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EXECUTIVE SUMMARY

The importance of accelerated bridge construction (ABC) technologies has been realized by the
Federal Highway Administration (FHWA) and the lowa Department of Transportation (DOT)
Office of Bridges and Structures. This project, which involved the construction of a two-lane
single-span precast box girder bridge, is another in a series of ABC bridge projects undertaken
by the lowa DOT.

Buena Vista County, lowa, with the assistance of the lowa DOT and the Bridge Engineering
Center (BEC) at lowa State University, constructed this bridge using rapid construction
techniques. The design involved the use of precast, pretensioned components for the bridge
superstructure, substructure, and backwalls.

The successful implementation of this approach may have far-reaching implications in lowa
where proven rapid construction techniques could result in significant cost reductions. This
application and demonstration represents an important step in the development and advancement
of these techniques in lowa as well as nationwide.

Prior funding for the design and construction of this bridge (including materials) was obtained
through the FHWA Innovative Bridge Research and Deployment (IBRD) Program. The lowa
Highway Research Board (IHRB) provided additional funding to test and evaluate the bridge.

This project directly addresses the IBRD goal of demonstrating (and documenting) the
effectiveness of innovative materials and construction techniques for the construction of new
bridge structures. The objectives of this project included the following:

e Assist the lowa DOT and lowa county engineers in demonstrating the benefits of
precast, post-tensioned bridge components through this project and provide an
opportunity for them to design and construct more cost-effective, durable bridges

e Perform testing and evaluation of precast components for the bridge project to
assess overall design, construction, and structural performance

It took only five calendar days to remove the existing bridge and replace it with the new precast
bridge; the approaches that were completed by county crews took an additional 14 days. Precast
elements in the bridge included precast cap beams, precast backwalls, and precast/prestressed
box girders. Construction of the bridge, as well as fabrication of the various precast elements,
were closely observed.

Upon completion of the bridge in 2009, it was instrumented and load tested using two county
trucks loaded with gravel. Approximately one year later, instrumentation was re-installed and the
bridge was tested a second time to determine any changes in its performance and/or behavior in
that time.

As expected, the bridge performed well and there was essentially no change in its behavior in the
time period between the two tests.
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1. GENERAL INFORMATION
1.1 Introduction

Interest in constructing bridges that last longer, are less expensive, and take less time to construct
has increased. This is known as the “get in, get out, and stay out” philosophy. The idea is to
increase the cost-effectiveness of bridges by increasing their durability (i.e., useful life) and by
minimizing disruptions to the traveling public. Clearly, there is much to learn about how to best
accomplish this nationally-important goal.

Although there may be many ways to achieve this goal, the ideas discussed most commonly at
this time include using some form of precast, segmental construction. This type of construction
has the advantage that the individual components are manufactured off-site where improved
quality is usually achieved. Furthermore, because much of the work is completed away from the
bridge site, it is anticipated that user disruptions are minimized given the amount of labor-
intensive on-site work that is reduced, leading to reduced on-site construction time.

Buena Vista County, lowa, with the assistance of the lowa Department of Transportation (DOT)
and the Bridge Engineering Center (BEC) at lowa State University, constructed a single-span
bridge using rapid construction techniques. The design concept used in this bridge involved the
use of precast, posttensioned components for the bridge substructure, superstructure, and
backwalls. This application and demonstration represents another important step in the
development and advancement of these techniques in lowa as well as nationwide.

Prior funding for the design and construction (which included materials) of this project was
obtained through the Innovative Bridge Research and Deployment (IBRD) Program sponsored
by the Federal Highway Administration (FHWA). One requirement of the IBRD Program is that
the resulting bridge be tested and evaluated. To meet the obligations of the previously-obtained
IBRC funding, supplemental funding was obtained from the lowa Highway Research Board
(IHRB).

The successful implementation of this approach has far reaching implications in lowa, as there
are many instances where proven rapid construction techniques could result in significant
reductions in costs and construction time. This project directly addresses the IBRD goal of
demonstrating (and documenting) the effectiveness of innovative materials and construction
techniques for new bridge structures.

This report documents the Buena Vista County (BVC) precast bridge including its fabrication,
construction, and field testing. The BVC precast bridge is a longitudinally-pretensioned, two-
lane, single-span box girder bridge that spans 50 ft center to center of supports.



1.2 Background

The box girder design used for the BVC Bridge is based on designs, used by the Illinois DOT
(IDOT), which are either 36 in. or 48 in. wide and which vary in depth. Shallower beams contain
circular voids and welded wire fabric for the shear reinforcement. Deeper beams contain
rectangular voids and the shear reinforcement consists of deformed bars. The deeper beams are
usually limited to the 36 in. width to restrict the weight and size of the girders. This allows for
easy transportation to the project site and placement with a mobile crane (Hawkins and Fuentes
2002).

Precast prestressed concrete box girder bridges were widely used for Illinois state highways
during the 1960s and 1970s; however, use of these bridges has been discontinued for their state
highways due to corrosion problems. About 10 percent of prestressed box girder bridges
inventoried on Illinois state highways had experienced significant corrosion, leading to a
decreased bridge rating and the installment of load restrictions. However, because these bridges
are economical to build, they are still widely used on county roads throughout Illinois (Hawkins
and Fuentes 2002).

According to published literature, differential deflections between adjacent girders allowed the
development of reflective cracks along the longitudinal joint between girders. Corrosion of the
prestressing strands resulted from salt-laden water seeping through the cracked joint and into the
girder. County engineers believe a lack of transverse load distribution between adjacent girders is
the cause for the longitudinal cracking (Hawkins and Fuentes 2003).

Two solutions used by IDOT to resolve this problem include post-tensioning the girders together
transversely and providing a composite cast-in-place concrete deck. Both solutions have worked
satisfactorily, but add to the cost of construction considerably, do not ensure that corrosion will
be prevented, and make replacing damaged girders more difficult. These modifications are also
not reasonable solutions for retrofitting bridges currently in service (Hawkins and Fuentes 2003).

The BVC box beam bridge is the second box beam bridge constructed in lowa. The first one,
constructed in Madison County in 2007 (Phares et al. 2009), is 46 ft 8 in. center to center of
supports. It is 24 ft 1 in. wide and consists of six box beams (4 ft wide and 2 ft 3 in. deep), each
of which has a rectangular void.

1.3 Objectives and Scope

The overall objective of this project was to evaluate the BVC precast bridge components and
assess the overall design, construction, and structural performance. To accomplish the objectives,
the project included the following tasks:

e Design the bridge substructure elements (piling, precast abutment caps, and
precast backwalls) and superstructure elements (box beams). This task was
completed by the lowa DOT Office of Bridges and Structures.



e Document fabrication of the various bridge elements and actual construction of
the bridge.

e Develop a monitoring plan to evaluate the structural performance of the bridges as
well as the individual box beam elements.

e Evaluate the structural performance of the bridge by using the monitoring plan
developed in the earlier task and subjecting the bridge to live load tests. One test
was completed when the construction was completed and a second test was
undertaken about a year later.

e The final task of the project is the preparation and submission of a final report that
presents the results of the various project tasks.

1.4 Bridge Concept

The BVC box beam bridge was another step in developing an accelerated bridge construction
program in lowa. This box beam bridge was designed by Stuart Nielsen of the lowa DOT Office
of Bridges and Structures for HL-93 loading using the 2007 Load and Resistance Factor Design
(LRFD) specifications.

The BVC Bridge is a nominal 50 ft long and 28 ft wide. (A complete set of plans for this bridge
is included in Appendix A.) Several three-dimensional (3D) images were also created by Nielsen
to assist the contractor in visualizing the accelerated bridge construction process. An overall
view of the concept model of the bridge is shown in Figure 1.1.




Abutments were a combination of piling driven in the field (5 for each abutment) and precast
abutment caps (3 ft x 3 ft x 28 ft), which were cast with five voids (21 in. in diameter to
accommodate the piling (Figure 1.2a). The combination of the piling and precast abutment cap is

shown in Figure 1.2b.
y ‘
-

a.) Precast abutment b.) Precast abutment on piles

Figure 1.2. Schematic of precast abutment cap

Precast abutment caps were used on two previous accelerated bridge construction projects—one
in Madison County (Phares et al. 2009) and one in Boone County (Klaiber et al. 2009). As a
result of these successful applications, they were used on this bridge. This is, however, the first
accelerated bridge project in which precast backwalls were used (Figure 1.3).

Figure 1.3. Precast backwall and abutment

As shown in Figure 1.3, the precast backwall units were attached to the abutment caps with
dowels. The backwalls were actually placed after the seven precast box beams (Figure 1.4) were
set.



Figure 1.4. Voided slab precast deck beams

The box beam units (4 ft x 1 ft 9 in x 50 ft 10 in) were connected to the precast abutments with
1.5 in diameter dowels; they were connected transversely at the third points with 1 in. diameter
thread rods.

A schematic of the various precast elements assembled and the guardrail posts and piling are
shown in Figure 1.5.

Figure 1.5. Guardrail posts

The guardrail posts were attached to the exterior box beams using anchor bolts that had been cast
in these units. In this report, the terms box beam, deck beam, and simple beam have been used to
describe the flexural elements.



2. BRIDGE DESCRIPTION

The box beam bridge is located on a low-volume road (640th Street) in Buena Vista County
close to Storm Lake as shown in Figure 2.1.
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W osh 51 Storm Lake
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Figure 2.1. Location of Buena Vista County precast bridge

The new bridge replaced a posted timber bridge (26 ft 8 in. long by ~ 18 ft wide) that was
constructed in 1936. The original bridge is shown in Figure 2.2.

&

a. Elevation b. End view

Figure 2.2. Original bridge at demonstration site



The new bridge, shown in Figure 2.3, has precast abutment caps, backwalls, and box beams; and,
this single-span bridge has a span length of 50 ft center to center of supports.

a. Elevation b. End view
Figure 2.3. New Buena Vista County box beam bridge

Overall dimensions of the bridge (shown in Figure 2.4) are out-to-out deck width of 28 ft and
out-to-out length of 50 ft 10 in.
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Figure 2.4. Plan and section of bridge

As previously mentioned, this bridge had several precast elements: two abutment caps, four
backwall segments, and seven precast, prestressed box beams. Details of the abutment backwalls
are shown in Figure 2.5. Each backwall was comprised of two precast segments.
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Figure 2.5. Abutment backwall details

Abutment caps details are shown in Figure 2.6. As shown in Figure 2.6a, the precast abutment
cap is 26 ft 2 in long, 3 ft wide, and varies in depth from 3 ft at the ends to 3 ft 2 7/8 in. deep at

the centerline. Voids in the caps, created by 21 in. diameter corrugated metal pipe (CMP), are to
accommaodate the piling.

Abutment cap reinforcement details are shown in Figures 2.6b and 2.6¢ and one of the caps is

shown in Figure 2.6d. As Figure 2.6b shows, the primarily longitudinal reinforcement is eight #8
bars, and #5 bars are used for the shear reinforcement.
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Details on the seven box beams in the bridge are shown in Figures 2.7 and 2.8. Overall
dimensions of the box beams, as shown in Figure 2.7, are 50 ft 10 in. long, 4 ft wide, and 21 in.
deep. Each unit has three circular voids—two 12 in. in diameter and one 10 in. in diameter.

As shown in Figure 2.7a, the box beams were solid concrete 1 ft 3 in. from each end and for 8 in.
around the two transverse tie regions. The 12 in. and 10 in. diameter voids created top and
bottom slab thicknesses varying between 4 1/2 and 5 1/2 in., and a total nominal web thickness
of 14 in., which is divided among the four webs that vary in thickness due to the circular voids.

Shear keys (4 in. x 3/4 in.) in the vertical faces of the box girders are shown in Figure 2.7c. As
the purpose of the shear keys is to transfer a portion of the load between adjustment units, only
interior beam units have shear keys in both vertical faces. The two exterior beams only have
shear keys on their interior faces. However, exterior units do have inserts in the exterior face for
attachment of the guardrails.

Reinforcement details for the box girders are shown in Figure 2.8. One-half inch diameter,
seven-wire, uncoated, low-relaxation, prestressing strand plus mild #4 (Grade 60) reinforcing
bars were used for the flexural reinforcement. Twenty-eight strands were in the bottom of the
slab and two strands were in the top of the slab; and, a total initial prestress of 900.5 kips was
applied to the straight strands.

Shear reinforcement consisted of overlapping #4 U-shaped bars. These stirrups were on 6 in.
centers in the region 3 ft from the beam ends, then on 9 in. centers for the next 6 ft, and then on
12 in. centers in the remaining portion of the beams, except in the vicinity of the transverse tie
where the spacing was reduced to 6 in. (see Figures 2.8a and 2.8b).

The two exterior box beams were fabricated with 1 in. diameter anchor bolts on their exterior
sides for connecting the eight guardrail posts. The posts were spaced uniformly on 6 ft 3 in.
centers as shown in Figure 2.9.

Two anchor bolts (spaced 2 3/4 in. off the post centerline) were required for attaching each post.
Guardrail posts (3 ft 4 in. long) were fabricated from TS 6 x 3 x 1/4 in. sections; a 12 gauge thrie
beam was used for the guardrail. Each post is connected to a 3/4 in. thick steel base plate (8 in. x
7 in.) with a 3/4 in. diameter A325 bolt and a 3/8 in. diameter bolt. This assembly was connected
to the bridge using the two 1 in. diameter anchor bolts described previously.
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e. Guardrail system

Figure 2.9. Continued
2.1 Fabrication

Initial casting began July 21, 2009 and was completed August 25, 2009. Two abutment caps,
four wing wall sections, and seven box girders were cast. The target concrete strengths, as well
as the actual strengths obtained, are shown in Table 2.1.

