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ABSTRACT

Built in 1966, the existing North Wing of the Monterey County Government Center is
a 3-story steel structure with one basement level. It is a free-standing structure with a
gross area of 99,000 sf. The North Wing houses eleven courtrooms, as well as offices
and support facilities.

The building’s steel-framed system and precast concrete panels did not satisfy current
building code seismic requirements. The framing, the panels and their connections
would most likely suffer severe damage in a major seismic event.

The building is being retrofitted to alleviate structural deficiencies and meet life
safety performance levels required by FEMA 356 guidelines. The retrofit is taking
place while the courtrooms at the third level remain operational.

This paper describes the application of friction dampers and their impact on the
seismic performance of the retrofitted building.

Introduction

This project started as a simple tenant improvement project without any seismic retrofit. In
2003, the California Court Building Seismic Assessment Program of Trial Court Facilities Act of
2002 (SB 1732) mandated a seismic evaluation of the building using the ASCE 31-02 guidelines.
Based on the evaluation results, the building was assigned a seismic risk level of 5. The
evaluation summary is presented in Figure 1 and the seismic risk level definitions are presented
in Figure 2.

Under the Trial Court Facilities Act, Monterey County was required to seismically retrofit
the building to a seismic risk level of 4 before transferring ownership and management
responsibility to the State of California. As a result, the project scope expanded to include
seismic strengthening of the building.

This building is the first court building to move forward with a seismic retrofit design and
construction under the state’s Seismic Assessment Program. The County’s project manager is
Nova Partners. The architect is HOK San Francisco and the general contractor is Skanska USA.
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RISKLEVEL ASPECT ANTICIPATED RESULTS
California Court Building Seismic Assessment Program

Tier 1 Evaluation | Building: Potentially no structural damage: repairable, if any.
Summary Sheet Negligible non-structural damage: repairable.

Riskto Life:  Negligible.

Systems: All systems will probably remain operational.

Occupancy:  Immediate, with only negligible disruption during clean-up.

A\
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i Building: Negligible structural damage: repairable.
Minar non-structural damage: repairable.
Risk'to Life:  Negligible.

aresult of frame drift. Some cracking of panels at connections is evident, currently.

Damage to main building could include extensive cracking of some exterior panels, failure of some panels. Systems: Minor disruptions for hours lo days.
with hazards created for pedestrians and severe damage to the frame. (V) Occupancy:  Minor disruptions, return within hours.
The series of 2-story bridges which span to adjacent structures are of nonductile concrete frame — ' )
construction and are judged to be potentially hazardous. Retrofit, replacement, and or demolition of these n Building: Minor structural damage: repairable.

Moderate non-structural damage: extensive repair.
Risklo Life;  Minor
Systems: Disruption of systems for days to months.
Occupancy:  Return within weeks, with minor disruptions.

bridge structures should be considered. Retrofit could include provisions of bracing, wall elements, or,
potentially, confinement.

DSA Seismic Risk Level (Tier 1): [JI [(JI [(Jm [Jiv v v [Jvi

RECOMMENDATION  [X] No Further Study, Assign Risk Level From Tier | [\ Building: Moderate structural damage: substantial repair.
. T Substantial non-structural damage: extensive repair.
Due to overwhelming number of deficiencies related to moment frames, we do not Risklo Life:  Moderate
anticipate Tier-2 evaluation to improve the rating of this building. Systems: ' Disruption of systems for manths {o years
D Perform Tier 2 Evaluation (Check applicable box below) 0 - Partial duri 1o
[] Risk Level Can Be Refined ccupancy.  Partially to totally vacated during repairs.
[] Retrofit Concept Can be Refined e m e T
[ Field Exploration Requied v Building: Subs}antlal structural damage. partial collapse likely:
i repair may not be cost effective
D Other (Explain) A
Extensive non-structural damage:
Explanation of Tier 2 Objective: repair may not be cost effective.
Risk to Life:  Substantial.
Noé regrmmsided Systems:  Total disruption of systems: repair may not be cost effective.
H i irs
Figure 1. Seismic Evaluation Summary Figure 2. Seismic Risk Level Definition
Retrofit Program Description
As-Built Condition

The 4 story court house (1 story basement plus 3 stories above ground) was constructed in
1966. The building is a steel frame structure clad with precast concrete panels. The typical floor
dimensions are 218 ft x 108 ft with an approximate floor area of 23,500 ft>. Typical story height
is +/- 14°-6”.

The typical floor framing consists of metal deck and concrete fill with supporting steel
beams and columns. The building is found on a 3 foot thick concrete mat. A typical floor
framing plan is shown in Figure 3.

