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1-75 Crossing the Saginaw River Near Zilwaukee, Michigan
Investigation of Construction Failure in Spans 11 and 12

1. INTRODUCTION

Shoﬁt1y after midnight on August 28, 1982, large displacements
occurred during tﬁe piacement of a segment of the I-75 bridge over the
Saginaw River near Zilwaukee, Michigan. The end of nearly completed
cantilever 11HS deflected downward, the expansion joint in Span 12, between
Piers 1IN and 12N, deflected upward and the top of Pier 1IN moved laterally
to the north. MNo personal injuries were reported because of this event but
the Pier 1IN footing failed and severe crushing of the superstructure
concrete occurred at the expansion joint in Span 12. Construction of the

bridge was stopped until the reason for the large displacements could be

~determined and until remedial measures could be impliemented. A view of the

bridge after thg above event occurred is shown on the frontispiece.

The purpose of this report is to present the results of an
investigation as to the cause of the distress currently existing in Spans
11 and 12 and at Pier ;1N. fnc?uded in the report is a sdmmary.of the
conditions which existed at the time of the fajlure, & summary of the
analyses that were made to investigate the failure and the resultis of those
analyses.

The structural dispiacements were due to loads on Cantilever 11NS
which produced large bending moments in Span 12. These bending moments
were greater than the capacity of temporary coniinuity measures applied to
the hinged expansion joint in Span 12. The moments produced tensicn in the
top temporary spacer blocks which exceeded the temporary prestress

compression force in these blocks and the spacer blocks ceased functioning
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structuraliy. The moments at the expansion joint were therefore resisted
by a couple composed of the prestress tendons in tension and the bottom

spacer block in compression. This arrangement resulted in a very flexible

.structure as the prestress tendons were ungrouted and therefore free to

stretch over their entire length.

The stretching of the prestress strands allowed Targe rotations to
occur at the Span 12 expansion joint. These rotations created bottom
spacer block edge loading conditions which exceeded the crushing strength
of the concrete in both the spacer block and adjacent segments. = The
rotations also allowed the expansion joint to deflect upward and the free
end of the cantilever to deflect downward.

The changing geometry of the superstructure, as the expansion Jjoint
rotated, placed large horizontal lcads on the pier top. Large moments were
produced in the footing by the horizontal forces at the top of the pier.
These moments produced pite loads large enough to fail the footing in
shear.

I1. DESCRIPTION OF PROJECT

The proposed 1-75 crossing of the Saginaw River near Zilwaukee will
replace an existing low-level bascule span with a high-tevel crossing. The
new bridge will allow vehicular traffic to cross the Saginaw River with no
interruptions due to navigation on the river. The Tocation of the bridge
is shown in Figure 1.

The new crossing consists of parallel four-lane structures with full
width shoulders. The northbound bridge 1is 8066 feet long and the
southbound bridge is 8090 feet long. Each roadway is supported by a single
cell concrete box girder with vertical webs. The box girder depth varies
from a mwaximum at the piers to a minimum at midspan. The typical box

girder section consists of a 73'-6" wide top flange, to provide a 70'-10"
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roadway section, and a 36'~0" wide bottom flange. The roadway section
cantilevers 18'-9" from each web of the box girder section.

Piers for each roadway consist of two bctagonai shaped, hollow shafts
spaced 27'-0" on centers with a rectangular strut at the top. Steel
H-piles driven to rock support the structure.

Design Criteria

A copy of the project design criteria is included as Appendix A of
this report; This design criteria was reproduced from the plan documents
for the construction of the bridge.

The bridge was designed using the 1973 Edition of the “Standard
Specifications for Highway Bridges” by the American Association of State
Highway Officials plus the 1974 through 1977 Interim Specifications. The
American Concrete Institute Building Code (ACI 318-71) plus the 1975
supplement were also used as a design criteria.

The bridge plans specified the following design loads:

Live Load | HS25-44

Dead Load A concrete weight of 156 pounds per cubic

foot. A wearing surface of 1.37 kip/foot per

roadway. A future wearing surface of 2.52
kip/ft. per roadway. A curb load of 0.781

k/ft..

Earthquake Load 6 percent of total dead load.

Construction Load Working load of 20 kip at the end of a
cantilever. Launching girder reaction of 500
kip on top of a pier, Launching girder

reaction of 500 kip, 18 feet from the end of a
cantilever after the cantilever is connected
to completed structure.

Material properties were specified in the criteria as follows.
Concrete | fo: = 5,500 psi and 6,000 psi
Prestressing Steel - Longitudinal tendons consist of 12-0.5 inch

diameter 7-wire, Jow relaxation strands with
an ultimate strength of 270 ksi.



Reinforcement Grade &0

Substructure Concrete Footings f
Columns fe

- 3,500 psi

1. 4,000 psi

i

The special provisions also placed limitations of liveload on the
structure during construction. These limitations are inc?udéd in Appendix
A. The limitatjons on the cantilever Tongitudinal moment were changed to
read "Max. concentrated load on cantilever 500K at 167.5' from pier or 18'

from end, whichever controls."”

Construction Procedure

The bridges are being constructed as precast concrete box girders
erected by the free cantilever method. A Jaunching girder was used to
place the segments and to hold the segments for the application of epoxy
grout and temporary prestress force., See frontispiece and Appendix C for
photes of the Launching Girder.

Segment placement started on the MNorthbound Roadway 1in Span 25 at
Abutment B and progressed southward toward Abutment A. The segments were
cast at a yard near Abutment B and hauled over the completed bridge by a
specially built truck, Noteboom, to the launching girder. A gantry on the
launching girder picked the segments from the truck and then traveled 6n
rails, attached to the top of the Taunching girder, to place the segments
in their proper position.

This construction procedure required adjacent cantilever spans to be
made continuous as soon as they were constructed. Continuity was achjeved
by an in situ joint between adjacent spans and by continuity prestress
tendons in the bottom slabs of the adjacent cantilevers. This <continuity
allowed the .Noteboom to travel over the completed cantilever and was
required by the Design Criteria for support and advancement of the

launching girder.



The construction method also required temporary continuity across the
expansion joints. The design pians required expansion joints in Spans 4,
7,9, 12, 14, 17, 19 and éz. In the completed structure these joints allow
temperature movement and are designed to transfer only vertical reactions
or shears across the joint. Since the Jjoints act as hinges, temporary
restraints were required to provide stability during construction. The
hinges were made continuous by placing temporary concrete spacer blocks and
prestress tendons in the joints. This temporary fix allowed the hinge to
transfer both shear and moment across the expansion joint.

For the expansion joints constructed to date (Spans 22, 19, 17, 14 and
12} all except the joint in Span 12 were located near the third point in
the span awéy from the direction of erection. The expansion joint which
failed (Span 12} was located near the third point in the span toward the
direction of erection. This location required the expansion joint in Span
12 to sustain significantly greater moments due to consiruction loads on
the free cantilever than did the previous1y constructed expansion joints.

An erection procedure was prepared Sy the Contractor for the
construction of the bridge. This erection procedure Tocated the launching
girder and girder supports for the placement of each segment. Schematic
diagrams, for the cantilever construction at Piers 8, 9, 10 and 11 are
shown in Figure 2. This figure was reproduced from the Launching Girder
Handiing Manual, parts of which are reproduced in Appendix B.

As-Built Condition

Construction of the Northbound Roadway had advanced from Span 25 to
Span 9. Construction of the Southbound roadway was also underway using
cranes to erect the segments. On August 28th the launching girder was

supporied an the cantilevers erected at Piers 9N, 10N and 1IN, see Line 137



Figure 2. Leg B was directly over Pier 9N, Leg A was 66 feet South of Pier
10M, Leg E was 66 feet north of Pier 10N and Leg C was 69.5 feet south of
Pier 1IN. See Exhibit 1 for a_graphic pesition of the launching girder.

The actual position of the launching girder supports at Pier 11N
differ from the position proposed in the Handling Manual as tabulated
below:

LAUNCHING GIRDER SUPPORTS AT PIER 11N

Leg Distance from Pier 11H
Manual Actual

F 140 Feet 142 Feet

H 112 Feet 116 Feet
C 65.25 69.5

The bridge superstructure was constructed as shown in Exhibit 1. The
pier 9N cantilevers were in a balanced position with Segments P and 0§ in
place. The Pier 10N cantilevers were in a balanced position with Segments
T through H in place. The Pier 1IN cantilevers were in place except for
Segment 1INSB. The insitu joint between cantilevers 1INM and 12NS was in
place and 40 continuity tendons were stressed. An additional 14 continuity
tendons were stressed after the failure occurred. None of the  prestress
tendons beyond Pier 14 had been grouted. See Exhibit 3 for the location of
segments in Cantilevers 11 and 12.

The hinge in Span 12, between Piers 11N and 12N, was made continuous
by placing six 18-inch wide by 24-inch deep spacer blocké across the Jjoint
between the top slabs; by placing an 8-inch deep full-width spacer block
across the Jjoint between the bottom slabs; and by placing twenty-four
12-strand 0.5~inch diameter tendons in the top slab through the joint. The
twenty-four tendons placed through the joint were a change from the design
plans, which required thirty 12-strand 0.5-inch diameter tendons across the

joint. Continuity details for the expansion joint are shown on Exhibit 2.
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According to data furnished by Department of Transportation field
personnel, the actual erection sequence for Piers ON aﬁd 10M was slightly
out of schedule. The Segments H at Pier 10N were to have been placed prior
to the launching girder’s last move but were reported to be placed after
the Taunching. girder was moved fo its present position. The following
segments were vreporied to be placed with the Tlaunching girder in Jts

present position.

Segments 10NSH and 10NNH
Segments 9MNQ,9NSP and ONNP

At the time the failure occurred the Noteboom had just delivered
Segment 10NSG to the launching girder. With the gantry at the north end of
the launching girder, the segment was ﬁicked from the truck and the truck
departed. The position of the truck when the cantilever deflected was not
available. |

Falsework bents at Pier 11M were used to support the segments as
cantiiever construction continued. At the <¢ime of the failure, the
falsework bents had been removed but were reinstalled after the fajlure had
occurred,

Concrete cylinder strength tests were made by the Départment of
Transportation. Twenty-eight day cylinder strengths for segment concrete
and for the spacer blocks in the expansion joint were as follows:

Segment 11NMNG 6230 psi
: 6440 psi

6080 psi

Segment 11MNF 6260 psi
' 6100 psi
5840 psi

Spacer Blocks 6190 psi

6330 psi
6260 psi
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These cylinder strengths indicate the superstructure concrete met the
design criteria strength requirements. Cylinder strengths for the concrete
in the footing at Pier 11N were not available.

Loading Conditions at Time of Failure

As part of the investigation all Tloads on the structure were
determined. The dead load of the superstructure, launching girder, girder
supports and construction loads on the bridge were verified.

An independent analysis was made of the segment reaction or the piers.
Tests made by the Michigan Department of Transportation indicate the
concrete density to be 144.4 pounds per cubic foot. Reinforcing steel and

i;f prestressing steel would increase the density to about 150 pounds per cubic
foot. The design criteria indicated the bridge was designed for a density
of 156 pounds per cubic foot. This value of 156 pounds per cubic foot is a
o reasonable density to use for calculating dead loads when form tolerances
| are considered.

The cantilever reaction from Segment 1INSC %o Segment 11INNB was
compared based on plan segment weights and reactions computed from plan
i {f} dimensions. The plan weights yield 10,981 kips as compared to a computed

weight of 10,900 kips. The computed weiéht was calculated internally by

the computer based on member area and a member density of 156 pounds per
: [ cubic foot.

= The weights of the ltaunching girder and supports were calculated from
the shop drawings for these items. A comparison of these weights with the

5\‘ _ weights suppiied by the Depértment of Transportation is shown below:
1

T et — Eomnaui A T
A
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COMPARISION OF CONSTRUCTION LOADS

Furnished by Calculated from Used in
Item MDOT, kips Shop Drawings, kips Analysis, kips

Launching Girder 2,268 2,374 2,374
Launching Hose 100 105 105
Ganiry 186.3 Not Available 186.3
Gantry C-Hook - a8.7 ' 48.7
Leg C Dead Load - 69 69
Leg H Dead Load 70 ‘ 70 70
Leg ¥ Dead Load 160 141 160
Work Platform 60 Not Available 60

The weights furnished by the Department of Transportation were
reported to have been used by the Contractor to determine erection
stresses. According to the erection procedure, the 60 kip work platform
suspendéd from Segment 1INSC was to have been removed. This platform was
not removed until after the failure and therefore was considered as an
erection load in the analyses prepared as part of this report.

Additional construction loads not identified in the erection procedure
were also on the bridge deck on the 28th of August. These items are shown
on Exhibit 3. The locations of these items were obtained from photographs
taken from a helicopter flown over the bridge on September 2. and September
7. Some of these phoitographs are included in Appendix . These items were
also partially verified by a deck survey made by Department personnel. The
results of this survey-are also shown in Appendix C.

The 75 kip truck trailers placed at mid-span between Piers 11N and 12N
were part of the construction loading seguence and were included in the
erection stress procédures. The remaining loads on the bridge may oOr may .
not have been included in the Contractor's erection stress calculations but
were considered in the analyses for this investigation.

The Noteboom transport vehicie imparted large Toads onto the structure

when carrying segments to the Tlaunching girder. A schematic for this

11



truck's reactions is shown in Figure 3. This investigation assumed loads
as shown on this figure for determining live load stresses in the structure
due to transporffng segments to the Taunching girder.

The possibility of temperature variations affecting the completed
structure was also considered. The temperatures shown below for the site
were obtained from the Saginaw Consumers Power Company which records only
the high and jow readings for the day. The times of day when these highs

and lows occur are not recorded,.

Date High  ~ Low
August 26, 1982 g1® =559
August 27, 1982 80° 579
August 28, 1982 70° 41°

Hourly temperatures for August 27th were obtained from the National
Weather Service 1in Flint, Michigan. These temperatures were somewhat
cooler than the Saginaw temperatures but the Flint records indicate the low
temperature for the 27th occurred at 11:50 p.m. and a 13°F drop in
temperature occurfed from noon on the 27th to midnight} |

Survey Position

Several profiles of the top of the segments were run by Départment of
Transportation personnel on the 28th of August. These surveys are
presented in Appendix D along with top of segment elevations along the plan
profile gradeline. A comparison of the plan top of segment elevation with
two of the surveys is presented in Table 1. The elevations in the table
are a?éng the west bolt line or 17 feet left of centerline of box.  Survey
Mo. 2 was run between 7:30 AM and 9:00 AM on August 28th. Survey No. 5 was
run at 8:30 PM on the 28th of August. Segment locations are shown in

Exhibit 3.

i2
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The expansion joint ih Span 12 is mosi nearly represented by Segment
1IMNG. This segment went up about 3.83 feet above theoretical grade.
Segment 1INSC is the end segment of Cantilever 1INS and dropped 5.46 feet
due to the August 28th failure.

Top of footing e?evatjons were also surveyed which indicate the top of
footing for Pier 1IN is at Elevation 588.84 compared to a plan Elevation
589.0. Pier 10N top of footing was surveyed at Elevation 582.0 compared to
a plan Elevation 582.00. Survey eievationsrprior to August 28th are not
available and Pjer 1IN top of footing elevations may represent as built
conditions rather than settlement.

III. DESCRIPTION OF FAILURE

The failure of the I-75 bridge occurred early on the morning of August
28, 1982. The failure resulted in large displacements in the structure
which were reportedly accompanied by vibrations felt by workers on the
bridge. The end og Segment 11NSC moved downward 5.46 feet and; the top of
Pier 11N moved horizontally to the north 8 inches.’

These large displacements resulted from or produced considerable
physical damage to the bridge. The spacer block between the bottom slabs
at the Span 12 expansion joint was severely crushed. Shearing or crushing
of the bottom fiber concrete in the supporting and supported segments of
the expansion joint occurred where the segments bottom slab was in bearing
against the spacer block. The spacer block appears to be split
horizontally at fts midsection due to the c¢rushing action of the Jjoint
closing and rotating. See Figure 4 for a photo of this area.