Table 2.1. Precast concrete strengths

Concrete Strength (psi)

Element Target Obtained
Abutment 1 5,000 5,800
Abutment 2 5,000 6,200
Backwalls 5,000 6,290 (avQ)

Box Beams (at release) 6,000 6,225 (avg)
Box Beams (28 day) 7,000 7,710 (avg)

As may be observed, concrete strengths in all elements exceeded the design target values. For
convenience, box girders were cast two at a time in one prestressing bed with bulkheads
separating the two girders. Because seven box girders were required for the project, only one
girder was cast in one of the pours. Figure 2.10 shows the top reinforcement in the box beams.
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b. Placement of concrete in box beam forms

Figure 2.10. Box beam fabrication

As illustrated, the corner #4 bars, as well as the corner #4 bars in the bottom layer, were replaced
with 1/2 in. diameter prestressing strand tensioned to 3,000 Ibs. The reason for replacing the four
#4 bars (shown in Figure 2.8c) was to create more rigidity at the corners to simplify tying the
shear reinforcement. Thus, reinforcement in the top layer was four prestressing strands (two
fully-stressed and two stressed to 3,000 Ibs) and four #4 bars.
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Also shown in this figure are the Styrofoam cylinders used to create the voids in the box girders.
Hold-downs to keep the Styrofoam from floating are shown in Figure 2.10a. As shown in Figure
2.10b, the Styrofoam cylinders were terminated 1 ft 3 in. from the beam ends to create the solid
beam ends. Two other items, which can be seen in Figure 2.10b, are the guardrail post anchor
rods and the cable-lifting loops, which are cut off after the box beams are placed in the field.

Backwall elements were cast one at a time; formwork, as well as the reinforcement for these
elements, are shown in Figure 2.11. For installation, each of the backwall panels had three cable
lifting loops and two screw inserts for additional lifting points.

Figure 2.11. Backwall formwork

The two abutment caps were also cast one at a time. Figure 2.12 shows the abutment cap form

work, one of the two required cable lifting loops, reinforcement, and two of the five pieces of
CMP, required to create voids for the piling.
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Figure 2.12. Abutment cap forms

The dates the various elements were cast are shown in Table 2.2, as well as the release times for
the seven box beams.

Table 2.2. Precast element cast dates

Element Cast Date (2009) Release Time
Box Beams 2 and 3 August 11 15 hours
Box Beams 4 and 5 August 14 2.5 days*
Box Beam 6 August 18 15.8 hours
Box Beams 1 and 7 August 25 15.5 hours
Backwall 1 July 27 N/A
Backwall 2 July 28 N/A
Backwall 3 July 29 N/A
Backwall 4 July 30 N/A
Abutment Cap 1 July 21 N/A
Abutment Cap 2 July 23 N/A

*Poured on Friday and released on Monday
N/A = Not applicable as elements not prestressed

Concrete strengths in the box beams at release were presented in Table 2.1. Given the elements
were cast in the summer, no additional heat was required for curing.

2.2 Preconstruction-Plant Assembly

Prior to being shipped to the bridge site, the individual precast elements were inspected and
partially assembled in the precast yard to ensure the elements fit together properly. This step also
gave the contractor, who was new to this type of construction, a chance to review the various
elements and ask questions about the construction sequence. Images of the precast abutments in
the precast yard are shown in Figure 2.13.
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a. Overall view of precast abutment b.) Precast abutment pile connection openings

Figure 2.13. Prefabricated abutments in precast yard

The fit between two adjacent box beams is shown in Figure 2.14. In this setup, the trueness of
the elements, as well as the alignment of the transverse tie assembly, could be checked.

‘Jv Ry

Figure 2.14. Voided precast beams

Figure 2.15 shows one of the backwall segments positioned on the precast abutment cap. The
four backwall segments were cast “flat” and lifted out of the forms using the three lift cables
shown in this figure.

To lift the backwall segments into place, lifting hooks were attached with bolts screwed into
inserts in the top of the backwall elements (Figure 2.15). After the 13 elements were inspected
and partial assembly was completed, these were stored at the precast yard until needed at the
bridge site.

Construction of the bridge in the field is presented in the next section of this chapter.

19



Figure 2.15. Precast backwall and abutment

2.3 Field Construction Observation

The road on which the bridge was located was closed September 10, 2009 and the new bridge
was completed September 14, 2009. Dirt work was completed for the approaches to the new
bridge by county crews and required 14 days to complete. If necessary to open the road sooner,
which wasn’t the case with this project, the dirt work could have been bid out and completed
quicker, reducing the number of days the bridge was closed.

Images showing the various phases of constructing the bridge are shown in Figures 2.16 through
2.19.

It took essentially one day to remove the existing bridge at the site. As shown in Figure 2.16a,
the superstructure has been removed and all that remains at the east end of the bridge is the
abutment and piling from the previous bridge at the site.

Templates used to position the five piles correctly in each abutment are shown in Figure 2.16b.
When driving the piles, close attention had to be paid to their location and tolerances. Pile heads
could not deviate from the specified locations by more than 3 in. in any direction, so that the
precast pile cap could be installed easily.

Figure 2.16¢ shows the driving of the second pile in the west abutment, while Figure 2.16d
shows all west abutment piling is in place and cut to the desired length. Driving of the final pile
in the east abutment is shown in Figure 2.16¢; also shown in this figure is the installed filter
fabric.

It took only one day (September 11, 2009) to drive all 10 piles required for the bridge
substructure. Arrival of the east pile cap is shown in Figure 2.16f; the installed abutment cap is
shown in Figure 2.16g.
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g. East abutment cap in place h. Installing west abutment cap
Figure 2.16. Abutment construction
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The same process was repeated for installation of the west abutment cap, which is shown being
positioned in Figure 2.16h. After installation of the two abutment caps, concrete was placed in
the abutment voids on September 12, 2009 and allowed to cure over the weekend.

The superstructure and guardrail installations (except for approach guardrails) were completed in
one day (September 14, 2009). The order of the precast beam placement is shown in Figure 2.17;
as can be seen in the middle box beam (Bm #4) was placed first and the two exterior beams
(Bms #1 and #7) were placed last.

/,(Order of Deck Beam Placement

F@ ®) @ @ @ @ @i

DB1 DB2 DB7

[Slele)[els Tf\o f*\@ fuof\T Q/\ﬁ;@ﬂ

Figure 2.17. Order of box beam placement

Erection times for the various beams are presented in Table 2.3. Total time required for lifting
beams from the seven trucks and placing them on the abutments was slightly less than an hour.

Table 2.3. Box beam erection times

Time Truck Beam Lifted Beam Placed on Time Required
Truck Arrived at Site from Truck Abutments for Placement
1 7:35a.m. 8:10 a.m. 8:32 a.m. 22 min
2 8:23 a.m. 8:35a.m. 8:40 a.m. 5 min
3 9:12 a.m. 9:35a.m. 9:40 a.m. 5 min
4 9:36 a.m. 9:50 a.m. 9:55 a.m. 5 min
5 9:37 a.m. 10:01 a.m. 10:05 a.m. 4 min
6 10:05 a.m. 10:15 a.m. 10:19 a.m. 4 min
7 11:11 a.m. 11:19 a.m. 11:25 a.m. 6 min
Total =51 min

Total time (from when the first truck arrived until the last beam was placed) was slightly less
than four hours. The additional time was due to a problem with the depth of Bm #5 that delayed
placement of Bm #3 and Truck #7 getting lost between the precast yard and the project site.

Two backwall sections were transported on Truck #4 and two on Truck #5. Upon arrival at the
project site, they were unloaded and placed on dunnage until installation. Images of the various
steps completed during the construction of the superstructure are shown in Figure 2.18. Details
of the steps are described briefly in Table 2.4.
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Figure 2.18. Construction of the superstructure
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Table 2.4. Key to images in Figure 2.18 and the various phases of bridge construction

Image

Description

a

Both the east and west abutment are ready for placement of the seven box beams. Some
of the neoprene pads are in place as are the dowel ends for connecting the backwall
segments to the abutment cap. In the background, the first truck with Bm #4 arrives.

Bm #4 is being lifted by two cranes and moved into position to be placed on the
abutments.

Bm #4 is being placed (in the correct location longitudinally and transversely) on the
neoprene pads.

Bm #5 is being put in place.

Due to a fabrication error, the north edge of Bm #5 was approximately 3/4 in. deeper
than the desired depth of 21 in. Placement of the remaining beams was stopped until
the county engineer reviewed this problem. Given this bridge was on a low-speed, low-
volume road, the variation would not cause problems and construction continued.
Except for this edge of Bm #5 all other beams were the desired 21 in. in depth.

Bm #3 has been lifted and is being positioned to place next to Bm #5.

Setting of the south exterior Bm #7 showing the extension of the anchor rods for
attachment of the guardrail posts.

Voids in adjacent box beams (17 ft 1 in. from each end) created space so the coupling
nuts required for the transverse tie assembly could be tightened. The exterior top
prestressing tendon that is exposed will be covered when the grout between the
adjacent units is placed and this void is filled.

Tightening of the transverse tie rods through the voids previously described in Figure
2.18h.

Workers using an impact rotary drill to create a 1 1/2 in. diameter hole 12 in. into the
abutment cap. After the transverse tie assembly has been tightened, 1 1/2 in. smooth
dowels (2 ft 3 in. long) will be epoxied in these holes.

Prior to grouting the various joints and voids in the bridge, the lifting loops were cut off
slightly below the surface of the concrete deck. These regions were then filled with
grout. Images of the several steps required for installing the backwalls and guardrails
are shown in Figure 2.19 with a brief description of the construction in Table 2.5.

Workers shown placing non-shrink, non- metallic grout (NS Grout manufactured by
The Euclid Chemical Company) in the joints between the adjacent beams and the
pockets required for tightening the transverse tie assembly. Prior to placement of the
grout, polystyrene backer rod was placed in the joint where required. Note the joint
between Beams 6 and 7 has been completed and has been covered with wet burlap for
curing.

Details on the installation of the backwalls and guardrails are presented in Figure 2.19 and Table

2.5.
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c. Placement of abackwallsegment d. Placement of second backwall segment at west end
Figure 2.19. Installation of precast backwalls and guardrail system



8¢

. Installation of guardrall post onsouth S|de ofbrldge

Figure 2.19 Continued

. Completing north guardrail

h. “Completed” brldge



Table 2.5. Key to images in Figure 2.19 and the various phases of backwall and guardrail
construction

Image

Description

Prior to placing the backwall segments on the abutments, the lifting loops used in
removing the elements from the forms, placing them on the trucks for shipping, etc.,
were removed. The segments were then moved using lifting hooks, screwed into
inserts precast into their top surface.

As may be seen, for leveling the backwall segments and connecting them to the
abutment cap, an epoxy grout bed was first placed. Prior to this step, the backwall
segments were dry-fitted on the abutment dowels to ensure a proper fit.

One of the two backwall segments required at each end of the bridge is being placed
on the epoxy grout bed.

After placing the first backwall segment, the second one was set on the epoxy grout
bed. Similar to the first one, it also was dry-fitted to make sure of it fitting correctly
with the other backwall segment and the abutment dowels.

After the four backwall segments were placed, the various voids (between the box
beams, in the backwall wall segments, between the backwall segments and box
beams, etc.) were grouted and cured.

After completing the superstructure, the guardrails (the portion attached to the box
beams) were installed. This image shows installation of the last section of the
guardrail on the north side of the bridge.

Installation of the guardrail posts on the south side of the bridge.

The bridge was essentially complete on September 24, 2009 except for the required
approaches and remaining portions of the guardrails.

A Sony internet-based web-camera was installed relatively close to the northeast corner of the
bridge site as shown in Figure 2.20a. A close-up of the camera is shown in Figure 2.20b.

This camera was installed on September 8, 2009 and recorded an image of the construction site
every 5 minutes until September 15, 2009 when the camera was removed.

Images during this time period have been merged and provide a continuous record of the
removal of the original bridge and construction of the new one. This time-lapse record may be
obtained from the researchers.
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b. Time-lapse camera

Figure 2.20. Time-lapse camera at bridge site during bridge construction
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3. FIELD TESTING

Field testing of the BVC precast bridge took place in 2009 (September 14) and 2010 (October
19) so that any behavior changes in this 13 month period could be quantified. In the following
sections, instrumentation and the test methodology used are presented. In the next chapter,
results from the two tests are presented.

3.1. Instrumentation

The BEC in conjunction with BVC and the lowa DOT developed the monitoring and evaluation
plan for the bridge. The plan entailed investigating the behavior of the bridge after its completion
and its behavior approximately one year later. Instrumentation was placed at important locations
to measure overall deflections, relative deflections between adjacent box beams, and strains. The
location of the instrumentation used for the two tests is shown in Figure 3.1 (2009
instrumentation in Figure 3.1a and 2010 instrumentation in Figure 3.1b).

Based on results from the 20009 tests, slightly less instrumentation was used in the 2010 tests. In
the 2009 tests, 24 Bridge Diagnostics Inc. BDI transducers were used for measuring strains at
desired locations and 12 displacement transducers were used for measuring deflections at desired
locations. The arrangement of deflection transducers made it possible to measure global
displacements of the bridge as well as relative displacements between adjacent box beams. In
2010, relative displacement transducers (shown in Figure 3.2) were used, given it was desired to
determine the relative displacement between adjacent box beams rather than global
displacements.

3.2. Testing

As noted previously, the bridge was tested two times with the tests being approximately 13
months apart. In both years, the testing consisted of point-in-time live load testing with either a
fully-loaded three-axle dump truck or two fully-loaded three-axle dump trucks being positioned
on the bridge.

A total of seven load cases, shown in Figure 3.3 (LC1 through LC7), in which the transverse
position of the truck(s) was varied, were used in 2009. Note that in LC6 and LC7, there were two
trucks on the bridge. In the 2010 tests, the same load cases (shown in Figure 3.3) were used,
except that LC6 was omitted.