The building skin consists of precast concrete panels which are two story high (from
ground to the 3m floor) and one story high (from the 3" floor to the roof) as shown in Figures 4
and 5. These panels are interlocked with solid push-pull connections that do not allow for inter-
story drift.
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Figure 4. Typical precast panel elevation Figure 5. Typical Precast Panel Section



The existing lateral load resisting system is steel moment frames at the building perimeter.
The moment frame beams have top and bottom flange cover plates as shown in Figure 6. As
concluded in the seismic evaluation shown in Figure 7, the moment frames do not conform to
the current building code. The effectiveness of the moment frames is further hindered by the
inability of the precast panels to accommodate inter-story drift. The stiffness of these precast
panels is much higher than that of the steel moment frames. In a major seismic event, the
panels and their connections to the structure will most likely attract a large amount of seismic
force and suffer severe damage.

3.7.38 SUPPLEMENTAL STRUCTURAL CHECKLIST FOR BUILDING TYPE S1:

STEEL MOMENT FRAMES WITH RIGID OR STIFF DIAPHRAGMS

This Supplementa Sntural Checlst shall be completed when eqire by Tale 3-2. The Base Sructural Checklist shall be compleed
prior to completing this Supplemental Structural Checklist

C NC NA COMMENT

LATERAL FORCE RESISTING SYSTEM

0 [ [ MOMENT RESISTING CONNECTIONS: ~ All Connections utilize flange plates and doub\n angles at
moment conn hall be able to develop the beam web. However, flange plates cannot develop the

simngth of fhe zdmn ing members o panel aones. sirength of te adjacent beama.
I~ - (Tier2: Sec. 4.4.1.3.3)
2 r 3 - =
i [ —2= A 0 O ® O
L) Z: / 9\ I %
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l\ 3 ‘ } §§3§ 2: Sec.4.4.1.3.4)
= 1 i - i
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J . D E D COMPACT MEMBERS: All frame elements shall W 14x30 is non-compact as a beam.
mt el section requirements set forth by Table 1-9-1 of
LEAN CONNECTIONS T COLUMNS eismic Provisions for Siructural Steel Buildings
Sesleiffzatie” (AIS(, 1997). (Tier 2: Sec.4.4.13.7)
Figure 6. Typical As-built Moment Figure 7. Moment Frame Deficiency
Connection Summary

Retrofit Schemes

The seismic retrofit scheme originally proposed was to place steel braced frames from
the 1* floor to the roof at selected locations. However, since incorporating any new braces
on the 3™ floor would interfere with the on-going court proceedings, the scheme was
rejected. A second scheme, in which the braces on the 3™ floor were eliminated, was
analyzed. The results indicated the added stiffness from the remaining braces would attract a
large seismic force and cause the structure above the 3™ floor to fail.

To satisfy the seismic retrofit requirement without interrupting the 3" floor court
proceeding, a third scheme to install seismic dampers below the 3™ floor was proposed and
accepted by the County. Seismic dampers provide the benefits of reducing seismic forces
and movement in the structure by absorbing part of the seismic forces generated in the
ground. In this scheme, twenty four (24) 250kip friction dampers are placed at the ground
level and twenty four (24) 200kip friction dampers are placed at the 2™ floor. As a result, it
was no longer necessary to seismically reinforce the structural framing at the 3" level.

There are four major groups of seismic dampers currently used in the United States.
They are fluid viscous dampers (FVDs), viscoelastic dampers (VEDs), friction dampers and



metallic yielding dampers (MYDs). For this project, friction dampers as shown in Figures 8
and 9 were chosen because of the following features:

1.
2.
3.

Friction dampers provide both damping and stiffness, and therefore, the least story drift.
The energy dissipation of friction dampers is the greatest, for a given force level.
Friction dampers are less expensive and do not require maintenance and post installation
inspection.
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Figure 8. 250 kip friction damper in crate

Figure 9. Installed 250 kip friction damper



To accommodate the inter-story drift and allow the damper scheme to function
properly, the interlocking precast panels were separated. The existing roof connection
(connection C1 in Figure 5) was modified to allow for in-plane movement as shown in
Figure 10. The existing 3™ floor connection (connection C2 in Figure 5) locking the upper
and lower panels was separated to allow for independent in-plane movement as shown in
Figure 11. An example of the connection C2 before and after separation condition is shown

in Figure 12.

