impact Test Transition Curves

Figures 36 and 37 show plots of the test datafrom the Charpy V-notch tests. The purpose of the impact
testing was to identify the location of the transitions between lower and higher impact strength, and to
provide the Agency with data such that an estimate could be made of the in-service fracture toughness by

use of the Barsom-Rolfe two-stage fracture correlation.

The curves shown in the two figures were fit to the data using the average impact strength at each test
temperature. The curves are a combination of best-fit polynomial and manual plotting; in particular, the flat

porti ons on both ends of the curve were forced manually.

The locations of the notches in the Charpy bars were established on the basis of a macro-etch of the
coupons removed from the cores, prior to final machining. Subsequent review of the HAZ test data
suggested the notches may not have been precisely in the HAZ; to resolve this, we metall ographically
mounted, polished, and etched the questionabl e fractured bars and examined them in more detail.

The examination showed that in several cases, the notches were indeed not precisely coincident with
the HAZ, but instead were as much as 1 to 2 mm into the weld metal. Consequently, the HAZ data should
be discounted somewhat and viewed as more representative of weld metal near the HAZ rather than precise
HAZ vaues. Photographs of the polished Charpy bars after fracture showing the position of the notch in
relation to the weld and HAZ are in the following figures.
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Charpy Bar Notch Locations

Figures 38 and 39 show two of the fractured Charpy V-notch bars after polishing and etching them to
determine the precise location of the notch. As noted in the previous caption, areview of the HAZ test data
suggested some of the notches may not have been precisely in the HAZ. Microplishing and etching
subseguently confirmed this, as shown in these two figures. In Figure 38, the notch is 1 mm beyond the HAZ
into theweld metal. In Figure 39, the notch is 2 mm beyond the HAZ into the weld metal.

Because the notches were not precisely centered on the HAZ, the HAZ impact data should be
discounted somewhat and viewed as more representative of weld metal near the HAZ, rather than precise
HAZ vdues.

- CHARLTON
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Figure 38 (D72112-08) Core No. 4, Charpy V-Notch Impact Bar No. 8

Figure 39 (D72112-04) Core No. 4, Charpy V-Notch Impact Bar No. 4
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Chemical Analysis

Table 16 summarizes the results of chemical analysis of one base metal sample and three weld metal

samples.

The base metal sample was in conformance with the material specification, ASTM A 588, Grade B,
“Standard Specifi cation for High-Strength Low-Alloy Structural Steel with 50 kst Minimum Yield Point to
4-inches Thick.”

The carbon equivalent (a measure of the weldability of the material) was calculated by using the
formulagivenin AWS D15, “Bridge Welding Code,” and AWS D1.1, “ Structural Welding Code-Steel,”

and is shown in the bottom line of the table.
Phase 1 Summary

The data from the Phase 1 testing did not indicate cause for alteration of the basic plan of the Phase 2
core removal and testing. However, rather than remove all ten Phase 2 cores authorized by the WOC, per

Agency ingructions, only seven Phase 2 cores were removed.

€ CHARLTON
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Table 16. Chemical AnalysisResults
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Material
Specification Sample*
Element, ASTM A 588,
weight percent GradeB 1 2 3 4

Carbon 0.20 max 0.13 0.15 0.11 0.16
Manganese 0.75-135 1.19 1.37 1.26 135
Phosphorus 0.04 max 0.01 0.011 0.012 0.014
Sulfur 0.05 max 0.02 0.014 0.016 0.012
Silicon 0.15-0.50 0.25 0.26 0.36 0.23
Chromium 0.40-0.70 0.52 04 0.18 0.43
Nickel 0.50 max 0.01 0.27 0.11 0.32
Copper 0.20 - 040 0.31 0.23 0.12 0.27
Vanadium 0.01-0.10 0.04 0.05 0.02 0.05
Molybdenum -- -- <0.01 <0.01 <0.01
Aluminum -- -- 0.03 0.01 0.02
Niobium -- -- <0.01 <0.01 <0.01
Titanium -- -- <0.01 <0.01 <0.01
Boron -- -- <0.0001 0 <0.0001
Tin -- -- 0.003 0.004 0.001
Iron Balance | Balance | Baance | Balance
Carbon Equivalent** 0.5 0.55 0.44 0.56

Analysis performed by optical emission spectroscopy; carbon and sulfur by combustion.

*Sample No. Description

1 Base metal, core No. 2, (next to weld SW3-A-B-1), plate south of weld, bottom of plate
2 Weld metal, core No. 4, weld SW4-A-B-3, bottom of weld

3 Weld metal, core No. 4, weld SW4-A-B-3, top of weld

4 Weld metal, core No. 3, weld SW3-B-B-1, bottom of weld

**Carbon equivalent calculated per AWS D1.1: CE = C +(Mn + Si)/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15

- CHARLTON
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Table 17. Charpy V-Notch Test Data, Arranged by Core No.

Notch I mpact
CoreNo. | Location | Bar No. | Location | Temperature, °F | Strength, ft-lbs
1 0 26
2 0 11.0*
3 Surface 40 34.5
4 170 68
5 -20 9.5*
1 Weld
6 40 18
7 170 61
8 Center -20 5.0
9 0 9.0*
10 0 8.5%
1 40 16
2 76 30
3 Surface 0 5.0*
4 100 38.5
5 -20 6.0*
2 Weld
6 0 18
7 40 30
8 Center 76 30.5
9 100 52
10 -20 8.0*

Page 248

*Vaueis outside of machine's verified range of 12.5 to 211.0 ft-lbs; per

ASTM E 23-05, Annex A2, impact values outside of verified range
are reported as approximate.
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Table 17. Charpy V-Notch Test Data, Arranged by Core No.

Notch I mpact
CoreNo. | Location | Bar No. | Location | Temperature, °F | Strength, ft-lbs
1 0 12.0*
2 40 24.5
3 Surface 76 38
4 100 32
5 40 135
3 HAZ
6 0 10.0*
7 40 21
8 Center 76 63
9 100 57
10 40 24
1 0 60
2 40 85.5
3 Surface 40 82
4 100 86
5 -20 58
4 HAZ

6 0 18
7 40 76
8 Center 40 68.5
9 -20 17
10 100 86

*Vaueis outside of machine's verified range of 12.5 to 211.0 ft-lbs; per

ASTM E 23-05, Annex A2, impact values outside of verified range
are reported as approximate.
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Table 17. Charpy V-Notch Test Data, Arranged by Core No.
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Notch I mpact
CoreNo. | Location | Bar No. | Location | Temperature, °F | Strength, ft-lbs
1 0 11.0*
2 40 37
3 Surface 170 98
4 40 102
5 -20 53
HAZ
6 0 16
7 40 23
8 Center 170 109
9 40 18
10 -20 16

*Vaueis outside of machine's verified range of 12.5 to 211.0 ft-lbs; per

ASTM E 23-05, Annex A2, impact values outside of verified range
are reported as approximate.
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Phase 2 M aterial Testing Scope of Work

Following the completion of the Phase 1 material evaluation of Task 4, seven additional coreswere
removed from the bridge girder bottom flanges for Phase 2 testing (Table 18). Of these, six coreswerefrom
welds, while the seventh was from the girder base material. The purpose of the Phase 2 testing was to
guantify the in service fracture toughness and fatigue crack growth threshold of the weld and HAZ. The
following specific tasks were included in the Phase 2 testing’:

» Test three weld metal specimens, three HAZ specimens, and one base metal specimen in
accordance with ASTM E 1820 using the compact tension specimen configuration, at 0 °F
and atarget loading rate of zeroto P, in 1 to 3 seconds, to establish the fracture toughness.

» Test three weld metal specimens and one base meta specimen in accordance with ASTM
E 647 to establish the fatigue crack growth rates and fatigue thresholds, at room
temperature.

e Test three weld metal and three base metal specimens in accordance with ASTM ES8 to
establish tensile properties, at room temperature.

Table 18. Phase 2 Core Samples

Core Number 6 7 8 9 10 11 12
Material HAZ AWM AWM HAZ BM HAZ HAZ
e L. WSHA-A- | WH-A- | WS3-A- | WS3-A- WS1 WS1-A- | WSI1-A-
Weld I dentification B-2 B-1 B.5 B4 B.5 B-4

Although not specifically requested in the WOC for Phase 2, the cores were macro etched to reveal
the location of theweld, HAZ, and base metal, just has had been done for the Phase 1 cores. Figures 40
through 47 show the cores after macro etching. All six cores from welds were taken at welds between plates
of different thicknesses. As noted in the Phase 1 material evaluation report, the thickness transition (step)
was accommodated on the outside (bottom side) of the girder, with the inside surfaces flush with each other.
(However, unlike in the Phase 1 report, the cores are shown in these photographs right side up, oriented as
they would have been in service))

Aswith the Phase 1 cores, the Phase 2 cores exhibited varying degrees of “barreling”, which, because
the welds were not particularly easy to discern in the photographs, is highlighted here by series of dots along
the weld fusion lines.

8The official Work Order Contract did not specify fracture toughness or fatigue testing of the base metal. Testing of
the base metal was subsequently requested by the Agency after the WOC had been signed and authorized, but prior to the sart of
actual testing. Per ODOT’ s request, the fracture toughness and fatigue testing of the base metal was incorporated into the test
program at the same time as the testing of the weld metal and HAZ.

MEI CHARLTON
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Figure 40 (D71147-01) Phase 2 Cores, Nos. 7 through 12

Figure41 (D71147-03) Core No. 6 (HAZ)
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Figure 44 (D71147-10) Core No. 9 (HAZ)

Figure 45 (D71147-11) Core No. 10 (base metal)
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Figure 47 (D71147-15) Core No. 12 (weld metal)
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TensileTests

The mechanical properties of the weld metal and base metal were measured by tensile tests on
specimens machined from the three weld metal cores and the one base metal core. The base metal and weld
metal both complied with the ultimate strength, yield strength, and elongation requirements of ASTM A 588
steel. (The specified bridge steel.) The test results are shown in Table 19.

Table19. Tensile Test Results*

CoreNo. Average

7 8 12 10-1 | 10-2 | 10-3
ASTM Weld Base

Property A 588 Weld metal Base metal metal | metal

Ultimate Strength, ksi 70 84.6 | 776 | 855 | 846 | 844 | 838 82.6 84.3

Yield Strength, ksi 50 57.6 | 505 | 58.8 | 554 | 55.8 | 56.8 55.6 56
Elongation, % in 4D 19 22 27 245 | 2715 29 29 245 28.5
Reduction of area, % 615 | 665 | 595 | 725 | 725 | 725 62.5 72.5

*tensile testing conducted by Koon Hdl Adrian Metallurgical (Portland, Oregon).

E-CHARLTON
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Fatigue Crack Growth and Fatigue Threshold Test and J-Fracture Toughness Test

The fatigue crack growth and fatigue threshold test per ASTM E467 and the J-fracture toughness
testing per ASTM E 1820 was conducted under subcontract by CC Technologies, Inc. (Dublin, Ohio). One

compact tension (CT) specimen (Figure 48) was machined from each of the seven core samples.

- —

0.275 W

0.6 W (D

= A =

W/4 W

b

Figure 48. Diagram of CT Specimen

The CT specimens were used to derive both the fatigue crack growth rate data and the fracture
toughness data. The testing procedures and the results are described in detail in the report from CC

Technologies, Inc., which follows on the next page:
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CC Technologies
A DNV COMPANY

Innovative Solutions
January 31, 2007

Mr. Robert Hodel, P.E.
General Manager
MEI-Charlton, Inc.
2233 SW Canyon Road
Portland, OR

Re: Fatigue Crack Growth and Fatigue Threshold Testing per ASTM E647,% and
J-Fracture Toughness Testing per ASTM E1820@ of Steel Base Metal, Heat
Affected Zone, and Weld Core Samples from Fremont Bridge. (Project 80631001)

Dear Mr. Hodel:

This letter reports the results of fatigue-crack-growth-rate and fatigue-threshold testing, and
J-fracture-toughness testing. The objectives of the work were to measure the fatigue crack
growth rates (da/dN) as a function of stress intensity factor range (AK), determine the fatigue
thresohold (AKy) at room temperature, and determine the J-fracture-toughness at 0 °F
(-18 °C).