The dimensions and weights of the test trucks used each year are presented in Figure 3.4. Truck
28 was used both years and was the truck used in the single truck load cases (LC1-LC5). Based
on total weight, the weight of the truck was approximately the same each year; however, there
was some difference in the axle weight distribution.
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Figure 3.2. Relative displacement transducer between DBs 5 and 6
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c. Top view

F T
d. Side view
Dimensions Load (lbs)
Year | Truck A B C D F T Gross
2009 28 14'-9" 4'-6" 6'-0" 7-2" | 18,800 | 38,140 | 56,940
13 15-2" 4'-5" 6'-0" 7-2" | 17,600 | 37,820 | 55,420
2010 28 14'-9" 4'-6" 6'-0" 7-2" | 17,000 | 39,340 | 56,380

12 15-2" 4'-5" 6'-0" 7'-2" | 17,540 | 41,000 | 58,540

Figure 3.4. Dimensions and weights of test trucks used in 2009 and 2010 bridge field tests
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In 2009, Truck 13 was the second truck on the bridge in LC6 and LC7, while, in 2010, Truck 12
was used with Truck 28 in the two truck load tests (LC7). As Figure 3.4 shows, Truck 12’s
weight (used in the 2010 test) was about 3,000 Ibs greater than Truck 13 (used in the 2009 test);
however, the axle spacing in the two trucks is the same. An image of the two trucks on the bridge

during LC7 in 2010 is shown in Figure 3.5.

Figure 3.5. Trucks on bridge during 2010 LC7 test
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4. FIELD TEST RESULTS

Field testing of the BVC precast bridge took place in 2009 and 2010 so that any behavior
changes in this time period could be reviewed. In the following sections, static test results from
these two tests are reviewed and in some cases compared.

4.1. Loading Cases

As noted previously, only static tests were performed (slow moving truck when one truck was on
the bridge and stationary trucks when two trucks were on the bridge) each year on the bridge. In
Figure 3.3, eight load cases are shown: five cases with one truck on the bridge and three cases
with two trucks on the bridge. In 2010, LC6 was not ran and results for this load case were
obtained by adding the results from 2010 LC3 and LC5.

The various load cases were selected to maximize deflections and strains in various elements of
the bridge and to meet the goals of the project. All trucks crossed the bridge traveling west to
east. Data from the various tests were used to determine maximum box beam strains, bridge
global deflections (2009 only), box beam differential deflections, load fractions, and end fixity.

4.1.1. Bridge Deflections

As a result of the small global deflections measured during the 2009 tests, it was decided to
measure only differential deflections between the adjacent box beams in the 2010 tests. The
maximum measured box beam deflection for the various load cases investigated in 2009 are
shown in Table 4.1.

Table 4.1. 2009 Maximum midspan girder deflection

Load Case
Deflection LC1 LC2 LC3 LC4 LC5 LC6 LC7 LCS8
Magnitude (in.) 0.183 0.151 0.144 0.143 0.100 0.242 0.259 0.250
Location DB7 DB6 DB5 DB4 DB4 DB4 DB4 DB7
Gage (D6) (D4) (D2) (D1) (D1) (D1) (D1) (D6)

In all load cases, with the truck(s) (traveling east), the data presented are with the centerline of
the tandem wheels positioned at the centerline of the bridge. Recall in LC1-LCS5 there was only
one truck on the bridge, while in L6-L8, there were two trucks on the bridge. With one truck on
the bridge, the maximum deflection (0.183 in.) occurred in deck beam DB7 during LC1; with
two trucks on the bridge, the maximum deflection (0.259 in.) occurred in deck beam DB4 during
LC7.

The code serviceability limit state for deflection is L/800 for a bridge loaded with two HS20
trucks including a dynamic amplification factor (AASHTO 2007, 1996). The limit state
corresponds to a maximum deflection of approximately 0.75 in.
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As noted previously, the maximum deflection (0.259 in.) occurred during LC7; when this value
is normalized by weight to the standard HS20 truck and a dynamic amplification factor of 30
percent is used, the maximum deflection becomes 0.479 in., which corresponds to a span to
deflection ratio of L/1253. The BVC deck beam bridge, therefore, is well within the AASHTO
serviceability limit state for deflection.

Representative time-history deflections for 2009 LC1, LC2, and LC7 are presented in Figure 4.1.

The various time history plots show deflections at midspan and quarter span at the edges of deck
beams DB4, DB5, DB6, and DB7. With these data, the differential deflection between the four
deck beams can be determined. A review of this deflection data indicates the differential
movement between the adjacent deck beams for LC2 and LC7 is very small. In general, the deck
beams that had the largest deflections were located closest to the applied load.
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Figure 4.1. Representative time history — 2009 deflections
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Partial (since displacements were only measured on one-half of the bridge) transverse deflections
for the same three load cases (LC1, LC2, and LC7) are presented in Figure 4.2.

As noted previously, LC1 and LC7 produced the maximum deflections for one and two trucks,
respectively. Transverse load distribution is evident as shown in this figure, as the deck beams
adjacent to directly-loaded deck beams also deflect, creating a continuous deflected shape.
Although not the actual behavior, for illustration, the various deflection points have been
connected with straight lines.

Figures 4.3 and 4.4 are included to show how the differential movement between DB4 and DB5,
DB5 and DB6, and DB6 and DB7 varied as the test vehicle crossed the bridge.

Differential movements that occurred during the 2009 load tests for LC1, LC2, and LC7
(representative load cases), at the quarterspan and the midspan are presented in Figure 4.3.
Maximum values shown in these figures are presented in Table 4.2.

As was noted previously, the differential movements measured during the bridge test in 2010
were very small (approximately 1/10 the values measured during the 2009 tests. For this reason,
only the 2010 differential movements measured during one load case, LC1, are presented in this
report (see Figure 4.4).
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Table 4.2. 2009 Maximum differential movement

Maximum Differentials (in.)

Quarter Span Center Span

Beam Gap | DB4-DB5 | DB5-DB6 | DB6-DB7 | DB4-DB5 | DB5-DB6 | DB6-DB7

Gage Pair D7-D8 D9-D10 D11-D12 D1-D2 D3-D4 D5-D6
LC1 0.007 0.006 0.012 0.006 0.011 0.006
LC2 0.006 0.008 0.010 0.004 0.011 0.005
LC3 0.005 0.008 0.009 0.002 0.012 0.004
LC4 0.005 0.008 0.010 0.002 0.011 0.004
LC5 0.005 0.005 0.010 0.005 0.011 0.005
LC6 0.009 0.012 0.018 0.005 0.021 0.007
LC7 0.006 0.009 0.011 0.005 0.009 0.004
LC8 0.010 0.010 0.018 0.010 0.021 0.010

As was the case for the 2009 load tests, the maximum values shown in these figures, as well as
the maximum values for the other seven load cases, are presented in Table 4.3.

Table 4.3. 2010 Maximum differential movement

Maximum Differentials (in.)

Quarter Span Center Span

Beam Gap | DB4-DB5 | DB5-DB6 | DB6-DB7 | DB4-DB5 | DB5-DB6 | DB6-DB7

Gage Pair D6 D5 D4 D3 D2 D1
LC1 0.0009 0.0008 0.0007 0.0010 0.0021 0.0017
LC2 0.0010 0.0010 0.0006 0.0013 0.0011 0.0021
LC3 0.0007 0.0008 0.0012 0.0008 0.0014 0.0012
LC4 0.0007 0.0005 0.0007 0.0014 0.0021 0.0023
LC5 0.0010 0.0007 0.0010 0.0015 0.0018 0.0022
LC6 0.0014 0.0012 0.0015 0.0016 0.0025 0.0027
LC7 0.0010 0.0009 0.0010 0.0015 0.0025 0.0019
LC8 0.0009 0.0013 0.0008 0.0018 0.0016 0.0020

Figure 4.5 presents the absolute maximum differential deflections at midspan and quarterspan for
each of the 2009 and 2010 load cases. Given the differential deflections were so small and the
variation in truck weights from year to year were also small, direct comparison of differential
displacements were made without normalizing for the truck weight differences.
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In 2009 global bridge displacements were measured on each side of the joints between DB4 and
5, DB5 and 6, and DB6 and 7; these values were then used to determine the differential values.

In 2010, the transducer (shown in Figure 3.2), which measures differential displacements
between adjacent units, was used to determine differential displacements directly. When
reviewing the data in Figure 4.3, note that two different vertical scales were used.

Two things are readily apparent. In 2009, for all load cases, although small, there was more
differential movement at midspan at the joint between DB5 and 6 than at the other two joints
investigated. And, differential movement between all three joints is significantly less in 2010
than it was in 2009.

The only explanation for this improvement that the researchers can think of is a difference in
temperature for the two test days, which resulted in more tension (and thus more friction between
the various deck beams) in the cross tie rods.

To confirm the results from the transducers used in 2010, two different laboratory tests were
used to determine the accuracy and repeatability of results obtained with the transducers. Results
obtained in the laboratory using the transducers were determined to be reproducible with
satisfactory accuracy.

In 2009, at quarterspan, the maximum differential movement measured was 0.018 in., which
occurred for both LC6 and LC8 at DB6-DB7; at midspan, the maximum differential movement
measured was 0.021 in., which also occurred during the same two load cases (LC6 and LC8) at
DB5-DB6.

In 2010, as noted previously, the differential movements were significantly less (approximately
1/10 as much) for all load cases and all joints. At the quarterspan, the maximum differential
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movement measured was 0.0015 in. for LC6 at DB6-DB7 (same location and one of the same
load cases as in 2009). At the midspan joint DB5-DB6, the maximum differential movement
measured (0.0025 in.) for both loaded cases, LC6 and LC7.

The fact that the differential movements were small in 2009 and significantly smaller in 2010,
leads the researchers to believe the grouted shear keys (between adjacent box beams) and the two
transverse hand-tightened post tensioning bars are more than adequate for transverse load
transfer.

However, these two tests do not allow for any conclusions to be made as to this behavior to
continue throughout the life of the bridge.

4.1.2. Bridge Strains

BDI strain transducers (24 used in 2009 and 11 used in 2010) were installed on the bottom side
of the box beams to obtain strain data for each of the load cases. The maximum midspan strains
measured for each load case in 2009 and 2010 are shown in Tables 4.4 and 4.5, respectively.

Table 4.4. 2009 Maximum midspan girder strains

Strain Load Case
LC1 LC2 LC3 LC4 LC5 LC6 LC7 LC8
Magnitude (ug) 58 47 41 42 54 86 77 74
Location DB7 DB6 DB3 DB3 DB1 DB3 DB6 DB3
Gage (B12) (B9) (B3) (B3) (B1) (B3) (B9) (B3)
Table 4.5. 2010 Maximum midspan girder strains
Strain Load Case
LC1 LC2 LC3 LC4 LC5 LC6 LC7 LC8
Magnitude (ne) 55 50 41 43 57 71 80 81
Location DB6 DB6 DB5 DB4 DB1 DB1 DB3 DB1
Gage (B9) (B9) (B6) (B4) (B1) (B1) (B3) (B1)

The maximum strain measured during the 2009 load tests occurred during LC6 in DB3 (Gage
B3) and was 86 pe. In 2010, the maximum strain (81 pe) measured during LC8 in DB1 (Gage
B1). A review of these two tables reveals minimal differences in the maximum strains measured;
however, except, for a couple load cases, the maximum strains that occurred did so in different
box beams. When comparing strains from 2009 and 2010, the researchers also kept in mind the
slight difference in truck weights from year to year.

Distributions of midspan box beam strains measured in the seven box beams for each of the eight
load cases completed in 2009 and 2010 are shown in Figure 4.6.
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Considering the slight difference in the truck weights between 2009 and 2010 (Figure 3.4) and
the variation in the transverse distribution of the gravel in the trucks used in the 16 different tests
(eight in 2009 and eight in 2010), there is very good agreement in the magnitudes of strains
measured each year, as well as their distribution in the seven box beams.

A review of the strains measured in 2009 indicates that, more than likely, there was a problem
with the BDI or its installation on DB3 and DB5. Maximum values observed in this figure were
tabulated and shown previously in Tables 4.4 and 4.5 (2009 and 2010 test data, respectively).

Distribution of box beam strains for a representative load case, LC1, as the test vehicle crosses
the bridge are presented in Figures 4.7 and 4.8 for the 2009 and 2010 tests, respectively. In 2009,
three sections were instrumented: midspan (Figure 4.7a), quarterspan (Figure 4.7b), and near the
bridge end (1 ft 6 in. from the face of the abutment in Figure 4.7c).

In 2010, two sections were instrumented: midspan (Figure 4.8a) and near the end (as in 2009, 1 ft
6 in. from the face of the abutment in Figure 4.8b). The end span sections were instrumented to
determine if there was significant end restraint due to construction details.

A review of the strains in the box beams instrumented (DB4, DB5, DB6, and DB7) — small
tensile strains — indicated minimal end restraint. It is interesting to note that the magnitude of
strains measured each year were essentially the same although maximum values in 2010
occurred when the truck’s front axle was approximately 10 ft farther from the end of the bridge.

Similar results were seen at midspan (Figures 4.7a and 4.8a), with essentially the same
magnitude of strain occurring in 2009 and 2010; however, the maximum strain in 2010 occurred
when the truck was approximately 10 ft farther from the end of the bridge. The only possible
explanation the researchers have for this behavior is there may have been an error in determining
the location of the truck on the bridge in 2009 or 2010.
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4.1.3. Bridge Load Fraction and Load Distribution

Load fractions were calculated for each load case based on the assumption that the box beams
have equal stiffness; effect of guardrails on exterior box beams (DB1 and DB7) stiffnesses was
not taken into account. Based on this assumption, box beams can be calculated using the
following equation:

i
LF; = — (4-1)
2 i

i=1
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where LF; = load fraction for the ith box beam, &; = strain measured in the i box beam, Zg; =
sum of all box beam strains for a particular load case, and n = number box beams in the bridge
(7 in this particular bridge).

The load fractions determined for the 2009 and 2010 tests are shown in Figure 4.9.
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Figure 4.9. Experimentally-determined load fractions
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The largest load fraction (0.23) in 2009 occurred in DB7 while the smallest load fraction (0.07)
occurred in DB1. Both of these values occurred during LC1.

In the 2010 load tests, the maximum load fraction (0.22) occurred in DB1 during LC5 and the
smallest load fraction (0.075) also occurred in DB1, but during LC1.

The values of load fractions determined in 2009 and 2010 given potential experimental error are
essentially the same. As expected, the load fraction was largest in the deck beams directly below
the truck tires and decreased as the transverse distance from the deck beam to the loaded truck
increased. When the truck was located at the transverse center of the bridge, LC3, as expected,
the load was distributed approximately equal to all deck beams.

