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Summary 
The new San Francisco-Oakland Bay Bridge will replace the seismically vulnerable East Spans of 
the existing bridge. The Integrated Shop Drawing process was used during design and construction 
of critical concrete components of this structure. The final design plans generated are considered to 
be the next generation of design plans (a hybrid between design plans and shop drawings). These 
design plans are representative of a fully integrated 3D model and are prepared in color with 
structural elements between plans being color coordinated, utilize bar bending detailing standards as 
well as use bar callouts which are based on reinforcement supplier industry standards. 

Keywords: 3D Modeling; Clash Detection; Integrated Shop Drawings; San Francisco-Oakland Bay 
Bridge; Suspension Bridge; Steel Bridge.  

1. Introduction 
The seismically vulnerable East Span of the San Francisco-Oakland Bay Bridge (SFOBB) is being 
replaced by a 3.6 km dual eastbound and westbound parallel structure, due for completion in 2013. 
The Bay Bridge lies between the Hayward and the San Andreas faults which can generate 
magnitude 7.5 M and 8.1 M earthquakes, respectively. Performance criteria require that the bridge 
must be operational immediately following a 1500-year return period earthquake from either of 
these two faults. Four distinct structures make up the bridge crossing: a low rise post-tensioned 
concrete box girder near the Oakland shore; a 2.4 km pre-cast segmental concrete box girder; a 
single-tower, self-anchored suspension signature span; and a post-tensioned concrete box girder that 
connects to the east portal of the Yerba Buena Island (YBI) tunnel (Figure 1). 
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Fig. 1 The new San Francisco-Oakland Bay Bridge. 

2. Self-Anchored Suspension Bridge 
The Self-Anchored Suspension (SAS) portion of the new East Span of the SFOBB consists of dual 
box girders suspended from cables which are supported on the 160 m tower located off of the 
eastern shore of the YBI. The SAS spans 565 m between the piers E2 and W2, with a 385 m main 
span, over the navigational channel, and a 180 m back span (Figure 2). Once completed, this bridge 
will be the longest single-tower, self-anchored suspension bridge in the world. 



 

 
Fig. 2 Elevation of the Self-Anchored Suspension Bridge. 

The asymmetry of the bridge subjects the pier W2 to a vertical uplift while the bridge is lightly 
supported on pier E2. The main tower therefore carries most of the bridge dead load. The uplift at 
pier W2 is fully counterbalanced by the pre-stressed concrete bent cap beam. This ensures that the 
bridge is always balanced without relying on the pier to carry any tension. In order to balance the 
moments in the box girder caused by the 49 m cantilever at the east anchorage, suspenders do not 
support a 35 m segment of eastern end of the main span. 
The box girders are not supported by the tower and are therefore “floating” at the tower with the 
suspenders providing the only connection between the box girders and the tower. This implies that 
while the tower carries most of the bridge dead load, the tower is not the primary element that 
carries the bridge seismic loads. The tower seismic response is mainly governed by its own mass 
and stiffness (the tower acts as a propped cantilever with a spring support at the tower saddle). The 
gap between the tower and the deck is designed to be large enough to prevent any impact during a 
Safety Evaluation Earthquake. Piers E2 and W2 are designed to provide the main lateral seismic 
support of the bridge. 
The 0.78 m diameter cable is anchored to the east anchorage and is looped around the west bent 
through deviation saddles. The suspenders are splayed to the exterior sides of the box girders and 
are spaced at 10 m.  
The superstructure (Figure 3) consists of dual hollow steel orthotropic box girders (OBG) which are 
in longitudinal compression (reacting against the cable tension force) and are a part of the gravity 
load system. Each box girder is 29 m wide by 5.5 m deep. Transverse diaphragms spaced at 5 m 
support the orthotropic deck and distribute the suspender loads to the entire box. The OBG’s are 
connected together by 10 m wide by 5.5 m deep crossbeams spaced at 30 m on center. These cross 
beams carry the transverse loads between the suspenders (span of 72 m) and ensure that the dual 
boxes act composite during wind and seismic loads (Verendeel truss action). 
The bridge is designed to carry 5 lanes of traffic in each direction and can be reconfigured in the 
future to accommodate a Light Rail Transit System. The bridge also carries a pedestrian path on the 
south side of the eastbound deck. The pedestrian path eccentric load is balanced by a counter-
weight on the north side.  
At the west bent, the steel box girders frame into the pre-stressed cap beam. The connection 
between the orthotropic steel box girders and concrete cap beam is subjected to the compressive 
reaction forces to the cables. Additional prestress is added through post-tension strands connected at 
each steel orthotropic rib. 



 

 
Fig. 3 Typical Cross Section of Bridge – Dual Box Girder with Cross Beam. 

The single tower is comprised of four shafts interconnected with shear links along its height. The 
tower shafts are stiffened pentagonal steel box sections which taper along the height. The shafts are 
provided with diaphragms spaced at 4 m and are rigidly connected at the top and bottom by a tower 
saddle grillage and a tower base grillage, respectively (Figure 4).  

