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ciapter1 INTRODUCTION

1.1 General
CBCL Limited (CBCL) was engaged by Prince Edward Island Department of Transportation and
Infrastructure Renewal (PEITIR) to conduct a structural evaluation of the Hillsborough Bridge.

The principal objectives of the bridge review were to:

1. Conduct a desktop study of previous engineering reports, drawings, condition surveys, and material
test data for the structure. This information includes an evaluation completed by CBCL in 1994, a
1997 steel coupon test report by Geoconn Atlantic, and a 2012 Ontario Structures Inspection
Manual (OSIM) Inspection performed for PEITIR.

2. Conduct a condition survey of the bridge to verify criteria required for evaluation.

3. Carry out necessary structural evaluations to determine the structural capacity of the bridge in
accordance with Section 14 of CAN/CSA-56-06, the Canadian Highway Bridge Design Code (CHBDC).

4. ldentify members overstressed by both existing and proposed conditions (Case A, B, and C) and
provide a load posting, if necessary.

The evaluation considers three conditions, hereafter described as Case A, Case B, or Case C:

Case A — The bridge in its existing state: Four lanes with sidewalks on each side.
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Case B — A proposed condition whereby the sidewalk is removed from the west side such that
an active transportation trail is located on the east side and the four traffic lanes will be
shifted to the west. Further, a sewerage force main will be supported from lower members of
the box truss (not depicted below).
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Case C— A proposed condition whereby active transportation trails are added to both sides of
the bridge. Two different interior barriers (both shown) were considered for this case,
Concrete (F-shaped PL-3 Concrete Parapet), and steel (modified 4 rail standard PL-2 New
Brunswick Barrier). A sewerage force main will be supported from lower members of the box
truss in this scenario as well.
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1.2 History
The first Hillsborough Bridge was constructed circa 1905 (Photo 1.1) to replace a seasonal ferry service
between Charlottetown and Mutch’s Point (present day Stratford). The bridge was assembled of spans
previously in service in New Brunswick. Due to increased
load demands in NB, the bridge was disassembled and
barged to PEI. The total length of the bridge was
approximately 770 m between abutments with approach
fills of 400 m on the Charlottetown side and 150 m at e
Mulch’s Point. Twelve masonry piers supported spans up
to 65 m each. The through truss structure carried a single
lane/railway track and had a swing span in the navigation
channel to allow ships to pass up the Hillsborough River
(Photo 1.2).

s

Photo 1.1: Bridge Site before 1905

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 2



As part of the development of the Trans-Canada Highway
network, a new bridge opened in 1962 with two travel
lanes. The new bridge was a 3-span continuous steel box
truss 7.3 m deep and approximately 247 m in length. Two
approach spans were located on either side of the truss and
were approximately 11.5 m each for a total structure length
of 270 m (Photo 1.3). The structural steel arched truss is

still in service today. . rilsboumgh pridpe, Chartewn, P €3
Photo 1.2: Old Hillsborough Bridge 1907

In 1996 the bridge was widened to accommodate four lanes
as a part of the “Hillsborough River Bridge Improvement
Project” (Bridge Widening). This was achieved by adding
two variable depth trapezoidal steel box girders to each
side of the existing truss (Photo 1.4). The new box girders
were supported by widened piers and abutments. At the
time of the bridge widening, an evaluation was also
performed identifying several truss members to be
strengthened during the bridge widening. The

widening/rehabilitation also upgraded the highway loading Photo 1.3: Hillsborough Bridge before
from the PEIl “B” Train to the CS600 which was current to 1996 Upgrades

the CAN/CSA S6-88, Canadian Highway Bridge Design Code

(CHBDC).

1.3 Scope of Work

1.3.1 Desktop Study

The primary sources of information for the desktop study

were:

1. Information filed at the PEITIR offices.

2. Project files associated with CBCL’s role in the 1996
widening of the Hillsborough Bridge.

1.3.2 Field Work/Condition Survey

1.3.2.1 SUPERSTRUCTURE

The scope of superstructure field work included:

1. Visual observations of the structural condition of
members and connections;

2. Recording section loss of various members ;

3. Alimited dimensional inspection to verify existing information (from record drawings and inspection
reports) and establish principal member sizes;

4. A “walk-through” of the Trapezoidal Box to identify obvious variations from the design drawings, as
well as any section loss; and

5. A photographic survey to record representative conditions.

Photo 1.4: Erection of Box Girders during
Bridge Widening

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 3



1.3.2.2 SUBSTRUCTURE

The scope of the substructure field work included:

1. Avisual observations of structural condition from the access platform;

2. A photographic survey to record representative conditions; and

3. Adive inspection of the piers performed by Diversified Divers Incorporated and Harbourside
Engineering Consultants and provided to CBCL by PEITIR.

Access to the truss was via the access platform supported by the lateral bracing at the bottom chords.
“Hands-on” access to the vertical truss members was achieved by walking on the bottom chords while
supported by fall arrest harness and lanyards as planned and supervised by safety consultant SEM
Partnerships.

Access to the trapezoidal boxes was achieved by ladder through the underside access hatches on each
end of the bridge. Inspectors followed confined space entry procedures and were equipped with gas
monitors. A rescue plan was developed and supervised by safety consultant SEM Partnerships.

1.3.3 Structural Analysis/Evaluation

The scope of the structural analysis/evaluation work included:

1. Create a finite element model to represent the bridge superstructure for Case A, Case B, and Case C;

2. Develop the loads associated with Case A, Case B, and Case C;

3. Design evaluation criteria to all members in the superstructure;

4. Determine the capacity of each member in Case A, Case B, and Case C in accordance with the 2006
CHBDC; and

5. Provide a summary of overstressed members in Case A, Case B, and Case C.

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 4



charTer2  DESKTOP STUDY

2.1 Existing Documentation

CBCL has been involved in numerous projects involving the Hillsborough Bridge, most notably the Bridge
Widening. Records of the bridge design and construction were reviewed at CBCL offices, including an
evaluation of the box truss structure that was prepared for the Bridge Widening using a grillage
methodology. This evaluation was useful in validating the result of the finite element model developed
for this project. Steel coupon testing was also contained with the information in CBCL files and is
discussed further in Section 2.3.1.

PEITIR have an extensive collection of documents and correspondence from the Bridge Widening
project. Most importantly are documents regarding the GEWI pile installation in the piers. During
construction the contractor encountered conditions that required changes to the pile design resulting in
a reduction in piles. This information was useful in determining the as-built conditions.

2.2 Maintenance and Inspection History

Documentation regarding the maintenance history on the Hillsborough Bridge was not readily available;

however, CBCL understands that the bridge had a fairly regular painting program until the late 1980'’s.

This is exhibited by the very good condition of most of the original truss members. At the time of the

Bridge Widening new truss plates and reinforcing members appear to have been painted; however, no

documentation was discovered through the desktop study to confirm this. Documented

maintenance/repairs are outlined below:

¢ 1962 — Construction of new truss bridge;

e 1978 — Bearing replacement; and

e 1996 — Hillsborough River Bridge Improvement Project widening the bridge by adding two variable
depth box girders and strengthening the existing truss.

In 2008 PEITIR initiated a biennial inspection program based on the Ontario Structures Inspection
Manual (OSIM) procedures. It is believed that an OSIM based inspection has been performed every two
years since, with the latest being carried out in 2012.

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 5



2.3 Materials

2.3.1 Steel

Around the time of the bridge widening, 14 steel coupons were taken from the box truss and submitted
to Geocon Atlantic (now SNC Lavalin). The sample results are summarized in Table 2.1.

Sample #

Member Type

Element

Table 2.1: Samples Submitted to Geocon Atlantic for Evaluation Prior to the Bridge Widening
Yield Strength, KSI

[MPa]

Equivalent Carbon
Content, CE (%)

1 Diagonal Cover Plate 45.11 [304.1] 0.271
2 " " 44.63 [307.7] 0.271
3 " " 40.70 [280.6] 0.266
4 " " 41.86 [288.6] 0.265
5 Vertical Post WF 50.13 [ 345.7] 0.438
6 " " 49.39 [340.5] 0.470
15 " " 50.19 [346.1] 0.470
16 " " 48.32 [333.2] 0.414
7 Bottom Chord Channel 41.52 [286.3] 0.422
8 " " 37.80 [260.6] 0.335
12 " " 39.99 [275.7] 0.356
13 " “ 37.72 [260.1] 0.325
9 Diagonal Cover Plate 41.16 [283.8] 0.263
10 " " 42.01 [289.7] 0.262
11 " " 40.08 [276.4] 0.264
14 " " 41.04 [283.0] 0.265

The general notes on Drawing S1, “Fieldwork to Existing Jacking Girders at Piers 1 & 4” dated January 23,
1970 state that original steel is ASTM A7 with an Fy = 33ksi (227 MPa). It is unclear as to whether this

applies to all members or simply the gusset plates shown on that particular drawing.

In accordance with CHBDC Section 14, in lieu of original construction documents, strength of materials
not showing signs of deterioration are determined based on test samples, date of construction or an
approved method. As such, steel strengths were assumed based on the following hierarchy:

1. Results based on coupon specimen “equivalent” yield strength evaluated in accordance with Section
A14.1.1 of the CHBDC. This applies to the channels, cover plates and WF sections whose strengths
are summarized in Table 2.2. Note that ultimate strengths for these members were not tested and
were assigned based on the construction documents.

2. Steel Grade based on construction documents:

a. All sections of original construction (other than those described above) will be assumed to be
ASTM A7 steel (Fy = 230MPa, Fu = 410MPa), from the aforementioned Drawing S1.

b. Truss reinforcing shall be CAN/CSA — G40.21 M92, Grade 300W based on Drawing 25 of the
Hillsborough River Bridge Improvement Project, “Existing Truss Reinforcing Elevation and

Details”.

CBCL Limited
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c. Boxgirders shall be comprised of G40.21M — 350AT Category 1 based on Drawing 13 of the
Hillsborough River Bridge Improvement Project, “Box Girder Plan Layouts”.

Table 2.2: Summary of Calculated Yield Strengths in Accordance with A14.1.1 of the CHBDC

Ks, .
. . Yield
Standard Coefficient of From Table
.. . .. Strength
Deviation Variation A14.1.1[ # of
(MPa)
samples]
WF Shapes 341.4 6.0 .018 2.34 [4] 297
Cover Plates 289.2 11.2 .039 1.45 [8] 243
Channels 270.7 12.7 .047 2.34 [4] 211

As the truss members were built up sections, effective yield strength was determined based on a
weighted average of the member’s composition. This also accounts for the new plates and threadbars
used to reinforce the truss during the bridge widening. Yield strengths of the members are presented in
Appendix B.

2.3.2 Concrete Deck

The concrete deck was completely replaced during the Bridge Widening. From the construction
drawings a 28 day compressive concrete strength of 45MPa is utilized although cylinder tests reported
values of 55MPa. Steel reinforcing is as detailed on the drawings and has a yield strength of 400MPa.
The unit weight of reinforced concrete as per Table 3.3 of the CHBDC is 24 kN/m?.

2.3.3 Ashpalt Surfacing

The thickness of asphalt was not measured during the condition assessment but a nominal thickness of
90 mm was assumed based on Clause 14.8.2.1 of the CHBDC. A unit weight of 23.5 kN/m?* was applied
based on Table 3.3 of the CHBDC.

2.4 Record Information

Record drawings for the Hillsborough River Bridge Improvement Project were not developed following
construction and were prepared concurrently with this evaluation. Sketches and supporting
documentation of discrepancies between the construction drawings and the as found conditions are
included in Appendix A.

2.4.1 Superstructure

Discrepancies between the construction drawings and the as found condition are summarized below but
are not considered to be critical to the superstructure evaluation.

¢ Castin place deck over box girder was replaced with precast panels;

e Temporary tie beams at diaphragms over abutment and pier were left in place; and

e Struts were added to inside of box girders.

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 7



2.4.2 Substructure

The bridge substructure involved four piers sequentially numbered from north (Charlottetown side) to
south (Stratford side). Discrepancies between the construction drawings and the as found conditions are
summarized below:

¢ Slight dimensional changes to Pier #2;

¢ Additional reinforcing and revised stress pockets to Pier #3;

e Revisions to the abutment base; and

* Modifications to the Gewi pile system.

The modifications to the Gewi pile system is the only discrepancy considered relevant from an
evaluation perspective. During drilling of the pile shafts on Pier #2, large inflows of water at most shaft
locations was experienced. A two-stage grouting process was undertaken to ensure the water did not
adversely impact the quality of the grout around the Gewi pile. This entailed drilling and grouting the full
length of shaft, re-drilling the shaft, installing the Gewi pile and re-grouting the pile itself. The original
construction drawings assumed a single drilling, pile installation and grouting.

Further, at Pier #3 the lack of adequate cement in the existing caisson resulted in the upper regions of a
drilled hole breaking away, sloughing down on top of the drill bit. It was concluded that as a result of
high sand content that the grout was not able to penetrate the surrounding body of the concrete
caisson. It was determined that the piles could only be installed by casing the hole with a heavy walled
pipe sleeve. A drill rig capable of installing a casing compatible with a #20 Gewi pile could not be
mobilized; therefore a high grade #18 Gewi pile system was substituted.

When substituting the smaller Gewi pile, the depth of embedment was increased to compensate for the
decreased drilled shaft diameter into the rock, such that the rock-grout bond strength exceeded the
capacity of the Gewi pile. Load tests carried out on selected piles in each pier caisson established a
working pile capacity at 800 kN per pile. These pile capacities were higher than what the construction
drawings were based on, therefore in the final condition the total number of piles was reduced from 16
to 14 in Pier #2 and 32 to 24 in Pier #3.

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 8



ciarters  CONDITION ASSESSMENT

3.1 General
CBCL’s condition assessment was performed from June 2 to 6, 2014. The intent of the assessment
was to confirm the findings of the 2012 OSIM inspection.

CBCL's findings are in general agreement with the condition assessment report produced by the OSIM
bridge inspection for PEITIR in 2012, which is comprehensive, accurate, and valid in its detail.

3.2 Nomenclature

Truss node and member numbers are adopted from the original truss drawings (1959) and are
graphically presented in Figure 3.1. Numbering of abutment, piers, trusses and members are
labelled from north to south with north being the Charlottetown side and south being the Stratford
side. Further, in keeping with the convention of the OSIM inspection, references to left and right are
to be interpreted while standing with one’s back to the Charlottetown Abutment (i.e., left = east,
right = west).

G ABUTMENT BEARINGS E PIER

= ; A L9
L1 112 ~ L13 q L14 ~ L15 \‘_‘3 L1g ¢ N

- o o ~ & & &
& & & & &

————— LOCATION OF 1996
TRUSS REINFORCEMENTS

Figure 3.1: Member Groups for the Existing Truss

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 9



3.3 Superstructure

3.3.1 Truss System

In general, for the age of the structure, the truss is in very
good condition. There are areas of localized corrosion that are
outlined below.

3.3.1.1 BotTOM CHORDS

The bottom chords are typically 18” deep back to back
channels. The channels are built up in several different
configurations and are presented in Appendix B. Further, -
several bottom chords are reinforced by cover plates as well as Photo 3.1: Typical Corrosion at
the addition of pre-stressed Gewi-bars. Channel/Web Plate Edge

Locations with web plates typically exhibited corrosion at the exposed
interface of the channel webs and web plates (Photo 3.1). This amount
of section loss is not considered to be critical in determining the
member capacity.

The top flange from L39 to L37 (Photo 3.2) on the right truss was
severely corroded and was found to have approximately 30% section
loss on the top flanges and approximately 15% section loss in the webs.
This section loss will be considered in the resistance calculations. At the
same location the connection of the post tensioned ducts (L37)
appeared to have corrosion in the welded connection (Photo 3.3).
Access was limited to this connection, but a 15% loss in capacity will be

{0

assumed. Photo 3.2: Severe
Corrosion of Bottom
Chords from L39-L37 Right

Approximately 5% section loss was observed in the bottom chord at the
bottom flange and web of L2-L3 left (Photo 3.4). This is a localized area
and will be considered if deemed critical during the evaluation.

e i s S - e
S e e - = - =N AR S
Sy, s )

Photo 3.3: Corroded Anchorage of Post Photo 3.4: Corrosion of the Exterior Bottom
Tensioned Reinforcing at L37 Right. Flange at Bottom Chord from L2-L3 Left

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 10



3.3.1.2 VERTICALS

The verticals were typically found to be the original members (14” deep
wide flange columns). Generally the verticals were found to be good
condition. It should be noted that a “hands on” inspection was only
performed on the lower two metres of the verticals.

Vertical U16-L16 left exhibited approximately 5-10% section loss on the
web and flanges (Photo 3.5) as did U8-L8 right. Other minor areas of
corrosion were noted at U8-L8 left, U2-L2 left and U14-L14 right.

A steel coupon appears to have been taken from U37-L37 right and the
patch is exhibiting lighting corrosion less than 5% (Photo 3.6).

Photo 3.5: Corrosion of Webs
and Flanges of Vertical at U16-
3.3.1.3 DIAGONALS L16 Left

There are a number of different types of diagonals comprising wide
flange shapes and back to back channels orientated vertically as well as
horizontally. The back to back channel sections were also stabilized
through a number of combinations of perforated plates, battens and
lacing. Further, several reinforcements of the diagonals took place as part
of the Bridge Widening. It should be noted that a “hands on” inspection
was only performed on the lower 2 m of the diagonals.

In general light corrosion was found throughout. The coatings would
typically be in poor condition, specifically on the new cover plates, where
the patina of the weathering steel is preventing durability of the coating
(Photo 3.7). The appearance of the member is much worse than the
actual section loss.

New intermediate diagonals were added at several locations. From a Photo 3.6: Coupon Taken
distance coating flaking was observed and a section loss of 5% was from Vertical at U37-L37
Right

assumed (Photo 3.7).

R i

Photo 3.7: Typical Flaking of Coating on
Cover Plates

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 11



Diagonal U13-U14 left exhibited the worst corrosion at
approximately 5% (see Photo 3.8).

3.3.1.4 Top CHORDS

Typically the top chords are comprised of four angles
combined with web plates, top plates and bottom perforated
plates. The top chord was also reinforced during the Bridge
Widening.

From the truss catwalk a limited inspection of the top chords
was performed (Photo 3.9). Light corrosion was observed Left
throughout but there were no areas of section loss of note to

be considered in the evaluation. This correlates well with the 2012
OSIM inspection.

3.3.1.5 FLOOR BEAMS AND STRINGERS

From the truss catwalk a limited inspection of the floor beams and
stringers was performed. Light corrosion was observed throughout but
there were no areas of section loss of note to be considered in the
evaluation.

3.3.1.6 LATERAL BRACING SYSTEM
The lateral bracing systems were observed to match the conditions
reported in the 2012 OSIM Inspection. Detailed measurements of

section loss were not collected as it was deemed not critical the live Photo 3.9: Limited View of

load evaluation. This is discussed further in Chapter 4. Top Chord from Access
Platform

3.3.1.7 DECK

From inside the box girders transverse cracking was noticed in the deck
soffit throughout. There were many locations where the cracks had been
injected with sealant. It is understood that this remediation occurred
immediately after the deck construction during the Bridge Widening
project. A detailed inspection of the deck top was not performed as the
2012 OSIM Inspection reported it to be in good to excellent condition.

3.3.2 Box Girder System

The assessment of the steel box girders took place from inside the box.
Light to medium corrosion was noticed throughout but was difficult to
distinguish from the flaking patina of the AT steel (weathering steel).
Areas of medium corrosion were often located near drains. Transverse
cracks were noticed in the concrete deck which coincided with some
medium corrosion and staining on the steel below (Photo 3.10). In
general the girders are considered in good to excellent condition with no
allowance for section loss being considered in the evaluation.

Photo 3.10: Medium
Corrosion and Staining Near
Cracks in Deck
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3.4 Substructure

3.4.1 Abutments

Each abutment is comprised of reinforced concrete pile cap supported on
30 HP piles. The truss sits on a bearing seat directly on the pile cap while
the two steel box girders are supported on reinforced concrete pedestals.
The approach embankment is supported by a mechanically stabilized
earth (MSE) retaining wall.

In general the abutment appears to be in very good condition with light
scaling and cracking throughout.

It was noticed that the MSE wall on the Stratford side (Abutment 2)
appears to be bulging outward at mid-height (Photo 3.11). CBCL

understands that, outside of this study, the original wall manufacturer will

be providing an assessment report to PEITIR regarding the movement
noted in the abutments.

3.4.2 Piers

From the surface the piers appear in fair to good condition. Somewhat
conspicuous are the medium vertical cracks found underneath the box
girders in the flared corbel portion of the pier (Photo 3.12). While the size
of cracks does not indicate a strength issue, durability may be of concern
in this heavily reinforced and post tensioned location.

Beneath the surface, the piers are founded on steel sheet pile caissons
supported by a series of piles as described in Section 2.4.2. The condition
of the pier beneath water surface is discussed in the following chapter.