Representative load fraction determined for one truck on the bridge for LC1, LC2, and LC5 are
compared to code values, and the values used by the lowa DOT in their design calculations in
Figure 4.10. As shown, the values determined using experimental data are significantly smaller
than the code and design calculation values.

As shown in Figure 4.10, there is excellent agreement between the distribution results obtained
in 2009 and 2010 for the three load cases in the figure. Although the results for the other load
cases have not been included in this report, there was excellent agreement between values from
the two years.

To obtain an approximation of lane load distribution, data from two trucks on the bridge were
used. In 2009, this involved LC6 and LC7. Data for LC8 (shown in Figure 3.3) was obtained by
adding the results from LC1 and LC5. In 2010, only LC7 was actually completed in the field.
Results for LC6 and LC8 were obtained by adding the results for having one truck on the bridge
(LC6 =LC3 + LC5; LC8 = LC1 + LC5). Load fraction for these three combination load cases
are shown in Figure 4.11.

In this figure, as was the case in Figure 4.10, the experimental values obtained in 2009 and 2010,
which are essentially the same, are compared to the design values used by the lowa DOT, code
distribution factors from the 1998 AASHTO LRFD, and code distribution factors from the 1996
AASHTO standard specifications.

A review of the three graphs in this figure (i.e., comparing the experimental values, AASHTO
values, and the lowa DOT values) show the bridge’s performance is conservative.
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The objective of this project was to evaluate the overall design, construction, and field
performance of this type of precast bridge. To achieve these objectives, the various phases of
fabrication and construction were observed and two separate field tests were completed.

Pre-assembly of the various precast elements completed in the casting yard was definitely worth
the effort. By pre-assembling, problems can be identified early and resolved before the precast
elements are delivered to the bridge site, eliminating costly delays in the field.

Prior to shipment to the field, the overall dimensions of all precast elements should be checked to
see that they conform to the plans. If that had been done on this project, the delay caused by DB3
being too large on one edge could have been eliminated.

Non-shrink, non-metallic grout was used to fill the joints between adjacent deck beams, pockets
required for tightening the transverse tie assembly, and other voids in the bridge assembly.
Unfortunately, the contractor used water from the creek for mixing the grout. Depending on the
impurities in the water, it could have a deteriorating effect on the grout strength and its long-term
performance. In future applications, only potable water should be used in mixing the grout.

Based on observations and field testing, the following conclusions and recommendations can be
made:

e This bridge was completed in 18 days (days from closure to reopening).
Construction of the bridge (including removal of the existing bridge at the site)
took only four working days. The remainder of the time was spent constructing
the roadway approaches to the bridge. Due to the low volume of traffic on this
road, it wasn’t necessary to actually accelerate completion of the bridge and thus
the approach fill was completed using county personnel. If the bridge had been on
a high volume of traffic road and thus desired to be open as soon as possible
(obviously a function of the site), it is estimated that the fill could have been
completed in three days. Total road/bridge closure would have been only eight
days then.

e The maximum bridge deflection measuring during testing was 0.259 in.
Normalizing this value for the different between test truck weights and the weight
of design trucks, this value becomes 0.479 in., which is significantly less than
code requirements.

o Very small differential movement occurred between adjacent box beams. In 2009,
the maximum value measured was 0.021 in. while in 2010 it was significantly less
(.0027 in.). The hand-tightened transverse tie rods and grout-filled joints provide
good lateral load transfer between adjacent units.

e The maximum box beam strains measured at midspan in 2009 and 2010 were 86
ue and 81 pe, respectively. At 28 days, the box beam concrete strength was 7,710
psi (which means the approximate modulus of elasticity of the concrete was 4.55
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x 10° psi). Assuming this value for E; mean, the maximum stresses measured in
2009 and 2010 are very small: 390 psi and 370 psi.

Construction details used in the bridge resulted in minimal end-restraint. Thus,
future bridges using these details should be designed as simply-supported, as was
done for this bridge.

The use for the 0.5 load distribution fraction is conservative and thus is
recommended for use in the design of other box beam bridges.

64



REFERENCES

AASHTO. 1996. Stand Specifications for Highway Bridges. Washington, DC: American
Association of State Highway and Transportation Officials.

AASHTO. 2002. Stand Specifications for Highway Bridges. Washington, DC: American
Association of State Highway and Transportation Officials.

AASHTO LRFD. 2007. LRFD Bridge Design Specifications. Washington, DC: American
Association of State Highway and Transportation Officials.

Hawkins, N. M., and J. B. Fuentes. 2002. Test to Failure of a 54 ft. Deteriorated Pretensioned
Precast Concrete Deck Beam. Illinois Cooperative Highway and Transportation Series
No. 281. University of Illinois: Urbana-Champaign.

Hawkins, N. M., and J. B. Fuentes. 2003. Structural Condition Assessment and Service Load
Performance of Deteriorated Pretensioned Deck Beam Bridges. Illinois Cooperative
Highway and Transportation Series No. 285. University of Illinois: Urbana-Champaign.

Klaiber, F. W., T. J. Wipf, and S. Hockerman. 2009. Precast Concrete Elements for Accelerated
Bridge Construction: Laboratory Testing of Precast Substructure Components, Boone
County Bridge. Final Report TR-561, Volume 1-1, lowa Department of Transportation,
200 pp.

Phares, B. M., T. J. Wipf, J. Bigelow, R. Bowers, and F. W. Klaiber. 2009. Precast Concrete
Elements for Accelerated Bridge Construction: Evaluation of a Precast Concrete Bridge,
Madison County Bridge. Final Report TR-561, Volume 2, lowa Department of
Transportation, January, 96 pp.

Wipf, T. J., F. W. Klaiber, B. Phares, and M. Becker. 2009. Precast Concrete Elements for
Accelerated Bridge Construction: Field Testing of Precast Concrete Bridge, Boone
County Bridge. Final Report TR-561, Volume 1-3, lowa Department of Transportation,
January, 41 pp.

65






RESPOULONBIGNZ A IGdIN\\ 0009901019 6.9 98p18"98IERINIOUIJEG\DSSIA_DUBNG\S23N0YK IOy w94 8AS 1000 T\SSINEON 14 S50 BPLIG\S4 29[ 0Jd\iM

| Y3BNIN_ L3S 11-36-(98)1100-0481_Y3BANN L03M0¥S_ | ALNA0D VASIA YNANG | S906°0N 313 | S3NLONGLS ONv SIO0NE 40 30130 % 100 VAOI | HSITOND Wr3L N9IS30
_ DULIHB\A A. ad” 88139004559 67y [OId\:M 3NN AYOLO3YIO :w.c,x_
30 11 MGAL T SIT3G /109 53 AQ poudnod s1ains 10 sabeg [O9)
BI0Z 16 Jeaqueaeq 1 ayep (ewauas 95U A dYW NOILV201 P,
samy padky Jo Py Y
-~ UGS|aIN S 14DAIS — ”!L 15 Y:.Muﬁ | _ T
AVAGT08 So11 7 U 7 [ 715 Hioss
el o 31015 301 10 17 uor s =
sne un sopun saaibu3 (PO 08 DIRSN AP © e WENIONELS TOSTOM S F0NTS i ja >
1 30y pue voRIIIdNG [eUotad 3394 A Japun 0 aw kg T\
Poxedasd son ywoundop bubiaautbua sip s Apta gay | 3dAL INVN ON 133HS N
NIIS30 TVYNLINYLS SV3S 40 X3ANI ) wm <L
W w hww H1059 |_
= =
= : =
z =% > :
B
SNOISIA3Y m Q
= LY AT o
[ 55 JHiors c
aan G v 5002 3.1 4 A ST/
VAN V1Va N9IS3a e M Vi 1 N <
m. 210 oA 3u0438 o) 01005 v1 ‘SImY ; -
- 1334 NO - 9-262-0 r AVA AI0ONIT 008 T 3
RS g G DS ,\ 6868~ -008-1 / S3WNLINYLS 0NV S3I0IYB 40 301440 100 YAOI - 7 /
A8 03D 38 Tk ~
SNV N, T1VO _3NO 3 -l
avoy QYVANYLS u YMOI ONIGNTONI SONIMYYHQ ONINHOM 11V
UL B T
_ f - 2
2
e il "SNYIQ 3STHL NI SILON WUIN3D IHL OL 333y 'SIAVS ONINIINIONI 3MVA 1| m
I NOLLO3S
“19300¥d SIHL NO YHOM NOILONELSNOD OL ATdd¥ TI¥HS SNOISIAONA V19345 b M
GNY SNOILYD1413JS IWININIIdNS ‘SNOLLYOI1D3dS TVANINGOTIAI0 ‘SNO1L¥D141034S 1Y LINEY 30803800 o
WININTI4dNS TWUIN3D I1EVDI ISV SAT4 1002 S3IHIS ‘NOILXMLSNOD 3901¥D NV frec-ieoimpeney - |=r
AVMHOIK 03 SNOLLYDI41D3dS QUYONVIS NOILY.MOJSNVYL 40 ININ1SVA3Q VHOI 3HL @ r
AYVONAOB 3LVIS  —— m = —— == | 3
| 3w ovoy] & R— 390148 om
$907 9NI¥08 1105 2 m! 5 kel EHm | A90T0UGAH e a_u =
3 TUno3 DIEIA Gudng PeRIAdy.
% = YIANIY NOOIIVY HIONVHE HIAO wwoauv + =gt
601 NDIS30 - 133Hs JivNiLs3 | @ Ml iy [ 2 =
!:”w L3IFHLS Y409 p— T,
FEELERT T ~
e _ A d3HLO - LN3IW3OVId3Y 3901489 AvaO ALNYCD ] T O
NOILJI¥0S30 on ]
! AVMHOIH 31V1S @ mT
S133HS 40 X3ANI 1 } |_| Z D O O < |_l m _ > < Z m D m AVMHOIH $31¥1S G3LINA o b H
Banan ) AVAHOIR 3LviSE3iN @)

_39AAN NOILYOI311N30] 1031084 | | W3LSAS QVOd AYVANOD3S m
e e ] | avoy Hiwv3 ]
— A TN _ _ 3HL NO SININIAOHNI 03S0d0¥d 30 SNYI4 patiipns E

il 1-38-98)1100-0891 N vy snonimnita &
uoisialg Aomybiy - s

H3GNNN_1J3ro8d hmv wav

B uonbpodsupi) Jo juawpndag PMO| \ = =

S133HS WIO0L SNIIS  TVNOILNIANOD m

APPENDIX A. BUENA VISTA BOX GIRDER BRIDGE PLANS

- DESIGN NO. 103

BUENA VISTA COUNTY

67



ASPONINEIG\ZINSHIGIIN_ 1005901019 6.9 96p1G"98UBINISUI UG\IETA

w35451930° 1g\5309( 014\ 2519105 9¥:01_6002-NYI -4

Z  H3WNN L3S _ 11-38-(98)(100-0481  ¥3BNNN 103r0¥d |  ALNNOD VISIA VN3NS HY3L NOISIO
T GO1 'ON NoIs30 GIEOE ON IS 21 0 T ON 133S NDISI0
NOISIAIQ AYMHOIH = NOILYLNOJSNYYL 4O IN3WLYVAIQ ¥MO! 1Sd 000'S = 9.4

ALNNOD VISIA VNING

6002 Nydv VSEH VIS

S3IILIINVAD ANV S3LON TVY3INI9

NYdS 0- 05
390148 Wv38 X09g
Q3NOISN3L3dd LSVI3dd .82 X 0-,05

M3XS o0 ¥OI NIISI0

NOILVIVHO NI TVNOILI00Y ¥03
$UVi30 335 "SWHIS QV3H Iid
QHVONVLIS-NON S3SN NVd SIHL

f310N

03¥3LNNOON3 38 10N T4

03L¥DIONI 3SOHL NVHL ¥3HLO SNOILIONOD LVRL 3ILNVHYND
¥ 3UNLILSNOD LON S3I00 NY1d 3HL NO IONVHV3IddV HI3HL
'5350d8Nd ONILYNILS3 ONV ONINOIS3G ¥03 031VINKNIIY
3Y3M SNYId NO NMOHS VIVO ONINO8 1S3L OGNV ONIGNNOS
90°5011 NOILVDIJIO3JS OMVANYLS

H1IM 3ONVOHOOOV NI SYNVW ONV S3XVIS 40 NOILVAN3SINd
3HL ¥03 3BISNOJSIY 38 1IVHS YOLIVHEINOD 3HL

ONINVLS NOILONYLSNOD

3HL 04 370ISNOJS3Y 38 TIVHS ALNROD YISIA YN3NE

03507 38 VMM AVMOYOY 34L F3LON
NVId T0¥INOD J1ddvdl

1J3vdL NBHL OL

VASIA VNING A8 03NN03¥3d 39

$30803 ALNNOD

01 9NIOYHD OVOH TV T310N

ONIQYY9 AVMGVOY

3 W
| 2 o1
& 5
sz 8
3 L
&1 9
3l S
v
3
NOILYNDISI0 Hva | 3715 HoIToN3

SE3LINITIN NI ¥3LINVIO ¥VE 3HL OL INIWAINDI St

QNY ‘SHY8 ONIDYOINIIY 3HL NO NOISSBUJNI O3JNVLS ML SI.NOILYNOIS30
¥YE. 3HL ~NOILVNDISIO HVA. ONIMOTIOS 3HL AVIdSIQ AV Q1313 3HL

NI 03A1303¥ T33LS ONIDHOSNI3M MSITONZ ‘(¥V8 ¥3LIWIC HINI § Si105)
NOILYION HSITON3 H1lM 13315 INIDHOSNI3Y TIV 138Y7 SNV1d 390148 3S3HL

“S311S 3SIHL 01 GIMVH WiuILvA
¥04 G3M0TW 38 111K INVHE3A0 ¥O3 LN3NAYA ON “IVI¥3LVA 03LVAYIX3 $$30x3
H04 S3LIS 30IAO¥d OL ALIIBISNOGS3Y SHOLIVHINGD 390148 3+1 38 TIWHS 1l