 
Fig. 4 Single Tower with Four Shafts Interconnected with Shear Links. 

The tower is fixed to a 6.5 m deep by 22.5 m wide by 26 m long pile cap by 424-7.5 m long anchor 
rods (388-75 mm diameter and 36-100 mm diameter) and 150-0.9 m long dowels (150 mm 
diameter). The pile cap consists of a steel moment resisting frame (SMRF) encased with concrete 
and supported on thirteen (13) 70 m long 2.5 m diameter steel shell pipe piles filled with concrete 
and embedded into rock. 

3. East Bent Cap Beam and Pier 
The Design Criteria [1] for the bridge required that the bent cap beams and piers remain elastic 
during a major earthquake. This implied that these elements needed to be heavily reinforced. 
Figure 5 shows the east bent which is comprised of two reinforced concrete piers and a pre-stressed 
concrete cap beam. The pre-stressed cap beam is introduced to protect the bearings and shear keys 
which connect the box girders to the east bent. The bearings are designed to carry the vertical loads 
(with the capacity to carry the lateral loads) while the shear keys are designed to carry all the lateral 
loads. The bearings are made of a spherical bushing assembly capable of large rotations about the 
transverse axis of the bridge; thus providing an almost true pin connection. 



 

 
Fig. 5 Elevation of the East Bent and Pier E2. 

Sixteen (16) 2.5 m diameter cast-in-steel shell concrete piles support the east bent. These vertical 
piles are about 100 m long and are founded on rock. These are the longest piles supporting any 
suspension bridge in the world. The pile cap is 5.7 m deep, 24.5 m wide and 67.3 m long. It is also a 
SMRF encased with concrete designed to transfer the bridge load to the supporting piles. 

4. West Bent Cap Beam and Pier 
The west piers are reinforced concrete columns which are monolithically connected to the pre-
stressed cap beam forming the west bent. 

 
Fig. 6 Elevation of the West Bent and Pier W2. 

The bent is a mass concrete element that is 70 m long, 17 m wide and 7 m deep that will require 
6,500 m3 of concrete. A tie-down system, designed to ensure that the west piers remain in 
compression during a seismic event, connect the west bent cap beam to the gravity footings (Figure 
6). The footings are also reinforced mass concrete blocks that are 10 m deep, 19 m wide and 19 m 



 

long. Due to the sloping topography, the westbound footing is anchored into rock by four (4) 2 m 
cast-in-drilled-hole rock socket corner piles that are 10 m long. Similar to the east bent, the west 
bent is designed to not only resist reinforced concrete pier plastic hinge moments but to carry the 
looping cable forces at the deviation saddles (200MN), the jacking saddle forces (45MN), the forces 
from the Hinge K, the OBG deck forces (200MN), the tie-down forces (120MN) and well as its 
own dead load (Figure 7). 

 
Fig. 7 Forces on the West Bent. 

5. Integrated Shop Drawings 
For the bent cap beams, the piers and the pile caps to remain elastic during a major earthquake, 
heavy reinforcement was expected. For example, the W2 Bent contains approximately 915,000 kg 
of steel reinforcement and 1,500 post-tensioned elements in the x, y and z directions. The bent 
geometry is complex given that the main cable deviation saddles wrap around the bent itself. This 
generates multiple non-symmetric facets on the North and South ends of the bent. The bent is also 
on a 2% cross-slope in the Eastbound direction while it superelevates from 2 to 3% in the 
Westbound direction. The bottom soffit of the bent is also on a 6% slope. 
Interference during the layout of the reinforcement, pre-stressed strands, pre-stressed bars and other 
embeds was anticipated. To mitigate potential delays and claims during construction two 3-
dimensional (3D) Integrated Shop Drawings (ISD) were generated: one by the Owner during the 
design phase and one by the Contractor during the construction phase. The ISD process consists of 
modelling all elements in 3D space in accordance with the details shown on the design plans with 
sufficient detail to demonstrate compatibility of the embedded items within the concrete. 
Reinforcement is modelled using deformed diameters and placed to satisfy the concrete cover. Once 
all elements are in the planned positioned, software is used to check the model for any interferences. 
Figures 8 thru 11 illustrate several of the ISD that have been generated for the SAS. 

 
Fig. 8 West Bent ISD. 



 

 
Fig. 9 East Bent ISD. 