3.4.3 Dive Inspection

A dive inspection was conducted for PEITIR by Diversified Divers
Incorporated and Harbourside Engineering Consultants. The report was
provided to CBCL by PEITIR and is located in Appendix D.

Photo 3.11: Apparent Bulge

of MSE Wall at Stratford
Abutment

Photo 3.12: Medium
Vertical Cracks at Flared
Corbel, Typical
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ciaptera  ANALYSIS

4.1 General

A structural analysis of the bridge superstructure was conducted in order to determine the existing
capacity of the structure (Case A). Additionally, the structural impact of modifying the structure use
through the addition of an active transportation trail and sewerage forcemain (Case B and Case C),

as discussed in Section 1.1 of this report, was investigated.

The analysis was conducted using the finite element analysis software package LUSAS Bridge, and
accounts for the original trusses, the retrofitted adjacent box girders, and the intricate interactions
between them. The state of computer modeling technology has advanced significantly over the
preceding 20 years since the original structure was designed, and it was felt that the complex nature
of this bridge benefits significantly from this more sophisticated investigation. A screenshot taken
from LUSAS showing a cutaway of the Hillsborough Bridge is shown in Figure 4.1.

Primary truss members were evaluated at the ultimate limit state, including the bottom and top
chords, diagonals and verticals. Local checks were performed on the floor beams, stringers, and
bottom chord bracing. The box girders were evaluated at the ultimate limit state for bending and
shear. Interaction ratios were obtained for Case A, Case B and Case C for each of these members.

This analysis has considered dead loads and live loads only. Provisions outlined in Section 14 of
CAN/CSA-S6-06 CHBDC were strictly adhered to, providing updated load and resistance factors,
among other recommendations. The structure was not assessed for wind loads, as discussed in
Section 4.3.3. The effects of ice accretion in conjunction with maximum traffic loads were also not
considered.

4.2 Analysis Methods

The structural analysis performed for this project, using beam and shell elements, was significantly
more sophisticated than the original analysis, using a grillage approximation. Such a beam and shell
model would not have been possible 20 years ago due to limitations in both the modelling user
interface and computing power. The model was linear elastic, which was felt to be more than
adequate for this structure. Three dimensional beam and shell elements with six degrees of freedom
per node were utilized. Both beam and shell elements accounted for shear deformations. A
summary of element types used is described below:
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e Truss members — beams elements;

e Trapezoidal box girder (web plates, bottom flange, diaphragm) — Shell elements;

+ Trapezoidal box girder (top flanges, bracing, T-stiffeners, web stiffeners) — Beam Elements; and
e Reinforced concrete deck — Shell elements.

In general, the concrete deck acts compositely with the truss and box girder through the presence of
shear studs. However, notably over the six bays at each pier over the truss, shear connectors were
not utilized between the slab and truss. To correctly model this, the nodal connection between the
slab and truss was “broken” and replaced with 5 mm tall “beams” only capable of transferring
vertical forces. This provided a more accurate load distribution near the piers. Additionally, the
stiffness of the reinforced concrete deck elements in the negative moment zones over the piers was
reduced such that it represented the rebar alone. This was done to correctly portray the cracked
section properties.

Figure 4.1: Cutaway of Hillsborough Bridge LUSAS Finite Element Model

As discussed in the CAN/CSA-S6-06 CHBDC commentary, at bridge spans exceeding 75 meters loads
are dominated not by single heavy trucks, but by lanes of traffic consisting of a variety of vehicles.
Thus for this bridge, the live load case was governed by lane loads, with an additional load provided
by 80% of the CL-625 design truck. Lane loads were place in the spans which maximized load effects
for individual members. Table 3.4 of CAN/CSA-S6-06 CHBDC dictates that the structure should be
designed for a five design lanes. However, Section 14 allows for the structure to be evaluated for the
actual number of driving lanes, thus four lanes were used for this evaluation.

4.2.1 Trusses

As previously discussed, truss elements were represented using 3D “thick” beam elements with six
degrees of freedom per node. This allowed them to accurately portray axial forces, weak and strong
axis shear, in and out of plane bending, as well as torsion. All truss elements were represented in
the model, including the primary truss elements evaluated in the report, as well as all top chord
bracing, cross bracing, and bottom chord bracing. These members are important for the model to
resist torsional forces due to eccentric loading.
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Most of the primary truss elements were constructed using built up members consisting of cut
plates, perforated plates, batons, channels and angles. The cross section of each unique built up
member was drawn using AutoCAD and imported into LUSAS’ “Arbitrary Section Property
Calculator” for input into the model. For the properties used in the model, an effort was made to
properly represent the gross area (Ag) of built up members by not including elements such as
batons. Additional sections were also drawn and used to the determine section properties such as
out of plane moment of inertia (ly), torsion constant (J), and the warping constant (Cw). Similar
members were grouped as specified in Figure 3.1.

Two models were constructed, a “naked” model, consisting of the truss without the concrete deck,
and a model with the partially composite bridge deck. The naked model was loaded with truss dead
loads as well as the weight of the wet concrete slab. The partially composite model was loaded with
superimposed dead loads, (asphalt surfacing at 90 mm thickness, bridge barriers and sidewalks), and
live loads.

4.2.2 Box Girders

The box girder bottom flange, web plates, and diaphragms were modelled using 3-D shell elements
capable of representing in-plane membrane axial and shear forces as well as out of plane shear and
bending/twisting forces. Top flanges, web stiffeners, T-stiffeners, and bracing were modelled using
3-D beam elements.

As in the truss evaluation, load cases included both dead and live load forces in two different
configurations, a “naked girder” model and a model with a fully composite deck. Naked girder loads
were comprised of steel self-weight as well as the wet slab. The partially composite model was
loaded with superimposed dead loads, (asphalt surfacing at 90 mm thickness, bridge barriers and
sidewalks), and live loads.

To determine usable structural forces from beam and shell models, rather than simply stresses,
LUSAS contains a unique “slice tool”. The tool allows the user to cut through beams and shells for a
given load case and integrates the stresses over the element areas while automatically accounting
for differences in the stiffness of the materials. This allows for the output of three forces (strong axis
shear, weak axis shear, and axial) and three bending moments (strong axis bending, weak axis
bending, and torsion). A screenshot taken from LUSAS showing the slices considered for this
evaluation is shown in Figure 4.2.
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Figure 4.2: Screenshot of Slice Tool in LUSAS

4.2.3 Deck System

Over the box girders, the deck was considered longitudinally through the box girder resistance.
Transverse moments and shears were considered not critical and, as such, were not included in the
resistance checks. This decision was based on design experience with 250 mm thick deck slabs with
comparable transverse spans and similar reinforcing.

A separate model was used to determine the forces acting on the floor beams and stringers. Lane
loads were not critical for these members as their spans were much shorter than the total truss
spans. Therefore, the CL-625 design truck, including dynamic load allowance, was used instead.

4.3 Loadings

4.3.1 Dead Loads

For the truss, dead loads were comprised of the original members as shown on the As-Built
Drawings as well the truss reinforcements that occurred during the Bridge Widening. The
reinforcements, as detailed on the drawings, were confirmed in the field.

Due to the large number of built up members, rivets, and connection/gusset plates, determination
of an accurate steel self-weight (which accounts for a significant portion of the total truss load) was
very difficult. Ultimately, “gravity” loads were applied to members, applied by LUSAS directly
according to the cross sectional area of members and density of materials, which were scaled up to
the match total bridge weight as ascertained from our desktop study.
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Member self-weight for the box girders were much easier to calculate in comparison to the trusses,
and were calculated through LUSAS’ gravity loads and some manual calculations. The results
compared favorably with previous estimates prepared by CBCL during the initial bridge widening.

4.3.2 Live Loads

As discussed in Section 1.1, three cases were investigated. Case A considers the current existing

bridge condition. Case B and Case C each considered the proposed rearrangement of the deck to

accommodate active transportation corridor(s) while reconfiguring placement of traffic lanes. These
cases also include the addition of a sewerage force main. In an effort to reduce computational
effort several assumptions were made:

1. The most critical stresses in the box girders would occur while the live load lanes were placed at
the extreme edge of the bridge.

2. For all cases, the most critical stresses in the truss would occur by placing the truck within the
specified lanes pushed towards one of the trusses.

3. For spans of this length, the critical live load scenario is generally governed by the alternative
loading of Clause 14.9.1.6 of the CHBDC. This utilizes 80% of the evaluation vehicle (with no
dynamic load allowance) and a superimposed lane load. An 8 kN/m lane load is associated with
a Class B highway and is what was used for the evaluation.

4. Effects of wheels on the sidewalk (Clause 3.8.4.4) is not considered in the longitudinal effects of
the box girders. Sidewalks loading was also not considered, as it was unlikely to occur coincident
with maximum traffic loading (Clause 14.9.5.1).

The highway class is determined in accordance with Table 1.1 of CAN/CSA-S6-06 CHBDC. According
to the 2013 bridge traffic counts, the AADT for the bridge is 32,609 vehicles with 9.45 percent
trucks. This equates to average daily traffic (ADT) per lane in the order of 8,152 and average daily
truck traffic (ADTT) in the order of 770. Based on ADT, the Hillsborough Bridge would be considered
a Class A highway as ADT exceeds 4000. However, the truck traffic on the bridge falls into the range
of 250-1000 vehicles per lane or a Class B Highway. Therefore for the purpose of determining truck
loading frequency and intensity, the Class B highway loading of an 8 kN/m uniformly distributed lane
load (UDLL), was utilized for this evaluation.

4.3.3 Wind Loads

There are no anecdotal records of the superstructure showing signs of distress during extreme wind
events. Further, the addition of the box girders provides shielding and additional stiffness to the
interior truss members that was not accounted for in the original design. Wind load is therefore not
considered to govern the live load capacity of the bridge.

4.4 Fatigue
Fatigue evaluation of existing steel bridges that have outlived their design life is a difficult subject.

Miner’s concept is generally accepted as one the best methods for evaluating cumulative fatigue
damage under repeated loads. Fatigue evaluation can be conducted through the use of traffic
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counts and applying Miner’s concept to the theoretically calculated stress ranges. In many cases this
approach shows bridges to have exhausted their useful fatigue life.

To begin, it would be difficult to plot a detailed stress history for this structure since it has already
given 50+ years of service. Although current traffic volumes data exists, plotting accurate stress
ranges over the entire life span of the structure would be speculative at best.

The majority of connections on this structure are bolted or pinned, which generally perform much
better than welded connections in terms of fatigue life. It should also be considered that there are
no signs of cracking following an OSIM inspection in 2012 and the condition assessment associated
with this evaluation.

Research and field testing results suggest that in many cases, when a theoretical approach predicts
only a few years of remaining fatigue life, the structure or detail/connection may not display fatigue
cracking until many years after initial prediction.

Considering these points, a detailed evaluation to determine the remaining fatigue life of the
structure has not been undertaken. Through regular inspection, signs of fatigue crack initiation and
propagation should be monitored.
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ciapters  EVALUATION RESULTS

5.1 General

The results of the structural analysis were generally favorable. Most elements of the structure were
found to be under their factored design stress, with interaction ratios of individual primary structural
elements varying from 13% to 97% for Case A, 18% to 105% for Case B, and 13% to 103% for Case C.

5.2 Reliability Index to Determine Dead and Live Load Factors

Section 14 of the CAN/CSA-S6-06 CHBDC contains provisions for using a more refined probabilistic
framework to define load and resistance factors based on a wide variety of factors including past bridge
performance, the condition of members, the mode of failure, and the importance of the member in the
overall behaviour of the structure. This is accomplished using the target reliability index, 3. In general for
a new structure, the target reliability is generally the same for all members. During a bridge evaluation,
the engineer is able to set different values for each element. The target reliability index is determined by
assigning a value, 1 — 3, for each of the following categories:

e System Behavior (S1-S3) — The effect of the element’s failure on the entire structure;

e Element Behavior (E1-E3) — Consideration for the element’s ductility; and

e Inspection Level (INSP1-INSP3) — Consideration of the level of inspection on the element.

Once the target reliability has been determined it is used to compute refined dead and live load factors,
ap and ou. The target reliability is also used to modify the existing code material resistance factors, ¢. A
list of structure elements and their associated factors are presented with the evaluation results in
Appendix C.

5.3 Truss

Classical truss theory states that all bolted connections are rotationally free and loads are carried
exclusively through axial member forces; tension and compression. While predominantly true, trusses
which span continuously over supports such as the Hillsborough Bridge are often subject to significant
bending moments, particularly in the bottom chord at the piers. Bending moments are also present in
top chords due to bending under dead and live loads spanning between the panel points. As such, the
following scenarios were evaluated for each member:

1. Maximum compression with associated moment;
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2. Maximum tension with associated moment; and
3. Maximum moment with associated axial force.

These scenarios were investigated for Case A (existing) and Case B (AT trail one side only), and Case C
(AT trail both sides, concrete and steel barriers) and are summarized in Table 5.1 and graphically
displayed in Figure 5.1. Members with interactions at or exceeding their capacity (great than or equal to
1) have been highlighted.

Table 5.1: Truss Member Capacity Utilization for Case A, Case B and Case C

Interaction (% of Capacity)

Member Case C
| Concrete Bar. Steel Bar.
BC1 0.9 0.94 0.89 0.89
BC2 0.79 0.79 0.83 0.81
BC3 0.79 0.80 0.83 0.81
BC4 0.74 0.74 0.73 0.73
BC5.1 0.84 0.87 0.89 0.87
BC5.2 0.62 0.64 0.65 0.64
BC6.1 0.64 0.66 0.67 0.66
BC6.2 0.97 1.01 1.03 1.01
BC7 0.72 0.72 0.72 0.71
TC1 0.22 0.22 0.22 0.22
TC2 0.61 0.67 0.65 0.64
TC3 0.61 0.66 0.62 0.62
TC4 0.64 0.67 0.64 0.64
TC5 0.61 0.61 0.61 0.61
TC6 0.68 0.69 0.68 0.68
TC7 0.46 0.50 0.48 0.47
Diagl 0.93 1.05 0.98 0.97
Diag2 0.92 0.97 0.97 0.95
Diag3 0.79 0.93 0.84 0.82
Diag3.1 0.75 0.78 0.73 0.73
Diag4 0.7 0.79 0.76 0.74
Diag5 0.73 0.81 0.78 0.76
Diagb 0.95 0.95 0.94 0.93
Diag7 0.7 0.75 0.73 0.72
Diag8 0.66 0.81 0.68 0.67
Diag9 0.9 0.92 0.89 0.89
Diag10 0.62 0.68 0.65 0.64
Diagll 0.85 0.89 0.87 0.85
Diagl12 0.7 0.71 0.74 0.73
Vertl 0.64 0.74 0.68 0.67
Vert2 0.13 0.16 0.13 0.13
Vert3 0.58 0.67 0.60 0.60

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 21



Interaction Ratio

Comparison of Truss Member Utilization for Case A, Case B, and Case C

1.2

W Case A
W Case B
m Case C-Conc.

B Case C - Steel

0 ouou S T I A i [ T R - - T T I R T
o o @@ ¢ fF 8 @ FF FFFFF =2 8 8 §i 8B 8 @ 8 @8 @8 o oo g g g
@ @ @ @ a o0 o m o oo oaa 2 2 2 = = =

=] o o o

Truss Member Group

Figure 5.1: A Comparison of Truss Member Interactions between Case A, Case B, and Case C

Member resistances were generally calculated at the location of least section for a group of members
with a uniform cross section. The location of least section is based on section loss observed during the
condition assessment.

5.4 Box Girder

The ULS bending moment and shear capacity of the steel box girders was evaluated at various critical

sections and compared to the results obtained from the LUSAS model. Results are summarized for Case

A and B in Table 5.2. Following is a list of critical sections that were evaluated and rationale behind the

determination:

1. Atthe abutment, considered to be the highest shear on the end span;

2. At the middle of the end span, considered to be the highest positive moment on the end span;

3. Atfield splice #3, using the thinner of adjacent sections, considered to be a critical combination of
negative moment and shear on the end span;

4. Over the pier, considered to be the highest negative moment;
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5. At field splice #4, using the thinner of adjacent sections, considered to be a critical combination of
negative moment and shear in the center span; and
6. At the middle of the center span, considered to be the highest positive moment in the center span.

Table 5.2: Utilization of Box Girder Capacity for Case A and Case B

Station (m) Description % Increase
0 At Abutment 0.43 0.47 4%
30 Max. Moment, 0.27 0.29 2%
End Span
71.2 Neg. Moment, End 0.29 0.31 2%
Span — Splice 3
78.2 Neg. Moment at 0.26 0.31 5%
Pier
85.7 Neg. Moment Mid 0.25 0.30 5%
Span — Splice 4
123.6 Max. Moment Mid 0.17 0.19 2%
Span
Comparison of Box Girder Member Utilization
for Case A and Case B
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Figure 5.2: A Comparison of Box Girder Interactions
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5.5 Local Checks

Local strength checks were performed on the following members:

e Floor beams and stringers, (under ULS truck loads with dynamic load allowances);
e Cantilever deck overhang (under Case B); and

e Bottom chord truss bracing, (Case A and Case B).

The floor beams and stringers were not adequately evaluated in the global model due to the lane loads
not being applicable for the small spans. A local model was constructed and these members were
loaded using the CL-625 design truck without lane loads, and with appropriate dynamic load allowances.
The results indicated that both of these members have adequate capacity. It seems likely that the
original designers of the bridge, having no access to computer analysis software, used more traditional
rational analysis methods to design these members. It was found that the forces acting on these
members were much lower than capacity, and generally the loads were transferred to the truss panel
points and primary top chords.

The cantilevered deck overhang from the box girder was deemed important to evaluate particularly for
Case B, as the truck line was able to move directly to the edge of the bridge where previously there was
a sidewalk. The distance of the overhang was modest, at 1750 mm, and was more than adequately
reinforced. The capacity of this element was adequate.

Bottom chord truss bracing was comprised of two angles separated by baton plates, forming essentially
a shallow 450 mm deep truss. The structural system was evaluated as a truss, with the 89 x 76 x 7.6
angles forming the top and bottom chords and batons forming the diagonals. Case A involved the self-
weight of the truss elements as well as the maintenance walkway, and a small live load for maintenance
workers. Case B was evaluated using all of these loads, plus the addition of the 600 mm diameter
sewerage forcemain located at mid-span directly between the primary trusses. The braces were found
to be adequate under Case A loads. For Case B, the load on these elements was increased by nearly five
times, and the bottom chord bracing failed in bending.

5.6 Substructure

The report from the diving inspection indicated the piers and abutments are in generally good condition
(refer to Appendix D for details); however, there were concrete delaminations and spalls identified on
the top surface of the concrete base (inspection report refers to the concrete base as the transfer cap).
The concrete base was part of the bridge widening and is anchored with several Gewi piles. Local
punching shear design checks were performed for the Gewi piles and the results indicate the concrete
strength has adequate capacity when compared to the factored design load of the Gewi pile.
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ciartere CONCLUSIONS AND RECOMMENDATIONS

6.1 Evaluation Conclusions

The deep sections of the box girders were designed to match the stiffness of the truss to reduce
differential displacement under live loading. As a result the sections have considerable reserve capacity.
Although the new bridge configurations are generally more detrimental to the box girders, the
interaction ratio is only increased by 2-5% overall. Ultimately the box girders are structurally adequate,
well detailed and are not a cause for concern regardless of the bridge configuration.

The existing condition of the truss finds no members overstressed, however with interaction ratios at

97%, they are very close. As it was found that section loss played very little role in the governing

interactions, this overstress can mainly be attributed to two things:

1. Increased truck loading from CS-600 (S6-88) to a CL625 (S6-00); and

2. Decreased yield strength based on the evaluation of coupon tests in accordance with Section 14 of
S6-06.

Case B and Case C were found to be more detrimental to the truss elements than the boxes, although
the response varied depending on the member being examined. Generally, Case C, utilizing a steel
internal barrier, exhibited the lowest increase in load demand of the proposed options.

6.2 Recommendations

Under existing conditions the truss is nearly at the capacity, especially for bottom chord members at the
pier locations and some diagonals. In service the truss is showing no signs of distress and, as such, it is
the opinion of CBCL that the bridge does not require a load posting under Case A. The truss is in
remarkably good condition considering its age. This can be attributed to a regular maintenance program
early in its service life. It is recommended that a regular maintenance program (i.e. painting) be
reinstated to preserve the condition of the structure.

If it is decided to proceed with implementing an active transportation trail and supporting a force main

with the truss, it is recommended that:

1. The force main be suspended as close as possible to the bottom chord. The condition of the bottom
lateral bracing is generally in poor condition and is required to transfer torsion from eccentric live
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loading as well as resist lateral loads. To support the force main from these members would require
a more detailed analysis.

2. If the installation of active transportation trails is pursued, we recommend Case C with steel barriers
to reduce the overall load demand on the truss. Strengthening should be considered for those
members at or near capacity.