BACKGROUND

The State of Oregon Department of Transportation (ODOT) is investigating electroslag welds
of an existing highway bridge. The bridge is constructed of 1.5-in. to 2.5-in. thick members of
structural carbon steel. The welds are made using a single-pass, cast-in-place process
involving an open groove between the members. The groove is filled with flux wire and
copper shoes are placed on both sides of the groove to provide the welding current to make
the joint. The cross-section of the welds is barrel-shaped, which means that the weld is wider
at mid-wall than at either surface. The welds have a very coarse grain structure in the heat
affected zone (HAZ). Taking these factors into account, the approximate width of each weld
is 2-in. of which about 1-in. is fusion metal and 0.5-in. is HAZ on either side of the weld.

TECHNICAL APPROACH

MEI Charlton (MEI) provided seven (7) ASTM A588 steel core samples that were removed by
MEI from the Fremont Bridge in Oregon for the work. It was reported that a 4-in. diameter
hole cutter was used, which gave samples of approximately 3.5-in. diameter. The middle of

! E647-00 Standard Test Method for Measurement of Fatigue Crack Growth Rates, Book of Standards, Volume 03.01,
ASTM International.

2 E1820-06 Standard Test Method for Measurement of Fracture Toughness, Book of Standards, Volume 03.01, ASTM
International.
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the round core samples was positioned over either the centerline of the weld fusion metal or
the HAZ. To achieve this, the coating was locally removed from the steel, the steel was
polished and etched to reveal the weld, and the core drill was aligned prior to cutting, see
Figures la and 1b. The 3.5-inch diameter round cores varied in thickness from
approximately 1.5to 2.5-inch, and included one (1) base metal sample, three (3) heat
affected zone (HAZ) samples, and three (3) all weld metal (AWM) samples from electroslag
welds; see Figure 2. Core identification and the test matrix are summarized in Table 1.

CC Technologies, Inc. (CC Technologies) prepared one full size (1-T) compact tension (CT)
specimen and one round tensile bar specimen from each core. The tensile bars were sent to
MEI for testing, and the CT-specimens were used by CC Technologies for the fatigue and
fracture toughness tests. A schematic of the core and specimens geometries with respect to
the welds is shown in Figure 3.

The CT specimens were made with the 3.5-in. diagonal dimension (W = 2.0 in. which resulted
in an approximately 2.4 x2.5in. rectangular specimen) — refer to Figure A2.2 of
ASTM E1820. The specimens had a thickness (B-dimension in Figure A2.2) of 1-inch and
were side-grooved (0.100-in. deep) on both sides to create a net section thickness (By) of
0.800-in.; refer to Figure 4. In the AWM and HAZ specimens, the direction of the notches
was along the length direction of the weld.

RESULTS

Fatigue-Crack-Growth-Rate Testing

Fatigue crack growth rate (CGR) and fatigue threshold testing was performed in air and at
room temperature using the CT specimens. Three specimens were tested of AWM and one
specimen was tested of base metal. Another three specimens of HAZ metal were fatigue
pre-cracked, but not tested to the threshold. The pre-cracks had an approximate total length
and a ratio a/W = 0.7.

The specimens were subjected to cyclic loading using an electro-hydraulic test system. A
load (P) shedding technique was applied to gradually decrease the range of the stress
intensity factor (AK) for the growing crack. The R-ratio was 0.1 (minimum load divided by
maximum load = Pn,in/Pmax), and the cyclic frequency was in the range of 20 to 39 Hz. As the
crack grew, the applied load range was periodically reduced to decrease the applied load.
The results were analyzed in accordance with the procedures outlined in ASTM E647 to
develop a plot of da/dN versus AK. The AKy, value was then determined from the plot.

The da/dN versus AK curves for the base-metal and AWM specimens are shown in Figure 5.
The results of the fatigue CGR and fatigue threshold testing are summarized in Table 2. The
curves showed two different slopes, and therefore the curve-fit coefficients for both are
reported in the table. For the high-growth region, the values represent the Paris Law
coefficients.
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J-Fracture-Toughness Testing

After the fatigue CGR tests, the same AWM and base metal specimens were re-precracked
to prepare them for J-fracture toughness testing. The HAZ specimens were tested in the
pre-cracked condition, without CGR testing.

The specimens were cooled to 0+/-2°F (-18 +/-1°C) inside a test chamber in a
servo-hydraulic testing machine by submerging them in methanol and adding dry ice as
needed. The specimen temperature was measured from an attached thermocouple. Once
the test temperature was reached, the specimen was soaked at that temperature for
approximately 20 minutes. A monotonically increasing load from zero to maximum load was
then rapidly® applied to the specimen under displacement control until there was a sudden
load drop and a rapid increase in crack length. The specimens were instrumented for
DC electric potential drop (EPD) measurements, from which the crack length (and thereby
growth rate) was determined during the test.

MEI provided tensile property data for the material; see Table 3. For the present analysis,
the average values for the base metal and the weld metal were used. The average weld
metal property values were also used for the HAZ specimens.

With the tensile property data, the specimen and final crack size dimensions, the load-
displacement-crack length data were analyzed to produce a J-R curve (J-energy per unit of
area versus change in crack length) for each specimen; see Figures 6a through 6g. From the
curves, J(Q) values were determined for the specimens — refer back to Table 2. All the
specimen dimensions and load requirements in ASTM E1820 were fulfilled, except for the
outer two measurements of the physical crack lengths, as determined using the 9-point crack
sizing method. Therefore, the J(Q) values could not be qualified as J.-values. A summary of
the specimen dimensions and data values used in the analysis is provided in Table 4.
Photographs of the fracture surfaces of the specimens are shown in Figure 7.

The data for the base metal specimen 10-WS1 were well behaved, as seen from the
JR curve (Figure 6a) with an initial slope close to the suggested slope from the ASTM
standard. The J(Q) value is determined at the point where the curve intersects the 0.2-mm
offset line (126.6 kJ/m? = 723 Iby/in. for the base metal).

The data for the HAZ specimens revealed a steeper slope and had J(Q) values higher than
those for the base-metal specimen. Specimen 9-WS3AB4 and Specimen 11-WS1ABS failed
suddenly within the area of J-R valid values, as seen from the sudden increase in crack
length at 171.0 and 339.3 kJ/m? (976 and 1,937 Ibi/in.), respectively; see Figures 6¢c and 6d.
Specimen 6-WS4AB2 did not fail below the J-limit value for valid test data was reached, and
therefore that value (391.6 kJ/m? [2,236 Ib/in.]) was reported as J(Q); see Figure 6b.

The data for the AWM specimens was difficult to interpret. The EPD signals during the first
phase of the load increase showed an erroneous crack increase, followed by a decrease to
approximate initial value for the specimens. This is visible as a “nose” in the JR-curves; see

The load was applied with a target rate of 1 to 3 seconds to fail the specimen.
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Figures 6e, 6f, and 6g. This phenomenon occurred in the nominally elastic deformation
range, where the crack is not expected to grow, but the plastic zone size around the crack tip
can increase. By ignoring the nose, and proceeding with the standard data analysis of the
remainder of the data, a J(Q) value for the specimens could be determined, nonetheless.
The three specimens (Specimen 7-WS4AB1, 8-WS3AB5, and 12-WS1AB4) behaved
approximately the same, with values of 64.7, 58.2, and 69.6 kJ/m? (369, 332, and 397 Ib¢in.),
respectively.

SUMMARY OF RESULTS

Base metal had lower fatigue-crack-growth resistance than weld metal, with
AKyp, = 7.84 MPaVm (7.13 ksi Vin). for base metal and 9.30to 10.54 MPaym (8.45 to
9.58 ksi V in.) for weld metal. The fatigue-crack-growth-rate for base metal was also higher
than for weld metal for given AK.

J(Q) for HAZ metal was higher than that for base metal, 171 to 392 kJ/m? (976 to 2,236
Ibi/in.) versus 127 kJ/m? (723 Ibi/in.). J(Q) for weld metal was significantly lower than for base
metal, 58 to 70 kJ/m? (332 to 397 Ibin.) versus 127 kd/m? (723 Ibi/in.). This is a relatively low
value of toughness for weld metal.

Please contact me if you have any questions about these results.

Sincerely,
CC TECHNOLOGIES, INC.

Author:

LT

Michiel P. Brongers, P.E.
Senior Project Manager

Reviewed by:

(et EQeont
Carl E. Jaske, Ph.D., P.E.
Senior Project Manager

ApprO/ad by:
/ 0 AL

Oliver C. Moghissi,jPh D
Sr. Vice President - Laboratories

cc: Bill Kovacs, Carl Jaske, Oliver Moghissi (CCT)
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Table 1. Identification of Core Samples and Test Matrix.
Core Thickness ASTM E647-05 ASTM E1820-06
(inch) Room Temperature 0 °F (-18 °C)
CGR(®)
Thin Thick Fatigue and Fatigue JR-Curve

Sample ID | Region(*) | Side Side Precrack | AKy, Test | Re-Precrack Test
10-WS1 Base Metal 1.94 Yes Yes Yes Yes
6-WS4AB2 HAZ 1.55 2.06 Yes — — Yes
9-WS3AB4 HAZ 1.53 2.05 Yes — — Yes
11-WS1AB5 HAZ 1.98 2.27 Yes — — Yes
7-WS4AB1 AWM 2.05 2.43 Yes Yes Yes Yes
8-WS3AB5 AWM 2.04 2.40 Yes Yes Yes Yes
12-WS1AB4 AWM 1.54 1.93 Yes Yes Yes Yes

(*) HAZ = heat affected zone, AWM = all weld metal, CGR = crack growth rate

Table 2. Summary of Fatigue and Fracture Toughness Test Results.
da/dN (in./cycle) AKy, J(Q) (**)

Sample ID Region N
Th e‘;";‘]rol g Higher AK (MPavm) | (ksivinch) | (k3/m? | Ibdin.
10-WS1 Base Metal | 1.45E-15 x AK®*%? | 9.10E-10 x AK** 7.84 7.13 126.6 | 723
6-WS4AB2 HAZ - - - - 391.6 | 2,236
9-WS3AB4 HAZ - - - - 171.0| 976
11-WS1AB5 HAZ - - - - 339.3 | 1,937
7-WS4AB1 AWM 4.20E-19 x AK™? | 1.25E-11 x AK*™* 9.80 8.91 64.7 | 369
8-WS3AB5 AWM 5.74E-21 x AK*?® | 1.99E-09 x AK>®° 9.30 8.45 58.2 | 332
12-WS1AB4 AWM 1.97E-21 x AK™' | 7.94E-11 x AK>*° |  10.54 9.58 69.6 | 397

(**) 1 kJ/m? = 5.710148 Iby/in.