Figures 5 and 6 are photographs of the crushing of the spacer bDlocks
between the top slabs at the expansion joint. The crushing of these blocks

also was caused by the rotation of the segments on either side of the

14



Segment

13
13
13
13
12
12
12
12
12
12
12
12
iz
11
11
11
11
11
11
11
11
11
11
11
11
11
11
10
10
10
10
10
10
10
10
10

N Pier
NSL
NSG
NSC
NNA
NNE
NHJ
NNP

N Pier
NSP
NSL
MSG
NSG
NNB
HNE
NNF
NNG
MNL
NHP

NN Pier
NSP
NSHN
NSL
NSJ
NSG
NSF
NSC
NNH
NNM
ANQ
NS

N Pier
MSS
NSQ
HSM
NSH

Plan Elev

717.61
717 .89
718.03
718.12
718.14
718.17
718.13
718.02
717.81
717 .66
717.49
717.18
716.81
716.60
716.31
716.20
716.07
715.60
715.21
714,63
714.00
713.76
713.53
713.15
712.77
712.55
711.94
709.95
709.02
708.30
707.94
707 .44
706.93
706.54
705.74
704 .61

Table 1

TOP OF SEGMENT ELEVATIONS

Survey #2 Diff
717.78 +0.17
717 .96 +0.07
717.91 -0.12
717.71 -0.41
717 .66 -0.48
717.91 -0.26
717 .86 -0.27
718.10 +0.08
718.07 +0.16
718.28 +0.62
718.52 +1.03
718.71 +1.53
719.61 +2.80
719.55% +2.95
719.92 +3.61
720.14 +3.94
719.90 +3.83
718.29 +2.69
716.88 +1.67
714.65 +0.02
712.73 -1.27
712.02 -1.74
711.32 ~Z2.21
710.20 -2.45
709.21 -3.56
707 .70 -4.,85
706.48 -5.46
710.39 +0.44
709.41 +(.39
708.63 +0.33
708.22 +(.28
707.71 +0.27
707 .28 +0.35
706.97 +0.43
706.39 +0.65
705 .50 +0.89

15

survey #5 Diff
718.07 +0.16
719.65 +3.58
706 .84 -5.10
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Crushing

of spreader beam at top slab
expansion joint.

FIGURE 5. Crushing of
spreader beam at top slab
expansion joint.
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joint. The top slab adjacent to the spacer blocks was badly spalled and
cracked. Sounding of the top slab with a heavy bar produced hollow sounds
in the vicinity of the spacer blocks, indicating the cracking extended some
distance beyond the joint. The photo in Figure 7 shows large cracked areas
in the top slab adjacent to the joint which extend several feet beyond the
joint. Figure 7 also indicates the rotation of the joint exceeded the
bearings capacity to rotate. This excess rotation probably has caused the
piston of the pot bearing to become wedged in the bearing cylinder and has
severely limited the ability of the bearing to function.

Damage to the footing of Pier 11N was severe. A large crack in the top
of the footing occurred between the two columns. See Figure 8. This crack
extended at a slight incline into the footing. Sonic testing of the
footing indicated the crack extended several feet on the incline and then
dipped sharply towards the bottom of the footing. This crack exhibited the
characteristics of a diagonal tension failure. Large diagonal cracks
appeared at the end of the footing, these cracks started at the bottom of
the footing and ran diagonally toward the top of the footing centerline.
See Figure 9. Sonic testing also indicated that these cracks were fuil
depth of the footing and more concentrated around the columns.

Large cracks and spalling occurred along the top of the footing-side of
the column interface as shown in Figure 10. Tension cracks opened in the
top of footing on the side of the column away from the direction of pier
movement. Uplift of the footing was evidenced by seperation of the footing
and footing pad. ~

No apparent damage occurred to the pier above the top of footing.
Cracking of the column concrete above the footing was not apparent. The

condition of the bearings at the top of the pier was not determined in the

18
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FIGURE 7.

FIGURE 8.

Expansion joint bearing. Note cracking of
top slab

Crack between Pier 11N columns -- looking
north toward the river.
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initial field investigation because of lack of access. Damage to these
bearings has been reporied.

Distress was also evident in the supported portionlof Span 12. The
segment joints opened up in many of the segments from Pier 12N to the
expansion joint. The opening of the joints was more pronounced in the
bottom stab Jjoints but did occur in the web joints and in some cases the
web jeint opening extended to the top slab. In the joints with the more
severe opening, cracking of the web shear key aliso occurred. The cracking
of the key occurred as an extension of the web joint through the key.

Iv. DESCRIPTION OF STRUCTURAL ANALYSIS

General

The stress history of the structure was first determined using a plane
frame computer analysis. The results of this analysis indicated the
construction Toads would produce stresses which exceeded the capacity of
the temporary continuity measures placed at the expansion joint. The
reduced effectiveness of these continuity measures to resist moments due to
the construction loads resulted in the partial deveiopment of a hinge at
the eXpansion joint. |

A plane truss computer program was then used for further analysis of
the structure. The truss analysis allowed a simulation of the expansion
joint conditions indicated to exist by the plane frame analysis. Different
member properties were used for the top and bottom chord at the expansion
joint to model the partial hinged condition. The truss analysis yielded

deflections similar to those measured in the real structure and produced

“horizontal forces on the pier of sufficient magnitude to demonstrate

failure of the footing could occur. Once footing failure was demonstrated,

further analyses were not meaningful due to the uncertainty of predicting

22



the combined structural response of the failed expansion joint and the
failed footing at Pier 1IN.

Comparison of results between the plane frame and the plane truss‘
analyses is not possible. The plane frame analysis computed forces and
deflections on a structure with full continuity across the expansion joint.
The plane truss analysis computed forces and deflections on a structure
with reduced continuity across the expansion joint. The plane truss
analysis wmodefed the moment capacity of the expansion joint as being
between a hinged condition with no moment capacity and the full moment
capacity assumed in the plane frame analysis. Both the plane frame and the
plane truss would give similar results if used to analyze the same
structure.

The fact that these two analyses must produce different results because
of the partial hinge condition at the expansion joint may be demonstrated
by comparing the two similar structures shown in Figure 12. Figure 12& is
a beam with uniform moment of inertia fixed at the left end and a
cantilever at the right end. Figure 12b is a beam with uniform moment of
inertia fixed at the left end, with a cantilever at the right end and a
hinge located at the two-thirds ﬁoint in the span. These two structures
are similar except for the hinge in the structure shown in Figure 12b.
Identical loads on the structures will produce disimilar re;u?ts as shown
by the moments and reactions produced by a load P at the end of the

cantilevers.

23



2Lz ! Lls . é/-? |

1 T

M ?ﬂt_ F }

it -
oments £L L [ ¥4

Reoerions wgp EZ F
figure 124a Continuous Span _
. ' 2L/x , L/3 ‘ é&me“,_ﬂ
i 1 | iF
1 © a

Moments - AL ¥7) PlLi

Recctions = 27 - -g.ﬂ

Figure [2b Hinged Span
FIGURE 12 STRUCTURE TYPE COMPARISON

Segment trection Model

The portion of the structure containing Spans 11 and 12 was first
analyzed by a plane frame computer program, referred to in this report as
the segment erection analysis. Input geometry for the frame analysis was
based on the center of gravity of the segments adjusted for profile grade
alignment. Section properties were calculated using an HNTB computer
program which utilizes input cross sectional dimensions obtained from the
pians. Conditions at the expansion joint were modeled based on the
assumption the top and bottom spacer biocks were fully effective in
resisting all moment loads. Detailed tendon profiles were input to enable
the computer to calculate tendon stresses and losses at each specified time
increment. Concrete casting and placement scheduies‘ were obtained and
jncorporated into the model <to account for time-dependent creep and
shrinkage effects. These 'schedules were obtained from the Department of

Transportation and are shown in Appendix E.
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Construction loads were determined as previously described. The actual
locations and/or magnitudes of the construction loads differed slightly
from those prescribed in the erection procedure handling manual. Stresses
were computed for both proposed and actual locations.

Once the structure had been modeled and construction loads determined,
the erection portion of the program was run to recreate the stress history
of the structure. In this regard cantilevers 11N and 12N were analyzed by
the computer and the effect of closing Span 1iN-12N was added to the '
analysis. Those continuity tendons that were placed in this span before
failure were then considered stressed by the computer. Stresses due %o
construction loads on the structure at the time of faflure were also
computgd. In addition, the live load portion of the program was used to
simulate the Noteboom hauling segments across Span 1IN-12N. ATl stresses
at the expansion joint were computed on the basis of a cross-sectional area
consisting of the top and bottom slab spacer blocks.

Since the des¥gn plans indicated 30 tendons were to be placed through
the Jjoint 1instead of the actual 24 tendons, a similar analysis was
performed for the case of 30 tendons in 1jeu of the 24 tendons,

The results of the segment erection analysis are summarized in Tables 2
through 5. Table 2 summarizes the stresses at the expansion joint after
the HNoteboom had departed and Segment 10NSG‘ was suspended from the
launching girder gantry. This critical lpading condition is shown in

Exhibit 5. Symbols used in Table 2 are as follows:

P = axial Toad in member

M = bending moment in member :

fy = stress in top fiber tensile stresses are positive

fi, = stress in bottom fiber | compressive stresses are negative

25



Stresses at the expansion joint are based upon the following groés concrete

section properties:
Area = 6,065 inz

Section Modulus Top = 207,360 ind
Section Modulus Bottom = 308,448 ind

Table 2
SUMMARY OF EXPANSIGN JOIMT STRESSES

24-Strands Actual Construction Loads
Segment 10NSG Suspended from Gantry

Loads and Stresses at Expansion Joint

toad Cases “_T§T——_ t%k TE%%T" 'TB%%T“
Dead Load and : |

Prestress -6,620. 17,300 -2,090 -420
Work Platform 1. -5,230 +300 -200
Leg F 24. ~11.330 +660 =440
Leg H 9. -4,010 +230 -160
Leg C 100. ~46,200 2,690 -1,780
Counterweights -32. . 5,960 ~350 +230
Miscellaneous ‘ _

Construction Loads -12, 2,700 -150 +100
TOTAL +1,280 -2,670

These results indicate that significant tension was déve?oped in the
top of the expansion joint under the action of dead load and prestress
forces combined with construction loads on the structure. These loading
conditions, based on the assumed expansion Jjoint member properties,
produced over 1,200 psi tension in the top slab spacer blocks.

1t should be noted that the computed prestress force was based upon

the assumption that the coupled cantilever tendons behaved as single
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continuous tendons and that the anchor set loss was distributed over the
entire length of the coupled tendons. Depending upon the exact stressing
sequence, it is possible that the anchor set Toss was distributed over the
much shorter Tlength of th@ temporary bant%lever tendons beyond the
expansion joint. This woqu-resuTt in additional losses, reduced prestress
force, and even higher tensile stresses in the top of the joint than the
1,280 psi indicated in Table 2.

It should also be noted that the stresses in Table 2 are based upon
the assumption that the temporary falsework system at Pier 11N was
continuously in place during the erection of the Pier llﬂ cantilevers and
that the system was removed after closure of Span 11N-12N and stressing of
the Group I continuity tendons.

The top slab spacer blocks consisted of six 18-inch by 24-inch precast
concrete blocks. These blocks bore directly on the ends of the adjacent
slabs. MNo provision was made for transferring tension through the spacer
blocks to the adjacent slabs. When the tensile force in the spacer blocks
exceeded the dead load plus prestress precompression force of 2,090 psi the
spacer blocks ceased to function structurally. At this time the continuity
measures resisting forces through the expansion joint were reduced to the
8-inch thick bottom slab spacer block and the twenty-four 12-strand
tendons. When this occurred the Qegment erection analysis ceased to
accurately model the existing structural conditions. Stresses in Tables 2
through 5, produced by loading conditions which produced tension in the top
slab spacer biocks, are therefore not representatfve of actual conditions.
These stresses are presented for informational purposes only as they were

used as a basis for further refinement of the structural analysis.
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Table 3 summarizes the stresses calculated at the expansion joint due
[ to the actual construction Toads plus the live load stresses due to ‘the
Joaded MNoteboom traveling across Span 11N-12N. Page 3a of the handling
manual required Leg F to be snugged to the rail of the launching girder
when the loaded Noteboom traveled over Span 11N-12N. Stresses were
computed for the case of Leg F made active prior to advancing the Noteboom
as well as the case of Leg F remaining inactive. Positive stresses

i ~ dindicate tension and negative stresses indicate compression.

Table 3

o SUMMARY OF EXPANSION JOINT STRESSES
P 24-strands Actual Construction Loads
Segment 10NSG Loaded on Noteboom

o Stresses at

r Expansion Joint

| Tt fy

‘.  Load Cases Tpsi) {psi)

! Dead Load and Prestress -2,09C -420
ER Work Platform ' +300 -200
Ol Leg F +660 ~440
I Leg H +230 ' -160
; Leg C +1,870 -1,240
SN Counterweights =350 +230
. }:; Miscellaneous Construction Loads -160 +100
3 = (1) Total Construction Loads +460 -2,130

£, (2) Maximum Positive LL Moment , ~1,540 +1,060

(Leg F Inactive) :

b (3) Maximum Negative LL Moment 420 +289

= {Leg F Active)

[ TOTAL (1) + (2) | ~1,080 ~1,070

B TOTAL (1) + (3) +40 -1,841

i: . .

b

£

-
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The results of Table 3 indicate that the stress levels at the
expansion joint due to the Toaded Noteboom on Span 125-~11M (Total (1)+(3))
were not as great as those computed for the segment suspended from the
gantry.

Table 4 repeats the stresses calculated at the expansion joint due to
the actual construction loads (see Table 2} and compares these stresses
with those that would have existed had there been: _

(a} 24 and 30 tendons across the joint, with the actual
construction loads

{b) 24 and 30 tendons across the joint, with the handling manual
construction loads

(¢} 30 tendons across the joint, with the design criteria
construction loads (20 kips ‘at end of cantilever, plus 500 Kkips

Tocated 18 feet from the end of the cantilever).

Table 4

SUMMARY OF EXPANSION JOINT STRESSES
ALTERNATE CONSTRUCTIOM LOAD CASES
Segment 10NSG Suspended from Gantry

Stresses at
Expansion Joint

Load Cases (psT) (psi)

24 strands-Actual Construction Loads +1,280 -2,670
24 strands-Handling Manual Construction Loads +1,160 -2,580
30 strands-Actual Construction Loads +590 -2,630
30 strands-Handiing Manual Construction Loads +460 -2,540
30 strands-Design Criteria Construction Loads =430 ~1,990

The results of Table 4 indicate that the wvariations in the erection
procedure from those prescribed in the Handling Manual made Tittle

difference in the computed expansion joint stresses. The resuits do
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indicate that the original design, consisting of 30 strands across the
expansion joint, combined with the design criteria construction loads would
not have produced a tensiie stress failure condition at the expansion
Joint.

Table 5 summarizes the loads to the bottom of footing for the critical

construction Toad case.
Tabie 5
SUMMARY OF LOADS TO BOTTOM OF FOOTING PIER 11N

Vertical Load Horizontal Shear Moment

Load Cases | {kips) {kips) (ft-kips)
Dead Load and Prestress 12,927 =-32.7 3,418
Work Platform 97 17.4 1,813
Leg F 240 37.7 3,931
Lee H 99 13.3 1,391
Leg C 1,652 153.8 16,042
Counterweights : 54 -24.,0 -2,511
iscellaneous _ -

Construction Loads 62 -1;.0 -1,143
Footing Weight 1,312 0 ' 0
Total (both columns} 16,443 154 .5 16,108

The maximum and minimum pile loads computed on the basis of the segment
erection analysis are:

16,443 . 16,108

pile = 52 456 = +352 kips
+281 Kips

P

Pile loads are based on the footing properties shown on Exhibit 4.

These loads are not of sufficient magnitude to produce failure of the
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footing. As mentioned previously these pile Toads are not representative
of the existing conditions because of expansion Joint modeling
characteristics.

Analogous Truss Model

As stated earljer the segment érectioﬁ analysis did not accurately
model the existing conditions once initiation of the expansion joint
fai1urg occurred., A truss analysis, referred to in this report as the
analogous truss analysis, was next used to analyze the structure. The
truss analysis allowed a more accurate modeling of conditions at the Span
12 expansion joint after failure of the joint was initiated.

