SFOBB — SAS

TEMPORARY TOWER
DESIGN EXAMPLE

TYLININTERNATIONAL a jolnt
heh " MOFFATT & NICHOL BRAkES

18 November 2005



Executive Summary

This Design Example is intended to provide a clarification of the design requirements
indicated on the design drawings and special provisions, and serve as an example of the
type of structures anticipated by the Engineer to have the sufficient strength and ductility
for the intended purpose.

Two representative tower structures are included; these are: Tower C located at the tip of
Yerba Buena Island and Tower G located within the shipping channel in 20m water
depth.

Both towers are 3-dimensional steel cross-braced space frames, and are designed to be
reliable and ductile. The basic approach used for Tower C was to design a tubular steel
structure with bolted connections, which could be trucked to and assembled on site with
the use of a crawler crane. The leg segments could be bolted together with splice flanges
located near inflection points and have pre-installed gusset plates welded to them for the
bracing members to be bolted onto. Tower C was analyzed as part of a larger structure
comprised of Towers ABC, both east and west bound, all connected together, and as a
single stand-alone tower. The benefit of each of these configurations should be further
evaluated.

The basic approach used for Temporary Tower G was to design it as a tubular steel jacket
with pin piles driven through the legs. Tower G is actually shown as a two-part tower
whereby the base is first lifted into position on the seabed. After the piles are driven to
final penetration, they are then welded to the tower legs utilizing shim plates and simple
fillet welds in shear. Once the welding is complete, the upper section of the tower is
stabbed into the pile tops and welded.

Both structures were analyzed linearly for the specified load combinations as well as with
non-linear pushover analyses to verify ductility.

It should be noted that this Design Example is a first iteration in the design process and
requires further refining in order to meet the full intent of the specified design
requirements. As noted, there are several approaches to meet the requirements of the
plans and special provisions.

DISCLAMER:

The key words for the Temporary Tower Design Examples are strictly that: Design
Examples. They are presented in an attempt to show one example of how the drawings
and special provisions can be applied, as well as the other codes and specifications
referenced therein. These designs are NOT FOR CONSTRUCTION. The contractor
shall perform a new and separate design to suit his construction preference as well as
the final bridge erection sequence. The contractor is encouraged to use his experience
in selecting the proper Temporary Tower structures and arrangement to suit his means
and methods.
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1. INTRODUCTION

This Design Example is intended to provide a clarification of the design requirements
indicated on the design drawings and special provisions, and serve as an example of the
type of structures anticipated by the Engineer to have the sufficient strength and ductility
for the intended purpose.

The drawings and specifications were reviewed and two representative tower structures
were selected, these are:

e Tower C located at the tip of Yerba Buena Island.
e Tower G located within the shipping channel in 20m water depth.

This Temporary Tower Design Example is intended to present a design of what the
towers might look like, the procedure used to determine the design requirements, and the
analysis required for design. The scope of this design example and the level of detail
presented in this report does not mimic the actual effort required to provide a full set of
design drawings required to construct these towers.

Assumptions/Limitations
Numerous assumptions have been made during the course of this Design Example as
described within the appropriate sections of this report and will not be repeated herein.

e As noted on Construction Sequence No. 1 Drawing, the graphic representation of
the Temporary Towers shown on the drawings is conceptual and merely an
approximate indication of what they might look like; however, for the purpose of
this Design Example, the tower locations and general configurations were not
modified. It was also assumed that the deck lifts are to be performed in the order
indicated and that their weights are final, and that the bearing locations and their
final reactions shown on the drawings are also final.

e For purposes of this Design Example, a limited number of steps of the
construction sequence were evaluated This Design Example attempted to locate
the key stages that may govern overall tower design, including skew lifts during
the initial deck erection. Other load conditions shall be investigated by the
contractor, for their bid, including the condition where the entire deck is in-place
and all cross beams are connected, prior to load transfer.

e Also, many of the details required to fabricate these towers have not been
developed beyond a conceptual level and thus the sketches presented in this report
should be considered conceptual and very preliminary.



2. TOWER CONFIGURATIONS

Both Temporary Towers C and G consist of cross-braced space frames. In a cross-braced
frame, the compression members offset and balance the tension members within a given
bay. As the structure is displaced laterally, beyond the design limit, the compression
members buckle and transfer load through the horizontal braces to the tension members,
which then yield, predominately in an axial mode. The member end moments are
typically insufficient in this type of framing system to form hinges prior to the
compression members failing in Euler buckling. It should be noted that the horizontal
framing members must therefore be capable of transferring the compression force over to
the tension members without failing and that the connections must be designed to resist
the tension yield capacity of the braces. This type of framing system thus provides a
reliable and ductile structure.

Ductility is defined as the ratio of ultimate deformation to the deformation at yield.
Ductile response of structural components is characterized by several cycles of inelastic
deformation without significant degradation of strength or stiffness. The most desirable
type of ductile response in bridge systems is sustained hysteric force-deformation cycles
that dissipate energy. This type of response can be generated either internally, within the
structural members, by the formation of flexural plastic hinges or externally with
isolation bearings or external dampers.

2.1 Tower C

The approach used for Temporary Tower C was to design it as a tubular steel structure,
which could be trucked and assembled on site with the use of a crawler or tower crane. It
is assumed that all tower and truss joints are to be bolted. The leg segments could be
bolted together with splice flanges located near inflection points and have pre-installed
gusset plates welded to them for the bracing members to be bolted onto. It is intended
that the gusset plates actually penetrate through the legs in the transverse direction in
order to provide load continuity through the joints from the east to the west towers. The
longitudinal gussets are thus welded only to the face of the leg perpendicular to the
through plate. This type of detail with one through-plate allows significantly larger
forces to be applied to the joint since the leg tubular cannot deform as a simple ring due
to the presence of the through plate.

If the contractor elects to utilize the configuration indicated on the drawings, then the
connecting truss chords and bracing could also be bolted together and to the towers. The
truss could have a skid plate welded to its top chord in order to be able to slide the deck
sections along it from offshore. Short in-fill skid plates will be required to be welded
across the bolted top truss chord joints for sliding continuity. Once the deck sections are
in place, there may be an advantage to disconnect all of the cross-connecting trusses in
order to increase tower flexibility and thus reduce seismic response.



The configuration for Tower C was based on the configuration depicted on the design
drawings as well as the box girder weights and bearing footprint. A tower leg was
located at or very close to each of the bearing locations. Tower C was initially
configured as part of Towers A, B and C and later as a stand-alone tower (see Figures 2-1
and 2-2). The variable height of the westbound Towers A and B down the side slope has
not been addressed in this Design Example; and may have an influence on the design of
Tower C, when connected all together. The pairs of combined Towers A, B & C are also
cross connected by means of a set of cross braced trusses spanning between the east and
west bound structures. There may be an advantage of not connecting the pairs of towers,
or each other. Typical bolted connection details are conceptually shown on Figure 2-3.

It is intended to set Tower C (as well as A & B) on a set of prepared concrete footings set
into or on the YBI rock. Prior to erecting the tower, the concrete footings will be cast
either onto the bedrock directly or into pits excavated into the hillside down to bedrock.
A set of tie-downs may be required to develop shear friction between the footing and
bedrock. A series of anchor bolts could be located around the legs, set into the footing.
Tower C alone does develop small tension forces, which are easily resisted by the anchor
bolts, but a small shear key could also be provided below the leg base plate.

Isolation concepts can significantly reduce seismic demands on the temporary tower
structures. In this design example isolation was considered but not fully developed. One
alternative was to supply a slip plane at the bearing locations such that the deck would
only provide a small percentage of its mass to seismic excitation. A relatively simple
bearing including a low friction material could be used. Keepers would be required
similar to those shown at the Tower G cradle, to keep the deck structure from sliding off
the support bearings; however, a yielding fuse element should also be incorporated at
each bearing location to prevent significant impact loads to the deck.

2.2 Tower G

The basic approach used for Temporary Tower G was to design it as a tubular steel
braced jacket with pin piles driven through the jacket legs (see Figure 2-4). It is assumed
that the tower and piles will be fabricated in the Gulf Coast (Texas or Louisiana) or the
Far East and barged to California either through the Panama Canal or across the Pacific.
The structure has thus been sized to comply with Panamax requirements.

The layout for Tower G was developed as a 6-leg tubular jacket structure with a leg and
pile through each leg at each of the bearing locations. Temporary Tower G is
approximately 65m (213 ft) high, with a 14m x 30m (46 ft x 98 ft) bearing footprint at the
top. The jacket top plan is thus 14m x 30m while the base plan dimensions were selected
to provide approximately the same overturning resistance in both orthogonal directions.

Tower G has three principal bays between the mudline and the bearing deck, with a
simple welded tower/pile connection occurring just above the waterline. This connection
is comprised of a set of 6-8 shim plates fitted concentrically between the leg and pile.



The leg has a series of open slots and the vertical edges of the shim plates and slots
receive a simple field-performed vertical fillet weld. These welds provide both axial and
moment transfer capability. If the tower were to be built in one piece, then the pin piles
would be required to connect to the tower at the top with a similar leg to pile connection.
This would require significantly more pile material; however, it may be possible to
reduce the thickness of the legs above the impact zone, since the leg section will be
predominately in tension.

The cross bracing configuration was chosen to provide significant lateral seismic capacity
at an angle of about 45 degrees. The leg diameter was dictated by the pile diameter,
which was based on an approximation of pile demand due to earthquake loads, assuming
a pile penetration of about 52m (170ft). The bracing diameters were estimated based
upon general engineering experience, using L/r ratios of about 75-90 and D/t ratios of
about 48.

It is intended that a series of eight shim plates are to be welded to the inside of the tower
legs at Elevations —20m and +3.5m in order to limit the amount of lateral movement
between the tower leg and pile before the piles begin to resist the lateral loads. The shim
to pile clearance should be as tight as possible taking both the leg and pile tubular out-of-
roundness tolerances into consideration.

The box girder sections are intended to rest in a series of cradles, which in turn are
supported on bearings. This cradle is conceptually shown on Figure 2-5.

The Design Example for Tower G also includes a simple fender system shown
schematically on Figure 2-6, which is intended to deflect a runaway barge. The jacket
structure has been designed for the full impact load. It is intended that the jacket leg
above Elev. +3.5m be grouted within the Impact zone to preclude local leg collapse. The
leg section below Elev. +3.5m is actually reinforced by the pile inside the leg; however
these should also be grouted together within the Impact Zone to prevent local damage to
the leg below the waterline. Additional local impact bracing has been added to the
overall tower framing.



3. DESIGN CRITERIA
3.1 Codes, Standards, Specifications

All references in the Special Provisions are from Section 10-1.41, TEMPORARY
TOWERS, unless noted otherwise.

Applicable Codes/Specifications:

CalTrans Standard Specifications, 1999

CalTrans Special Provisions, Contract 04-0120F4
CalTrans Falsework Manual, Rev. 32, November 2001

AISC-LRFD, 1999 for all members and connections except tubular members

APl RP2A-LRFD, July 1993 for tubular sections and connections (and pipe piles)
AASHTO-LRFD Bridge Construction Specification, 2" Ed. (Concrete only)
ANSI/ASCE 7-95 (Wind loads only)

3.2 Independent Loads Cases

The independent load cases were assembled following conventional practice and include
the following:

Dead Load

The Dead Load includes the weight of the Temporary Tower structure, its piles, plus the
weight of the supported deck superstructure in the various stages of erection.

The Bearing locations are indicated on Sheet Temporary Structure No. 2 (see Figure 3.1),
and the Bearing Loads are shown on Sheet Construction Load No. 1 (see Figure 3.2),
indicated in Table 1 as an envelope of vertical forces. This envelope of loads is treated as
Dead Load for this Design Example (see also Construction Loads/Stages), below.

Live Load

The Live Load is, as specified in Section 51-1.06, “Falsework” of the Standard
Specifications, to be the anticipated Construction Loads or a uniform load of 960 N/m?
over the entire deck area plus a perimeter load of 1100 N/m along deck edge. See Figure
3-3 for a typical deck section. Since it is not known what construction loads may be
used, the deck uniform load plus perimeter loads have been used. This amounts to about
1500kN or 150 Tonnes for a 50m long by 27.9m wide deck section was used for the
purpose of this Design Example. Actual equipment weights used during the erection of
the bridge should be used, if they govern.



Vessel Impact Load

The Impact Load for Tower G is provided in the Special Provisions as 7.6 MN from any
direction and applied between Elev. +7.6m and —1.8m (see Figure 3-4). The resulting
moment on Tower G when the Impact Load is applied at Elev. +3.5m is 1779MN-m, for
comparison with the other load cases.

Seismic Load

The seismic design response spectrum was provided on Sheet Construction Sequence No.
2 (see Figure 3-5). The spectrum peaks at 0.7g at a 0.25sec period, drops off to 0.2g at
1.0sec, then to 0.1g at 2.0sec, 0.06g at 3.0 sec and 0.05g at 4.0 sec and beyond.

The Earthquake analyses were performed from the two orthogonal directions and
combined as specified in the Special Provisions as follows:

1.0 X-direction + 0.3 Y direction
0.3 X-direction + 1.0 Y direction

Additionally, two other cases were analyzed with a negative factor on the primary
directions in order to compensate for the lack of directionality in a modal analysis, as
follows:

-1.0 X-direction + 0.3 Y direction
0.3 X-direction - 1.0 Y direction

Other “loads” to be considered in combination with the appropriate load cases include
added mass and member buoyancy, if applicable (for Tower G only). For the purpose of
the seismic analysis, the added mass has been conservatively assumed to equal the
displaced water of the structure below the waterline. Buoyancy was not applied since the
members were assumed to be flooded.

The maximum seismic force and moment on Tower G was determined to be about
4.0MN and 196 MN-m, respectively, for comparison to the other load cases.

Wind Load

ASCE 7-95 specifies an 85MPH Wind Gust @ +10m whereby Section 10-1.59 of the
Special Provisions specifies a 77MPH 1-hr sustained Wind (100 MPH 3-sec gust) @ El.
+50m. The 100MPH Wind Gust velocity stated in the Special Provisions thus govern the
wind velocity determination.

The Wind Load was based on a wind gust velocity of 100 MPH and the wind force
determination procedure given in ASCE 7-95, utilizing the exposure/height, the gust, and
the shape factors. The 100MPH velocity at EI. +50m was adjusted down to the +10m
reference elevation; based on the square of the velocities and the ratio of height



coefficients provided in Table 6-3 (ASCE 7-95). (Another way of determining the wind
velocity pressure is to use the 100MPH wind velocity directly in the ASCE formula, but
omit the exposure coefficient Kz since the reference elevation is already 50m at the deck
level. However, the wind loads on the remaining portion of the structure would then
require modification by adjusting the exposure coefficient downwards in proportion to its
height below the new reference elevation of 50m.) The importance factor of 1.15 was
used, as specified, along with the appropriate exposure coefficients associated with
exposure D (open water). A gust factor of 0.85 was used in accordance with ASCE
Section 6.6 while the shape factor used for the projected flat surface of the box girder was
1.5 (ASCE Table 6-8), and 0.8 for the tubular tower structures (ASCE Table 6-9).

The wind force thus generated for the 5.5m high box girder section based on projected
area is 2.08kN/m?, or 11.4kN/m of deck length. The wind force generated on the tubular
tower structures vary with height from 1.44kN/m? at the top down to 0.72kN/m?at the
waterline or groundline, as based on the Falsework criteria (see Figure 3-6).

It should be noted that the local wind load on the jacket structure itself is actually
governed by the more stringent “Falsework” criteria of 30psf minimum, which was
conservatively used for this Design Example; however, in order to generate a consistent
set of wind loads on the entire structure, the lower values generated by ASCE could be
used for both deck and tower, since this would generate a higher overall consistent
loading condition as opposed to applying only the Falsework criteria, to both the deck
and jacket structures. The more stringent of the two criteria were used for this Design
Example.

Wave Load

A 2m high, 6sec wave was assumed, based on the limited fetch area to the site behind
YBI and TI, and limited water depth in the vicinity of the bridge. Extensive analyses
could be performed whereby a wind generated deeper-water wave height is statistically
produced and transformed to the site location; however, since the total wave force is
relatively low, the assumed wave height and period was conservatively used.

The wave force was generated using Linear wave theory, since the wavelength to water
depth ratio is relatively high. The resulting wavelength is about 55m. The wave was
stepped past a representative 1m-diameter tubular in order to combine the drag and
inertia forces and thus determine the maximum total lateral force and overturning
moment. This generally occurs at a wave phase angle of about 60-75 degrees. Based on
drag and inertia coefficients of 0.65 and 1.6 (ref APl RP2A), respectively, the maximum
wave force and overturning moment on the representative tubular are 12.4kN and 164kN-
m, respectively. This unit load was used along with the total projected area of the jacket
structure in the water of about 350m? to determine the total wave force on the jacket. The
maximum total wave force and moment on Tower G was thus determined to be 0.22MN
and 2.9MN-m, respectively. Note that the area of members not normal to the direction of
the wave force was adjusted to resolve the normal force component into the horizontal
direction.
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Current Load

A 3-knot surface current was conservatively assumed based on the maximum possible
Bay Area Tide and Current tables for the area (Note: The Vessel Collision Report
indicates a uniform 2 knot design current is sufficient for Impact design). The surface
current velocity profile with depth was developed utilizing a 1/7" power distribution.
The resulting current force and moment, on a representative 1m-diameter tubular, are
11.9kN and 137kN-m, respectively (similar to the wave force). Based on the total jacket
area of about 350 m?, the maximum total current force and moment on Tower G was thus
determined to be 0.21MN and 2.4MN-m, respectively.

The wave and current forces for Tower G were generated using the Morrison equation
provided in APl RP2A. During final design, the wave and current kinematics should be
combined prior to applying the Morrison equation in order to correctly account for their
interaction.

Construction Loads/Stages

The deck erection sequence and interconnection options can greatly affect the assumed
load cases. The following stages, among others, of construction may govern the design
of the Temporary Towers:

Individual deck lifts 1 thru 9 on the appropriate towers

In-fill / heavy lifts 1, 2, 3 & 4 on the appropriate towers
Connecting the deck sections together in the longitudinal direction
Connecting the cross beams in the transverse direction
Connecting the deck sections to W2 and E2 cap beams

agprOdE

Of the various stages of the erection sequence shown on the drawings, only the following
independent load cases have been analyzed (for the corresponding tower) for the
purposes of this Design Example:

Tower C

Temporary Tower (TT)

TT plus Deck Lift #1 (830 Tonnes) on 4 bearing pads

TT plus Deck Lift #4 (459 Tonnes) on 4 bearing pads

TT plus Deck Lift #4 plus half of Heavy Lift #1 (830/2 = 415 Tonnes) = total 875 T
Envelope of Vertical Forces (see Table 1 on Sheet Construction Load No. 1)

Since Tower C could actually be part of a larger Tower ABC combination, an additional
load case of the entire configuration would be required where the EB and WB deck
sections are supported but not connected to each other and then later connected to each
other. The latter case with the two decks connected is believed to be less onerous on both
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the tower structure as well as the deck structure and was thus not checked for the purpose
of this Design Example.

Tower G

Temporary Tower (TT)

TT plus Deck Lift #9 (892 Tonnes) on 6 bearing pads

TT plus Deck Lift #9 plus half of Heavy Lift #3 (1285/2 = 643 Tonnes) = total 1535 T
TT plus Deck Lift #9 plus half of Heavy Lifts #3 & #4 = 2177 T

Envelope of Vertical Forces (see Table 1 on Sheet Construction Load No. 1)

While not performed in this Design Example, the final tower configuration should also be
checked as part of the overall bridge erection sequence whereby the entire bridge deck is
in place, where the EB and WB deck sections are supported on all of the temporary
towers, but not connected to each other; and then additionally where they are connected
to each other.

3.3 Load Combinations

The above independent load cases were then combined per the load combinations
dictated in the Special Provisions as follows:

1.4DL

1.1DL+13LL

10DL+1.0LL+0.5Wind+ 1.0 Current + 1.0 Impact (Vessel)
10DL+10LL+10EQ

1.0DL +1.0 LL +1.3 Wind +1.3Wave + 1.3Current

It is good design practice to check the temporary towers using 0.9 DL in the load
combination to capture possible tension loads in vertical members and to account for
potential dead load fluctuation.

3.4 Other Criteria

A minimum yield stress of 345MPa was assumed for all steel with an expected ultimate
strength of about 485MPa.

The Special Provisions specified that “All vertical members shall remain elastic; bracing
members may yield and piles may yield to 2% strain” for pushover analyses purposes.

