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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: 
 

• Tower C located at the tip of Yerba Buena Island.  
• 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.   
 

• 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.  

 
• 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. 

 
• 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.     
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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. 
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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.  
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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.  
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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 
API RP2A-LRFD, July 1993 for tubular sections and connections (and pipe piles) 
AASHTO-LRFD Bridge Construction Specification, 2nd 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/m2 
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. 
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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 179MN-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 196MN-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 El. +50m was adjusted down to  the +10m 
reference elevation; based on the square of the velocities and the ratio of height 
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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/m2, or 11.4kN/m of deck length.   The wind force generated on the tubular 
tower structures vary with height from 1.44kN/m2 at the top down to 0.72kN/m2 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 API 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 350m2 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 1/7th 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 m2, 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 API 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: 
 

1. Individual deck lifts 1 thru 9 on the appropriate towers 
2. In-fill / heavy lifts 1, 2, 3 & 4 on the appropriate towers 
3. Connecting the deck sections together in the longitudinal direction 
4. Connecting the cross beams in the transverse direction 
5. Connecting the deck sections to W2 and E2 cap beams 

 
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: 
 
1.4 DL 
1.1 DL + 1.3 LL 
1.0 DL + 1.0 LL + 0.5 Wind + 1.0 Current + 1.0 Impact (Vessel) 
1.0 DL + 1.0 LL + 1.0 EQ 
1.0 DL + 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.  
 
 
 
 
 
 
 
 
 
 
 
 



 

 14

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-Δ  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 1/7th 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 127cm2 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 0.15g 
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 API 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 

 
 
Modes 
 
Mode 1 (T=0.78 sec)   
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Mode 2 (T=0.67 sec)   

 
 
 
Mode 6 (T=0.57 sec) 
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Displaced Shapes 
 
X Spectral Displacement  (4.47 cm at top of Tower C)  (Longitudinal) 

 
 
Y Spectral Displacement  (5.62 cm at top of Tower C)  (Transverse) 
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Wind Displacement  (0.8 cm at top of Tower C) 

 
 
 
Pushover  
 
Longitudinal Pushover at 115mm 
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Longitudinal Pushover to 115mm 

Longitudinal Pushover
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Shear reductions are due to compression member buckling (tension members take over) 
 
 
Transverse Pushover at 115mm 
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Transverse Pushover to 115mm 

Transverse Pushover
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Shear reductions are due to compression member buckling (tension members take over) 
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Computer Model – Tower C Only - as a separated structure 
 
Side View of Tower C Model    End View of Tower 

     
 
 
 
3D View of Tower C Model 
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Modes 
 
Mode 1 (T=1.58 sec)   

 
 
 
Mode 2 (T=1.43 sec)   
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Displaced Shapes 
 
X Spectral Displacement (8.04cm at top of Tower)  (Longitudinal) 

 
 
 
Y Spectral Displacement (7.63cm at top of Tower)  (Transverse) 
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Wind Displacement (1.06cm at top of Tower) 

 
 
Pushover Results 
 
Longitudinal Pushover at 300mm 
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Longitudinal Pushover to 300mm, Force-Displacement Curve  (80mm Seismic Demand) 

Longitudinal Pushover (Mode 1)
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Shear reductions are due to compression member buckling (tension members take over) 
 
 
Transverse Pushover at 300mm 
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Transverse Pushover to 300mm, Force-Displacement Curve  (76mm Seismic Demand) 

Transverse Pushover (Mode 2)
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Shear reductions are due to compression member buckling (tension members take over) 
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Tower G Computer Model 
 
3D View of Tower G Model 

 
 
3D View of Tower 
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Modes 
 
Mode 1 (T=1.63 sec) 

 
 
 
Mode 2 (T=1.36 sec) 
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Mode 3 (T=0.59 sec) 

 
 
 
Displaced Shapes  
 
IMPACTX Displacement (X=4.3 cm at top of tower, X=8.7 cm at point of impact) 
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IMPACTY Displacement (Y=4.5 cm at top of tower, Y=11.5 cm at point of impact) 

 
 
 
IMPACTXY Displacement (X,Y=3.1, 3.3 cm at top, X,Y=4.8, 6.7 cm at point of impact) 
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X Spectral Displacement (9.6 cm at top of Tower) 

 
 
 
 
Y Spectral Displacement (9.7 cm at top of Tower) 
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Wind Displacement (4.4 cm at top of Tower) 

 
 
 
Pushover Results 
 
Longitudinal Pushover Displaced Shape at X=0.5 m 
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Longitudinal Pushover Displaced Shape at X=0.5 m 

 
 
 
Longitudinal Pushover Curve to 0.5 m 
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No member buckling present at this load level – piles govern capacity 
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Transverse Pushover Displaced Shape at X=0.45 m 

 
 
 
Transverse Pushover Displaced Shape at X=0.45 m 
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Transverse Pushover Curve to 0.45 m 

Transverse Pushover
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No member buckling present at this load level – piles govern capacity 
 
 
3D View of Tower G Model Pinned at the Base 
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Longitudinal Pushover Displaced Shape at X=1.0 m 

 
 
 
Longitudinal Pushover Curve to 1.0 m 

Longitudinal Pushover (Mode 2)
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Shear reductions are due to compression member buckling (tension members take over) 
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Transverse Pushover Displaced Shape at X=1.0 m 

 
 
 
Transverse Pushover Curve to 1.0 m 

Transverse Pushover (Mode 1)
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Shear reductions are due to compression member buckling (tension members take over) 
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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 
 





























 

  

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) 

 



























 

  

Appendix B 
 
Special Provisions Section 10-1.41 Temporary Towers 
 
 























 

  

Appendix C 
 
Sample calculations 
 

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























































































































 

  

Appendix D 
 
Misc. Hand/Spreadsheet Calculations  
 

Preliminary Design and Loads Development 
Various Pile Checks 
Impact Fender & Bracing 

 


































































