ALNAOD ¥O 31VIS 3HL 01 150D

VHIX3 ON 1V HOLOVHINOD 390188 3HL AG 030IAONC 38 1IWHS ¥IBNION3 3HL A8
03A0¥dAY NO11D310¥d 30 GOHL3N 3LVINAOUAdY NV ‘ANINJIND3 NOILINYLSNOD WOHI
TIWMNIVE BO ND30 390I¥E 3HL JO ON3 3HL O1 39VNYC IN3AIYJ OL AYVSSIOIN 31

FININIMNOD

NOILONYLSNOOI3Hd 3KL Ly 3MBYVAY 39 UM WO TWSOJOHS WNLIIINGD GNY
13THANVE ¥ “IVSOdOG 3AILNIONI ONIEIINION3 3NWWA - SI'SOII NOILYJIZID3dS
40 39VINVAGY 103 3¥VL OL 039VHMOINI SI HDLOVHINOD 390188 3HL

AVININO JWNLNI YOS AVMOVOY 50
1004 34VADS ¥3d 'S8T 05 SMId ‘ONIOVOT €6-TH ¥O3 Q3NIISI0 S1 390148 SIHL

3LVO ONILHVIS L 30
HOLOVHLINGD 390i48 IHL A8 03141100 38 TIWHS SLINIT NOILONYLISNOD 3HL NIHLIN
3@ 0L NMONY ¥O SNV1d 3HL NO NMOHS 3uV $3111110¥4 3SOHM ALLN

‘S NOILO3S HLIM 3ONYONODOV NI 3L3UINOD ONILOOS INIRLNGY 1SYIIMS
*133HS N9IS30 33S ‘SNV3E 3IL3WIN0D 03ISSIULSINS

“1Sd 00S'E = 9,3 ‘S NOILO3S HLIM 3ONVONOIIY NI 313YONOD

02 30VH9 ‘S NOILOIS HLIM 3IINVOEOOOY NI T33LS INIJHOINIZY

“L002 ‘NOI1103 HLb ‘SNOILYDI3193dS NOIS3Q 3901¥8 0441 OLHSYY FHL

HLIM 3ONVOHOOOV NI 38V STVIN3LVIN ONIMOTI03 3HL ¥O3 S3SS3WLS NIISIC

*S3SS3YLS NIIS3a

‘10370Yd SIHL NO YHOM NOI1ONISNOD

0L ATddVY 1IVHS SWV3ES 313¥INOD 03SSIYLSIud

#04 313UONOD 3ONVANOIYIS HOIH ¥O3 SNOILVDIJIDIdS
WIN3NAOT3A30, ONIGNTONI ‘SNOISIAONS T¥193dS ONV
SNOILYDIJ193dS TYANINI1JdNS ‘SNOILVIIA193dS IVINNIOI3AZ0
“SNOSLYDI4193dS WANINIMWNS WYINTD 318VIINddY

SMJ ‘1002 $I1YIS ‘NOILINYLSNOD 390148 ONV AVAHOIH ¥0d

SNOILYDISI03dS GHYONYLS NOILVLINOJSNVML 40 INZNINVA30 YMOI NOILOMMULSNOD
“L00Z ‘NOILIO3 Hib ‘SNOILYDI3103dS NOIS3O 390188 O3M1 OLHSYY IN9IS3Q

*SNOILYD14103dS

‘3¥NLONYLS INILSIX3 3HL 3LVOIONI SNYId NO SINIT INIV3

HOLOVELNOD 3HL 40 AL¥3dOMd 3HL
30038 TIVHS 390188 ONILSIX3 3HL IVHL 1d30X3 ‘SNOILVDII03dS
QUYONVLS 3HL 40 10bZ NOILD3S HLIK 3INVONOOOV NI 38 TIVHS SIVAONY

3WNLONULSEAS ONY IUNLONYISHISNS ILTUINOD L-.11 X .52 ONILSIX3 WL 4O TIAOWIY
3HL 30M10N) TIVHS 390149 ONILSIX3 40 TYAONIY. ¥03 018 WNS WA FHL

%030 03SS3YLS3d LSYOIUd ONV SONILOOS ININLNGY 1SVO3HA HLIM
390148 031vY371300V (9¥81) NOILONYLSNOD ONY HOYY3S3H 39G1¥8 IAILVAONNI

NY HLIM 3¥0100U1S ONIXSIX3 3HL 30V1d3¥ 01 SI INJUNI 3uL

STIWVANOVE ONV SONIM IL3YINOD JO SISISNOD BUNLOMULSBNS ONILSIXI L

%330 313¥INOD ¥ JO SLSISNOD IWNLINYISYIANS 390148 INILSIX3 IHL “1SIX3
N¥d TYNIOINO 3HL 30 S310D NMONM ON “9€61 NI O3LINHISNOD 3901Y8 3L3YONOD

v HOV3 ANIRINGY - 1IVMXOVE 1Sv03ud | S006666-6652 | o1
73 HOV3 | W38 %030.iz X 8% 1SV3ud UINOISNIL3ud | 5006666-6652 | 1
z HOV3 SNI1004 IN3WINGY 15v03ud | S006666-6652 | 21
T 51 NOTLVZI1180M | S00086¥-£€52 | 11
T B TOBINOS D133V81 | 011Gppe-8252
SR8 3 w3 SUNS010 AL3IVS | 0000163-8152
WOT T S4VT5 "INSALINTY | 1900089-2052
5 319av3 3INIONT | 50006252052
'SWY39 X08 WOV |57 3dAL 82-34 WONINY W133dS 11vBOBVNS | 08S020b-5052
il IVH0BVNY 30 NOIIVIIVISNI | 00Z8005-505C
= T ISX01dH "311d | 1501020-1052 |
A3 0z 19 ‘NOILVAVOX3 | 0000212-20vZ
] s1 390148 ONILSIX3 30 TVAONIN | 6295v19-10vZ
O A MOYHOB+ANOY 01 1D ‘NOILVAYIX3 | 0100122-2012 I

NVJS FIONIS 1-.L1 X 52 ONILSIX3 3HL 40 IN3IW3DVId3Y 3HL ¥O3 S| NOISIQ SIHL

*SILON TVH3N39

ALILNYAD 171N6 SV

V101 LING NOILdI¥IS30 WaLl 3000 w311

"oN_m3LI

S3ILIINVND 390148 Q3LVANILS3

68



>§£§~=t&§/~8§5;Pn&ucqgs_:é_g-:;:ﬁ&/ n .im_uuo 3_25 oto_s__m.iz
€ wgonnn L33s | 38-(98)1100-0¥81 ¥3GON 103008d |  ANN0D VISIA VN3NE WY3L N9ISIO

01 O NoIS30 SSEOE ON WS 2T H 2 'ON LIMS NIISIO
NOISIAIQ AVMHOIH = NOILYLHOJSNYHL 40 IN3NLYVA30 YMOI

ALNNOD VISIA VN3NG

6002 iya¥ PSEell VIS

JONIY3439 WLl

390149 Wv38 X084
Q3NOISNILI¥d LSVI3¥d .82 X 0-.0S

NINS 50 ¥O3 NDISIO

NVSS 0- 05

032¥1d ONV 03HSINYN3 TIVAXOVE IN3WLNAY
LSVO38d HOY3 Y03 38 TN LNINAVE 30 SISYE ONV ININIUNSYIN 40 QOHLIN 3HL

TIWHXOVE IHL HOJ STIH0Q YIS ONV LA0YO AXOJI S3ONTONI XIIILS ONIDHOINIZH $81 1811 (390138)
3L3UONOD WHNLINYLS 30 4D 26 = STIVANIVE 803) ONIGNTONI STIVANIVE IN3Wingy | SC08666-6652 |  v)
15¥034d 3HL ONIDYId ONY ONIHSINGNZ 8O3 S1S0D T1¥ SIANIONI WILI SIHL

VZ0'LOPZ NOILDIS 30 SINZW3IYIND3Y ML L3IIN TIVHS 3LVO3YOOY 3SHVOD 3HL 30 NOILYOVHO “ALITIGVENG
£ SSYI) S1iv NOILD3S 40 SINIWIHIND3Y 3HL 133N TIVHS SLINN 39018
3135INOD 03SS3YISIYS HOJ SILVOMOOY ISUYOD 30 NOILYOVHD

STINVA NIIMLIE SA3N HVIHS ¥O3 LNO¥D 30 KD S SIONIMI
STINVY IHL 0 ATBN3SSY ISHIASNYHL 3HL ¥OJ 03033IN (D13 ‘SIAN ‘SHIHSYA

‘5008 314 VIO ) WYLV ONY TWINILYN ONIHY3IE INGALABY SIONTONI 'STNVA X030 1SVO3¥d | S006666-6652 |  ¢i
G3NOISKIL3¥d 3HL ONIDVIA ONV ONIHSINYNI HLIM 031¥1J0SSY S1S0D 71v SIOATONI

69

ANINZIVId ONIMNG INZNINGY 3HL 1¥OJdNS d13H 0L ¥O
SGI0A 13 0L ININLINGY 1SVO3Hd 3dL HIGNN 03IVId YYLIYON 31BYNOIS ANV S30NIONI

0381ND3Y Y3114 INIOF NOISNYAX3 QINNOI¥S TIY S30NTONI

"039%1d ONY O3HSINYNI (Q3YIN03Y 2) ONIL004 ANINLNGY
1S¥O3¥d HOY3 H03 38 1M INIWAVA 30 SISVE ONY IN3W3YNSY3IN 30 OOHL3N 3HL

"HION3YLS O3WIND3Y 341 G3NIVIG0 SYH SOIOA 331d 3H1I NI TINIVE 313ONOD 3HL
TUINA ONIL0O3 INIWINGY 3HL ONINDOIE AYYHO4M3L 40 150D S3ANIONI

{ SO10A

311d 3HL THHOVE 01 (ISIN 3AJUINDD IWHNLINYLS 30 “AD §°1 ONV “GND .12 30 37 081
“NIVANOVE 3H1 04 SY3DITdS IWIINVHIIN HLIM “1331S ONIDHOANIZY 'S8 v8EI {390148)
IL3HONOD IWHNLONYLS 4O °A"D 28 ~ ININLNGY 3NO) ONIGNTINI ONIL0O3 ININLNGY | SO06686-6652
AS¥23¥d 341 ONIOVId ONV ONIHSINYAZ ¥O4 SL1SOD 1TV SIONIINE W3LI SIHL

NO1L41¥IS30 000w |

NOILYNYOANI 3ON3¥3434 3LVNILS3




MESPONIINBIBAZINE AN £005901019 699 36p1E"GBIBBINRUIINANRISTA PUING\SIINONIBIILIG 91545220 T\ 6 155960 LIG\5308{ O3\ M. 3591U8

L¥:01_6002-NYf - L

WY3L N9IS30

11-28-(98)1100-0481  ¥3ISNNN 193r0¥d

ALNNOD

ViSIA ¥NING

b usenN Euzml_l

0T "oN N9IS20 SGEOC ON NI 2T 2 € ON LIMS NOISH
NOISIAIQ AVMHOIH ~ NOILVINOGSNYY1 3O INBWL¥YJ3Q VMO

ALNNOD VLISIA VN3NG I
PSEN VA
NVId NOILVNLIS

390149 Wv38 X08
Q3NOISN3L3¥d 1SVI3yd .82 X 0-,0S

NDIS 50 ¥O3 NOISIQ

8002 NydY

NYdS 0-05

0150808 VAHI

350148 ONILSIX3
ALNNOD VLSIA VN3N
AIHSNMOL 3ON3QIAOHd
92 3015 HiYON NOILO3S
M 9E-Y N 06-1
¥3IAIY NOOIOVY HONVME
Y3A0 L33WIS HIOFO

NOILVO01

NVId NOILVNLIS

( 39018 ¥VaN)
NOILO3S SSO¥O TWOIdAL

ALNNOD A8 030Vd
o v £
_.Esmaﬁ | asane v

30VANS BYINNVHEO

NS
w~ /N .«\\ 4
' SINERLNGY 3901

e
o

SNOIL¥D14103d5

QUVONVLS 100 VMOI 3HL OL INIGYODIV
JI¥BYS ONI¥IINIONG NO d¥HdIY 3IVId
310N dvaiY

89 «3901¥9 1V 39VLS WHLLWN
§'58 =WILYMNOVE/A 39VIS
$40 0991 =%D

SN FUVNDS 920 =V3YY 39VNIVN

VLVQ J1TNVYAAH

13341S HLOP9 3AVY9
371404d d3S040y¥d

8L = A3 16A
009 = JA SL+6 = VIS JeA

00001 = "AF3 dd JO 30IS HLYON NO 3NIdS ¥y HVIHONIE

NOLLONKLSNOD
QK0 sa0

I
INILNGY 1S3M 3

LIAONOD INOIJ3I3L -

390148 MV38_X08 dd
82 X 0-.05 0350404d

0-

'

U511 XO¥ddY (390148 40 NYIHISNNOO ONY

— AY3U1SAN SINHLNGY HIOB 1¥ 1VIIdAL)
350148 §350408d 3 / WOU SIS NHTIH NN0SS SIS
—— 01 SNOILYA3T3 w38 390188 NOILISNVAL

TINNVHD WYIYLS

|
i
'
‘
'
1
|
!
1
1
1
'
|
|
|
|
|

AVMAYOY P 9NOTV NOILIIS TYNIGNLIONOT

oL

B R sl PO E R T oty Ay | B P B
§8'58 'A3T3
‘214 01105

1°59 "A313
898 A3 w38 0
38 40" doL

INFALNGY 15V3

70



HESPOUIORE NS IddIN _ bOOSS0I0S  Buq 9BPILIG-gBOMBINIPUIHB\EISTA

woyshs|eso : 13108

L¥i01_6O0Z-NYI -4

S waonnw 1z |

11-38-(98)1103-0481 YIBANN LIAN0UJ AINNOD VISIA W3NG

WY3L NOIS20

DN NDISI0 GOEOE ON IUJ TZI 0 P 0N IIWMS NOISH
NOISIAIQ AVAHOIN - NOILY.¥OJSNVEL 30 INBNLYVGIO VMOI

ALNNOD VLISIA VN3NG

6002 gV bSE411 VIS

AVYOVIA ONINVLS

390148 Wv3g X0d
Q3NOISN3L3Y¥d LSVI3d .82 X 0-,0S

M3NS 50 HOJ NOISIC

NVdS 0-.05

AVYIVIQ ONDIVLS

i

P IN3NINBY 1SV3 3

m 0- 0§
- _1 - o-52 . 0-52 =
h T X )
! ruz:«wtzu uz_._.m::n..1\
e )
w <
i ~i
I Lall
i ]
— D9+ VIS A4S U309 w\\ g_ P2I+1E VLS —
i 390198 WY38 X08 dd
@ 0-.82 X 0-,05 03S0d0oy¥d 3
w i (dAL) LSXOIdH ~—"
390149 INILSIX3 P
- [3NIW3LLIND 3NIW3LINYT 006 >
w / 7