The elastic criteria are met by applying load factors to the load combinations analyzed
and capacity reductions factors during the member and joint code checks. Response
Spectrum Analysis was used for seismic load. The impact analyses performed was also a
linear analysis. The in-elastic criteria was applied to the non-linear pushover analyses
whereby the diagonal members may buckle and/or yield and the piles may exhibit
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inelastic properties when pushed laterally to 150% of the earthquake displacement levels.
A pushover analyses was performed for Towers ABC, Tower C alone, and Tower G, with
and without piles for this Design Example to verify the ductility of the Temporary
Towers.

The Special Provisions also state that the design calculations shall demonstrate that the
maximum design settlement shall not exceed 25mm at the mudline for the governing
design load combination.

13



4, DESIGN METHODOLOGY

4.1 Procedures

Sheets 967 thru 978 of 1204 of the Temporary Tower and Section 10-1.41, Page 227 thru
234 of the Special Provisions, including those items referenced specifically therein are
the primary source for information used to establish the procedure and design
methodology for the Temporary Towers. In addition, referenced items also used were:
the Ship Collision Study, Feb. 14, 2000, the Geotechnical Foundation Report dated June
30, 2002, Section 51-1.06, “Falsework” of the Standard Specifications, and Section 10-
1.59 “Steel Structures”, subsection “Assembly” of the Special Provisions as well as all of
the specifically listed Codes, Specifications and Recommended Practice.

Hand sketches of the tower configurations and conceptual details were developed in order
to define the structural configuration and perform the preliminary hand calculations and
spreadsheet analyses.

These hand calculations and spreadsheets were used to determine preliminary global
forces and moments, foundation reactions, member sizes, pile diameter and thickness for
Tower G, as well as a preliminary pile penetration.

Computer models for the various tower configurations were developed and analyzed
using the SAP2000 computer suite (including the API code checks). Elastic beam
elements were used to model the piles for Tower G since these best represent the overall
soil pile behavior during the maximum load conditions. The pile elements were modeled
down to the point of fixity; however, a linear vertical spring was also provided at each
pile to represent the axial soil-pile behavior below that depth. This modeling is believed
to be reasonable due to the soft Young Bay Mud not providing any significant lateral
support within the depth of the dummy pile. The only thing missing is the very small
lateral displacements and rotations at the assumed point of fixity that would be present in
a non-linear analysis. P-A effects were included in all lateral analyses performed.

The stick models were defined in SAP and the independent load cases were set up. The
Impact load was applied as a node load to one of the tower legs at Elev. +3.5m from three
directions: longitudinal, transverse and diagonal. Hand and spreadsheet calculations were
performed to check the Impact bracing and nodes at the other elevations between —1.8m
and +7.6m. A modal analysis was performed extracting the first 15 modes using the
specified spectrum, and a Response Spectrum Analysis was performed. The wind loads
for the various heights were calculated using a spreadsheet, in accordance with ASCE 7-
95 and falsework criteria, and conservatively applied to the deck and tower nodes
individually. The wave loads were generated utilizing a linear wave theory and the
current loads were calculated using a 1/7™ power distribution with depth. The wave and
current loads were also applied to the applicable tower nodes separately.

A global analysis was performed and the independent load cases were then factored and
combined per the specified load combinations. The results were then post-processed
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utilizing the automatic API-LRFD member and joint code check feature. It should be
noted that the results of any automated feature of a computer program should be checked
by hand calculations. For this Design Example, the API suite by SAP led to incorrect
calculations of the unbraced lengths and joint type and had to be manually corrected.

A typical bolted joint for Tower C was hand calculated for the maximum demand, as an
example, as well as a simplified leg base connection and a footing check. Member and
joint checks for Tower G were also performed for the maximum demand by hand
calculations as an example. It should be noted that in order to meet the pushover
requirements, the joints are required to be designed for the tension yield capacity of the
members framing into them. This should allow the joints to remain elastic.

4.2  Summary of Results

Vessel Impact generally governed Tower G, while Tower C is generally governed by the
seismic demands.

Tower C

The Wind was assumed to act only in the broadside direction of the tower due to the
orientation of Temporary Towers A, B & C. . It should also be noted that the prevailing
winds are actually longitudinal, along the bridge structure, but have been conservatively
assumed to act broadside to the supported deck structure and tower. The total wind force
on the combined Towers ABC is about 1.5MN (EB or WB separately).

The first mode periods for the combined Towers ABC are just below 1.0 sec in both
directions, which produces a lateral force equivalent to about 0.25g or about 12.5MN.
Due to the overall footprint of the combination of the eastbound and westbound Towers
ABC structures, the member forces and leg reactions are within a reasonable range for a
structure of this height supporting this much weight.

The pushover capacity of Tower C as part of the combined Towers ABC is about two
times the seismic displacement demand or about 125mm. Although this exceeds the
specified criteria of 150% times the seismic demand, there is not much additional
displacement capacity available. This may be due to the inherent complexity of the
combined pairs of interconnected Towers ABC and their reduced periods and subsequent
increased seismic demand. Isolation may reduce these forces but this was not done for
this Design Example.

An analysis was performed on Tower C separately in order to determine if there was any
merit in isolating it for this Design Example. It was thus determined that an individual
tower designed to support the appropriate bearing loads is more flexible than the
combined Towers AB&C and thus responds less to seismic excitation; however, the legs
will resist higher axial forces. If this were to be implemented, the need for the
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interconnecting trusses between the east and west tower group could be eliminated. This
finding, though based on a very brief analysis, warrants further consideration. It may
also be possible to provide only temporary trusses between Towers A, B & C for the
purpose of skidding deck sections from one end to the other. There may be an advantage
to then removing the interconnecting trusses in order to reduce the tower group stiffness
and thus reduce seismic excitation.

The first mode period of Tower C alone is about 1.6sec and 1.4sec in the longitudinal and
transverse directions, respectively; which produces a lateral force equivalent to about
0.15g or about 7.5MN. The base reactions for the single tower, though slightly larger
than the group of towers, are still similar due to the increase in period.

The pushover results indicate that Tower C alone can be designed to withstand all of the
required load combinations and exhibit significant pushover capacity. Further study of
the advantages and disadvantages of interconnecting these towers is thus warranted.

The members of both tower configurations were checked for conformance with API
RP2A Section D, for actual load demands.

In order to meet the pushover demand capability, all connections are required to be
stronger than the yield capacity of the diagonal braces. This is to ensure that after the
compression braces buckle, the tension braces can yield axially. This requirement
produced some very heavy connections with many bolts and thus it is recommended that
some type of base isolation system be incorporated, for these land-based towers in order
to reduce the seismic demand with its resulting member size reductions, pushover
demand and joint connection capacity requirements.

The typical bolted connection utilizes gusset plates that penetrate the legs of the tower.
The through plate stiffens the ring section and prevents significant out-of-plane bending
in the ring itself. This also allows about twice the capacity in the gusset plates that are
welded directly to the legs, perpendicular to the through plate.

For a typical 457mm x 9mm tubular brace with a cross sectional area of 127c¢cm2 a slot is
cut at each end and a 25mm plate is inserted into the slot and welded with a 750mm long
partial penetration weld at four locations along the pipe. The plate should be flared in
order to increase its cross sectional area as it approaches the first row of bolts to
compensate for the loss of section at the bolt holes. The typical connection will require
24-32mm HS bolts in order to develop/resist the member yield capacity in tension.

Tower G
The Tower G computer model utilizes a foundation comprised of linear dummy piles in

order for the analyses to remain elastic. A dummy pile is simply an extension of the pile
section to a point of fixity below the mudline where the shear is zero and the in-ground
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moment is largest. The location/depth of the point of fixity varies with soil type and is
typically in the range of 3-7 pile diameters; however, for the piles in Tower G, it occurs
at about 9 pile diameters most likely due to the significant axial load in combination with
the presence of a relatively soft clay layer (Young Bay Mud) overlying sands and stiff
clay (Old Bay Clay). An axial spring was added at the point of fixity to approximate the
axial soil/pile behavior below that point.

The dummy pile is connected to the pile segment within the tower leg, which in turn is
rigidly connected to the leg joint at Elev. +3.5m. The connection of the pile/dummy pile
to the leg at the mudline is by means of a master-slave link whereby the pile and leg are
pinned together in the lateral direction while the pile is free to move axially within the leg
in the vertical direction (see Figure 4-1). The clearance between the pile and leg at the
mudline is significantly restricted by the shims welded to the inside of the leg. The pile
modeling includes an intermediate node at mid water depth for monitoring the pile lateral
displacement versus the leg lateral displacement to ensure that they do not touch. The
governing Impact Analyses results were reviewed and it was found that the pile displaces
about 44mm while the annular space between the pile and inside of the leg is 50mm. If
they were to touch, the pile would be somewhat restrained from bending further by the
tower leg.

For the purpose of the Vessel Impact and Wind analyses, the Wind, Wave and Current
were assumed to act only in the broadside direction of the tower due to the orientation of
Temporary Tower G relative to YB and Treasure Islands.

The Impact analyses were performed from the two orthogonal directions as well as the
diagonal. The impact load was statically applied at the El. +3.5m level leg node and hand
calculations were used to check the leg and fender framing at the upper and lower bound
locations (EL. +7.5m and —1.8m). Due to the significant impact force, some type of
fendering system is recommended, for example, either independent dolphins or local
crumple zones. Additional bracing has been added to prevent significant leg damage and
overall tower instability. Detailing of the fenders is beyond the scope of this Design
Example.

The first mode periods for Tower G are 1.56sec and 1.33sec in the longitudinal and
transverse direction, respectively, which produces a lateral accelerationof about 0.159
and 0.17g, respectively. The signs of the resulting member forces were also reversed
when combined with the other load cases since a modal analysis loses the sign of the
members force during modal combination.

The members and joints were checked for conformance with APl RP2A Section D and E,
respectively, and sample hand calculations are contained in the Appendices for actual
load demands. The typical welded tubular joint is designed/checked to comply with API
formulas for punching shear and thus required an additional 3-6mm of thickness to resist
the applied loads. The piles were also been checked for compliance with API Section
D.3.2.2 Piles for the maximum loads cases.
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The displacement capacity of Tower G, pinned at the base is greater than 1.0m in both
directions. These analyses were performed to verify the ductility of the tower itself since
the tower with the piles will meet the pushover criteria without the tower yielding at all.
The non-linear P-Y soil springs in combination with the fact that Impact governs much of
the tower structure causes this phenomenon. The pushover capacity of Tower G with
piles and P-Y springs is about 0.5m at which point significant pile axial displacement
begins to occur.

In order to meet the pushover demand capability, all tubular joints tower joints are
required to be designed to resist the yield capacity of the diagonal braces. This is to
ensure that after the compression braces buckle and the tension braces yield, the joints
will remain intact. This requirement was met by increasing the nominal leg thickness by
6-9mm at the joint can locations,rounding up to the nearest 3mm to ensure that the joint
can remains elastic.

For Tower G, a series of non-linear lateral pile analyses were also performed on several
diameter pipe piles with varying wall thicknesses. The pile capacities were compared
with the demands and a 1.067m diameter pile was chosen for its axial and lateral soil
capacity and enhanced driveability. The initially assumed wall thickness of 38mm was
reduced to 32mm, as a result of the preliminary analyses performed; however, an
increased pile thickness will improve overall structure ductility.

The maximum tower pile forces were compared with individual non-linear pile analyses
and found to generally match the maximum load condition.

The maximum axial pile demand from the various analyses performed is 14.0MN, which
would require a pile penetration of about 52m. In order to meet the maximum settlement
criteria, an additional few meters would be required. A pile driveability analysis should
be performed at the east and west bound locations to verify that these pile can be
successfully driven to this penetration. A few millimeters increase in pile wall thickness
may be warranted to ensure pile driveability to the design penetration. This would also
reduce axial pile settlement at the mudline.

Impact design

A simple fender has been conceptually shown on the tower sketch with a large diameter
vertical tubular welded to a series of horizontal members which transmit the Vessel
Impact load into the interior of the structure an beyond. The intent is to grout the annular
space between the pile and the leg within the fender area. Additional joint cans are also
required within the interior bracing where these members terminate to prevent the
diagonal members from being overloaded during Vessel Impact. No reduction in Vessel
Impact force has been assumed due to the bending and crumpling of the fender structure
during Impact; however, it is believed that due to the inertia of the tower structure itself
the piles and possibly the deck will not experience the resulting local forces caused by the
very short duration vessel impact load. The structure and piles have, however, been
checked to comply with this design criteria.
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The remaining Impact bracing has been checked for axial loads and joint punching shear.
A slightly thicker joint can is required at these locations due to the significant Impact
loads. Alternatively, these brace areas should be filled with concrete, locally.
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5. ANALYSES RESULTS

The following sections contain selected output graphics from the SAP2000 computer
analyses as a representative summary of results required to fully present the response of
the structure to the various load combinations specified. It also contains the results of the
various pushover analyses performed. Most should be self-explanatory.

It should be noted that all possible load conditions have not been investigated with regard
to deck interconnectivity, being beyond the scope of this Design Example.

5.1 Tower C

Tower C was analyzed both as a part of the group of combined Towers ABC, east and
west bound, all connected together and also as a separate stand-alone tower .

Since the other towers restrain Tower C, it shares a lower modal period in both directions
and thus has a higher seismic demand.

The pushover of the combined Towers ABC was not limited by events occurring in
Tower C itself since Tower A controlled the response. Adjusting stiffness in the other
towers would address this issue.

Tower C was also analyzed as a stand-alone structure, assuming no connectivity with any
of the other structures in order to bound the behavior of the single tower as much as
possible. It can be seen from the results that it has a higher modal period and thus lower
seismic demands as compared with the group of towers.

Further refinement of the tower design should include investigating some type of base
isolation system in order to improve ductility.

5.2 Tower G

Tower G was analyzed as part of the series of east bound towers along the bridge
longitudinal axis, but not connected to the westbound side in order to limit the analyses
conditions for this Design Example. Tower G was also checked as a single tower for
several of the intermediate deck erection configurations; however, none of them governed
overall design.

The Tower G pushover was performed both with and without piles since it can be seen
that the soil and piles are providing most of the lateral flexibility. The soil and piles yield
earlier than the bracing due to the impact demand causing larger bracing to be required as
compared with seismic demands. Isolating the tower and pinning it at the base, indicated
that the tubular braced structure has more than adequate ductility, by itself. Stiffening the
piles and softening the diagonal bracing somewhat would provide a better balance
between the two systems.
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Since this is only a first iteration in the design process, further refinement of the tower
designs should lead to more ductile structures.
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Towers ABC Modeled as a combined structure

3D View of Towers ABC Model
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Mode 2 (T=0.67 sec)
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Displaced Shapes

X Spectral Displacement (4.47 cm at top of Tower C) (Longitudinal)
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Wind Displacement (0.8 cm at top of Tower C)
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Longitudinal Pushover to 115mm
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Transverse Pushover to 115mm
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Computer Model — Tower C Only - as a separated structure

Side View of Tower C Model End View of Tower
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Modes

Mode 1 (T=1.58 sec)
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Displaced Shapes

X Spectral Displacement (8.04cm at top of Tower) (Longitudinal)
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Wind Displacement (1.06cm at top of Tower)
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Longitudinal Pushover to 300mm, Force-Displacement Curve (80mm Seismic Demand)
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Transverse Pushover to 300mm, Force-Displacement Curve (76mm Seismic Demand)

Transverse Pushover (Mode 2)
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Tower G Computer Model

3D View of Tower G Model
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Modes

Mode 1 (T=1.63 sec)
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Mode 3 (T=0.59 sec)
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IMPACTY Displacement (Y=4.5 cm at top of tower, Y=11.5 cm at point of impact)
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X Spectral Displacement (9.6 cm at top of Tower)
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Wind Displacement (4.4 cm at top of Tower)
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Pushover Results

Longitudinal Pushover Displaced Shape at X=0.5 m
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i2 Deformed Shape {pushover_X) - Step 5

Longitudinal Pushover Displaced Shape at X=0.5m
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Transverse Pushover Displaced Shape at X=0.45 m
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Transverse Pushover Curve to 0.45 m
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Longitudinal Pushover Displaced Shape at X=1.0 m

i2 Deformed Shape (pushover mode 2) - Step 24
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Transverse Pushover Displaced Shape at X=1.0 m
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FIGURES
Fig 2-1 — Tower C shown (Towers A&B sim)
Fig 2-2 — Temporary Tower ABC Prelim. Config.
Fig 2-3 — Conceptual Bolted Connection Details
Fig 2-4 — Temporary Tower G — Prelim. Config. (2 part tower)
Fig 2-5 — Conceptual Deck Support Cradle
Fig 2-6 — Fender Framing Options
Fig 3-1 — Temporary Structures No. 2
Fig 3-2 — Construction Load No. 1
Fig 3-3 — Partial Typical Section No. 2
Fig 3-4 — Vessel Impact Diagram
Fig 3-5 — Construction Sequence No. 2
Fig 3-6 — Wind Load Diagram

Fig 4-1 — Tower G — Jacket/Pile modeling
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. Pile fixed to jacket node
El. +3.5m

Jacket leg (48")

%
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Slave Pile Node to
Jacket Node Laterally only
/ (Pile node free to move axially)

El. -20m

\\ ' .
/ Pile (42'x1.25)

El. -28m \ Pile fixed except —

Z
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4062 Kip/in axial spring

Tower G - Jacket /Pile modeling
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APPENDICES
A. Design Drawings
B. Special Provisions
C. Sample calculations
Example API Member Check
Example API Joint Check including Member Capacity Check
Example Bolted Joint Check including Member Capacity Check
D. Misc. Hand/Spreadsheet Calculations
Preliminary Design and Loads Development

Various Pile Checks
Impact Fender & Bracing Check



Appendix A
Design Drawings

Temporary Tower drawings
(Sheets 967 thru 978 of 1204 - Contract No. 04-0120F4)



g

gt _

L L)
N B ) O B e T R Tt S L L L L e PR
I L"ON 39N3IN03S NOILONHLSNOD v oo [T NOESORL 0 JRIINGS]_ D e T E e i
: s e VINGO4ITYD 40 3LYLS o ™ M — e
3L WOJ QaBY4Iud | P17 73 e o ALl aax T AL AL 1) Y

N1 3¢ SNOIRMEMIA TW

NBOHS I51LMYIHLO SSI N ﬂu.ry

wovenuy 7

TSLOYS | JROADT H1G0T ¥
#35 ~Kjon) pov0SEL f B ¥ $9DUE 0 SOUTLEDTLILG ue
BRANISNLS ADMANS 6L UOL4 SUOILIDAL ML
UM DGO DOBG 4IP3 X008 04 FUCL ¥

Lsriod jousd)

iga 505
24 5141

BION

1Y oy

B3~

408~
TR

..::6,3#..:1...lii:.::........:::..:........:...:....:..3.“:

TITTeTrTTTTTITYT Al.l..oo—n

2 —— o

93, L QL S #% O 8 of 82 6. B
i 901

(43

G G U - .2

TS H i = b
(w0l ) 1y 4814 T = uanow,a“_wﬁ -

I

ABDUBGENE DL
vofp;.g Guiisi m
BUS Db (1L B (o &P
] UL (A DR0RC! ws

5 U MIORED i .

PRUS GI0a4L0S AL uo&vcox:, pooi 48pURdsnS
Sue ro.tuua Q03 St SBL!:ISDY 94 Zp S le SO LSAM
W53 10 NIt KISI00uRl 49843 A0 Lo.u_a\mt,,og B

pusazid

R Al ey sawm c )

mv;oLn @i 43
L4 iA DIL0U D

Ta0pEY s3I0

K 20843060 ¢

&

i1

I B WY VA

2953

TBUStd BY
L0 BSOS WL O US| |UBR | D

ud;
DBITDXA O SRRT x. BIG
,ivu\r_ju @yl BN E

“45 [BOUDLIDI D YoUo [ 406 LAy}
_m _oeE e Y- MI1A faamet) 31 431d
5 [
= | I
s —-— .y i 1] —_—
&= AR LT =1 s0b1 ATy .:.t__-; _
Lin
e a5 AR =
_ Aupiodudy '
\dﬂqﬁA I
- - — - A m_r

FLeRyS |, g-8 U0 pot s
305G 1DUS §LUSH ==

ABGUDG PAYLIDUATLEY BYL BRN

APRICE SHqUOT

£0e0 aBpU b X5ey Buig w?imi
TL OBIOD{E LCLDDAILGY Bui 4]