Prepared by: Reviewed by:

“
Luke MacDonald, M.A.Sc., B.Eng., P.Eng. Colin Jim, B.Sc., B.Eng., P.Eng.
Structural Engineer Structural Engineer

This document was prepared for the party indicated herein. The material and information in the document reflects CBCL Limited’s opinion and best
judgment based on the information available at the time of preparation. Any use of this document or reliance on its content by third parties is the
responsibility of the third party. CBCL Limited accepts no responsibility for any damages suffered as a result of third party use of this document.
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Nov. 17,1997
April 16, 1998
April 22, 1998

June 16, 1998

July 10,1998
July 10, 1998
July 16, 1998
Dec. 3, 1998

Jan. 4, 1999

HISTORY OF FINAL INSPECTION.

CBCL inspected Box Girder
Site inspection revealed extensive cracking of deck that was brought to
SCI’S attention.

SCI”’S response to cracking.

The Bridge was inspected following heavy rain, but before waterproofing
was installed.

Report recorded extensive cracking ( after cracks were “ sealed “)
and water penetration in boxes. See photografic record.
Detailed visual inspection was carried out jointly with SCI and CBCL,

B.Farago’s report.
SCI’S report.
B.Farago’s memo contains list of items SCT have not complied with.

PET’S memo to SCI Re: Outstanding issues.
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To:

From:

Date:

Prince Edward Island
Department of Transportation & Public Works
Highway Maintenance Division
P.O. Box 2000, Charlottetown P.E.l., C1A 7N8

Fax Transmission

226~
Phil Lockwood Destination Fax No. 403-2454-8643

Steve MaclLean P.Eng.
Director
Phone: (902) 368-5103 Fax: (902) 368-6244

January 4/99

No. of Pages = 2

Subject: Outstanding Issues/Deliverables Hillsborough Project

Further to our conversation in December, | forward a “punch list” of remaining
issues from my perspective.

1) Deficiency List and Corrective Actions

On July 16, we had a definitive meeting on the subject wherein all major and
minor deficiencies we recorded.

I ' would like to have confirmation in writing:
a) Each deficiency
b) The specifics of; date and course of action for each
c) What remains.
All relevant correspondence in your Job Files should be included.

Key items within the list are a) Bearings, b) Deck cracks and leaks to interior
of girder ¢) Retaining wall system,

At the July meeting, CBCL promised a written opinion that the overall extent
of deck cracking and the remedial treatment provided by SCI 1) does not
limit the laod capacity of the bridge, and 2) does not present a long-term
durability concern. This has not been received. | should add that | expect
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the scope of the opinion letter to include the consequential issue of leaks to
the girder interior and the potential for accelerated corrosion and reduced life
expectancy.

2) Warranties:

w

4)

There should be a warranty file wherein all components are listed complete
with warranty terms/conditions. Nothing rec’d,

Design Information:

The Department expects to recejve copies of all design calculations which
are relevant as reference in the future when TPW needs to do a) normal
maintenance, bearings etc.@ over-weight permitting c) increased highway
loading, d) other design checks etc. As you know, Bert F. has given TPW
advice in this area.

Nothing has been rec’d yet.

As a minimum, we expect to receive a) detailed DL and LL calcs. b) the
Reactions (detailed) at bearings ¢) Capacity at jacking points d) Max.
bending-moment and shear diagrams for SLS and ULS. e) calculated
movements at joints and bearings f) calculated capacity of truss members as
surveyed and after strengthening together with SLS and ULS forces in
members due to DL, LL and other effects. g)ID. of fatigue critical members of
the boxes and truss, giving category and stress level.

Inspection Manual:

By agreement, TPW is responsible to the lessor to carry out regular
inspections and normal maintenance. We need to agree on what the
inspection program should be. It is also a very useful step, and one that we
had informal agreement that SCI would supply.

ce: Bert Farago, Farago Associates

=
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B. FARAGO & ASSOCIATES INC. TELEPHONE:(416) 444-5035
CONSULTING ENGINEERS FAX: (416) 444-8791

83 Larkfield Drive,
Don Mills, Ontario
M3B 2H5

MEMORANDUM.

To:  Steve McLean

Re:  Hillsborough Bridge
Date: December 3, 1998
Project:97127

This is to report to you on the work I performed in your office on December 2 and 3,
1998.

1. Review of files submitted by SC1 :

a.) Checked off the files submitted against the transmittal slip.
The files are substantially complete except they had a separate file on
deficiencies ( their terminology is different ) which we reviewed in July.
I found some sheets spread over different files, but would be good to have
it in one place.

b.) Ipropose to develop an index binder containing a complete list of all files
and drawings for future reference.

c.)  Drawing tubes are now numbered 1 to 19. Their content list will be in
the binder. ( After receiving list from SC1 )

d) Binders are divided into four boxes ( according to importance of the
material contained ) and numbered.
Their contents will also be in the index binders.

2. The following material, that was discussed at the meeting on July 16, 1998 with
McGinn and Stroltz is still outstanding.

a) There is a need for a hand over file:
This should contain, the deficiency list from July 16 meeting ( our prepared
by Don and another by myself.
I also propose to include in this “ deficiency “ file the photographic records
of cracks that you took.

b.) There is need to record, with dates, what action was taken what was
corrected and what is still outstanding.
c.) This file perhaps should contain the correspondence on key items:

L) Bearings.
ii.)  Leakage in boxes due to poor quality construction joints.



MEMORANDUM CONTINUED........
Re:  Hillsborough Bridge

d)

iii.) Identifying and recording continuing wet spots ( and corrosion )
inside boxes.
iv.)  Deficiencies in the retaining wall systems.

This might be the right place for storing copies of warranties ( none
received to date.)

b.)  Design information for the Owner.
In earlier correspondence I suggested that it is not unreasonable for an
Owner to get copies of all design calculations for future reference.

If CBCL is reluctant to provide this as a minimum requirement I believe,
the Owner should have sufficient information for designing future
maintenance ( such as bearing replacement) and for checking the bridge
for over-weight permit application,or future increase in highway loading:

Detailed dead and live load calculations. Reactions ( detailed ) at berings
Also capacity of jacking points.
Max. bending - moment and shear diagrams for SLS and ULS.

Temperature and other movements at joints and bearings.

Calculated capacity of every truss member as surveyed and after
strengthening ,together with SLS and ULS forces in members due to dead ,
live and other effects.

Identification of fatigue critical members of the boxes and truss , giving
category and stress level.

Inspection manual.

IfIrecall Mr. Strolz promised to put together inspection and
maintenance guide for the Owner. This is very important, as the PEIDOT as
lessee is responsible to the lessor ( HBDI ) to carry out regular inspection
and maintain the bridge in good condition, during the lease term and “ to
maintain complete record of the history of the bridge. “

When we discussed thé significant number of cracks, many of them not
fully grouted, Mr. Strolz promised to provide a written statement that these
cracks have not reducedl the load capacity of the bridge and it’s longterm
durability. This you have not received.

Issues to deal with.: :
In addition to the many relatively minor \ieﬁciency items, listed in al.) , many of which



MEMORANDUM CONTINUED........
Re:  Hillsborough Bridge

no doubt have already been resolved, there are three key issues on which the long-term
durability of the bridge depends and therefore require speedy resolutions:

1. Bearing.
This I understand , is being reviewed by all the parties, involved.
For reference it would be useful to have a survey done on all bearings including
direction of tipping (incl. on replaced bearing ) any gap between guide -bar and
slot.

2. Cracks and open joints in the precast deck with resulting leakage into the
boxgirders.

This is critical, because

a.) It results in continuing corrosion and eventual loss of section, in the
the box girders.

b.) It could lead to corrosion of the reinforcing steel and stud shear
connectors on which the whole structure depends.

3. Corrosion of the weathering steel.
It will be necessary to record conditions where moisture can get into the

box ( cracks in the slab , above , splice -plate locations etc.) to see
if further sealing of openings is warranted.

%A/"‘/x//
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1. Introduction

An inspection of the Hillsborough Bridge was undertaken on July
12, 1998 with representatives of Strait Crossing Inc (Contractor)
and CBCL (Engineer) on hand, The purpose of the inspection was
to identify deficiencies (work still to be done, work done
incorrectly, additional work required) in order to reach total
completion of work,

Additionally, the DOT & PW project representative and an
external, independent, review engineer contracted by DOT & PW
were in attendance to discuss deficiencies and the work in general.

Attendance:

Gerry Strolz - CBCL

Don McGinn - SCI

Steve Pletch - SCI

Steve MacLean- DOT & PW

Bert Ferago - Ferago Consultants

&

BRIDGE INSPECTION REPORT



2. Mavine Piers

An inspection of the piers was performed via boat. The following
was noted.

1 North face of Pier No. 2 has three cracks at water level
which are wide enough to be injected with epoxy resin. The
cracks originated from the shrinkage of the new pier around L/

the old.
.2 Other shrinkage cracks were observed on both piers but

were considered of no consequence. 4
3 Previously injected cracks looked good. 7/
4 Stressing pockets looked tight. V

5 A few rust spots associated with form ties have come
through. Although not of structural concern they should be V
chipped back and repaired.

.6 In general the piers look fine. ’/

.7 Final settlement of piers is to be tecorded. (survey) )/

Mm 8 Re-caulk holes in sides of pier. (These holes are to be q/

recorded on as-built drawings)

v

9 Corbel tie beams to be painted.

110 Some of the vertica) post-tensioning pockets need their /
perimeter sealed with epoxy.

o
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3. Abutment.

An inspection of the abutment atea yielded the following
improvements to be done.

1 Remove black tat stain from lower portion of SE abutment. l/

9 Repair undercut (concrete washed out) in old /
(existing)abutment crossbeam.

3 Remove nails from abutment footings. l/

4 Landscape area 5o water drains away from truss beating &/
scats and pick up debris.

S Remove silt fence. 4

.6 Fence off access to bridge v’

7 Remove legs of old MECL tower v

3 Wash discoloration of side of abutment v

9 Tidy tie hole patching in new abutment. l/

10 Clean off all bearing seats. 4

11 Chip conctete around footings of North abutment. /

12 Fix underout in concrete at seat of NE bearing of the truss.ﬂ /

3C1 BRIDGE INSPECTION REPORT



4, Retaining Walls

There are two types of retaining structures. Both appear to be
working correctly. Settlements have been noted which in
accordance with the design.
The following work remains to be completed on the retaining walls:
N1 RECO Walis
.1 Clean grout off face.
.2 Resolve discoloration of face of panels.
.3 Repair broken edges. V/l'\Y/IL(/ ?‘
4 Construct concrete cap beam. ( coping )
-5 Erect rail at top of wall,
.6 Bury all straps minimum of 6" deep.
7 Remove board stuck between RECO wall and abutment. 1/
8 Add top soil above RECO wall and seed. V
-9 Remove boards behind abutment cross beam ( in front <.
RECO wall ).
2 Maccaferri Wall
.1 Cut the grass
.2 Ensure grass is growing in deficient areas

v
v
;
4

Plant bushes.

[

4 Install rail along top.

T

w i BRIDGE INSPECTION REFQRY

.......................
............................................................................................................................



4. New Steel Box Girder

The new steel box girders were carefully examined from the inside and
outside. Performance and overall quality is excellent. The following notes
were made:

1 Outside

Some un-even weathering has occurred generally at
locations where water has come down from the deck level.
The girders should gradually become uniform in
appearance.

The outside faces have pot matured as much as the inner and
underside.

1 At Pier No. 2, east girder, outer face thereis a
whitish patch. This may be grout

2 Straps at location of splices where ultrasonic testing
couplant grease has no weathered. This is not a
problem.

3 Locations of steel girder lift points for erection were
1o be filled with a bolt with nut on both sides of
flange. Some of the nuts have been removed. This
is acceptable.

.2 Inside.

.1 Complete clean up of girder floor using a stiff broom l/
(no wire brush) followed by a vacuum to be done.

.2 Al drainage holes and fillets at stiffeners etc. are to be / |
checked to allow for drainage.

BRIDGE INSPECTION REFORT



Conduit holes at girder ends which are not being used
are to be screened.

Water may be entering girders at splice points.
Accelerated weathering has occurred at some of the
joints, They are to be monitored if sealing of the
joints should be considered.

Evidence of previous leaking into the girder through the
deck is apparent. Deck waterproofing has resolved this
problem.,

Water infiltration seems to be causing uneven
weathering of the stesl. There is always a degree of
inconsistency in steel and horizontal areas where
dust and moisture collects will have accelerated
weathering.

CBCL has recommended a representative of CISC who
is knowledgeable in quality and inspection view the
girder intetiors to ensure weathering rates/manner are
acceptable.

Electrical boxes at girder entrance/exit bave pulled out
due to expansion/contraction.

i |
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Bearings

Il

i

Box Girder Bearings (new)

Similar problems with two bearings (guidebar) since the last inspection
seems to have occurred.

Guide bar is twisted, indicative of broken bolts, at both
guided bearings east and west boxes at the south abutment.
Bearing supplier (Watson Bowman ) is to supply response.

2 Offsets of bearings to be recorded.
3 Bearings were recently repainted. The paint specification is
to be reviewed.
Truss Bearings (old)
1 Clean up debris and vacuum dirt from bearing area. '/
2 Inspect all bearings for signs of wear and/or improper (/
behavior.
3 Replace rubber protective sheath. l/
4 Record bearing offsets. (/

BRIDGE INSPECTION REPORT



T Steel Truss

Strengthening of the steel truss was completed, mainly with pre-
painted steel plates. It was noted that additional weathering of the
truss paint system has occurred since the project began.

.1 Box girder ties (bracket) have resulted in some areas requiring
touch-up paint.

.2 Replacement pieces in handrail to be painted. t’

.3 Misc. old fixtures and cable of Island Tel are to be removed. \/

4 Miscellaneous tie wire on lower chord cross bracing is to be /
removed.

.5 Debris ( from demolitior: ) in corner areas of lower chord is to {//
be swept out

.6 Handrail over top of diaphragm at pier areas to be painted. '/
Unpainted steps are alright as they are. /

.8 Bum marks on underside of transverse beams from attachment /
of studs need to be touched up,

.7 Finish fastening railing in P2 area.

.9 Rope hanging out of bird screen between abutment and Piex2to |/
be removed.

.10 Grout on lower chord (west) between Pier 2 and abutment (bay V
#4 ) to be removed.

.11 Sign warning anchor wires to be removed.

STX BRIDGE INSPECTION REPORT



8.

Concrete Deck, Barrier, Sidewalk, & Expansion Joints

The concrete deck was already waterproofed and asphalt applied so mainly
the barriers and sidewalks were inspected.

1 Evidence of previous leaking of the deck throughout the winter was /
apparent,

2 Leaks were mainly at precast component construction joints,
however there were some leaks associated with unplugged tie holes
and in the negative moment area some deck cracks. This type of
cracking was expected and is not of structural concern.

3 Water proofing has resotved construction joint and shrinkage crack

’};r_,s_/ leaks.

4 Joints and large cracks in the sidewalk are also leaking into the
girders. The cracks are not to be touched, The joints are to be routed V
and filled with a sealant.

There are some shinkage cracks (approx. six locations) in the east
barrier which requires treatment, Epoxy sealant should befiedand

the locations monitored.
6 The east sidewalk cover plates do not fit properly. /
i Cracks were noted in the concrete at the expansion joints in areas

where transverse strengthening plates are located. This is apparently
iypical. The cracks have already been epoxied and are of no

consequence. /
8 The seal strips are still to be installed and tested.

BRIDGE INSPECTION REPORT
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FAX TRANSMISSION

PE1 DEPARTMENT OF TRANSPORTATION & PUBLIC WORKS
HIGHWAY MAINTENANCE DIVISION
P.O. Box 2000, Park STREET
CHARLOTTETOWN, PE CIlA 7N8
TeL: (902) 368-4750
Fax: (902) 368-8244

To: Bert Farago DATE:  August 3, 1998

F.o1

FAax #: 1-(416)-444-8791 PAGES: 12
(INCLUDING THIS COVER SHEET)

FRrROM: Steve MacLean

SUBJECT: _Hillsborough Bridge Project - Inspection Report

COMMENTS:

For your information and review, the attached is a copy of the inspection report.

Call e A / Seve.




B. FARAGO & ASSOCIATES INC. TEL: (416) 444-5035
Consulting Engineers FAX: (416) 444-8791

83 Larkfield Drive,
Don Mills, Ontario
M3B 2H5

MEMORANDUM.

TO: STEVE MACLEAN
RE: HILLSBOROUGH BRIDGE

Substantial Completion Inspection
DATE:

July 10, 1998

During our detailed inspection of the project the following issues were discussed
( most of these, no doubt, will appear in Don McGinn deficiency list ).

1.

Piers.

Three cracks were identified on the North face of Pier # 2 from the horizontal
construction joint down below the high water. These shall be pressure injected
with epoxy.

Both piers have a number of “ shrinkage “ cracks above the construction joint
and were caused by the restraining effect of the old pier on the freshly placed
concrete. Due to the radial prestressing these cracks cannot get wider and have
no adverse effect on the structural strength and durability of the piers.

Steel boxes- outside surfaces.

Generally in good condition with weathering well developed except there are a few
streakings where water from the deck was flowing down the web. The underside
of the boxes is of lighter colour with colour variations due to incomplete
weathering.

Near the south abutment on both, upstream and downstream sides there are two
bright narrow stripes, apparently due to radiography.

A few bright coloured spots were found on downstream side { grout or bird
droppings ? ). No action required.

Large bright spot over pier 2 upstream side to be investigated.

Steel boxes -inside surfaces -
Where water was dripping prior to waterproofing the following were observed.:
a.) At the top flange and web, discolouration of steel.
b.) On horizontal surfaces ( where water was standing ) some from of
« alligator cracking  with white specs, also loose rust in some places.



MEMORANDUM CONTINUED.........
RE: HILLSBOROUGH BRIDGE

c)

d)

Near the bottom of the web, the steel colour is darker, probably due to
moisture being absorbed from the floor. ( vick effect )

At some of the splices ( but not all ) where there is an open gap near
the top and bottom of the web corrosion appear to be continuing.

The following decisions were made;

a.)

b))

c.)
d)

e)

Farago to meet informally with CISC representatives to discuss the
unusual surface texture. It would be helpful if an expert would visit the
bridge.

All flaky and dusty corrosion particles shall be removed from steel surfaces
by brushing , following which all dust, bolts, nuts concrete droppings, etc.
shall be swept and vacuumed clean.

No decision was made whether the open gaps at splices shall be sealed
check with CISC.

All drain-holes and rat-holes at stiffener locations shall be checked for

any possible blockage.

The underside of the deck appeared to be dry, but according to Don, where
sidewalk construction joints are located over the box, but beyond the
waterproofing, there is still leakage. This SCI will try to stop by caulking
but if it is not affective al coating of the steel might be required.

( Nova Scotia practice )

4. Bearings.

One guided bearing was replaced because the guide failed. During inspection
of the bearings two more were found where the guide-bar is twisted
( proof that the bolts failed.)

Further investigation is needed to determine ( confirm ) that :

a.)  The original bearing design was inadequate.
b.)  Can the failed guided bearings be left in place or not?
c.)  What steps have to be taken to transfer the lateral restraint?
d)  Issue must be resolved before “ final completion “ (i.e. in approx. 4 weeks
time.)
5. Concrete deck.
a.) At the June 14 inspection by MacLean and Farago,(following overnight

heavy rains and prior to the installation of the waterproofing ) numerous
leaky joints were found, namely,
L) Most infill joints between precast panels



MEMORANDUM CONTINUED......
RE: HILLSBOROUGH BRIDGE.

b.)

d)

ii.) Construction joints at blockouts for deck-drains and for shear
connectors over the flanges.

iii.) Improperly plugged tie-rod holes
iv.) Many transverse crack lines in the cast in place deck.

v.) Along the infill strips, more pronounced along the * high side
(i.e. towards the insitu concrete )
vi.) Transverse cracks at regular 1200-1500 mm inervals along the full
length of the two infill joints..
vii.) A few transverse cracks were found within the precast panels in the
negative moment region

During the present inspection 99% of the cracks ( after water proofing and
following a dry-spell ) appeared to be dry with only a few wet spots .
( seeitem 3e)

As long as the waterproofing is effective, the durability of the deck is not
affected, however the many cracks could influence structural performance
of the deck ( primerily in the “ infill “ joints.

Gerry Strolz promised to respond to this issue in writing.

The large number of cracks, in my personal opinion, will reduce the long
term durability of the deck, primarily after the waterproofing starts to fail.

6. Truss strengthening.
Generally satisfactory. Remove any debris left over. Re-attach hand-rail posts over

Pier 2.

i Sidewalks and Parapets.
Problems and solutions.

1)
ii.)

All construction joints in sidewalks will be sawcut including along curb-
face and sealed by caulking.

Cracks in sidewalks and parapets generally half-way between construction
joints are defects , but no action will be taken to seal them. Will be kept
under observation during warranty period and fixed later if warranted.

Irregular cracks: where sidewalk joint is offset from parapet joint and there
is an irregular crack between the two, will not be acted on.
As a deficiency to be kept under observation during warranty.