In the analogous truss analysis the structure was modeled as a truss
using the top slab as the <top chord, the webs as the diagonals and
verticals, and the bottom slab as the bottom chord. Truss joints were
placed at the intersection of the vertical joint between segments and the
center of the slabs. Input geometry for the truss joints was established
by depth of segment and profile grade alignment. See Exhibit 6 for a
computer plot of the input geometry.

This analysis allowed the use of different materjal properties across
the expansion joint in Span 12. The top chord member at the joint was
modeled based on the continuity tendons through the joint. The input
tendon area was mathematically reduced to account for the actual length of
the ungrouted tendons. The bottom chord member was modeled based on the
spacer block between the bottom siabs of the expansion joint.

Time dependent loads were not included in the truss analysis. Stresses
and displacements for the prestress loads would not be correctly calculated
using the truss analysis because of the member properties used at the Span

12 expansion Jjoint. These properties represent the structure after the
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fajlure at the expansion joint and are not representative of the structure
at the time the prestress force was applied to the structure.

An accurate analysis of the structure was difficult to obtain because
of the action of the tendons through the expansion joint. At the
initiation of failure these tendons, which were in ungrouted ducts, were
free to elongate over their ent{re length. As the expansion joint moved
upward an angle break occurred in the structure at the expansion joint and
the tendons began to bear on the walls of the ducts. Large friction forces
were created which altered the length over which tendon elongation could
occur. To correct for these friction forces the tendons were assumed to be
free to stretch over 75 percent of their length. The top chord area of the
truss at the expansion joint was calculated as an equivalent area which
would yield similar elongations to the adjusted tendon length.

The first truss analysis produced deflections similar to those observed
in the existing structure but did not produce footing stresses large enough
to indicate failure of the footing. The input geometry for the truss was
based on the actual depth of‘étructure and plan vertical alignment. The
truss analysis calculated member forces and joint displacements based on
the input geometry. This generally produces satisfactory results since
displacements.are assumed to be small enough that the geometrical shape of
the loaded structure is very close to the geometrical shape of the unloaded
structure. In the case of Spans 11 and 12 with large displacements where
the loads alter the final geometric position, the truss analysis does not
accurately calculate member forces and corrective measureé were made to
obtain more accurate results.

To correct for the Toaded geometric position the analogous truss was

reanatyzed using the displaced position of the loaded structure for the
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input geometry. The results of this analysis again produced displacements
of the magnitude observed in the faiied ;tructure. This analysis also
produced loads on the footing of sufficient magnitude that failure of the
footing was indicated.

The results of the two analogous truss models are summarized in Tables
6 and 7. Table 6A summarizes the deflected position of the structure
resulting from the critical construction load case. A plot of the computed
deflected position due to construction loads is shown on Exhibit 6.

Table 6A
SUMMARY OF CONSTRUCTION LOAD DEFLECTIONS
ANALOGOUS TRUSS MODEL

Cantilever Exp. Jt. Top of Pier 1IN

tLoad Cases {ft.) (ft.) (ft.)
Work Platform =(.5 +0.3 +0.1
leg F -1.1 +0.7 +0.1
lLeg H =0.4 +0.3 6.0
Leg C wd . +2.9 +0.5
Counterweights +0.6 -0.4 =0.1
Miscellaneous Construction Loads +0.2 »{.2 0.0
Total - Construction Loads -5.7 +3.6 +0.6

The development of the computer model %o accurately represent the
structural behavior of the partially failed expansion joint depended upon
several variables which were difficult to determine precisely. As a
result, the deflections obtained were somewhat sensitive to the model used
for the expansion joint. However, all of the construction load deflections
fell within a reasonable range of the observed deflections. The resuits
presented in Table 6A are based upon the following assumptions:

(a) Equivalent top tendon properties -assumed free to stretch over 75
percent of their Tength.

(b) Full gross section prOpefties of the bottom spacer block present
throughout.
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(¢} The geometry of rotation of the expansion joint as shown 1in

Exhibit 6.
Table 6B
FINAL COMPUTED DEFLECTIONS
Cantilever Exp. Jt. Top of Pier 11N
Load Cases (ft.) {ft.) (ft.)
Construction Loads _ -5.7 +3.6 +0.6
Dead Load -0 .4 +0.3 +0.3
Total =6.1 +3.9 +(.9
{Measured) {-5.5) {+3.8) (+0.7)

In Table 6B, the additional defiections due to the dead load acting
through the Tlarge displacements are added to the construction load
deflections to obtain the final deflected position. These additional
deflections were obtained by applying the structure dead load to the
displaced truss. As no prestress force was applied to the truss the
vertical deflections were obtained as a result of the rotation of Pier 1IN
due to the additional 0.3 foot horizontal displacement.

Once the displaced position of the structure had been verified, the
Joads to the footing were obtained by applying the construction loads to
the structure in the deflected position. The results of this analysis
appear in Table 7. |

Table 7
SUMMARY OF LOADS TO BOTTOM OF FOOTING 11N

Axial Load  Shear Moment
Load Cases {kips) (kips) (ft.-kips)
Dead Load and Prestress 12,927 502.0 53,815
Work Platform 128 B5.9 9,216
Leg F _ 309 187.6 20,132
lL.eg H , 123 6§7.1 7,203
Leg C : 1,827 762.3 81,834
Counterweights 20 -95.,2 -10,210
Miscellaneous Construction Loads 46 =-41.7 -4,466
Footing Weight ' ©1,312 0 0
Total ' 16,792 1,468.0 157,524
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The maximum and minimum pile loads are:

16,792 , 157,524

pile . —p7 X556 = +668 kips
-22 kips (uplift)

p

A pite load of 668 kips per pile will produce a punching shear stress
of 277 psi in the footing. The ultimate shear stress for the footing
using AASHTO criteria is 201 psi for 3,500 psi concrete. The strength of
the footing concrete was reported to be 5,000 psi. This concrete strength
yields an ultimate shear strength of 240 psi. The calculated stress of 277
psi is above the AASHTO ultimate strength for both 3,000 and 5,000 psi
concrete strengths.

V. CONCLUSIONS
Summary

The failure that occurred in Span 12 and at Pier LIN was caused by the
insufficient strength of the expansion joint in Span 12 to resist moments
resulting from the construction loads on Cantilever 1INS. These Tloads
produced large tensile forces in the top of the temporary "fix" at the Span
12 expansion joint. The tensile forces exceeded the prestress compression
force in the top slab spacer blocks and the blocks became inéffective in
transferring moments across the expansion joint. The construction moments
were therefore resisted by a couple consisting of the prestress tendons in
tensfon and the bottom slab spacer block in compression.

As indicated by the analogous truss analysis, the large flexibility of
the ungrouted tendons, free to stretch over their entire length, allowed
the superstructure to rotate on the pier. The resultant of the vertical
Joads, due to superstructure self weight and construction Toads, -acting
through the inclined superstructure, produced Targe horizontal components

of force on the pier. The horizontal force acting through the pier height
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in turn produced large moments on the footing. These moments produced pile
loads which exceeded the shear capacity of the footing, resulting in
failure of the footing.

Temperature stresses alone were not found to be of sufficient magnitude
to cause failure. The actual erection procedure was in general agreement
with the handiing manual except for the following discrepancies: placement
of the support legs for the Taunching girder was not in conformance with
the manual and the work platform at the end-of Cantilever 11INS was not 1o
have remained on the structure. These items increased the moments in the
structure and contributed %o the failure, but the lfai1ure would have
occurred with the location of the support legs .and the work platform placed
as outlimed in the handling manual.

Construction iocads placed according to the handling manual produced
Targer cantilever moments than would have been produced by Toading
conditions assumed in the design criteria. Had the construction loads been
restricted to those outlined in the design criteria (see Appendix A), and
had 30 tendons been placed across the expansion joint no tension would have
developed in the top slab spacer b1o§ks at the expansion joint and failure
would not have resulted.

Span 12 Expansion Joint

The plane frame segmental analysis yieided construction load stresses
in the boittom siab spacer block near the crushing stréngth of the concrete.
These computations assumed the full depth of the spacer block was effective
in resisting the compressive forces. The rotation of the expansion Jjoint
segments as the structure deflected resulted in a non-uniform application
of the compressive force on the spacer block. The spacer block was bolted

to the supported segment and the supporting segment was free to rofate away
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from the top of the spacer block (Refer to Exhibit 2 and Figure £). This
rotation yielded large edge Toadings at the bottom of the segment and the
spacer block, Failure due to this Toading was evidenced by crushing of
both the segment and the spacer block along their bottom edges. Evidence
of more crushing along the segment edge {supporting segment) free to rotate
with respect to the spacer block than the segment edge (supported segment)
fixed or bolted to the spacer block is shown in Figure 4.

Crushing of the top s1abr and spacer blocks was a more complicated
sequence of events. This ¢rushing was due to a combination of the rotation
of the expansion Jjoint and the horizontal force of the inclined
superstructure. Part of the horizontal force resisted by the pier was
transferred through the expansion joint when failure of the Pier 1IN
footing occurred. This force together with the edge loading conditions
caused by rotation of the expansion joint segments contributed to ‘the
crushing of the joint.

The expansion joints in Spans 14, 17, 19 and 22 were also temporarily
restrained, simi1ar to the continuity measures installed in the joint in
Span 12. These temporarily restrained joints performed satisfactorily due
to their location in the span with respect to the free cantilever. These
joints were located in the span third point away from the free cantilever.
Moments at these expansion joints, due to construction loads on the free
cantilever, were not large enough to produce tension in the top spacer
blocks.

The Southbound roadway Span 12 expansion Jjoint will also fail if
simitar erection procedures were to be used for Spans 125, 11§ and 10S. It
is recommended that a revised handling manual be developed for the erection

of these spans and the continued erection of Span 11N. The erection
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procedure for Spans 10 and 11 should 1imit the tensiie stress in the top
slab spacer blocks to zero. )

Replacement of the expansion bearings iﬁ Span 12N is also recommended.
The Cantilevers 11NN and 1INS should be supported on a falsework bent at
Pijer 1IN. This support will allow removal of the temporary fix at the
expansion joint. No repair of the expansion joint should be started until
the superstructure has been rotated back into position. It is recommended
that completion of Span 11 be accomplished with Cantilevers 11NN - 11NS
supported on the falsework and the temporary restraints removed from the
expansion joint.

Pier 11N Footing

The resultant force of the superstructure vertical Toads acting through
the displaced or dinclined structure pfoduced a large horizontal force
component on the top of the pier. The analogous truss analysis, loaded in
the displaced position, indicated a horizontal Toad of 1,468 kips was
exerted on the columns. This value was based on the assumption that the
footing had adequate strength to resist the moment due to the horizontal
force. It 1s probable that failure of the footing occurred at. Tower
stresses than those produced by‘the 1,468 kips indicated by the analysis.

The failure of the footing resulted from shear stresses larger than the
shear capacity of the footing. These shear stresses were due to the large
pite loads produced Ey the column bending moments resulting from the
horizontal load at the top of the pier. These moments increased the pile
Toad from 352 kips due to dead load plus construction loads to a total
maximum pile load of 668 kips. This pile load produced & footing shear
stress of 277 psi which was greater than the design ultimate shear strength

of 240 psi for a concrete strength of 5,000 psi.
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The actual failure of the footing was difficult to quantify. Failure
of the footing was evidenced by the cracked conditions shown in Figures 8
through 11. Figure 9 shows considerable horizontal cracking of the footing
had occurred in the area of the piles. Sounding of the footing also
indicated that bond failure of the main reinforcing steel had occurred, It
is probable that the footing cracks initiated in the bottom of the footing
at shear siresses less than the ultimate shear strength. These cracks then
propagated upward until they encountered compressive stresses that arrested
their further growth and allowed the footing tc develop additional shear
strength. These compressive forces were supplied by the axial loads from
the columns. Between the columns the cracks did not encounter compressive
forces and were free to continue growing. This crack growth resulted in
the Targe crack between the columns which exhibited the characteristics of
a diagonal tension failure.
Column 11M

Failure of the footing was assumed to have occurred at lesser pile
loads then the Toads determined from the computer analysis. Failure at
lesser loads would have partjally relieved the column bending moment and
thus column stresses. This assumption was based on the fact that no column
distress was noted either visually or by the sounding of the concrete even
though column loads were calculated to be above the ultimate strength qf

the column.

Loads on the column were assumed to be at least 7,740 kips axial load
and 76,336 foot kips bending moment. An axial load-unjaxial bending
moment interaction diagram for a siﬁg?e pier column is presented on Exhibit
4 for Pier 1IN. This interaction diagram has been adjusted for a ¢ factor

of 0.7. With no moment magnification factor applied for column slenderness
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effects, this diagram indicates a single column with an applied axial load
of 7,740 kips could safely resist an applied bending moment of 65,000
foot-kips. Using & computed magnification factor of 38 percent for the
column bending moment due to slenderness yields a magnified moment of
105,344 fcot‘kips. This moment s 62 percent greater than t%e computed
ultimate capacity of the column. These calculations, therefore, lead to
the above assumption that the footing had Tess capacity than the column and
the footing failure relieved the moment in the co1umh, thus preventing a
column fajlure.

Span 12

The displacement of Cantilevers 1INN and 1INS produced large tensile
stresses in the bottom fibers of the supported segments of Span 12, Pier
12N to the expansion joint. The magnitude of these forces was evidenced by
the opening of the bottom siab joint between segments and the cracking of
the web shear keys at several segment joints.

Bottom fiber stresses were calculated for the 12NS segments due to the
critical construction load case, and tensile stresses as much as 923 psi
were found in the bottom of several segments. The results of the computer
analysis indicated the largest of these tensile stresses occurred between
segments 12NSB and 12NSF, which corresponds with the field observations of
the Targest openings of the segment joints.

It is recommended that all of the bottom siab continuity tendons in
Span 12 be replaced and stainless steel pins be grouted in the segment web
joints to provide additiona1 shear capacity.

Pier 10N and Cantilevers 10MN and 10NS

Analysis of the load on Cantilvers 10MM and 1ONS resulting from the

expansion joint failure was not made. Calculation of the launching girder
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support reactions would require an analysis of the launching girder, which
was beyond the scope of this report. Evidence of the fact that unbalanced
loading of the cantilevers occurred was noted by the unsymmetrical
deflection of the cantilevers in Table 1. This table indicates Segment
10MNH is 0.44 feet higher than theoretical grade and Segment 10MSH is 0.89
feet higher than theoretical grade. The fact that launching Girder Support
C has settied over three feet means Support £ would carry more load and
Support A less Toad. This loading condition would tend to rotate the
cantilevers in a manner evidenced by the deck survey.

| Ne specific recommendations for the repair of Cantilevers 10MN-10NS are
made at this time. After the Cantilvers 11NN-11NS have been returned to
their proper position and the launching girder supports adjusted the
cantilevers should be resurveyed. Remedial measures, if required, can then
be determined.

Launching Girder

An analysis of the stresses in the launching girder is beyond the scope
of this report.. It must be noted that the launching girder had been
subjected to a large displacement of one of its supports. Engineering
judgément would indicate significant stresses may have been produced in the
taunching girder due to settlement of Support C. It is recommended that

the contractor be advised of the possibility of these stresses.
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Limitations of Livelcad on Structure
During Construction

A. Limitation of transverse moments

1.

Rows of € vehicles of B0 k each can be accommodated.
t.t.¢. distance of rows 2; 24'=-0%,

Max. concentrated leocad on cfntilever 32.5 k
Max. concentrated load between webs 32.5 k

B. Limitations of longitudinal moments

l.

Max. transportable concentrated load 600 k on completed
structure.’

Max. concentrated'load on cantilever 500 k at 167.5' from
pier or 1B' from end, whichever controels.

Note: 600 k load may be higher in larger spans. Is presently

limited by capacity of tail spans only.

C. Limitation of transverse excentricity of loads.

1.

I 73112

On tail spans B8'-0")

On 326' spans 18'=-0") complieted structure

On cantilever 500 kX load at max. excentricity of 7'.

=178~
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STEVIN  CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

| EChT U !_m___,, o T T

| — i ——— T

REV.: 3

SIT,

DESCRIPTION CANTILEVER f, AV /3/y PAGE 1 OF p

DATE: J- !7_ 89 __
DRWG NO.: -’;?

/o

START THIS MANUAL AFTER COMPLETION COF:

Zc7¥

SEQ. NO, 5.3 OF SIT. NO.