‘BIPRES JBMES 3L DuUD

I

1 DLD0ULLS BUE 30 U

4| -udds WSog pUO Lods ujow U
<823 “Loy Joaug puo Buloos
._clo.r Bul 30 002 #g4 D ALiD)ND|llc

ah\_-h.zur. LIUETITHU #i a0y

UL

3
i

. *parpsvoLd
SIS R sot Kid,

(L

Gisx pascaade Uo

I

wt..au mc.c\.ﬁ,n rTuA
3 DRPUBCSNS Bul 40 JU

£iioueal Doy
et o
Hii& JUBLR! G000 &

__u:a UOLIDNLEIUNS 40 pud

$oad apuat

Sili UBRALIC DPUD B PPOT 1308 @iy 0 ALIUIDIA UL
Sandih X0U B3yl PUD D OO0 SUYL UBBMLBY BOUSLDLIBE
sod ploas D UBHDL BC 04 BADL SBANEDBY oyl

ing :ncw Loto._?ou Ty

21EPDS JaN0L)
D L3N 8005
fuiing SloaURAGE WOLSAS S1G00 JO; ADL D i

[1DUS JOLODAIUGD WL
TUDLLONULILD] GU1LNE SIUBWRAGH
{94450

AA1500
FEVI 3¢V m»aauzu.‘usmana PUe G BT IALLOD

1

+cwrém 1D &y

3003800 A4iEW0a]

jondpasd Builnp BigRo U: Bud!n susyslun seolfep o
GUD B1U0D IDUG BIABUE OSiD | iby®
XOG U4 PUT BiGDC wc HEBRIBD 100400
G4 SRLFDTU AIDITIOBE Fgs I ;

DI
ety Ty

POG| M4 J3i4D pUD
|28 P &rw 410G 2URG IaDD
“22ippRs 3OS s JIBAG i Bl
PUDG 2000 UL JUSILO O JEPUC wmc;cau\_ “unns aup

..:omc.ézéu L SUOLR|A0Ld AISSensal BUL bW | oUS Lo.EE 03

pLOD § poep ub:een Sy JOpun uolhsed $it
F4DE0D PUD UCI4GSUGLL BSODG || iM IDLSUDLL DOD voun

Hips S0 3UDID SWOS SUb ¢ 300 9300 S10DD
o P EDUE {303 Bul DL PR4L 4CLODLUGT By

B
in oy

TBUDS L¥z0 U0 KD 40 SBUIADEQ SR0s KiDLodubs SMe 40 SR m_.._.TA

TSy3A0UD SOUINDAT UC|LONLLSUDS §,U0420.:4Ua)

Bl AT pauijuleidp so .w\:.:uﬂr_fm B4R 10WO2 UL Jo AsLmpoad

18 LUELS|SUOD B4 1 1DuS DLD SPBO L

ABpUBCENS Uqﬂ 4DSTd B U0 PRBRG bm‘vn_Ju.uu [==] oyE .7«50{
Buid.ca BUL DUD S{GD3 Blii USBMLSE DIUNSORY S Suif ZapLaden

BeTI0LEU! &y o+fu€mbszx ¢c0§ poo) poep Japaid xon
::uma_w Bl 1O LLSHRARIUDD L {400 1DGL put ‘s (b En
U DB LT ) aww: 1043 m“wa_orw asuenbes

> | 42 vawco.., O UQ EBSLT DALLLIPA BG | CUS SDOC| Jepuadens @y, 'O

ISIURUSL PDBY U003 Jepusdens ‘g

Lrieied

fRAsD BUL 30 sjUsmow G5iLideD Kg DBABIYID BG A
“BupDy (08 PO B0 LUAUGAGE 3a|4D| 80 WOLE PBLIDLLIEAS DUD
SUS $uDBG S50JD IO 48P B xog 0 siusulde luasc|py

40 2woea 231 SUrisixd B _Bi0D0UMOS0S of DUD
G4} 0948 10, SSI0SD L1130 IADL 04 SBOSCGHOUS 1508 axi
L0215 rag ays jo idod ﬁ,ui >+ Wmuozo >ue JLOD4
.uﬂitn& w_ & cnu s .wxo..:\. ¢

©

SY-¥ ABIA L) umSLS ST SIDUDLBE:D
2 EOL BRIADIS | IDME BJTROL AU
FIDUE 2unng lepon aud AG poal

£2]

sgagun.g) AoLoSWms Uiin SASA0L AisJotuey
XOG B4 3I004NS O4 UG DO BUE 0L LSR5
Byt +H0dUnE ol suBROl ALDSRQURL BDiACIG

VI URBRKIDG SuBp.LE
ey Bl saepath x0q
US A0LDDLuST B

TRLUBWAIINDSYE USILTALR LERS Y Xog

Dits @ABU Of
15 10 E s?ru 4468 Sy TS Uawoy
nesedo.d m&#uc cnc Sy JepUn ($80uDID |04 pa; 41 oRCE
Syl poud B4 30U JUBLX® 4y Of ?wlwﬁinu E=] au,
S BGL Lo Sl BOUSIH JL; » sappluadsns
o B, aiptidsaddn Ag vw_
| uROUS SOUAGY 3100MC] IS BUL LY
Eurwnw i
Bus

[
e

2w

PSC |
ALE mmufu

A
mz.r +U£1 usne LWl Bey)

oA oS
1DACUBL 3 ‘ Jr@LUE © FALORAS
K130 | ious sbupmaln dous
.uF* mLc»wa Sealtbun 2us AC nu.»e;ﬁno ]
PoLUSHNZoD aq =
i90esn Sy
35 fo«

48Uy of oW L:.ww‘ o8
DTC POIR 2840 CBA

| Lccw .40 L9 BUL S0
PES™ Tiusuodues puD 8

D0 STIILINLS £

o4

FSBESTILT

azay4 us: ﬁ0+mm E. waELuiLn.u & [I9US BPSAIOLD {090 DuR (090G
St asL a0 EBIeED sUL

agd SHTRHALE &L.« pUD B Uw $r Bl
ancsd B} wsefinup KInsssoeu 3 Ehutaa | i0AIS 2040DALURT BYL Tg

OAOLCED pUD MBLAS. JOL AESU: DUl Byl 93
PB4 jEne 3G SLE DT ) posuani szautbus tcomwuﬁb\m

D £q PRICAT 7 | [OUR WDig LS L CUPOULSE Ug!idndiSund
pesodold aul 84013 B AR 110 2UD IBGREID
“sfu; + o{L2 " §5BAIDUD ch m%:o achlvvJ c,\ (o} R =111a1s]

&

4

PN i WL L UANS PUD R34S OSPUL UC UMOUS BB
R31dan | {BUS SOLDDSLUOD Syl - JOLIDILUGS BUL KA DOST B0 o4
SApH 43 nmu CL PERUSILE SOU I40 ABUL "Kjuc U 4815 20 o4 a0 ?..w
8.0 "w+mm£u FYANRINLLS

3 aBuB; B0}

as cmvvuw i
mJG\ci z




i o R i - = - H ‘ B T
3% ] pe—— IR - . -
— _—ﬁnm | T 1 [ ) [ R A _ l«ﬁ%.g_ s -4 T R T T P e = et s ey

m e N i
£ . T MOLYLUDIINTHL 40 JOImLEYGIG) BT Y SRR D, | mratme Z F
| Z°ON Nuzmawm s—._-gEWZS o iweme * T I T .u! ey ol iV ¥ B A 7 I
iz (53901 ¥ Fwniouisuzans) w15e0-73 RS | VINGOITYY 40 31vis e = B e e
i 300148 NOTSN3ISNIS QTUOHINY~4T35 IHL WO OIHVLANS L — SN A wun Wy i
I 103r08d AL33YS JIMS135 NVeS L1S¥3 o,
P 300148 AV ONYIAYO CISIONYMS MYs A Ty yam
8
s
1s
i
=
3
{PUDIBS) PB4
05'9 Go's 207y oa'e a2 047t L
’ 1 : 1 o7e o |
. | | 56'0 o2 |
f 1 1m0 ¥
| $0°0 0975
20
_ | | | se's oot
| e v .
| | | - | Bore eog |
e e 062
W, L X £ e D 2 _ A _m.om
YR P % s e R | | - z0 gorL |
| | 870 !
| ) L0 52°%
s
_ { I _ | it0 10'g |
(8u;dung z5) g [%) ¥54 [puones)
WrLeds e5uedsey USDIB| Soay pojaed
* “Sdends KDJoCwad aug 20 UBISED BUL u) £ESR 3G DU jupud
‘ unsLs8ds esundssa cw,,m&v IRLOZPIOY WK UL BUiedios SUL
2330 IEABA0] Aupacds) ‘e




g —o‘ L I B R B - .
Liale Jopdoo B obogh o B gl o] of SRR RIS Smtni)
ROELySHOtINL 40 Vomlgvarg]  SerEe T L, [ R %
NN (TR Bor - o) T A -
Soarea s | TINGO4ITYD 40 31VIS £ i —__Sieman
AHL ¥0d4 QIUY<EIML B3 D [ B e ]
WAOKS IS{ARIIHLO SSIMNT SHAUM
NI 34y SNOISNINIG TT¥
D - Lnou T S emus s -
—m LROUS 1oL (ReRULD Ky 2y a@id po SSpusg o tg
¥ TEIid U wiowRs O Buipping voediz) ty z.ﬂn_m
s FRE1IBID JCL FLBIUE = e .
WLTON UBRDL TSN SIUATHES JD14ONHBUGY, UO 23 anid ¥
A5 UmOLS 30U Y F TV SJSesod: Aubdoduisy KRMOS
m
wﬁ TUSELEAILRUGD SO 4048 DL oy 43 % poacaddd pup
& 2> 05 Jooi DU ML O I0L30ANS] Sus T
Tﬂ A AU JL e . L(E._nl wr.

481 DUD ZH 4 5
g mc_mo_ng gy 3

4 CLBRUS | £ToN AOURDLAS et Bt N O11lvA

PLOMAEBUDY | UD DEMUIINOD SLnpeTousl UDpioeST (|

/ EELON i T o
TRGE|EDRS PRIORME LiSNmiassd seioued KN
ENERE —

a4 uy B 441 B

P pus U
ALapses G5B

CEOTLSL] SpLW BG 1 DUS uoeg doo vz SHid vb
50418 %0 Buy LPORISQ Bii0Udns S5 3

Yoy asutd y

g LT |
‘+omm Lapdd wogd uJ i
5 x0q uoow

» busg s
p pu 2 i owszint Aeadd
SUDIETEE JORLIE x0T {p) \uou

g2 J0lg B—

B ' :
Ve

5 =13
0 BUiprioUs) BEOS XOBG _og -
Y Saemo L %naxonum LUV - m / H
= —_ s
G uomey Kpsosuss §11aP/EA[IS B 0011 17w Susomah Suciotedy
w14, wag uougi S$NIL AlDloduiny —

SRILRUG) 2 e lx.f!ir%&gp ZOwM{}MJW

{BLG} IDpURCL
eenJ; Aandodusi vﬁo % ‘w3

edn gy =

| iD1d PUD 2g JRid EPRIGSUR) "G hN

— 35
$OCER SRid JO4 SUCLOPUNTE IDNABUCE D T ' ~ Buip T:M.—Mu;.:u...
9o oxasedy - Ty s B Joeuy AuDaodu)
1 dais _ R S S .
WpS W2 DIONYIL NS et =i =
£T5ts L5303 628 SR
TSN T LLVLOA S NI
' — MO} ADInum . Dy
L A i L faPREL} ir sdje e L - 1] "
- ey ¥ 98U 4 B
‘ J 23 P80 AiDaoousg




G id= s s
d e Tala e o ] —— - Tancio wal
: e e e e E e T RS B R R s I
"y ON 3ON3N03S NOILONNLSNOD  [atiie [eouvisacsenss s somuwvael s TR o
i ) 13370 —~r 0 C "
LT {umeoL ¥ SEnomiisiIans) T Soms | VINHOJNYD 40 3LViS o s i BT —_— 3
CfL S0DING NOTSNIJSNS O3UOHINY-473S IHL HO4 QAYYAIYL R D o A _ | anm T TR TR AT 18 Ty
e A123r0dd AL3ZYS 2IMS13S NvdS LSY3
= 350148 AVE QNYINYO COSIONYEHI N¥YS T i
; CUMDJS LOU [BLaee A5 Z3 J0; 4 40 Jopudy ‘g
‘paLsain B,
(i #4171} S0pai8 x00 BUL 20005 AL 5RF=A0
#ii B0sy LipRUDQ S5 |TOL 90] 149 4O poacaU]
of diS Ui prou 82 |OF D) PRLIDSJE ] DIRES 0m3) 'y NVd

~oi00uE | efostusuy 4GD3 AD LDUG
FESUD, 337 ‘26oU0UTUY 4503 10 WDDQ 5RO uD4 °f

*LL1ABS JOL URDUR Aty BU DTG wI0MIS|Dd ‘2

TESILUR yTON BIUINDAT
UOISSMUSUS), U0 SENUIINGD Bunpi0LC Ue1i0Ad] *)

V64 % 600

i TN
BO{ 088 sApsiE X0 DOIDsE

TS T e
20 Sxow pud ul| o "ASepoos UDOD U0 LC(iDeN

. 0hD§§U§LH.OU-.ﬂﬂHC& r_ﬂ_.w- a.
.tﬂmm .... m,u .P...-ut.._ue'n w"mrd sn\§+
4303 4B . mr WOE ~BLaH F9BS10 HOG ERy
S. s0d | |ds oNoE pUD UG D 'pumag FEOLD 23043 'g
CAERLE
SHUINDOL LS JONLLEUDT Jas F0¢ ‘AINCIoCST
u61iaesn Jowsl ol ‘sa%110s 4ga2] 119 dn eNpi
U_h.,. Ebm.—.u.)oael.m-nn Gw_ﬂwlrbwnvﬂ.d Lrb.-, Punl..m.o

€ dass

YOTL|OLE | §TRISETE:
> T

e A RS

04 BI0iido on dyow PUD UDY|D "eE0sq S 19ad3 ‘D

Jopd B xeq (L] oUS ikl YO J0A0L AloJodudl {0043 'Q
o iEADL AsSoodwdy ooy ShiIC Bnpag tO

SR . TS

- .J),

[S0R0L) 1L 48ig 3 —

NV d

gﬁq?ﬁy_“f..-

gfy *cosq 30003 3 F P 2z

¥ #BUIHY —

=N

o4



£ %% =T L R T e ReYI E e T e o - = .

: R R R B il
H NOULYLINOLONYHL 4O INTRANTEID|  ssr-m) T e ERET %
m i) ,u._:.-“ ﬂ_zﬂOm‘.-‘Q EQ mhﬂhw- L ] .ai!l Ay s i el
X 30056 NOISNIJSNG GIUONONY-413S i 3HL ¥O4 OFuYdIHd | Y s Rl T T VLY e ATl ok 'y
: 133M08d A3V JIRGIS WYdS 1SY3 WAGHS ISTRIHLO SSTR SHIUT

| 180 AYG GMYTIYO COSIINYAS NYS e BRTRORD T

7. A e Y7 [T —— TR TIRTSS N %
ik e o o b (O
; i ;&lmlmlimlﬁw

CLROUS JOU [RJBULD AR] 23 S0id LD JEDGES 'S
"5 CRLE U340 PALOAUINT B DiNOUS JBRD) Th

“DOU DL D 59
BIOND $5D03 AQ DRIIPBSL BEUDIDE|D ugn:u ;u). 5

"tubay S840 Lo o
punsz Bupiosciy o Ao pousDi od 8Q Kow wiplt Aassy tZ

9%8d % GObL

.Iﬂ!._& _m,ﬂ QUC!-—UUW
COLESTLLLSUO], UT PATUIIUND ILMNR0G, WaIE2RST C g

53LON

SBUD|IDUS WIRD
POLSOS0 O BED |ds dn owats puo r.-D 'OUCRO 9S0U0 0043 3

fRANzA00.D 2L0R 0%N 'k DUD § 531 LaDE) Jod tQ

“5831 105 dn Mow DUS LI LOAG
avpa B xog Uh) 10 ACARDOS GOOD JOF T 41 AAdd Ba0kdRg 5

g dajs

TUDEE WIOL s Ul ADRUDUL DUD LO4SAT GUTLE CNIDREED 9943 8

iewys | sausnbog
LOTLONULEUS] JBaTD] ST TUD!S0JGUNT Jaal, ‘siarsech 4

a2 1ds dn 20w pus UBiio ‘Dou nbaa 80 w307 %

"SuoLEon ens1 0w
PRSI0 Q. 309 pde dn ovos cuc W0 S2ioan 950un ibas3 o

TROMEDC. DO J0) | 40| Aeod wliied C3

,?ﬂ._cmu...—m uueuu».:xﬁu.(.tnn.b
ADAG AoaDCoU UYSDD Jo) .EL 400 J9na |8 2oq euo 42043 Tq

0 PuS 4 tiawo) Kugsoduas
43949 PUD 'g DUS | wJwAD) AL0L00uD) sop 391D BALID D

§ gais

¥ olim 3 =

T e S o e
SN = F
e 21110
sozifus | srsrezel | ooe [ a5 [ee
SR B e A T T D

5




Ao e v s

R A ) .1 .w_..-m ..._ il RH ."._nliu.?m-ﬂrﬂ T
& £172°Et e L e e N | !ﬁ
E e B ] O Treaim 3 " T AT =/,
Wooa- Do 7 |VINBOAITVD 40 3LVEGL =501 " oo R I L] niew T iy
- = ¥ WL 404 OIUYIINL T e R e ATV A, ARSI, g

300148 _AYE ONYIXYO COSTONVHI NYS

CURSLS MOU {§.BMAD AQE 2T B4 4D SSRNZ 8
.nw d3is
ABLIB PEVRIRYT PUD RRABAINS ST 1DUS Riisy ¥ "2
e - anuanbag
UG A0NMISLOS, U PBRULILOD FANpEEosd uweiissdl ti
IETION

ALITAP P a L L AN s

£

T0L

Sk vrismgirs] 3oow | e fun

- doj JBMOL EDLE {1 IYUSTD 8,400 LODdo0 ‘uds uote uj

NAOHS F5IRUINLO SSI N SN
NI ToF SNGIGHIRID

k)

TZHAD0 UDRE U0 LS00 O BUC ALIR TUDILDBAD B)0RD ABiiT B
THI0EIDIBGE UD140PIE 2 1ORD uDi8 D
et
ADA FLIDUS |, POC
Mnog DRIL &9 0) S0u Somc

AL UE BBl of peAnin R0 SBUL] *3

S {BLPAn mﬂLﬂ4u§tvm LR IOGHTL, BWS)
QUSFECEI R ETRC YRV s 847009 UJORSS (D) 5303y g
"23 swid PUD JRSUALE KO udeRIDq LADD DI BaCwe O
¥ geig

L3I dess

Ul oepow §; J8DA10 xoQ o4 Lo IDRueS JSFaina 1o § 5 2yt d
SS9 240Q DUl Liibism L&+C1ou #0923 "85

PBLC] LOeS NUSD PUD mBeQ
Aot g LARFLSA GO0 LSBUNGE AIDIONNRL BASLEY 4
CAEIG] 44Nl Zg ovdW ‘e

tpa oad ad gl 002 #0 49PJO i

1l S.up 20T { poiouiisal “210] PJnse(d

SH S0 LD D04 BRUEED BARILIE of CSEU)Iouq
Ranpiodimg an (X3100: s50a" quD: 14ses 4aoald xolwanp e
TZ3 JRig 4o Japaif XDQ UKD Bl *%

I

$Urow pus edos INDU USIIUSL DUD FD11DS 'T

TUoTS PRIS pUD LOGS L0k agy wo SUPIIG BSUUD pup
5481104 Zpe ADMUSL: TlRIeRE wuoit TWITSIDD a3 o
JAE TS

! NV

T g abuin Y

23 48 3 — 2w Li%idd -
i [4BMOLY Li L0ld .w).!)_ <
————
~
Cemny 0818
oy ult: .
fies - bupiandies
#O WD ED0Ug
# soicodes
SO LTI e
. NV1d Zu dogd Y —
" RN
& eld 3y (49m011 ©L 014D =
F : s R ; ;
B T Cxr = = 3 +
AL IB=—F Il r - A b BFr 4 - —F- o F -1

i

FLIEC U
wgad RRH—"

umn.ug

‘
%D

ADREC AL

LT

m—y ofuin Y




-y I | Ts:___i.k ) IR —.b\n_..ll ——— REEe VI R )
“ﬂ e ol fen lyetos 3 G | ] T T T T o
s Borezen T T =
. L"ON 3IN3N03S zon._.u_._m._.mzcu i il LKL ¥ SR T =7 L I~T
BaEr-aae) Cf v
: (4301 ¥ IBNLONHLSHINS ) T | VINHOAITY) 40 ALYLS e e T e
4 390128 NOISNIJSNS QIHOMONY-413S BHL 402 QIEYIRYL e W VAL TANOR TSI
< 133r08d AL34¥S DIRMSI3S NYLS L1SYV3 S ISLAU3MLO SEIINT SUILM
R 168 _ive 038 5 SHoysaRig 179 NVid
‘oo m+ NI _wnow Suiung payosud ” LI