¥
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RE: HILLSBOROUGH BRIDGE

10.

iv.)  Where ( mainly on upstream side ) there is a crack, approx . 1"-2"
from a construction joint the crack shall be epoxy injected.
Also a few wider than usual shrinkage cracks in the parapet
(upstream side ) shall be epoxy injected.

v.) At north-end west side rails do not line up, needs correction.
vi.)  Two sidewalk cover plates were fabricated too short.

Asphalt and waterproofing.

Waterproofing quality assurance quality control was left to the Sub- contractor.

During warranty period keep areas of 3% slope under observation for slippage of

asphalt or ripple effect.

Cause of one vehicle tearing asphalt and waterproofing 2 days after paving

need to be further investigated. *
Liquid asphalt seal along curb-face still has to be applied. ( Was supposed to be

done within 24-hours of paving. %

Expansion Joints.

Slabs will be installed next week.

Farago prefers leakage tests as it quickly shows up defects, primarily voids behind

the armouring and rarely along the seal, but it is a problem under traffic.

Leaks will show- up hopefully within 2 years, but then it will be more difficult to

rectify under traffic. \#

Points raised by Farago during discussions: In inspection report include list and
hand-over dates for:

a.)  Design
Design notes by CBCL shall be passed to the Department for future refe-
rence. This applies to the steel boxes as well as the original and increased
capacity of the truss.

b.)  Drawings.

“ As built “ drawings.

Shop drawings of  rebar
struvtural -steel
strengthening
bearings
exp. joints
wiring
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c.) Construction records ( test and inspection ) :
Including: piling
concrete strength, placing; steel: mill certificates
fabrication and erection reports.

d) Suppliers and Subcontractors warranties
bearings
exp. joints
retaining walls
Waterproofing
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AR COCO SULTI G NDT STING Weot Royalty Industrial P rk
Charlottetown, PEI

CIE 180

TEL 902 829-1243
Po t-it* Fax Note 7671 FAX. §02-628-8547

From

Co.

Decenmber 09,
| I | 79 !

Jagques Whitford

4G Walkear Drive

Cch rlottetown, P.E.I.
ClA 8S6

Dear Mr. Za iris:

Per your request we have carried out an underwater inspection
on the above plers. The work was started on December 06, 1994
but cancelled because of lack of visibility. The work was
completed on December 08, 1994 when the visibility h d
improved, 1lthough it was still poor.

All of the submerged portions of the structure and the seabed
are covered with a heavy growth of mussels which is very
difficult to remove and which limited the detail of the
inspection. It was possible to determine the following.

The steel sheet piling 1is straight, does not ppear to have
any holes and is covered in marine growth. It is our
experience that submerged steel sheet pilinég will bé cov red
wih a dense iron rich layer (magnetit which 1limits
corrosion to bout .05 mm/year/per e posed face.

The op of the steel piling extends about 0.6 m above the base
glab inside th ocaisson. There was no sign of any scour or mud
flows in th vicinity of the caiasson.

The embankm nt round the ier xtends abov the top of the
steel heet piling and is much f£1 tter an indicated on th
gk tche . The mbankment is covered with a ery heavy growth
of mussels and the condition of the rip-rap could not be
determined. There was no sign of any mud lows Or scour around
the mb nkment.

--0/2



Dacember 09, 1994

Page 2

The limited time available for the inspectidn did not allow us
to determine the elevation of the top of the embankment or the
steel sheet piling.

Though limited by vigsibility and the heavy marine g&owth, the
inspection did not find any indication of structural problems
or other conditions which would make the caissons unsuitable
for incorporation in a new structure.

B fore a final dacision to use the calssons is | aken, we
ugge t a more thorough inspaction including cl aning of
1 oted area of the calsson nd ultrasonic :thickness
measurements on the steel piling. Planning for uch an
ingpection should take into account that the current is very
strong and diving is pr ctical for 1 ss than ona-h 1f hour ¢
each tide ch nge. Visibility 1 v ry poor after a rain or high
winds nd would be be t in the spring, shortly after the ic
leaves. '

If you hav any questions on the bove or if we .can be of
further assistance, please do not hesitate to give'me a call
t your conv nience. :

Sincerely yours, |
MARENCO CONSOLTING AND TESTING

(___,.,é) . (_' ﬂ . ‘TL'*\

—— -

W .{(Tacoonald , P.Eng.

WIM/bm
at achments
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Jan-30-97 08:31 Strait Crossing Inc. 902-569-1820

@ Strait Crossing Inc. ¢

10 Horton Drive Charlottetown, PEI, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

FAX COYER SHEET
DATE: January 28, 1997
COMPANY: CBCL
ATTENTION: G. Strolz
FAX NO.: (902) 423-3938
FROM: D. McGinn , P.Eng.

TOTAL NUMBER OF PAGES: 8
(including cover sheet)

Original to follow? Yes No v

RE: Hillsborough River Bridge Improvement
GEWI pile coring program

Gerry,

It appears that the purpose for coring of the caisson concrete was suggested prior to GEWI piles being
selected as a means to gain additional capacity. Could you please review and confirm.
Attachment: Minutes of meeting January 27, 1997.

Thank-you,
Strait Crossing Inc.

bﬁw

Donald McGinn (/> )
Project Manager

DM/am

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You
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Hillsborough Bridge Improvements
GEWI Pile Installation Meeting No. 1

Monday January 27, 1997
Page 1
Attendance: G. Zafiris-JWA G. Kast-DSI R. Cantin
J. Brown-JWA S. Pletch P. Colucci
D. McGinn
Distribution: P. Lockwood-SCI

G. Strolz-CBCL

1. Program To Date

B S Pletch provided description of works done to date.
Summary

a. Piles 9, 10, 13 and 16 on pier had casing installed.

b. Pile # 16 was drilled using Drill Rig C - A rotary percussion type rig with down
the hole hammer. '

¢. Drilling log for this pile was reviewed.

d. To seal the hole, it was grouted and planned to be redrilled the next day.

¢. Storm arrived and took out the cofferdam ( i.e. hole has not been redrilled).
2. Coring Program

a. CBCL and JWA found not much geotechnical information exists from 1965
when bridge was installed. Only 3 to 4 bore holes were done.

JWA has maintained that more cores are required. SCI proposed to do coring
at time piles are being installed. At that time SCI was considering equipment that
could HQ-4" core.

It is there, not to verify the GEWI pile, but for the foundations overall.

b. JWA needs NQ (only slightly under 3”’) not the 4” specified. This should be
done by coring specialist; Long Year or Logan for example.

With DSI equipment we might get 1m/hr coring Vs 6m/hr for correct.

Long Year’s equipment is larger.
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Hillsborough Bridge Improvements
GEWI Pile Installation Meeting No. 1

Monday January 27, 1997
Page 2
Coring con’t
Action:
It would be more efficient to yse DSI equipment for geotechnical core
recovery.
Action;

JWA to review number of cores required at each pier. ( 1wk)

¢. Coring the concrete is more of 3 problem DSI GEWI pile drilling log will
provide some information.

Action:
It appears that coring requirements through the concrete originated before

the GEWI piles were selected, CBCL to confirm.

3. Pile Optimization

a. Drilling of 32 piles in Pier 3 is going to be difficult due to working space
limitations.

b. In a 6” hole more than one bar could fit. In BC there is a Job with 1x63+
2x45mm bars. But couplers make this impossible.

c. Larger holes are possible but
i) drill bits much more expensive
ii) casing is more expensive

d. Length of socket could be increased to increase capacity of pile.

e. Based upon DSI experience, the pile length is borderline for test load.
® DSI recommends doing one pile test to failure and JWA concurs.
Results may reduce number of P3 pile required.
® DSI recommends pile test be done before drilling rest of piles.
B Winter work of drilling is very difficult. Everything needs to be
hoarded and heated.

£ SCI to review P3 pile locations and see where preferred moved locations would
be.
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Hillsborough Bridge Improvements
GEWI Pile Installation Meeting No. 1
Monday January 27, 1997
Page 3
Pile Optimization con’t
g. Drilling some piles from existing bridge deck with truck mounted rig would be
difficult.
4. Testing Program
B DSI testing program is acceptable to JWA.
® JWA wants representative to observe pile load test
B JWA representative to review with DSI drilling engineer requirements
and methods of coring.
5. Attachments
a) Drilling Log
b) Drilling Method

c) Test Procedure

d) Drill Starter Detail
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7th Floor, 1177 - Ttk Avsone 3. W Calgary, &iberta T2R 1K9
Phope (403) 244-9C0) Fao (403) 2288623
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DATE February 3, 1967
COMPANT PEIDCT
ATTENTION: M, Steve MacLean, P.Eng,
FAX NO B02-368-5425
FROM: Phullip Lewkwood
TOTAL NUMSER 0OF PAGES: |
(including cor er sheet)
Crigaal to fellow? fey No

Dear Sir

Re: Changed Condition - Pier #3
Hilsborough River Bridge Improvement Project

With reference to our many dizcussions on this subject over the past several months, we would confirm that the
conditions encountered at Pier #3 are not a3 represented on the 0.J McCullogh drawings for this structure. We kave
found that the top of the caisson has sheetpile which ¢xtends well above those cut-off elevations which courd be
reasonably expected and that the top of the caisson has been covered with non-structural fill material which has then
been topped with sections of low strength concrets  Addmonally, the centerling of the caisson is not concentric with
the centerline of the pier shaft A video has been taken to recerd the condition of the caisson so that those “above
water” might better understand the extent of the problem and determine an appropriate solution The video s
avalable ab our site office ©of your review. Simuar to the changed conditions as were encountered at Pier #2. 8CI
views the costs of the addirional work necessary to prepare the casson for the installation of owr cofferdar to be
s:ca to our sontrat The Droject office walt be abls to provide you with full details of the sieps and antwipesed
cos's that vall be wncurred 9 “restore” the cusson 10 expected 2s-built coaditions

~ e Ly-

.

huthip Lockwood. P.Eng.

5 SC1 - Stave Pletch / Doaald MeGina
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@ Strait Crossing Inc. ¢

10 Horton Drive Charlotietown, PEl, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

FAX COVER SHEET
DATF: ~June 26,1997
COMPANY: PE! Department of Transportation and Public Works
ATTENTION: Mr. Steve MacLean, P.Eng
FAX NO.: 368-5425

FROM: Donald J. McGinn "&7\/\ -

1w 1al. NUMBER OF PAGES: 2
tincluding cover shecet)

Original to tollow” No

2¢ Tilshorough Raver Bridge Improvement Project — GEWI Pile Installation ~ Pier No.3

Dear Nie
a5y i aware, we commenced drilling operations at Pier No 3 on June 16. 1997.

To date w¢ have artempted drilling 23 lacations. Two of these locations have had to be abandoned because of
encountering significant steel within the caisson, which can not be drilled through Steel has been encountered 1n some
ather locations, but the drilling has managed to mill through

In general we are ¢encountering a sand/gravel layer between 17 to 24m from the drill deck. The sand is dense enough
1hat consolidation grouting is not suecessful - the grout does not penetrate the layer. There have been a couple of voids

neountered also. The extent of the sand/gravel zone is more regular and over a larger area than indicated in the
previous informauon provided. The amount of sand in the layer was wiexpected

We have asked Dr. JTohn Brown (Geotechnical Engineer) to review our results to date. Dr. Brown has confirmed the
sand/erave! layer should stiil be able to provide the lateral support required to the GEWI, in other words, the GEW]
pile concept 1s still vahd

inability to consolidate grout the sand/gravel layer results in the requirement to install GEW1 piles through a

ng and withdraw the casing while grouting iThis has led to the difficulry that the drill rig is not capable of drillinga’

-arge enouphhole for the specified No:20 bar torbe installed within the casing.”

Alternative drilling equipment is not a viable option. It would require a completely different platform design. In
addition. it wou!d probably not be capable of working in the tight confines around the pier. The selection of a larger
drill operation would be difficult with present hoisting capabilities. The time to mohilize new equipment and become
famihiar with it 1s also significant.

W have rev.zwed the problem and have found that ghighgrade No.18'bar can provide the required pile capacity and/
¢ 1n be instatled within the casing of the present drill svsier. These bars have been ordered and are scheduled to amve
ats® - dav. June 27. Alanger bond length in ihe sandstone bedroch. [0m instead of the 6m indicated on drawingg.
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will be provided to keep the bond stress within acceptable limits; We will review if the No.20 bars already on site may
be incorporated into the truss stengthening.

Installation of bars within the casing requires that the casing be removed after the pile is installed. while grouung, such
that the grout will fill the column around the bar. The drill rig is required to withdraw the casing. The inability to do the
two operations (drill and grout) at same time, lengthens thz overall time required to install the GEWT piles
Comumencing Friday, we will have the piling work proceeding continuously (night. day, weekend. holiday) unul
completion Providing no problems arise, piling may be completed by July 7'° (late date required for Forming Sub-
Contractor to complete pier by August 8 for Steel Girder Erection) and no effect 10 the overall Project Schedule will be
incurred

We will continue to keep you informed of our progress as it occurs

Kind Regards,

Strait Crossing lac.

2 .

Donald McGinn. P.Eng
Project Manager

cc P. Lockwood
S PMetch
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10 Horton Drive Charlottetown, PEI, C1A 7K7
Phone: (902) 569-1566 Fax: (902) 569-1820

TRANSMITTAL SHEET

COMPANY: _PEIDOT DATE: December 9. 1997

REF: Change Order- P2 and P3
ATT: Mr. Steve MacLean

We are submitting (under separate cover), the following documents which are:

( ) Approved (x) For your approval ( ) Revised

( ) Approved as noted ( ) For your records ( ) Asbuilt

( ) Not Approved ( ) Preliminary (x) For your use

Number of Title or Description
Copies
1 Cover Fax [GEWI Pile Claim
&
Binder
Delivered by hand

PER: P. Lockwood

cc: D. McGinn



Strait Crossing Inc.
7th Floor, 1177 - 11th Avenue S.W. Calgary, Alberta, T2R 1K9
Phone: (403) 244-9090 Fax: (403) 228-8643

FAX TRANSMITAL SHEET
DATE: December 4, 1997
COMPANY: PEIDOT
ATTENTION: Mr. Steve MacLean, P.Eng.
FAX NO: 902-368-5425
FROM: Mr. Phillip Lockwood

TOTAL NUMBER OF PAGES: 4 + Attachments
(Including cover sheet)

Original to follow? Yes No

Dear Sir:

Re:  Change Order- Piers #2 and #3
Hillsborough River Bridge Improvement Project

We reference our earlier communications concerning the problems encountered by SCI during the
installation of the Gewi piles at Piers #2 and #3.

By way of brief recap, the condition and integrity of the existing caissons at Piers #2 and #3 has always
been in question. During the early stages of the development and prior to SCI entering into a contract
for the construction of the Hillsborough Bridge Project with the Province, it was mutually agreed
between the Parties that it made little economic sense to mobilize an independent drilling operation to
ascertain the condition of the interior of the caissons. SCI was confident in the overall proposed Gewi
pile foundation solution for the piers, however, there were unknowns in the number of Gewi piles that
would be ultimately required and the drilling/installation conditions that would be encountered. It would
have taken the discovery of a very serious problem however, before the Gewi design solution itself was
abandoned. The discovery of problems (as a result of the pre-contract independent drilling program)
which would make the installation of the Gewi piles more difficult would only serve to raise the cost of
the project as at Financial Closing.

This message is intendea for the use of the Addressee only. If you have received this

communication in error, please notify Rhonda Daniels immediately
by telephone at (403) 244-9090. Thank you.
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It was believed by each of DOT and SCI that a more cost effective way (as opposed to conducting the
pre-contract drilling program) of dealing with the “unknowns™ at Pier #2 and #3 was to note the potential
of the “unknown” in the contract document and to deal with any problem as it arose. To accommodate
this arrangement and intent, a section of the Sale of Bridge Agreement was developed, addressing the
notion of “Pre-Existing Conditions”.

It is important to point out that in choosing to not perform the investigative drilling program at the pre-
contract stage, SCI/DOT were not “shooting in the dark” as to the probable success of the Gewi pile
foundation solution. A series of “As-Built” drawings were available to the project which had been
prepared by O.J. McCulloch during the original construction of the bridge foundation. These drawings
reported that the caisson foundation for Pier #2 was constructed of a pressure grouted concrete (concrete
formed by pressure grouting previously placed aggregate) while Pier #3 was of a poor quality tremie
concrete. From the data available, the design of the Gewi pile foundation solution was viable and the
correct solution from both an engineering and economic standpoint.

The installation of the Gewi piles at Pier #2 did not proceed exactly as planned. During the drilling of
the pile shafts, SCI experienced large inflows of water at a number (most) of the shaft locations. To
ensure that the water infiltration did not adversely impact the quality of the grout around the Gewi pile, a
two stage grouting process was undertaken. The installation of the Gewi pile now required the drilling
of the shaft, full length grouting of the shaft (to seal the water seams around the pile shaft), re-drilling of
the shaft, installation of the Gewi pile rod and finally, the re-grouting of the Gewi pile itself. Through
adopting this procedure, the amount of drilling required at the caisson effectively doubled. In addition to
these problems, the Gewi crews encountered several pieces of embedded steel during their drilling
operations, requiring the abandonment of two pile locations.

The installation of the Gewi piles at Pier #3 encountered even more severe difficulties. As mentioned
earlier, the McCulloch “As-Built” drawings reported that the Pier #3 caisson was constructed of a “poor
quality tremie concrete”. SCI fairly considered that the words “poor quality” implied “low strength”.
For the purposes of the installation of the Gewi piles, “low strength” was not a terribly significant issue.
However, once drilling was commenced at the pier, it became evident that as opposed to the tremie
being of “low strength”, there was virtually no cement matrix in large zones of the caisson. Certainly, it
was not reasonable to call this material “concrete” as had been reported on the “As-Built” drawings.

The direct impact of this lack of a cement matrix in the Pier #3 caisson was that the drilled shaft would
not “stay open”, that is, the upper regions of a drilled hole would break away and slough down onto the
top of the drill bit, tending to bind and trap the bit. Through this material falling into the hole and on top
of the drilling bit, the drill would become wedged into the hole and thereafter require great effort (and
some luck) to break it free and allow the bit to be extracted from the hole. When these conditions were
encountered, it would be necessary to grout the hole in an effort to secure the spalling areas of the shaft
and then to commence the re-drilling operation.

After repeated attempts, it became clear that the material contained within the Pier #3 caisson could not
be effectively grouted. It was concluded that as a result of a high sand content, the grout was not able to
penetrate into the surrounding body of the “concrete”caisson.

For a number of the early piles attempted at Pier #3, the Gewi pile installation crews would painstakingly
go through a drilling, grouting, re-drilling, re-grouting re-drilling, re-grouting, re-drilling process in an
attempt to complete a single hole. Ultimately, not a single “free-standing” hole could be completed at
Pier #3.



Page -3 -

Despite all best efforts, the Gewi pile shafts required at Pier #3 could not be achieved using the
drill/grout process. It became evident that the piles could only be installed by casing the hole, a process
wherein a heavy walled pipe sleeve is used during the drilling process, thereby preventing the sand
material from raveling and falling into the partially drilled hole. The installation of a shaft casing
requires considerable machine power as compared to the power required for a straight drilling operation.
Due to space limitations, the structural capacity of the drill work platform and the limited lifting capacity
available from either the water or bridge, a larger drill rig as would be needed to install the size of
casing compatible with the #20 Gewi rods could not be readily mobilized. The decision was made to
attempt the installation of the casing using the current Gewi pile drilling equipment. As the machine did
not have the power necessary to install the large diameter casing as needed for the #20 Gewi rods, a
smaller diameter (#18) Gewi rod had to be purchased.

The decision to use the #18 Gewi piles in lieu of the earlier detailed #20 Gewi piles could not be decided
by SCI alone. It was necessary for both CBCL (the structural engineer) and JWA (geotechnical
engineer) to review the suggested design modifications and to provide concurrence. It was necessary for
each of the designers to perform a through re-evaluation of the caisson foundation design, based upon the
latest results of rock strengths and structure performance.

The installation of #18 Gewi piles at Pier #3 was completed to the satisfaction of the Engineers utilizing
the casing technique. The installation and removal of the casings was also however, not without its
problems. On a number of occasions, the loose sand of the caisson would flow down the outside of the
casing and firmly wedge the casing in place. By the time the work had been completed, a total of five
strings of casing had to be abandoned.

The final installation of the Gewi piles at Pier #3 has been reviewed by each of the structural and
geotechnical design engineers. They are satisfied that sufficient additional foundation capacity has been
provided at the pier in accordance with their design requirements.

As a direct result of the delays which occurred to the Project Schedule due to the extra work required at
Pier #3, the erection of the structural steel bath-tub girders had to be delayed. This resulted in extra
costs being incurred by Cherubini and Cherubini’s erector, Marid. To minimize the delay to the erection
program and the cost being incurred as a result of that delay, SCI ordered certain elements of the pier
formwork contractor’s work to be accelerated (Lancor).