OF MANUAL ECM 021 éj

Erect piersegment /3 NN _{  on top of jacks A, Bl
and B2. )
Install vertical Dywidag bars Tl and stress to 80 kip
each.

(4000 PSI on Dwyidag.jacks)

{6000 PSI on hollow jacks)

Erect piersegment /3

s f .

DO NOT RELEASE CRANE YET.

Pressurize the interconnected jacks Cl and C2 to a force

of 20K each (100 PSI or 10 bar) and snug locking nuts.

Release gantry crane.

Install vertical Dywidag bars Tl in segment /3 NS /

and stress to 80 kip each.

Erect segments {optional):

/3 NS T [4! N3 éz

L4 M

Move support _ A4 from
position 3 fr. 8
position & fr. ©

make it not yet active.

of Pier 14 é[ to
of Pier ;2 N and

Adjust height of rollers on support C:
east side position 3

- west side positiom i

and set support € down on rollers.

7
REMARKS:

BLOCKING .|
East West {

2L 47 /-/o?j

IELEVATION
c.l.

/N -5

o

s




STEVIN CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

SIT.

£l 02 J

REWV.

REV: 3

DESCRIPTION CANTILEVER//, M ;% //PAGE 2 OF 0

10

. 13

".r-::.“t’ =

13 b
T4

15

16

17

I

DATE: 3 -17-80

Launch 20' (front cantilever 180' + 20' = 200" over D)

(gantry over Pier M, &)

Block up support G, elevation

gz fr. ’éw inches

Activate support f , elevatrion (8 fr. &% inches.
Check straightness of girder.

Remove: ~pick up frame

.”support D

-pierframe iz

Erect segments:

A3 W7 “
42 ¥s & 4 ¥ &
N f£, WN_ /L
NS R NS optional
/2 N A 1, NN_£
NS /11, NS F
NN

14 NN _F

Place one strand ¢ontainer 5 ‘south of Pier /3 N ("ﬁ

Ereck work p /aﬁ/s"r‘m € on cauntilevers 43 I,
Destress vertical Dywidag bars TI

in Pier Segments /32 QZ,

#Adjust elevation, grade, cross-slope and horizontal

alignment of segwents on Pier /3 Z}f .

Pressurize cantilever jacks on Pier [3 & to 200 kip
each (1000 PSI or 70 bar)

Grout bearings on Pier _jz N.

DRWG NOL: [
REMARKS:
NOTE: Seg. 12 may be done

before or simultaneously
with Seq. 10 & 11

[:‘DHQZ)_
.No-{e : ma\'}/ Ll/( g(o-{

Cﬂ'\ril(r T

balameed silvalse

e R o

. — — -




SIEVIN CONSTRUCTION INC.

AT N t

ZILWAUKEE BRIDGE PROJEGT REV: 2
.;_““,"‘ . 9 DATE : Y_LZ 32 '_%‘
'SEQ.| SIT. | DESCAIPTION CANTTLEVER ;/, N -3 // PAGE 3 OF DRWG NO.: /g :
Erect segments: REMARKS: '
I3 NS £ /4 ns D { Op{'iaw a{ NOTE: Erection of segmentg-{_i_é
NN NN on Pler may continue-y
L2 Q L& D - during Seg. 14 through 17,'
. [a N A NS
/3 W P NN X |
19 Move support & from: ELEVATION BLOCKING 7]
_ . c.l. East West .
position 3, ft ZE of Pier {é, A to VY IS A e
position 3o £t _ 8 of Pier /2 A and make it {
active. 8
20 Move support 4 from: ELEVATION BLOCKING 1
position o ft. _A_  of Pier Ja N to ;&',l'j,, 11?3;1:” /,WE‘Z,E i
- - fe - }
position 3~ ft. A/ of Pier /2 N and *
make it active.
ll
21 &djust height of rollers on support C i
east side position =2
west side position /.
and set support C down on rollers.
22 {112 Launch 30' (front cantilever 180")
(gantry over Pier [/, A[)
23 : Block up support € {elevation /é’_. !!Q” i
24 Check straightness of girder. ]




STEVIN CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

SIT.

 ECHo21 )
REV.: -

e

DESCRIPTION CANTILEVER || N _|aN PAGE 4 OF 8

B2
DRWGC NO.: \ C§

Erect sepgments:

IR_B5_ VL R8T

ARy V., ®N T

2RSS N AL NS O

12_NR_ N W, NN_C

12 NS M e

AR MM ‘

Az ws L\ For_ollermote erechion
AR_NN Sequence  See ek PG'C'SZ
AR ks K

‘o W

-Place segment |3 N & J as counter weight iéz fe.
& _ of Pier m\g!N,
~Erect Segment |4 NN E;
NS

Dlore seam. NN R’ S QQ piec WN
Shre cogn. WNHH 20" N o} per wN,

™ee ssemble wor\:P\a.Wofm north op

Wy N and she counlerbearn

ey g N T"w V4

'Er‘e;c;){ .Sc?o\mex\} S NS R
moue, x!\‘\’a\’\al Cod;&mef
Qrom pos . st S o«Q 1 NJ

b PO‘\‘ '601 & o@ " N

REMARKS:

NOTE: After erection of

segment ji h}&‘ig , DO more-

erection is allowed
until situation 1R _ has
been effected.

Noft.': é
& t?’ 2T 23 mqr [}
afpﬂe, b{‘ /9’3 & "L? zsA

AN
4

No}-c; f?/.’(-rr ffe:[lt'aﬁ
D‘[/ bf"'z-m@m’ Ix-3 Hs &

j’ =4 I‘%f rr
lor'cjf u/&'

wo e 5>

behiad

con ref
Leoode £a
of Go K

suﬂ)o'f -




ecmoz2t J 1

STEVIN CONSTRUCTION INC. feve o

ZILWAUKEE SRIDGE PROJECT '
‘ . oate: J-l5-e o |
SEQ.| SIT. | DESCRIPTION ‘?/"7 CRWG NO.: 73 i o
/12 Albernale evecl=ow f?racécfure REMARKS: l
Az le Lhe evechoq Of Sf‘sf—ae%/- [’
13 NN-N  amel befeve Fle ,
e;;c#:‘m 07& /5/V55 cl[tz ﬂ//ou-i-\j l
@ e”"“‘Z/f € rechy onm s€FufucL 8
) "na7 ke e h ! I
i .S'(vkd 0#1, A‘p o-f‘ € 2 %,'/e/o:—; /2N Fov /acq (42'091 J I
S€gmin £3 /13 NS K | see next page
| 13 /VA/K ) Nofe : Sto-e S?Emeﬂé-r;
| 2 E,-rec(l s€ "’m@?‘l{% o o an }_ JTM’{WG’ﬁd
3 ) 1'/0(/15 IR < ] 8
13 Ass /\7 57 b ,'/a.n WO‘)/ :
) 12 NN M a5 .S‘lzara_ﬁf P
- ‘S‘LDV‘C On !Z‘B/ﬂ c-%’ (a«//‘/t’vcfffj 12N
Seomtulr /3 NS /
13 4ty (
Yz Do sé/&‘s 2¢a thew 25 = A
Er»e(,!é 565»‘46”5 . Noéﬁf step / thra 5
; /3 b5 L mey be e
I B /3 v L .s:’mu/j wn eoas ty
- 13 NS K —ibh s<y =4
13 N &K thne 25 E
5. VYowe sheandcontorner
‘(n 1)
Qcam P S = on vz W) ‘
PRSP R
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- -~ A T o L S SR L IR W A )
STEVIN CONSTRUCTION INC. v
L ZILWAUKEE BRIDGE PROJECT e 5
T - H4DATE: 7 - 17— 2 |
SEQ.{ SIT. | DESCRIPTION  CANTILEVER /Z//-14M PAGE LLOF & DRWG NO.:. [ ~
/ T
R REMARKS? L
26 Stress group 1I of continuity tendons im -
span s M - /4. A ‘
27 Place coupling beams of CIS joint M,/V - /S”N and i
DO NOT stress the vertical Dywidag bars yet.
27A Place gantry crane over Pier LN . )
Release cantilever jacks of Pier 4 A . ,
28 Adjust grade of cantilevers /N by means of "
traveling the gantry, or by adjusting the height -
of the supports _ 3 and £ .
25 Stress all vertical Dywidag bars in coupler beams NOTE: during seq. 29-32 ..
: : . . : NO traveling of crane is’
: to 100 KIP each (4870 psi on Dywidag jack) S owed. s
L - Prepare CIS joint for pouring.
} - 4
31 Pour CIS joint LN - je N .
31a Stress group I of continuity tendoms in

Span J4HN - s . 7 ‘

318 Pier frame @N may be removed.

1
I
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EVIN CONSTR ““!'IO

ZILWAUKEE ERIDGE PROJECT

NINC.

DESCRIFTION Cgho[f!=cy-{y' /4}{_/9/‘{ {je S. [Zﬁ

REV..

T m—

DATE :

ORWEG NO.:

Fe17-02
/7

_3_5

sy (103

"3;«9..

Move support /A~ on carts from
pesition 2p fr. 5 of Pier 13& to
position 4 9 fr. & of Pier /3N and

make it active. N

NOTE: Gantry should be locared owev Picv /9 N

Check pressure iIn jacks of C support while gantry is
located over Pier Jm. Minimum pressure reguired is
2750 PSI on each jack.

Shim~up ;T support as required.

Release oil pressure in jadks of C support.

Attach rail c¢lamps in front of supportis &

from .

Pier gq"ig 1o
Pier [y, N -

Move Jaunching device ﬁ
fr. &S of

e
of

position y2m fr. &

position &

a

Adjust beight of rollers on
3
west side position 4

and set support down on rollers.

C support

east side position

Launch /f2 fe.
(i ront cantilever EQQ ft. over support A~ )

")

{ Block up support c

1 M&Vc e Ouw&‘f“r Wde:'?hrr’ (lss ﬁr‘pJ N
pier /15N

Molff Zi’o: r  writh swﬁ.yv--enz (/ Dny)
f-"""r té N er {7/’}/

Erect segment.’s:
/2 RS _J
j2 ¥R J
13 NN H

R emoede
Re nere
a e~ p/urr

{elevation

.

>

H n&rf{/‘:" 04”’[}/

.
..:uv

,f,llranrf e rsm/,:, e —
(Oun/er“b-rcrrn 7’rnm
4

i 7

latadl) E
rler

e e o et )2

and B _

REMARKS!

ELEVATION

c.1l.
JOL o037

— BLOCKING
JFose 1 West
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REV.:

=

3 .

ZILWAUKEE BRIDGE PROJECT

SiT.

DESCRIPTION CANTILEVER /YA/-/13A/ PAGE 7 QF g |

DATE: .1/ .22

" (front cantilever 267 ft. over support E )

SEQ. DRWG NO.: . 5 A
&7 Move support S on carts from . REMARKS: -
position A§.5 fr. S  of Pier /YN to ELEVATION BLOCKING!
. . c.l. East Wes:
position 30 ft. S of Pier /YA, and 7413 3 S
place support on specified height. -
. NOTE: Gantry must be located over Pier /3 A/ .
43 | . Move support /A& from ELEVATION BLOCKING .
position £d.5 ft. N of pier [y M to ‘;71‘ = ,E|as7t:” JJWes’E
— - - ="
position 92 ft. S  of Pier /3 and
)D/ace FrE e b 5p'?cz'/pz‘a¢:/ .4ef‘y4/
Zr-é - P-[Qte. N Qﬂfrf over FPrer 14 AQ .Sc:'g 47’ is ¢ 0mp[-ftzen/.
¢ s Move support 4 On_ cavés  Frowm ELEVATION BLOCKING
position 2¢€ fr. N of Pier /2N to - - 3‘51;'*7” E;S:F ‘jisr
position 92 ft. N of Pier /3N and . .
Place it ot specrfied }zsf‘géé
‘/ é Adjust height of rollers on support C:
east side position = 3'::.:
west side position / )
and set support C down on rollers. ;
& ? Lower support /&  until both supports ' £ and @
are active. _ -J
4y Move support __ £  from: ELEVATION BLOCKING |
' position _42\ fr. = of Pier /3 A to c.la East Wes'e™
i &) o2
position 3o fr. N of Pier /2 AJ and . : ]-
A make it pno é active. . . =
P L8 T ‘ ’ o ] i T .
_rcfﬂ ' Lowerv su.pforé £ and A SJW“//F“"’;“’-"& l
éi// E/Eucz M oud . S‘-Lf'FGV/ F=3 /61‘*9" o
/ A
Swppent A 162" 2
S0 P/a(e 3&:-4 (4/7/ a £ /20" 50;4&4 a7i i
Riler 9 N -
7- B _ Launch /37 ft. J
S




SIEVIN CONSTRUCTION INC. T A

I ZILWAUKEE BRIDGE PROJECT REV: S
S (PATE:  F-\7-82

SEQ. T3 ' V -
| Q.} SIT. | DESCRIPTION CANTILEVER /¢ A/ /,Z_A/ PrGE § OF § DRWG NO.: /qﬂ

- Jack up nose of launching girder by means BEMARKS:

of pick-up frame.

=3 Lavnch girder forward until fromt end of girder

is completely over support [ ? -

»

vd . Lower pick-up frame and let girder rest on support /)

o Q’}&O
oo > /!é Continue launch with éézs £ until support C is
' over Pier (é, £y

Slide girder sideways, see table: /
: SUPPORT ' P
. DIRECTION .
' STEP ' =

1 - e .
3 " |
G /

5
TOTAR" |
-

Move support & from:
position 2~ ft. _ S of Pier J4 N to
position 2~ ft. 5 of Pler /2 4, and

make it ﬁ{&z active.

o

."? 1’7 Continue launch with e g ft. until front cantijever

over support ) is _f#eo fr.
Block up support C {elevation: -t )
' 2

8 : Move counterweights (150 kip) on bridge deck to
center of span JSA -~ MHN .

;';,’;5 Cneck straightness of girder.
PN Erect Segments: /3 ws H
- A

"‘:-‘@ , Place st‘rarvqfoh}(aémw o' N op 1'3.\\)
- t ® (OPkml) :
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I

CTION INC.

ZILWAUKEE BRIDGE PROQOJECT

SIT.

DESCRIPTION  CANTILEVER s3 A/. /24 PAGE 1 OF /o

BRWG No.:

DATE: 7.5/ K2

2o

START TH1S MANUAL AFTER COMPLETION OF:

7

SEQ. NO. 50 ' OF SIT. NO.

—J

OF MANUAL ECM 021

Erect piersegment /2 NN :qi___ on top of jacks A, Bl
and B2, ) '

Install vertical Dywidag bars Tl aﬁd stress to B0 kip
each.

(4000 PSI on Dwyidag jacks)

(6000 PSTI on hollow jacks)

NS
DO NOT RELEASE CRANE YET,.

Erect piersegmenf /2 /.

Pressurize the interconnected jacks Cl and C2 to a force

of 20K each (100 PSI or 10 bar) and snug locking nuts.

Release gantry crane.

Install vertical Dywidag bars Tl in segment /92 NS /[

and stress to 80 kip each. *

Erect segments (optiomal):
{2 NS T /3 NS /7,
/3 NN &

Move support 2 _ from
position 3~ ft. 5
o ft. 8

make it not yet active.

of Pier ﬂ3!! to
of Pier ﬁz& and

position

@

Adjust height of rollers on support C:

east side position 3

west side position Z

and set support { down on rollers.

REMARKS:

.

ELEVATION

BLOCKING

c.l.

East West

{13 .54

272V | 2=/




STEVIN CONSTRUCTION INC.