H 2% DUD DRASANS a5 {ioUs LJISMWSE 3)700 PUD NORQ *3 23 42ta Y T

._M “3aS 0 ON IOUBNDAS
= LOLLSEEEDY | NS DANYL LUDS Runpdicud Uoiidasl T
| ERTGR - u* -

L B 1 JI-FEFeAd-c- 1T 11 11 1 I EEIH B 1]

1% - — 1 R T ’ P  —
i = TSLasUE | 0usnbas MO)ESNIISUC) JODUBS SBRC:, 385 . ek : 2l 3 FEE 3

o= RO LONALEUD SADURE ARESH L4 CAEADL D JRDIRg 1RNLdsuon 6

rmﬂ “Z3 dawni fuoodumy DU SHUIaoeC -

ACiCTuRs AT} JUSOKD SUORC HIORSSIOS (1D DADERY T e |....:.\b§f. NOILVYA3T3
i —

. CBUDLT SUINASSE SOMOL DUD N{DRLDO 200UDY @ [SBa0)) L, J8:idF —
3 I , .,...;(
i TuBKS CODE U DuR #1007 YIDE US auiusoe Suiddpas 200)g D L | _ * !.vwn.ncw:mn\\u EN :..'..w.n....“ el
" 210008 USILOIASD Sk 3D DIGEY — - o i .
3 B8 DL Bandua O3 - o — “
POLBLIBIOOD 3T DIDRE 9t 3 =
TUORR SUd $D SLEUINK JADUBLENE Ui SRJDHDE BITAD U | ]
(RISNOBHDL TS SUD B4 B 45 O3~@) SJepuSdsNS Bud 6615001
AQ SURR PQ DroouS DML CRIBHUSESTS ol POOT JRsBuBsl co _ T
R _ | _
37 9858 b e a1 =
mm_ﬂm.mwwv% < e !f.t.._f . 10D
o A B3 AdboK
Suiddosm s
40 U0 JUR2|E — \ 7

- —Hrddoom
$O UTIo0SIA

e gy NOTIVATTS

CHigne 40 JUL U (ID4 pumy pup ivod 49R43 g

T, (eRami} 3y seidl -
i£O% Lo0s L) DU #1G0T YI0H el o
1T SUSDUBSERD ¢ (mmﬁ £UD BP4DG BIQDD $254F D (N8 e
;DU $SO4S DUD WRLSAR WIOLS ATmay g o | —
B e (S
“B1QDa 04 NiDMELO AUNDIS D - | ﬁ |
i . R .
= de.
KT AN L W A 3 B ) gt A ¢ ] R ARAR) 6 +S
S W3 O0SNTE NTS
IYess AEOLLeB 523
IR T ALTAEA 4 NTTRL
he..llft..hthﬂ!.-lu..“.:r{ o BB Y i i

- PEiit Y
el S E T

e i

LR T
— SRLITTS

BT WK

s waLweit| W% | o fun




133M08d AL32vS u:ﬂuﬂn Kvds .—3
2041HE AYE GNY YO

Ved % GOL

TURCUS 0L (SLBER AG) ZE JR1g S0 A90UBZ T4
RELCH

-2
O US40 §DESUT

& ARG puled cf?uqxa ¥ obuii
ey :S«noaxu v afiy poLsl; "8

cEE Gamo) Lmicdies puo 550108 AUbJcdiias a0iEEy "B

TEF M) g 3D SERX JG8YS
puo sBUIZ0DY jo Lol dbuund jusudalad RN TP

TAPACL 1T SSGIKIENE UDISUSL un tppsu
~aBpaib ¥0G Bus Dy UD 45

WL L g s _ _
“ocio ¥3a| R =
e RSl TR DR I T feera TR =
MOLLYINO4SNIL 40 INGRLEYOG E I = h - \ ——
e 2re | VINGDSITYD 40 FLVIS] N T T ITEPIP
FHL 404 QUuVdIHd "D i N L, - .u.ku,....ﬁl...dlh..a\n, Treas, i vy
NNOHS 3SIMNIHIO SSI TN SHALW
NI 3uy SHOISNERIO 7Y
sl
5amaso s NV d

73 AR B —a%0L Y

0ouzs s
NOILVATI
. o,

v aboty b =

JABCLY 1] 84D =

+ L ” n-- - -
F T 11T 7 -
i e st

BERSEENNA CrT—

SN0, A%

1S40 RE)
SBANITNISS
LT} BUDR2L PEA

\esou0 £3}

%



FEO Y EIEE n - ") T
20 N3] liedasdasy, :__. .p..?u..:m.._—l!as
b NOLLYINOJSNVAL 40 SOOI °F [T
2 ol i =Tede] *
g Tamios 5 | VINUOAL ALYES| P finind
t 30Q1H8 NOISHIJSNS QIUOMONY-413S 7| aua smuoolquﬁmu i pres T AR VL Meti i Ty
° i mws Ava 4 JIMS13S NYSS 1Sv3 NAOHS ISTAM3HIO SSITNN SHILMITUNA
3 IEFI NI 3uy SNOISNIWIG 1Y
{y BION 223}
CUMDUE 40U (SWBtie AB) 23 deid 4D Jopled (g S8 SIN
Ko DTS D 6UIIORG 23 H3IMOL AYYHOdW31 1¥ NOILLVA3T3 H ONY 9 "3 SH3WOL AHVHOLNIL
A5 EA LTRSS T R 1¥ NOILVA3T3

100D @ip BU000 LOILSESED
i xﬂnu&q; &< :ntw $iupU36 wok mrp -

1D%{ {486 DUD o8.c2A5LDLE
NIOKSS TS BUL O3 DRINCET B !IDUS »Lwn

FV04 % ﬁr}'

[REERE-5 B PE-E e
EULNP UDISCA18p PUD JSQUDS ) Junemns
% MG U _,»\\._w r.\.ozuﬂnm wa gug _ucD

mco..(ra
BiNGLAFFIP A[USAD T4 SRDJD H|
F1504% © UD SLIOEINY B¢ x:..or_.. 4

)Y G-

51N SiM 514
0 YIMOL ANVHOJNIL 1V NOILYAS13 O GNV 8 SHIMOL AHVHOANIL IV NOILVATI3 ¥ HaM0Ll AUVHOJNIL LY NOITLVAI 13
. - _. e Y 1
- >
! H B
i
: = . |
: NHTANAAVG VW IR LA S AT A W N ! _ww_ ! aRg TPy — . T
R - ] ] —
6 Y3 "GISINTIES NIS f _ [ i 2k |
N uuw.__n.wl_ﬁuu_.ﬂ.ﬂ o | _ b | oo._o:
¥ I auil ,3,.—
= !
1 _, - Y e, supy L3, - 1 oY LN,

(A



0 T e e T L T e
Z°ON S3¥NLINYLS E«co%m» inczns comone | ELYAREININL 30 LMINVAIR] TSV Ty, il Bl Y
!4 YINOSITYD 40 JUVLIS[ oo e LT e baat ona
£ 3 uonnﬁul%w“g‘ ggEg._a - eS| TSNy vo4 a3uvasd | i TS R e R e
HEE L3308 ALIIVYE 35 NV, 15¥3
188 Ava u_.ﬂn i HYS uzu__ u_-_.n __hniﬂ.a R i SiN

NOILYD0T ONINV3IE ¥3MOL A¥VHO4WNIL OGNV 3217dS 01314
® @ @
“sogwe 219C Buraoog ‘ @ ' @ .

un]40%07 Sutases T opooe .. o000r  poel 00006 00051 | 09551 OO0OL
) g bl senp0sg
48PLadBNG -,

“Feea % oot |

5
e
Hi ! L & | 2 - T+ 1
TS mahe e wield G w_ i | - - . _
k\ T 4 b | 1T " | i : — -
LT R ] & Ml 4 # E : || 13 Hﬂ;. _ _ _. -_ - e
1l - - - 3
p _ ERE=— s T llﬂfl)l!l.l_.l..l e = R
P ] 7 . aky .nn. / 1
uo nmw o buid - __ _ 331 |dB D3ty h«..mS._vo.w . “
| - (P L ©420,
— G N T T - o . _ ..
e Py 5 Posiy T i T v T LTI
v oefupey oo 22 aa1gy = oo

|:||.H|||.|r!I|||I.l!|J|.ll||||I..u.l-...ﬂ.lllllnlii”llll““ﬂl‘u'.lullﬁrh = =

—— '
NEEN)
8-
)

n

et i

]
00922 : coris L 0000!
\

|
{samoy] 1L MY -7

70



»u\.«nwbtﬁ_ - ﬂ - H H - h ﬂ -
[T [STITT INY TTLLT: T IT) ]
s an|  seeawe T TR 5T orvema] %
WD LM = T L ¢ 7
2o v IVINGOITYD 40 FLVLS[ 0o T TS [ il Miniedated ot d
HHL 404 O03HYJAHd W55 72 e i - TFYIVWCV SRR CAEOR] i

GHS ISEMNTAIC BTN SHALM
KI ZWY SNOISNINEG TR

Poae §ius 40 lUD|eR 4 R 1o43Dudy
R TRIOPUDIS GEaf ITIY/ISNY 15DCCTY DL -
i {Hutdunp Ly«oam mvcuﬁmf Jas0L
al AADAOGUDE T} §10BT8-0 i
g
A5iREs i peulicap on £
Y Biygs D DREIY BUD
I ANAOTDD WOIUR §SH | DES
i PV TIWE [T ST PUIK SPNIOUL 40U O SPLB| 2A0gD 34
i SpO0; 298U OL 081 IUCT BuD SJOLOD DPRO! ON (D) 180
i - | 6501t & |
} ooie ! 05232 oz !
: - _ o0RE 5t O582E 23 Jamd) Ksvicded.l
i - { coest 2: ooy b Jaasr Auouodee)
- | osigi L
1 !
i - { [0 e
- i BOSE £l 05582 |9 doma. Asv oo
- _ sosgs t
L _ 2808 <
|
e | ggect | 2t o0yRZ 5 SJOND) fassotis)
1317 RADS=TH - . 05854 i1 |
2¥Z ¥ W |
3¥24 | - ! ooL? ¢l |
532 T 1
sz 3m ﬁ - coze | [3 QOSFE ¢ dden)
s M = 00221 | §
|
g € = 8584 | I3 08524 JOaD]
s ® 0852 ‘_
2] L { L |
(p Ds0n B35} Lz 3 g oaey | $ |
zis 5 - oee “ ] 03632 Joanp Aanaoduss |
BS¥ >
J - oosp B i
O NG T P AR L L T P AN A a3 ge £
- s
St Yo S S z o = _
; o CEA S s : : coort _ by soos &0t
|
7z o
e} a;i:a 1Z 8 | 5% (L ®i0N 823} J— ] «.9. ]
“gSrow | oW Ad1 . »LLEV o N 410 Bu)D9g comay AusJodi
| pesbdriag Lopa |t %0Q 422 “iiod Hu s 25 xow and faind Butunsg et el Py aed Lﬁ-&« Azoaadea) .:..u i ] 8
¥ 234 pool _BSE. i 4d SDG) R EFR.iTe0T il L poa| PaLIOGSTS 1
SigSion LT "2 oY) 2130us 000 Tulang ol LaDasy put Sonwsy LNGCR: ID 58003 (D0(LopA 20 SUCIRAUZ T) BIGDL
; eI

T



g Vel T BB sl mocume RFT _
Z"ON GVOT NOILONMLSNOD _ viviOed 40 e i ¥ R T
(HMWOL ¥ SUNLO(WLSEIaNS) : YINHOSITYD 40 JIVLIS P e 3, e
| 3001HG HOISN34SNS O3UORONY-I13S 3H1 Wod 03¥VdIHd .._@ ek T AN VA, ARG
Sl awie g | R

e

T fYL 0L POO) AFANUCIL
a4 243008380 Mg &

B3] a2 SeLiIT @ pEALXd
Bill 0L SUNRY) TR)O
& O Buil PLE FICDS

DHLRG LODLURS AU

A5InEDal LJOFENRU B SNDL §IRUS JDIDDI b ¥ [
= - SININIAON W3LSAS 378V 5
. *GIBNO. &
H J3ATL Ui BUC BIGRD AUk UIRALE] u..r&m«?wt_ m i
£ i 50 S8IULnE ISUF Sud 40 Kby @ <
90118 XTG By DLD BIGED Bl VBIMLIY E
By JOPESULT LOU O URONS $iUHERADY (4 2 M
- 5 L] g
I : LOOS6.LI00 B4 2L0uep | " E 244& W
H SUD UCIIROD) B|GEs-08Is Saeuab’ m> fE] ;«. zZ - RIS -
: i : R PHAL - 3
~aaL18UG By K3 Dars.JadD +43 - b ~ = 42 +
FUD IOLODIIUOT Ui AG DALD (RO UDEL Y | ICNS s = L} X

3T pus fAIUD UGTLMBAIRE JOh BsD FILOWBADY BSRWL L
FSRLON 17 L3

SIN

(onms g HF HOd NOILVAZIZ

IF 28id 3 (Swas] 11 aidd oM oSmidy

£70 +HPWenol Buisoeg

UolLiood
S0 PRUS .

H s Y3 “OL5INTIS AYE !
: L35 AX3IITY S ,
G.R T 1LTARA /WK

o

SLQTOL LD SODBUS & DOGTQL 4& saueds oy .\w,

e A
o) Lgds

08 JRUDG

F.\

e

72



Appendix B

Special Provisions Section 10-1.41 Temporary Towers
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10-1.41 TEMPORARY TOWERS

Temporary towers used for the construction of the bridge superstructure shall conform to the information shown on the
plans and these special provisions.

The temporary towers shown on the approved working drawings shall be designed and constructed by the Contractor in
conformance with the requirements in Section 49, "Piling," and Section 51-1.06, "Falsework," of the Standard Specifications
and these special provisions.

Temporary towers shall include jacking assemblies and appurtenant items necessary to jack and support the
superstructure, and compensate and maintain the proper roadway alignment and profile.

GENERAL

Attention is directed (o the following sections of these special provisions regarding permit restrictions and regulations
that may impact temporary tower design and construction:

Relations with U. S. Coast Guard

Relations with Regional Water Quality Control Board
Relations with United States Fish and Wildlife Service
Relations with California Department of Fish and Game
Relations with National Marine Fisheries Service
Maintaining Traffic

Relations with Bay Conservation Development Commission
Relations with Army Corps of Engineers

RN E LD

Temporary tower foundation information and piling design procedures (including example calculations) are included in
the "Information Handout" available to the Contractor as provided for in "Project Information™ of these special provisions
and Section 2-1.03, "Examination of Plans, Specifications, Contract, and Site of Work," of the Standard Specifications.

Attention is directed to "Marine Pile Driving Energy Attenuator,” of these special provisions."

SCHEDULE OF VALUES

Attention is directed to "Accelerated Working Drawings Submittal” in these special provisions.

The Contractor shall submit, for approval by the Engineer, a schedule of values detailing the cost breakdown of the
contract lump sum item for furnish and remove temporary towers. The schedule of values shall reflect the items, work,
quantities and costs required to furnish, erect, and remove temporary towers, except for costs required to prepare working
drawings as included in the contract lump sum price paid for "Accelerated Working Drawings Submittal”. The Contractor
shall be responsible for the accuracy of the quantities and cost used in the schedule of values.

The sum of the costs for the items of work listed in the schedule of values shall equal the contract lump sum price for
furnish and remove temporary towers.

No adjustment in compensation will be made in the contract lump sum price paid for furnish and remove temporary
towers due to differences between the quantities shown in the schedule of values furnished by the Contractor and the
quantities required to complete the work as shown on the plans and specified in these special provisions.

The schedule of values shall be submitted to the Engineer within the time required for submittal of the Interim Baseline
Schedule, as specified in "Progress Schedule (Critical Path)," of these special provisions. When approved in writing by the
Engineer, the schedule of values will be used to determine progress payments for furnish and remove temporary towers
during the progress of the work. No progress payment for furnish and remove temporary towers will be made until the
schedule of values is approved in writing by the Engineer.

The schedule of values shall categorize the work by tower location and shall quantify the values into the following
progress payment milestones:

A. Furnish temporary tower material
B. Erect temporary tower
C. Remove temporary tower

The Contractor may propose additional milestones for progress payment subject to approval by the Engineer.

WORKING DRAWINGS

The Contractor shall submit to the Engineer working drawings and design calculations for temporary towers, in
conformance with the requirements in "Working Drawings," of these special provisions. The Contractor shall allow the
following review times, after notification is received from the Engineer, for the review of temporary tower working drawings
and design calculations:

Contract No. 04-0120F4
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Location Review Time
AFE and AW 50 Days
BE and BW 50 Days
CE and CW 50 Days
DE and DW 50 Days
EE and EW 50 Days
FE and FW 50 Days
GE and GW 50 Days
HE and HW 50 Days

When several temporary tower drawings or calculations are submitted simultaneously, or additional drawings or
calculations are submitted for review before the review of previously submitted drawing or calculation has been completed,
the Contractor shall designate the preferred sequence in which the plans and calculations are (o be reviewed. The time to be
provided for the review of any drawings and calculations in the sequence shall be not less than the review time specified
above for that plan, plus 10 days for each plan of higher priority which is still under review.,

Working drawings for temporary towers shall include, the following:

HZQTHUOWs

=EER=

Locations of the temporary towers needed to support the deck

Complete details showing the proposed construction sequence, including the deck and foundations.

Concrete placing diagram.

Method and plans for release of tower to superstructure connections.

Erection methods and removal plans.

Descriptions of equipment and associated loads, including the loads shown on the plans.

Complete details for providing grade adjustment to compensate for anticipated settlement and proper fit up.
Complete details and descriptions of the displacement monitoring system described in these special provisions.
Details and descriptions of equipment and methods proposed for monitoring the erection, position, settlement and
deflection of temporary towers.

Schedule of taking displacement measurements.

Pile Data Table including the design loads, bearing value, and required pile tip elevations.

Details for pile installation techniques, spread footings, tie-downs, driven piles and CIDH piles, as appropriate.
Details for alternative installation techniques for installing driven piles, in case pile refusal is encountered more than
3 meters above the design penetration. Techniques shall include the effects on bearing value and any design
modifications.

Design calculations for temporary towers shall include, at a minimum, the following:

>

FR-o-CTZQmImounN®

Summary of computed stresses in the temporary towers for all design loading conditions. Computed stresses shall
include effects from any grade adjustment assumed by the Contractor to ensure proper grade and fit up.
Assessment of lateral stiffness and significant periods of vibration of the temporary towers system.
Calculations for providing grade adjustment to compensate for anticipated settlement and ensure proper fit up.
Calculation of pile setup period(s).

Calculation of pile alignment and location tolerances.

Driven pile refusal criteria.

Driving system submittal.

Dynamic monitoring equipment and setup.

CIDH drilling system submittal.

Pile handling submittal.

Design pile length.

Schedule.

SLOPE RESTORATION

Attention is directed to the existing steep slope at Yerba Buena Island between Bent W2 and Building No. 262 (Torpedo
Building). The slope, and any other areas affected by the construction and removal of temporary towers, shall be restored to
the original (existing) grade by the Contractor and approved by the Engineer.

The Contractor shall submit to the Engineer slope restoration working drawings that include existing contour grading,
restoration procedures, erosion control treatment, materials, and design calculations for any earth reinforcement and support
structure for the restoration of the slope. Areas excavated shall be returned to pre-excavation conditions.

Contract No. 04-0120F4
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Any work that will change the existing contour grade of the slope will not be allowed before slope restoration working
drawings are approved.

TEMPORARY TOWER FOUNDATIONS

The types of foundations used for the temporary towers will vary along the length of the bridge. Spread footings, footing
tie-downs, driven piling and cast-in-drilled-hole (CIDH) piling may be used, depending on the surficial materials and the
depth to bedrock. The recommendations presented in the Information Handout for the allowable bearing pressures, tie-down
bond strength, CIDH bearing capacity and driven piling capacity shall be adopted in the design of these types of foundations.
Blasting, including the use of explosives for excavation of foundations, will not be permitted.

SPREAD FOOTINGS AND TIE-DOWNS

Spread footings and tie-downs shall be designed and constructed in accordance with the design recommendations in the
Information Handout, the Standard Specifications, and these special provisions.