Clearly, the conditions at Piers #2 and #3 were not as contemplated at the time of Financial Closing for
the Project. SCI has incurred considerable additional expense in achieving the installation of the Gewi
piles, and as provided by the terms of the contract, we are to be compensated for same.

Our additional costs are summarized on the following page. Supporting documents showing the
derivation of the various daily rates used in the calculations are provided as an attachment to this
document, as are copies of the various invoices for contractor delay and additional engineering costs.
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A summary of the additional costs are as follows:

Pier #2
1) Cost of Drilling Gewi Shafts
(22 Days — 2 Day Test — 2 Day Core - 2 Day Learning) @ $9,078 / Day $145,248
Less: Drilling Cost from Work Breakdown Structure 73,943
Total Additional Cost of Drilling at Pier #2 $71,305
Pier #3
1) Cost of Drilling Gewi Shafts
(48 Days — 1 Day Test - 1 Day Core - 1 Day No Work) @ $9,078 / Day $408,510
Less: Drilling Cost from Work Breakdown Structure 117,912
Total Additional Cost of Drilling at Pier #3 $290,598
2) Cost of Additional Materials and Supplies
Gewi Bars #18 347,072
Casing Lost in Hole 17,775 |
Total Additional Cost of Material at Pier #3 $64,847
3) Cost of Schedule Acceleration and Delay
Cherubini $71,610
Lancor 6,431
Total Additional Cost of Schedule Implications at Pier #3 $78,041
4) Cost of Additional Engineering
CBCL $10,063
JWA 6,140
Total Additional Cost of Engineering at Pier #3 $16,203
SUBTOTAL OF DIRECT ADDITIONAL COST FOR GEWI PILE INSTALLATION $520,994
Mark-up for Overhead and Profit @ 15% 78.149
TOTAL ADDITIONAL COST OF GEWI PILES AT PIERS $599,143

Please provide confirmation of your agreement with the above such that we can prepare the necessary
Chi Order for your execution.

hillip Lockwood, P.Eng.

c: SCI ~ Donald McGinn
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7th Floor, 1177 11th Avenue S.W. Calgary, Alberta, T2R 1K9
Phone: (403) 244 9090 Fax: (403) 228-8643
E-mail: capital@cpgi.com

MI
DATE: May 20, 1998
COMPANY: PEIDOT
ATTENTION: Mr. Steve MacLean, P.Eng
FAX NO: 902-368-6244
FROM: Phillip Lockwood

TOTAL NUMBER OF PAGES: 8
(Including cover sheet)

Original to follow? Yes No

Dear Sir:

Re:  Submission for Equitable Adjustment
Installation of Gewi Piles at Piers #2 and #3
Hillsborough River Bridge Improvement Project

Please find attached the following:

1) Letter from DSI establishing their interpretation of what “poor quality tremie concrete™ implied.

2) Extract from Sowers & Sowers defining the range of aggregates for which cement grout would be
considered effective. This range of aggregate clearly lies within the boundaries of a concrete mix design
as would be anticipated for a “mass concrete” .

I would appreciate your further review of the Gewi Pile installation issue. As has been presented to you earlier, we
feel very strongly that the drilling conditions encountered at the Project could not have been reasonably anticipated
from the descriptions provided on the McCullogh drawings. Based upon the drilling conditions which were
reasonably anticipated, the drilling methods proposed by DSI for the work were correct and should have been
effective.

This message is intended for the use of the Addressee only. If you have received this
communication in error, please notify Dell Tiedemann immediately
by tele hone at (403) 244-9090. Thank you.
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As discussed with you, representatives of both DSI and SCI will travel to Charlottetown to meet with you at 9:00 AM
on May 22™. We appreciate you breaking away from your new responsibilities and taking the time to meet with us.
We look forward to resolving this issue with you on Friday.

Phyllip Lockwood, P.Eng.

Xc! SCI - Donald McGinn / Steve Pletch
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Ph: (504)888.8818
Fax (804) 888-5008

Ta: Strait Crossing Group Inc, : Gary Kast
tin:  Phillip Lockwood, P.Eng. " May ,1se8

Faxe 403-228-8643
rough  er Bridge - Gewi-Pile Ing “on

Sir:

Wemsdﬂwaiﬁugfurmmdtbamafywwmfotﬁspmjcawhicbweundersmdymvdﬂ release
until the escalationof ~ budg  cast estimate has been explained. '

We based our proposal w SCI on drawings prepared by 0.J. McCullogh, drawings judicate thar  would be
hsmllhgcm-pﬂwthxmghpoorquaﬁqmiccm,inmthemdeﬂyhg bedrock.

In my 30 ofetpeﬁmhﬂ:cdnﬁnghﬁm,myhrmpmaﬁmof‘powthy’uaniecmmisa
moflmmmdmm%mymomalmwpodmdmshdm Based on
thi3 information, sﬂendheappropﬁamdﬁlﬁngandhmﬂzﬁonmﬁndmdrdmﬁmipmﬁrmepﬁdngafm
Gewi-pile installation which we subrmitted to you in vazicus .

Onneomindzcﬁa!d,wefmmdﬂmdrillingoondiﬁmswbeﬂabsmﬁally Y fram those we had anticipated.
&ﬂﬁmmmwabhwmpmcwédsmamdmmmummmmmamkm
structure. The presence of aggregate in tremis concrete may slow down the drilling operation but not
mthcmm&mﬂ:ehnlecarmtbedﬁﬂedbymopenpemmsiondriuhumﬂnd

From our drillmg records this project, it is evident that the drilling time for a in 8 typical tremic concrete
farmation, was drilled from the platform lovel the heavily reinforced pier cap to the top of the ar an
average time of 2-1/2 hours. Drilling of the 8 socket m the sandstone, took less than 40 minutes.
dﬂumgmswmachievedmlyinPier#thmdﬁm:gmndiﬁmsmwﬁdaablybett:rﬂ:thier#B.dfspiIe
cncountering loose aggregate.  Only 3 out of 16 holes in Pier had t be cascd, consolidation groutsd and redrilled
several times, requiring very large quantities of grout (up 1o 82 of cement per hole),  Throughout the praject, all the
holessvae&iﬂduhsm,mmmﬁdaﬁmgmzedwwﬂ:eirmnmmmeda@h The situation was
paniculadybadonpier#Swhmwcmrtndthcdﬁthupemﬁouwi:hmeme and equipmoant as in Pier §2.
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At Pier #3, the initial drilting throngh the reinforeed pier cap (4 layers of rebax), inmo the tremie concrote, progressed very
well, until a massive zone of aggregate was . A pradiction of up to 7 holes per day was achisved for the first
10 merers of the boreholes, when the fine aggregare stopped  y further penerrarion with the bole drilling

Consexuently, the entive drilling ‘an bad w be changed over w a technically nmch more demanding cased rotary
percussion Addirional equipment and comsumables had to  mobdlized, In the first phase of cagmg drillmg, we
advanced the casmg approx. 1.3 into the bedrock. pressure groured *  depth of the pier f T by
borehols to borsbole and was as high as 44 bags of cament and 27 bags of sand por hols, in the first phase of

consolidanon grouting.

Anticipating that the " ‘on grout would penetratc tha sandv gravelly zoncs sufficiently to restore temie concrrene
conditions, we attempted to redrill by the open hole method, but were . Obviously, the fige sands m the loase
aggregate. provented any effective grout penetration |

[n general, the aggregate m the pier was found in varicusla . *  in thickness from a few centrmetors o

several meters, with imterbedded concrete lenses, m:hgdnsmdphmcfmdnlﬁng,ﬂ:ebwuhdomgmny
advanced to its final depth, and ths casing was withdmawn afier grouting. .

Unfornmately, az several hd:s,nlhcansidtofﬁwﬂa,dmasmglodcedhdmingﬁevﬁﬂmmwm could
nat be recovered, even when pulling az a of 100 tons, . in total, we lost 98 meters of casing. Much of the
casznghadr.obcbmughti.nbyhotsbotdeﬁvaﬁmnﬂwUSAshcewewcremprepamdmdmlwidnthm .

Since we were ab towiththxwtheﬁﬂllmgd:ofea:hsu'ingofmingduﬁngpbaseldziﬂingalPierB.momcl that

ﬁmmmobmzedbymcd:angeofﬁdﬂwamlsvehbumupbehmdmemsingmd the casing to wedge m.
Despne working cur powerful drillng  ° o the bimit, using tarque, percussion and pulling action all at the samc
tme, we were unable to break the casing loose. Equipmint breakdown and hagh repair costs were the resuk of our
fruitess artempt to retrieve the casing.
lmmhammmsmammmmmwmmmmﬁ&ﬂugﬁo@mmﬁw
conerete. In our expenence, the first phase of © 7 grouting should have been sufficiently effective in smhilizing
the loosc aggregates allowing us to drill 1o the required depths a problem. Enstead, many of the hales on Pier 43
required 2 or more drillmg  grouting operations to achieve the required results.
We appreciate your effbris in arranging a " wath PEIDOT which gives us an opportunity to explain and resolve the
You. Iy

Kast
General Manages

TOTAL P.B2

*% TOTAL PRGE.BB3 xx
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To: scmaclean@gov.pe.ca

From: Bert Farago <bfarago@aracnet.net>

Subject: Hillsborough Bridge-Site visit June 16, 1998
Cc:

Bcc:

X-Attachments:

Following our joint inspection of both boxes and the underside of the
?eﬁgve decided to summarize my observations as follows:

No attempt was made to map all the cracks, because it would have been
iengthy exercise and in any case it is part of SCI'S tasks to prepare
iﬁd issue as part of their non-conformance report.

A. Underside of deck inside both boxes.
The structure consists of 6m long precast panels with
cast-in-place
transverse infill joints.
It is evident that there are many discontinuities along the
precast /infill interfaces.
These include:
Transverse joints between precast panels.
Around the perimeter of blockouts at most
deck-drains.
Along the haunches over the top flanges where
a cut-out
for shear connectors was imperfectly
filled.This is
more pronounced along the lower side ( i.e.

along
the curb-face catching the water.)
A few of the grouted bolt holes leak water.
In the downstream box, northspan the junction
box of
the electrical system is dripping water.
B. Steel boxes of weathering steel.
Boxes are generally clean with construction debris removed.
At every leak there is discolouration and evidence of
continuing

corrosion.

At the abutment, particularly on the north side, water was
standing up

to 1/4" deep near the end diaphragm.

There is some dampness at the open gaps ( top and bottom ) of
web

Printed for Bert Farago <bfarago@aracnet.net> 1 j
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splice plates, but this area can dry out quickly.

C. Underside of the deck between the two boxes.
The deck here is cast-in -place high-performance concrete,cast

from the precast decks on either side, followed by the casting

seperate
of an
approx.
a.)
mm
b.)
the high
is a
to
at the
c.)
full
close
piers
CONCLUSIONS.

1,000 mm.wide in- fill panel
Infill panels.
There are shrinkage cracks at regular 1200 mm to 1500

interwalls along the full length. this can be expected
due to restrained shrinkage.

Longitudinal joints between decks and infill concrete.
The low-side ( precast-side ) is generallygood, but

side (adjacent to the cast-in-place concrete ) there

continuous crack at almost full length.
It is my personal opinion, that the wet concrete tends

flow towards the low point, causing a line of weakness
high end.

Cast in -place high performance concrete.
There are numerous near transverse cracks along the

width of the deck. The spacing of cracks is fairly
south of the south pier,it is much fewer between the

and increasing again north of the north pier.

SCI's quality assurance programm, I believe, requires that the
presence of a large number of cracks, wider than 0.15mm shall be
reported to Head Office.

I am convinced that all through cracks fall into this category.
I would like to see comments from CBCL and SCI ( Tadros ) how the

presence

of these cracks affect the structural performance as well as the
future durability of the deck.

Certainly the low permeability of the high-performance concrete was
partly lost through the cracks.

Sealing of the cracks by gravity feeding was not successful.

Printed for Bert Farago <bfarago@aracnet.net> 2
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I wonder wheather the waterproofing ( scheduled to start on Monday,
June 22nd)

should not be delayed until the crack issue is fully resolved. The
significantly differing stiffnesses of the adjacent structures puts
greater strain on the performance of the infill strip.

There is loose rust and at some places dampness in the loose rust, at
most leakage points. Following completion of the waterproofing, I
recommend that all

loose flaky and powdery rust be removed by effective brushing and
vacuming to leave the steel surface clean and uniform. This is
essential for the future monitoring of the performance of the deck.

|Printed for Bert Farago <bfaragofaracnet.net> 3
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@ Strait Crossing Inc. ¢ | DIsT s on

10 Horton Drive Charlottetown, PEI, C1A 7G3 o T
Phone: (902) 569-1566 Fax: (902) 569-1820 L T

: , ' N
DATE: April 22, 1998 S -ﬁ? '.
COMPANY: Department of Transportation & Public Works - S:'Pilw
ATTENTION: Steve MacLean, P.Eng. f19a.% ?‘:')'_Qi'-“'

el { ]
FAX NO.: 368-6244 R0 - ]
FROM: Donald McGinn
TOTAL NUMBER OF PAGES:
(including cover sheet)
Original to follow? Yes No 4

Re: Hillsborough Bridge Project- Surface Finish.
Dear Sir;

With regard to your inquiry of cracking of the recently poured concrete deck over top of the existing truss
structure I can report the following:

1. The deck has been poured using silica fume concrete. The concrete is giving 60-65MPa strength,
which far exceeds the 40MPa specified.

2. High performance silica fume concrete has a much lower permeability than normal concrete and also
a higher electrical resistivity which makes it excellent for chloride resistance. Due to the phasing of
the work, a membrane water proofing will be used nonetheless.

3. This concrete has a very low water/cement ratio, making curing critical. The curing used has been
achieved by the application of a monomolecular curing compound within minutes of screeding and
tarping of the deck at the end of the day (once the pour is completed and the concrete has set enough
to support the tarps).

Water cure has not been considered desirable because of the cool evening weather. Typical
convention would consider that when the ambient temperature is less than 10°C curing is not required
because the rate of surface evaporation is minimal.

4. Cracking of the concrete deck is minimal.

. 5. "Tears" within the concrete surface have been noted. Tearing of the concrete from station 180 to
station 210 of the Stratford end (pour #1) and from station 40 to station 60 of the Charlottetown end

(pour #2).

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You




The tears in the concrete consist of an opening of the surface of the concrete while it is still plastic.
The openings are generally 0.75mm to 2.0mm wide and extend 400-600mm in a transverse direction.
There is approximately 50 tears in pour #1 and 8 tears in pour #2 (each pour was 493m?® deck).

{ 6. We have experienced similar tears in the concrete while constructing the Confederation Bridge. The

openings have been found to extend to the top layer of reinforcement only. They are closely related to
curing practice.

7. The tears are being gravity filled with Sikadur 52 epoxy in accordance with work procedure WP-A03
Concrete Repairs, which was developed during construction of the Confederation Bridge.

We have reviewed our procedures to see if we can further limit the extent of tearing encountered. We
have considered the following;

1. The flow of wind may be responsible, in part. Nothing practical can be done to break the wind.
2. The deck will be covered at an earlier age.

3. The concrete placement temperature will be reduced from 18°C to 15°C.

We trust the above addresses your inquiry sufficiently. Please call if you require further details.

Yours truly,
Strait Crossing Inc.

\ .

Donald McGinn, M.Sc., P.Eng,
Project Manager

: SN .
e . Calce

This message is intended for the use of the Addressee only.
Ifyou have received this communication in error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You
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Chapter1  Inspection of Box Girders and Bearings

A visual inspection of the box girders was carried out by G. Strolz of
CBCL Limited on 07 November 1997, in the company of Mr. McGinn,
P.Eng., Project Manager and Mr. S. Pletch, both of Strait Crossing Inc.

The method of inspection was visual only and was carried out by walking
through the interior of both boxes to view the ficld connections, rain water
down pipes, underside of precast concret¢ deck and cast-in-place concrete
closure strips. Exterior inspection of the boxes and the bearings was
carried ont from the cxisting truss structure.

The upstream side and the downstream side of the boxes could only be
viewcd from the approach causeways at each of the abutments.

1.1 Observations - Satisfactory

¢ All bolting of field splices is complete and appears to be satisfactory,
no bolts missing.

« Downpipes of deck drains all installed and satisfactory.

o Underside of precast concrete deck panels are all satisfactory and only
a few shrinkage cracks were observed.

Cast-in-place closure strips all appear satisfactory and only minimal

shrinkage cracking was noticed.

Pier and abutment bearings appears to be satisfactory with the

exceptions noted in “Observations - Action Required”.

e Exterior surfaces are generally satisfactory with the exceptions noted
in “Observations - Action Required”.

e Patch of mill scale, approximately 250 mm square was noted on the
exterior web of the upstream side box, located between the 9” and 10°
field splice from the north abutment.

1.2 Observations - Action Required
e Clean floor of boxes at locations of ficld splices where debris has
accumulated.

e Clean out small drain holes adjacent to the abutment and pier
diaphragms for egress of water.

e Remove concrete splatter from the longitudinal floor and web
stiffeners.

¢ Some greasy footprints were observed on the inside web of the
upstream side box. Grease is to be removed from the surface of the
web plate. '

CBCL Limited Consulting Engineers Inspection of Box Girders and Bearings 1
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The rotational alignment of the bearings at the north abutment of the
upstream side box are to be checked by SCI and reviewed with the
bearing manufacturer.

Minor rust spots have appeared local to the bearings at the field welds
of the upstream side box at the south sbutment. Clcan surface and re-
1 coat.

o Y2 @
A
L (P,
= 1 ___Jé—
s T
[ ] [ ]

e The guide bar of the guided bearing on the upstream side box on Pier
#2 is twisted within the guide slot. SCI to review the condition with
the manufacturer of the bearings.

¢ The longitudinal alignment of the multi-directional bearing at Pier #2
of the downstream side box needs to be checked. Apparent cxcessive
overhang of the top plate relative to the sliding sutface.

+ Remove a piece of iemporary ercction bracing cut for installation of
the rain water down pipe at the south end of the upstream side box.

CBCL Limited Consulting Engineers Inspection of Box Girders and Bearings 2
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Chapter2 Concrete Inspections

A visual inspection of complcted work and work in progress was carried
out by G. Strolz of CBCL Limited on 17 November 1997, in the company
of Mr. D. McGinn, P.Eng., Project Manager and Mr. S. Pletch, both of
Strait Crossing Inc.

The following observations were made:

e The concrete work on the piers is complete and appears to be
satisfactory. Minor shrinkage cracking was observed but the cracks
are inconsequential. No cracking was observed at the flared concrete
section supporting the box girders.

e Abutment concrete work is complete (with the exception of the Phase
I work) and appears to be satisfactory. The finished appearance of the
concrete is very good.

e The deck slab, sidewalk and parapet concrete work on the upstream
side box is complete. With the exception of some minor blemishes the
surface finishes are acceptable. However, the vertical joints in the
parapet are to be sawed through to provide a clcar gap at each joint.

e On the downstream side box the concrete deck slabs, the cast-in-place
infill sections and the sidewalk are complete and the work appears to
be satisfactory. The parapet has yet to be completed.

e Work on the Reinforced Earth Wall System is complete at both
abutments. Small differential panel movement was observed, but this
is consistent with the systcm as it takes up the load due to earth
pressure. The surface smoothness of the individual panels is good with
the exception of some cracked corners, but the colouring of the panels
is botchy.

e 2" x 4” timber blocking between cast-in-place concrete abutments and
the reinforced earth wall panels are to be removed.

CBCL. Limited Consulting Engineers Concrete Inspections 3
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Chapter 3  Inspection of Truss Strengthening

A visual inspection of the work in progzess of truss strengthening was
carried out by G. Strolz of CBCL Limited on 07 November 1997, in the
company of Mr. D. McGinn, P.Eng., Project Manager for SCIL.

Work on reinforcing truss members is in progress and appears to be
generally satisfactory. A final visual inspection by CBCL Limited will be
carried out upon completion of the work.

The foliowing conditions requiring action were noted, namely:

e Welding of Dywidag anchor asscmblies to the bottom chord members
of the truss is not in accordance with the shop drawings. The existing
tack welds (spacer bar to anchor assembly) will require modification.
Refer to facsimile transmittal of 17 November 1997, copy attached.

e At a number of locations the new reinforcing plates on the diagonals
do not extend sufficiently into the gusset plate joints. Plates are to
extend 200 mm into the joint as agreed on site, 11 September 1997,
copy attached.

o The coverplate with saddle (refer to detail 5/25 on drawing 25 and
shop drawing HS4) as installed is of insufficient size to cover the
slotted hole at the bottom of the vertical truss members. Additional
plating will be required.

e Canlking between the existing perforated platcs on the diagonals and
the new reinforcing plates is to be examined at all such locations to
ensure a complete seal.

CBCL Limited Consulting Engineers Inspection of Truss Strengthening 4
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‘Strait Crossin. Inc.