AN3NINBY 1S3M 3

L

71



HBPONIOHER\ZASHAdIN,  SO0S901019 6.9 95PIIG-IRIEINIRUING\RISTA 33851020 asjo105 L4101 6002-NVI -
9 yanN _uuxml_. 11-38-(38)1100-D481 ¥3ONNN 10300¥d |  ALNNOD ¥ISIA YN3GD Fiv3L N9IS30
GOI "ON N9Is30 GOLOE ON N4 2T 40 G 'ON 135 NDISIA
NOISIAIG AYAHOIH - NOILY.HOJSNVHL 40 INBWL¥V3Q ¥MO! NVId 371d LNINLNSY
ALNNOD V1SIA YN3NE —
6002 Y ySEel viS sese | erve | 0000 A ¥ WVi30 335 QNIDVES dOoH
STIVL3d IN3NLNEY 1SVO3dd LS 39000 195" o0-.4
NYdS 0-.05 s — s
390148 Wv3g xo04 oe0s Toree |V \J..{ ! | JA_
@3NOISNILIMd 1SVI3¥d .82 X 0-,05 Y . D e B e e e R T T T = - 2
N3N 0 ¥O4 NOISIQ T SNOILYA3 S3d 3 N o B B
IN3NLAGY 30 378V B9u8 LAY 3 - e 1 S d— S
@ 3114 1noav 230 _ usd T
(ALI¥VID HO4 NROHS 1ON TIWMNOVE) id_1Nnogv a3y
NI OIZINVATVO 4 6- 1 d 3>
LININLNGY LV NOILVAIT3 yv3y ) Fve
0-b2 = 0-9 O §30VdS ¥ g I
2-82
NOILVA3T3 LIN3INLNEY
(LIS TIVMNOVE NO NMOHS SH3DITdS HOIN Z08)
2 09 * -9 0-9 [ iz
— * ~ _ — e 138
' - T
=z 72 : i : :
— (NIHALING) 8 'ATT3 \dz.. (3NIWBLANY) 8 AITI — T T T T
(AYMOYO¥  ® 19d) ¥ A313 — } ' 3 ¢
7z : e 3 \
le ook ik —_— AYROVOY 3 ~ el
" AYMOYOY 0-82 = O-% @ SWY38 X08 2 oy INILNGY 3 —|-—n]
CdAL VY YIS 115 o ! ! st o
-2t o-¥ -2

WIS QI0H 0L O3HONNY
Su30vds IxExIT - € HLM HOLID L€
“43LINV10 .81 ‘BVE Z ON 40 SNENL L IAVH OL
374 HOV3 40 dOL 3HL LV I¥HIdS 3HL T3LON

‘31 ¥3d SONLS b 3LON

8-8 NOI1J3S V-V NOI123S

e
71E v 1Iv.i3a
RN Bl ) }
Tex i
!
i dAL 3015 V3
- QLS .S X ¢.f ES
:
+ o
qu<mw ¥ N AVMOVOY
248 1N8Y 3 - ONY IN3vLINBY 34 ONIYV3E

133LS 25X 01 o -

SNOL Z'L1 = AHDI3M INININGY 1SVIINd

081 Eil IND & .12,

£68 A3 02Z_SS¥13_NOILVAVIX3|
0-,009 [ W10l (3] s81 331S_SNIDBONIZY,
o R N B AT T Sl 13 C951A) 31380N0D WHNLONEAS,
= = T BT L8 %) (350188) 31280N0D_WANLINULS|
0-,00¢ | 0-,09 @ L5XOIdH - S |"1NAV YT T e 1T I

SININLNGY HLOG

ONILOO4 IN3WNLNGY 1SVO3dd 3INO
SAILIINYNO J11d

S3ILILNVNO d3LVAILST

*SILON 371d % 9NILOO4 LN3NLNGY LSVI3¥d

037IASNI 38 01
ONILO03 1SYO34d 3HL MOTIY 0L YIOYO NI NOILIZMID ANV
NI .E NVHL 3¥OW A8 SN¥1d 3S3HL NI Q31VN9I1S30 NOILYDO0
3HL WOYA 3LVIAZO L1ON TIWHS SNOILISOJ Q¥IH 3TNd WNIZ

“03A31HOV N338 SVH IS4

OO0SE MINN OIAOW3Y 38 LON 1IWHS ONIHOMS ABVHOINIL ONY ONINI018
"SLNZN3SYONI ONITid INIWANGY 3HL 1704 01 035N 313¥INOD 3HL

40 ONILS3L HIONZHLS 3AISSIYANOD 301A0¥d 1M SIVIUILYW LDIH1ISIQ

“H3IINIONT SIVIHILYN LOIBLSIO FHL A8 OIAO¥IAY ONY
03NIIAZY NIIF 3AVH A3HL G301A0¥J O3¥3QISNOD 38 AVW S3XIN ¥3HIO

321S 0L ¢.f 38 TIVHS 3LVOIYOOV ISHV0D
‘SIHONI L 38 TIYHS WMUH 3HL 30 NOILIOOV ¥3LIV dWNIS 318YMOTTY
WARIXVA 3HL “311S N0d 3WL 1V 0300¥ 38 TTVHS ¥MYH 3HL SIHONI

&

2 36 TIVHS ¥3LVM HLIM 03A3IHOY JANTS WARIXVA 3HL ¥30N03Y
Y3LVA 3ONVY HOIH ¥ HLIM 31IHINOD b-D SSVIO 38 1IVHS SINIWISYON3
ONITid LINIKLRBY 3HL 1713 OL 3SR CISINY 3L3UONOD WEALONYLS 3KL

YAOHAAY GNY M3IAZY ¥OJ NOILOIVF
31 OL ¥OI¥d Y33M 3NO ¥IBNIONI 31 01 03LLINGNS 3B TIVHS NOILIZUI
ONIYNO ONILOOS ININLNGY 1SYDIYd 3HL ONIL¥OHNS 40 QOHIIN 3L

S71V130 ¥vE IN3g
“SIILTINVAD 38N10NYLSH3aNS

3KL NI Q30NTONI 34V ¥30vdS WHIdS ONV IWHIES 311d 3HL

“3_XION3ddV ISy WI SIVINLVIN HLIM

JINVOH0OOY NI 38 TIVHS SYIINTS IVOINVHIRN “INIALNGY 3HL NI
S¥30114S WIINVHOIN 208 3HL 0L 03D17dS 3¥V SHVE 108 3HL 310N

0270 X X {% ¥ ¥30vds wauids

VHIdS 31| 2%

ST3M0G_1TVANOVE 03 3011dS VIINVHIIN |

] 3315 ONIDUOINIZY
NOILVOIBYS 01 ¥OI¥d y3anIoN3 [ 6 of
3HL A9 03A0¥ddY 38 TIVHS SNOILYIOT 001 ONIL3IT ¥O SINIOJ ¥DId 55 o1 0}
191530 3L NI EC) ool |82 | o =
TIVHS 103443 IVENXI1S “YIMLOVAWYA ISVIIud 341 AQ G3N9IS3A 38
TIVHS $4007 INILIIT HO INIOG XDid IN1LOOS ANIWLABY LSVO3Hd 3HL
SNOL Lb SI SIU1d INNLNBY 3HL ¥O3 ONINVID NOISIO 3L =]
NMOHS HO O3LON 3SIM¥IHLO SSTN .2 3B OL S| ¥V8 SNIDUONITY
¥VIN OL 2U3WONOD 20 30¥3 AOM3 3ONVISIC BYITD WONINIK VS HOLIVI0T

SJ00H _INSAINGY| 195

JOL - TVNIGNLIONDT ONi1003 ININLNGY| 23S
$39¥3 - WNIGNLIONOT SNI1003 ININLNGY| 138

ONILOOA LNIWANGY LSYOI¥ 3NO

LSI7 dv8 ONIJYO4NI3Y

72



MEPONIIWBIGNZMSIIOINN _ 3005901019 Buq 9601G"9BIMINIEUIB\CISIA SUNB\: w3900 asjatus 8¥:01_6002-NV1™-£0

£ W3EAON 133 38-(90)1100-0481  ¥3ONTN 1031084 |  AINNOD VISIA YNN8 WY3L N9IS3Q
BOT "ON NOISI0 Gogog CON 3N 21 40§ ON 13MS MDIS20
NOISIAI AVMHOIH - NOILYLHOJSNYUL 30 INBWLYVIQ VMO
ALNNOD VISIA VN3NG
6002 18V PSE4Il VIS (8YIS ONIMOHS)
TIVMIOVE LNIWLNGY V-V NOILO3S
NVdS 0- 05 “07313 3HL 0L 03ddIMS 3Y¥ AIHL 380438 30314 LSYORUG 0ILIINNOD
3HL 3AO¥GdY ONY KIIA OL 3D1LON SHNOH 8b 3AVH TIVHS IINIONI 3HL
390148 Wv3g X049 :
J3INOISNILIMd LSVI3¥d .82 X 0-,0S8 ‘07313 3HL OL $3031d IHL NIddIHS 340530 dOHS MO QUYA S¥ILSYIIUJ 3HL NI !
NI 00 H03 NOISI0 SINZNINGY 1S¥O3Hd 3HL OL O314td AYO 38 TIWHS STIVANOV 1SvO3Hd 3HL 1
1
310N |
WALNVIO Nid = 0 “LN0 10 1NO 38V SNOILNINIG IV 310N !
AN3NLNGY | ks
1SYOWd ——f—> 1 2 = “
! &
| 82 | 2aviiar | @ s 8 }
|tz | e 2av
_ ~ [Mleras 3OVHOHONY
-, 2's €A w101 & 1_ —— WIINVHIIN
4% 2'S (€1 ® b) 1VRNIVE Wiy z08
op vioL NOIL53S NOISNVdX3 1~ o
S31LILNVND 10D SIHS-NON e | K coo “LN0¥Y 40 .2
5 ~ = HLIM ST3M0Q ¥3A0D
JLIYINOD TIVYMNIVE HLIK 370H 40 ¥3ONIVA3Y 1113 ans \ ada) %2 STIH0Q FHL DE
T3Ko0 40 %wQ._‘mk 2.:n w...wxm-wwwwn Q3010A I L] o9 |~|©  sominado 3 30iA084 OL
. . 53801 031¥9N v
STIv.L30 ¥vg IN3d T1¥0 AYVION LOVANI HOT 35 | i meuwau_%uwn
O3NILHOIL N338 3AVH SOOY 3IL
e GNY 30V NI 38¥ SHY3 ¥3Ldv n
1811 _[(7S81) 3315 ONIDUONIZY ANIHINGY OLNI 4330 .21 3004 ¥I0 = Hwﬂwaww!wmw.wwwnzwuu
T 1V 10180 °8Y7S 40 N3 KO¥3 LV 3 3 = WIINVHOIN ¥ OL 031938N0D
@ [ ez] v — SO0 BYIS HIOONS ¥3I3MVI0 (95w) $7300 HIOOMS £-2 X I — ;\mim E \\ Fl O S R ot
[H] 8z — ST3M00 TIVAYOVE (ON3 3N0) 030VILAL| 108 30K VIO £ STINOC 108 0355303y
Vo 91 gr— TVINOZIHOH TIVAXOVA] 59
002 8] —— Tvaxyval £99
26! 8 — IV INOZ 140K _wmxove| 209 | NOILVA3T3 NVId
(123 g [— WINOZ1¥OH Tvove | 159
k) 13 = SIS WO viOva 2 oniovds 30moioNy SIS OF SONbesTau)
4 s (dAl) 0-21 = S30VdS 0-2 B L S1IH0Q 108
FUGTED CTETE R SaVHS NOT1V301 | &ve
o o o o o ] o o o o o _
STIVMIOVE ¥N04-1SIT ¥vE INIJYOANI3Y L1

3 XIGN3ddY ISy NI SIVINILVH
HLIM 3ONVOYOIOV NI 38 TIVHS S¥ADITdS WIINVHIIA *ININLNBY
3HL OL SH3DIdS WOINVHOIN HLIM 03017dS 3¥Y SHYE 108 3HL P3LON

|~
0.