Table 3. Mechanical Properties [Data provided by MEI Charlton, Inc.].
Core No.
Average
7 8 12 | 1-0ct ‘ 2-0ct | 3-Oct

ASTM Weld Base

A588 Weld Weld Weld Base metal metal metal
Ultimate Strength, ksi 70.0 min. 84.6 77.6 85.5 84.6 84.4 83.8 82.6 84.3
Yield Strength, ksi 50.0 min. 57.6 50.5 58.8 55.4 55.8 56.8 55.6 56.0
Flow Strength (YS+UTS)/2 , ksi 71.1 64.1 72.2 70.0 70.1 70.3 69.1 70.1
Elongation, % 19.0 min. 22.0 27.0 24.5 27.5 29.0 29.0 24.5 28.5
Reduction of area, % 61.5 66.5 59.5 72.5 72.5 72.5 62.5 72.5
E-Modulus, ksi 27,817 28,000
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Table 4. Specimen and Crack Dimensions Used in Data Analysis.
10-WS1 | 7-WS4AB1 | 8-WS3AB5 | 12-WS1AB4 | 6-WS4AB2 | 9-WS3AB4 | 11-WS1AB5
Sample Base

Condition Metal AWM AWM AWM HAZ HAZ HAZ
Specimen Width (W), inch 1.9921 1.9873 1.9875 1.9905 1.9960 1.9978 1.9963
Crack Length (a), before fatigue 1.1548 1.2360 1.1720 1.1753 N/A N/A N/A
Crack Length a(o), after pre-cracking 1.3730 1.3990 1.3540 1.3960 1.3990 1.4000 1.4010
Specimen Thickness B, inch | 0.9940 0.9934 0.9948 0.9923 0.9980 0.9984 0.9968
Specimen Net Thickness (By), inch 0.800 0.800 0.800 0.800 0.800 0.800 0.800
Physical Crack Size (a(p)), inch 1.3499 1.3365 1.3465 1.3659 1.3928 1.4017 1.3921
Remaining Ligament b(0), inch 0.6422 0.6508 0.6410 0.6246 0.6032 0.5961 0.6042
Yield Strength (YS), ksi 56.0 55.6 55.6 55.6 55.6 55.6 55.6
Ultimate Tensile Strength (UTS), ksi 84.3 82.6 82.6 82.6 82.6 82.6 82.6
Flow Strength (FS), ksi 70.1 69.1 69.1 69.1 69.1 69.1 69.1
Elastic Modulus (E), ksi 28,000 27,817 27,817 27,817 27,817 27,817 27,817
Poisson's Ratio (v) 0.3 0.3 0.3 0.3 0.3 0.3 0.3

(N/A) = Not applicable
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(b)

Figure 1. Photographs of removing core samples by (a) removing Paint and etching
the steel, and (b) cutting with hole saw [Courtesy of MEI Charlton, Inc.].

Figure 2. Photographs of core samples with approximate weld location marked as
dotted lines [Courtesy of MEI Charlton, Inc.].
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Core Slize oD
Tensile Specimen
: CT-Specimen :
Plate 1 : : Plate 2
(Thicker) (Thinner)
Weld ID
Wed  \ 7
(wider at midwall
than at surfaces)
Plate 1 Plate 2
(Thicker) (Thinner)
Figure 3. Drawing of specimen orientations.
““““ . Depth: 0.100 inch
—
_ Nl ' 90-degrees groove

Side groove O

Figure 4. Drawing showing orientation of side grooves in CT-specimen.
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da/dN vs.AK Plot
Tests in Air at Room Temperature
1E-06 ; ; — T
; —4— Specimen 10-WS1 (Base Metal)
|| —&— Specimen WS4AB1 (All Weld Metal
—m— Specimen WS1AB4 (All Weld Metal
1E-07 1+
— —e— Specimen WS3AB5 (All Weld Metal
1E-08 A
—AK,, =958
S AK,, =891
& **— AK, =845
1E-09
'S
AKy, =7.13
[T
1E-10 T
1 10 100
AK (ksi Vinch)
Figure 5. Fatigue crack growth rate curves for tests in air at room temperature.
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Figure 6a.  J-R curve for Specimen 10-WS1 (base metal), at 0 °F (-18 °C).
J-R Curve of Specimen 6-WS4AB2 (Heat Affected Zone)
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Figure 6b.  J-R curve for Specimen 6-WS4AB2 (heat affected zone), at 0 °F (-18 °C).
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J-R Curve of Specimen 9-WS3AB4 (Heat Affected Zone)
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Figure 6¢c.  J-R curve for Specimen 9-WS3AB4 (heat affected zone), at 0 °F (-18 °C).
J-R Curve of Specimen 11-WS1AB5 (Heat Affected Zone)
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Figure 6d.  J-R curve for Specimen 11-WS1AB5 (heat affected zone), at 0 °F (-18 °C).
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J-R Curve of Specimen 7-WS4AB1 (All Weld Metal)
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Delta a, mm

Figure 6e.  J-R curve for Specimen 7-WS4AB1 (all weld metal), at 0 °F (-18 °C).

J-R Curve of Specimen 8-WS3AB5 (All Weld Metal)
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Figure 6f.  J-R curve for Specimen 8-WS3AB5 (all weld metal), at 0 °F (-18 °C).
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J-R Curve of Specimen 12-WS1AB4 (All Weld Metal)
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Figure 6g.  J-R curve for Specimen 12-WS1AB4 (all weld metal), at 0 °F (-18 °C).
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11-WS1AB5 (Heat Affected Zone) 12-WS1AB4 (All Weld Metal)

Figure 7. Photographs of Fracture Surfaces.
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Test Temperature: Lab Temperature (75 F°), Test Lod Ratio: R = 0.10
Test Frequency/Waveshape: 20 Hz./Sinusoidal

K-Decreasing Threshold da/dN (C =-2.00)

da/dN AK
(inch/Cycle) | (ksiV inch)
6.05E-07 14.35
5.82E-07 14.23
5.75E-07 14.08
5.61E-07 13.94
5.41E-07 13.79
5.31E-07 13.65
5.24E-07 13.50
5.05E-07 13.36
4.89E-07 13.22
4.75E-07 13.08
4.65E-07 12.95
4.57E-07 12.81
4.42E-07 12.68
4.34E-07 12.55
4.22E-07 12.42
4.18E-07 12.29
4.08E-07 12.16
3.91E-07 12.03
3.85E-07 11.91
3.73E-07 11.78
3.59E-07 11.66
3.48E-07 11.53
3.41E-07 11.41
3.33E-07 11.29
3.13E-07 11.17
2.94E-07 11.06
2.75E-07 10.94
2.58E-07 10.82
2.43E-07 10.71
2.27E-07 10.59
2.10E-07 10.48
1.92E-07 10.37
1.78E-07 10.26
1.65E-07 10.15
1.52E-07 10.04
1.47E-07 9.95
1.40E-07 9.87
1.29E-07 9.80
1.21E-07 9.72
1.16E-07 9.64
1.14E-07 9.56
1.08E-07 9.48

da/dN AK
(inch/Cycle) | (ksiV inch)
1.04E-07 9.42
9.54E-08 9.35
8.61E-08 9.27
8.37E-08 9.21
8.22E-08 9.15
8.00E-08 9.07
7.55E-08 9.02
6.98E-08 8.96
6.61E-08 8.89
6.42E-08 8.84
5.90E-08 8.77
5.66E-08 8.72
5.48E-08 8.67
5.33E-08 8.61
5.67E-08 8.57
5.46E-08 8.51
4.77E-08 8.46
4.24E-08 8.41
3.76E-08 8.36
3.25E-08 8.32
2.94E-08 8.28
2.87E-08 8.25
2.97E-08 8.21
2.96E-08 8.17
2.93E-08 8.13
2.97E-08 8.09
2.69E-08 8.06
2.69E-08 8.02
2.66E-08 7.99
2.44E-08 7.96
2.26E-08 7.92
2.17E-08 7.89
2.15E-08 7.87
2.06E-08 7.83
1.98E-08 7.80
1.93E-08 7.78
1.76E-08 7.75
1.70E-08 7.72
1.67E-08 7.70
1.60E-08 7.68
1.50E-08 7.65
1.31E-08 7.63

da/dN AK
(inch/Cycle) | (ksiV inch)
1.24E-08 7.61
1.26E-08 7.59
1.06E-08 7.58
9.17E-09 7.56
9.78E-09 7.54
1.08E-08 7.52
1.17E-08 7.51
1.34E-08 7.49
1.42E-08 7.47
1.27E-08 7.45
1.01E-08 7.43
1.06E-08 7.41
1.01E-08 7.40
8.93E-09 7.38
8.19E-09 7.36
7.59E-09 7.35
6.82E-09 7.34
6.59E-09 7.33
6.91E-09 7.32
6.54E-09 7.31
6.02E-09 7.29
5.66E-09 7.28
5.40E-09 7.27
4.56E-09 7.26
3.92E-09 7.25
4.93E-09 7.25
5.22E-09 7.24
4.61E-09 7.23
4.66E-09 7.22
5.06E-09 7.21
6.67E-09 7.20
8.64E-09 7.19
1.09E-08 7.17
9.85E-09 7.16
5.12E-09 7.15
2.10E-09 7.14
4.32E-10 7.14
1.27E-09 7.14
1.40E-09 7.14
1.79E-10 7.14
1.75E-10 7.13
2.71E-09 7.13
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Specimen 10-WS1
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Mr. Robert Hodel
Project 80631001
January 31, 2007

Page A-3
Specimen 7-WS4AB1 (All Weld Metal)
Test Temperature: Lab Temperature (75 F°)
Test Load Ratio: R =0.10
Test Frequency/Waveshape: 20 Hz./Sinusoidal
K-Decreasing Threshold da/dN (C = -2.00)
da/dN AK da/dN AK da/dN AK da/dN AK
(inch/Cycle) | (ksi inch) || (inch/Cycle) | (ksiVinch) || (inch/Cycle) | (ksiV inch) || (inch/Cycle) | (ksiV inch)

5.86E-07 14.23 3.35E-07 12.46 1.26E-07 10.98 3.94E-08 9.78
5.63E-07 14.11 3.22E-07 12.36 1.15E-07 10.90 4.36E-08 9.71
5.26E-07 14.00 3.05E-07 12.26 1.02E-07 10.82 3.54E-08 9.64
4.95E-07 13.88 2.93E-07 12.16 9.54E-08 10.74 2.83E-08 9.58
4.88E-07 13.76 2.91E-07 12.06 9.26E-08 10.66 2.74E-08 9.51
4.67E-07 13.65 2.80E-07 11.97 8.78E-08 10.58 2.66E-08 9.45
4.50E-07 13,53 2.68E-07 11.87 7.64E-08 10.50 2.37E-08 9.39
4.38E-07 13.42 2.58E-07 11.78 6.51E-08 10.42 2.05E-08 9.32
4.24E-07 13.31 2.41E-07 11.68 5.57E-08 10.35 1.83E-08 9.26
4.15E-07 13.19 2.22E-07 11.59 4.58E-08 10.27 1.79E-08 9.20
3.94E-07 13.09 2.12E-07 11.50 4.18E-08 10.20 1.66E-08 9.14
3.84E-07 12.98 1.94E-07 11.42 3.63E-08 10.13 1.23E-08 9.09
3.85E-07 12.87 1.75E-07 11.33 3.28E-08 10.05 9.88E-09 9.02
3.68E-07 12.76 1.62E-07 11.24 3.43E-08 9.99 7.19E-09 8.97
3.53E-07 12.66 1.48E-07 11.15 3.16E-08 9.92 3.98E-09 8.91
3.48E-07 12.56 1.36E-07 11.07 3.28E-08 9.84
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Specimen 7-WS4AB1
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Mr. Robert Hodel