REMOVE EXISTING SLAB TO EXPOSE PANEL
CONNECTION (DO NOT OVER CU:

EXISTING PRECAST——Z11"
PANEL

EXISTING PRECAST PANEL:

N

133x23x3x5 LONG

TO REMAIN (2 PER PANEL)
REMOVE THREADED ROD
NEW HSSBx8x3x0'-5"

ANCHORAGE PLATE

EXISTING ROOF/SECOND LEVEL
J

>

PLAN SECTI
CONNECTION

1
t FOR DECK ORIENTATION SEE PLAN

" MIN. BEARING

3
SIDES
\ 3 NP
EXISTING WF BEAM SEE PLAN

EXISTING CONNECTION C1

L A EXISTING PRECAST PANEL
117, 1
¥ Eiﬁg{m ik BEARING CONNECTION C3

 —
EXISTING THIRD LEVEL |

\ 3" THCK BENT PLATE
FIELD CUT EXISTING BENT ‘
i : EXISTING WF BEAM SEE PLAN

o
i EXSTING 2" THICK BENT PLATE
~

ADD NEW 3" THIK STIFF L CPNNECT‘dN €2

PLATE (NSTALLED AFTE —— 1" A36 THREADED ROD WIH

THREADED ROD IS INSTALLED) “ou DOVBLE NUTS, AND 33"} PLATE

WASHERS ON HsS

EXISTING PRECAST PANEL JOINT

(3 GAP CONTIUOUS BETWEEN S
EXISTNG PANELS, VERIY N’ FIELD) " i
ALUGN CUT WITH EXISTRG + NEW HSS10x2x3 WITH 8" LONG HORIZ. SLOTIED HOLE
ST 4oL D Rop 480 5 Lowe ok ST ot
SAN CUT EXISTING BENT ON GUSSET PLATES IN LIEU OF HSS SEE DRANINGS
PLATE LEGS HORIZONTALLY S301 AND S302 FOR BRACED FRANE LOCATIONS)
AFTER NEW CONNECTION EXISTING PRECAST PANEL ANCHOR
1S INSTALLED. ASSEMBLY TO REMAN (2 PER PANEL)

. EXISTING CONNECTION €2/C3

Figure 10. C1 retrofit scheme

Figure 11. C2 retrofit scheme

As built condition prior to separation

Condition after separation

Figure 12. Precast connection C2 retrofit scheme




Analysis Procedure

The analysis follows the guidelines of FEMA 351 - Steel Moment Frame Buildings:
Evaluation and Upgrade Criteria for Existing Buildings and FEMA 356 - Prestandard and
Commentary for The Seismic Rehabilitation of Buildings. The target building performance
level is life safety (3-C) under basic safety objective (section 1.4.1) per FEMA 356. Existing
structural components are analyzed per chapters 4, 5 and 6 of FEMA 356 and the existing
precast panels and their connections to the building were analyzed per chapter 11 of FEMA

356. The friction dampers and their connections to the building were designed per chapter 9
of FEMA 356.

3-D models were created using ETABS to analyze the building’s as-built and retrofitted
conditions. All structural elements from 3™ level down, except the friction dampers, were
assumed to behave linearly and were analyzed accordingly. All structural elements above 31
level were assumed to behave nonlinearly and were analyzed accordingly. Members below
the 3™ floor were evaluated against Table 5-5 and members above the 3 floor were
evaluated against Table 5-6 of FEMA 356.

The models were analyzed with both BSE-1 and BSE-2 time histories as required in
FEMA 356. The results from the BSE-1 analysis were checked against the Life Safety (LS)
Performance Level as required in FEMA 356.

Performance Assessment

The analysis results indicate that the retrofitted structural framing is able to dissipate
the seismic energy in a controllable manner due to the friction dampers’ capability to absorb
a constant force with varying story displacement. Graphic output of a 250 kip friction
damper’s force and displacement is presented in Figures 13 and 14 respectively.
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Figure 13. 250 kip damper force
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Figure 14. 250 kip damper displacement




With the addition of the friction dampers, the story shear and the story displacement are
reduced on all floors compared to the as-built condition. A comparison of the story
displacement and story shear of the three analysis schemes — braced frames on all levels
(scheme A), braced frames with friction dampers (scheme C), and existing moment frames
on all levels (scheme D) are shown in Figures 15 and 16 respectively.
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Figure 15. Story Displacement Comparison
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Figure 16. Story Shear Comparison



Conclusions

Based on the comparison of the existing steel moment frame and the friction damper
performance, the friction damper retrofit scheme will significantly improve the structural
performance of the building, both in terms of story displacement and story shear. The story
displacement is reduced by 50% and the story shear is reduced by 20% to 30%.

With the story displacement and shear reduction, the seismic force being transferred to
the existing framing above the 3" floor is greatly reduced. As a result, the existing framing
above the 3™ floor has sufficient capacity to resist the reduced seismic force and can be
preserved without any interruption to the on-going court operations as required by the
County.
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