ININLAGY
15¥03ud 3
ININLNGY 1SYO3Yd
NOILVA3T3 ¥v3y whal
'$T11dS GIOAY OL NI¥YL 28 QINOHS 3¥vd 1o NOISNY4X3 § et
NOILYYIVASNI 04 SNOILYONZHHOITY \ _
YIUNLIVANNYN TV KOTI03
038 AX0d3 BYINIS ¥O Q13M~123 w
s

ONY 13A30 4730 0L 038 AXOdX3 ¥VUNIS
HO 013M-123Y ¥ NO STTWANOVE 1SVO3¥d 135

SLN3N3T3 1SVO3Yd ML LDINNOD ¥ NO STIWMXOVE ISVO3¥d 135 I/ Iy

300N ONILL3S TIWMNOVE N, F | r_
‘SNOILYD1193dS QUVORVLS = 1
HLIM 3ONYOHODY NI W3LSAS LONO INATO ¥ sagd \
209~/ 199
B fo-2
$S13M00 WIILUIA HOA INIOY ONIONOS
¥ SY 035N 38 AVA W3LSAS ONIMOTI04 3Hi f o e 0~£1 = 0-) @ S3OVdS €I - 19y
“SNOILVONWAOI3Y S H3MNLDVANNYI < s
3HL H1lM 3ONVOYOIOV NI O3T1IVLSNI Lt WYLV \vuf -u
38 1IVHS STIH00 3HL 'SI10H GINN033ud NOISNVAX3 |

NI STIM00 SY 135 38 VIVHS S¥vE 108 3HL
310N 9NILL3S 13H0Q

73



HE5PooEIgNZIS AN £005901019 649 26p1IG 9BINBINIPULIE\ISIA washsiedo’ ¥ Ssdws 8¥°01_6002-NVI -4

8 ¥3eNIN 1335 11-38-(99)1100-0¥81_¥3BRNN 1030083 [  ALNNOD VISIA ¥NGNG

WY3L NOIS30

TTTBOT 'ON NOISI0 GOTOE O 3N 21 40 £ ‘O 1335 nois30
NOISIAIQ AYAHOIH - NOILVIHOJSNVYL 40 ININLEVSIO VHOI

ALNNOD VISIA VN3NG

8002 Mudv ¥SE+11 VIS

STIVL3a Wv3g Xo8

390148 Wv3g X089
Q3INOISN3L3dd LSVIO3dd .82 X 0-,0S

HIIS 50 04 NOISIO

NvdS 0-.0§

WY3Q 3HL 30 ON3 3HL HLIM
HSN14 SONVYLS LND
3108

S31143d0yd
NOILO3S Wv3g

Ut 282°F = 4§
cY! 182'C = as
UL LIS'E 2 1
Ul €01 = Gk
2U1 569 = vIuY

43dv1l - Qvd 9NIY¥v3g

2z

B
R—
« Q3¥In03Y 82)
T Savd ONIYv3g
N3IMLIS ¥ITN3 INIOP ok
NOISNYAX3 03MYO43¥d 0T -7 OHYINOLSYII .0Z X § X ¥idvL
Wb AS WML 30V 1/\ o M
< SHEEE
T3 *
Lol
! 8-l Ty 81 i
w38 3

-2

(KMOHS 3SIM¥IHLO SSIIN)
ONIGN3S ¥04 ¥313WVIQ Kid = O

1N0 0L 1IN0 34V SNOISN3NIO ¥YE 1V F3LON

STIVLI3a y¥vdg IN3g

WV3E 3NO - 1SI7
4vea ONIJYOANITY

258 587 “L# 101

51 A N L )

¥ (1l o | 10

681 vS [T vov

I3 CEN K i B 12

Si L2 | — 0%

0.2 §i—1 iov
JUSIED) aﬂmﬂﬂ FTE] NOILONYASNOD 40 3S¥3 HO4 ‘ID11dS § -0 V¥ HilK

$303td OML OINI G301A)0 38 NVO SHY IOb 3HL

310N

« WY38 3HL O dOL IHL NIIMIIB SVIUV AVMASN 3HL ONILSYIBONVS A8 3NOO

SNOILYOIIGON BONIW H1IM ‘L00Z 40 S3143S “O L'H $'¥ V_IN9IS30
“SNOILYDI3193dS IINZN
-31ddNS ONY SNOISIAOY T¥103dS 31BYDIddV_INTUNNI
HLIM ‘S3183S_ IN3BNN ‘NOILVI¥OGSNVHL 30 INBNLIUVIIQ
YHOI 3HL 30 SNOILYDI193dS QHVONYLS NOILINYISNOD

*SNOILVJI4103dS
159 000°0L2 = S.4
‘S NOILO3S HilM JONYOBOOOV NI 1331S ONISS3ULSIUd
159 0004=0.3 15d 0008 = 19,4 ‘5 NOILI3S HLIM 3IONVOHDIOY NI 313UONOD WY38
09 3049 ‘9 NOILO3S HLIM 3ONYQYODIY NI 13315 ONIDNOINIZY
2002 40 S31¥3S ‘S3901YG AVMHOIH HO4
SNOILYD11D3dS G441 °0°L'H'S Y'Y HLIM 3ONVOBOODV NI
38 0L 38V SIVIYILVA ONINOTIOS 3HL ¥O3 SISSIWLS NOISIO

*S3SSIYLS N9IS3a

07314 3HL NI B31VA RO¥3 SONVULS 3HL 103108 dT3H
OL 1NOH9 AXOd3 N¥ HLIM O31V0D 38 1IVHS SWV3E 3HL 0 SON3 3HL

A3X 3HL 40 MNO1108 3HL ONV

38 TIWHS ONINV3TD 'SWY3S 3HL JO ININGIKS OL HOINd IWINILYN ONINV3NE
ONOB ¥3HLO ¥O 10 WY0J 3A0N3Y OL 03NVAI) 3@ TIVHS SIOVIUNS AVMATY NV38

SWY38 X09 3HL ¥0J 018 3D1¥d 3HL NI Q3IANIONI 38 TIVHS SIS 40 1S0D L

ONINY3G HOV3 ¥O4 0301A0Hd 39 TIVHS Ovd ININV3E ¥OINIIX3 3HL 30 SNOISNIAIC

3HL HLIR SWIHS ONILSRFQY 3N3YJO3N .7 OML SWY3E XOB 3HL O ONIYVIB N3ATF ONY M¥i3
3YASSY OL ONIWNIHS A9 O3LSNPOY 38 TIVHS S3IVIUNS LV3S ONINYVIE ‘ABVSS3OIN 31

22818 3NSY/ISNY ¥3OND D00Z 8Z1-131 QYVONVIS LI JINVOHOIIY

NI 38 TIVHS SINN ONITN0D X3H 3HL °V 30vHD ‘S9S v HilM IINYONOOOV

NI 38 7IHS SO0Y G30V3YHL & I 3HL ¥OJ SLON X3H 3JHL '0S 30VHO ‘60L VY WLSY HilM
3INVOHOOOV NI 38 TIVHS S3HSYM 31v1d .§311  ¥03 133US IVHNLONELS 3HL 'V 30VYD
70-L0E ¥ WISV HiIM JONYOHOOOY NI 3@ 1WWHS SCO¥ 03ZINVATYO 03OY3UHL ¢ | 3HL

30Vd NI SI AIN3SSY 311 3ISYIASNVEL FHL YILAV 1N0YY HIIM 03714 38 1TvHS
SHYS 311 ISYIASNVHL 3HL 3AI303Y LVHL S13¥D04 3HL ‘13S SOVIYHL 3HL ONV 113 ONNS
¥ 0L O3N3LHOIL 38 TIVHS AT8IISSY 311 ISHIASNYEL IHL NI SAO¥ o .| FHL

HIINIINI 3HL A8 03A0UJdYV TVINILVN LNOUD ¥ HLIM

031N089 38 1IVHS VIuv 03ISSIOIY 3HL ONY SWY3IE 1SVO3yd 3HL 40 3IVIunS
dOL 3L MO138 S3HONI .2 430 1ND 38 TIWHS Sd0OT ONILIIT 3HL 3DV NI 30NO
SWY38 3HL 40 NOILVDINEYS 01 ¥OI¥d ¥3IINIONI 3HL AQ 03A0¥dAY 38 TIWHS ONV
YIUNLOVINNYIV 1SVI3UJ 2HL AB G3NOIS30 38 TIWHS SNOILYIO) S400T ONIL4IT

SWV38 X089 %030 3HL 40 3D1¥d JHL NI G3GNTONI 38 IIWHS
SQVd INIUSO3N ML 40 LSOD 3HL SOV ONIHY3B 3HL ¥O4 03SN 38 TIWHS
3N3OIN ¥313N0BNO OL *133HS SIHL NO 03NVIIO SY 38 TIVHS SONIYYIS

“SNOILVDIS1D3dS QUVONVLS 3HL 40
€ILOPZ "1¥V HLIM 3ONYOHODDY NI 38 TIVHS ONYHYIAO 3IHL ‘ONILYOJSNVHL HOd

OVINIYHS ONV d33HD ‘ONINILNOHS D11S¥13 ¥DJ ILVSNIANOD OL 15000° A8
KLON3T NI O3SV3¥ONI 3@ OL 3uv SHV3 71v 03LON ISIMEIHI0 SSIWN

“SIILYYY ILYOIYIOV ¥IOYYT IHL 40 ININIOVIASIO

3KL ONIZINININ 31HK G3AZIKOV 38 1M 3uNiX31 03WIS30 3HL LVHL BINNVI
ONY 3WIL ¥ 1V 3NOQ 38 1IVHS NOILYN3JO SIHL 'HLOIM .2 ¥ NI SONIDVS
AN3¥33310 BNOJ 4O WONINIS ¥ HLIM ONY KONI }1  SNIO33IX3 SONIOVGS 3HL
40 705 NYHL 3HOW ON HLIM S3HONI .1 OL HONI .2 WOY3 03OVdS AINOONVY
38 TIVHS ONIAOONO 3SHIASNVHL 'AVAQVOY 3HL 30 3NITWIINID 3H1 OL
ISUIASNYEL 38 TIWHS ONIAOOND “3INVH3T0L 3% ¥ HLIK 139¥vL v Sv.§ 38
TIVHS 313YONOD D11S¥Id 3H1 NI 3A00MO 3HL 40 HIJ3Q ML 'HIGIM NI . 7.8
S3INIL 0 MOY 3TONIS ¥ 3AVH 1IVAS BWOD HO HOOHE 3HL ‘BNOD ¥ HO MOONE
3YIM VSV HONS 3D1A30 TWIINVHIIN v ONISN ONIAOONO 318VLINS ¥ NIAID
38 TIVHS S3DVAEAS WV3E 3HL ‘03A3IHOV N3G SVK 3JOVAUNS WHOIINN ‘LHOIL ¥ N3HM
"SAYO 82 LV SN L = D4 ONY 3SYI3U LV 018M 9 2104 40

WORININ v 38 TIVHS SH1ON3Y1S 3134ONOD TWNId ONY 3SV3T3Y 3HL

“SdIX £1b 39 TIVHS

HLONIELS ONINV3YE ONVHLS WANININ HL “NI DS £51°0 = SV ONV I1S% 012 = $.3
"S3 Zb99ZL NO O3SYE SI SWY3IE XO8 3HL ¥O3 SSWISIUJ WILINI WVI0L 3HL
SONYHIS NOILYXYTIY

HOT 022 IAVHO 91V NASV OL MHOINOD TIVHS SONVHLS ONISSIHISIUd TV
30V3UNS ONIBV3M 3YNINI V¥ HO4

1004 34VNDS ¥3d ‘ST 05 SN ‘ONIOVOT £6-TH ¥4 O3NOISIC ¥y SHV3A ISIHL

*S3LON Wv3g

74



AFPONIWBIENZUSHINN 8005301019 B4 96D116"SONBINISULINANEISTA ronssies VA

2519105 8901 _6002-NV/ -4
Y31 NOIS30

11-38-(98)1100-0881_¥3IBNIN 130 |  ALNNOD YASIA YNNG

b u38ANN 133HS
B0 (0w Nois3g GOLOL 'ON I3 TZT 20 B ON 13 NOISIO
NOISIAIQ AVMHOIH - NOLLY1HO4SNVEL 40 INWLYV4IG ¥MO!

ALNNOD VLSIA VN3NG

6002 MyaV P'SEHI VIS

STIVL3a Wv3g Xo8

ATAN3SSY WV3G X0

NVdS 0-.05

390148 Wv3g X08

“SU3INID 0-b LV SKY3B X08 UINOISN3L38d 16v03ud-L

Q3NOISN3L3¥d LSVI3dd .82 X 0-,08

HIAS o0 ¥OJ N9ISIO

[
—

e

i

L~ S30V3
Pl nvag voni3ixa
NO T3NNVHD ON

5004 150d _ \

Lsaax oatnowo

W 390iEd
NVJSAIN LV NOILO3S
ISIMEZ4L0 NHOHS SSIINN
AolaAL _A|m<..m 30 3 LROBY "WHAS
ATANISSY 3L ISYIASNVYL W b — o S5 40 O3 HOYI 1Y 0IOA
(b QN3 KOV OVINHD) onivds K | . 1A v O ol
SToE I1-£ X 61 ] oNINI4O £ aNLs — 5 _ T BT e B3 NTW e swEs s ] —
{ / i
I [ T ek
/ e M
/ _ ¥ . . .
- | = w52
3 1N10d 40T 1Y B i
L] e i ST R - {-SOIOA LB 3did SBY_¥0
>
17 10 o
10N 9817200 YIHSYM m\xv.lff 3 QI10A 1
TMOWOT.E X b Kb £ iy V10 .01-1 - |
§ole r,_ !
swan | e
sonvuis 3 oS¢
INIDVES
LNOY9 AVMAIN Qo8 3 o1 P
INIOF 3§ 0L "$13%00d
Q341N03Y W3HM GNYHLS ONIL3IT ONY SONINIJO Q0¥ 311
00Y ¥3NOVE L¥ISNI ‘SAYMAZY 1N0YD IUNLOVIONVI ONIYV38 m_v 1V NOILIJ3S
3HL A8 O3LYDIONI 3WIL 30 OOI¥3d L
¥0J 1NOHD AVMA3N 38ND H2IVA ‘1NCNI o b
~~.__ONI¥NCJ ¥314V "LIO¥Y ONIOVId OL ¥OIud 3ISIMEIHIO NKOHS SSIWN
o TTe—— LSION SAVMAZN d33H°LNOHO AVAAZX [——=—9¥1S 40 3 LAOGY "HAS
g —— [ _
|_| zZov | g |e| ¢ wa_q._HNomuu&mn_ )
LNOYS HLIM 1 | | 5
dO1 0L AVAAIN 113 = £
v v v v 1
.uo.\ \ _uv.\
209 ~
- R SRSy e X £ SORSIVEY PP [ | PN w
- 105 “ =
o= ! ~
Z8 | 16 | 6l o1 2z $006| 0 108 | 50 | 0| 09 (IR [ [ H: Y / \.. e
= deiol @ ow
L P Sasemy [asvaney 35213 o3 |S0100 55 |2 SoNVaLS 7 ¥
22% | 22| tsnon R IR R Y N GE|a-| e SSIYLSIHD ——— | 1oy D
RS |33 | o HEEEIEL R |85 a2 SHIovdS
= 2 |23 (w y3anvd Golowais| 22 | MBS |22 | 25 o feed ! Ll %
e 3 |"" ©" =] o on | M | MM | T | EZ FI0H
¥IAINVIO .2 B —>
SWV38 X08 (03010A (03SS3¥1S3dd LSVI3Yd 412

75



MEEPOYIaNBIg\Zune 1 ddiuN 6005901019 649 36018380881 IPUI BN EISIA rwaishsy 3l as1ams Y01 600Z-NY ~L1
B1 ¥3en0N 133HS _ 11-38-(98)1103-0481 ¥3BNON 103r0¥d |  ALNn0D YISIA VNGNS WY3L N9ISIQ
0T N NOISI0 - GOFOE ON3M3 2T 40 5 ON 1334 NoIS30
NOISIAIQ AVMHOIH ~ NOILY1HOJSNYHL 30 INSWIMVA3Q YMO!