Project 80631001
January 31, 2007
Page A-5
Specimen 8-WS3ABS5 (All Weld Metal)
Test Temperature: Lab Temperature (75 F°)
Test Load Ratio: R =0.10
Test Frequency/Waveshape: 20 Hz./Sinusoidal
K-Decreasing Threshold da/dN (C =-2.00)
da/dN AK da/dN AK da/dN AK da/dN AK
(inch/Cycle) | (ksiVinch) || (inch/Cycle) | (ksiVinch) || (inch/Cycle) | (ksi inch) || (inch/Cycle) | (ksiv inch)
2.92E-07 12.78 2.37E-07 11.17 1.10E-07 9.83 2.17E-08 8.86
3.07E-07 12.68 2.26E-07 11.08 1.06E-07 9.75 1.75E-08 8.82
3.07E-07 12.57 2.21E-07 10.99 9.92E-08 9.68 1.87E-08 8.77
3.06E-07 12.46 2.33E-07 10.90 8.39E-08 9.61 2.20E-08 8.74
3.04E-07 12.35 2.27E-07 10.81 7.12E-08 9.53 2.55E-08 8.70
2.91E-07 12.25 2.15E-07 10.72 6.01E-08 9.46 2.62E-08 8.65
2.82E-07 12.14 2.17E-07 10.64 4.85E-08 9.39 2.39E-08 8.62
2.72E-07 12.04 2.23E-07 10.55 3.63E-08 9.32 1.48E-08 8.57
2.60E-07 11.94 2.16E-07 10.47 2.88E-08 9.25 1.14E-08 8.55
2.79E-07 11.84 2.02E-07 10.38 2.73E-08 9.20 1.33E-08 8.52
2.84E-07 11.74 1.88E-07 10.30 2.95E-08 9.15 1.47E-08 8.49
2.70E-07 11.64 1.80E-07 10.22 3.90E-08 9.10 3.07E-09 8.48
2.56E-07 1155 1.64E-07 10.14 4.24E-08 9.05 2.47E-09 8.45
2.44E-07 11.45 1.38E-07 10.06 4.34E-08 8.99 4.80E-09 8.44
2.51E-07 11.36 1.27E-07 9.98 4.08E-08 8.94
2.45E-07 11.26 1.20E-07 9.91 2.87E-08 8.89
Specimen 8-WS3AB5
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1.0E-05+
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Mr. Robert Hodel
Project 80631001
January 31, 2007

Page A-6
Specimen 12-WS1AB4 (All Weld Metal)
Test Temperature: Lab Temperature (75 F°)
Test Load Ratio: R =0.10
Test Frequency/Waveshape: 20 Hz./Sinusoidal
K-Decreasing Threshold da/dN (C =-2.00)
da/dN AK da/dN AK da/dN AK da/dN AK
(inch/Cycle) | (ksiVinch) || (inch/Cycle) | (ksiV inch) || (inch/Cycle) | (ksi inch) || (inch/Cycle) | (ksiv inch)
4.52E-07 14.16 3.16E-07 12.63 1.39E-07 11.33 3.56E-08 10.24
4.41E-07 14.06 3.06E-07 12.53 1.27E-07 11.25 3.46E-08 10.17
4.28E-07 13.94 2.96E-07 12.43 1.14E-07 11.16 3.62E-08 10.10
4.19E-07 13.82 2.88E-07 12.33 9.62E-08 11.08 3.47E-08 10.03
4.10E-07 13.71 2.82E-07 12.24 8.13E-08 11.00 2.92E-08 9.96
4.02E-07 13.60 2.67E-07 12.14 7.28E-08 10.92 2.53E-08 9.90
3.87E-07 13.48 2.57E-07 12.05 6.80E-08 10.84 2.06E-08 9.83
3.74E-07 13.37 2.44E-07 11.96 6.29E-08 10.76 1.92E-08 9.77
3.60E-07 13.26 2.27E-07 11.86 5.44E-08 10.68 1.92E-08 9.71
3.52E-07 13.15 2.17E-07 11.77 4.47E-08 10.61 1.56E-08 9.64
3.53E-07 13.05 2.00E-07 11.68 3.69E-08 10.53 8.94E-09 9.58
3.44E-07 12.94 1.80E-07 11.59 3.26E-08 10.46
3.33E-07 12.84 1.67E-07 11.50 3.06E-08 10.38
3.28E-07 12.73 1.54E-07 11.42 3.17E-08 10.31
Specimen 12-WS1AB4
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TO: Oregon Department of Transportation Page 279
SUBJECT: FREMONT BRIDGE; FINAL REPORT
REF. NO.: 7112003

Upon completion of the fracture toughness and fatigue testing, the CC Technology report was
submitted to the Agency for review. Subsequently, the Agency requested additional information, which was
provided by CC Technologies asfollows:

L oad-Displacement Curves for J-Fracture Toughness Tests

Figures 49 and 50 show the load-displacement curves provided by CC Technologiesfor all seven CT
specimens; Figure 49 shows the full history of the testing, while Figure 50 only showsthe initial stage of the

testing. Figures 51 through 57 shown individual |oad-displacement curvesfor each specimen.

Full Size (1-T) Compact Tension (ST Specimens at 0 °F ~18°5)
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——Ipecien 1-NI] Baze Ml
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——Ipecmer G4 HAED HAD

Tpecmey 9 ISARL HAD
——Spechneyr 11403 1865 (HAD

4,000

[
=
[

Load, bs
[

| T
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0% T T T T T T T T T i
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Figure 49. L oad-Displacement Curvefor Fracture Toughness Tests
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Full Size (1-T) Compact Tension (CT) Specimens at0 °F (18°C)
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Figure50. Load-Displacement Curvesfor Initial Stage of Fracture Toughness Tests

Specimen G-WUS4AB2 (HAZ)
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Figure51. Load-Displacement Curve for Core No. 6. WS4-A-B-2 (HAZ)
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Specimen TAWS48B1 WWeld Fusion M etal)
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Figure 52. L oad-Displacement Curvefor CoreNo. 7. WS4-A-B-1 (AWM )

Specimen 8AWSILBES MWeld Fusion Metal)
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Figure 53. Load-Displacement Curvefor CoreNo. 8. WS5-A-B-5(AWM)
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Specimen AWE3EAR4 (HAT)
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Figure 54. Load-Displacement Curve for Core No. 9. WS3-A-B-4 (HAZ)

Specim en 10WS1 (Basze Metal)
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Figure 55. L oad-Displacement Curvefor CoreNo. 10. WS1 (Base M etal)
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Figure56. Load-Displacement Curve for Core No. 11. WS1-A-B-5(HAZ)
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Based on these curves, CC Technologies calculated the maximum load, Pmax; the load at
provisional critical stress, P(Q); and the stress intensity factor at P(Q), K(Q); aslisted in Table 20.

Table 20. Parameters Derived From J-Fracture Toughness Test.

Maximum Load, Ibs Pmax 4962 4,825 4,147 4431 5,066 5,098 5,255
. 1354 1293 1357 1368 1406 1418 1414

Crack Length at Pmax, inch (@ pmax 5 3 5 8 8 4 8
. 0.679 0.650 0.682 0.687 0.704 0.710 0.708

Crack ratio at Pmax (8/'W)pmax 8 3 9 7 8 0 7
f(@W)p,, 1941 1691 1972 2020 2211 2275 2259

X 91 81 20 79 61 27 42
Stress intensity factor at K(max), ksivin. K(max) 76.68 64.96 65.08 7125 89.16 92.30 94.48
Load at provisional stress K(Q), Ibs P(Q) 4341 4,825 4,044 4431 3,303 3935 3,422
. 1349 1293 1.358 1368 1.392 1.408 @ 1.392

Crack Length at P(Q), inch @p(0) 9 3 1 8 8 3 1
. 0.677 0.650 0.683 0.687 0.697 0.705 0.697

Crack ratio at P(Q) (@W)p(q) 6 3 3 7 8 5 4
F(alW) 19.21 1691 19.76 2020 21.30 2216 21.25

PQ@ 21 81 70 79 10 22 17
Stress intensity factor at P(Q), ksivin. Kpo) 66.36 64.96 6361 7125 5599 69.40 57.87
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Figures 58 and 59 show the stress-strain relationships of the six tensile test specimens, with Figure

57 showing the full stress-strain relationship, and Figure 58 showing only the curvesin the plastic area.

Stress-Strain Curves Tor 6 Specimens
Tensile Tests at Room Temperature
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* Test 49642, Lab No. M22378, Specimen 7-1, Weld Fusion Metal
* Test 49643, Lab No. M22379, Specimen 3-1. Weld Fusion Metal
® Test 49647, Lab No. M22383, Specimen 12-1. Weld Fusion Metal
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Figure58. Stress-Strain Curvesfor Tensile Test Specimens (room temperature)
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Curve Fitting of Purely Plastic Potion of Stress-Strain Curves
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Figure59. Stress-Strain Curvesfor Tensile Test Specimensin Plastic Region
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Stress-Strain Equation Parameters

From the stress-strain curves for the tensile bars, CC Technologies regressed the parametersin the
stress-strain behavior equation, o= Ke". In thisequation, o represents the applied stress on the material, €
isthe strain, K isthe strain hardening coefficient and n is the strain hardening exponent (also called the strain

hardening index). The regressed vaue of n and K are shown in Table 21.

Table21. Regressed Stress-Strain Equation Parameters.

Core No. Average
7 8 12 10-1 10-2 10-3
Weld Base
Weld Metal Base Metal Metal Metal
K 65,943 | 57,437 | 66,083 57,638 | 56,274 | 56,297 63,154 | 56,736
n 0.1302 | 0.1216 | 0.123 0.0223 | -0.0022 | -0.026 0.1249 | -0.0020
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TASK 5
NONDESTRUCTIVE TESTING

Scope of Work

Task 5 of WOC 5 was to perform both Ultrasonic testing (UT) and Radiographic testing (RT) on
Agency selected weldmentsin the four Westside approach bridgesinvolved in this study. The Work Order
Contract (WOC) specified that twenty bottom flange welds were to be tested by both UT and RT and that
twenty top flange welds were to be tested by UT only. Although not specifically designated in the WOC,
per Agency instructions, these welds were evenly divided among the four bridges. Although also not

specified in the WOC, dl the inspected welds were selected at locations in tension.

Thetop flanges vary in width from approximately 14 to 20 inches, and the webs are welded to the
flanges at about mid width of the flange. Thus, the flanges extend about 7 to 10 inches on the inside of the
girder and about the same amount on the outside. The WOC specified that the ultrasonic inspection on the

top flanges was to be done on both the portion inside the girder and the portion outside of the girder.

The bottom flanges are approximately 48 inches wide, with only about 1 inch on the outside of the
girder beyond each web. The WOC specified that the ultrasonic inspection on the bottom flanges was to be
done only on the portion inside the girder. (That is, the small portions of the flange on the outside were not

specified to be inspected.)

The WOC specified that the radiographic inspection was to be done only on the bottom flanges,
because the bridge deck isin direct contact with the top surface of the top flanges, which precludes access
to the top side of the flanges. (Access to both sides is necessary for radiographic inspection. i.e., the film
must be placed on one side, and the radioisotope source on the other.) The radiographic inspection was done
on the entire length of the bottom flange welds. Just as with the UT inspection on the bottom flanges, the

RT inspection was limited to the portion on theinside of the girder.
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Ultrasonic I nspection

The ultrasonic inspection was preformed under subcontract by NDE Professionals, Inc., under the
direct supervision of Mr. Nick McCoy of NDE Professionals. (Mr. McCoy isalLevel Il UT inspector and
an ASNT Level Il Certified RT and PT inspector). Theinspection was done in accordance with the
American Welding Society (AWS) Bridge Welding Code, AWS D1.5, except that, per Agency directive, the

paint was not removed.

The inspection was by shear wave (angle beam) scanning using both a 70° and a 60°, 2.25 MHz
transducer. Thetest instrument was a Panametrics Epoch™ 3 flaw detector. Prior to inspection, the surface
of the inspection area was wiped clean to remove |oose surface deposits, but otherwise, the inspection was

done through the paint.