ECwozl A

ZILWAUKEE BRIDGE PROJECT

[—

oatE: 7.3V

REV. 4

. EQ.| SIT. | DESCRIPTION CANTILEVER /3 /Y . j2}_ PAGE 2 OF /o | " o o
9 | /4§ | Launch 20" (front cantilever 180' + 20" = 200' over D) REMARKS:
. Nele : .
(gantry over Pier /3N ) ]
2 Q,,/»fy pwer prer [N
ﬂ.;;o Block up support{, elevatiom ié £r, / inches ;
Activate support é , elevarion 8" ft. £ inches.
11 Check straightness of girder.
12 Remove: -pick up frame NOTE: Seg. 12 may be done
' B ¢ D before or simultaneously
SUPPOr . with Seg. 10 & 11
~pierframe _//
13 Erect segments:
(2 w7
12 WS 13 NS _F
L2 NS 13 W_F
; NS g NS optional
,Lgmm__&_ KN
NS NS
NN ' NN
‘i : g
I # : - L
LA e Place one strand container /5" south of Pier 24 . (/E:P !lo'}lclli)
43 b Erﬁef‘ w.:anémf[a é%arms on cw},‘,[,eyer_g 12 A @F}{'éﬁao
14 Destress vertical Dywidag bars Tl prz : 5??_ /3 é
in Pier Segments 24 . }nq?, be Adore c,../'[er
. Cr-erét'on svs.m, 2 Nﬂ
15 Adjust elevation, grade, cross-slope and horizontal '
' alignment of segments on Pier £2N.
16 Pressurize cantilever jacks on Pier 2 A to 200 kip
each (1000 PSI or 70 bar)
17 Grout bearings on Pier /2 N.
I“ . /_-
V] o
! 7 Ll R&moz/e, 5£r9ﬁa,€9ﬂjﬁr('ﬂe-(,5 oM A

Se?ut"'lﬂ O /f/eu’-rr- 0)( Rrer 13/




R ——— - . - . E.LMO2T K
~.  STEVIN CONSTRUCTION INC. A . A
ZIWWAUKEE BRIDGE PROJECT LIS
- , DATE: 7.3 1-80
'SEQ!| SIT. | DESCRIPTION CANTILEVER /2 M. 2 | PAGE 3 OF ORWG NO.- =
18 Erect segments: REMARKS:
_l2 Ns_ &2 L3 NS_ £ Note -
2. NN 2 /2 NN Q/,é.ef fr-@C.éJﬂf /e,M"u.;
. ylﬁ/ﬁ&*na/. N No more segmenk Moy,
/2 NS T /=2 NS gz erzel eon /;irf‘ BN, unt
. PEg i9a Thew 3L aT
/2 NN P 13 NR Corn z/e:‘_c‘a’. ~
19eq Move support _ /&  from: ELEVATION BLOCKING -
) c.l. East Wer -
| position 3~ ft N of Pier _L/Vto VI =% 79
position _}ZA_ fr _ S  of Pier ;3N and make it ‘
) active. _ e i
19 Move support /= from: ELEVATION BLOCKIKG .
‘s . ‘ c.1l. East We it
position %g fr 5. of Pier 2 ¥ to [P [ 2han | 2~
position 2 ft _5% of Pier (2&{ and make it
active. ' )
20 Move support £ oN cARTS /f O m ELEVATION BLOCKINC '_
f . c.l. East Ve ¢
position gg fe. ﬂ! of Pier s3/f to ‘ Y7 /le —¥ i
position ZZ fe. & of Pier ;3// and s O
make it active. 1
20a Move support _[3 oN ¢ AATS /r © ELEVATION BLOCKIN(:
‘pOS]'ltiOIl £y fr. gz of Pier 12 z! to /;‘/l} 72{, ,Ea‘}to; ,:‘w;&'}
position 2~ ft. [_\[ of Pier )2 /¥ and ' ' " ;'Z'j-
make it active.
21 Adjust height of rollers on support C
east side positicn 2 . ¢
west side position j
and set support C down on rollers. -
- §
22 }ff’ Launch 30" (front cantilever 180")
oy
(gantry over Pier J3IN) _ J
23 Block up support C (elevation {é"_?" ) i
24 Check straightness of girder. :
. Place strand container /9 ' /N of Pier /2 A/ (optional) :
5 - - i
Zéf c Pleace Agwo Futl $tie. 4 confarréss oo
L speen MM < f5’N J'usl" 5005‘1‘ 9; S
cownler v/r‘."‘qv,‘)éq . 2




SIEVIN CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

ECN 021 A~

DESCRIPTION  CANTILEVER sz A/ p ) PAGE 4 OF

i

REV.:

DATE:  7-3V-8

IT.
> DRWG NO.:
E Erect segments: REMARKS:
/2 NS O N
2 L NOTE: After erection of
Lz W8 O &WNN_“,Q;, segment {3 M_S‘B, o moTe-
/2 NS N erection is allowed
until situvation - has
VAN N been effected.
1z N H7 " '
- iz W7
/2 ws_ [ For a(ifrn ife  erec é_r‘an
/2 NN ‘i .‘."af?&urn!f- L Fre AT ﬁ“j’t’
12Nk
[z WK
"f"syﬁ" ~Place segment /2 gg/\/, 5 as counter weight gél ft.
o 5 of Pier igﬁ,
c5b ~Erect Segment 2% NN_f&
NS
- D&'5a55~em51& /'}7-3 wamé',@/@f 74’”’?‘7
en ecanbilover 13 NN ;
7-‘17{, (oun[-e rbemm @j /éz"’e Wﬁ’/c“' % é
f@/fx/;fofm m;.rgtl e S»/’arc@f zs 'N l
of pier 12N
‘.‘ V.A ) ir N f
ele )
’”r‘ﬂﬁ Erect 5y P 1y NS035 :

i?fz-er & e £v'¢”’
97[ 5?jm=€nf e NS S3
:‘rcrnﬁrfr cer P ﬁa%’
p,‘ck_‘u/o laaa’\g

] fn excess 01!
o k  bebh net
;;£upfcc>ré C. 7

— A




STEVIN CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

_E.CH021 o -

Rev: L

DESCRIPTION cernl. 13N =72/ P“jes"’/)“’

oate 73182 -

[P O E—

SEQ.T siT. DRWG NOi:  —@ -
#//&r " a}@ Freclion /‘Dr‘;: cedlFe | pernrks:
ﬁ/fer ;/)5 ere cg[;'a.q c9/ Sfj‘men("
/Z.N/Y_N com el é.e)/c:/c. (éj)e i
er‘t’(//‘an cbf /4 NSs_& fﬁe
‘fﬁﬁlzour‘ﬂj [ /{;’_er-ﬂafg’ @ e&'g‘f‘@ﬂ
] 5-{?"""”55 mey be used:
/ Sé@r; - o gﬂ"/@ o/ Con }z'/-?uefs See P7= ¢
/2 NS an/ /2 N/V Eéa ’{0/ ‘;[oca-rﬁ,;'oﬂ.
. f@.Z[av"n_q* 51‘3- )-M-?AAS' J /}/0(‘5; Sé—of&' Se?fﬂ"
12 s K o on 3 hoed
72 NN K b/oCkz\S in ‘:4
2 similear v f‘
£ F'r-cc:!’ K] éj r enjs «s In 5j&,,‘r.;.f._f
12 NN
3 ‘S‘Lo”f’ or é'—"P o-,g c.:?rz.gfzte vers
(2 NS and 120N segments 12 ws L
f | 72 MY L
Z{ =Place sag;;;“m as counter weight .!éf fe.
.S of Pier 2anN. ﬁ/ﬁée

H / _

-Erect Segwment 23 NN A
NS

;% a5 emble the Wc-,f,ép/a-//c?fﬂ?
on cenbilever 13 NA

The (C?t.(‘.;ﬁjr@,’ é;.ec_,;,,, @/ /43 u-/p/[._
./o‘("'%/ofm mest be sloresd
25! N o/j prer /;55/

Erect se ment 1L NOIB

. o threg
1) st<r ,

ey < oAon g
sf'nﬂc_.-/f'an eous/yt'
L4 sy z.;s"/Q
thr 27 .
45£¢’f9 & may £

done a:)ifer_c/ﬁs 'y
the €15 joz'nﬁ L




SEQ.

SIEVIN CONSTRUCTION INC, -

ZILWAUKEE ERIDGE PROJECT

B OW 021

A

REV.

é

SIT.

DESCRIPTION

éanxlz'/fdrf /3 AN jZN'P-fQ94p

DATE :

-

DRW3G NO.: o

1-

23v-8.

£ écé Sﬁ" mwﬁ%&

./2
/2

A
!z

NS L
MN L
NS M
NN K

REMARKS!:

Npﬁle -

d SP?.

Q’ol’?ﬁ e

2 A

A

T
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STEVIN CONSTRUCTION

ZILWAUKEE BRIDGE PROJECT

INC,

ECMozt M

SIT.

DESCRIPTION  CANTILEVER /3 N=-:22H paGE 7 OF o

REV.; /.

DATE: 7.%0-RQ0

DRWG ND.: Z oo

a8

g€

5iB

Lhy

Place 5!fr’o»nf conf“&’;"ner" ol & °7ZP"*"’!3N

Stress group IT of continuity tendons in

Span M*M :

Place coupling beams of CIS jeint /34/_ ﬂ:: ﬁ/ and

DO NOT stress the vertical Dywidag bars yet,

Place gantry crane over Pier [I3H .
Release cantilever jacks of Pier [3[! .

Re mole slrepd conlein ers £rom
spwn Ly N =15 N

foa{g((ﬁ érg;f/\?r /QQJ\"J w;itl!w cn‘ sqﬂ'jm@ﬂﬁ'.

ek e’ N 97[ pres Ju i, Treiler to remesn
f«AvP/”f {,[A;t'/ 5«?? 3/ ﬁ s e mp/fj-rp/a

Le ;oo cmee s oy e -

R |- ST PR

Adjust grade of cantilevers A2 /Y by means of

traveling the gantry, or by adjusting the height

of the supports Q and _F

Stress all vertical Dywidag bars in coupler beams

to 100 KIP each (4870 psi on Dywidag jack)

Prepare CIS joint for pouring,

Pour €IS joint s3 N - 24 HY.

Stress group I of continuity tendoms in

Span 3 /¥ - lé! ZK.
Pier frame £3& may be Temoved,

Erect 5¢jm£nf t2 NN J

REMARKS:

NGT%: during seg. 29-32
RO rraveling of crane is

allowed.




| ecmozt

) ZILWAUKEE BRIDGE PROJECT REV: 4
- ) Y P DATE: 7:31-8%.
v -
SEQ.! SIT. | DESCRIPTION CANTILEVER /3/V- /27Y PAGE ¥ OF /O | cwono: - o
I REMARKS:
33 Remove strand container Z!’ of .S#Ear} ~
334 Move support A on carts from ELEVATION BLOCKING _
. . - . K . west.
tion fr. of Pier to c.} East ,
positio :72, Y 5{5& g A 77
- position e ft. R/  of Pier /3 and 4
make it active, c.i-l ﬁjo ee:‘f’z'ea’ he[}' ﬁi" é
NOTE: Gantry should be located pVer Ffer 2 N a

34 Check pressure in jacks of C support while gantry is
located over Pier [5[! - Minimum pressure required is i
2750 PSI on- each jack.
Shim up C support as required.

Release oil pressure in jacks of C support.
Attach rail clamps in front of supports ] and 5 .

s Move launching device &i from NOTE: Seq. 35 may be done” T
position yao ft. g _ of Pier sz ) to sinultaneously with
position )24 ft. &  of Pier /3 N ]

36 Molle Gauqferw eif?- AA& ﬂgs"o @ on ér-z'cff < i
Lo cepler a/ Pier 14N
p/c'-:c-t- él"c:u'féf‘ W‘oéﬁ se:fm'aﬂf Radaid
,c/-cr 5 Y

S

37 Move support A from ‘ [ELEVATION BLOCKING -~

- . 1. East | West
position ft. & of Pier 1-35{ to ‘j,?,_m é; F é‘?g ‘. ‘E
position rr_:.! z_ ft. &5 of Pler j9 N, / / P
place support on specified height.
‘ . B
) o
37A Remove strand container from NOTE: Seq.37A may be =

posirion gtg fe. & of Pier /2 é)‘

T

done simultaneously with
Seq. 32-37.




SIEVIN CONSTRUCTION INC. L pen 4 .

E ZILWAUKEE BRIDGE PROJECT Rev: L
o0 R —TIRATE: 7% 87
SEQ. | SIT. ; e T
i1 SIT. | DESCRIPTION  CANTILEVER 34 - ¢2/f PAGE § OF fo Yppweyns: - 5
3 Move support /2  on carts from REMARKS:
position 3, ft. _JY of Pier j2/f to ELEVATION BLOCKING

‘s . c.l. East West-
ositieo - N /2 M - g

P n fr of Pier s &nd , 76 @-2-727‘ T PX4
place sup??rt on specified height.

NOTE: Gantry must be located over Pler /43 & .

39 > lower support A&  until both supports & and J2

are active. . e 4
el - R
LA Move support _ K& from: :
position e fr. < of Pier ;72 d o " N:: é[ﬁcélﬂj‘

position So ft. _ AN of Pier (2/Y and ‘ A
‘ make it Nof  active. : _
Ay ] ¢ o bar ) " ;

,1/ MD}’Q SC ron LIl Ganes, «,/.ru»». Pre- 12 Fv f‘o f \
pesit ien  3o' N of pier 12N 1 £

' 42 Ao ier SUffJ@ffﬁ A and 5 51;n:§/faneé&s!
’ . } - . é’f a7, o
£oll e!ﬁ's’a rens & Support. Ao ‘”JAZ'
5&;,{:/@@?5 20 fg’m yg”
i :’_','_.Zﬁ < &L a?_fﬁ_ér)/_ _,:;_-f____75" ! 9}2 fo.t'-?:r" /13N
L,é 420 | Adjust beight of rollers on C support

east side pesition & ' : ' A\

west side peosition 2

and set support down on rollers.

} /) Launch &42 ft.
{front cantilever gé;z ft. over support & ) -

/

[
[ BR¥o B o BN ]

/
TOTAX RNl

H i copsamtine =
- TR




E_.C-ZM 021

C—
I

STEV!N CONSTRUCTION INC.

L

REWV..

4

i

ZILWAUKEE BRIDGE PROJECT

ST,

DESCRIPTION CANTILEVER ,3AL /2 4

DATE :

73182

FPAGE /O QF /0O

DRWG NO..

2o

ﬁ

45

46

&7

47h

48

49

Q?ﬁn

50

51

52

/127

/Z 2

Jack up nose of launching girder by means

REMARKS!:

of pick-up frame.

Launch girder forward untll front end of girder

is completely over support gz .
Lower pick-up frame and let girder rest on support :é)

Continua launch with Aj%_gft. until support C is

over Pler gg d

Biacé up <5ufpaf! o (5 ju.sé /ree /fam I'Oz/ﬂe

Slide girder sideways, see table:

SUPPORT
DIRECTION
STEP

i-

2 /
L7

5 ]
Tom

e
L~

o

e
L~

o

Move support from:

£
position e, ft. S of Pier /3 éf
position Zo fr. S of Pier J2 N,

make it d of active.
Selt sup,sofé', ¢ down on

Continue launch with 5 ft. until front cantilaver

LD _is dofr.
/ N

Block up support C (elevation: ZZ —_3 )

Move counterweights (150 kip) on bridge deck to

center of span 5:3& - éé&.

and

ralzacf‘:

over support

Check straightness of girder,

s [oFTiond L)

Erect Segments:

12

A :

No A/ock z'nj

T
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STEVIN CONSTRUCTION INC.. |

ZILWAUKEE BRIDGE PROJECT

€ CM 021

REV..

DESCRIPTION  CANTILEVER ;9 A “,\/ PAGE 1 OF &

DRWG NO.:

oate: D87
MR

R

1

_J :

START THIS MANUAL AFTER COMPLETION OF:

SEQ. NO. 532 OF SIT. NO. \0o
OF MANUAL ECM 021 _ < - '

-

‘Erect piersegment i] NN j. on top of jacks 4, Bl
and B2. o )

Install vertical Dywidag bars Tl and stress to 80 kip

each. )

(4000 PSI on Dwyidag jacks)

(6000 PSI on hollow jacks)

Erect piersegment ] mwNg 4 .
DO NOT RELEASE CRANE YET.

Pressurize the interconnected jacks C! and C2 to a force

of 20K each (100 PSI or IO bar) and saug locking nuts.
Release gantry crane,

Install vertical Dywidag bars T1 in segment'ﬁ« NS j

and stress to B0 'kip each,

Eréct segments {(optiomal):
\\ons U 1. Nns H
2 NN M

=

Move support from

position B ft. Tl Tof Pier |2 rto
position 'O ft. of Pler | . and
make it not yet actfive, = -

—_— -

Adjust height of rollers on support C:

east side positiom 5 Q. .
west side positiom } -'_fi_i_]‘ S
and set support C dowm on rollers.

