
EXHIBIT F 

REFERENCE MATERIAL 

The documents provided may contain errors, omissions, or may be out of date.  

1. Maintenance Building 

a. 1998 Maintenance Building Original SD223A Select Drawings 

b. 2018 Maintenance Building Evaluation and Conceptual Design TM Excerpts 

c. 2021 Maintenance Building Photos 

2.  Maintenance Canopy 

a. 1984 Maintenance Canopy Original SD156 Select Drawings 

b. 1998 Maintenance Canopy Retrofit SD223A Drawing 

c. 2008 Maintenance Canopy Structural Review Excerpts 

d. 2021 Maintenance Canopy Photos 

3. Fueling Station 

a. 2003 Fueling Station equipment SD279 

4. Evaluation Criteria 

a. 2021 Evaluation Criteria and Seismic Hazard Information 
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3.6 Maintenance Center (F4) 

3.6.1 Description 

The Maintenance Center was design in 1998 as part of project SD223A.   The building was designed in 
accordance with the 1994 Uniform Building Code for Life Safety performance, the minimum building code 
requirement for all buildings. The Maintenance Center is a highly irregular one-story building with a low, 
intermediate, and high-roof portion.  The building also has a mezzanine level which extends partially into 
the high and intermediate roof portions.  Although each roof portion has a metal deck diaphragm, the 
mezzanine level has a concrete-filled metal deck.  The high and intermediate-roof portions consist of steel 
braced frames and precast concrete wall cladding, while the low-roof portion consists of precast concrete 
shear walls.  The entire structure is supported by cast-in-place concrete pile caps with precast concrete 
piles. 

 
Figure 3.6-1: Maintenance Center 

 

HIGH-ROOF PORTION: 
METAL DECK ROOF 
CONCRETE-FILLED METAL DECK MEZZANINE 
STEEL BRACED FRAMES

LOW-ROOF PORTION: 
METAL DECK ROOF 
PRECAST CONCRETE SHEAR WALLS 

INTERMEDIATE-ROOF PORTION: 
METAL DECK ROOF 
CONCRETE-FILLED METAL DECK MEZZANINE 
STEEL BRACED FRAMES
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Figure 3.6-2: Maintenance Center Analysis Model of Existing Building 

 

3.6.2 Seismic Deficiencies & Proposed Retrofit Measures 

The following table summarizes the ASCE 41 Tier 3 seismic deficiencies identified and the corresponding 
retrofit measures proposed for the Maintenance Center. 

Low-Roof Portion 

Table 3.6-1: Seismic Deficiencies and Proposed Retrofit Measures (Low-Roof Portion) 

HIGH-ROOF PORTION

INT.-ROOF PORTION

LOW-ROOF PORTION
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TIER 3 SEISMIC DEFICIENCIES PROPOSED SEISMIC RETROFIT MEASURES 

Precast Concrete Walls (Out-of-Plane) 
The precast concrete wall panels lack cross ties in 
the north-south direction, and they are not 
adequately anchored to the existing steel joists 
and metal deck roof diaphragm in the east-west 
direction.   
 
 
 
 
 
 
 
 
  

Add steel cross-ties in the north-south direction. 

Strengthen the connection between the existing 
steel joists and the precast concrete walls. 

Re-entrant Corners 
The metal deck roof diaphragm has several re-
entrant corners with inadequate ties and 
connections. 
 
 
 
 
  

Strengthen the existing re-entrant corner ties and 
connections. 

Steel Truss Collectors 
The existing steel trusses and connections appear 
to lack adequate strength to serve as collectors. 
 
  

Strengthen the existing steel truss top chords and 
their connections to the precast concrete shear 
walls. 

Precast Concrete Walls (In-Plane) 
The precast concrete shear wall panels are not 
interconnected and they are not adequately 
connected to the existing concrete foundation.  

Connect the existing precast concrete panels 
together with steel plates. 

Strengthen the connection between the existing 
precast concrete panels and the existing concrete 
grade beams with new concrete beams. 

Precast Concrete Piles 
The structure’s 12” square precast concrete piles 
are partially embedded in liquefiable soil.  The 
piles are close to meeting the acceptance criteria 
for combined axial loads and flexure. 

Improving the existing soil using jet grouting is 
proposed as a potential strengthening measure to 
provide improved soil lateral resistance around the 
perimeter of the building. 

Seismic Gaps 
The low-roof framing and metal deck are 
connected directly to the intermediate roof steel 
columns without a seismic gap to allow for the two 
different lateral systems to behave independently. 

Add steel beams and columns below the low-roof 
portion which encroaches into the intermediate-
roof portion. 

Cut back the low-roof metal deck and beams so 
that the two structures are no longer tied together.

Intermediate-Roof and High-Roof Portion 

Table 3.6-2: Seismic Deficiencies and Proposed Retrofit Measures 
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TIER 3 SEISMIC DEFICIENCIES PROPOSED SEISMIC RETROFIT MEASURES 

Precast Concrete Wall Panels 
The precast concrete wall panels are not 
adequately anchored for out-of-plane loading.   

Strengthen the existing steel channel beams 
along the east side of the building. 