It is important to note that AWS D1.5 requires the paint to be removed for code inspections.
However, because of the extent of grinding and repainting that would have been required, ODOT directed
that the paint not be removed. To compensate for the presence of the paint, the scanning level gain was
increased in accordance with the procedure in AWS D1.1-2004, Paragraph K 6.1, whereby areading is taken
with pitch-catch angle beam transducersin an area with paint and another reading is taken next to that, where
the paint has been removed in two small spots so the transducer can contact the bare steel. The amount of
gain required to bring the UT signal in the painted area up to the same level asthe signd in the bare area (in

this case, 6 dB) is then added to the instrument for the angle beam inspection of the welds through the paint.
Radiographic Inspection

The radiographic inspection was done under subcontract by International Inspection, Inc., under the
supervision of Mr. McCoy of NDE Professionals, Inc. The radiographs were taken using an Iridium 192
source, with the source on the inside of the girder and the film on the outside. Each of the inspected welds

was radiographed in four, overlapping shots.
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I nspection Access

Access to the outside of the bridge girders was provided by a 135-foot boom truck (rented by MEIC
from United Rentals, Inc.). Accessto the inside was via the manholes in the bridge deck, which were made
available by closing the appropriate traffic lane in each bridge. Because the Westside approaches are part
of the 1-405 freeway system, access was restricted to the hours between 8:00 pm and 5:00 am. Traffic control
was provided by Northwest Traffic Control, who was retained by the Agency, but whaose activities were
directed by MEIC.

The inspection access on Bridge 9268W (EW line) was significantly more restricted than on the
other bridges, to the extent that the origind inspection scope in the WOC was reduced and did not include
either radiographic inspection of the flanges in that bridge or ultrasonic inspection of the externd portion

of the top flanges.

The access difficulty stems from the fact that Bridge 9268W is an upper deck bridge, directly above
Bridge 9268E. Thus, in order to access the outside of the girdersin Bridge 9268W it would have been
necessary to close the freeway traffic lane below, on Bridge 9268E Although closing of afreeway traffic
lane was already a necessity for accessing the inside of the girders on any of the bridges (through the
manhalesin the emergency lane), inspection of the weldsin Girder E on the outside of Bridge 9268W would
have required closing a traffic lane on both bridges. (i.e., closing Bridge 9268E for access to the undersde
of the bridge above, and closing Bridge 9268W, for access to the inside of the girders’.) Additionally, the
boom truck needed for access to the outside of the girder would need to be delivered and picked up each
night, which, although possible would have entailed additional cost and would have further restricted the

time available for inspection each night.

Consequently, in consultation with the Agency, the decision was made to inspect the welds on the

inside of Bridge 9268W by UT only, and forego the radiographic inspection on the bottom flanges and the

7Bridgas 9268E (lower deck) and 9268W (upper deck) are supported by encircling Ring Girders, which contain ladders
in the vertical sections, thereby providing access from one bridge to the other. Thus, both bridges can be accessed by closing the
traffic lane containing the access manholesin just one of the bridges. The access manholes in Bridge 9268E (lower deck) arein
the slow lane, below Girder D in Bridge 9268W (upper deck). Thus, it would be possible to inspect Girder D in Bridge 9268W
(upper deck) by closing just asingle lane of traffic (i.e., the slow lane in Bridge 9268E (lower deck)). However, two traffic lanes
would need to be closed in order to inspect Girder E in Bridge 9268W (upper deck), namely the fast lane in Bridge 9268E (lower
deck) to provide access to the underside of Girder E in Bridge 9268W, and thefast lane in Bridge 9268W (upper deck) to
provide access to the manholes and inside of the bridge.
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external ultrasonic inspection on the upper flanges. Thus, no radiography was been on the bottom flange
welds of Bridge 9268W (EW line), and the ultrasonic ingpection on the top flange wedds of that bridge was

been limited to the portions on the inside of the girders.

One other weld was nat fully inspected in accordance with the originad WOC inspection scope.
Specifically, one of the top flange welds on Bridge 9268B (WS Line) was UT inspected on the inside of the

girder only, because power linesin the vicinity of the girder made inspection access on the outside hazardous.
Inspection Results

Of the 20 bottom flange welds and 20 top flange welds (six top flange welds, inside only) inspected
ultrasonically, five welds—all on bottom flanges--had relevant ultrasonic indications per the reporting
requirements of AWSD1.5. Of these, the indications on three of the welds were reportable but not rejectable
per the requirements of AWS D1.5. The indications on the other two welds were rejectable per the
requirements of AWS D1.5.

Of the 15 bottom flanges inspected radiographically, none had relevant or reportable indications.
It isimportant to note that these 15 welds included the three welds with reportable-but-not-rejectable UT
indications and one of the two welds with rejectable UT indications. That is, no reportabl e radiographic
indications were found in any of the weldswith UT indications which were also radiographed (amounting
to 4 of the 5 welds with UT indications). Thus, the ultrasonic indications in these welds can likely be
attributed to either paint-related coupling issues or non-significant discontinuities in ultrasonic properties,

rather than actual flawsin the material. (seefurther discussion below)

The one weld with rejectable ultrasonic indications that has not been subjected to radiography was
on Bridge 9268W (EW Line). Thus, theseindications have not been confirmed or otherwise evaluated by
radiographic inspection.

The weld in question was EW5-E-B-2, and it had two, separate, rejectable UT indications, one of
which was 3 inches long and the other of which was 3 ¥zincheslong. One of the indications was about 1/32
inch from the outside surface of the girder and the other was about 1/16 inch from the outside surface. Itis
important to note here that al the ultrasonic indications found during the inspection were either a the outside

surface or within 1/10 inch of the outside surface.
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The ultrasonic signals from the two rejectable indications on weld EW5-E-B-2, as well those from
the other reportable and/or rejectable indications found during the inspection, were broad and relatively
indistinct in character, which suggests they were not due to cracks or similar, planer, crack-like features (such
asincomplete fusion). Although it is possible that the indications were caused by shallow undercutting or
other geometric features at the outside surface, we consider this somewhat unlikely for two reasons: for one,
the broad nature of the indicationsis not consistent with the signal expected for a geometric feature, and two,
given the surface finish requirements for the tension welds, it appears somewhat unlikely that surface
geometric features sufficient to produce an ultrasonic signal would have been left in the structure during

construction.

There are two other possible causes for the indications which we consider likely. Onerelates to the
presence of the paint onthe inside and outside surfaces. Specifically, the paint on the inside surface was
rough and uneven, with drips and bubbles at some locations, which compromises the consistency of the UT
inspection because of transducer “rock” and variations in sound attenuation. Additionally, the presence of
paint on the outside surface of the girder suggests the possibility of “sound coupling” a the outside surface.
This condition can occur if theinterface between the paint and the metal is sufficiently tight to allow the

sound to propagate into the paint layer and reflect back to the transducer.

Another possibility is the presence of repair welds at the toes of the electroslag welds. This
possibility issuggested by the conditions we observed on the coupons removed from the bottom flanges
during Task 3. That is, prior to removal of the coupons, the areas of the welds where the coupons were to
be removed were inspected ultrasonically. The welds where two of the coupons were removed (weld WS3-
A-B-5, Core No. 8 and weld WS3-A-B-4, Core No. 9) both contained continuous ultrasonic indications dong
the full length of the inspection area (approximately 12 inches). Although the magnitude of the indications
was smaller than the indications observed on weld EW5-E-B-2, to the extent they were non-reportable, their
appearance was similar to the indications observed during the present inspection, namely, they were broad

and somewhat indistinct.
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Subsequently, after the coupons had been removed from the girder and returned to our lab, we
polished and etched the outside surface of the coupons (i.e., the outside surface of the flange) and the saw-cut
surfaces (i.e., the cross sections through the flange). The toes of the electroslag welds contained repair welds
that were approximately 1/8 inch deep by 1/4 inch wide and consisted of several overlapping (Iengthwise)
individua weld beads, likely made by the Shielded Metal Arc Welding (SMAW) process, as shown in Figure
60 (specimen was etched and photographed after removal of the fracture toughness test specimen).

- W
Figure 60 (D72040-02) Core No. 8
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Wet fluorescent magnetic particle testing of the coupons did not reveal any indications of flaws,
either on the outside surface or on the saw-cut cross section. Thus, we consider it likely that the ultrasonic
indications on those welds were due to metallurgical differences between the el ectroslag weld, the SMAW
repair weld, and the girder base material.

Henceit is possible that the indications observed during the current inspections were due to similar
conditions (i.e., repair welds). As noted above, this possibility is supported by the fact that on the four welds
with ultrasonic indications that were also inspected radiographically, no indications were found in the
radiographs. (Radiographi ¢ inspection would not reveal metallurgical differences between welds and base

metal unless physical discontinuities were present, such as slag, porosity, cracks, or fusion defects.)
Weld Acceptance Criteria

The weld inspection results are summarized in Table 23. The footnotes to the table list the
indications found by the ultrasonic inspection and identify whether they were acceptable or rejectable per
the requirements of AWS D1.5. Therejectable indications are highlighted in red. Theinspection report
produced by NDE Professionals, Inc., from which Table 23 was derived, is on the page24 April 2007
following the table.

The acceptance/rejection criteria of AWS D1.5 are based on the length of the indication and the
strength of the ultrasonic signal (or more precisely, the algebraic difference in decibels between the
indication level and the reference level with correction for atenuation.) The acceptance/rejection criteria
aregiven in Table 6.3 of AWS D1.5, whereby a“Flaw Severity Class’ (A, B, C, or D) is assigned to each
indication (for a particular thickness range of material), depending on the strength of the ultrasonic signd.
Acceptance or rejection is then determined by the Flaw Severity Classification and the length of the
indication, asshownin Table 22 (excerpted from AWS D1.5).

Table22. AWSD1.5 Ultrasonic | ngpection Acceptance Criteria

Flaw Severity
Class Acceptance/Rejection Criteria
A Any indication in this category shall be rgected (regardless of length).
B Any indication in this category having alength greater than 3/4 inch shall be rejected
C Any indication in this category having alength greater than 2 inches in the middle half or
3/4 inch length inthe top or bottom quarter of the weld thickness shall be rejected
D Any indication in this category shall be accepted regardless of length or location inthe weld
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Table23. Weld Inspection Results
Top Flange (UT) Bottom Flange (UT & RT)
Bridge | Line | Span Weld ID Inside | Outside Weld ID uT RT
SW2-A-T1-8 NRI NRI
2 SW2-B-T1-4 NRI NRI
SW2-B-T1-5 NRI NRI
SWA4-A-T1-5 NRI NRI
o268A | sw 4 SWA4-A-T2-5 NRI NRI
SW3-A-B-2 NRI NRI
3 SW3-B-B-2 NRI NRI
SW4-A-B-2 NRI NRI
‘ SW4-B-B-2 note ® NRI
SW5-B-B-2 NRI NRI
WSI1-A-T2-4 NRI NRI
WS3-A-T1-5 NRI NRI
3 WS3-B-T1-4 NRI NRI
WS3-B-T2-4 | NRI note °
4 WHA-A-T2- 2 NRI NRI
9268B | WS
WS1-A-B-2 NRI NRI
WS3-A-B-2 | note' NRI
3 WS3-B-B-2 | note™ NRI
WS5-A-B-1 NRI NRI
> WS5-B-B-1 NRI NRI

80ne Class D reportable (Acceptable) indication (2 1/4 inches long)

Not inspected dueto interference from power lines

Yone class ¢ rejectable indication (1 1/4 inches long), one Class D reportable (Acceptable)

indication (3/4 inch long); one Class C reportable (Acceptable) indication (5/8 inch long)

1one Class D reportable (Acceptable) indication (1/8 inch long)
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Table23. Weld Inspection Results

Top Flange (UT) Bottom Flange (UT & RT)

Bridge | Line | Span Weld ID Inside | Outside Weld ID uT RT
WE3-D-T2-3 NRI NRI
3 WE3-E-T1-3 NRI NRI
WE4-D-T2-1 NRI NRI
4 WE4-E-T1-1 NRI NRI

o268 | WE 6 WE6-D-T2-1 NRI NRI _

WE3-D-B-1 note NRI

3 WE3-E-B-2 NRI NRI

WE4-D-B-2 NRI NRI

4 WE4-E-B-2 NRI NRI

6 WE6-D-B-2 NRI NRI

9268W | EW 3 EW3-D-T1-3 NRI not insp
EW5-D-T1-1 NRI not insp
5 EW5-D-T2-1 NRI not insp
EW5-E-T2-4 NRI not insp
6 EW6-E-T2-1 NRI not insp

EW3-D-B-3 NRI not insp
3 EW3-E-B-2 NRI not insp
EW5-D-B-2 NRI not insp
> EWS5-E-B-2 note 3 not insp
6 EW6-D-B-2 NRI not insp

25ne Class D reportable (Acceptable) indication (1 inch long)

Bone Class A rejectable indication (3 incheslong), one Class B rejectable indication (3 “2inches
long)
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Portland, OR 97220
Office (503) 287.5255 Fax (503) 287.5992

December 13, 2006

MEI-CHARLTON, Inc.
7220 N. Lombard Rd.
Portland, Oregon

Attn: Rob Rutledge
Bob Hodel

Subject: ODOT- Freemont Bridge Ultrasonic and Radiographic Inspection of Selected
Electroslag Welds.

