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‘BUILDING 46

'EXECUTIVE SUMMARY OF BUILDING %6

. This report describes the detailed seismic evaluation of structural and nonstructural
elements, and decribes a method of structural strengthening, for Building 46 at N.A.S.
Moffett Field. Building 46, Hangar 2, was originally a blimp hangar. It is framed
with a wood roof on long span wood trussed arches, which are supported by a
concrete frame. At the north and south ends, there are concrete and wood door
structures, which are structurally separate from the hangar. A dynamic modal
analysis- was performed using the techniques given in the Evaluation Criteria in
Section 1, Part H of this report. :

The structural analysis indicates the concrete frames, concrete door towers, and
connections of the longitudinal wood bracing are all overstressed. The repair scheme
proposed is to strengthen the hangar by infilling the concrete frames with a concrete
wall, adding a concrete diaphragm at the top of the frames, strengthening all the
overstressed connections, and providing new concrete struts to brace the door towers.
The estimated cost for this structural repair scheme is $2,400,000.

The nonstructural survey located many potential hazards to life safety and essential
Navy functions. These include falling hazards from light fixtures and overturning
hazards from shelving and lockers. The cost for bracing these elements is
approximately $220,000. Thus the total estimated cost for structural and
nonstructural repair is $2,620,000.



BUILDING &6

Results of Detailed Evaluation

The main structure of Building 46 was evaluated using Special Provisions for Large
Hangars described in Section 1, Part H of this report. A full dynamic modal analysis
was performed on the typical transverse arches. To reduce the number of members,
the trusses of each arch were modeled as beam members. No simplification was
made in modeling the members of the concrete base. Refer to Figure 46-4 for a
sketch of the typical transverse arch and to Figure 46-5 for a sketch of the
computer model used in analysis. Lumped masses were applied at each node.

Many analyses were performed in order to study the effects of various assumptions.
One analysis was performed with the members of the concrete base assumed
uncracked, and one with the base members assumed cracked. Another analysis was
performed with the pile foundation assumed rigid, and another with the pile
foundation modeled as a spring support. Member stresses were checked for Level 1
forces using the analysis which assumed the concrete base to be uncracked and the
pile foundation to behave as a spring support.

In some modes of vibration, the predominant effect on the arch system was motion
of the concrete base. In other modes, motion of the wood arch trusses was the
predominant effect. For those modes where motion of the concrete base was
predominant, damping of 5% was assumed for the response spectrum. Where motion
of the wood arch trusses was predominant, damping of 10% was assumed. For Level
1 analysis, the loading condition used was dead load, plus horizontal earthquake load,
plus 30% of vertical earthquake load. The vertical earthquake forces were assumed
to be two-thirds of the horizontal earthquake forces at this site. The earthquake
forces generated by the first sixteen modes of vibration of the structure were
computed and combined using both the Square Root of the Sum of the Squares (RMS)
method and the Complete Quadratic Combination (CQC) method.

In the longitudinal direction, the cross-bracing at the bottom chord of the arch
trusses was modeled as a continuous beam with lumped masses at the nodes. A
damping value of 5% was assumed for Level 1 analysis, and 10% was used for Level
2. The loading condition was the same as that used for the arch system. The
earthquake forces generated by the first eight modes of vibration were combined
using the same methods described above.

The concrete towers and the wood box beam framing the doors were checked by hand
calculations. For Level | analysis, damping of 7% was assumed for east-west motion,
while damping of 5% was assumed for north-south motion. The difference in
damping between the two directions of motion is based on the different contributions
expected from the wood box beam. For a summary of the Detailed Evaluation see
Figure 46-15.

The stresses in the wood members of the typical transverse arch and longitudinal
bracing truss were checked for both Level | and Level 2 forces. Under Level 2 forces
all tension members were stressed below their computed yield capacity and all
compression members were stressed below their elastic buckling capacities, thus no
members were overstressed.



BUILDING 46

The field survey methodology includes a hazard rating from -9 to +8 for every
element based on occupancy, element failure mode, support effectiveness, and
essential function. A hazard rating of zero or less is intended to be acceptable. A
hazard rating above Zzero is intended to designate elements which present a risk to
life safety or to the Navy mission, or both.

The nonstructural field survey data for Building 46 is included in Volume 2 of the
Detailed Analysis Report. The survey methodology is described in a separate report
titled "Seismic Investigation of Nonstructural Elements, Survey Methodology."

Estimated Repair Costs

The estimated cost for implementing the structural strengthening scheme delineated in
this report for Building 46 is $2,400,000. The cost estimate for retrofitting all
potential nonstructural hazards to life safety or essential function is $220,000. Thus
the total cost estimate for the repair of the structural and nonstructural hazards is
$2,620,000. This total cost is based on 1984 prices and does not include any factor
for future escalation of prices.

The structural strengthening estimate is comprised of $1,550,000 for the strengthening
of the hangar structure and $850,000 for bracing the door towers. The hangar
strengthening estimate includes $1,000,000 for a new shear wall system to resist
transverse seismic forces, and $550,000 for repairs to the longitudinal bracing trusses.

The nonstructural cost estimate may be reduced if a higher level of risk is considered
acceptable. For example, retrofitting only those elements with a life safety or
essential function hazard rating greater than 4 would cost an estimated $170,000 in
Building 46. Retrofitting only life safety hazards rated above 4 would cost an
estimated $150,000. Approximately one-third of the total nonstructural cost estimate
is for securing light fixtures throughout the hangar.

Since finishes were not removed during the walk-through nonstructural evaluation,
certain portions of the utility lines, such as the entrance to the building and
distribution above fixed ceiling spaces, could not be reviewed. The cost for any
repairs required in those concealed spaces is not included in the above estimate.
Thus the cost for a more detailed investigation and the repairs resulting would be in
addition to the estimate above.
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