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similar to the approach at the east expansion. The roof diaphragm is framed using wood joists that span to arched 

glulams (5 1/8” thick) spaced at 10’-5” o.c. The roof diaphragm has an opening located at center that runs along the 

length of the longitudinal dimension of the building. A 12” thick reinforced concrete slab supported on the concrete 

walls serves as the diaphragm for the second floor.  

Building condition: in general, the building is in good structural condition. No significant damage in the structural 

system was identified during the site visit. However, the bottom face of the exterior concrete slab use as hallway for 

the exterior stair was wet during the visit. Water marks, brown stains, and efflorescence were evident in the same 

area (see pictures in Appendix A). The columns along Gridlines 8 and 11 are rusted because they are exposed to the 

weather (see picture).  

Identification of levels:  The building has two stories. The first story is used as racquetball courts (existing building 

prior the construction of second story), and the second story is used as gymnasium. Grade on the west side of the 

building gently slopes down to the south. The north entrance of the second floor is on the higher grade level.  The 

south and east grade is approximately 10’9” lower.  The first floor for the racquetball courts is approximately 10’6” 

below the south and east grade. 

Foundation system: The concrete walls of the perimeter of the building are supported on top of 10”x2’-4” reinforced 

concrete footings, except the south wall which is on top of a continuous 12”x6’0” footing. The interior walls are on 

top of 10”x3’0 footings. In 1970, the foundation was retrofitted in the southwest corner of the building. A total of 

eight 30” diameter x 20’ minimum length drilled caissons were cast beneath the existing foundation. A concrete cap 

was used atop of them (per Sheet S.4). The west side of the building is located on a sloping ground and is supported 

on reinforced concrete walls that varied in height following the slope. The steel columns and the wood walls were 

anchored to the concrete slab. The second story steel columns are anchored to the existing concrete slab using two 

3/4"diameter drilled anchors. The new columns of the first story are supported on shallow (12” thick) foundations. 

Structural system for vertical (gravity) load: A flexible roof diaphragm is framed with 2x6 at 16” o.c. wood joists and 

½" thick plywood sheathing. The joists transfer the load to a pair of 5-1/8” thick arched glulam girders connected to 

steel columns (2C12x20.7) using four 3/4"diameter machine bolts with 4” diameter shear plates at each side dapped 

into the face of the glulam. The columns are welded to a 3/8” baseplate anchored to the second floor concrete slab 

using two 3/4"diameter drilled anchors. The second floor slab is a 12” thick one-way slab spanning east-west 

between north-south concrete bearing walls and concrete girders. Two curtains of continuous #5 @ 12” o.c. are 

used as top and bottom reinforcement. Additionally, a #6x13’ @ 6” o.c. and #5x12’ @ 6” are used on the top curtain 

to resist the negative moment and #5x15’ @ 6” and #4x12’ @ 6” are used on the bottom curtain to resist the positive 

moment per Detail A/S.3. On the east side, the new concrete slab is supported on a concrete beam floor system 

framed into six reinforced concrete columns which transfer the load using shallow foundations.  The slab-on-grade 

is 5” thick, reinforced with #4 bars at 12” o.c., e.w., over a vapor retarder over 4” of drain rock. 

Structural system for lateral forces: At the second story, the lateral force in the N-S direction is resisted by thirteen 

lines of moment frames. The load from the plywood roof diaphragm is transferred to 5/8” thick glulam beams framed 

into composite steel-wood columns. The columns were built using two back-to-back C12x20.7 channels with two  

1 ½”x5 1/8” wood infill members bolted with 1/2" diameter bolts at 2” o.c.  A 3/8” thick steel plate was used at the 

base to anchor the columns to the existing slab using two 3/4"diameter drilled anchors. The beam-column 

connection was made using four 3/4"diameter bolts with 4” diameter shear plates on each side. In the E-W direction, 

the lateral force is resisted by two lines of wood walls located at the north and east perimeter of the structure framed 

using 2x4@16” o.c. vertical stud and 1/2" plywood sheathing. However, based on the structural drawings, the load 

transfer relies on a complicated load path from the roof around and through the roof eave and into the top plate of 

the stud wall. A clear connection at the top plate is not shown. The walls were anchored at the existing slab using 

5/8” diameter x 14” long threaded rods at 4’-6” o.c. grouted with non-expansive mortar. Plywood sheathed roof 

diaphragms transfer lateral inertial forces to the vertical elements of the lateral force-resisting system. The structural 

system used in the transverse direction of the second story of the building cannot be classified using the building 

types listed in Table 3-1 of ASCE 41-17. 

At the first story, in the N-S direction, the lateral loads are resisted by seven concrete walls.  The west and east ends 

have full length 50’6” long  by 12” thick walls; then there are two 41’6” long by 8” thick walls one bay inboard of the 

perimeter; and finally there are three 6’0” long by 14” thick walls at the interior bays adjacent to the north wall.  In 
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the E-W direction, there is a full length 12” thick shear wall at the north side.  At the south façade, rather than a solid 

shear wall, there are a fire 14” x14” columns that span7’6” between a below grade retaining wall and a 2’4” deep by 

1’2” thick spandrel beam with a 14” thick concrete wall beneath the windows.  The columns are reinforced with four 

#8 longitudinal bars and #4 closed ties at 12” o.c. (with 135 degree hooks). The space between columns appears to 

be infilled with nonstructural gypboard infill panels. The walls transfer the load to the shallow foundations and to 

the drilled caissons in the southwest corner. 