I have completed the review of the Radiographs and Ultrasonic Inspection reports.
The summary of the findings are as follows.

Ultrasonic Inspection Results

20 Top flange Welds Ultrasonically Inspected.

20 Bottom Flange Welds Ultrasonically Inspected.

5 -Welds total with Indications.

SW4BB2: 1- Class D Reportable.

WE3DBI: 1- Class D Reportable.

EWS5EB2: 1- Class A Rejectable, 1-Class B Rejectable.

WS3AB2: 1- Reportable Class D, 1-Reportable Class C, 1- Rejectable Class C.
WS3BB2: 1- Class D Reportable.

The Five (5) welds listed above, NP1 is of the opinion that a number of factors are contributing to
these near surface indications. These are uneven rough paint thickness with, bubbles and paint
drips on the scanning surface. The probability of some localized weld repair during fabrication
could contribute grain boundary reflectors between different welding processes. However at the
time of this inspection this could not be verified through the paint. NPI is confident if the paint is
removed the reinspection results would find no reportable or rejectable indications.

Radiographic Inspection Results

15 Bottom Flange Welds were selected for Radiographic Inspection.
No relevant or Reportable Indications were found. These include the above referenced Ultrasonic

Welds with indications, except for Weld EW5EB2 which was not Radiographed.

Nicholas D. McCoy
ASNT L III # 48422-RT
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ULTRASONIC TEST REPORT

CUSTOMER: MEI-Charlton, Inc. DATE : _10-20-06

DESCRIPTION: _Ereemont Bridge 1-405, SR-30 approaches JOB#:
PART SN: See Weld Numbers Below

Technigue

SPEC: AWS D1.5:2002 ACCEPTANCE STANDARD: Table 6.3 Tension (Fracture Critical) _

PROCEDURE: TIP-UT-103.0 TECHNIQUE:____Table 6.2 from Face A
EQUIPMENT: Epoch Ill SERIAL # : 95064807 CAL.DUE: __11-5-06
CAL. BLOCK: w COUPLANT: Ultex
TRANSDUCER Panametrics ANGLE/ FREQ.: 0°,60°.70°
MATERIAL: Carbon Steel MATERIAL THICKNESS: 0.80" upto2.85inches
JOINT TYPE: Butt-ESW WELD IDENTIFICATION:___See below
RESULTS
Weld Ind.  Tran. Ind. Ref. Atten. Ind. Angular  Depth From From Discontinuity.
ID i Angle Face Lev. Lev. Factor Rate Length Distance From A X Y Evaluation Remarks
[TSW2ATI8 No Indications/Outer
Flange
SW2BT14 No Indications/Outer
Flange
SW2BT15 No Indications/Outer
Flange
SWA4AT15 No Indications/Outer
Flange
SW4AT25 No Indications/Outer
Flange
WS4AT22 No Indications/Outer
Flange
WE3DT23 No Indications/Outer /inner
| Flange
WE3ET13 No Indications/Outer
Flange
WE4DT21 No Indications/Outer
— Flange/Limited scan bolt
WE4ET11 No Indications/Outer/Inner
Flange/Limited scan bolt |
WE4EB2 No Indications//Limited
P scan Stiffener
WEBDT21 Mo Indications/Outer
Flange/Limited scan boll

Remarks: A
while UT inspe

. r 2 ‘_ _"h s T ra : :
determined by procedure in AWS Ref: D1.1-2004- para. K6.1 .
UT Level Il Technician: él—-w %{ Date: /?AZA{

/ 2
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ULTRASONIC TE

CUSTOMER: MEI-Charlton, Inc. DATE : _10-18-06

DESCRIPTION: __Fresmont Bridoe 1405, S8-30 sporoaches JOB#:

BPEC: — AWE D1.5:2008 ACCEPTANCE STANDARD: Table 6.3 Tension (Fracturs Criticall

PROCEDURE: _____ TIP-UT-1030 TECHNIQUE: __Tabls 8.2 from Facs A

EQUIPMENT:  _____ Epochil SERIAL#: ___ S064807 CAL. DUE: _ 11508

CAL. BLOCHK: 1y COUPLANT: Uitex

TRAMSDUCER _____ Pensmetdcs ANGLE! FREQ,; o S0= T

MATERIAL: — Carbon Sea) MATERIAL THICKNESS: 080" upto28Sinches

JOINT TYPE: — DR WELD IDENTIFICATION____ Sos below

W [l T Pl . L Dbcermasty

L E] L] Angs  Fase m L, m :Il Lengly  Dislance EA H:l F{'ﬂ“ E idbuaibind Hewrsad i
WEAAT1S ) o g e T
T o

Flangs

Date: ff/{f/a 4

UT Level Il Tﬂnman:_ﬁhéﬂ%'
/

-
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ULTRASONIC TEST REPORT

CUSTOMER: MEI-Charlton, Inc. DATE : _10-17-06
DESCRIPTION: _Freemont Bridge I-405, SR-30 approaches JOB#:
PART SN:  _____See Weld Numbers Below
Technique
SPEC: AWS D1.5:2002 ACCEPTANCE STANDARD: Table 6.3 Tension (Fracture Critical)
PROCEDURE: TIP-UT-103.0 TECHNIQUE:____ Table 6.2 from Face A
EQUIPMENT: — Epochinl SERIAL #: 95064807 CAL.DUE: 11-5-06
CAL. BLOCK: 1w COUPLANT: Ultex
TRANSDUCER Panametrics ANGLE/ FREQ.: 0°,60°,70°
MATERIAL: Carbon Steel MATERIAL THICKNESS: 0.80" up to 2.85 inches
JOINT TYPE: — ButtESW WELD IDENTIFICATION:___See below
RESULTS
Weld Ind.  Tran. Ind. Ref. Atten. Ind. Angular  Depth From From Discontinuity.
D # Angle Face Lev. Lev. Factor Rate Length  Distance From A X Y Evaluation Remarks

WS1AT2
4

No Indications/Outer
Flange

determined )

UT Level Il Technician: M 4/7//?/

Datte:_/ f/z 72/0¢
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NDE Professionals, Inc., 7505 NE Ambassador Place, Suite N

MEI-Chariton, Inc. DATE : _10-13-06
DESCRIPTION: _Freemont Bridge 1-405, SR-30 approaches

Technique

SPEC: —AWS D1.5:2002 ACCEPTANCE STANDARD: Table 6.3 Tension (Fracture Critical)

PROCEDURE: TIP-UT-103.0 TECHNIQUE:____Contact Table 6.2 from Face A

EQUIPMENT: Epoch il SERIAL#: 95064807 CAL. DUE: 11-5-06

CAL. BLOCK: 1w COUPLANT: Ultex

TRANSDUCER Panametrics ANGLE/ FREQ.: 0°,60°,70°

MATERIAL: Carbon Steel MATERIAL THICKNESS:_0.80" upto285inches

JOINT TYPE: ESW- Butt WELD IDENTIFICATION;____ See below

RESULTS
Weld Ind. Tran. Ind. Ref. Atten. Ind. Angular  Depth From From Discontinuity.

ID # Angle Face Lev. Lev. Factor Rate Length Distance From A X ¥ Evaluation Remarks
SW2AT18 No Indications/Inner flange
SWAAT1S No Indications/Inner flange
SW4AT25 No Indications/Inner flange

| WESET13 No Indications/Inner flange
SWa3aAB2 No Indications
SW4aB2 No Indications
EWBET21 No Indications/Inner flange
EWSET24 No Indications/Inner flange
EW3EB: No Indications
WE3EB2 No Indications
EW3DB3 No Indications
EW5DB2 No Indications
WS3AT15 No Indications/inner flange
EWsDT21 No Indications/Inner flange
EW6DB2 No Indications
WE4DT21 No Indications/Inner
flange/Limited scanbolt |
WESBDT21 No Indications/Inner
flange/Limited scan bolt
Remarks: A :

while UT ingpg ggjg n y ' s Qerformgd Seng 11 vi 11 :@g § fer correctlon value of adding 6+ Db was
ge;ermlned by_ p ggggu[g in AWS Ref: D1.1-2004- para. K6.1.

Date:

/4_9/2,7 /o0&

UT Level Il Technician: é/ﬁ/ﬁ 47{1,
/- 7
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WOI PROTEEIIONALS, INC

ULTRASONIC TEST REPORT

CUSTOMER:  MEI Charlton, Inc. DATE : 10/13/06
DESCRIPTION Electorslag Welds JOB#:
PART SN: 405 Bridge Portland Oregon = Freemont Bridge

Technique

SPEC: AWSD1.5-2002 ACCEPTANCE STANDARD: Tension Criteria (Fracture Critical)
PROCEDURE: IP-UT-1030 TECHNIQUE: _Contact Table 6.2 from Face A
EQUIPMENT: Panametrics Epoch IV SERIAL #: 011362910 CAL.DUE: __10/30/06
CAL. BLOCK: W COUPLANT: UT-X
TRANSDUCER Panametrics ANGLE/ FREQ.: ___0°,60°,70°
MATERIAL: Carbon Steel MATERIAL THICKNESS: 0.80" to 2.85”
JOINT TYPE: BUTT WELD IDENTIFICATION:____SEE BELOW
RESULTS
Weld Ind.  Tran. Ind. Ref. Atten. Ind. Angular  Depth From From Discontinuity.
1D # Angle Face Lev. Lev. Factor Rate Length Distance From A X Y Evaluation Remarks
sw2
BT14 Mo Indications/Inner flange
SW2
BT15 No Indications/Inner Flange
sw3
BB2 No Indications
Sw4
BB2 1 70 | A | 59 |ats| 3 | 145 | 24 | 2429 | 831 +1/4° 1-3/8" Class D Acceptable
SW5
BB2 No Indications |
WE3
DB1 1 70 | A | 602 | 415 ]| 5 13.7 1" 3.348" | 1.145° +1/2" 1-3/4° Class D Acceptable
EWS5
EB2 1 70 | A | 527 | 415 | 2 g2 | 3 | 2185 74T +3/8" 0 Class B Rejectable
2 70 | A [ 524 | 415 | 3 7.9 3 4.496° 806" 0 43" Class A Rejectable
EWS No Indications/inner Flange
DT11
EW3 No Indications/Inner Flange
DT13
WES8 No Indications
DB2
WE4 No Indications
DB2 |
Remarks:_All weld surfaces are in the s painted condition (smooth to dried drips and bubbles
vhile UT inspection was perfogmed. Sénsitivit ansfer correction value of adding 6+ dB was

determined by procedure in AVINRef: IN.1-2004- para. K6.1 .
N/

UT Level Il Technician: < L Date:__ /. 61 /2. 7//06
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SONIC TEST REPORT