L, ‘

-

REMARKS!

£ b—

ELEVATION

BLOCKING

c.l.

East West

[

i3t

ot it —1o”




STEVIN CONSTRUCTION INC.

Eevon L

S ey e m——— e

S ZILWAUKEE BRIDGE PROJECT Rew: 4L .
e DATE: 81872
5 N o
3EQ.| SIT. | DESCRIPTION CANTILEVER J2 M. 1N PABE 2 OF & lppweng: 9|
9 \?_L) Launeh 20' (front cantilever 180" + 20" = 200" over D) REMARKS:
(gantry over Pler \2 N
10 Block up support {C elevation 3 ft. | inches
Activate support £ , elevation e fr. .\ inches. . _ -
, 11 g - Check straightness of girder. o
;2 Remove: ~pick up frame d _{NOTE: Seq. 1Z may be done
f —-support D b?fore or simultaneously
. with Seq. 11
~pierframe ”
13 Erect segments:
(R N
AN D 11 88 G
NS 2 W G )
1‘ NS B 7 NS E optional
AL = Sz ME
e WS NS
P NN N
e : ' . ¢ | :
RN ‘ Evrech wor\cgﬁ\#ﬁ@om:, o, cg.,m]fnauwms 1 \_Q?Hoﬂa.l
- g R I
?_14 B Destress vertical Dywidag bars Tl
' in Pier Segments || U
T 15 Adjust elevation, grade, cross-slope and horizontal
y alignment of segments on Pier _ || N
18 Pressurize cantilever jacks on Pier 1 Uieo200 Xip
b _each (1000 PSI or 70 bar)
i”’ Grout bearings on Pler H N -

I



STEVIN CONSTRUCTION [INC.

ZILWAUKEE ERIDGE PROJECT

ECW 02

!

—rn

— e e e .

4

pATE: &/ ')—_ - 8:2___

: ) . a,
; SE:Q- SIT. | DESCRIPTION CANTILEVER (111 - UN p.% oQg DRWG NO.:
\9-14 REMARKS:
NN N X
| R
L [ F 3 ToTE R CE L
| e X L 1B T R W
Fill EFB ottt .
pars \ {l| / Tsrap ‘[ ! ' | 5o ]'
] moi ,!. — Eead : L??.zsj. ??eiqL __235.5' ‘1 90’ [lazs _ o
4 = v b j{‘ C}‘
- AL E“a—[biioﬂ =) 9 5\\0[;1'}&\ Condrrmciion
o C - support .
ie must be dewve ol.uﬁni
s.e_.:tt.,l_zwce_s 132 P \‘.i. '
e ‘(Y')c\)e:-— Su—t::inm’{:’ E ' ELEvATION] \,\O.«_-L,inﬁ_ .
irom pos. Z—\l' N o pler \2 N =1 €t et
o ,‘wrc.;.s:. £ 8 P;“ i N . - : - b
and slee v ackive X} il =3 11
i De ek ivale Sappoff’ e ecndd
) o 1\‘1&,\‘-::_}[1, du.d-kr'\% Cohl‘TthOf‘) on C—&u\:.f:arf
‘ L. Slide g;d;.;,r sideway-sl,-—‘-s_e; tableq o \e
: SUPPORT E AN AT = :
X DIRECTION E, B = = ' |
STEP |
D S io® " & 0 -
2 L 31;/2 " ry Y ii
3 BRI B R U S 7S E
p ]
2 !
TOTAL 24 1 21/ [t T 2% "
T - Check b\bd:lﬁi womder C _-K-Q%va:‘}“,_; —_—
se thet 2levahidn will b ;-3’...1
after remsuad of suppert B0
- YT)oue s%par’% E o A _
Qmm pes . 520 S e V3 N}
. . o v
Mo( Y}‘\&l‘t& 1 na’r \7@{' &&L\J&, e" g‘ &4 991
' wefr ¢ ¢°



e it}

ECI.‘.OE‘l
,, STEVIN CONSTRUGTION INC. e .
ZILWAUKEE BRIDGE PROJECT REV: A
; : _ : DATE: R 19-RL
EQ.| SIT. | DESCRIPTION CANTILEVER jo \]_yh] PAGE 3 0F ¥ DRWGN o 2
18 Erect segments: REMARKS:
1y w8 () A7 ms = m NOTE: Erection of segments
i NN_C;) ‘ 7 72 OF\{O” on Pier may contizme
NN. during Seq. 14 through 17.
1L NN (? NN -
- ' et R |
| e YY? a\:& bu_F:Pc:r'JL = czci’mug_, fievanion | wlodking
©op et Ea [Wmr
S -l - - - e e o cee e NG 1® PR &
SZB Move support AT~ From: - o ELEVATION BLOCKING
' position ¥ ¢ “S of Pier 124) te c°1,° = ‘Ea’slt weit
o 6T 1" g =
positien %Q ft',; £  of Pier i\ L] and make it note. 2 Crome ha,;“h:
active. - ) '5&"“‘5 sauw th cﬁ "pres “.\‘7.\\,]
"1‘9 Move support Yz, from: ELEVATION BLOCKING
g position 3o  ft _S,& of Pier {7 }J te ?81 7 J:Eas!_:" 2-!ueis,:t
‘position ]8 ft 5 of Pier H }:} and make it -
active.
20 Move support A from: : ELEVATION BLOCKING
: position O ft. /}/ of Pier \| N to -1, : East West
: . i e V61
2 position _3@__ ft. g./ of Pier i} h! and v
make it active. '
Adjust height of rollers on support C
east side positien 3
west side position \___
and set Support Cc down on rollers.
'12 ‘!25' Launch /& (front cantilever 1807)
.(gantry over Pier l Z é}) T _-_ a
. ! h
n Block up support C {elevarion !;Z _— )
Check straightrness of girder.




CS1EVIN CONSTRUCTION INC.

. 0=

ZILWAUKEE BRIDGE PROJECT

JeAhoay

REV.. 4

&

oare: _gdlen

-y

——]

LS

; 5’% pier s3 N and

‘ .Nto;{"c :'é/.

1 D) of Pier /2 M.

~Erect Spgment

12 NN 4
NS

5é0/ﬁ .S?;Tmc’ﬂ} / /V.S-»Z 57‘559/]01:& ”/V‘i
slore .sc-j-mpn/— w YN - /L s7'N O/Z pler IJ!‘/E

JORPRN assemé/g Waré/o/aﬂ/ﬂrm North
Sl"or‘g C&u,«f-erd

beem over e.l. pier K

érfc!— sej-mf’ﬂ/ s NS -8B

17
I

Er'(c,ﬁ 51’-?'”‘{”% e | |
N N-L - |

if Jvmenés were séorest

- ;—;+—---a_ccoro{';‘? . ..96;0 25" ¢

g/ﬁ/fer ﬂéf;;;r'on pﬁ ;"j"" enl i3 NS;_/S
: jccr‘zz'ry Ve npf }a:‘cé - g LC’M‘/J.S
il exceess ag &ﬁ?é éeé:‘n&/
srciop@r;f - ]

"_.E'-r‘?.’c['a'@», Q?Z‘J‘Sf?m. k.o O(?/y o.-//ou'/edf’

SEQ.| SIT. | DESCRIPTION CANTILEVER s ¥ -yN FTAGE & 9F & | pRwe NO.: ‘L)
-\¢
[ 7 Erect segments: REMARKS:
; LMD A2 ns_ g NOTE: After erection of
i} N8O /2 NN ) segment )3 NS-J, no more
: o erection is allowed
(_ns N 12 N5 o until sitvation /2 O h:
g N L been effected.
1 NS /7' ,Z #Q—_& ~ E= e'f‘Fl‘—( fl A& »
) 3 W M 2 AN B 59? fb-(/‘;_c; S!'aff‘dé:}
— NS e the (qﬂfr'/-ed%?’.'
< 7 - - -
NN 24N
NS
.- . ? . . f\
WOC& ! 5&&:\&&9&&7\&" L4 N @ FLM \\N O‘P\‘\.D\f\a.l
r5 g ~Place segment JJ 2255 2s counter weight j{z ft.

} optional X




81 "V N CONS“RU(JTION

C

ZHWAUKEE BRIDGE PROJECT

 REV..

L. .

FC"HDZ‘I

A

= ot m

o omte: QN-BL
SEQ.| SIT. | DESCRIPTION CANTILEVER 12 WM.yt PAGE 57 0F | DRWG NO: 2\
i 4 Plece /'r'c-cr/hfr L owdes’ writbh ce 633“/771’01(
et o N e prer s N, Trar e~ Jfa ?m&/n REMARKS:
: Lhere wunt Z seg 3 A s com,D e fe
I 26 Stress group II eof continuity tendons din
' span 1LN - \3N.
!"...27 ‘1 Place coupling beams of CIS joint }2, & - \2 b} and
' ’ DO NOT stress the vertical Dywidag bars yet.
S - - e -
274 Place gantry -crane over Pier \2 !}!, - - S o
. Release cantilever jacks of Pier -\ &}
‘ 28 Adjust grade of cantilevers \‘Zﬁ! by means of
. traveling the gantry, or by adjusting the height
! of the supports é and ‘B .
29 Stress all vertical Dywidag bars in coupler beams NOTE: during seg. 29-32
B : . ) NO traveling of crane is
to 100 KIP each (4870 psi on Dywidag jack) = owed.
30 Prepare IS joint for pouring.
31 Pour €IS joint RN - oWV .
ol o
BlA Stress group I of continuity tendons im
Ispan 12N - 12N .
.. 31B Pier frame }Q_N may be removed.
32 Temporary tendons in expansion joint w Spe-n 1TR LN
L may be.cut.
g i -
i T
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STIEVIN CONS!RU lIO'\I I;\’(J

ZILWAUKEE RRINDGE PROJECT

Ecuon
pev: b
oaTE:  B--R7- .

Reroue- stra~dcontolines Qmm pie— 24N

4ra.l SiT. | DESCRIPTION CANTILEVER {7 \)- M}J PAGE SR R CRWG NO.: 24
3 - s —_— — -
— .
ki Move support I  on carts from ELEVATION BLOCKING -
E——— c.1. Fast he _
position- { &_ S of Pier | i}) to JITLT 7= 87 2 3'
position 4@ fr. & of Pier i N _ and -
make it active. ] . . -
NOTE: Gantry should be located C)__: S of oier V2 1

34 Check pressure in jacks of C support while gantry is NOTE: Segq. 34-35 may be

e . dcme simultaneocusly \_11:1

- located over Pier |7 W\ . Minimum preqSure requn"-e-triﬁl_s._ |seq: 27-29. i

2750 PS1 on each jacK. T -
Shim up C support as required.

Release olil pressure in jacks of C support.

Attach rail clamps in"wehind supports f~ - and & -

35 Move launching device H {from . - - ERS

position !QSES ft. S of Pier ]:5& to

N position \QQ " ft. S of Pier \2 N - {
a ——- e =TT
— Ad \u&"r hei h\ 09 vollewr on C - &U?TQA

Eo».S'!i ;Stalé‘- _pc;,s\\-xam 2

E Wedt  side Pod\'lﬁom A

: ond set Su?parxﬂ dewn  en vollem |

t Nofc . .
37 L owmnch 24 Gankry over prer

(Qrb\'\j C,‘G.ﬂ)( \QW l&a T a2 &uFF:r\‘ ES
_ %\oc,L - 6“‘*??0’)( C (eleuoj\ng \6 - o )
S}A’ i (Nove. COWHw%\-\_{- C}’D—o \QP,) OVvLe ] :
' P 13 0 - s I )
T - | 3 -

4 i . ) B L] f
38 & rfecf Se?meﬂf‘.s R
. M NS - K

o NN K

| T ENS -

] g oNN-3 . /2 : ;
- A : L ' N note : h side.
38 Place segment 11 NSH 33" N of :

® A -7



T AN TR T oot L~ -
SEEVIN CONSTRUCTION NG, °;;:.L th_'h.h%*

ZILWAUKEE BRIDGE PROJECT -

DRYE: (3“\'}%‘2_, B ___-

FO.| siT. | DESCRIPTION  CANTILEVER wp N_yN.  PAGE 6 OF & lppweno: 24
Move support A on carts from REMARKS:
position wem - fr. S of Pler YR Wt ELEVATION BLOCKING
[ . c.l. East West
position a _ ft. _ 5 of Pler \ 7?7 ﬂ and S L =L —
place support on specified height. ' K
NOTE: Gantry must be located over Pier _ |} hl .
. ) VJI
' 41 Move support '}5 from: i
el position _?‘:3'1- Fr. N\ of Pier Y2 N to ELEVAMICy) | BLOCKING
position &% % £t ) of Pier ||\ and - el 1= 1w -
T 5 ] - ‘g\_‘ 1}'%! _[ '°1H ‘3!!
| E\&@_&m}_{i__&&_ﬁg&c&p tedd hdﬁht . : -

. "‘)Q«.Sb@w C_er:l&!’&ﬁia

Toce o\&n‘\\f’j S RNT \::‘W \2 \\) jﬁ“ uﬁeqv 1—15

Ac%i,ugf EQ%M' dQ rollers on SWFFUH' C

e dl pes. T3
W M} ' F’Q‘; > . !
Sk suh\bpur-'i C on m\ler:; .. i

n@m&lué}a P {,l“ elevation . ‘5‘. - K’T: o
ng@f B %—U d@g&}ﬁgm ) -\5 t.--’Ll: ,
*::;?@ Ha ok Sws‘bpor\‘ B it ockive

- ho;-L‘o

.@loc&t-“’*—("; C . 'F CrAme
e b bravel ower C |

o= Lo S0 . WS

e e &WPQ"'" F Rl elevalon I'S’Lw“

o wstr &u.;?kbovt_ B U eleveatcnm ‘.S"«-ﬂ”

e ahm pre 1 i e ey
. o . - r

ue : i T
gzzm ﬁ;’iﬁ‘\sﬁiﬂ i =o' N o% ?iﬁr BN :F:.\eua}ipn %\oa\a‘n;}r
to peitlion 83.7‘5'5 of pitr 11 N il <1 Eout wal
end place i ok SPMA{?&:— ~ h_;:csh%' . YRV A ' pliy
O &.\‘raﬁaf\émﬂkm;ﬂsq’ . : ‘ ‘
§:3M ped 44 N og per 1 N Al e e
ke pes of N of pler g1 N ‘ : A
'_f‘m'ave. .sufa‘:»or%‘ = — ff - s -
Beom pes. 47 pier 41 N " o
Y PCN"' 5‘8‘ N o t’.‘n‘ﬂ-f' SN N
end vweke 1} o b achve, ie \3\6&)@1,\@) '
| i) R




STEVIN CONSTRUCTION INC. e .

- REV. 4
! . ZILWAUKEE ERIDGE PROJECT E;Eﬁ_:gﬁhé_——“
(] sea]sim | oescription Cardilever 1 =W\ 3 01\}‘8 orwanO: LA
? .I &H Ploce C})o-r\ir'\j ok \ng! S Q.Q Piex (2 N | REMARKS:
‘4\3 \Qj\ \_C{,umcjn \%L‘Z’ Q\- .
(proy\_l- Cexn) R\Eue,r- Qé"?t Q‘\' S Es SLJJFFOY‘\ E—) | o
SO Slide girder sideways, see table: |

. S UPPORT E B im A c l

DIRECTION \x/ Y B = = i
corg T STEP : - :
) 1 - S 3 & L R N
2 - 9. 5 2 s H i
N 5" 3 3 & 12 !
4 I 3" 2 S 1L ¥
2 37 . 2 6 i L

6 = 3 2 Y 1 __
7 - 2 3 & 12 )
8 2)' 3" 3 -1 W :

9 547 % 1 3 & B

10 ;
1T R I G B A 2 B B ¥

Jack up nose of launching girder by means

of pick-up frame. ) ' - o

572 Launch girder forward until front end of girder :

N is completely over support E) . i

: ‘ Lo ' - »
53 Lower pick-up frame and let girder reost on support \ )__ -

- A
2

S)_I l?& Continue launch with 136 gft vrtil support C is

over Pier { 2 N

ﬂa dnlock «p 5ufpaf/> e | : o

- _EI'
o
Oy
1 A o
o
L
b




TEVIN CONSTRUCTION INC.

peemoet - -

ZILWAUKEE ERIDGE PROJECT REV: 4y -
DATE : gu. 19- 92(___ _
pescaiption Cankllever 12N - 11 W P8 Q*& DRWG NO.: L
REMARKS:

N

Move support “fi__m from:

position 30  ft. S of rier _\2 te .
positicn‘htFQ‘_N of Pier¥hllﬁm, and iész
make’ it \16%

active.