ALNNOD VLISIA VN3Ng
STVL30 Wv3g Xo8
NYdS 0- 05

M3IA NVId - ONIJVdS dvE 3I1L 9NITIVY
390148 Wv3g X089
QJ3NOISN3L3¥d LSVI3¥d .82 X 0-,0S —

MINS o0 YOS NIISIO _

6002 ¥V ySEHI VIS

| S

v 1IvLi3a

| _
S P Y T

05 05 0-5  0-§ 9-z|9-2 0-8 = 0.8 § o

M3IA NOILVA3T3 - STIVL30 Wv39 X08

ONIN3JO

SONVYLS 81
WOldAL - SOIOA 40 200
¥313WVIO € SONVYLS O - N
SONZ NI S38N1 NIVHO oNISSS:
-\ Vi ./ SONVHLS SNISSRISHS 109
= 1 g 3 X N
B E— —— ———
1
i =
Mu | T 7
! sov) b
- L 1]
it o 7 g ]
3 A ¢ J
201
v Ty SONVYLS ONISSIUISIUS Z ONV SEVE 10¥-9
370H ¥3LINVIO.2 ¥
SNI¥Y38 INIRLAGY
e PR S
) (=]
| S00H 311 3 -]

ISIMYIHIO NHOHS SSIIWN (ALIYYTD HO4 NMOHS 1ON SONVHLS ONISSIHLSIud NOLLOS 310N
YIS 40 3 LN0BY WHAS

M3IA NVId - STIVLI3d Wv3g X08

SONVHLS ONISSIUISIHE — oy —
|

0-9 = .6 © SIVgS 8- €Op

_‘o_|_‘ 04 = 0-1 8 S30V4S L - £0b

oy
_o.ﬂ =9 8 530¥dS 9 - €O

m\_.w‘_ 0-1 = 0-1 0 S3IVdS - £OF |

i

(R i
S

8

0z

20y

L]
B L
it
T
|
1
0=

L ¥ V13 335

705 -
0-52 310 ¥3UIWI0.2 3| ;
ONINVIE ININLNAY M 5 |

01- 05 X

76



ASPOONSIG\ZIAS AN 0105301019 _69G 36p LIS 9B0UBINIPUINB\RISTA uaishs)e: ‘i asiatus £b101_6002-NY( -L0

11 ¥30MN 133KS 11-38-(98)1100-0881¥IBAAN 1030084 | ALNAOD YiSIA VNING MY31 N9IS3Q

BOT "N N2IS30 GOLOE ON INJ T ZT 0 B1 "ON LIMS NOISIO
NOISIAIG AVMHOIH - NOILVLISOJSNYSL 30 IN3NLEVI3IQ YMO!
A ALNNOD VLISIA <zm3m;n - ONITIVY 390188 WOIdAL
STIVL3Q TIvy 390188 | T3A3T 3DIAY3S M3IA 3a1S E:v/n\_zu
NVdS 0-.05
3901¥8 Wv3g Xxod o sssenn R 496 wma vy
Q3NOISNILIYd LSVI3Nd .82 X 0-,0S oA - |
HM3INS o0 ¥OJ NOIS30 neld buteag
31v1d 3Sva 1331S = e et o)
2 T T
{auo0) yog 0 :# —
3 UoISUAD 21 YN
4O UOTSUIXD b IR H
s S—[— ugns - & P wisupeaus v \n o8 b o1
— (s999[d) 2§10, 81 B /
Sl —) [~
: S
o A [ o Eomn— = weag 2Lyl g 2(

S| Jousen asenbs win yog ¢ %

Jaysep—
821-3 ueg pooy propuers ves (E)

8C-34 uoig pooy piopuos 995 (Z)

86€-3y uoig pooy piopuais 995 (1) [ w
A QL W

(82-3y) joutia) loipiong wiodg ¢
1994 103UI| U] [IDIPIONG) JO UOH

191D UOHINUSUOD IDIPIONG 10} SWaY PDHUOT)
uoasay pajodpul SO AlIOYUBSSS [101pIDNG [
Buyanysuod puo sjo; |10 Bunysiuing 104 uol
—WIOD ||Nj PRIBPISUCD Bq ||OYS SWIAY| POKUOD 10§ PIG g
aPpisqo 2y spiomoy paddo] aq |[oys OIPIDNG
E£ZIY WISY §o siwawonnbai ayp yym aduop

~1000D Ul paziuDAOB 39 ||oYys Pud ‘|G WISY 0 ‘g dpoub
WLSY JO Siuswainbal ayi O} WLOJUOD [|OYS SJUDWR|D 4S04

£Z1Y WISV 4 Buig pazuoA|B oq puo ‘usjon TN L
1008 WISV JO Siuswoennbol oYy Of WIOUOD ||DYS [9AAS f Ueyd Jad ¢ ‘3|qe1Ien ((pbusT way] pig) [1eIpIeng o UOTIE[|easu] L 1

//li.‘m %,820 %,8 %,9 SL

— nay g%
3901¥8 LY NOILO3S TVIIdAL

[ %09Q abpig |

1504 19915 € X .9

suogooypads a9Bplq O IHSYY
4s9j0| By} o} BulpioddD PauBisep Pud FIP By 9AOQD —_ UOTI00G LOTISURAY UOT}005 UOTISUR].
soyour 7z 40 1s0d By o} 9310} (Wy-GY) diy oL © Buikiddo @ @
kg papinoid aq |joys Ajquiasso 3500 sy jo 9BDIOYDUD 3PaQ M3IA NV

77

v
WLSY Yilm 20UDPIOID Ul PIZIUDAIOB 2q ||DYys .eﬁczmw..“u
$H10q ‘siu [jo 1eHeq 10 D sprib £95Y  WISY jo Siusw
~31ibai O} SiNU PUD  GZEY WISV JO SiUSWSinba1 oYy o}
WWIoJuO3 f|oys $i{0q 1YIO “1Raq 10 Y 9poib £9GY  WISY
40 siuawannbai ay} o) siNU PUD ZOSY WLSY JO Susw
—2unbdi By O WLOUOD J|OYS SI[OG PRAOU ISIMIBYIO SSI|UM

wayshs pooi AiDpuodss ayy uo asn 1o,
~piong) woag (Pvjg Buypouuod oy puo oy 8Bpug | [2A9]
BDIAIBG 10} S|IDOP UOKDNKSUOD Ui SMOYS j39YS |IDJOP Sy}

:SOJON [018USS)

NOILI3S WWNIWY3L
O 3dAL 82- ——————

NOILI3S WNIWH3L
O 3dAL 82-3¢

i e ——
N

SIuvA 0-Sv=0-50'SdS 6

/ o
|
Te-9

0-8 ( 51504 6 ) Butoeds sisod 9935

-




MEEPOUORBIRNZIAS IS _ 1105901019 6.9 35918°9808BINIRUTNB\RISIA wineksieso ¢ Isi3Ws. 01 6002-NV( -£0

21 uzann :mzml_l 11-38-(98)1100-08@1Y3BATN 193r0dd | A1nN0D ViSIA W3NG WY3L N9IS30
BOT "ON ¥01530 GOLOE "ON 3N TZT 40 1 'ON 13IS NIISIO
NOISIAIQ AVMHOIN = NOILVLHOJSNYYL 40 IN3ZNL¥VJ30 YMO!
ALNNOD VLSIA WN3NG T I o e smadbicon e
6002 ¥4 VSE+11 VIS T 1 saqeedag i 9ep [prouas asuadty A
NOILVWYO4NI ST10S TR
NYdS 0-.05 150 mnrs
390149 Wv3g X0d
U3NOISNILI¥d LSVI3¥d .82 X 0-,0S waf jo aEs W jo
BRI 60904101530 o i e e e e e
390148 9INILSIX3 JHL 40 s il i o ol 390148 ONILSIX3 3HL 40
NOIS30 avoy ININLNGY 1S3IM LV N3INVL ONiyog

ININLNGY LSV3 LV NIMVL ONIY¥Oog

B T &
B ! ] H
£ | i §
N0 =3 | | ONTIHG
20 3N 1Y 1333 €81 1V QRN 2 0 30U 1¥ 1334 €81 1V GREINNOONI &
_ Sv J3VMANNO¥D 333 5 —_— SVM By we
AL 1333 05 1¥ ONIS08 10 0N3 Q &, I8 051V 5h03: 35: 01 m
B el
ol B ! oty (woug wnpor) .w
s o5 WA WOYD | [ g | o , P
= | S
| a 1 o
%5, =N g
8 5]
yELos XS] o5 o
URGI ROIPA WIPOTL ‘ONVS ATEAVED | |7
| - 7 or =N
EN o] HES P g
r RO WOTPA Ao RV WIOVD | P Ze 3y TV WOVES
3
= [ o
- (swoss puog) on | "t ]
=N -
¢f-5N 2 [ -
| = 6
o 0z o @
& 2
e
Ly (koig) o Ll o]
7635 VT WOV ALK e
N unoig mojpa s
s WS XV WOV S ASINEREE | 01 | Uoig 00 185 AUS %1
8 =N &% o
£t $ GoIg AP AYD AGNVS JAIS 5
=| \, 2 - |
=8|y wwoxg R X0 TS TN AR R e i 17 N
v VT TRYET EONCZL e
| BT o NOULGE0SI 05 o] o ® i e
wwmumus.n 2 g7 .,wxﬂnreokbiv. ayd aca__eumm mm_m wm ALY wmmmmm wammmwm & .‘ax“-ﬁx.u s Y] owenoo g Mm Pt
4= [ 20 AL &L 3R m,um m. | jono7 Joyon’ poupen =l " 5 »mzwxmz mm». H Hiihe o anon ool il ] | L34
a3 < =7 Fl i e E
ks : T ol 3500 A g i o Y ] ol
—e 1 - i 1
898  :AaQ3 punoy 80/c/01  Popdwon aj0q 6 7903 puros) 80/8/01  powidwo) dj0g
WIS HOTWOH 21 g 80/5/01  Pols eg o it N._mz Ruo.w. ,i“..__a 80/¢/01 P 0Q
1SY3 £Z $29+1L NOLVIS :wooo] buvog KA NOLVIS, 200y Soutg il E
0 399 3o9losg
I-8  ton buxg b8 W oquliR 7-8  vonbuwg PRNRSIES  eqiin
1 10 99 INROB ABOLYIONX3 50 901 10 yeeus SNHE ANOLVHONXT 40 907

78



AGSPONINCIG\ZIASIIGGIAN 2105901018 640 96P1G"930BI\IPUTHB\RISTA CUING\: "wsA5|e0° 3513108 0501 6002-NYP-£1
€1 wzewnN 1334s _ 11-38-(98)1102-0581 YISWN 1I3r0¥d ALNNOD VISIA VN3NG WY3L NOIS30
—%6 I T woisao | TFSL_OGH_COF¥L _OGH T 0C+Z O0+ZL 05+l ¥ 00 _05+9 _00%d 5 0c+F __00FF__OSF:
Norsima v - harvsossmvus so mivess wier |3 ] 5| 3 S I R 3k 3 B
ALNAOD VISIA VN3N i 3 28 22 8w s 28 82 Bls 38 g le 3|
6002 ¥y PSE+Il VIS
3aVy9 37140484 avoy %
Nvas 0- 05
390148 Wv3g X08 =
(J3NOISN3L3dd LSVI3dd .82 X 0-,0S
N3XS 60 803 N9ISID A
1 jos 08
@
FE LTI ] E
z ] e
3 08
| s = I / ; m
. -] -] sl
56 e 1) ~ gl 3
Bl 1 Ak HH
*l8 B3 ™ 8
00t 7 3 \w&/‘ 001
3|F 3
\.\ als 3la ./
SOt —— HE ol Sot
HH &1% /
HH
Oir ot
9Z NOILD3S
MOL—y  NOB-L ®
dIHSNMOL 3JON3AINO¥d
Jsyuny orubup [} Jayuny oiubap
xon 2750 % 108 pesodng T
oy buery 204 Gugepy M0y Suery
% fmen it}
8 k3 g 3 E== 3 ) g g 8
g S 3 ) 4 3 3 3 3 3 3 3
) /4
Vo B FT———a— ow S oy B
o N I
UIJOW 3198 UIIOWN }1o8 m
ALNMOJ 3HL AS A3INY04Y3d
38 TIIM ONIGVY9 avod
€2 NOLLO3S
ATINO NOILVWYO4NI ¥0d MIE—¥  NOG-L
JIHSNMOL 3ON3JINO¥d

79






	buena_vista_bridge_eval_cvr
	tr-605_buena_vista_bridge_eval.pdf
	Acknowledgments
	Executive Summary
	1. General Information
	1.1 Introduction
	1.2 Background
	1.3 Objectives and Scope
	1.4 Bridge Concept

	2. Bridge Description
	2.1 Fabrication
	2.2 Preconstruction-Plant Assembly
	2.3 Field Construction Observation

	3. Field Testing
	3.1. Instrumentation
	3.2. Testing

	4. Field Test Results
	4.1. Loading Cases
	4.1.1. Bridge Deflections
	4.1.2. Bridge Strains
	4.1.3. Bridge Load Fraction and Load Distribution


	5. Summary, Conclusions, and Recommendations
	References
	Appendix A. Buena Vista Box Girder Bridge Plans