Spread footings shall be constructed in a dry or dewatered condition.

Equipment or methods for drilling tie-down sockets in rock shall not result in a smooth hole. The Contractor shall
provide to the Engineer for approval information on the roughness that is expected for the sockets.

DRIVEN PILING

Driven piling used to support temporary towers located in the bay shall be steel pipe piling. The pile sections shall be
compact, capable of plastic deformations without local buckling.

The requirements in Section 49-1.03, "Determination of Length," of the Standard Specifications shall not apply.

Driven piling shall be of such length as required to develop the minimum bearing value, as defined in the Information
Handout and_to obtain the design penetration as shown on the approved working drawings. Attention is directed to the use of
Pile Dynamic Monitoring of piles which are designed to be tipped into rock to obtain end bearing capacity.

Driving Equipment
Diesel and steam hammers shall not be used to install driven piling.
Jetting and drilling in conformance with Section 49-1.05, "Driving Equipment," of the Standard Specifications shall not
be used.

Pile Dynamic Monitoring

Where required to obtain verification of rock contact for end bearing, as shown on the approved working drawings, or as
otherwise required by the Engineer, the Contractor shall conduct dynamic monitoring of pile driving and conduct penetration
and bearing analyses based on a wave equation analysis. The analysis shall be signed by an engineer who is registered as a
Civil Engineer in the State of California and submitted to the Engineer prior to completion of temporary tower erection.

The Contractor’s monitoring equipment shall be capable of generating a continuous computer printout of monitoring
results.

Each pile to be dynamically monitored shall be fitted with two sets of attachments. These attachments shall be located on
opposite sides of the pile.

Bearing Criteria

The first and second paragraphs in Section 49-1.08 "Bearing Value and Penetration," of the Standard Specifications shall
not apply. Pile tip elevation and bearing capacity shall be determined as shown in the Information Handout using capacity
curves where appropriate. Where the locations of the temporary towers are outside the limits shown in the Information
Handout, the Contractor shall determine the bearing capacity of the piles at that location, using the same method specified in
the Information Handout and this capacity shall be submitted to the Engineer for approval.

Piles shall be driven to the design tip elevation and a minimum bearing value of not less than the design loading shown
on the approved working drawings, unless otherwise specified in these special provisions or permitted in writing by the
Engineer. Pile bearing values shall be determined using skin friction only, except where the pile is tipped in rock.

For piles that encounter driving refusal above the approved design tip elevation, the Contractor shall notify the Engineer
in writing. The Contractor shall evaluate these piles and propose alternative pile installation techniques. No additional
compensation will be allowed for developing and using alternative pile installation methods.

The Contractor shall provide a pile driving log at the completion of driving each pile and with the notification of driving
refusal.
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CIDH PILING
Drilling Equipment
The fifth paragraph in Section 49-4.03 "Drilled Holes" of the Standard Specifications shall not apply.

Drilling equipment shall be selected and operated to ensure that the surfaces of sockets drilled in rock are not smooth.
The Contractor shall provide to the Engineer for approval information on the roughness that is expected for the sockets.

Bearing Criteria

Pile tip elevation and bearing capacity shall be determined as shown in the Information Handout. End bearing shall not
be used in the determination of bearing capacity. The bearing capacity calculations shall be submitted to the Engineer for
approval.

TEMPORARY TOWER DESIGN

Temporary towers shall consist of ductile steel braced frames with welded or_bolted connections used for field erection
splices. Welded connections performed in the field or in the Contractor’s fabrication facilities shall be designed in accordance
with AISC or API RP2A for hot rolled sections and steel tubular sections, respectively. The Contractor shall provide 2
copies of the stated codes to the Engineer. Timber walkways and decks will be permitted.

Cable bracing and tie-rod bracing will not be permitted.

Timber connections shall be designed in conformance with the procedures, stresses and loads permitted in the Falsework
Manual as published by the California Department of Transportation, Division of Structures, Division of Structure
Construction.

The construction equipment loads shall be the actual weight of the construction equipment, material and personnel, but
in no case shall be less than 960 N/m2 of deck surface area and 1100 N/m along the deck edges.

The design of temporary towers shall conform to both the design service load and ultimate limit state criteria set in these
special provisions. The service load criteria will be met by the load combinations stated in "Design Load Combinations for
Load Factor Design" and the ultimate limit state criteria will be met by the pushover analyses in "Seismic Design Loads".

The following codes_shall be used to detail and to establish temporary tower capacities:

Subject Design Code or Reference Year

Structural ~ Steel - All
Members and Connections except AISC-LRFD* 1999
Tubular Members**

Structural Steel — Tubular API RP2A-LRFD July 1993
Members and Connections**

c AASHTO-LRFD Bridge 2™ Edition

oncrete . e
Construction Specifications
State of California Dept. of Revision 32, November 2001
Falsework

Transportation — Falsework Manual

*  With reference to AISC Seismic Provisions for Structural Steel Buildings, 1997.
*##* All connections shall be designed to be stronger than the connected members. For connections between rolled
sections and tubular members the most stringent code of AISC-LRFD and API RP2A-LRFD shall govern.

A single code, specification or recommended practice shall be applied consistently for a specific structure type or load.

Design of temporary towers shall account for any change in the loads imposed on the tower by the bridge superstructure
due to the construction sequence of the bridge.

Temporary towers shall be designed to adequately support the superstructure of the bridge without exceeding a demand-
to-capacity ratio in the box girder of 1.0 for all design load combinations.

The temporary tower design calculations shall demonstrate that the total design_settlement of temporary towers does not
exceed 25 mm at the mudline for the governing design load combination.

The twentieth paragraph of Section 51-1.06A "Falsework Design and Drawings," of the Standard Specifications shall not
apply.

The design of temporary towers shall be based on assumed loads that are equal to or greater than those described in this
section,

The Contractor shall be responsible for the proper evaluation of the falsework materials and design of the falsework to
safely carry the actual loads imposed.

The fifth and sixth paragraphs of Section 51-1.06A(1), "Design Loads,” of the Standard Specifications shall not apply.
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Vertical Loads

Temporary towers and their foundations shall be designed to carry the anticipated total effective tower load.
The total effective tower load shall be determined including, at a minimum, the effects of the following:

A. Tower and_foundation, including fenders;
B. Load from supported bridge; and
C. Contractor’s equipment and live load.

The vertical loads from the supported bridge shall be calculated by the Contractor for the selected construction method.
Vertical loads shown on the plans are for information only,

Seismic Design Loads

Temporary towers shall be designed to be ductile and to resist horizontal seismic loads as defined below in combination
with the appropriate vertical loads covering controlling construction stages. The seismic analyses shall consider the
interactions of the temporary towers with the bridge superstructure at all appropriate stages. Seismic design loads need not
be considered during lifting operations.

The temporary towers shall remain serviceable and capable of carrying the design loads.

Analysis and design calculations shall correctly incorporate all contributing mass, stiffness, loading and energy
dissipation characteristics of the temporary towers including geotechnical and structural components and hydrodynamic
added mass. P-delta effects shall be considered in the analyses. Assumed scour depth shall be 0.5 m plus one pile diameter.

Modal spectral analysis with sufficient number of modes to capture at least 90% of the mass of the structure shall be
used to establish the peak seismic displacements. To establish the ultimate limit state, a longitudinal and transverse static
push-over analyses shall be used to verify the stability of the temporary tower and its ductility. Tower vertical load carrying
members and connections shall remain elastic. Structural steel of the bracing members may yield. Extreme fibers of the
structural steel piles may yield to a maximum of 2% strain. The_temporary tower displacement capacity shall exceed the
demands corresponding to 1.50 times the peak seismic displacements. Pushover analyses of the temporary towers shall be
carried out based upon displaced shapes defined, at a minimum, as the primary transverse and longitudinal mode shapes. The
mode shapes shall be determined from modal analyses of the temporary towers and the supported bridge superstructure.

Seismic demands shall be determined for two independent horizontal loading conditions in perpendicular directions. The
directions are defined to be in the longitudinal axis of the bridge and the transverse axis of the bridge. In order to account for
directional uncertainty of earthquake motions, the demands resulting from analyses of the two perpendicular seismic loading
directions shall be combined into two load cases as follows:

EQ load case 1 1.0 longitudinal and 0.3 transverse
EQ load case 2 0.3 longitudinal and 1.0 transverse

Acceleration levels applied (o the temporary towers shall be generated using the Acceleration Response Spectrum shown
on plan sheet "Construction Sequence 2." The response spectrum can be used for all locations along the length of the self-
anchored suspension bridge as input motion. These lateral loadings supersede the 0.02 g lateral load requirement in the
California Department of Transportation Falsework Manual.

These Seismic Design Loads are the minimum required during construction. The Contractor may elect to design and
construct the temporary towers for a greater level of loading. No additional compensation will be allowed nor extension of
time will be granted due to the Contractor’s use of loading that exceeds the required minimum.

Within 90 days of contract award, the Contractor shall hold a meeting between the Engineer, the Contractor and the
Contractor's designer of the temporary towers. The Contractor shall present to the Engineer preliminary temporary tower
design and details and methods of analyses he proposes to use.

Vessel Impact Design Loads

Temporary towers shall be designed for accidental vessel impact and coincident wind, and current loads calculated in
accordance with API RP2A. Tide and current information are included in Section 3.4 of the Ship Collision Report contained
in the Information Handout.

Attention is directed to the AASHTO Guide Specification and Commentary for Vessel Collision Design of Highway
Bridges (1991) regarding design for accidental impact,

Temporary towers shall be designed to resist loads from impact of the Contractor’s equipment. At a minimum,
temporary towers shall be designed to resist an accidental impact load of 7.6 MN from any direction caused by a barge,
acting between elevation +7.6 m and —1.8 m NGVD.

The rake of the bow of a 76 m x 14 m hopper barge shall be used to determine whether the impact force will occur on the
fenders or whether the vessel will impact the tower substructure or foundation.
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Temporary towers shall not be used for mooring the Contractor’s vessels, unless they are specifically designed
for mooring loads, including the effects of the eccentric application of these loads.

In lieu of designing the temporary towers for a static accidental impact load of 7.6 MN, the Contractor may design and
supply an impact energy absorption system in order to prevent damage to the temporary tower structures at no additional cost
to the State. The minimum impact force associated with an empty hopper barge, having a displacement of 800 Tonnes,
drifting into the temporary tower from any direction at a design current of 2.0 knots (1.029m/sec), shall be used for design.
The barge mass as well as the hydrodynamic added mass shall be considered acting between elevation +7.6 m and —1.8 m
NGVD. The rake of the bow of a 76 m x 14 m hopper barge shall be used to determine whether the impact force will occur
on the fenders or whether the vessel will impact the tower substructure or foundation.

Wind Loads

Temporary towers shall be designed to resist horizontal wind loads as determined from the wind criteria set forth in
Section 10-1.59, "Steel Structures,” subsection "ASSEMBLY," of these special provisions and the ANSI/ASCE 7-95 code.
The temporary towers shall have an Importance Factor of 1.15 per ANSI/ASCE 7-95, for wind load purposes only.

Design Load Combinations for Load Factor Design
Temporary towers shall be designed using the following load combinations:

1.4DL

1.1DL+13LL

1.0DL + 1.0 LL + 0.5 Wind + 1.0 Current + 1.0 Vessel Impact
1.0DL+1.0LL+ 1.0 EQ

1.ODL + 1.0 LL + 1.3 Wind +1.3 (Wave & Current)

Temporary Tower Foundations - Driving System Submittal

The Contractor’s temporary tower working drawings shall include a driven pile installation schedule that is in
conformance with "Progress Schedule (Critical Path Method)," of these special provisions.

Prior to installing driven piling at a given temporary tower location, the Contractor shall provide a driving system
submittal for that tower location, including a driveability analysis, in conformance with the provisions in "Working
Drawings," of these special provisions. Technical data for all proposed driving systems (i.e., each hammer that may be
brought onto the site) shall be included in the submittal.

The driving system submittal shall be based on the soil profiles shown in the Information Handout and shall contain an
analysis showing that the proposed driving systems will install piling to the Contractor’s design tip elevation, as shown on the
approved working drawings without overstressing the piles. Submittals shall include the following:

A. Complete description of soil parameters used, including soil quake and damping coefficients, skin friction
distribution, percentage shaft friction, and total soil resistance to driving.

B. List of all hammer operation parameters assumed in the analysis, including manufacturer’s rated energy, fuel
settings, stroke limitations, and hammer efficiency.

C. Driveability studies that are based on a wave equation analysis using a computer program that has been approved by
the Engineer. Driveability studies shall model the Contractor's proposed driving systems, including the hammers,
capblocks, pile cushions, followers and driving shoes, as well as determine driving resistance and pile stresses for
assumed site conditions. For open-ended steel pipe piles, soil resistance to driving shall be computed for both
plugged and unplugged cases. The range of soil resistance to driving and the percentage shaft resistance shall be
determined for site conditions ranging from 5 meters above to 5 meters below the Contractor’s design tip elevation
shown on the approved working drawings. Separate analyses shall be completed at elevations above the design tip
elevations where difficult driving or pile splices are anticipated. Driveability analysis results shall include plots of
the following:

1. Maximum pile head and pile toe compressive stress versus blows per 250 mm.
2. Soil resistance to driving versus blows per 250 mm.

D. Copies of all test results from any previous pile load tests, dynamic monitoring, and all driving records used in the
analyses.

E. Completed "Pile and Driving Data Form," which is shown in these special provisions.

F. Estimate of pile penetration due to self-weight and the weight of the hammer.

The Contractor shall allow the Engineer 15 days to review a driving system submittal.
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The Contractor shall use the driving system and installation methods described in the approved driving system submittal
for each temporary tower location. Any change in hammers from those submitted and approved by the Engineer shall also
"meet the requirements for driving system submittals. Revised and new driving system submittals shall be approved by the
Engineer prior to using corresponding driving systems on temporary tower piling. The Contractor shall allow the Engineer
15 days to review each revised and each new driving system submittal after a complete set has been received, as determined
by the Engineer.
Approval of pile driving equipment shall not relieve the Contractor of his responsibility to drive piling free of damage to
the design penetration.

Temporary Tower Foundations — CIDH Drilling System Submittal

The Contractor’s temporary tower working drawings shall include a CIDH pile installation schedule that is in
conformance with "Progress Schedule (Critical Path Method)," of these special provisions.

Prior to installing CIDH piling at a given temporary tower location, the Contractor shall provide a drilling system
submittal for that tower location, including drilling rig details, drilling fluids, drilling casing, fluid handling system and
cuttings disposal system. Technical data for the proposed drilling systems shall be included in the submittal.

MANUFACTURED ASSEMBLIES

Manufactured assemblies shall conform to the provisions in Section 51-1.06A(2) "Design Stresses, Loadings, and
Deflections,” of the Standard Specifications and these special provisions.

All jacks shall be equipped with a load cell for determining the jacking force. Pressure gages shall have an accurately
reading dial at least 150 mm in diameter. Each jack shall be calibrated by a private laboratory approved by the
Transportation Laboratory within 6 months prior to use and after each repair, unless otherwise directed. Each jack and its
gage shall be calibrated as a unit with the cylinder extension in the approximate position that it will be at final jacking force
and shall be accompanied by a certified calibration chart. Load cells shall be calibrated and provided with an indicator by
which the jacking force is determined.

Jacks for temporary towers shall be load-rated for at least 125% of the design service loads.

CONSTRUCTION

The construction of temporary towers at each location shall not begin until the Engineer has reviewed and approved the
drawings for that location.

The Contractor shall be responsible for monitoring the erection, position, settlement and deflection of temporary towers
in accordance with the requirements of this section and submitting logs of these deflections and settlements to the Engineer.
Deflection logs shall be provided to the Engineer within 12 hours of recording the measurements.

The third paragraph of Section 51-1.06B, "Falsework Construction,” of the Standard Specifications shall not apply.

Welding, welder qualification, and inspection of welding for all steel members shall conform to the requirements of
AWS D1.1, except that all CJP welds that sustain tension shall be tested by UT or RT.

Prior to erecting bridge members on the temporary towers, an engineer for the Contractor who is registered as a Civil
Engineer in the State of California shall inspect the temporary towers, including grade adjustment and displacement
monitoring systems, for conformity with the working drawings. The Contractor's registered engineer shall certify in writing
that the temporary towers, including grade adjustment and displacement-monitoring systems, substantially conform to the
working drawings, and that the material and workmanship are satisfactory for the purpose intended. A copy of this
certification shall be submitted to the Engineer and shall be available at the site of the work at all times.

Grade adjustment operations shall be carefully controlled and monitored to prevent imparting distortion and excessive
stresses that would damage the structure.

Adequate means shall be employed to prevent unplanned lateral and longitudinal movement of the temporary tower
during jacking. The temporary towers, jacks, and the superstructure shall be stable during all phases of the operation. The
jacking system shall be designed such that pressure loss of any hydraulic system cannot cause movement after jacking
operations. This may be accomplished by means of a mechanical lock off of the jacks, replacement of the jacks by supports
that can be cast in, or alternative methods. The Contractor's jacking methods shall include provisions for blocking up the
superstructure from the temporary towers such that the gap between the temporary tower and the superstructure during all
phases of the jacking operation does not exceed 25 mm.

Temporary towers shall be protected from damage during construction.

Fenders and navigation lighting for temporary towers shall conform to the requirements in "Relations with the United
States Coast Guard" of these special provisions.
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REMOVING TEMPORARY TOWERS

When no longer required, temporary towers shall be completely removed, unless otherwise directed by the Engineer.
Temporary tower piling shall be removed at least 1.0 meter below the original mudline in-bay, and at least 1.0 meter below
the original ground in-land.

Working drawings for the existing Skyway temporary towers (AE) and (AW) are included in the Information Handout,
available to the Contractor as provided for in "Project Information” of these special provisions and Section 2-1.03,
"Examination of Plans, Specifications, Contract, and Site of Work," of the Standard Specifications.

Section 51-1.06C, "Removing Falsework," of the Standard Specifications shall not apply.

MEASUREMENT AND PAYMENT

The contract lump sum price paid for furnish and remove temporary towers, shall include full compensation for
furnishing all labor, materials, tools, equipment and incidentals, and for doing all the work involved in furnishing and
removing temporary towers, including designing, constructing and maintaining temporary towers, furnishing and installing
temporary tower foundations, temporary tower foundation installation submittals, monitoring and redriving piles, necessary
grade adjustment and displacement monitoring, as shown on the plans, and all work involved with slope restoration, as
specified in the Standard Specifications and these special provisions, and as directed by the Engineer. Section 49-6,
"Measurement and Payment," of the Standard Specifications shall not apply.

Costs for preparing working drawings in excess of amounts allocated in "Accelerated Working Drawings Submittal”
item shall be considered as included in contract prices paid for the various items of work and no additional compensation will
be allowed therefor.

The contract lump sum price paid for remove Skyway temporary tower, of the types listed in the Engineer’s Estimate,
shall include full compensation for furnishing all labor, materials, tools, equipment and incidentals, and for doing all the work
involved in removing Skyway temporary towers, as shown on the plans, as specified in the Standard Specifications and these
special provisions, and as directed by the Engineer.

MARINE PILE DRIVING ENERGY ATTENUATOR

This work shall consist of designing, furnishing, installing, operating, monitoring, maintaining, and removing an air
bubble curtain system to attenuate underwater energy generated by driving piles that are 2.5 meters or greater in diameter for
the temporary towers., For purposes of this specification, pile installation refers to all the activities involved with driving a
single pile; pile driving refers to the time when the hammer is physically driving the pile.

Attention is directed to "Relations with United States Coast Guard," of these special provisions regarding navigation
requirements.

Attention is directed to the following sections of these special provisions regarding permit restrictions and regulations
that may impact attenuator system design, operation, and removal:

A. Relations with California Department of Fish and Game
Relations with Regional Water Quality Control Board
Relations with U.S. Army Corps of Engineers

Relations with Bay Conservation Development Commission
Relations with United States Coast Guard

Relations with United Fish and Wildlife Service

Relations with National Marine Fisheries Service
Maintaining Traffic

TemEUQ

The approved attenuator system shall be operating prior to beginning pile driving at any given pile location. If the
attenuator fails, as determined by the Engineer, pile driving shall immediately stop. Piling driving at any given location shall
not resume until the attenuator system at that location is again operating in conformance with the requirements of this section,
as determined by the Engineer.

Failure of the attenuator system shall include, but not be limited to, the following methods of failure as determined by the
Engineer:

A. The pressure or flow rate in any meter falls below 90% of its determined operating value during the pile driving
operation, Operating values based on calculated data will be determined during the performance test.