10 Horton Drive Charlottetown, PEl, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

DATE: July 30, 1998
COMPANY: DepartmentofT - [

ATTENTIQN: Steve MacLean, P.Eng

FAX NO..  368-6244
FROM: Steve Pletch
TOTAL NUMBER OF PAGES: i1 '

(including cover sheet)

Original to follow? Yes No v

Re; Hillsborough Bridgé i‘-’roject—lnspectxon Report
Steve,

Please find attached the bridge inspection report We are using this report to 1dentify all outstanding
iterns required to reach total project completion Should you have any comments concerning this report
please direct them to the undersigned immediately.

Could you also please provide a letter of confirmation of concurrence that substantial completion has been
achieved.

Kind regards, O
A = borde -Bar Lalbe | 20 oo in file.
ls’tx:‘]{eec]t)lét:c:;dmator @~ &&ﬁ&aﬂ“ M IR
5. barrigS1- Pownie
cc: D. McGinn- SCL cadeg, | - sisladen

G. Strolz- CBCL =

Loc ) Pu‘)’ in PR
P Lodood COY Stetl dotives EHS. / M.y e, 7)
& r srpfle W -

V —:'77-11'.9 r;éa;z;ge 1s intended for the use of the A&é}émee-o;;lj;. -
If you have received this communication in error, please notify immediately by
telephone at (902) 569-1566. Thank You
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Hillsborough Bridge Improvement Project

Bridge Inspection Report

Strait Crossing Inc.

July 16, 1998

SCI BRIDGE INSPECTION REPORT
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1. Introduction

An inspection of the Hillsborough Bridge was undertaken on July
12, 1998 with representatives of Strait Crossing Inc (Contractor)
and CBCL (Engineer) on hand. The purpose of the inspection was
to identify deficiencies (work still to be done, work done
incorrectly, additional work required) in order to reach total
completion of work.

Additionally, the DOT & PW project representative and an
external, independent, review engineer contracted by DOT & PW
were in attendance to discuss deficiencies and the work in general,

Attendance;

Gerry Strolz - CBCL

Don McGinn - SC1

Steve Pletch - SC1

Steve MacLean- DOT & PW

Bert Ferago - Ferago Consultants

SCI BRIDGE INSPECTION REPORT
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2. Marine Piers

An inspecticn of the piers was performed via boat. Ihe tollowing
was noled.

Y

p

I

Y

Norh face of Pier No. 2 has three cracks af water level

which are wide eacugh 1o be mjected with epoxy resin. The
cracks originated from the shrinkage of the new pier around
the old.

Other shrinkage cracks were observed or both piers but
were considered of no consequence.

Previously injected cracks lookad good.

Stressing pockets looked tight.

A few rust spots associated with form ties have come
through. Although not of structural concern they should be
chipped back and repaired.

in general the piers look tine.

Final settiement of piers is 1o be recorded. (survey)

Re-caulk holes in sides of pier. {These holes are to be
recorded on as-built drawings)

Corbel tie beams to be painted.

10 Sorne of the vertical post-tensioning pockets need their

perimeter sealed with epoxy.

SCi1

BRIDGE INSPECTION REPORT
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3. Abuunount

Jmprovements 1o be done.

CSCEILLS

S Hnspletion OF the abutmant or:a yiclded the roliowine

| Ropcve Blech ta0 staje frois s nortinn ol ST abutmer
2 R pati inderoy ) {eomrile ished vt s old
(existing jaburnini st iaie
3 Remove nalis flom aouiment fotrgse
| Landseape wien < , water drate ~ 10y aTem fes Lo iy

seats 8 d pick up debnsy

S Hemoue st iencee

® Pogie: of) aceosy 1o bridae

7 Rete legs of old MECT tower

S \ ach discoloration of side of ahulmint
5 Tidy tieshole patching in new sbutment

10 Clean wil ali benting seals

Chip ¢ ncrete dround footings of North abuument.

pow undsiout incone

e ay seal of WE beariug of the triss.

Qi

BRIDGE INSPECTION REPORY

@oot



0.7/3]/.8 FRT 08:15 FFAX 902 569 1820 SCT HULS @ool

Cieres ale Ut tyoes OF teiining stiviere . Both appeac e be

working conectiy, Soittements bave be-r noted whicl in

sccordspee woil the design
The follow na work remntins 19 be ¢ mpieted ancthe retal ang vty
i LD W el
Vo Clan wiont ol f4e.
Fesove discolozation e o ponels

Ruevar rroken @) ooy

4 Construct cowe e oy boong -
) et el ai o ethveal’,
to by AN s T T piad: o
Rammne moard s0oh betiveed RO w ! god by T,
Bl taposml alive BRECD vl and soedg
YoRcran s boud, Bebind sbui et Cross bea v fromt

R wall ),

3 Macoafeng Wl

Cisors gras s orowing o defioient sivas

[)J(:;]l ;‘l >

TH s Bameatal s CEe s eems e ST s e 5 . o o gt ek e 0 w0 o em
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Am Aon Reed Stenhouse Inc.

Insurance Brokers
Risk Consultants

To Whom It May Concern:

This letter will confirm that CBCL Limited, Consulting Engineers presently carry
the following Liability coverages for the term December 31, 1997 to 1998:

Commercial General Liability Policy No. 60313598/A
Royal Insurance Company of Canada
Limit - $1,000,000.00 inclusive

Umbrella Liability Policy No. 6072774/A
Royal Insurance Company of Canada
Limit - $4,000,000.00 excess of $1,000,000.00 Primary

Professional Liability Policy No. L61100, Certificate No. TEN30561 1
Issued by Encon Managers Inc. On behalf of
Insurers: The Royal Insurance Company of Canada
Continental Casualty Company
Non-Marine Underwriters at Lioyd's under
Contract No. ENC5-97

Limit $3,000,000.00 - per claim
$3,000,000.00 - aggregate

Policy includes Pollution Liability Endorsement for an annual Aggregate sublimit
of $2,000,000.00.

We trust the above will suffice for your file,

Yours sincerely,

A S

Colleen M. Sampson, F.l.I.C.
Vice President

CS/cds
w:Vlet\rep\cbelemp.doc

P. O. Box 1010 « Purdy’s Wharf Tower I, Suite 701
1959 Upper Warer Screec « Halifax, Nova Scotia B3J 3N2 « tel: (902) 429-7310 « fax: (902) 429-9087

A member of Aon Risk Services Companies, Ine.



ABUTMENT

BEARINGS

|
Jo U1 U2 u3 U4 us U6 u7 us U9
LO L1 L2 L3 L4 L5 L6 L7 L8 L9

Date: 9/22/1998 1:53 P.M.

TOP CHORD DIAGONALS
MEMBER C/ | FACTORED LOAD CAPACITY CAPACITY MEMBER IC/ FACTORED LOAD CAPACH
REFERENCE | T| FORCE (N) [MOM. (kN-m)| FACTOR CRITERION REFERENCE | T FORCE (N) [ MOM. (kKN—m) FACTOR
W -y c 4 N N 0.4 STABILTY Lo = Uy c 3858 40 0.99
U - Uy c 4444 353 0.93 - W =L T 2008 12 0.91
U — U c 8512 328 0.96 - L - U c 2180 12 0.88
TS c 6235 361 0.85 - T T 1273 9 0.43
[TRTY c| 3619 470 0.04 - L - Ug c 51 7 0.50
U — Uy T 3360 518 0.87 STRENGTH T 207 [} 013
Uy ~ Uy T 9621 842 0.99 STRENGTH (TR c 1093 6 0.60
Us - Us T 3488 514 0.92 STRENGTH L - Uy T 1847 1 0.60
Us — Uy c 2571 505 0.88 STABILITY [T c 2764 17 0.93
Uy - U c 4813 40 0.93 STABIUTY lg - U T 3480 18 0.87
W =L c 4405 85 0.98
Lo— Uy T 5100 58 0.99
BOTTOM CHORD Uy - Lya c 5918 100 0.97
MEMBER  |c/ | FACTORED LOAD CAPACTY | caPaciTY ba=Uis JC| 588 o 0.89
REFERENCE | T ['FORCE (kN) [MOM. (kN—m)[ FACTOR CRITERION Us = Lyg T 4833 54 0.88
Lo -Lg T 2588 - - - Lig= Uys [ 4148 70 0.97
lp = Lg T 5701 - - - Us - Ls T 379 13 1.00
L -Le T 6608 - - - Le— Ugz c 2520 19 0.92
le¢ - Lg T 5239 - - - Uy - Lys T 1567 (] 0.83
lg — Ly T 1827 38 - - Lis= Uy ¢ 838 0.83
c 1207 3 0.47 STABILTY
Lo~ Ly2 c 8110 204 0.98 -
2= L c 6218 205 0.99 - g - TENSION
Lie— Lie c 1852 33 0.59 -
T 502 5 = - MEMBER CAPACITY FACTOR = FACTORED LOADS /
Lig— Lg T 401 - - - MEMBER CAPACITIES ARE CALCULATED ON A REDUI
ALLOW FOR PRESENT LEVEL OF CORROSION AND E!
be-Llnw |T ] 535 - - = CORROSION LOSS OVER 30 YEARS

irawing rite: 94846JB3.DWG
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PIER BRIDGE
i SYMM.
u10 un Ui2 U113 Ui4 U15 U16 ut7z u18 u19
e 1
‘ £
L10 L1 L12 L13 L14 L15 L16 L17 L18 L19
VERTICALS
CAPACITY MEMBER C/ | FACTORED LOAD CAPACITY CAPACITY
CRITERION REFERENCE | T [ FoRCE (kN) [MOM. (kN—m)| FACTOR CRITERION
STABILITY L ~ Vg c 434 15 0.82 STABILITY
STRENGTH L~ U T 13 5 o STRENGTH
STABILITY L - U, c 654 1 0.73 STABIITY
STRENGTH Ls - Us T 18 3 0.07 STRENGTH
STABILITY Ly = U, c 060 3 0.67 STABILITY
STRENGTH Ls — Ug T 20 1 0.03 STRENGTH
STABILITY Ls ~ Us c 687 5 0.69 STABILITY .
STRENGTH L - Y T 2 3 0.09 STRENGTH Dlogram No. 1
STABIUTY le - Ug c 849 10 o7 STABILITY
STRENGTH Lo - Ug T 2 5 012 STRENG™ QI;‘-} Ed d Island
rince warg isian
STABILITY Lo- Uso c L) 1 0.73 STABILITY
pr— T - " . o STRENG™ Rezal';tngleint v?frkTransportatlon
STABILITY Liz- Up2 c 873 3 0.68 STABIITY Ch? ﬂomt‘:‘m :El orks
STABILITY Lis— Ugs T 22 015 STRENGTH - =
STRENGTH Lie— Uy ¢ 845 " 072 STABLITY Hillsborough Bridge
STABILITY Lis— Usg T 22 5 0.12 STRENGTH Development Inc.
STRENGTH Lig~ Ut c 637 12 0.72 STABIITY Chariottetown, P.E.l.
STABILITY Ly— Ugy T 25 5 012 STRENGTH Manoger: .
STRENGTH Lis— Uss c 644 8 0.68 STABILITY i?;ﬂt Mﬁ;&:ssmg Inc.
STABILITY Lig— Usp T 22 1 0.02 STRENGTH —
NNl W CBCL Limited
Consulting Engineers
Halifox, Nova Scotia

MATE MEMBER STRENGTH

SECTION SIZE TO

\TED FUTURE

HILLSBOROUGH RIVER BRIDGE
IMPROVEMENT

B0X TRUSS MEMBER FORCES

AS NOTED

S. STROLZ JUNE 1095
| Chocked Drawn Contract No
A PERRY W. MORROW | 84848
Approved Reviston Drowing No
F-“:,_ JAY ’ -
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. 3 Spectacle Lake Drive
-:ac:t!ll:S_ Whitford Dartmouth, Nova Scatia
OoNns
Emmm:gﬂ;g';‘m Canada B3B 1ws
Tel: 802 4688 7777

Company ' Attention Fax Number
SCI Don McGinn 902 S69 1820
cc. CBCL QGerry Strolz A2 423 3938
cc. JWA - George Zafiris 902 566 2004

If not well received please call (902) 488-0431, .
We are transmitting a total of 1 pages, Including this page.

FROM: John D. Brown DATE: 18 July 1997 OUR REF: 10271

RE:- Hillsborough River Bridge

I have reviewed the rock core and the pile load test sent to me in trecent days, both from Pier No. 3, and
have the following summary comments. '

Rock Core
Core was obtained from Holes 12 and 31. The rock is sandstone, generally very g;)od quality with good
recovery and high RQDs. In each hole there is a minor mudseam less than 3 inches thick. We are

performing unconfined compression tests for confirmation, but I am sure that the strengths will be very
acceptable in terms of our objectives.

Pile Load Test , Plle e 6.

The test was taken to 282 kips (1254kN) with near linear behaviour and about 0.5 inches (13 mm)
permanent set after unloading. This is similar to the tests on Pier No. 2. For the stated bond length of 6
m, the average bond stress at maximum load was 90 psi (ﬁBDkPa).- These are encouraging results,

Regards

#

PS. I will be in Newfoundland 21-22 July. If you wish to contact me, please try 709-228-2600.
jéb3mgo3.fax
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N 3 Spectacle Lake Drive
-gacmtaugshgmhlﬁord Dartmouth, Nova Scotia
ong N
Emviranmental Sclendists Canada B3B1W8
Tel: 902468 7777
Facsimile Transmissio Fax: 902 468 9009
ompan Attention Fax Number
CBCL Gerry Strolz

cc. JWA Charlottetown  Gearge Zafiris

if not well received please call (902) 468-0431.
We are transmitting a total of 2 pages, including this page.

FROM: John D. Brown DATE: 17 July 1997 OUR REF:_10271

RE:- Hillsborough Bridge, Pier No. 3
Further to our meeting on 14 June, this summarizes various points regarding the GEWI piles.

1. As per Don McGinn's letter, installation difficulties encountered by Pywidag will probably
result in not more than 24 GEWI piles being installed at this pier, and SCI have asked TWA
and CBCL to review the design implications.

2. The Gewi piles will be #18 bar @ grade 75 (75 ksi yield stress). Dywidag’s published design
values are as follows:

Yield stress, f, = 1335 kN
Maximum allowable bar load = 0.6 x £, = 801 kN |Is this a working stress or ULS
value? T suspect it is for working stress method of analysis.]

3. The drill used to drill the rock has a bit diameter of 105 mm, hence the hole diameter for the
socket design is 105 mm.

4, The geotechnical capacity of the socket for the #18 bar should be made cqual to the maximum
allowable bar load, to achieve the most efficient design.

S. The geotechnical capacity is governed by the bond capacity which can be developed between
the socket wall and the grout. This is calculated using an empirical equation which relates it to
the unconfined strength of the rock. Our earlier calculations assumed that the rock strength
was 15 MPa, and we computed an ultimate bond capacity of 770 kPa. On the basis of 10
unconfined tests on the rock from Pier No. 2, the average strength is 25 MPa, which could

.‘/f"'u ,\
! R%? ¢
"b—..,..ﬂ!
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permit us to make some increase in bond capacity. However, there may not be a need to
invoke this, as yon will see [rom the next items.

6. The factored socket capacity is given by
Q = bond capacity x resistance factor x hole circumference x length
Q=770x05x3.14x0.105xL
Q=127x1I. |
The Jength should be sclected so that the factored capacity equals the allowable bar load
L = 801/127 =63 m

The drilled length should exceed this by an allowance for weathered rock at the interface
(currently judged to be less than 0.5 m) and overdrilling to allow for some debris accumulation
in the bottom of the sockct (say 0.5 m). Thus the nominal drilled length should be 7.3 m.
Provided this length is achieved, the limit on the Gewi pile capacity is governed by yield of
the bar itself, and we can’t do anything about that.

v The tests performed at Pier No. 2 resulted in a maximum bond stress of 500 kPa, with no
evidence of failure. This is less than the ultimate capacity of 770 kPa given above, but more
than the factored bond resistance of 385 kPa. This gives some comfort. -

8. Pile deformation is usvally computed at the service load. Maybe this needs (o be discussed
further. Based on the tests at Pier No. 2, settlement of the pile caused by rock deformation
due to the service load can not be calculated very closely, but it seems that it will be fess than
about 13 mm. In addition, the pile will undergo elastic shortening for the length from the cap
to the rock. Treating it as a grout-encased steel bar with lateral support, carrying a scrvice
load of 600 kN, I have computed about 18 mm compression for a 25-m bar length. Thus
settlements under a service load of 600 kN would be in the region of 30 mm.

We need to discuss this further, but I think that this implies somc load transfer to the 30 inch
piles to maintain strain compatibility.

9. On a related matter, I have just finished examining the core taken from holes 12 and 31, Pier
No. 3, and | am pleased that the rock is a good sandstone with only a few mud seams less than
3 inches thick,

-,
P A
s
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If not well received please call (902) 463-0431.
We are transmitting a total of 2 pages, including this page.

FROM: John D. Brown DATE: 17 July 1987 OUR REF: 10271

RE:- Hillsborough Bridge, Pier No. 3
Further to our meeting on 14 June, this summarizes various points regarding the GEWI pilcs.

L. As per Don McGinn’s letter, installation difficultics encountered by Dywidag will probably
result in pot more than 24 GEWI piles being installed at this picr, and SCI have asked JWA
and CBCL to review the design implications.

2. The Gewi piles will be #18 bar @ grade 75 (75 kst yield stress). Dywidag’s published design
values are as follows:

Yield stress, f, = 1335 kN
Maximum allowable bar load = 0.6 x 1, = 801 kN |Is this a working stress or ULS
value? I suspect it is tor working stress method of analysis.]

3. The drill used to dzill the rock has a bit diameter of 105 mm, hence the hole diameter for the
socket design 13 105 mm.

4. The geotechnical capacity of the socket for the #18 bar should be made equal to the maximum
allowable bar load, to achieve the most cfficient design.

e The geotechnical capacity is governed by the bond capacity which can be developed between
the socket wall and the grout. This is calculated using an empirical equation which relates it to
the unconfined strength of the rock. Our earlicr calculations asswmed that the rock strength
was 15 MPa, and we computed an ultimate bond capacity of 770 kPa, On the basis of 10
unconfined tests on the vock from Pier MNo. 2, the average strength is 25 MPa, which could

-------

& .
§ Y
gy )i
2, 4
3 g
""m-kl‘“
o e



SENT BY: 7-17-97 ; 4:46PM ; J.W. DART.- 1 902 566 2004;:# 2/ 2

Gerry Strolz
Page 2

permit us to make some increase in bond capacity. However, there may not be a need to
invoke this, as you will see from the next items.

6. The factored socket capacity is given by
Q = bond capacity x resistance factor x hole circumference x length
Q=770x05x3.14x0.105 x L
Q=127x1,

The length should be selected so that the factored capacity equals the allowable har load
L =801/127 = 6.3 m

The drilled length should exceed this by an allowance for weathered rock at the interface
(currently judged to be less than 0.5 m) and overdrilling to allow for some debris accumulation
in the bottom of the socket (say 0.5 m). Thus the nominal drilled length should be 7.3 m.
Provided this length is achieved, the limit on the Gewi pile capacity is governed by yield of
the bar itself, and we can’t do anything about that.

i The tests performed at Pier No. 2 resulted in a maxjmum bond stress of 500 kPa, with no
evidence of failure. This is less than the ultimate capacity of 770 kPa given above, but more
than the factored bond resistance of 385 kPa, This gives some comfort.

8. Pile deformation is usually computed at the service load. Maybe this needs to be discussed
further. Based on the tests at Pier No. 2, settlement of the pile caused by rock deformation
due to the service load can not be calculated very closely, but it seems that it will be less than
about 13 mm. In addition, the pile will undergo elastic shortening for the length from the cap
to the rock. Treating it as a grout-encased stccl har with lateral support, carrying a service
load of 600 kN, 1 have computed about 18 mm compression for a 25-m bar length, Thus

- settlernents under a service load of 600 kN would be in the region of 30 mm.

We need to discuss this farther, but T think that this implics some load transfer to the 30 inch
piles to maintain strain compatibility.

9. On a related matter, T have just finished examining the core taken from holes 12 and 31, Pier

No. 3, and I am pleased that the rock is a good sandstone with only a few mud seams less than
3 inches thick.
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@ Strait Crossing Inc. @

10 Horton Drive Charlottetown, PEI, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

FAX COVER SHEET
DATE: July 9, 1997
COMPANY:  Jacques Whitford and Associates
ATTENTION: John Brown
FAX NO.: 1-902-468-9009
FROM: Donald McGinn

TOTAL NUMBER OF PAGES: 7
(including cover sheet)

Original to follow? No

RE: Hillsborough River Bridge - GEWI Pile Installation — Pier No. 3

Dear Mr. Brown,

Attached is an update sheet of progress to date of installing GEWI piles at Pier No.3. Only 5 piles have
successfully been installed to date.

1 spoke with Gerry Strolz regarding progress and the fact that there is now locations that piles can not be
installed because of steel within the caisson or because of casing stuck which has had to abandoned. Gerry
clarified that there is no point in installing more in one quadrant than another; ie if there is a quadrant that
six piles can be installed, then the total piles should be six per quadrant, or 24 in total. This is less than
originally requested.