Continue launch with §6Ur-ft. until front cantilever

|Eczft. o
/7«-/

Move counterweights (150 kip) on bridge deck to

12 N

over support ‘@0 is
Block up support C (elevation:

center~of span 13 N

+

Check straightness of girder.

Move = m”’( E,

wavw mes f§§? N (i b{
be o 20 = Piw
sond rmoke it not eckive

| fi ns H.
v mn 4

—— . —_——— e [

u N
i

Erect Segments:

| wesnt «

bl ockin:
e b

H
3
‘1 w—h-‘,}

1 ne Blo&\alm%
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AUS 24 .
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Rev. __ 4_
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r' [ - . .. - . - i .y . . B t-.,"'¢'1 ——
-l SN e e e G TN RS, M |
- .. \ o - TR g
e .o FHEY S ALE LRINAGE CROJECT o 4

_ e T — B e 4 LANE; *‘—-‘-/6__3\_39_'2_
o perscaenen e n NN 55 1L0F 8. Jomieno: 22
START TH1S “ANUAL AFTER C(OPLETION OF: REMARKS: —-
sEQ. %0. __ (5D OF SIT. NO. __‘\Q%_
OF MANUAL ECM 021 L__,
1 Erect piersegment (@ _ KN |  on top of jacks A, Bl
: and B2. . l
Install vertical Dywidag bars T! and stress to 80 kip
each.
(4000 PSI on Dwvidag jacks)
{6000 PSI on hollow jacks)
2 Erect piersegment ¢ NS | .
DO NOT RELEASE CRANE YET.
3 Pressurize the interconnected jacks Cl and C2 to a force
of 20K each (100 PSI or 10 bar)} and snug locking nuts.
4 Release gantry crane.
3 Install vertical Dywidag bars Tl in segment \{) NS !
' and stress to 80 kip each. ' _ ' l
& Erect segments {optional):
o Ns_T U _wns (3
AL G ]
7 Move support E from ELEVATION BLOCKING
s : -E_‘ . c.l. East West.
position 3Q ft. of Pier “ M to \q‘. —Z7 il AR
position oy ft. 35 of Pier \g [‘g and )
make it not yet active.
B Adjust height of rellers on support C:
east side position_ 2% '
N west side position 2
and set support C down on rollers.




10

il

12

T

1%

.

ST,

|51

| Wzifwu:k \5Jcrx£F\cL1kgwnq; o

L R T TR
-,I!',\'}At.; b \k.‘l:"\,i,-i*,o!“ji\} {L‘F(Jn
ERINGE 2a0drcT

DESCRIPTION

Launch 20' (front cantilever 180' + 20' = 200° over D)

(gantry over Pier \p bj b

Block up support {i elevation \3 ft. o~ inches
Activate suppoert E, elevation A%_fta Mé_:_“ inches.

Check srrzightness of girder,

Remove: -pick up frame

-support D

~-pierirame !!

Erect segments:

Ao M T
Ao NS _hwows ¥
VNS W E ( ,
\O NS Q __X_L_Ns_ﬁm ) optional
\o_ & W B
NS ~AL NS TS
NN , 1y NN ‘D]

cordilever \o )
Destress vertical Dywidag bars Tl

in Pier Segments \( M

Adjust elevation, grade, cross~slope and horizontal

alignment of segments on Pier \o ‘J.

Pressurize cantilever jacks on Pier SDES to 200 kip
each (1000 PSI or 70 bar)

Crroud l:cz.ox_x":f\q: wedder Fiw vo N

@ejzme kW}DOV'Mj bmx;hﬁé

caxtievir WIN_jol) #e5E 2 oF 8

REMARKS:

elevakiowm O'P SuUpp. C
Mesdurzed e brid e.é(’t)(
o enal el weest OdC

:TS- equ,a,l .

- o

NOTE: Seq. 12 may be done
before or simultaneously
with Seq. 10 & 11

e



STEVIN CONSTRUCTION INC. " M

ZILWAUKEE BRIDGE PROJECT
. DATE : 8/‘5 4 &1

'SEQ.| SIT. | DESCRIPTION CANTILEVER _ PAGE 3 OF { DRWG NO.: ‘
REMARKS:
i8 Erect segments: ' %
\¢> NS (2 i! NS ¢ ROTE: Erection of segme. -
NN . |on Pler \{ \} "may coatin:
Ao WD AW O during Seq. 14 rhrough 7
\ (O NS E NS :
Ao WP NN
o Ns © - . T CE:
: te NN O : . .
-3 e-jmenlls o . must be ererécvf before Sepm. O EA—E-V{Q‘“ON ’%LOC@\\)G"
\gh Move support A to position S o} per N S’V | 2% y -
and moke bt aclive '
19 Move support J~  from: . ELEVATION BLOCKINC
i . ¢ T {7¢.l. T TTITEast We
position &Q 25 fr S of Pier 1) b! to ST o " 3

position %D fr El of Pier || N and make it

active. ‘

20 Move support SS from: ELEVATION BLOCKING -
Wes
position 85!25 fr. ;55 of Pier }) W) to !S‘:{}_._g" %a:;t \1__8:“

positionm !q wofr, & of Pier }s \) and

make it active.

23 t-%oveA support _ ¢  from: ) ELEVATION BLOCKI-’EC’EJ
_ .1, East West
position Q; fe. t} ) of Pier,__w_M_ to \.,;, L PG V! -_L._ _‘
position !n}&‘ fr. M of Pier \p M and ' i
i
make it active. -
. 22a vol lawach yek‘ _
"L\ -Place segment \0 h}g Nas counter weight \} é fr. .é.
3 S of Pier 5“5)- 7- P
22| - | CErectsement 1| WS | | Shore cm.h,,t;é;.;g
_ _AAws A of worlplatform
————— .

_ rove Cﬁ\nki\@u‘?-f o
lef e.-r‘c:c/\‘\'oﬂ c;Q ;za_)mer\.k 2 NS A over F\W N

%&n\-r cannot \:sic,.\< “ep loeds In. ewcesy o

cg» o \arﬂd \::e}vr\cl &\AF\D':H'

Tlace o }-’r-a,;lef' loaded w,kL E
e ml:mﬂ: =y \c\o‘ N GQ pier 12 N
—T“(m\z( Yo revmaiv here u.,n}\'\ (eq 3\[\
{s comP\e\aa’g
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. STEVIN CONSTRUCTION INC. scMon W

. ZILWAUKEE BRIDGE PROJECT REV: '
: paTE: &/23 /T2
WEQ.} SIT. DESCRIPTION CANTILEVER PAGE 1 OF .
1o M. C.‘:_'\_N 1 9% 7 |bawe o 23

START THIS MANUAL AFTER COMPLETION OF: REMARKS:

SEQ. NO. S22 OF SIT. NO. \RAS o
OF MANUAL ECM 021 M ' : i
| | gt _

L] v
13 Erect piersegment % NN 72 on top of jacks A; Bl Sez vask f‘u&ic\f'\

and B2. anr Pc“%ﬂ 3/9

Tnstall vertical Dywidag bars Tl and stress to 80 kip
each.

(4000 PST on Dwyidag jacks).

(6000 PSI on hollow jacks) 7 %},

2 ' Erect piersegment ¢, NS <Z .
' P
DO NOT RELEASE CRANE YET..

3 Pressurize the interconnected jacks Cl and C2 to a force

of 20K each (100 PSI or 10 bar) and snug locking nuts.
4 Release gantry crans.

5 ., Install vertical Dywidag bars Tl in segment %% Ns_ 9

and stress to 80 kip each.

.2k

6 Erect segments (optzonal) y’d, L . }- _Z i
NN “&7» AD__NS_Lg-z ,w” See nStrastien
5P /'} on pere > A
. 1o fVS L b

lo ij‘,v f”

7 Move support from ELEVATION BLOCKING
LD S\} )Qﬁ 1. West:

position fr. aof Pier to {— c.l ‘§aza Q‘e22
position _ ¢ ft. Eg of Pier e hi andgﬂ;ﬂ\ {7

make it not yvet active.

e - Adjust height of rollers on support C:

é;w““”

N ' o =
east side posirion /{

west side position &
and set support C down on rollers.
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) E.CM 021 -
~. STEVIN CONSTRUCTION INC. o2 N
ZILWAUKEE BRIDGE PROJECT REV.: .
. DATE: &/23 /82
SIT. | DESCRIPTION CANTILEVER \n\). aN PAGE 1 OF § | owano.s . i
START THIS MANUAL AFTER COMPLETION OF: REMARKS: :
SEQ. N0. _ SR OF SIT. No. \RXA%
OF MANUAL ECM 021 }ﬁi
s
) L
q
é ¥
3 Erect piersegment on top of jacks A, Bl <ee VAl rw;}iom

o NN _2
and B2. -
TInstall vertical Dywidag bars Tl and stress to 80 kip
each.

{4000 PST on Dwyidag jacks).
(6000 PSI on hollow jacks)

Q"dﬂ
o s _9.;;/

DO NOT RELEASE CRANE YET..

Erect piersegment

Pressurize the interconnected jacks Cl and C2 to a force

of 20K each (100 PSI or 10 bar) and snug locking nuts.

Release gantry crane,

. Install vertical Dywidag bars Tl in segment % NS_0

and stress to 80 kip each.

o PG%C\B,Q

..s-q-.c. ;ASAI"JCZ 95‘1.

Erect segmer‘lts (optlonal) f{/
ﬁl\g 5 ;-Z« \s NS JJ I
1O NN_ 1) /—; o pr!
o Nsﬂp’v.z;; 1
. . : te NN v -
Move suppor ja rom
lm

position g,gg ftr. hs of Pier SQ hh to
position _ ¢ ft. N of Pier %LL and&f-\

make it not ver active.

Adjust height of rollers on support C:

L=

east side position

west side position &

and set support C down on rollers.

on pore 3 A

ELEVATION BLOCKING .

c.l. East Wesg:
Vg |62
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E.CM 021

STEVIN CONSTRUCTION INC. M. :
ZILWAUKEE BRIDGE PROJECT REV.: ——
- ' DATE: 8/23/82
s: 2.0 sIT. | DESCRIPTION CANTILEVER \p\) .o} PAGE 2 OF f | orwono. 23
B J{37 Launch 20° (front cantilever 180' + 20' = 200' over D) | JEMARKS:
(gantry over Pier \nh\))
10 Block up support( f, elevation = fr. ia inches
{
1‘_1‘ Activate suppcrtg, elevation | &' fr. €" inches.
1 Check straightness of girder.
i A
SR Mo\le.. co\.u\)k:.(wa%k}r (_15’9 E‘Px ép erc C‘P
12 Remove: ~pick up frame Wi \Q.U NOTE: Seq. 12 may be done
fo —support D - before or simultaneously
t upp ) with Seq. 10 & 11
~pierframe _\\
TS ) Plece 5£rc4¢-w! Cbnfq,;nuef‘ S 5 fpge,« e Y
13 Frect segm?s P g,b
oY (3 - ,2;3 ﬂgﬂ@’.gfﬁ
ﬂd} , NS PW?U'Q/? icz NS g‘; l ,“ & e e e s,éfu t[f'am
et o T >
‘J‘E’O\ gn;"*‘“'/ = iNN i tional S A 7
@f” o NS_ (O \op BS_F op
[} ﬁ-) L]
,. \ o WN_O Vo W F
I NS \n Ns_g
: NN \o NN_E~
. F .
a Place one strand container !5 scuth of Pier $&{ .
1 Erveck \uor\cp\aalgorm‘a on cantilever aWN
lu Destress vertical Dywidag bars Tl
[ in Pier Segments _%N__,
(f- ‘e
15 -Adjust elevation, grade, cross-slope and horizomtal
| alignment of segments on Pler %\\J -
1 Pressurize cantilever jacks on Pier O S}! te 200 kip
each (1000 PSI or 70 bar)
: .
17 Grout bearings on Pler %M,

.(QdaMe_ \-w{"'cra\rj‘ \bm";«NSS
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. SIEVIN CONSTRUCTION INC. et S
R ZILWAUKEE BRIDGE PROJECT — ——
, : oate: (/23/02
$IT. | OESCRIPTION CANTILEVER o N _?N paGE 3 OF § DRWG NO.: 23
Erect segments: REM‘ARKS:.
%NS_AL— Lo s 2 NOTE: After erectionm of
o N N [© NH L) segment “ NS B, no more:
/ erection is allowed
A ns_fY (e NS> _C until situation hé
%.NN_&_ __LG__.NLQ been effectred. <
NS ;é !Q HS E ) uﬂ}ebb -S'Qfm*"ﬁ}‘shé
'jQ J )L le NN = on, crnf [’?V—t’f‘ .
NS 7 N were sf 3reﬂl
S See also
N gt S.éf'c—-,c 1'1'@" Sy
~Place segment ?dﬁ K _ as counter weight /Jgp fr.
9 S of Pier de .
-Erect Sep;ment. /'o NN _A°
il ns 5
s d .
/\/a'fg
g/!«e‘r crec{L"c‘Dn Otp -‘-M?i- noent i NS &
}q_nﬁ_f_ cennob ,ofr,[f—-(—«p Lowds in -
exNCR 55 O)Z Seo /‘."-'pb "éZA/.fLa{ sufa/:aﬂﬁ' < ,




b
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Sy L F obe the reil of
oé!?'ﬁ ?rf’fD’\‘f -
7,uyu’ é!"a[%ﬂr go ;a"'t'f‘ /fh,

p;cé -~ e S<r m-{n.fg w’:([A jaﬁ!‘?'
en-\/of;, !’”c‘ff/nef‘ fo  Norlh
off/ prer a2 N (oPT:oNé‘J.)

' sll/:f::arf =
o th
r< ?uf /‘e,d’

bhfsfoos’
Lauﬂcﬁll'ﬂf

M eove

. /
[De . acliveie

Tﬂhr‘ay{/ j’anéff s-i?.m.e,\t‘

j@ /‘Aﬁ Z@caﬁg.ﬂf?

O ENERAL
/S hen Lhe

oV

N eoTE & ,
Z.@qm}cg{ jl’v-f'/f:f froq.:/efﬁ
w N - 2 N

}7&.5 ZQ 5"‘-’-"\7-’-?’[ Lo

i'cr,'/ 0; ’/‘{:f L C"’“rré{'rr

Ha "‘5’”2""&?’ Lr “-'a/"’!‘ ceen Lrave “ny L rme

-5‘-*l_/a/::arf‘ ~
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& Ll/af:a/r/' F
Ll

‘?'.r""&i‘
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59
be

Wﬁgncuéf !f?& jq—rzt‘?‘f' f/‘c,r./,f/f___,

91" vw«'tzj? & o f
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STEVIN CONSTRUCTION INC. SO
ZILWAUKEE ERIDGE PROJECT ) el
9l sit. | DESCRIPTION cant (oN- gl Fupe 34 @#C? DRWGNO 23
\Sufbﬁor/ F omldot le in el ive | REL‘,AEKS‘; |
2 Keep Lo le o o ilep -/Vw/'é oa‘ﬁ Lise n/éi’;ﬁ
| prec x N, sheef f@# |

ere ct"(,‘@ﬂ & 7
Sc:fm eﬂf'.:a Co & &

seq s 5/ /3} ,557’
1;9!9) {(,?:{5, Dﬁ‘/y




STEVIN CONSTRUCTION INC

ZILWAUKEE BRIDGE PROJECT

.

f T ————— - . - = -

Ecmozt N

REV..

SEQ.

SIT.

DESCRIPTION  CANTILEVER PAGE £ OF (Y

ta
-

N
I

~o

Stress group II of continuity tendons in

Span J2N - /LY .
Place coupling beams of CIS joint jo /¥ - 4/Y and

DO NOT stress the vertical Dywidag bars yet.

Place gantry crane over Pier iQd -
Release cantilever jacks of Pier 524_’5{.