B. During inspection of the perforated pipe the Engineer determines that erosion of the holes or debris has clogged the
holes that will degrade the performance of the system.

The Contractor shall make provisions for the Engineer to inspect the bubble curtain system for proper operation before
each deployment and as necessary during deployment. Proper operation during deployment will be determined by
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observation of the digital meters (air flow) and analog gauges (pressure) in the monitoring station and by other methods
developed by the Engineer.

The Contractor shall provide adequate means to prevent light from pile driving operations from shining directly into the
water. At least 15 minutes prior to and during pile driving operations, the Contractor shall not shine light directly into the
water in areas adjacent to piles being driven.

r

General

An air bubble curtain system is generally composed of an air compressor(s), supply lines to deliver the air, distribution
manifolds or headers, perforated aeration pipes, and a frame. The frame facilitates transport and placement of the system,
keeps the aeration pipes stable, and provides ballast to counteract the buoyancy of the aeration pipes in operation.

Air bubble curtain system shall conform to the following:

A. Air bubble system shall consist of multiple and concentric layers of perforated aeration pipes stacked vertically in
accordance with the following:

Water Depth (m) No. of Layers
0 to less than 5 2

5 to less than 10 4

10 to less than 15 7

15 to less than 20 10

20 to less than 25 13

B. Pipes in any layer shall be arranged in a geometric pattern, which shall allow for the pile driving operation to be
completely enclosed by bubbles for the full depth of the water column and for a radial dimension of no more than
0.5 meters as measured from the outside surface of the pile.

C. The lowest layer of perforated aeration pipes shall be designed to ensure contact with the mudline without sinking
into the bay mud.

D. The system shall provide a bubble flux of 2.0 cubic meters per minute per linear meter of pipe in each layer. Air
holes shall be 1.6 mm in diameter and shall be spaced approximately 20 mm apart. Air holes shall be placed in four
adjacent rows along the pipe to provide uniform bubble flux.

E. Meters shall be provided in accordance with the following:

[.  Pressure meters shall be installed at all inlets to aeration pipelines (manifolds) and at points of lowest pressure
in each branch of the aeration pipeline pipelines (manifolds).

2. The Flow meters shall be installed in the main line at each compressor and at each branch of the aeration
pipelines (manifold). In applications where the feedline from the compressor is continuous from the compressor
to the aeration pipe inlet, the flow meter at the compressor can be eliminated.

3. Flow meters shall be installed according to the manufacturer’s recommendation based on either laminar flow or
non-laminar flow, which ever applies.

Gauges shall be installed above the water line and shall be easily accessible to the Engineer. The Contractor shall keep a
continuous electronic log of all meters and gauges when the system is operating. Readings shall be logged every 1 minute
and at other times, as determined by the Engineer, when variation in the readings exceed 10%. The Contractor shall maintain
a graphical plot showing the variation of the meter readings with time.

Air pressure and air flow meters and gauges shall be calibrated by a private laboratory approved by the Engineer prior to
use in the attenuator system. Meters shall be accurate to within 2 percent.

The contractor shall conduct a performance test of the bubble curtain, prior to any pile driving operations, in order to
confirm the calculated pressures and flow rates at each manifold ring.

The Contractor shall submit an inspection/performance report in conformance with "Working Drawings," of these
special provisions within 72 hours following the performance test.

The Contractor shall monitor the condition of the attenuator system and prepare inspection reports daily during pile
installation operations and no less than every other day during periods of no activity.

The Contractor's design, installation, maintenance, monitoring, operation and removal of the attenuator system shall take
into account the site conditions and the requirements of pile installation. Factors (o be taken into account include anchoring,
moving, and dismantling the system; configuration of bay bottom; water velocity; water-surface conditions; air and water
temperatures; and positioning of pile and pile-driving equipment relative to the bubble curtain system.

Water velocity at the site is expected to vary from zero to 3 knots and vary in direction due to changes in tidal flow. The
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design of the system shall ensure that the system extends from bay bottom to the water surface during maximum water-
current conditions and accommodates tidal changes.

The pile-driving barge shall be isolated from the noise-producing operations. This isolation shall be such that noise from
the pile driving operation is not transmitted through the barge to the water column. The barge deploying or containing the
pile-driving equipment is not required to be contained within the system.

The Contractor shall completely remove the attenuator system at the completion of the project and the sysiem will
remain the property of the Contractor.

r

Working Drawings

The Contractor shall submit working drawings with supplement for the attenuator system to the Engineer for approval in
conformance with the provisions in "Working Drawings," of these special provisions, except as otherwise noted.

Working drawings with supplement shall be signed by a Mechanical Engineer who is registered in the State of
California. Working drawings shall include the following:

Complete details of the system including mechanical and structural details.

Details of anchorage components, air compressors, supply lines, distribution manifolds, aeration pipes and frame.
Details of proposed means of isolating noise-producing systems on the pile-driving barge.

Details of meters, gauges, and recording devices.

Description of measures taken to avoid shining light into the water during pile driving operations.

Details of the manufacturer's recommendations for installation of the flow meters in conditions of laminar flow and
non-laminar flow.

TEOO®

The supplement to the working drawing shall include the following:

A. Independently checked design calculations.

B. Materials list including the name of the manufacturer and the source, model number, description, and standard of
manufacture.

C. Manufacturer's descriptive data and catalog cuts for all products proposed for the system including air compressors.

D. Calculations showing pressure loss in the piping system and estimated flows from the most removed orifice of the
aeration piping.

Within 40 days after the approval of the contract, the Contractor shall submit working drawings, with supplements, to the
Engineer. The Contractor shall allow the Engineer 20 days to review the working drawings. If revisions are required, as
determined by the Engineer, the Contractor shall revise and resubmit the working drawings within 15 days of receipt of the
Engineer's comments. The Contractor shall allow the Engineer 10 days to review the revised working drawings.

The Contractor shall submit inspection reports in conformance with "Working Drawings," of these special provisions
within 48 hours following inspection.

Full compensation for furnishing all labor, materials, tools, equipment, and incidentals and for doing all the work
involved in furnishing marine pile driving energy attenuators, complete in place, including designing, installing, inspecting,
operating, maintaining, monitoring, recording, and removing the attenuator system, as specified in these special provisions,
and as directed by the Engineer shall be considered as included in the contract lump sum price paid for temporary towers and
no additional compensation will be alfowed therefor.

Full compensation for isolation of pile-driving barge from pile installation noise shall be considered as included in the
contract lump sum price paid for temporary towers and no additional compensation will be allowed therefor.

Contract No. 04-0120F4
9

83




Appendix C
Sample calculations
Example API Member Check

Example API Joint Check including Member Capacity Check
Example Bolted Joint Check including Member Capacity Check



TOWER G: MEMBER STRENGTH CHECK ~ API RP-2A LRFD 1993

The automated code check procedure in the program SAP was used to determine
utilization ratios for all frame members in Tower G under the following load
combinations:

Load DL LL Wind Wave + Seismic Impact
Comb | 1 Current L
LCMB4 1.4 - . s - %
LCMB7 1.1 1.3 - - - -
LCMBS 1.0 1.0 0.5 1.0 - 10 (inY)
LCMB9 1.0 1.0 0.5 1.0 - 1.0 (in X)
LCMB10 1.0 1.0 03 1.0 - 1.0 (angular)
LCMB13 1.0 1.0 - - 1.0Ex+0.3Ey -
LCMB14 1.0 1.0 - - -1.0Ex+0.3Ey .
LCMBI15 1.0 1.0 - . 0.3Ex+1.0Ey :

| LCMBI16 1.0 1.0 - 1 - 0,3Ex-1.0Ey 2
LCMB17 1.0 1.0 1.3 1.3 - -

The program-computed effective length factors for buckling (K values) were overwritten
as follows: A blanket K value of 1.0 was conservatively assumed for all leg and brace
members. In addition, the program-computed unbraced length factors were overwriiten
with a blanket 1.0 factor. The unbraced length factor adjusts the node-to-node member
length to take account of the true length of the member, in particular at the cross joints,
A factor of 1.0 is justificd, since one of the diagonal members will be in tension and thus
restrain the opposite diagonal member in compression from buckling out-of-plane.

The API code check in SAP appears to use a combination of AISC and API parameters,
s0 it is not a true API member strength check. Accordingly, we used the automated code
check in SAP (with the above over-writes) to carry out a first-pass screening of the
members, followed by a hand calculation according to APTRP 2A LRFD (1993) to
compute member strength utilization ratios of the most highly stressed member.

An initial code check in SAP indicated that the 0.4572m diameter by 0.0127m diagonal
braces located on the two longitudinal frames in the upper bay are overstressed. These
four braces were re-designed to be 0.6096m diameter by 0.0127m wall thickness and the
automated code check was repeated. The listing of utilization ratios (as output by SAP),
in descending order is provided on the following pages. Each of the six dummy pile
members below mudline (members 1071, 1167, 1169, 1171, 1173, 1183) has a utilization
ratio in excess of 1.0. The automated procedure for these six members is not appropriate,
since the unbraced length of the piles below mudline is much less than the 9m length of
the dummy pile members.

All other members have utilization ratios less than 1.0. The most highly stressed member

is the diagonal in the top bay of Frame A (member 128). A detailed hand calculation
according to the requirements of APTRP 2A LRFD (1993) is presented for this particular

3S



member and demonstrates that the utilization ratio is below 1.0. Combined axial
compression and bending controls, with a utilization ratio of 0.855.

{4
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Table: Steel Design 1 - Summary Data - API RP2A-LRFD 97

Frame DesignSeciDesignType

Text

1183
173
1071
171
1167
11869
128
152
129
89
1174
126
1077
1042
100
172
95
170
153
96
1186
1185
1180
1168
1189
86
1187
1188
124
148
74

Text

1PILE
1PILE
1PILE
1PILE
1PILE
1PILE
4DIAG
4DIAG
4DIAG
SDIAG
1PILE
4DIAG
1PILE
1PILE
5DIAG
1PILE
4DIAG
1PILE
4DIAG
4DIAG
1PILE
1PILE
1PILE
1PILE
1PILE
6HORZ
1PILE
1PILE
4DIAG
4DIAG
2LEG
2AEG
2LEG
5DIAG
2LEG
5DIAG
SDIAG
2LEG
4DIAG
2LEG
2LEG
5DIAG
2LEG
2LEG
5DIAG
3DIAG
4DIAG
5DIAG
2LEG
4DIAG
2LEG
2LEG
2LEG

Text

Column
Column
Column
Column
Column
Column
Brace
Brace
Brace
Brace
Colunmn
Brace
Column
Column
Brace
Column
Brace
Column
Brace
Brace
Colurmn
Column
Column
Column
Column
Beam
Column
Column
Brace
Brace
Column
Column
Column
Brace
Column
Beam
Brace
Calumn
Brace
Column
Column
Beam
Column
Column
Brace
Brace
Brace
Brace
Column
Brace
Column
Column
Column

Status
Text

Overstressed
Overstressed
Overstressed
Overstressed
Qverstressed
Overstressed
No Messages
No Messages
No Messages
No Messages
No Messagss
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Na Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

Ratio
Unitless

1.363988
1.173066
1.097808
1.077678
1.047181
1.026603
0.837575
0.823979
0.778753
0.727094
0.711229
0.688433
0.639215
0.637906
0637428
0.620774
0.617318
0.60869
0.5877%
0.583847
0.57721
0.576196
0.572615
0.5615832
0.556051
0.532085
0.524396
0.622234
0.482814
0.478186
0.470269
0.44387
0.434406
0.433848
0.433604
0.43267
0.43083
0.428511
0.42433
0.423121
0.419066
0.419036
0.416246
0.412632
0.408374
0.40762¢
0.408417
0.404434
0.400685
0.397247
0.398821
0.390676
0.3885

RatioType
Text

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
FMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

Combo
Text

LCMEBS
LCMBS
LCMBY
LCMB8
LCMB10
LCMBS
LCMB13
L.CMB13
LCMBY
LCMBSB
Lcmes
LCNBY
LCMB13
LCMB13
LCMBB
LCMB13
LCMB8
LCMB8
LCMB13
LCMB8
LCMB13
LCMB13
LcMmBe
LCMB15
LCMB13
LCMB8
LCMB15
LCMB15
LCMB13
LCMB13
LCMB8
LCMB4
LCMB4
LCMB9
{CMB4
LCMB10
LCMB15
LCMB4
LCMB13
LCMB4
LCMB4
LCMB10
LCMB4
LCMB4
LcMmBa
L.CMBS
LCMB13
LCMB15
L.CMB4
LCMBg
LCMB4
LCMB4
LCMB4

Location
m

9.01891
9.0757
89.0757

9.01891

9.01891
9.0757

0
0
0
0
12,4653
0
12.45591
12.39803
10.82717
12.40842
14.45339
12.4653
0
0

11.0627

11,0627
11.05331
12.40842
11.05331

17.742
11.05331
11.05331

OO0

10.10141
0
0
17.52016
0
10.1016
11.42325
11.61657
17.52015
10.1016
0
0
0
0
10.10141
0
1010141
10.1018
11.42325

SAP 2000

ErrMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Maessages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messagses
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Meassages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

WarnMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Massages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages




Frame DesignSeclDesignType

Text

98
39
45

150

120

151
581
181
110
145
144
567
568

92
582

58
122

575
107
73
131
569
570
146
147
175
139
576

Text

4DIAG
2LEG
2LEG
5DIAG
2LEG
5DIAG
3DIAG
5DIAG
2LEG
4DIAG
4DIAG
4DIAG
2LEG
5DIAG
5DIAG
5DIAG
4DIAG
4DIAG
4DIAG
6HORZ
3DIAG
4DIAG
4DIAG
5DIAG
4DIAG
3DIAG
4DIAG
4DIAG
S5DIAG
SDIAG
6HORZ
3DIAG
3DIAG
5DIAG
5BIAG
7HORZ
3DIAG
5DIAG
7HORZ
THORZ
3DIAG
3DIAG
3DIAG
5DIAG
6HORZ
2LEG
B8HORZ
5DIAG
5DIAG
3DIAG
3IDIAG
SDIAG
7HORZ
SDIAG
6HORZ

Text

Brace
Column
Column

Brace
Column

Beam

Brace

Brace
Column

Brace

Brace

Brace
Column

Brace

Brace

Brace

Brace

Brace

Brace

Beam

Brace

Brace

Brace

Brace

Brace

Brace

Brace

Brace

Beam

Beam

Beam

Brace

Brace

Beam

Beam

Beam

Brace

Beam

Beam

Beam

Brace

Brace

Brace

Beam

Seam
Column

Beam

Beam

Beam

Brace

Brace

Beam

Beam

Beam

Beam

Status
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

Ratio
Unitless

0.387707
0.387386
0.38506
0.385043
0.383597
0.382747
0.374859
0.372166
0.372122
0.367006
0.362487
0.360678
0.3598964
0.358778
0.355674
0.355118
0.354377
0.352905
0.351144
0.347322
0.335014
0.325101
0.31525
0.309452
0.30658
0.295001
0.289414
0.279213
0.211376
0.205153
0.203887
0.201445
0.198722
0.198575
0.196557
0.191785
0.181371
0.171758
0.171452
0.169737
0.162253
0.154454
0.153688
0.162722
0.150388
0.14845
0.14553
0.141272
0.140918
0.133894
0.131763
0.131046
0.127356
0.127019
0.126767

RatioType
Text

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

e {2

Combo
Text

LCMBS
LCMB4
LCVB4
LCMB15
LCMB4
LCMB8
LCMBS8
L.CMBS9
LCMB4
LCMB8
LCMB9
LCMB8
LCMB13
LCMB15
LCMB15
LCMB8
tCMB15
LCMB13
LCMB15
LCMB9
LCMB8
LCMB15
LCMB15
LCMB15
LCMB15
LCMB9
LCMB15
LCMB13
|.CVB3
LCMB9
LCMB9
LCMB13
LCMB13
LCMB9
L.CMBS
LCMB4
LCMB8
LCMB8
LCMB4
LCMB4
LCMB8
LCMBY
LCMBS
LCMB10
LCMBS
LCMB8
LCMB13
LCMB10
LCMB10
LCMB13
LCMB13
LCMB13
.CMB4
LCMB10
L.CMB8

Location
m

0
11.42315
11.42325

0
11.42315

0
14.17092

0

0

0

0

0
17.52015

CO0DQOQOO0OO0OO0CO0OQQQO OO

22.40588
15
0
0
0
11.61657
0
14.16966
12.02617
0
0
15.9688
19.50282
15,9688
0
0
11.0827
0
0

0
19.50288
0
0
0
12.02617
9.4

ErriMisg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Na Messages

WarnMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Mo Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Nc Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages




Frame DesignSeciDesignType

Text

138
123
56
579
577
580
578
113
137
134

3

Text

7HORZ
3DIAG
3DIAG
BDIAG
5DIAG
5DIAG
SDIAG
7HORZ
7THORZ
6HORZ
6HORZ
3DIAG
6HORZ
8HORZ
5DIAG
7HORZ
5DIAG
SDIAG
5DIAG
3DIAG
SDIAG
7THORZ
THORZ
3DIAG
7HORZ
3DIAG
2LEG
3DIAG
7HORZ
6HORZ
5DIAG
SDIAG
6HORZ
6HORZ
6HORZ
2LEG
IDIAG
2LEG
BHORZ
EHORZ
6HORZ
2LEG
7HORZ
2LEG
2LEG
THORZ
SHORZ
2LEG
6HORZ
2LEG
BHORZ
BHORZ
2LEG
6HORZ
2LEG

Text

Beam
Brace
Brace
Beamn
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Brace
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Brace
Beam
Beam
Beam
Brace
Beam
Brace
Column
Brace
Beam
Beam
Beam
Beam
Beamn
Beam
Beam
Column
Brace
Column
Beam
Beam
Beam
Column
Beam
Column
Column
Beam
Beam
Column
Beam
Column
Beam
Beam
Column
Beam
Column

Status
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Ne Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messeges
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

Ratio
Unitless

0.126454
0.124941
0.124711
0.12007
0.116953
0.116146
0.114355
0.113535
0.112901
0.110045
0.110628
0.109756
0.108493
0.108084
0.108522
0.105302
0.105269
0.105097
0.104731
0.104562
0.103931
0.10266
0.089866
0.008268
0.005788
0.092554
0.090166
0.085004
0.084422
0.083985
0.083884
0.063884
0.082822
0.082359
0.081838
0.078277
0.078193
0.076156
0.075822
0.075425
0.074612
0.071756
0.068678
0.063123
0.062801
0.060178
0.057462
0.057128
0.057035
0.053009
0.052277
0.050004
0.050156
0.049684
0.045349

RatioType Combo

Text

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

9l

Text

LCMB4
LCMB13
LCMBS
LCMB4
LCMB4
LCMB4
LCMB4
LCMBe
LCMB10
LCMB10
LCMB13
LCMB8
LCMB13
LCMBY
LCMB4
LCMB8
LCMB4
L.CMB4
LCMB4
LCvB8
LCMB4
LCMB4
LCMB4
LCMBS8
LCMB8
LCMB10
LCMB10
LCMBS8
LCMB8
L.CMB10
LCMB4
LCMB4
LCMB9
LCMB10
LCMB8
LCMBS
LCMB10
LCMBS8
LCMB10
LOMB13
LCMBS
LCMBS8
LCMB13
LCMBS
LCMBS
LCMB13
LCMB10
LCMB10
LCMB13
LCMB10D
LCMB10
LCMBS8
LCMB13
LCMB4
LCMBS8

Location
m

0

0
15,9688

0

0
12.02617
12.02617

15

11.61657

0

0

0

o
14.16966

o

16.9688
12.46435

0

(4]

0
20.51828
20.516828

0

20
9.402

0

14.16966
11.0827
0
20

0
12.46445

0
12.46435

11.0827

0

0

11.0627
0
12.48445
9.402
0
0
17.742
11.0827

ErrMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Ne Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Messages
No Messages
No Messages
No Messages

WarnhMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Ne Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messagas
No Messages
No Messages
No Messages



Frame DesignSeciDesignType

Text

18
114
115
140
144

43

20

55

90

50

16
157
158
159
160

17

53

42

7
1565
167

33

34
68

69
103
104

35
70

77
105
116
117
142
143
154
161
162
163
164
165
166

Text

THORZ
7HORZ
THORZ
7HORZ
THORZ
2LEG
THORZ
7HORZ
7THORZ
BHORZ
6HORZ
DECKDUM
DECKDUM
DECKDUM
DECKDUM
THORZ
THORZ
DECKDUM
DECKDUM
DECKDUM
DECKDUM
2LEG
2LEG
2LEG
2LEG
2LEG
2LEG
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM
DECKDUM