NDE Professionals, Inc., 7505 NE Ambassador Place, Suite N

CUSTOMER:  MEI Charlton.Inc. DATE : 10/12/06
DESCRIPTION: Electorslag Welds JOB#:
PART SN: 405 Bridge Portland Oregon = Freemont Bridge
Techniqu
SPEC: AWS D1.5 - 2002 ACCEPTANCE STANDARD: Tension Criteria (Fracture Critical)
PROCEDURE: TIP-UT-103.0 TECHNIQUE: __Contact Table 6.2 from Face A
EQUIPMENT: Panametrics Epoch IV SERIAL # 011362910 CAL.DUE: __10/30/06
CAL. BLOCK: uw COUPLANT: ULTEX
TRANSDUCER Panametrics ANGLE/ FREQ.: __0°,60°,70°
MATERIAL: Carbon Steel MATERIAL THICKNESS: 0.80" to 2.85"
JOINT TYPE: BUTT WELD IDENTIFICATION: SEE BELOW
RESULTS
Weld Ind.  Tran. Ind. Ref. Aften. Ind. Angular  Depth from From Discontinuity.
[s] # Angle Face Lev. Lev. Factor Rate Length  Distance From A X hd Evaluation Remarks
ws3
AB2 1 70 | A | 859 | 45. 7 13.8 3% 4.297" 1.413 0 12-7/8" Class D Acceptable
2 70 | A | 823 | 45.1 7 10.2 5/8" 4.262" 1.402 0 2-1/4" Class C Acceptable
3 70 | A | 621 | 451 7 10 1-1/4" | 4.285" | 1.408 0 4 Class C Rejectable
WS3
BB2 1 70 | A | 601|451 | 4 11 1/8° 3.131" 870 0 4-3/4" Class D Acceptable
WS
| AB2 No Indications
WS5
AB1 No Indications
WSs5
|_BB1 No Indications
ws1 No indications inner
AT24 flange
W53 No indications inner
BT14 flange
ws3 No indications inner
BT24 flange
WS4 No indications inner
AT22 flange
Remarks: A eld aces are he as painted condition (smooth to dried drips and bubbles
while UT inspection was peiformed. Sensitivity transfer correction value of adding 6+ dB was

determined by procedure ir\AWS | 5 INf: D1.1-2004- para, K6.1.

Level Il Technician:

<

\\L

a

Date: /0// 17{/ 0é




INTERNATIONAL INSPECTION, Inc.

Specialists in Nondestructive Examination

Loz Angeles (562) 944-3166 Partland (503) 283-2668 Seattle (206) 766-8180

RADIOGRAPHIC TEST REPORT
vt MEN e Lo
PROJECT  FREMOVT  BRADGE e /T 10O R Mo LASOST |
PROCEBURE (L_re.  HeaZR REVISION WCQ S Pl NUMBER JOB No. 0{2(98’
SPECIFICATION Aos O LS-oz. JOB DESCRIPTION RT BRIDEE MEmBEES
ACCEPTANCE CRITERIA Boedd D S0,
g i i By
ol ¢ .5 > 15 % . Radiogrophic Technique Y
gl 8| Y ‘t LiBis s :’é X-Roy/Gannma 1£\92 Kﬂ
Identification View gl &l &5 88 aéf £ g S Remarks K.V./Source 72
WE2 DR A-g /‘/A F-Spot/Size o 13 | [Eposure Arrangerert - A
120" THE g-c V| FFD/SFD. 2L
cp V. MAS./CI Min, 3o
pe | 101 Type(2) fsme] 200
121 Fllm Side/Source Side
wezegz | a8 Shins ol
0.23%THEK |Ree Material s
C-D // Nominal 1D, AR
beE, WI/Sch g0 2
Fiim Type paes | py
WEY pR A~ / Single/Double Losd | «
o.53"THK g |/, Single/Double
€t //; Viewed g
D€ Minimun Source to
: Object Distance |2
WELERZ A v Maximum Distance
Source Side of i
.80 vHI B //, Object to Film
&-b // Fb Applicable
0-€ p Arrangement W
Front/Back Screen| gg
Exposure Mrrongenent - F
Defect Code Sowce Src
1 Small
2 Moderote
3 Lorge - Pt
4 ExcesslyelBeoswe rumerent - H |Egosure Krengenert - 6
Film Size Quantity
7517 I

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS
ARE THE ACCURATE INTERPRETATION [F THE UNDERSIGNED INSPECTOR 7O THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY.

FILM INTERPRETER

B.Kasgl VI

SNT-TC-1A

CLIENT/HANUFACTURERS

REP.

Maé&!ﬁj — ﬁc‘}y LA s ‘“ﬁ% Ve

SIGNATURE %




INTERNATIONAL INSPECTION, Inc

Specialists in Nondestructive Examination

Los Angeles (562) 944-3166 Portland (503) 283-2668 Seattle (206) 766-8180

-4

ADIOGRAPHIC TEST REPORT
cLient A e L |
PRIJECT _FREMONT  BRADGE wiE s TE 10720 -0 pepmt N, PHSGE
PROCEDURE (Lt Yool ReviSING o PO, NUMBER e JB N A8
SPECIFICATION AOS DL E -2 JOB DESCRIPTION FT  BRADGE  MEMEBE RS
ACCEPTANCE CRITERIA B2s D o
ol e g =813 . Radiographic Technique f 5
é)‘; 8 —;2 QL: ‘: 212§ —*—-é X~Ray/Gonmo 12442 @
Identification View | &l b 58 Q‘O: 2 g S Remarks K.V./Source 72 k J
WIEEDR? A~ /) F-Spot/Size L3 | | dragment - A
A2lgE | B-c I FFD/SFD. 26 1|
o .Fo"THK C-D MAS./CI Min. 2o ﬂ
P 101 Type (Dt | 2o || A 4 @
IQL Flm Side/Source Slde Exposure Arrongenent - 3
Shims porr souree
0 Foh Bbeve Material 44 éﬁ
Nominat LD, e/
W.T/Sch S | |esponme wrsncement ¢

Fin Type Aerg D-’7
Single/Double Load S

Single/Bouble

Viewed ol B

Minlmum Source to

Dbject Distance | £S5

Maxinum Distonce
Source Side of ‘

ObJect to Fitm

(D

| [Exposure Arrongenent - D

bt o4

# SRR ¢

g

Applicable \w‘:

Arrangenent

Front/Back Screen Pb

Exposure Arrergesent ~ F

Defect Code Soror

1 Small

2 Moderate

3 Lerge e Plate

4 Excesslyel2eemne Arrsngerent - B

Jo%;

Exposure Arrengement - G

Film Size

Quantity

FASN!

L

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS
ARE THE ACCURATE INTERPRETATION OF THE UNDERSIGNED INSPECTOR TO THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY.

SNT-TC-1A

ik e Qs P OSKEAL LV SIGNATURE lﬂ

SIGNATURE

\,

CLIENT/HANUFACTURERS REP,

— 7




TERNATIONA

INSPECTION, Inc.

Specialists in Nondestructive Examination

Los Angeles (562) 944-3166 Portland (503) 283-2668 Seattle (206) 766-8180

DIOGRAPHIC TEST REPORT
cew  MEN e Lo 1
RIECT  FREMOVT BRADGE DATE / TIME 0Ot REPRT No.  LASOE
PROCEDURE 1L g2 HeaR Revisv _Ce P.. NUMBER JOB No. A2
SPECIFICATION Aos O usS-oz JOB DESCRIPTION RT _BRIDEE MmeEmBeres
ACCEPTANCE CRITERIA BeAS PLLSaz
& Radiographlc Technique
T Teldl=le]51, orophi Technl
o I B Bl Bl I _§ s |® X~Ray/Gonsa 12\G2)
Tdentification View Bl slElE|8E |5 |8 Remarks K.V./Source YA
WEZ DEY A-R //i F-Spot/Size 136
- V| FFD/SFD, b
cp V. MAS/CI Hin, 300
D-€ 181, Type(?) fome| 200
A 181 Fitm Slde/Source Side
WEZER 2 e Shins ol
Bre. //; Hateriol oS
[ Nominal 1.3, oy
beg. WI/Sch g0 1,2
Flln Type  pegs | py
WEL bR 2 ] B2 / Single/Double Load | «
% o, / Single/Double
s /: Viewed <
P& Minlmun Source to
i Object Distance 2e
Moximun Distance
WEREBE A-g Source Side of i
G- e Object to Film
Conty /j Fh Applicable
(-6 P Arrangenent n
Front/Back Screen| gg
Defect Code Source
1 Smoll
.2 Moderate
3 Large ey Pate | |\ N
4 [xcessivelBeemrs krengerent - K |Bpomre frromgemint - 6
Fitm Size Quantity
Y] [

wat shsT

VE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REGUIREMENTS, AND THAT THE RESULTS

ARE THE ACCURATE INTERPRETATION OF THE UNDERSIGNED INSPECTOR 7O THE BEST DOF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY,

B, Kesky VT

FILK INTERPRETER
SNT-TC~1A

CLIENT/HANUFACTURERS

REP,

ﬁ@‘a&f@f 4. A ﬁgf%f LA e ‘if%f

SIGNATURE % L7
| et




I TERNATIONAL INSPECTION, Inc.

Specialists in Nondestructive Examination

Los Angoeles (562) 944-3166 Fortland (503) 283-2668 Sesitle (206) 766-8180

ADIOGRAPHIC TEST REPORT
cent  PAED PAGE U _._\_.
PRIJECT _FREMONT  BRADGE pate s e L0200l et o, _PHOSE |
PROCEDURE 1L 1z, Yoo REVISION __(‘57_____..__., P NUMBER eeeereereeeeeJIB NO GEZ(J?S
SPECIFICATION AWS DL S -2 JOB DESCRIPTION BT BRADGE  MEMEE RS
ACCEPTANCE CRITERIA RS DS -7
.| B I Rodlographic Technique 5
2 | e S1912 198 |8 |»
gl el TN 812 8 i X-Ray/Ganna 12az
Tdentification View 1 &l & 55|25 |5 |& Remorks K.V./Source 72
LIERDRZ | R-& //, F-Spot/Size 3
A2 LA E. B-c F.F.D/SFD. 0
C-b MAS./CI Min, 2o
P 181 Type (%) pome | 2¢o
181 Fim Side/Source Slde
Shins o
Hoterial £¢
Nominal 1B, A/
W.T./Sch &5

Film Type fg A D’?
Single/Double Load | &

Single/Double
Viewed

Hinimum Source to
fibject Distonce

Maximun Distonce
Source Slde of
Object to Film

Applicable
Arrangenent

Front/Back Screen

Defect Code Sorce
1 Small
2 Moderate
3 Large e Pate
& ExcesslyelZrosre frgment - §
Fiin Slze Guontlty
VEaN L

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS
ARE THE ACCURATE INTERPRETATION [F THE UNDERSIGNED INSPECTOR T THE BEST [F HIS/HERS KNDVLEDGE, ABILITY AND INTEGRITY. .

FILM INTERPRETER €. kosy LV SIGNATURE @ M /
SNT~TC-1A &
A @:,,,éi ol DM Qﬁg?f AZEZT SIGHATURE f;ﬁg %M /

CLIENT/RANUFACTURERS REP.




INTERNATIONAL INSPECTION, Inc.