Provide additional epoxy anchors. 
Metal Deck Diaphragm 
The existing metal deck roof diaphragm does not 
have adequate shear strength. 

Provide additional lines of braced frames in order 
to reduce the diaphragm demands. 

Concrete-Filled Metal Deck Diaphragm 
The concrete-filled metal deck diaphragm at the 
mezzanine level does not have adequate shear 
strength. 

Provide additional lines of braced frames in order 
to reduce the diaphragm demands. 

Replace the existing steel trusses along the new 
braced frame lines with steel wide flange beams 
with welded shear studs. 

Steel Braced Frame & Collector Beams 
The steel braced frame and collector beams and 
their connections do not have adequate strength. 

Strengthen the existing steel beams with welded 
steel plates. 

Strengthen the existing steel beam connections.
Steel Braces & Connections 
The steel braces and their connections do not 
have adequate strength. 

Replace the existing steel braces and gusset 
connections with new Buckling Restrained Braces 
(BRB’s) and gusset connections. 

Provide additional braced frames. 
Steel Braced Frame Columns 
Some steel braced frame columns do not have 
adequate compression strength. 

Strengthen the existing columns with welded steel 
plates. 

Provide additional braced frames. 
Steel Braced Frame Column Anchorage 
The braced frame column anchors do not have 
adequate strength for combined shear and 
tension. 

Strengthen the existing anchorage. 

Provide additional braced frames. 

Steel Braced Frame Stability 
The steel braced frames along gridlines 5 and 6 
are not braced out-of-plane. 

Brace the braced frames to the mezzanine 
diaphragm with horizontal steel braces. 

Steel Gravity Columns 
The steel gravity columns along gridline F, which 
support the high and intermediate roof, do not 
have adequate strength to accommodate the 
differential diaphragm displacements between the 
high-roof and intermediate-roof. 

Provide additional lines of braced frames in the 
east-west direction. 

Add new braces from the intermediate-roof to the 
high-roof at gridlines 5 and 6. 

Welding & Paint Shop Mezzanine 
The CMU walls along the north side of the shops 
are not adequately anchored for out-of-plane 
loads to the steel joists and concrete-filled deck. 
The concrete-filled deck above the shops does not 
have an adequate load path to the braced frames.

Strengthen the connection between the existing 
steel joists and the CMU walls. 

Provide additional braced frames, and add new 
beams and braces to collect and transfer loads 
from the concrete-filled deck to the braced frames. 

Precast Concrete Piles 
See related discussion for the Low-Roof portion in 
Table 3.6-1. 

See related discussion for the Low-Roof portion in 
Table 3.6-1. 

Seismic Gaps 
See related discussion for the Low-Roof portion in 
Table 3.6-1. 

See related discussion for the Low-Roof portion in 
Table 3.6-1. 
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Figure 3.6-3: Maintenance Center Analysis Model of Retrofitted Building 

RETROFIT 
ELEMENTS 



Figure MC-1: Maintenance Center First Floor & Foundation Plan
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Figure MC-2: Maintenance Center Mezzanine Plan
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Figure MC-3: Maintenance Center Roof Plan

AB

A

B

C

D

D

D

D

E

F

F

E

H

H

I

I

J

J

K

K

D

D

L L

L

L

L

L

M

M

M

M

N

N

O

O

G

G

DEMO EXISTING ELEMENT
NEW CONCRETE ELEMENT
NEW STEEL ELEMENT
NEW FRP ELEMENT

SEE DETAIL "X" ON FIGURE MC-"Y"

LEGEND

X
Y

G

K

K

E

F

E

F

E F

FE

LOW ROOF INT. ROOF HIGH ROOF

EAST BAY MUNICIPAL UTILITY DISTRICT, MWWTP SEISMIC EVALUATION UPDATE PROJECT
TM5: CONCEPTUAL DESIGNS & COST ESTIMATES FOR SELECT STRUCTURES
EAST BAY MUNICIPAL UTILITY DISTRICT, MWWTP SEISMIC EVALUATION UPDATE PROJECT
TM5: CONCEPTUAL DESIGNS & COST ESTIMATES FOR SELECT STRUCTURES (Draft)

05/22/20



Figure MC-4: Maintenance Center Braced Frame Elevations
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Figure MC-5: Maintenance Center Braced Frame Elevations @ Welding & Paint Shop
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Figure T-1: Typical Detail

1 TYPICAL CONCRETE WALL THICKENING

2 TYPICAL CONCRETE SLAB THICKENING

3 TYPICAL CONCRETE BEAM
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Maintenance Center Canopy  
2008 Structural Review 
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2021 Criteria and  

Seismic Hazard Information 



Evaluation Criteria

• Evaluation Standards:  ASCE 41-17, ACI 350.3-06, ASCE 7-16, CBC

ASCE 41-17 Earthquake Levels for Existing Structures

• Seismic Hazard Information:  2020 Geotechnical Investigation Findings

ASCE 41-17 Designation Probability of Exceedance (p/e) Equivalent Return Period (Years)

BSE-2E 5% p/e in 50 years 975
BSE-1E 20% p/e in 50 years 225

LiquefactionSeismic Loads
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