Text

Beam
Beamn
Baam
Beam
Beam
Column
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Column
Column
Column
Column
Column
Column
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Column
Colunmn
Column
Column
Column
Column

Status
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

Ratio
Unitless

0.046869
0.044831
0.044831
0.044831
0.044831
0.044055
0.039053
0.039053
0.038053
0.038426
0.033865
0.033612
0.033612
0.033612
0.033612
0.028997
0.026225
0.00732
0.00732
0.00732
0.00732
0.000183
0.000183
0.000183
0.000183
0.000183
0.000183

COO0OO0OODOO0O0CODO0OOQCOOoOOO

RatioType Combo

Text

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

qz

Text

LCMBS
LCMB4
LCMB4
LCMB4
LCMB4
LCMBS
LCMB4
LCMB4
LCVIB4
LCMB8
LCMB15
LCMB7
LCMB7
LCMB7
LCMB7
LCMBS8
LCMB15
LCcMBY
LCMBY
LcmBy
LCMB7
LCMB4
LCMB4
LCMB4
LCMB4
LCMB4
LCMB4

Location ErrMsg

m

8.32

©cocoocooocoooocoonovoooooco~NocoRoocoof oco

-

Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
Na Messages
No Messages

WarnMsg
Text

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Massages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
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., Tower C Alone

Frame

46
123
126
49
124
47
125
119
48
42
43
122
45
120
521
520

524
522

525
523
571
179

181
127
50

180
182
51

128
178

629
628
627
626

587
622
588
585
686
621

API Code Member Check

DesignSect

30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG
30LEG

248TUB
248TUB

24CHRD
24CHRD
24CHRD
24CHRD

18HORZ
18HORZ
18HORZ
18HORZ
18HORZ
18HORZ
18HORZ
18HORZ

18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG

DesignType Status

Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Calumn
Column
Column
Calumn

Beam
Beam

Beam
Beam
Beam
Beam

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

No Messages
No Messages

No Messages
No Messages
No Messages
No Messages

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

Ratio

0.97
0.96
0.96
0.96
0.79
0.77
0.68
0.68
0.68
0.68
0.49
0.49
0.47
047
0.18
0.19

0.44
0.41

0.18
0.17
0.12
0.08

0.41
0.356
0.35
0.26
0.25
0.13
0.1
0.09

0.90
0.90
-0.84
0.84
0.83
0.80
0.78
0.78
0.77
0.76
0.76
0.75

Qs

SAP 2000

RatioType Combo

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

PMM
PMM

PMM
PMM
PMM
PMM

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM

LCMB4
LCMB4
LCMB6
LCMB6
LCMB4
LCMB4
LCMB2
LCMB4
LCMB2
LCMB4
LCMB4
LCMB1
LCMB1
LCMB4
LCMB4
LCMB6

LCMB6
LCMB6E

LCMB6
LCMB6
LCMB6
LCMB6

LCMB4
LCMB6
LCMB6
LCMB2
LCMB4
LCMB6
LCMB6
LCMB4

LCMB6
LCMB6
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LCMB6
LCMB6
LCMB4
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612
613
611
614
570
435
583
623
582
580
624
433
581
434
616
617
228
121
112
222
217
818
251
619
2585
575
576
577
256
578
226
573
130
225
129
207
177
173
137
229
477

18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG
18DIAG

30LEG
18DIAG
18HORZ
24CHRD
24STUB

Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Beam
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Beam
Beam

0.762
0.762
0.457
0.610
0.610

No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages
No Messages

No Messages.

0.025
0.013
0.010
0.016
0.025

0.72
072
0.70
0.69
0.68
0.67
0.66
0.66
0.66
0.64
0.64
0.63
0.62
0.60
0.53
0.53
0.51
0.51
0.50
0.49
0.48
0.47
0.47
0.47
0.47
0.44
0.43
0.42
0.42
0.41
0.37
0.36
0.34
0.33
0.31
0.23
0.20
0.20
0.19
0.11
0.10

Dit
30.0
60.0
38.4
384
24.0

A

PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
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PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
PMM
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PMM

LCMB4
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TOWER G: JOINT PUNCHING SHEAR CHECK - API RP-2A LRFD 1997

The antomated code check procedure in the program SAP was used to determine
utifization ratios for all tubular joints in Tower G under the following load combinations:

Load DL LL Wind Wave + Seismic Impact
Comb Current
LCMB4 | 14 | - 3 - - .
LCMB7 1.1 1.3 - - - -
LCMBS8 1.0 1.0 0.5 1.0 - 1.0 {(in Y)
LCMBS 1.0 1.0 0.5 1.0 - 1.0 (in X)
LCMB10 1.0 1.0 0.5 1.0 - 1.0 (angular)
LCMBI13 1.0 1.0 - - 1.0Ex+0.3Ey -
LCMB14 1.0 1.0 - - -1, 0Ex+0.3Ey s
LCMB15 1.0 1.0 - - 0.3Ex+1.0Ey s

| LCMB16 1.0 1.0 - - 0.3Ex-1.0Ey -
LCMBL17 1.0 1.0 1.3 1.3 - -

Joint classification should be based on load pattern as well as joint geometry. The
automated joint check procedure in SAP does neither. Thus, overwriting of default
parameters is required when using SAP. Other structural codes may be available that
perform the API code checks and that base joint classification either on joint geometry

only or joint geometry and load pattern.

SAP uses a default joint classification of T&Y. This is conservative in cases where the
joint is classified as 100% or partial K, but non-conservative in the case of X joints, For
this reason, the following scheme was utilized. The default T&Y joint classification was
accepted for all joints, with the exception of the X joints. For these joints, the joint
classification was re-defined to X. This is a conservative approach. If joints fail under
this procedure, it is recommended that the load pattern in the joint be determined for each
load condition to determine the correct joint classification. An example of this procedure
is shown on the following sheets, which show a hand calculation of the API LRFD joint
punching shear check for Joint 11, including determination of joint classification. For all
design load combinations, with the exception of LCMB9 and LCMB15 max, the joint is
classified as a K Joint. In the case of LCMB9 and LCMB15 max, the upper and lower
brace, respectively, is defined as a partial K and T&Y. The remainder of the hand
calculation is carried out for the controlling design load combination, LCMB4. The
results are identical to the SAP results when the joint classification is overwritten and
defined as K in SAP. They are also identical to a spreadshect that was developed, which
was used for those joints that failed the automated SAP code check and required
increased can thickness, Note that for the automated code check of the full model, this
particular joint (Joint 11), although a K joint, was checked as a T&Y joint per the

screening procedure described above,

(&0




The listing of utilization ratios (as output by SAP), in descending order is provided on the
pages following the design example. A total of 8 joints have utilization ratios that exceed
1.0. Seven out of the eight joints are X joints. The overstress due to punching shear can
be remedied in 7 of the 8 joints with a 1/8” increase in wall thickness of the chord
member. One joint is marginal with the 1/8” increase in wall thickness, but is well below
the 1.0 limit when the wall thickness is increased by ¥4”, A summary of the utilization
ratios for the originally over-stressed joints and their tevised utilization ratios with
increased can thickness are provided in tabular format and details of the calculations
(original and revised utilization ratios) are provided on the pages that follow.
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58P qutPut (1 of 2)
SAP2000v8.1.8 10/14/05 16:21:45

Table: APl Punch Check 1 =- Summary Data - APl RP 2A-LRFD 97

Joint GChord Brace Combo Ratio Equation ErrMsg WarnMsg

Text Text Text Text Unitiess Text Text Text

|47 85 98 LCMBY  1.493885 E.3-4  Section is ¢ No Messages
51 99 102 LCMB8  1.474344 E.3-4 Section is ¢ No Messages
24 37 121 LCMBS  1.436689 E.34 Section is ¢ No Messages
9 26 28 LCMB8 1.393915 E.3-4 Section is ¢ No Messages
28 40 126 LCMBY  1.215053 E.3-4 Section is (No Messages
42 91 94 LCMBS  1.118269 E.3-4 Sectlon is (No Messages
28 61 62 LCMB1S 1.077876 E.3-4 Section is (No Messages
45 74 121 LCMBY  1,064954 E.3-4 Section is ( No Messages
32 64 67 LCMB15 0.971299 E.3-4 No Messac No Messages
13 29 31 LCMB8  0.92005 E.3-2 No Messac¢ Nc Messages
44 80 86 LCMBS 0.877395 E.3-2 No Messac No Messages
52 82 100 LCMB8 0.834474 E3-2 No Messa¢ No Messages
49 82 96 LCMB8 0.787558 E.3-2 No Messag No Messages
50 75 99 LCMB8 0.766797 E.3-2 No Messac No Messages
19 169 569 LCMB10 0.744906 E.3-2 No Messag No Messages
27 46 148 LCMB13  0.74315 E.3-2 No Messa¢ No Messages
12 6 128 LCMB13 0.656936 E.3-2 No Messac No Messages
26 39 111 LCVMBS 0.652985 E.3-2 No Messac No Messages
11 12 152 LCMB13 0.647966 E.3-2 No Messag¢ No Messages
34 41 128 LCMB13 0.647842 E.3-2 No Messa¢ No Messages
a3 47 152 LCMB13 0.638865 E.3-2 No Messag No Messages
39 78 93 LCMB8 0.633665 E.3-2 No Messa¢ No Messages
25 45 169 LCMB10 0.6320867 E.3-2 No Messac¢ No Messages
2 2 120 LCMBY 0.612367 E.3-2 No Messag No Messages
7 4 124 LCMB13 0.580451 E.3-2 No Messag¢ No Messages
8 10 148 LCMB13 0.575423 E.3-2 No Messag No Messages
40 72 122 LCMBS 0.559077 E.3-2 No Messac No Messages
30 47 54 LCMB4 0.515079 E.3-2 No Messac No Messages
3 41 54 LCMB4  0.514048 E.3-2 No Messag No Messages
22 43 145 LCMB13 0.513634 E.3-2 No Messa¢ No Messages
53 78 102 LCMBY  0.482533 E.3-2 No Messag No Messages
15 6 32 LCMB8  0.458918 E.3-2 No Messag No Messages
14 12 30 LCMB15 0.440887 E.3-2 No Messac¢ No Messages
23 56 58 LCMBE8 0.414361 E.3-2 No Messac No Messages
18 156 567 LCMB9 0.411305 E.3-2 No Messa¢ No Messages
4 21 23 LCMB15  0.3923 E.3-2 No Messa¢ No Messages
1 8 144 LCMB13 0.386522 E.3-2 No Messa¢ No Messages
205 577 581 LCMB8 0.389572 E.3-2 No Messac No Messages
21 37 56 LCMBS  0.34137 E.3-2 No Messa¢ No Messages
20 43 58 LCMB8 0.278427 E.3-2 No Messac No Messages
46 80 182 LCMB10 0.212382 E.3-2 No Messac No Messages
43 73 582 LCMB8 0.200141 E.3-2 No Messa¢ No Messages
41 78 678 LCMB8 0.189576 E.3-2 No Messa¢ No Messages
64 575 579 LCMB10 0.177534 E.3-2 No Messa¢ No Messages
8 11 181 LCMB4 0.119209 E.3-4 Na Messa¢ No Messages

o7



SAP oneuT (2 of 2)

5
3
48
58
59
63
60
61
10
62
16
35
54
17
36
55

2
9
74
71
42
155
154
77

160
161
166
165
162
163
164

579
575
87
159
157
168
160
158
112
167
35
70
105
35
70
105

LCMB4

LCMB4

LCMB8

LCMBY

LCMB7

L.CMB7

LCMBY

LCMB7
LCMB13
LCMB7Y
LCMB13
LCMB13
LCMB13
LCMB13
LCMB13
LCMB13

0.116108
0.115585
0.095506
0.074228
0.074228
0.074228
0.074225
0.074225
0.061267
0.016176
1.05E-16
1.05E-16
1.05E-16
9.03E-17
8.03E-17
9.03E-17

107

E.3-4  No Messac No Messages

E.3-4 No Messag No Messages

E.3-2 No Messac No Messages
E.3-3 (OPB) No Messac¢ No Messages
E.3-3 (OPB} No MessagNo Messages
£.3-3 (OPB) No MessacNo Messages
E.3-3 (OPB) No Messag No Messages
E.3-3 (OPB) No Messat No Messages

E3-4  No MessagNo Messages
E.3-3 (OPB) No Messa¢ No Messages
E.3-3 (OPB) No Messa¢ No Messages
E.3-3 (OFB) No Messag No Messages
E.3-3 (OPB) No Messa¢ No Messages
£.3-3 (OPB) No Messag No Messages
E.3-3 (OPB) No MessagNo Messages
E.3-3 (OPB) No Messag No Messages
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Appendix D
Misc. Hand/Spreadsheet Calculations
Preliminary Design and Loads Development

Various Pile Checks
Impact Fender & Bracing



Preliminary Design Procedures

The following section contains the preliminary design calculations for Tower G, in
spreadsheet form, adapted from classical design procedures.

Basically, it estimates the base shear and overturning moment of the tower by applying a
series of simplifying assumptions, which in turn are used to estimate the pile axial and
lateral load requirements. Once the pile size is known, the remainder of the jacket
members are sized accordingly: leg diameters are about 150mm larger in order to provide
the desired pile clearance. The bracing sizes were initially chosen based on L/r and D/t
ratios but were checked against an estimate of demand obtained by resolving the lateral
forces through the bracing down to the mudline for the governing load case.

Initially, the Dead and Live Load cases for Tower G were narrowed down to four
conditions where the box girder sections were installed in three steps: Lift #9, Heavy Lift
#3 (eccentric), Heavy Lift #4 and the Table 1 loads envelope.

Next, the seismic demand was estimated by determining the appropriate mass conditions
for the above Dead Load cases along with an approximation of the tower stiffness based
on the moment area of the legs with an adjustment factor for the cross-bracing stiffness.
This produced an estimate of the tower period for the different load conditions and
resulted in lateral accelerations obtained from the specified design spectrum. The total
lateral force was thus estimated along with the associated overturning moment, which
was resolved into lateral and axial pile forces.

The Wind Load force was also determined by spreadsheet along with the overturning
moment, and was also resolved into pile forces. The wave force and moment determined
for a 1m diameter tubular was applied to the gross projected area of the tower portion in
the water, as was the current force and moment.

Comparing all of the above load results for the piles, the seismic forces governed and an
appropriate pile wall thickness and penetration was selected for the confirmation
analyses.

It should be noted that a series of preliminary pile analyses were performed for the soil
profile provided in the Fugro/EMI Geotechnical report section for the temporary towers.
These initially included 36, 42 and 48-inch diameter piles from which the final pile size
was chosen. Based on the maximum lateral shear per pile as well as the maximum axial
force, a 1.067m diameter by 32mm pile was selected with a design penetration of about
52m.

Once all of the computer analyses were completed, the piles were code checked by
spreadsheet for the governing load conditions. Overall, Impact governed the pile wall
thickness, while Seismic governed their penetration.

(uy



It can be seen from the axial pile response curve that the maximum total vertical
displacement is about 30mm under the most severe seismic load case; however, this is a
transient load and the structure is expected to settle back to its original Dead Load
displacement of about 15mm. In order to achieve the required settlement limit of 25mm,

the pile penetration could be increases to about 55m or the pile thickness increased to
38mm.
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Independent Load cases

Dead Load

All structural steel in tower

Pile steel above mudline
Estimated deck steel (50 tonnes)

Deck Sections in order of erection sequence taking into account inter-connectivity as it
develops.

Tower added mass
Equivalent to gross buoyancy of all member below MSL (including legs)

Live Load
Construction loads specified as 960 N/m?, and 1100 N/m at deck edges

Wind load
Wind on deck and tower above MSL (Broadside case only)

Earthquake Load
Results from a Response Spectrum Analysis (RSA)

Vessel Impact
7.6 MN applied between Elev. +7.6m and —1.8m

Applied as a point load at three elevations from the two orthogonal directions as well as a
diagonal direction
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Load Combinations (LRFD)

1.4 DL
1.4 Tower, deck and piles weight above mudline; buoyancy below MSL

11DL+13LL
1.1 Tower, deck and piles above mudline, buoyancy below MSL, deck weight + 1.3 Live
Load

1.0 (DL + LL + 0.5 Wind + Current + Vessel Impact)

1.0 (Tower, deck and piles above mudline, buoyancy below MSL, deck weight + Live
Load + 0.5 Wind + Current + Vessel Impact)

Apply wind and current broadside and vary vessel impact angle only.

1.0 (DL + LL + EQ)
1.0 (Tower, deck and piles above mudline, buoyancy below MSL, deck weight + Live
Load + EQ) (Including added mass)

1.0 (DL + LL + 1.3 Wingd)
1.0 (Tower, deck and piles above mudline, buoyancy below MSL, deck weight + Live
Load + 1.3 Wind (broadside only)
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Moffatt & Nichol By: RK
Proj: SFOBB Temp. Tower C Date: 10/11/2005

Analysis & Design of Temporary Tower C

Load Combinations

Load DL LL WIND EQK
Comb. #
LCMBI 1.4 (L) - - -
LCMRB?2 1.4 (L) - - -
LCMB3 1.4 (L1+L)
LCMB4 11y +Hm) 1.3 - -

LCMB5 | 1.0(Lt+Li) | 1.0 - L.OEx + 0.3Ey
LCMB6 | 1.0(Lyt+Lin) 1.0 - -1.0Ex + 0.3Ey
LCMB7 | 1.0(Lt+Lw) | L0 - 0.3Ex + 1.0Ey
LCMBS IO(LT‘f‘LH]) 1.0 - 0<3Ex = l,OEy
LCMBY9 | 1.0 (Lr+Li) | 1.0 1.3 -

Notes;

1. The load combinations in the specification correspond to the above list as shown
below:
o Spec. Combination 1 (1.4D) - LCMBI1,2 & 3
o Spec. Combination 2 (1.1D+1.3L) - LCMB4
o Spec. Combination 4 (1.0D+1.0L+1.0 Eqk) - LCMBS, 6, 7 & 8
o Spec. Combination 5 (1.0D+1.0L+1.3W) - LCMBS9.
2. Different dead loads are used in the combinations. These are as follows:
o L;-1"Lift (830T)
0 Ly~ Total dead load on structure (Table 1 loads)
0 Lm — Heavy lift 1 cantilevered at East end of support structure (Table 1)
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Moffatt & Nichol
Proj: SFOBB Temp. Tower G

By: RK

Date: 9/18/2005

Analysis & Design of Temporary Tower G

Load Combinations

Load DL LL WIND WAVE EQK IMPACT
Comb. # &CURRENT
LCMB1 | 1.4 (M2) - - - - -
LCMB2 | 1.4 (M3) : - ? ; -
LCMB3 | 1.4 (M4) - - - - -
LCMB4 | 1.4 (M5) - - - - -
LCMB5 | 1.1(M3) 13 - . - .
LCMB6 | 1.1 (M4) 1.3 - - - -
LCMB7 | 1.1 (M5) 13 : . - .
LCMB8 | 1.0 (M5) 1.0 0.5 1.0 - 1.0 (Dir Y)
LCMBY | 1.0 (M5) 1.0 0.5 1.0 . 1.0 (Dir X)
LCMB10 | 1.0 (MS5) 1.0 0.5 1.0 - 1.0 (Angular)
LCMBI1 | 1.0 (M2) 1.0 - . 1.0Ex + 0.3Ey -
LCMBI12 | 1.0 (M2) 1.0 . : 0.3Ex + 1.0By -
LCMBI3 | 1.0 (M5) 1.0 . - 1.0Ex + 0.3Ey .
LCMBI14 | 1.0 (M5) 1.0 : : “1.0Ex + 0.3By -
LCMB15 | 1.0(M5) 1.0 - - 0.3Ex + 1.0Ey -
LCMBI16 [ 1.0 (MS) 1.0 - = 0.3Ex ~ 1.0Ey -
LCMB17 | 1.0 (M%) 1.0 13 13 : E
Notes:

1. The load combinations in the specification correspond to the above list as shown
below:

@]
o]
@)

0]
(0]

O

O
0]
&)

Spec. Combination 1 (1.4D) -LCMBI, 2, 3, & 4.
Spec. Combination 2 (1.1D+1.3L) - LCMBS, 6, 7.
Spec. Combination 3 (1.0D+1.0L+0.5W+1.0(Wave/Current/Impact) —

LCMBS, 9, 10.
Spec. Combination 4 (1.0D+1.0L+1.0 Eqk) - LCMB11, 12, 13, 14, 15, 16.
Spec. Combination 5 (1.0D+1.0L+1.3W+1.3Wave/Current) - LCMB17.
2. Different dead loads are used in the combinations. These are as follows:
M2 — Model 2: Deck weight + 1% Lift
M3 — Model 3: Deck weight + 1" Lift + % Heavy lift (one side)
M4 — Model4: Deck weight + 1% Lift + Full Heavy lift (both sides)
M5 — Model incorporating Towers G, F, H (pier E2), deck etc (full model)
with Table 1 loads applied to Tower G.
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Table 2. Lift Weights

Estimated

LIFT NO. Weight,
metric tons

"y

830
546

459

459

912

21171

943

943

W o~ | DN

892
HL 1 734

HL 2 1259

HL 3 1285
HL 4 1285

HlL=Heavy Lift

VST
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tead Case 1~ Dead Lond - Tower Only

Lead Cose 2 - Dend Loud - Towsr plus Deck Lift #3 (332 T)

Load Cose § - Dead Load - Tower plus Bearing loads per Table (soe dravdngs)

EL +423
A e
Load Cese 4 - Dead Load - Heavy LIt #4 (1285 T)
EL 435

K
/
r

/

N

/|

N

=

_'_/
\

\\

N
2

EL -200

v

e

&

o

N
W

<

.