Adjust grade of cantilevers go&/_ by means of
traveling the gantry, or by adjusting the height

of the supports b2 and £ .,

Stress all vertical Dywidag bars in coupler beams

Jto 100 KIP each (4870 psi on Dywidag jack)

Prepare CIS joint for pouring.

Pour CIS jeint /&N“ _}/ﬂ/.

a

Stress group I of continuity tendons in '

Span JoMN - _u M-

Pier frame jp & may be removed.

Temporary tendons in expansion joint 7 &)y

may be cvut.

PR rer %rc@m&;‘; afé ﬁ"f’/‘ te N meay
ée f@""!ﬁk/‘eq;f 7

DATE : 67/2:5 /&Z,_

DRWG NO. 2 3

- REMARKS!

NOTE: during seq. 29- 32

NO traveling of crane is
Fllowed.




43

1353

SIT.

f)[:',\..’l.l (I(-';n Jiix lq:[}(/'i\l El\‘(?.
VARV AT I NS mur[- PrRoOgECT
CFSCRIFTION O HIILEVER \\(\) (o[\j R OF&

B

position }qu Tt, hl of Pier \p hs to
position 44 ft. ___\53 of Pier iQM’ and

place support on specified height.

Move support from_

on carts

NOTE: Gantry must be located over Pier Hﬁ

Adjust height of rollers on C support

2
west side positionm 41___

and set support down on rollers,

east side position

Lower support = until both %pporLs _A Q_na E;_

are active.

Move support B from:

pesition \n 25 ‘f‘x: g

position g,Q ft N
make it DQt active.

Move =tvend c:_:;nJ S M Er C)rom

PR

of Pier :\QM to
of Pier \o m and

Pos 37 S e¥ pPler N kK

Pt 18! N o} pitr 1o N

L B ) & A wnkil t_\e.vm\'ldm \{

p[.ac,a ?r”!f'f}" 160’ S cf?}. € ,,N
=y . .

Launch’\Si?" ft.
{(front cantilever ‘253 ft. over support é )]

Slide girder sideways, see table:

SUPPORT F E M A c.
DIRECTION \~/eu A 5t Eeost | T g E ol
STEP ‘ _

1 9 2 S ‘o N
2 & 3 7 AD Ve
=N % 2 £ . O |

E 3 _.}__,___to '8
2 g 3 : 1w A
5 2 1 ] ‘e \s

7 S i & 172 1\ &

B 5 2 3 1o V3

9 8 2 6 1o ™
10 2 2 3 i 1=
TOTAL 92" | et st oSt fRtast | TL'-a®"

Jeeor M
REV.: Ly |
ihmer S/, -8
LEWGNO: 9
REMARKS:,
EL}:\:mo\* _ R0 95_1 G
___f_ Ast 1 west
16? o’ [u“" V. v

él
g;% oy only L
Aene \Q H.device
oo bege Qixet’l
gedn om \oridgcdtda
o %""AW‘

LI \;;.{c;c}l:t‘r\.csd

5




mamy

e, )

| ECMO021 M

STEVIN CONSTRUCTION INC.

ZILWAUKEE BRIDGE PROJECT

SEQ.

SIT.

REV.: L;_____\_!

DESCRiPTION  CANTILEVER || N -ioWN pPase Z, oF 8

26
27
274

. 28

(29

130

31A

318

e
aar

192

hto 100 KIP each (4870 psi on Dywidag jack)

DaTE: 9 L-DL

DRWG NO.:

2.2

REMARKS:

Stress group II of continuity tendons in

Span “g}! - !beJ.

Place coupling beams of CIS joimt ZWW - 19 N_ and

DO _NOT stress the vertical Dywidag bars yet.

Place gantry crane over Pier \l}] .
Release cantilever jacks of Pier WN .

Adjust grade of ¢antilevers ]}bl by means of
traveling the gantry, or by adjusting the height

of the supports é and E .

Stress all vertical Dywidag bars in coupler beans

Prepare CIS joint for pouring.

Pour CIS joint _\| bl - kztg.

Stress group I of continuity tendons ia

Span_llld_ - lﬂLjSL.

Pier frame || bj may be removed.

Adjust height of rollers on support C

east side positien 3
west side position 3

and set support C down on rollers.

Launchlqgg(front cantilever 180')

(gantry over Pier ]It!)
1 F/ #
Block up suppert C {elevation }(S_\O 7 )

Check straightness of girder.

Place strand container 27 ' §£> of Pier _Xgiijoptionafﬁ

NCOTE: during
NO traveling

_Iloued

g,le_ua\\oﬂ SUpy 3(:(‘* C

el Lﬁf&(l

eostoide
weat nnde

seq. 29-32 T
of crane is

to buid ci.l(:

\¢ '~ Vo
V6=




I ) STE\JIN CQNS‘;;RUCTEQN ]NCB‘__,..__._ Vi Toon NI T

ZILWWAUKEE BRIDGE PROJECT REV.: L,

1 ‘%;O VS.FT DESéRiP | - s 8/79—&; ﬂal
= . - TIO )
e : N CANTILEVER AN o) PAGE 5 oF & DRWG NO.: 2.'2_
| Erect se e
| " Stiments: REMARKS:
\5(‘23 ) RS | NS
'NN R . Nﬁ
o N
i NR_ [N
]Q NE !}_j -
.__m_,_,NN._;M_ —
\p w1
Yo I ]
A e {<
32A m@dc. couv\\erwa%\r\hs (\ S Eip) to cender
of pier v N
37, p§Ma o QLA“ sbveond pn}ainw W center
B 1ol apam 1NN - : -
_ 2 i,” Move support L on carts from ELEVATION | BLOCKRING
’ .‘ position ‘_'}Q_ Tt, N _of Pier _\7\ N_ to ‘2!3:— o= i_?;sut \ii'st
pesition o fr. & _of Pier }} \) ~nd
make it active, : :
ROTE: Gantry should be located Norfh of supperd €
"236 Move support é from S l [ELEVATION TBLOCKING
s . .1. East West
position XD fr. S .of Pier 1\ M to ::6’ L7 s“as ,ufsn
position é@ fr. &  of Pier lQMa
place support on specified height.

?;éﬁi -B.e mede shreod cont oty @r  From Lo f[N_J?_ﬂ[DP‘TIDN
z;? , Clieck pressure in jacks of C support while gantry is - ) |
located over Pier mﬂ_ Minimum pressure reguired is '
v
2 PSI h _jack. . |
750 PSI on eac fJac ) | ’Rdm& CR H.odearece
i c T i . ‘
Shim up support as require Mo be Aone
Release 0il pressure In jacks of C supporr. = ARWM\\C-V‘\EOU.JU/-I woi b e
Attach rail clamps ‘Dr-.\-;'nhc:’ supports }E,, and Y -l lea . 32 -5
A .
Move launching device H from ‘ .
| ’ (] TWlove oF H-dusite
position \13 fe. S of Pier 7 M to . h’\Ms\: \vr done Q_R,\M
v position “1-0) ft. _S_ of Pier _X.Lti: Lrey. oy 4 anc’ bePc.-rc |

ceq. 33




45

47

48

=9

50

52

£q

\31,

135

GVl O ERUOTTION T,
AN LR S nE PADIECT
BYSCRIPTION C40ILEVER |y N -1a N CPAGE 7 OF @

e i il i

Jack up nose of launching pirder by means

of pick-up frame.

Launch girder forward until front end of girder

is completely over support __i ) .

T.ower pick-~up fracse and let girder rest on surport D

5
Continus launch with Uia‘t ft. until support C is

over Pier H f}i .

Move support _ F__._, from:
position 3R fr. i
position J,{?D _'.ft. __%_
make it yye~1 active.

of Pier Hh'! to

of Pier |} N, and

§lide girder sidewavs, see table:

REMARKS:
S ..

UL gy

™.
4

HF:_V.: N

ipate: 841870

PRWG N0

Blackina A

east N

Continue launch with g,s,ﬁs‘ft. until front cantilever
over support D is JNn ft.

L4 "
Block up suppoert C {elevation: !3 -7 )

Check straightness of girder.

1o ns W
See— alruckanm onr Pa_fie_ =

Erect Segments:

SUPPORT B i g ] W [
DIRECTION Wead wied v | voegt v adt Endy
STEP __ —
! RE-0 4 i 4 é '
2 Ry 4 o ]y é

2 el b8 I SN - ”2'

1 (]

s i} zo 2 ! ﬁ G
TOTAL R R Y -9 -3

H 1
werk V-4

i

ele valon 99 :u_T?ar} (
Mr:o.',u..(ca] lo Eu'ﬁ cJ{‘;.i':
' |
YRS

. [}
ceudt '

o 3]

-

. "




27 7 STEVIN CONSTRUCTION INC. ifv{jﬂh L‘"’f '

IR ZILWAUKEE BRIDGE PROJECT : —
| DATE:  @.94 .92

t0.| 81T | DESCRIPTION & anf. uN_ 10N Puge 99/5 DRWG NO: 2 2

) \Sulo/\)arfé F o omdlet e in c“»Z rve REMARKS:
2 /‘{éﬁ;@ ' Zmdlev{ L[f“g;:,"é’f ‘ /}/of/[A 07/‘
O VAL
& ' /O/C{fe_ jxcrr‘;f’y Ng,‘%é o?f 5ufapp//L < -
.: énu‘? .Sufofogpff ~ f;} fA{ fcz-'z- 9%
A’ k!?ﬁ L&umc/&:‘nr ?r'rsf«p .
w 7I’RV-P/ éf’q[%é,- fo }O"ff //H
g L £ /
? /OI.C ._Lep s,{j m_(ﬂ,t W;'A jf?ﬁ7
g &‘7 . MQV& thfﬁéy szt«,fue:f- /@ N@rﬁé
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APPENDIX C

CAERIAL PHOTOS - EXISTING CONDITIONS



FIGURE C-1 Aerial view of Launching Girder at Pier 9N






FIGURE C-3 Aerial view of

Launching

Girder at Piers 10N and 11N



FIGURE C-4. Aerial view of Pier 1IN
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i

FIGURE C-5 Aerial view of Span 12 and Pier 12N




FIGURE C-6 Aerial view of Span 13 (Pier 12N to 13N)




FIGURE C-7 Aerial view of Span 13, Pier 13N and Span 14
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APPENDIX D

SURVEY DATA



GRADE SHEET

PLAN SHEETS

RUN #1 THROUGH
#4

APPENDIX D
SURVEY DATA
I-75 OVER 'SAGINAW RIVER NEAR ZILWAUKEE

These sheets show the top of segment elevation
aiong the plan profile grade line. These
elevations are top of segment which is 1% inches
below profile grade.

These sheets show plan of each pier cantilever
with the Grade Sheet elevation of selected seg-
menis along the side of the plan. Inside the
plan is the zero dead load camber elevation.
These elevations are given for Cantilevers 10
through 14,

These sheets show Tour deck profiles made on
August 28, 1982,

PROFILES ON CANTILEVER 14N THROUGH 11N
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PLACEMENT DATA



f- r’lﬁswﬂ@

- m--':m.ﬁ - e g oA o




12 NS Fize

B

it
3

I3




ST ANt e

L -28-82.
Z-/-32

L et

-




PER_]| N-

22682 NS -Fs

L 3-/-%2  YAS-Es
3-2-82  JUS-D
-3-82. .




o -8-F2 /DA - s

Cesz-52 ONN-Ss S
71482 JONK - Ks .
rss-gze SO - Ds. o

11882 MR

2082 SO O
- /ar-5e O -Me e
) -22-52 SO - M s
-~ L /-26-82.  _foAW -Ls e
L/ m29-%2 NS = 7= o
R-z-§2 A8~ Ss
_=-3-82 os-Rs
L 2°5-82 JoMS-Qs.
U 2-9-82. pMS R

_; 2 /-5 JONSMNs e e
| ZS2-82  JpMS-Me

pu——

1 3-5-92. JOMY e

_ . 3-9-82.  __JOMM-Ts_ o _
3052 WO s
o B-22-82  _woAs-Ks o

3-23-§2  OoMS-Te .
B gL SONSHs

6 AT-82 NS -Feey .

I

282 JOMS-Os

RS8R fOMShes




=R 9N -CASTING

_a9-52 gus-o,

20§ 7 R o
L 2-/E-52 YN0, o
2R3 JMN-R
6-af82 __TNM Fera |

—

R

a— e — - e s AR e s
——— —— e e, e it B o M e e b A 4 % e

————— et — — e i T e e |

)

—

—— — — o — NN — S—

-

——

)

L _ - .




_J-R3-F2
m2r- 52
TR5-9Z

_7-28-FZ
N7-29-52
7 2q-F

=7

7 30-82

‘ ”'?“' / 37
g3 - 5’2._

f? -5
_-V,/Z_z.tf_é_j 12 NN F_s /2/1/,.5" 4, /2A/;V £e

¥-5-82
T

| /.3 A//U Paﬁ/ /24/3 /‘%f/ g /2/1/3
ez-gz

IZNS My s2 NN 12 M %_w_/g)m
Y 7% /t/ A |

JAMSsLs Lk
AR Ls ) 12 NSKs, (2NN K 12NN T

#8972
- §-9- 92

ls-10-52.

24N- As_, C/ﬁALS 55) R

—

b oe LT
! : o

FIER 12 N - s 7oA

SENN - T | I
IRAZZ S /ZA//U“S_M e - =

NN J2NS-Q R
/,Z/Y//U Qe | - B —
JRNS - R /,Z/U,U = 12 NS - 05

iy

A2MS =T 12 Ms»—/7_{5__%____.___-._._-_ S
12 HN- A(s_,_ R

1245 95_, IZNN-Do . .
NS -Cs  J2MWN-Cs /2,/{/35 3/,:e;x\//\) B,

/.2/!/.5’ As

. 882 - —
b
P
e -
| o ,;;.é
i — — o
- ]
I _ i
"L - - i
a; i - B - ”*"‘3
i'i'_. e . B q




9-3-32
,?,f_lz/—f& |
¥-5-52.

¥-6-82

9782
$-§-92

g9
L 8m12-84
Y #7450 r-A
__§i5-82 o

__5_/4 Sz ///{/A//;{g_)_///i/y (:5_,__ SRS

_ F-17-87.

_3-)E-5Z
_ §-20-Y2_ ;.
¥ 2] -2

-0, A ANS A I A

Fier /N ERECTIN

WS- Fee , Y Pk /: ) WS-7

//A/A/-’Z;} NS S5 /WA -Ss
///VA/'%) ///Z/S"/€5 o

NS Qs HAN-Gs
WS- 1) |

% Mg, Wz />7_5- - NS z..j ///L/A/ Ls
NS Ks

WA Ks | 1/ WS T ///U/&/ \fg e

//ff/,s /‘/5

VNN G, .f:x;s S

/NN - F,,_;xp /S - 55,"// -
///VS“ Ce iﬂ.///(//L/ Cs ,_///UAJ 5,0

CU2NS- AN R

11 e raan b e a i A n s 4 et ae e —




Lo

8552
g -2
37 -82

__,___a 23-%2.

_§-25-52. .f_f_,“
szé_?L

z».,_[ §-27-82.

. gug-3z
il gi9-8-
P o7 E0 T N

ol QNS bg | WONN L, [ONN- Ky

. J@ﬂ&ﬂg LOMN - He

___TEer ION- ERECTION .

1ONS-Peri, 10NN Beei, 10NS-7Z

ONN - Tg  JONS-5c JONN-Sg .

/0 NS - Rs , JONN - Ke oo
/OMNS = Qs | JONN- 475

JONS= Pe | 10NM-Ps, 104 -0, 10 MM-O
VOMS - A{S ,/&AW NS 1ONS Mg | JONN-Mg

/&Ai,s;ks_ e .
dOHN- T /0 NS - T

e t g
e ettt . RN ——

.

e i
Ao
i
gl
Ky ’:j;:';

]

&

R o

; — JE— Cd
t—"lk —

AL
TR -—
l_ RN

‘lq,

—y o m——

"




PR IN - EpseTion) ) B

ez WS Fern, dWN-Ael

8:27:52 . NN-Q@, , FNS @, INN-£ | JMS:

[P — —_ — — -
e e i+ e [P—— . JR—— —
— e PSS — pu
—_— — —— - U SR s
-
Lo
S —
— —_— — —
e




	Insert from: "613---.pdf"
	01
	02