We discussed if the 24 piles would be sufficient. One of the item for consideration is the existing 30”
diameter piles and if we have obtained further information about them that increases our level confidence
concerning them and their capacity. The extra information we now have is:

a) The caisson does in fact have a large gravel layer (5 to 7m thick) and the decision not
to count on the caisson to transfer vertical loads and instead install the 30” diameter
piles was probably wise.

b) Samples of bedrock have been recovered indicating relatively sound sandstone with a
couple of mudstone streaks. This is probably close to, maybe slightly better than
anticipated. What are results of unconfined compressive tests? Does this lead confirm
anticipated pile capacity?

c) Pieces of steel sheet pile have been recovered. They seem to confirm that corrosion
rates are very low at these depths. This should also be true for the pile jacket. (see
attached Marenco Report regarding corrosion)

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You
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d) Settlements associated with pouring the concrete of the footing and pier stem (approx
250cm of concrete, or 6.25MN of weight) have been less then 1mm.

Attached is an excerpt from a letter in 1995 regarding the large diameter pile capacity. Could you please
comment further now that we have obtained some additional information. At the same time as this, Gerry
will be reconsidering the loadings, with the clarification of ice loadings, to see if any improvement in
required capacity may be obtained.

This issue is extremely serious to the project. We are at the point now of possible delay because of the
difficulties encountered. If the work of installing the 24 GEWI piles is for not, that an additional form of
strengthening will be required, then we need to make that call immediately. The effects on other stages of
the work (steel girder erection, etc) has serious consequences.

Perhaps we could determine to proceed with what we hope to obtain, recognizing that there exists a risk,
albeit reduced, that there may be some settlement at some point in time that would require resetting and
realignment of the bridge bearings.

Kind Regards,

Project Manager

S Pletch

P. Lockwood/ G. Tadros
G. Strolz— CBCL
George Zafiris 566-2004

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
569-1566. Thank You
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€ Strait Crossing Inc. @

10 Horton Drive Charlottetown, PEI, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

FAX COVER SHEET
DATE: June 25, 1997
COMPANY: Jacques Whitford and Associates
ATTENTION: George Zafiris
FAX NO.: 566-2004
FROM: Donald McGinn

TOTAL NUMBER OF PAGES: 2
(including cover sheet)

Qriginal to follow? No

RE: Hillsborough River Bridge - GEWI Pile Installation

George,

Attached is a tentative schedule which indicates coring operations tentatively scheulded for Saturday, June
28 and Wednesday, July 2™%. There was some confusion over logs on the last pier cores so it may be
beneficial if you had someone present or at least stop by twice each day during the operation.

Please keep in contact with Mr, Pat Colucci at 569-1566 regarding when the core recovery is scheduled.

Kind Regards,

Sk e

Donald McGinn, P.E
Project Manager

cc. S Pletch
D. Cote
P.coluech

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by

telephone at (902) 569-1566. Thank You
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@ _Strait Crossing Inc. ¢

10 Horton Drive Charlottetown, PEI, C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

FAX COVER SHEET

DATE: May %4997 Sune RS

COMPANY:  Jacques Whitford and Associates
ATTENTION: John Brown

FAX NO.: 1-902-468-9009

FROM: Donald McGinn

TOTAL NUMBER OF PAGES: 2F 7=
(including cover sheet)

Original to follow? No

RE: Hillsborough River Bridge — GEWI Pile Installation — Pier No. 3

Dear Mr. Brown,

We have resumed drilling operations at Pier 3.

Attached are drilling and grouting logs. In general, we are encountering a gravel/sand layer between 17 to
24 from the drill deck. The sand is dense enough that consolidation grouting is not successful — the grout
does not penetrate the layer. There have been a couple of voids encountered also,

It is our understanding following our discussion yesterday, that the sand/gravel layer will still be able to
provide the lateral support required to the GEWI pile; in other words, the GEWI pile concept is still valid.

The inability to consolidate grout the sand gravel layer results in the requirement to install GEWI piles
through the casing and withdraw the casing while grouting. This has led to the difficulty that the drill rig is
not capable of drilling a large enough hole.

We have ordered #18 Grade 75 bars to be used as GEWI piles for this pier (in lieu of the #20 bars). The bar
will be installed in a 105mm diameter hole. The hole will be lengthened to 10.0m thus keeping the bond
stress the same as at Pier No.2. (1100/1400)x (145/1 05) x 9.2m=10.0m

This message is intended for the use of the Addressee only.
f you have received this communication i error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You
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Regarding capacities, the original 900kN per pile was increased to 1400kN based upon a higher capacity
bar and longer bond area. The #18 grade 75 bars have a capacity of about 1100 kN. To date two holes have
had to be abandoned because of steel. We planning to install all that can be installed (ie potentially 30 of the
32 piles). We will keep you informed of progress and/or any changes in conditions.

I trust we have informed you sufficiently. Call immediately if you have any concerns.

ce. S Pletch -cover - Pait
P. Lockwood/ G. Tadros — fax cover
G. Strolz— CBCL
George Zafiris 566-2004

This message is intended for the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
at (902) 569-1566. Thank You
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Hillsborough Bridge Improvements i \ e‘\-"-L——

DSVGEWI Pile Meeting No. 2

Monday June 23, 1997
Page 1
Attendance; Sheldon Kapeller-DSI S. Pletch
Terry Fright- DSI D. McGinn

Distribution: - P, Colucci D. Cote

10.

11.

12.

Hole 28 has 12m of casing stuck,
e Need to jack it out. Jacking equipment is being mobilized.

All other holes are 1*m into rock by casing.

At 17.5m open hole, holes are collapsing when being re-drilled open with the open
hole method.

No voids in the South East quadrant.
North East had inter-connected layers/voids at 15m.

Grout take is low., Only slightly more than theoretical 0.55 w/c to try to get it to
travel.

Coupler is 4" dia, Drilling with casing 145mm O.D.. Inner bit is only 105mm 0.
Therefore need to use into borehole. There is risk of getting struck in the hole.

Other alternative is to run 'stratex' system. 5" L.D.

A In Vancouver.
B. It is 5 days away at least.
C. It is more casing.

If we case there is a good chance of losing the casing. If we lose it, we lose the
hole and $18,000 of casing.

Gravel goes from 17m — 24m.

Option is to use #18 bar instead of #20 bar. The couplers will be smaller. May
need more piles .

To go to double shift system DSI has enough personnel here. SCI would need to

provide 2 helpers each shift. A night boatman would also be required. On this basis,
production should be about 4 holes per day.
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DYWIDAG THREADBARS - TECHNICAL DATA [ IMPERIAL UNITS ]

[ STATUS: April, 1997, oér, Surrey, BC 1 5

Hot-rolled, Proof Stressed & Stress Relieved
Post-tensioning Threadbar

STEEL GRADE NOMINAL . STEEL | YIELD ULT. UNIT MAX DMPACT VALUES
£ T DIAMETER  AREA | LOAD LOAD WT. BARQ v
P 3 ' A, BLA, PELCA, - Sl WE‘“-“}
§ lb/'m’,[ksi] in® i :
L. \‘ -
120/150 ksi ASTM A722-90

PT Ground Anchors Post-Tensioning 1189.60 237 56
60/90 ksi ASTM A615-87 % #6 044 | 26.40 150 0862
Hot-rolled Reinforcing Threadbar i #7 060 | 36.00 204  099%
" TieRods 1.00 8 079 | 47.40 267 1122
" Hanging Rods
Gewi-Piles 1, 49 1.00 | 60.00 340 1268 -1500 3-7
Anchor Bolts "
Concrete Reinforcing 1Y, #10 127 | 76.20 430 1433
Seismic Anchors 3 1.56
e 1%/, #11 5 93.60 . 531 1614
fzmlictns P #4225 | 13500 a0 765 1862
o ing
Precast Connections 2, #18 4.00  [(240.00 1360 2504
75/100 ksi ASTM A615-87 YT # T 044 |33.00 L0 0862
Hot-rolled Reinforcing Threadbar 1.00 48 0.79 | 59.30 ea’g, 267 1122 -1500 37
1%, #11 156 | 117.00 @ 5.31 1.614
)
L ] 2,  #18 400 (30000 1360  2.504
A
80/106 ksi 2%  #20 491 ‘ (393.00)-pwer - 1670 272
73/80 ksi ASTM A706 1.00 25T 0.76 | 5530 258 1120
Quenched & Tempered Weldable Threadbar 1Y, 28T 0.95 69.20 3.24 1265 -4.00 100.00
Gewi-Piles 1Y, 32T 1.25 | 90.40 423 1430 4000 20.00
Seismic Anchors
Concrete Reinforcing 1% 40T 1.95 | 141.20 6.62 1.745
Seismic Restrainers
Cold Region Anchors 2.00 50T 3.00 | 220.80 1034 2200
130/160 ksi  Hot-Rolled Threadbar (T) o = 0.27 35.10 4320 099 0693 400 7-15
Form-ties Soil Nailing o A 049 | 6370 7840 174 0900 -40.00 7.00
115/130 ksi  Cold-rolled Threadbar (DRC) iy i 0.29 3570 3820 098 0688
Form-ties ' Soil Nailing (/A 7 052 | 60.70 6750 168 0864
70/87 ksi DSI-MAI n*g!:“ I* 3400 45.00 1.74 1.000
Hollow-core Injection Anchors R32N- 157" 51.70 63.00 2.35 1.250
13 o core:
i & A 63.00 81.00 282 1250
Shoring 15 zam core .
_ Soil Nailing - R3EN. pipe © 9670 11260 403  1.500
b} Micro - ?ile - ] 19 mm : : = . ;
Installation Without Casing RSIN 2" ‘14160 © 180.00 646  2.00 =
Mmm- ~
pprmumaheMochﬂus of E!asumty‘ E=205,000 MPa B
pproximate Relaxation Valnes: 4 Gr. 413/620, Gr. S00/550 & &r. 517/69: 7%@0 6%& 9% @ 0.9 £
i Gr. 835/1030, Gr. 900/1100: 26% @9

:rgg:mmmtmcﬂom, please in

about cur Double Correction Pptection system

aﬂ.

-I::-“
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Hillsborough Bridge Improvements : ‘ )
DSI/GEWI Pile Meeting No. 3
Tuesday June 24, 1997

Attendance: S. Pletch Terry Fright- DSI
D. McGinn
Distribution: P. Colucci D. Cote

Hole # 28 has casing stuck. Value of casing is $800/length x 12 lengths. Jacking
equipment is being mobilized.

2. Stratex system is still being tracked down.

3. Geotechnical Engmeer will accept # 18 bar instead of a # 20 bar. Just more bars
will be required.

4, # 18 bars to be ordered immediately.

5. Availability of extra casing to be tracked down.
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Jun-25-97 10:37A Strait Crossing Inc. 902-569-1820

DSl DYWIDAG SYSTEMS INTERNATIONAL

DRILL LOGS
PROJECT JOB # ANCHOR # A18
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
[JUNE 18/97 0-76M OPEN PIPE
START 6:15 PM 76 - 86M  |GRAVEL BAG

86 - 96M CONCRETE (DENSE)

86 -9.7 M STEEL

9.7 -11.6M |CONCRETE (LESS DENSE)

116 - 11.7 M |STEEL

117 -11.8M |CONCRETE (LESS DENSE)

11.8-11.8M |STEEL

11.8-155M |[OLD GROUT

15.5 - 16M VOID LOTS OF WATER
6:45PM STOP DRILLING
REDRILL
JUNE 20/87 133 CASING SYSTEM
START 12:50 PM 0-9M OPEN HOLE
9-15M GROUT

15 -16 M SAND AND GRAVEL

16 - 17 M GROUT

17 -20M SAND AND GRAVEL

20 -27.3M CONCRETE AND GRAVEL CASING SEATED AT 22M

FINISH 3:30 PM 27.3-288M |SAND STONE (RED)




Jun-25-97 10:38A Strait Crossing Inc. 902-569-1820 14

DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS

PROJECT JOB # : ANCHOR # A19
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AlR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE |TIME [DEPTH STRATIGRAPHY REMARKS
JUNE 18/97
START 4:30 PM 0-82M OPEN PIPE

82 -86M GRAVEL BAG

86 -95M CONCRETE ( DENSE)

95 -96M CONCRETE (LESS DENSE)

86 -97M STEEL

8.7 -11M CONCRETE (LESS DENSE )

11 -116M CONCRETE AND GRAVEL

116-118M |[STEEL

11.8 -12M. CONCRETE AND GRAVEL

12 -121 M STEEL

12.1 - 15M OLD GROUT

15 -155M  |VOID ' LOTS OF WATER

5:50 PM|STOP DRILLING

R VETET 21/€7 O - B-fim )73 132 Su.{/-i:—m
STasy | 8-30 v~ 150 | qrouT <

15:0 = 1G:0 | LRAVEL > SAND Lo/ ©oATER
19:0 - 20.0 | comceem= [cexs DE~sE)

= I
20-0 ~ 27-3 LonNC2enz (_vs»/c =) CASING SSATED AT 22.™,

27-3 - 28-8 e SPsTe




Jun-25-97 10:40A Strait Crossing Inc.

A P W VIS TN 1N1 97 22

S02-569-1820

F 97 Vi

NSl DRILLALEBIBE SVETEMS INTEBNATISN AT
PROJECT JOB # ANCHOR # A 20
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
; GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL S0
~ |STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR -

DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRAT!GRAPHY REMARKS
JUNE 18 /97 0-84 M OPEN PIPE
START 2:55 PM 84-88M  |GRAVELDAG

88-96M _ |CONCRETE (DENSE)

96-97M  [STEEL

97-10M __ |CONCRETE (LESS DENSE)

10 - 105 M CONCRETE (DENSE )

105-116 M CONCRETE (LESS DENSE )

116-11.7M |STEEL

11.7- 11.9M |CONCRETE AND GRAVEL

11.9-13M___|CONCRETE (LESS DENSE)

13-14.5M CONCRETE AND GRAVEL

145-148M [GRAVEL HOLE COLAPSING

3:50 PM|CAN'T DRILL ANY FURTHER

REDRILL
JUNE 20/97 133 CASING SYSTEM
START 5:30 PM 0-9M OPEN HOLE

9-145M GROUT

145 -195M |SAND AND GRAVEL

195 - 266 M |CONCRETE AND GRAVEL CASING SEATED AT 22 M
FINISH 630 PM 266 -27.8M_|SAND STONE (RED )




Jun-25-97 10:40A Strait Crossing Inc. 902-569-1820 P.16
DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS

PROJECT JOB # ANCHOR # A 21
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR
DRILLER CHRIS KAPELLER |DTH BAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 19/97
START 7:15 AM 0-82M OPEN PIPE

82 - 85M GRAVEL BAG

85 -9.7TM CONCRETE (DENSE )

9.7 -1t M CONCRETE (LESS DENSE)

11 - 117 M CONCRETE (DENSE)

1.7 - 11.8M |STEEL

11.8 - 11.9M [CONCRETE AND GRAVEL

11.9-133M |CONCRETE (LESS DENSE) A

9:55 AM|STOP DRILLING

Joma 24
CTHer E VS com 233 s cf

132 =75 DeErngE Contoa T

£ - 16 SHnp 5 G rAVE

16 — 7 DorrsS LonleZaTs

1z - 20 SOan & EpAv=e

20 =~ 2C-€ | peisE cortczmTE CAsING SEpATED AT 22 m

28-6 -27-8 | Rep S$A~PSTD &




Jun-25-97 10:41A Strait Crossing Inc. 902-569-1820

DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS
PROJECT JOB # ANCHOR # A 22
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KAN! HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR
DRILLER CHRIS KAPELLER [DTH HAMMER DEPTH OF HOLE
DATE TIME _ DEPTH STRATIGRAPHY REMARKS
JUNE 18/97
START 2:00 PM 0-84M OPEN PIPE
84 -88M GRAVEL BAG
88 - 10M CONCRETE (DENSE)
10 -105 M CONCRETE (LESS DENSE)
10.5 - 10.7 M |[CONCRETE AND GRAVEL
10.7-11.6M |CONCRETE (LESS DENSE )
116 -117M |STEEL
117 -13M __ |CONCRETE (LESS DENSE)
13 -16 M CONCRETE AND GRAVEL POSSIBLE VOID AT 15 M.
16-17TM GRAVEL HOLE COLAPSED TO 16 M.
2:30 PM|CAN'T DRILL ANY FURTHER
dume [22/57 )
START [leipea.m| O - B-6 o Pex) 1225 3*.47‘;-“
86 (v-0 SRouT £
170 — 0.0 S RAVEL SASD c.:-'/ +2ATEQ.
2p.0- 22-5 | cowcaers { cess Dense)
22-5 - 24-&6 ComcleTe Lpg»Sa} CASING SEATED AT 24 1M
24§ -~ 278 RED CDs




Jun-25-97 10:42A Strait Crossing Inc. 902-569-1820

DSl DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS
PROJECT JOB # ANCHOR # A23
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL
STRAIT CROSSING INC. DRILL METHOD DRILLFLUID AR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE [TIME |DEPTH STRATIGRAPHY REMARKS
-{JUNE 16/97
START 10:00 AM 0-82M OPEN PIPE
82-92ZM GRAVEL BAG
92-115M CONCRETE ( DENSE) =
115-118M |STEEL
116-125M |CONCRETE AND STEEL
125 -13 M CONCRETE ( LESS DENSE)
13 -15M CONCRETE ( DENSE)
15-155M CONCRETE AND GRAVEL HOLE COLAPSING
15.5-157M |CONCRETE AND GRAVEL AIR BLOWING INTO WATER
15.7 -19 M. CONCRETE AND GRAVEL LOTS OF GRAVEL AND AR BLOW INTO
12:00 PM|CAN'T DRILL ANY FU RTHER WATER.
JUNE 15/97 REDRILL
START 7:35 AM 0-83M OPEN HOLE
83 -146M. |GROUT
146 -153 M [SAND AND GROUT
8:05 AM|STOP DRILLING
JUNE 19/97 REDRILL
START 10:00 AM 133 CASING SYSTEM
0-15M OPEN HOLE
15 - 185 M SAND AND GROUT
185-20 M SAND AND GRAVEL
20 - 22M CONCRETE (LESS DENSE)
22 -256 M SAND AND GRAVEL
256 - 26.6M |CONCRETE AND GRAVEL CASING SEATED AT 24 M
266 -27.7M |SAND STONE (RED)

FINISH 11:10 AM

b Sadewz o




Jun-25-97 10:43A Strait Crossing Inc. 902-569-1820 P.19
DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS

PROJECT JOB # ANCHOR # A 25
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 17187
START 2:15 PM 0-83M OPEN PIPE

83-9M GRAVEL BAG

9-10M CONCRETE (DENSE )

10- 103 M CONCRETE AND GRAVEL HOLE COLAPSE

103 -13 M CONCRETE ( LESS DENSE )

13-145M CONCRETE AND GRAVEL HOLE COLAPSE

145-17TM CONCRETE ( LESS DENSE )

17- 173 M GRAVEL HOLE COLAPSE

3:30 PM|CAN'T PRILL ANY FURTHER

JUNE 18/97 REDRILL
START 7:30 AM 0-84M OPEN HOLE

84-168M GROUT

168-17M CONCRETE AND GRAVEL

17-175M GRAVEL HOLE COLAPSING

8:15 AM|CAN'T DRILL ANY FURTHER

JUNE 19/97 REDRILL

START 1:30 PM {133 CASING SYSTEM
0-17M OPEN HOLE
17 - 24 M SANDAND GRAVEL DRILL DOWN WITH NO INNER ROD
24 -266 M CONCRETE AND GRAVEL CASING SEATED AT 24 M

. |FINISH 2:50 PM 266 -27.7M |SAND STONE (RED)




Jun-25-97 10:44A Strait Crossing Inc.

902-569-1820

.20

DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS
PROJECT JOB # ANCHOR # A26
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL‘ CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90

STRAIT CROSSING INC.

DRILL METHOD

DRILL FLUID AIR

DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE _ |TIME  |DEPTH STRATIGRAPHY REMARKS
JUNE 17/97 .
START 4:00 PM 0-83M OPEN PIPE
83-95M  [CONCRETE (DENSE)
9.5- 102M__|STEEL (POSSIELE PIPE PILE)
5:40 PM/STOP DRILLING




Jun-25-97 10:45A Strait Crossing Inc.