)

Load Case 3 - Dead Load - Heavy Lt #3 (1285 1)

TOWER G - Independent Load Cases
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PILEHB.OUT
"WAVE FORCE DISTRIBUTION ON CYLINDRICAL PILE

SFOBB SASS
WAVE HEIGHT = 6.56 FT DEPTH = 65.6
FT
PERIOD = 6 SEC SLOPE = . 00001
DEEPWATER LENGTH, Lo = 184.3 FT LENGTH, L = 180.5
FT
BREAKING WAVE HEIGHT, Hb = 25.5 FT DIAMETER = 3.3
FT
PHASE 0 15.0 30.0 45.0 60.0 75.0 90.0 135.0 180.0
SURF DSP 3.5 3.5 3.3 2.9 2.0 0.6 -0.8 -2.4 -3.0
HEIGHT LB FORCE ON 1 FT SEGMENTS
71.0 5 5
70.0 34 65 72 53
69.0 32 62 79 94 62
68.0 30 58 76 90 96 21
67.0 28 56 73 87 93 97
66.0 26 53 69 84 89 94 78
65.0 24 50 67 80 86 91 92 9
64.0 23 48 64 77 83 88 89 52 -13
63.0 21 46 61 74 80 85 86 50 -21
62.0 20 43 58 71 77 82 84 49 -20
61.0 19 41 56 69 75 79 81 48 -19
60.0 17 39 54 66 72 77 78 46 -17
59.0 16 38 52 64 69 74 75 45 ~-16
58.0 15 36 49 61 67 72 73 44 -15
57.0 14 34 47 59 65 69 71 43 -14
56.0 13 33 46 57 62 67 68 42 -13
55.0 13 31 44 55 60 65 66 40 -13
54.0 12 30 42 53 58 63 64 39 -12
53.0 11 29 40 51 56 60 62 38 -11
52.0 10 27 39 49 54 58 60 37 -10
51.0 10 26 37 47 53 57 58 36 -10
50.0 9 25 36 46 51 55 56 35 -9
49.0 8 24 35 44 49 53 54 34 -8
48.0 8 23 33 43 47 51 53 33 -8
47.0 7 22 32 41 46 50 51 32 -7
46.0 7 21 31 40 44 48 49 31 -7
45.0 7 20 30 38 43 47 48 31 -7
44.0 6 19 29 37 42 45 46 30 -6
43.0 6 19 28 36 40 44 45 29 -6
42.0 5 18 27 35 39 42 43 28 -5
41.0 5 17 26 34 38 41 42 27 -5
40.0 5 17 25 32 37 40 41 27 -5
39.0 5 16 24 31 35 39 40 26 -5
38.0 4 15 23 30 34 37 39 25 -4
37.0 4 15 22 29 33 36 37 24 -4
36.0 4 14 22 29 32 35 36 24 -4
35.0 4 14 21 28 31 34 35 23 -4
34.0 3 13 20 27 31 33 34 23 -3
33.0 3 13 20 26 30 32 33 22 -3
32.0 3 12 19 25 29 32 32 21 -3
31.0 3 12 19 25 28 31 32 21 -3
30.0 3 12 18 24 27 30 31 20 -3
29.0 3 11 17 23 27 29 30 20 -3
28.0 2 11 17 23 26 28 29 19 -2
27.0 2 11 17 22 25 28 28 19 -2
26.0 2 10 16 22 25 27 28 19 -2
Page 1
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Pile Calculations
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Pl & STNESS < HECKS

Seismic
Pile check Area | S
42 1.25 160.0 33,248 1,583
14,000 kN 6,246
1,429 Tonnes
3,149 kips 4,506
19.68 ksi 34.16 ksi
53.83 ksi total
API D.3.2-2
1 E 0.75 + 0.55
= 0.81
OK
Impact LC8 Y direction Broadside
Pile check Area | S
42 1.25 160.0 33,248 1,583
11,236 kN 10,836 KkN-m
1,146.53 Tonnes
2,627 Kips/ leg 7,818 kip-ft
15.79 ksi 59.26 ksi
75.05 ksitotal
API D.3.2-2
1 - 0.83 + 0.96
= 1.13
NG
Check without Capacity Reduction Factors
16.79 ksi 59.26
75.05
1 - 0.88 + 0.91
= 1.03
Pile is "essentially elastic” say OK

a7

14.41

14.41

r

r

z
2,058

I

Cc=

alpha =
Fen =

Fey =

Fxe =

Fxc =

Fbn =

Z
2,058

Ir

Cec=

alpha =

Fen =

Fey

Fxe =

Fxc =

Fbn =

23.5m
771 ft

64.19
107
50 ksi
0.85
41.0 ksi
69.5 ksi
0.72
518 ksi
50 ksi
0.98

63.7 ksi

235 m
771 ft

64.19
107
50 ksi
0.85
41.0 ksi
69.5 ksi
0.72
518 ksi
50 ksi
0.98

63.7 ksl




Impact LCo
Pile check Area
42 1.25 160.0
9,000 kN
918.37 Tonnes
2,024 Kips/ leg
12.65 ksi
AP D.3.2-2
1 - 0.89
Impact LC10 45 degrees
Pile check Area
42 1.25 160.0
10,914 kN
1,113.67 Tonnes
2,455 Kips/ leg
15.34 Kksi
APID.3.2-2
1 - 0.84

X direction Endon

| S r

33,248 1,583 14.41

8,776 kN-m
6,332 kip-ft
47.99 ksi
60.64 ksi total
+ 0.78

= 0.88
OK

| s r

33,248 1,583 14.41

8,566 KkN-m
6,173 Kip-ft
46.79 ksi
62.13 ksitotal
+ 0.76

= 0.91
OK

l®

z
2,058
ir
Cec=
Fy=
alpha =
Fen=

Fey =

Fxe =

Fxc =

Fbn =

Z
2,058

r

Ce=

alpha =
Fen=

Fey=

Fxe =

Fxc =

Fbn =

235 m
771 f

64.19

107

50 kst

0.85

41.0 ksi

69.5 ksi

0.72

518 ksi

50 ksi

0.98

63.7 ksl

23.5m
771 1t

64.19

107

50 ksi

0.85

41.0 ksi

69.5 ksi

0.72

518 ks

50 ksi

0.98

63.7 ksl
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SFOBB Task Order No. 5
Project No. 98-42-0054

4 0m)

g F §
3,
3 E MATERIAL DESCRIBYION 2 SUBMERGED UNIT WEIGHT (kNim)
5 MUDLINE ELEVATION: -20m {M3L) ﬁ 25 15 10 125
4 Fal GLAY [CH), vary soft 3 =oft, olive gray i L = ] J \E
| " e A

Fat CLAY (CH). very stiff, greenlsh gray ta grayish green

MPSA | YEat |UNT

L
Sasdy Qrgerie SLAY {GH), vory atiff, matifed brown and gray e B - i B

Fat CLAY {CR). very stiff o ford, groy

4 BT
Las 2] R S . . ; I‘ A -
v Hi:lir: 1].6t | |

b3 AR ‘I II [ ) | ! (LY
: g SERY O SRR EREEH IR | B Fofbee N

E i [ I 1 H H

‘555 P R RN fo
Ls TR S [P S L T e

i ! 1
|

-.t\\x\\\\\\\\\\\\\\\\\\\\m\\\\ SO TrPE

Bty Fing o Macfiun SANTY (58), deoes, gray ' Vil . i }
3 =t
& v :
Kl Cl L] : i i £id }
pta A1 ?J Lean CLAY (CL), had, gray Vi t T o T DN RN KR

Silly Firse SAND (S}, densa, peay (o dark geay AR T

5

<A

l’ Wi iy i % : .
_-F " | L)Y
£ o o | !
L7 Sefvr] | Fine o Mudium BAND (58 with cosrse sand, st and a lrave of ling e I B LB R L
] | orevel, vary sense, gray ] ‘ X . } : Pl
5 it 3 ¥ 3 . baag axaﬁ’ N800, lny7858 i;."a _g__( 1970 W
o i i i . (B H | B A A £
J S BN I 153 Il [ L fiensa0 e Ty
:‘:‘ 162.5m]__| by i i ! i { HER 3 J | i
L 0 / Lean CLAY {CL) hatd, gray ' | i i‘ _—2-', 13 1 1] ! 11 1 .
/) 4 fi.] ] ] i[uu-o,s%]
é | » | i | ¢ i i1 ' Il -
Vi | SANDSTONE (Graywacke) {RX), medium gray. sfightly weathered IEER i | N ' 1 -
»:,‘ ta frash, hadd, Ginly Lo moderately bedded, intenssiy to i A I | I R i !
had | modaraioly Iractured A Y ! v NN ERSE !
oy 721 b il 1 . i i) : i
. AL i = 7 FEEd o s ; - " =
.‘:J X ' B, B pe! I '
o 1 t | L H P '
& t i ; Py BEERERE B
. o ! i i I 14 =
.‘l 1 [ ] 1 | '
& ool | T | EER AED
= ifscc--mrereypsepwssiwgEray TS ! =l - 2 J
101 B S TAL BEBT 010 BAUKFILTED WITH: Cament Groui I L T ] T ]
| L "y i 3 '
I | b
. ] | | : L4 - [
Al ! . ! |
100 82 — : o R e e S | U A . -
I ¢ 4
Design Parsmuters are
| primarily based on |
L1y 8 —=~| Boring 98-7 and CPT 00C-22 iR s o =

\7D




PiLe

PEE TRATION e

UNIT SKIN FRICTION (kPa) UNIT END BEARING (MP2) 9 v ULTIMATE AXIAL GAPACITY [MN)
25 154_ 7 125 40 ] o) 10
1 ! e | HEE H . v T
] T | e H MY
H : i 1) { i 1
\ I | ! |
L oy e T : == 1 : = ; 7 p-d
T B ' | i I i i Lol
I R i A NS
it I N |
L | L ik S RREY
i i 1 BEEEE BAR it
I | 1
i . ' .
i ¢ 1 .
1 I Ili |
1l yt 1 | |
f i
[,
il o MENE I
e e I SIME
L} I ] . | | I ]
1 [ LR AN | ; ! l' " I Il
X, [ R LR H \ ! 1'1"| | ;
¢ : Il.l. 1 I<|1 ;:1 ;. f I 1 1 [, _,I. I.. ! -
| i i \ | i b
: i SRS RR0 gl \ N\ .1 0.3-Motor-Di Drh!enanPﬂnI
T X | ] j T U - ERES
! ! ' 1 = O&Membfundnrmwn
. W : AT 108 et D o mr‘“"
: (1] I | 1‘_\__..-'{ ns-uftw-uramlarbrlvm PipoPﬂaF ]
B R | T : - - \ ._ua.a,mwawimnmm pag:_u 3
i 1 ; R TR Ly [ el A o
} ; IR I RRRTY P i NN ] - Moter01 Driven Pip Pl | | [
i - il i 3. et | wnn nan A nan ARl |
R AN 0 0 | S NG | L8 Metor Diameter Orvan Pipe Pl [
o' | H i H %;:j ! .I'_‘,r"t"’/ B ‘I !
i PP j » i i i IREN |
! ! i | P i Py It
] ! : ' piidgdld | |
,I i l - .. ;
it P .o |+ !
: Si
||
I = rt S
! i : | I l
i I |I i
T g L T ‘ 1 T 48 ey
e | | | | i
IBRETERRYA | st ]l '-Il [ ki |, : 1 I,J
Tansion and comprassion | I .| End Bearing should be i !
.| curves coincide " | considaredin !
[F | Pile Driveabllity Analyses iEH 1 06 1124

i

LI

i

1

A

AXIAL PILE DESIGN PARAMETERS AND RESULTS
Main Span Temporary Tower G (Westbound)

0.3-, 0.6-, 0.9-, 1.2-, 1.5- and 1.8-Meter-Diameter Pipe Piles
PLATE 7.12a
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L AILE AgsuLTS

Temporary Tower CLAY W/QO FREE WATER 42-in. x 1.25-in. H= 50, 100, 150, 200, 250, 300 kip N=1500 kip
Lateral Deflection (in)
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Temporary Tower CLAY W/O FREE WATER 42-in. x 1.25-in. H= 50, 100, 150, 200, 250, 300 kip N=1500 kip
Bending Moment (in-kips)
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Temporary Tower CLAY W/O FREE WATER 42-in. x 1.25-in.  H= 50, 100, 150, 200, 250, 300 kip N=1500 kip
Shear Force (kips)
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LPILE

Temporary Tower CLAY W/O FREE WATER 42-in. X 1.25-in. H=50, 100, 150, 200, 250, 300 kip N=3000 kip
Lateral Deflection (In)
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‘Temporary Tower CLAY W/O FREE WATER 42-In. x 1.25-in. H= 50, 100, 150, 200, 250, 300 kip N=3000 klp
Bending Momaent {in-kips)
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Temporary Tower CLAY W/O FREE WATER 424in. x 1.254n. H=50, 100, 150, 200, 250, 300 kip N=3000 kip
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Miscellaneous Calculations
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, Tower C Alone

Base Reactions

Joint Load Case F1 F2 F3
KN KN KN
25 TABLE1 322 146 2,577
30 TABLE1 (428) 579 6,314
71 TABLE1 428 (270) 2,934
74 TABLE1 (322) (455) 5 958
0 - 17,782
25 LIVE 4 5 72
30 LIVE (8) 4 48
71 LIVE 6 (N 76
74 LIVE (4) (2) 41
0 - 235
25 TTWRX 872 386 4,952
30 TTWRX 571 388 4 964
71 TTWRX 573 389 4,963
74 TTWRX 571 387 4,950
2,288 1.550 18,829
25 TTWRY 587 493 4,779
30 TTWRY 217 810 4,697
71 TTWRY 563 488 4,760
74 TTWRY 217 809 4,716
1,564 2,599 18,953
25 WIND (40) (118) (657)
30 WIND 64 (85) (680)
71 WIND 40 117 657
74 WIND (63) (87) 680
- (405) 0
Maximum
12,733 kN 1,509 kN
2,864 Kips 339 kips
use 8 41 in diam anchor bolts
ty 5Q. 1.500 m footing gall=

4.92 ft

0.762 m diam leg

Minimum footing thickness required

Footing Pressure

\&8

1.4DL
450 204 3,608
(599) 810 8,840
599 (378) 4,107
(450) (637) 8,341
1.1DL+1.3LL
359 167 2,928
(478) 642 7,005
478 (306) 3,326
(359) (503) 6,607
DL+LL+Eqx+0.3EQy
1,068 685 8,035
203 1,213 12,733
1,176 259 9,401
310 172 12,364
DL+LL+Eqy+0.3EQx
1,064 760 8,913
(45) 1,509 12,546
1,168 328 9,258
63 488 12,200
DL+LL+1.3Wind
273 0 1,795
(351) 472 5,475
485 (429) 3,864
(408) (570) 6,883
DL+LL-Eqx+0.3EQy
(76) (87) (870)
(939) 438 2,805
29 (519) (525)
(832) (602) 2,483
DL+LL-Eqy+0.3EQx
(69) (225) (645)
(479) (111) 3,152
42 (648) (262)
(372)  (1,150) 2,768
82 in thick base plate
= 3,000 kPa
9,000 Ultimate
5,659 kPa
0.369 m

OK



» Vessel Impact Checks

Check for local Impact load 7,600 kN Fy= 345 MPa
1,700 kips 50 ksi
Fender E= 200,100 MPa
29,000 ksi
Max span 53 m 17.39 ft (Lower section)
Vertical Diam. thick Area | S z
1.067 0.025 0.083 0.011 0.021 0.028
42.0 1.00 128.8 27,081 1,290 1,681
Moment = PL/4 = 9,998 kN-m fb= 473 MPa (S)
363 MPa (2)
7,390 ft-kips 52.7 ksi(2)
say OK Yield is good
Displ. = 0.010 m 0.41 in
Area
Stubs Diam. thick in*2
0.762 0.010 0.023
30.0 0.375 34.9
Axial load = 7600 kN fa = 338 MPa
1700 kips 48.7 ksi
OK Yield is good
Leg - Upper bay Leg & bracing share load according to relative stiffness
Impact height Elev. + 760 m 249 ft
Jacket Horizontal 3.50 m 11.5 fi
Bay height (to interm. horiz member) 10.75 m 353 ft Ir 294
Impact location, a= 410 m b= 6.65 m Fy= 345 MPa
135 ft 21.8 ft
alpha = 0.39
Leg Diam. thick Area | S z r
1.067 0.032 0.103 0.014 0.026 0.034 0.366 Fen= 332 MPa
42.0 1.25 160.0 33,248 1,583 2,076 14.4
Fey = 2,291 MPa
Leg axial load = 9,000 kN fa= 87.2 MPa
2,024 kips 12.6 ksi Cm = 0.93
K = P/displ = 685 kip/in 19% to leg (Compare w/ bracing Fxe = 518 MPa
. check below)
Load P = 1.42 MN 317 kips Fxc = 345 MPa
Moment = Pab/L = 3,565 kN-m fb= 137 MPa (S) Fbn = 444 MPa
105 MPa (2)
2,635 ft-kips 15.2 ksi (2)
Displ. = 0.063 m 2.48 in 192 MPa(2) OK
27.9 ksi (@)
Check APl D.3.2-1
0.04 + 0.03 = 0.07 OK
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+ Leg/Pile - Lower bay Leg

& bracing share load according to relative stiffness

Impact height Elev. (1.80) m 5.9 ft Ignore Pile (conservative)
Bay height (to interm. horiz member) 1175 m 385 ft Ir 27.8
Impact location, a= 530 m b= 6.45 m
174 ft 21.2 ft
Fy= 50 ksi
Leg Diam. thick Area | S 4 r
1.219 0.025 0.095 0.017 0.028 0.036 0.422 alpha = 0.37
48.0 1.00 147.7 40,790 1,700 2,209 16.6
Fen= 48.3 ksi
Leg axial load = 9,000 kN fa= 945 MPa
2,024 kips 13.71 ksi Fey = 369 ksi
K = P/displ = 585 kip/in 18% to leg (Compare w/ bracing Cm= 0.94
check below)
Load P = 1.35 MN 301 kips Fxe = 363 ksi
Moment = Pab/L = 3,885 kN-m fb= 139 MPa (S) Fxc = 50 ksi
107 MPa (2)
2,872 ft-kips 15.6 ksi (2) Fbn = 59.6 ksi
Delta = 0.074 m 291 in 202 MPa (2)
29.3 ksi (2) OK
Check API D.3.2-1
0.33 + 022 = 055 OK
Bracing check
(Upper bay) Diam. thick Area | S z r
0.457 0.019 0.026 0.001 0.003 0.004 0.185
18.0 0.75 40.6 1,515 168 219 6.10
K = P/displ = 2,994 Kkip/in 81% to bracing (Compare w/ leg checks above)
length = 10m 32.8 ft Ir 64.5
Load P = 6.18 MN 1,383 kips Fy= 345 MPa
fa= 236 MPa 34.0 ksi alpha = 0.85
0.98 OK Fen= 282 MPa
Bracing check
(Lower bay) Diam. thick Area | S z r
0.610 0.013 0.024 0.001 0.003 0.005 0.211
24.0 0.50 36.9 2,549 212 276 8.31
K = P/displ = 2,719 Kipfin 82% to bracing (Compare w/ leg checks above)
length = 10 m 328 ft Ir 47.4
Load P = 6.25 MN 1,399 kips Fy= 345 MPa
fa= 263 MPa 37.9 ksi alpha = 0.63
Check API D.2.2-2a 0.99 OK Fen = 311 MPa
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