Brief description of seismic deficiencies and expected seismic performance including mechanism of nonlinear 

response and structural behavior modes 

Identified seismic deficiencies of the building include the following: 

• Moment frames: The moment connections between the glulam and the steel columns at the second story are 

unusual and may not have sufficient capacity and ductility to resist the applied demands. Similarly, the glulam 

beam and steel column capacity may be insufficient. There is no Quick Check equation for this type of frame in 

the Tier 1 of ASCE 41-17.  

 

• The concrete columns at the first story on the south façade have poor detailing which does not provide ductility 

to resist the lateral forces.  The columns are not able to develop the moment capacity at the ends of the 

member.  They reach their shear capacity at a relatively low drift level of only 0.13”.  They also may be taking 

moment from earth pressure as they are connected to the top of the retaining walls. 

 

• If nailing at the top plate of the second story wood walls is inadequate, then there may be a weak link in the 

east west load path from the roof to the walls.  

 

• The separation between the Field House Addition and  North Building of the East Field House is shown as 1” on 

the addition drawings which is less than the 2.2” required by the ASCE 41-17 Tier 1 Quick Check, but the 

structures align at the concrete terrace levels, and they are relatively stiff shear wall structures.  Damage from 

pounding is considered a comparatively low concern.   

 

• Although the center of rigidity at the second floor is located at the north wall, there are substantial walls in the 

north-south direction that can help resist torsion from east-west loading at the second floor. 

 

• The reinforcement of the new concrete slabs was welded to the existing walls reinforcement per Detail 11 and 

Section D on Sheet S3. Because the first ASTM A706 steel reinforcement was first published in 1974, it is unclear 

if this practice damaged the reinforcement at the corner of the existing walls or if a test was performed to qualify 

this type of connection.  

Nonlinear behavior is expected to be limited to roof diaphragms, second story moment frames and second story 

shear walls. The first story concrete shear walls have substantial overstrength and are expected to remain essentially 

elastic, but there is the possibility that interstory drift could compromise the columns on the first story. 
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Structural deficiency  
Affects 

rating? 
Structural deficiency  

Affects 

rating? 

Lateral system stress check (wall shear, column shear or 

flexure, or brace axial as applicable) 

Y 
Openings at shear walls (concrete or masonry) 

N 

Load path Y Liquefaction N 

Adjacent buildings Y Slope failure N 

Weak story N Surface fault rupture N 

Soft story 
N Masonry or concrete wall anchorage at flexible 

diaphragm 

N 

Geometry (vertical irregularities) N URM wall height-to-thickness ratio N 

Torsion Y URM parapets or cornices N 

Mass – vertical irregularity N URM chimney N 

Cripple walls N Heavy partitions braced by ceilings N 

Wood sills (bolting) N Appendages N 

Diaphragm continuity N   

Summary of review of nonstructural life-safety concerns, including at exit routes.3 

No nonstructural life safety concerns were identified, but it is not known if gas-fueled equipment such as heaters 

and boilers are used. 

UCOP nonstructural checklist item 
Life safety 

hazard? 

UCOP nonstructural checklist item Life safety 

hazard? 

Heavy ceilings, feature or ornamentation above large 

lecture halls, auditoriums, lobbies or other areas where 

large numbers of people congregate 

None 

observed Unrestrained hazardous materials storage 

None 

observed 

Heavy masonry or stone veneer above exit ways and 

public access areas 

None 

observed 
Masonry chimneys 

None 

observed 

Unbraced masonry parapets, cornices or other 

ornamentation above exit ways and public access areas 

None 

observed 

Unrestrained natural gas-fueled equipment such 

as water heaters, boilers, emergency generators, 

etc. 

Unknown 

Basis of rating 

A Seismic Performance Level rating of V is assigned based on the absence of an ASCE 41-17 Tier 1 quick check 

procedure for hybrid wood-steel frames, the limited ductility in the frame connections, the potentially inadequate 

transfer mechanism of the load in the E-W direction at the top plate of the second story walls, and the limited drift 

capacity of the first story concrete columns. 

Recommendations for further evaluation or retrofit 

We recommend that a Tier 2 linear evaluation be performed of the glulam-steel moment frames and their 

connections to determine whether there is adequate capacity and ductility.  Field review is recommended to 

determine the details of the roof-to-top plate connections at the second story shear walls. In the orthogonal 

direction, a review of the connection is needed to make sure how the lateral load is transmitted to the shear walls. 

A refined estimate of the interstory drift at the first story is needed to assess the adequacy of the columns. 

Peer review of rating 

This seismic evaluation was discussed in a peer review meeting on 28 May 2019.  Reviewers present were Joe Maffei 

of Maffei Structural Engineering and Robert Graff of Degenkolb Engineers.  Comments from the reviewers have been 

incorporated into this report.  The reviewers agreed with the assigned rating. 

 

                                                           
3 For these Tier 1 evaluations, we do not visit all spaces of the building; we rely on campus staff to report to us their understanding of if and 
where non-structural hazards may occur. 
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1st Story: 
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1st Story: 
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Glulam/Steel connection: 

Frame elevation (per Sheet S.2): 
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Connection detail (per Sheet S.2): 
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Partial North Elevation (Looking Southeast) 

 
Partial South Elevation (Looking North) 
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West Elevation (Looking East) 
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Water Marks on the Exterior Stairs Hallway (South)  

 

 
Rusted columns on Gridlines 8 and 11. 

 

Source: University of California, Santa Cruz Page: 000018



   
   

 
 

 
 
 
 
 
 
 
 

APPENDIX B 
 

ASCE 41-17 Tier 1 Checklists (Structural) 
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UCOP Seismic Safety Policy Falling Hazards Assessment 
Summary 
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Quick Check Calculations 
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Unit Weights: 

 
 
Story Weights 
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Story Shears 
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Average Stress: 
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