  
Fig. 10 Tower Pile Cap ISD.     Fig. 11 E2 Pile Cap and Pier ISD. 
The ISD generated by the Owner ensures that the design plans submitted for tender are issued with 
the least amount of interferences possible. The ISD generated by the Contractor identifies any 
remaining interferences. The Contractor then follows a prescribed list of resolutions that have been 
pre-approved by the Engineer or may propose resolutions that suit his erections means and methods 
for the Engineers review and approval prior to construction of any actual work. Resolutions are 
implemented following a prescribed order of an elements structural importance. Non-structural 
elements are adjusted first, followed by steel reinforcement, post-tensioned ducts, pre-stressed 
strands, pre-stressed bars, etc. 
For interferences involving steel reinforcement that cannot be resolved by re-positioning the non-
structural elements, the Contractor is given a sequence of adjustments that have been prescribed and 
pre-approved by the Engineer in order of structural importance. The Contractor may adjust the 
spacing of bars, may bundle bars, relocate splices, change the reinforcement size and number (total 
reinforcement area shall not be reduced), change reinforcement shape, cut/trim the reinforcement, 
or may use a combination of all. The Engineers objective of having pre-approved adjustments is to 
give the Contractor ample latitude and direction when interferences are encountered. Prompt 
implementation of resolutions eliminates costly stoppage delays resulting from impasses between 
the parties involved in resolving the interferences. Figures 12 thru 15 are examples of interferences 
encountered in the W2 Bent between post-tensioning elements and reinforcement (interference 
shown to the left; resolution to the right). 



 

 
Fig. 12 Transverse PT vs. Reinforcement (Resolution: bars trimmed, yielding to PT). 

 
Fig. 13 Continuity PT vs. Column Hoops (Resolution: re-space hoops, yielding to PT). 

 
Fig. 14 Continuity PT vs. Column Bars (Resolution: shift PT and trim bars). 

 
Fig. 15 Anchorage Hardware (Resolution: re-space anchorage). 
All resolutions are incorporated into the model and the model is then re-clashed. When the model is 
free of interferences, the Contractor then proceeds with construction having gained a better 
understanding of what is encompassed in the structural element and how best to put it together. The 
Contractor is required to document each conflict along with its resolution and submit them to the 



 

Engineer for final approval. Modifications that result in changes to the Design Plans or Special 
Provisions, as determined by the Engineer, are re-issued to the Contractor via a Contract Change 
Order.   
The ISD is also intended to verify interferences in structural steel elements. The pile caps for the 
Tower and for the east bent have large steel fabricated tubs that contain confined spaces. The ISD 
permitted the Contractor to visualize the steel structure, find resolutions to any existing 
interferences, verify that he had sufficient clearances for welding, and establish a fabrication 
procedure prior to shop drawing fabrication. The ISD was also used to route the ventilation ducts to 
all confined spaces thereby ensuring safety to all personnel.   

6. Conclusions 
As of February 2008, the Tower Pile Cap, the E2 Pile Cap and Pier, and the W2 gravity footings and 
Pier have been completed. All construction was completed ahead of schedule. The main benefits of 
the ISD process are summarized below: 
a. The 3D model concrete profile and all post-tensioning elements were exported into formats that 

were used to perform a 3D construction stage analysis during design phase. 
b. The Designer used the ISD to estimate reinforcement, post-tensioning, and concrete quantity 

take-offs. 
c. The ISD permitted the Contractor to incorporate his construction means and methods without 

affecting the design of the structure. The Contractor modelled all the temporary construction 
support anchors. Knowing that his temporary system would not interfere with the design 
elements the Contractor to fabricate the temporary support frames ahead of schedule. 

d. Through use of guidelines established in the Special Provisions, the Contractor was given the 
flexibility of using set solutions without prior approval of the Engineer, e.g., adjust 
reinforcement spacing, bundle reinforcement, relocate splices, change reinforcement size and 
number while maintaining the total reinforcement area, change reinforcement shape, cut and 
trim reinforcement. 

e. The Contractor used the ISD to develop all the post-tensioning shop drawings and 
reinforcement placing plans. The ISDs were also used to lay out the geometry shop drawings for 
all the formwork. This reduced the work of the post-tensioning and formwork sub-contractors.  

f. The ISD model was used on-site daily by superintendents to clarify bar placement details for the   
field personnel. Being able to see how the bars are placed was faster than trying to describe the 
placement, especially when language becomes a barrier. 

g. The 3D model can be combined with scheduling software to generate a 4D schedule simulation. 
The model can be used to monitor actual construction progress with the project schedule.   

h. The model took into account other engineering disciplines. All mechanical, electrical and 
plumbing (MEP) components were integrated into the model. Interferences were addressed 
before any equipment was ordered or purchased.  

i. The ISD model was used by the Contractor to generate as-built drawings for the Owner. 
j. The ISD models are being used by the Owner for post-construction maintenance purposes. 
The most important benefit to the ISD is considered to be the final design plans. These plans are 
considered to be the next generation design plans (a hybrid between design plans and shop 
drawings). These design plans are representative of a fully integrated 3D model, are prepared in 
color with structural elements between plans being color coordinated, utilize bar bending detailing 
standards (including reinforcement deformed diameters) and use bar callouts which are based on 
reinforcement supplier industry standards. 
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