Specialists in Nondestructive Examination

Los Angeles (562) 944-3166 Portland (503) 283-2668 Seattle (206) 766-8180

W.T./Sch 112." | |espore terangement - ©

# Loca:

Fiim Type AcFA | D7
Single/Double Load | § @
Singte/Double

Viewed S

wsR AL AR
L.50'THk  (R-c

RADIOGRAPHIC TEST REPORT
e NEN e Lo L]
PROJECT FREMONT BEADGE DATE / TIME lo-1l ~0b REPORT No.  £H.50.5
PROCEDURE 112 Hood eevisn e poowmeR — umB N A26JR
SPECIFICATIN ~ Awrsy DL S -2 JOB DESCRIPTION RT Be\DLe MEMBLES
ACCEPTANCE CRITERTA AWS DLS-02,
ol ¢ g =815 |. Radiographic Technique @ 5@'-’
Sl Bl B]> %182k :gx X-Ray/Ganna |R\G2 &
Identification View |l YIEEIEIS |2 |S |8 Remarks K.V./Source ~1 R k J
wss ABIL [A-R / F-Spot/Size 13 | [ bt - A
A2 B g-c |/~ FFD/SFD. 261
12" THf c-D |/~ HAS./CI M, 300 m
D - // 181 Type ASJSIZE %:g— @
181 Film Side/Source Slde Exposure Arrongemnt ~ 3
Wwss ge | _|b-r |~ Shins N A Sounce
Aze¥B B < Materlol s
0.93"THE |e- :; Noninal 1D. N/A
“w
d
V
g

C«"D EWMWRM )}

D-& Minimum Source to 3 B
Object Distance |2.5
Hoxinum Distance

“H g S,g e |A-B Source Slde of |
[.08 " "tH |- Doject o Fiin

-0 |~ Applicable

Arrangement H

oA Fore Aoyt DN~

Front/Back Screen P_);)

Exposure Arrangerent - F

Defect Code Source Sarce

1 Small

2 Moderate é)

3 Large - Pate] \ I \

Fin i
4 Excesslvewkmmm-ﬂ Dponce Arengerert - 6
Film Size Quantity
Tx7 [ (o

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS
ARE THE ACCURATE INTERPRETATION OF THE UNDERSIGNED INSPECTOR TO THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY.

FILM INTERPRETER K. Kosk )\ LVﬁ,_ SIGNATURE /é (///L/""M“\

SNT-TC-1A
CLIENT/MANUFACTURERS REP, M Cflw/ﬁ < ,{3 /’7 (/C/z/ ‘~/:~ //ﬂ SIGNATURE ’% 4//129 W




INTERNATIONAL INSPECTION, Inc.

Specialists in Nondestructive Examination

Loz Angelea (562) 944-3166 Portland (503) 283-2668 Seattle (206) 766-8180

RADIOGRAPHIC TEST REPORT
CLIENT ME pacE L oF __(._
PROJECT FEEMenaT Bei\pe=E DATE /7 TIME o-11-00@ REPORT No. HS0S™
PROCEDURE il 12 Yoo} REVISIIN (o pp NUMBER e umNe GR6E
SPECIFICATION Aws DLS 02 JOB DESCRIPTION BT _BR\DGE MEm Brrs
ACCEPTANCE CRITERIA AwS DI S-e2
E e Radiographic Technique 5
E% Zgi f‘c, ‘—‘?«j LE 3_‘% :§ g "—; X-Roy/Ganna IR 92 @
IdentIfication View gl gis5lEelE |8l ;E & Remorks K.V./Source 73
WS4 K2 A-g L F-Spot/Size .30
A26EP 8¢ |~ FF.D./SFD, 26
Lis"Thk  |e-» |7 MAS./CI Hin EY
D-E 101 Type pskie | 2o
181 Film Slde/Source Side
Source
wwzAR2. A& Shins /s
Az L8R R ) Material s
J.5o" THk le-D Norinal 1. ~/A
D€ W.T./Sch U A= 103" | leponee trvangement - ¢
Fiim Type Aecew | D77 ® 20 ¥
Cn2 Re>  IA-B L7 Sihgle/Double Load | S
(2640 B¢ Single/Double
Viewed g 5

[-2orHK  |e-p
Minimum Source to

D=
ObJect Distance c5
Maximum Distance
Source Slde of ]

pBM Ga Alave s DoJect fo Filn o

S
;_.

Applicable
Arrangenent M4

Front/Back Screen| Pz

Eponze Avergerent - F

Defect Code Source e
1 Small K
2 Moderate é) I \
3 lLarge == ==
4 ExcesslvelEeosre hrsogenent - i [Exposure Arrangenent - G
Film Size Quantity
Z¥i7 (2.

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS

ARE THE ACCURATE INTERPRETATION DF THE UNDERSIGNED INSPECTOR TO THE BEST DOF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY,
FILM INTERPRETER

R\ KoSk ) L, Vﬂj SIGNATURE % C""'(V@j
SNT-TC~1A

CLIENT/MANUFACTURERS REP. /z///éée/& s 0 /47 (//;// SIGNATURE :%7’ ///[,7 @ (%?/

e




INTERNATIONAL INSPECTION, Inc.

Specialists in Nondestructive Examination

Los Angsles (562) 944-3166 Portland (503) 283-2668 Seaitle (206) 766-8180

RADIOGRAPHIC TEST REPORT
CLIENT VELY pae L F J_
PROJECT _ERAEMNONT DRDGE DATE / TIE _L9-{R~ole  REPIRT No. [2HSOS
PROCEDURE L\ 12 HooR Revisiv e PO NUMBER e gmwe 268
SPECIFICATION RS DS -0 JOB DESCRIPTION ET _BRIDEE MEMBegs |
ACCEPTANCE CRITERIA oS D VS-602
- 5 =518 |, Radiographic Technique 5
Bl &j E_’ T1g 2 X-Ray/Gammo 1B @
Identification View g g & | 5 n‘C:) £ E é Remarks K.V./Source 12, U
Sl RE 2 A -R F-Spot/Size J34 Exposure Arrangemant - A
105" THK R-C FFD/SFD. 2e
D MAS./CI Hin, 2ip
N-E 101 Type @) agng| 20 @

101 Fim Slde/Source Side Exposure Arrongerent - 3

Sttt BRZ A~
0.-$3"rHKk B <
C-%
€.

Shins N Source
Material ¢ 5‘3&,’
Nominal 1.D. 3 /'°l

W.1./8ch ’ BO | |pposre trrangenent - ¢

Fim Type Aard | D77 3 BER ¢
Single/Doukle Losd | S @ @
Single/Double

Viewed S in

Exposure Arrongesent - B

SW,5BB2 |A-8
0.83 “THK =1

Minlmum Source to ko3 ﬁ% 3%

NN NN NN e

bject to Filn

P&
b ject Distance 2&
Maximum Distance
Source Side of i
Exposure Arreng ‘RTE
Source

pbM fuk Abv(, Applicable
Arrangenent [

Front/Back Screen| Pb

Exposure Arrengement - F

Defect Code Sorce Torc

1 Small ﬁ
2 Moderate é} l \
3 Lorge - Pote] | 4

Exposure Arrongesent - H | Exposure Arrengement - G

4 Excessive

Film Size Quantity

7% 177 /e

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCURDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS

ARE THE ACCURATE INTERPRETATION DF THE UNDERSIGNED INSPECTOR TO THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY, .
FILM INTERPRETER

g* Kosk ) LV SIGNATURE — M
SNT-TC-1A

CLIENT/MANUF ACTURERS REP, 7/2/454@/@’! 0 /1 ((;// /- 772: SIGNATURE /?%f%/’@ ’%7 /éf//
£




Specialists in Nondestructive Examination

Los Angoles (562) 944-3166 Portland (503) 283-2668 Seattle (206) 766-8180

' TERNATIONAL INSPECTION, Inc.

W.T./Sch e s

Fiin Type Acen | D7
Single/Double Load | &

Single/Double
Viewed 4

S Ap2  |A-B
S VAN B
C-D

Minimum Source to
Ob ject Distance

Maximum Distance
Source Slde of
ObJect to Film

ADIOGRAPHIC TEST REPORT
CLIENT ME | pace L oF ___l____
et _FREMoNT  BRlneE DATE / TIME o0~11-0@ REPIRT No.  LHSOSET |
PROCEDURE it 12 Yoo 2 revisv e poonomeR - umNe G26&
SPECIFICATION BLes DLS ~o JIB DESCRIPTION ET__{Re\pee Mem perl
ACCEPTANCE CRITERIA AuwS P |.S-0Z
£ Radiographic Technique A
el - AR EREE S orep a
gl el Bl |%|8|2 |5 ?{2 X-Roy/Gonna 1R gp
Identificatlon View Sl g sl ElElL]s |5 |8 Remarks K.V./Source 73
WS(ARZ A-g |~ F-Spot/Size 30
42k B e-c |~ FFD/SFD. Ze
c-v |7 HAS./CI Min o
b-E 181 Type pAske | 2e
101 Film Side/Source Side
©,3ARZ.  |A-a L7 Shins ol
qzeSA B-c j Materlal cs
c-D Norinat 1. r/8
D-€ /

D-e

Applicoble
Arrongenent

Front/Back Screen

Defect Code Souce
1 Small
2 Moderote
3 Large A Pate :
4 ExcesslvelE#esne wregrent - H |Bgesre Arrengenent - §
Fitm Size Quantlty
7¥i7 12

WE HEREBY CERTIFY THAT THE ABIVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS
ARE THE ACCURATE INTERPRETATION DF THE UNDERSIGNED INSPECTOR T THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY.

FILM INTERPRETER £, keski L vIL SIGNATURE % W«m}

SNT-TC-1A
2 ) ; -
CLIENT/MANUFACTURERS REP, /‘f/{* (A olas L /§ 7 C/fo i SIGNATURE j’éf /“"m/{/ﬁ "éﬁ f f’/




TERNATION NSPECTION, Inc.

Specialists in Nondestructive Examination

Los Angelen (562) 944-3166 Portland (503) 283-2668 Sestile (206) 766-8180

RADIOGRAPHIC TEST REPORT
CLIENT FVEY pce L F _L,,
PROJECT _FREMONT PRDOGE DATE / TME  1©-{\f~ole  REPIRT No. [P HEOS |
PROCEDURE WV 12 HeooZ revistvk e P, NUMBER G JmBN 92468
SPECIFICATION e DlL-02 JOB DESCRIPTION LT RR\DEE MEmMBefs. |
ACCEPTANCE CRITERIA s D VS22,
- _é =ls 5|, Radiographic Technique
Elal=|=|8(%|5|% X-Ray/Ganna L%
Identification | View gl 5|2 2|82 |5 |& Remarks KV./Source 72
oV he2 | AR F-Spot/Size NEYA
ReC. FFD/SFD. 7 b
€D MAS./CI Hin, 210
- 181 Type é’) fsmg | 20

181 Fiim Side/Source Side

Swil B2 A~ Shins
E Materlal (‘Sgbi%ﬁ%
C—3 Nominal LD
D-E W.T./Sch

Fiin Type Aced
Singte/Bouble Lood

S BB2 | A6

\\\\%\\\ %\\ \\ N \\ Accept

[Tl Single/Double
Viewed

c-

- Minlmum Source to
Object Distance

Maximum Bistance
Source Side of
Object to Flim

Applicable
Arrangement

Front/Back Screen

Defect Code Sarce
1 Small
2 Moderate
3 Lorge == \ S
4 Excessive Exposure hrrengenent - H JExponure Arrengenent ~ G
Film Size Guontity
ra AW /<.

WE HEREBY CERTIFY THAT THE ABOVE INFORMATION WAS EXAMINED IN ACCORDANCE WITH THE SPECIFIED REQUIREMENTS, AND THAT THE RESULTS

BRE THE ACCURATE INTERPRETATION OF THE UNDERSIGNED INSPECTOR TO THE BEST OF HIS/HERS KNOWLEDGE, ABILITY AND INTEGRITY, .
E o VI f«"

FILM INTERPRETER M K@bkf«¥ L«s SIGNATURE

SNT-TC-1A

CLIENT/MANUFACTURERS REP, /i///cf//f/fo/&f L) M i/aff/ 4 ﬂj STGNATURE 7 e /O 'éf/
/
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