S02-568-1820

DSI DYWIDAG SYSTEMS INTERNATIONAL -
DRILL LOGS

PROJECT JOB # ANCHOR # A 27
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILLFLUID AR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 17197
START 8:00 AM 0-81M OPEN PIPE

81-9M GRAVEL BAG

9-10M CONCRETE (DENSE)

10-103 M CONCRETE (LESS DENSE )

103 -11.5M |CONCRETE AND GRAVEL

115-116M STEEL

116 -12M CONCRETE, GRAVEL AND STEEL |HOLE COLAPSING

10:26 AM|CAN'T DRILL ANY FURTHER CONSOLDATE GROUT

JUNE 18/97 REDRILL
START 8:30 AM 0-84M OPEN HOLE

84-12M GROUT

12-121 M STEEL

12.1-145M |[CONCRETE WITH GRAVEL SEAMS

145-16M  |CONCRETE (LESS DENSE)

16 - 16.8M GRAVEL HOLE COLAPSING

9:50 AM|CAN'T DRILL ANY FURTHER

JUNE 20/97 REDRILL
START 7:30 AM 133 CASING SYSTEM

0-15M OPEN HOLE

15-235M SAND AND GRAVEL =

235 - 265 M |[CONCRETE AND GRAVEL CASING SEATED AT 24 M
FINSH 9:35 AM 26.5- 277M |SAND STCNE ({RED)
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902-569-1820

DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS

PROJECT JOB # ANCHOR # A28
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AlIR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 17 /197
START 11:00 AM 0-83M OPEN PIPE

83-9M GRAVEL BAG

9-95M CONCRETE ( DENSE )

95-15 M CONCRETE, SEAMS OFGRAVEL

15- 17M CONCRETE ( LESS DENSE )

17 - 173 M GRAVEL HOLE COLAPSING

12:30 PM|CAN'T DRILL ANY FURTHER

Jows 2/ o - 9 CPle= 0o

S - 17 SRo T

[7 = 238 | cesaver sA~T ~ csAaTie.

2.8 ~23. -5 Cc-.ame-r_e_gl-e.&} '.pc-dsa;]

o5 =26.C | comrczore ((Deouse) CASIAE  SEATED AT 25 M.
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902-569-1820

DS DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS
PROJECT JOB # ANCHOR # A28
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILLFLUID AR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 18/97 0-82M OPEN PIPE
START 1220 PM 82-10M CONCRETE ( DENSE)
10-11 M CONCRETE (LESS DENSE)
11-11.7M __ |CONCRETE AND GRAVEL
11.7-12 STEEL
12-166M _ |CONCRETE AND GRAVEL
166-17M  |GRAVEL HOLE COLAPSING
1:35 PM|CAN'T DRILL ANY FURTHER
JUNE 19/97 REDRILL
START 400 PM 133 CASING SYSTEM
0-155M OPEN HOLE
155 - 18.5M |SAND AND GRAVEL
185 - 18.8M |CONCRETE —
18.8-24 M SAND AND GRAVEL =l
24-265M  |CONGRETE AND GRAVEL CASING SEATED AT 24 M
FINISH 520 PM 265-27.7M |SAND STONE (RED) ‘
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902-5629-1820

DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS

PROJECT JOB # ANCHOR # A 30
HILLSBOROUGH BRIDGE __ |BORE HOLE DIA 6 /8" |ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 20
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR
DRILLER CHRIS KAPELLER |DTH HAMMER DEPTH OF HOLE
DATE . ITIME DEPTH STRATIGRAPHY REMARKS
JUNE 17/97
START 6:05 PM 0-83 M OPEN PIPE

B.3-8.8M GRAVEL BAG

88 -96M CONCRETE { DENSE )

96-9.7M STEEL

97- 118M CONCRETE { LESS DENSE )

11.8-119M |[STEEL

119-13.3 M CONCRETE {LESSDENSE)

133 -14 M CONCRETE AND GRAVEL

14 -144 M GRAVEL ) HOLE COLAPSING
I 6:55 PM|{CAN'T DRILL ANY FURTHER
JUNE 20/97 REDRILL
START 9:45 AM 133 CASING SYSTEM

0-9M OPEN HOLE

9-145M GROUT

145 -17 M CONCRETE AND GRAVEL

17-25 M SAND AND GRAVEL CASING SEATED AT 25 M

25 - 26.5M CONCRETE AND GRAVEL
FINISH 11:20 AM 265 - 27.7M [SAND STONE (RED )
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DSI DYWIDAG SYSTEMS INTERNATIONAL
DRILL LOGS
PROJECT JOB # ANCHOR # A31
HILLSBOROUGH BRIDGE BORE HOLE DIA. 6 1/8" ANGLE OF HOLE FROM
GENERAL CONTRACTOR DRILL RIG TYPE KANI HORIZONTAL 90
STRAIT CROSSING INC. DRILL METHOD DRILL FLUID AIR
DRILLER CHRIS KAPELLER |DTH HAMMER ~ |DEPTH OF HOLE
DATE TIME DEPTH STRATIGRAPHY REMARKS
JUNE 16/97 . .
"ISTART 1:25 PM 0-83M OPEN PIPE

83-86M GRAVEL BAG

86-115M CONCRETE (DENSE)
11.5-116M |STEEL

11.6-125M |CONCRETE WITH STEEL
125-13 M CONCRETE ( LESS DENSE) HOLE COLLAPSING.
13-14 M CONCRETE (LESS DENSE)
14-145M CONCRETE ( LESS DENSE) HOLE COLLAPSING.
145-15M CONCRETE ( LESS DENSE )

15-17M CONCRETE (LESS DENSE) HOLE COLLAPSING.
17-173M _ |GRAVEL HOLE COLLAPSING.
3:00 PM|CAN'T DRILL ANY FURTHER
JUNE 18/97 REDRILL L= 7
START 10:50 AM 0-83M OPEN HOLE
83-17M GROUT
17-173M  |GRAVEL HOLE COLLAPSING.

11:15 AM|CAN'T DRILL ANY FURTHER
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SENT BY: 6- 4-97 712:17PM : J.W. DART.- 1 902 566 2004:% 1/ 2

. - 3 Spectacle Lake Drive
‘iacﬂ,,? 28‘Whltford Dartmouth, Nova Scotia
onsulting Engineers
Environmental Sclentlsts Canada B3B 1W8

Tel: 902 4688 7777
Facsimile Transmission

Company Attention Fax Number
SC1 D. McGinn 902 569 1820
W G. Zafiris 902 566 2004
CBCL, G, Strolz 902 423 3938

If not well received please call (902) 468-0431.
We are transmitting a total of 2 pages, including this page.

FROM: John D. Brown DATE: June 4, 1997 OUR REF:_10271

RE:-GEWI Pile Tests, Pier No. 2, Hillsborough River Bridge
T'have reviewed the data sent to me on the initial three pul)-out tests, and have the following comments:

L The pile tested on 16 May is identified as both A11 and A16. I assumc that it is A16, but request
confirmation.

2. For all three tests [A16 (or A11), A10 and A6] the behaviour under the test load to 370 kips is
essentially linear with increasing load.

3. Making a correction for the fact that the dial gauges were set at 7ero under a load of 28 kips, L
find that the permanent set of the pile head after unloading from the maximum load is as follows:

Pile A6 set = 0.52 inchcs
Pile A10 set = 0.45 inches
Pile A16 set = 0,55 inches

4. I bave summarized the drill log information and test data for the tests, as ltabled below. The

apparent free length of the pile was found by fitting the elastic deformation curve for the GEWI
bar to the straight-line loading curve.



SENT BY:

-6- 4-97 ;12:18PM ;

J.W. DART.- 1 902 366 2004:#% 2/ 2
Pile Drilled Length in Grouted Measured | Apparent Free Avcrage Bond
No. Bedrock Length Frec Length Length Stress at Maximum
Load
ft (m) ft (m) ft (m) ft (m) psi (kPa)

A6 285 (8.7) 34.5 (10.5) 74.7 (22.8) 893 (27.2) 46 (320)

A10 30.2 (9.2) 22.2(6.8) 94.0 (28.7) 95.0 (29.0) 72 (500)
Al6 | between 20’ and 28' 30 (9.1) 82 (25.0) 89.7 (27.3) 53 (370)

(6.1 to 8.5m)

S. It is noted that the grouted length in Piles A11 and A16 apparently extends up into the pier.
Therefore, as a test of the bedrock/grout bond, A10 is the best result. For the revised factored
load of 1400 kN and a socket length of 30 fi (9.1 m), the average factored bond stress is 45 kPa.
This test represents a nominal overload of 72/45 = 1.6 times the factored load.

6. The above results are encouraging, and indicatc that the piles are acceptable.

Regards

¢
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& Strait Crossing Inc. @

10 Horton Drive Charlottetown, PEL C1A 7G3
Phone: (902) 569-1566 Fax: (902) 569-1820

DATE: May 30, 1997

COMPANY: Jacques Whitford and Associates

ATTENTION: George Zafiris John Brown
FAX NO.: 566-2004 1-902-468-9009
FROM: Donald McGinn

TOTAL NUMBER OF PAGES: 12
(including cover sheet)

Original to follow? No

RE: Hillsborough River Bridge - GEWI Pile Installaiion

Gentlemen,

Please find attached DSI analysis on the first GEWI pile test to ultimate. Two other piles have also beeh
tested to this value with similar results. Two core recoveries have been made (one each side). These have
been forwarded to JWA via G. Zafiris.

Operations at Pier No.2 are complete. The footing will be poured around the piles mid-next week. Fourteen
of the sixteen proposed piles were installed. Two piles could not be installed because of steel mid-depth in
the hole. These piles have been deleted (with CBCL’s approval) with the recognition that the remaining
piles have 1400kN capacity, which is greater than the original design of 900kN.

Complete drilling and installation records will be sent out via courier this afternoon.

We will commence drilling operations about June 12 at Pier No.3.

Kind Regards,

TN = -

Donald McGinn, P.
Project Manager

cc. S Pletch
P. Lockwood/ G. Tadros
G.Strolz-CBCL 1~ A02- %23-393%

This message is intended fof the use of the Addressee only.
If you have received this communication in error, please notify Alison immediately by
telephone at (902) 569-1566. Thank You

902-569-1820 P.O1
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MAY 16 ’S7 81:24PM DST SUF™Y

DYWIDAG-SYSTEMS _.{. _NATIONAL

. 470

DYWIDAG-SYSTEMS INTERNATIONAL
Fax Total number of pages: @ ; #103-19433-96" Avenue
Surrey, BC V4N 4C4
(DS! Correspondence No 55) FF’:r fgg:z ggg_—gg;g
&
To: Strait Crossing Inc. %ﬂf‘d\
7th Floor 1177 - 11th Ave. S.W.
Calgary, AB T2R 1K9 From:  JoeLi
Attn: Mr Donald McGinn,P.Eng. Date: May 16, 1997
Phoner 403-244-9090 02 -6 -iShb Ref. Noa 710268

Fa 4032288643  Sife: Qo2 -587-1dz 5

cC: G. Kast Original to follow: [ Yes [1No
Subjeck Hillsborough Bridge, PEI - Pier No. 2 - Pile Test No.1 — A/
Dear Mr. McGmn:

Further 10 your telepbone discussion with our My. Gary Kast, plcasc find attached our evaluation of the first pile test at
pier No. 2 as follows:

Tablc #1
Graph #1

Table #2
Graph #2
Table #3
Graph #3

¥ you have any questions please call Joe or Gary at 604-838-8818.

-

Joe Lil\P'Eng” |

Manager, Geotechnical Division

Calculation of upper and lower limit for bar elongation;

Plot of elongation vs. Test Joads at differeat load stages ;

Bar clongation at different load stages are well wathin the tolerance hinits.

Measured bar elongation at different load cycles; RECEIVED

Plot of pile head movements vs. Test load; My - ié 199
7

Creep values at 133% test load - 60 minute creep test

Plot of creep vs. Time:

Calculared Ks per log cycle is - [0.488" - 0.4787) / log [T2/T))
=0.006" per log cycle; (0.15mun per long cycle)
well within the allowablc limit of 2mum/log cycle
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DS| DYWIDAG SYSTEMS INTERNATIONAL

PROJECT: HILLSBOROUGH BRIDGE P.EL DATE : May 5’—’5/ 77 £ria o, 2
ANCHOR # Alo £ ‘
JACKS®: HJ-11 GAUGE# A 103
TEST LOAD (MAX ) : 370 KIP BOND LENGTH
BAR SZE #20 (63, 4) FREE LENGTH
PERFORMANCE TEST TESTEDBY: ED SHATULA
START AT
fresTioR A o FINISH AT INSPECTOR : GRERSE
% OF \I/ paL | DIAL GAUGE READINGS
TEST LOAD IGAUGE
KPS |PS] OMIN _|1MIN 2MIN__[3MIN 4MIN _ISMIN 10MIN 15MIN |
AL 278 550|D1 . vy
D2 7 o S S %o
25%| 695 200/ .54
D2 0. 245
AL 27.8 55001 0. /%7
D2 0. 14t
25%| 695 200101 2 2l
02 0.2%7
50% 139 1700{D1 0.793
[57] 0.79¢.
AL 278 550(D1 0, 18X
[27] 0. [ B
25%| 695 £200|p1 0.29%
D2 02.2%7
50% 139 1700/D1 2.79<
D2 Bo
75% 208 2475|D1 f{.3/5
02 1,322
AL 27.8 550(p1 02203
Dz g.2(3
25%| 695 900 (D1 0 332
D2 0,332
50% 139 1700(D1 0.£70
02 2.£33
75% 208 2475(D1 1373
[37] 7.33/
B7.50% 243 2800|D1 [ S48
D2 LSSY%
100% 278 3250|01 L. 253 L8bn | L&G, (.8. | LBGZ |/ 5@3
02 £BSG | [ LLd | 1,864 | L ord | | ELé | /. 867
AL 27.8 550(01 0.25/
D2 2,253
25%| 695 S00 (D1 0. \77
2 |p.279
0% 139 1700[D1 o.EP ¥
D2 0. &89
75% 208 2475101 /[ 50S
100% 278 3250|p1 LRIZ
m 1.878
1.10%| 3058 3525|D1 20463
[27) 2.0 70
120%| 3336 3825|D1 7.76%
o2 2,271
130%| 3614 4175|01 2.519
— = 02 | 7.5t |IMIN 2MIN _ I3MIN 4MIN_ |SMIN 1OMIN 1SMIN
1.33% 370| 4250(D1 ZCoS| 7. Clo| Z.6/3 17 6if | 2648 17,607 | 2. 6L L0627
| [27] 2.612 1\ 2. 6i1) 7.6:817 679 (2,620 | 2.627 12 63112 G3z
20 MIN. [25 MIN 30 MIN__|45 M. |80 MIN.
o1 2.628 12,629 1 2.L3)
e 7] 263212634 (2.620
[UNLOADING
100%] 270 3250[D1 7.259
[573 2265
75% 208 _2475|D1 1. 720
D2 [ 7V
50% 139 1700|D1 [:226
7] f22
25%| e85 200{01 2o?
D2 §.L7
AL 278 550|D1 0.9/
D2 0.%/C

AT



May-30-97 10:52A Strait Crossing Inc.

902-569-1820

FET - Hr'!fséomu\?t, River &n&f’\ge ~ Gewrr Pifes E

P.09S

/' B
pi

Brill latdfo ] i,
i \‘V\ L% 2 2
~ Ir = =52 S PILE 4‘/”‘0
/// - PIER Mo. 2
|
_ 5
.-“;' ? ) < = i . "
o Dl Ly = 133-6" (Do om)
i A
=} -' 7
e - AN Le =" Gk’ f2d,,)
-9 : T ) f/ e 7
= = = IO MTA P / 2T __ Bt 58, N
A et o - AffA;// A by = Jo-o'f ftou)
lom e} ////J/ /// s | =l
L@, = 3‘?’—5" [/0.50#«)
dLi-— ’ .
——r i '; L:,' = 4-’0
i %? =
@ s
. ; % ‘anfmw-:‘form eleva fioy
\’IE“‘ = ath Proy #Z2 ¢ El =+43. 0670 m
o
o v Pre, £3: El =+
S — :
! B =
. (.5 = 46-70"2'1(%"‘ 6.?—0
= = —
. | A__
Jorol gloue M
= 3
o7 3
Iy
=
5
: pale : N8-85-97
DSI Wa LH\ §l7.: C;;é




May-30-97 10:52A Strait Crossing Inc. 902-569-1820 P.10
-

-

L5-0s 95 (FET) @
JEsT REFORT _OF _PILE A 0" LoAD TESI_[(TERTED on 28-05-97 =
= éy g.Last anot Lo Vha+hla, )
[, Theoretia/ Elongatiou Cale lotron
s Hoeqr . d’onqa,ﬁoa /433 'M } ot /.33 P = b k__, . Celen Apteod
e frf/‘% Waw_#bu LA Ay gl _._ﬂ_q. "'-Ff-.do( = 94"’" (/(ZB_L
TR R = e iy Pl / D SN = o
ﬂ - T_ £ — 4 ,—\“/—é_ o : Y
[ " ):_3.3‘;(“ = = ﬁ';"at_"f;"""'"—'—' m 47%@ = = 2_5_4_2.._ —

e, Aofuwé E/o_jmllon (0«4 wIeoN (/2] a(armc;;@aqﬁw;’) A
2.1  Meagirerent Q/f' 0./ A, /aﬂzimmhl/i lrzd = 25/()’—7‘4 =_0.0YUd

2.2 Mg ot ok z,s.a._@,/m. ertlel = Sok)= o, = 2636
%3
) e 2.8 Detnrd  pegacland 1,50:4 ?A/q%m/; ;89 priddured 2 A, = 0. 4/7.
o E A
e fleten kX A= 2219
S e : e (f.«m O s ,,!&_,4_;5_/;,)
—— e = — - - o 34? o k .. s e = N
2.0 frowk dongation freem  Fo=o0 do 133£,= sk
e ?ZJ’?T ! Ae__
342 K 37
g 2 zzs’ ~ 3% e

| 4}9. = f ‘/m* [@oﬁm,_?;é(,&/ %ﬂf&ﬁ'm—.)

__51_:;(@:@(4_’&_/;6 - _F_Aé""”b q":"’i“ﬂ-j fbég{ M‘%_ﬁm e WD
] L D 2 As = £ 2.¥ < £91 x 29, 7¢v, v .
[ = 2 o LU Begea die M of oy VUIZRdins - /4 L o
- W £ —-———-———-—-—7? e Gt 6 78-9



May-30-97 10:53A Strait Crossing Inc.

902-569-1820

DS| DYWIDAG SYST. .. TERNATIONAL .
PROJECT: HILLSBOROUGH BRIDGE P.EL DATE : gi-o0S =97 Noréle Per
ANCHOR # : A i
JACK®: H)1 GAUGE# A 103 (Prer vo,2 )
TEST LOAD (MAX ) : 370 KIP BOND LENGTH
BAR SIZE #20 (4.3.5‘,‘) FREE LENGTH
PERFORMANCE TEST TESTEDBY: ED SHATULA
[rEsTLoAD START AT
370 & FINISH AT INSPECTOR : GEORSE
% OF DIAL DIAL GAUGE -READINGS
TEST LOAD GAUGE
KPS _|psi OMIN _[1MIN 2MIN_ [3MIN 4MIN _|SMIN 10MIN 15MIN
AL 278 550|p1 0
D2 o
25%| 895 80001 [ 253
02 236G
AL 278 550|D1 0.203
D2 0. 1588
25%| 635 900|p1 7. 756
57} 2. 239
50%| 138 1700]D1 0. 7658
02 lp 753
AL 27.8 550101 0. 724L7
D2 0.7256
25%| 695 S00|Dt 0, 305
[57] 0.292
50% 139 1700|D1 0. 769
B2 0, 753
75% 208 2475|D1 L2612
D2 1. 7Y 7
AL 2738 550/01 0, 290
[57] 0 7583
25%| 695 900|D1 7, 338
= D2 pliZet
50% 139 1700/D1 0.39%
[ D2 5225
75% 208 247501 L 26!
D2 LZ2¥2
87.50%| 243 280001 /Y62
D2 [ #%2
100% 278 3250|D1 1.8 1.8 LB8IZ | [.&/2
D2 /790 L7232 L7295 | (735
AL 278 55001 0. 330
D2 a. 218 Wieo Suresd Aree
25%| 695 800/p1 0. 397 lvgie. Lo <
D2 0. 378 e"ﬂ B = 1'4'- ¢
50% 139 1700|D1 0.5X5S + 7.4
02 723k e .
75%| 208 247501 [ 218 %=t
D2 /.298 i
100% 278 325001 W TE \27-0
2| /2% -9 -0
1.10%| 3058 3525|p1 /950 _—_‘SS'— 2
02 1_959 Le=
1.20%| 3336 3825|D4 Z. (%o
Dz 7118
1.30%| 36814 4175|D1 72.371 —
D2 Z,3%5 |1MIN 2MIN  [3MIN 4MIN__[SMIN 10MIN 15MIN
133%] 370]  4250[bt 2.0 | 72.45% | 2,456 [ 7.%57 (2. 959 | 2.967 12,963 |2.96
D2 2.2 | 2.4+L¢ | 2.47% 2.429 12, Y231 12,933 |2,V3¢ | 435
20 MIN__|25 MIN. 30 MIN. [45 MIN. _[60 MIN. Lol
D1 oy |Z.%66 | 2.¥60C "iz——f—@—qf‘-
02 2436 |12.436 | 2.%3