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METHODOLOGIES FOR IMPROVING THE SEISMIC PERFORMANCE OF          
NON-STRUCTURAL ELEMENTS

1. Provide detailed guidelines

2. Analysis methods using adequate performance-based seismic design methodologies

3. Seismic qualification by testing

1 32



SEISMIC QUALIFICATION PROTOCOLS

General loading protocols

Specific loading protocols

1. AC156 test acceptance criteria (USA)

2. ISO13033 (Europe)

3. FEMA 461

1. Telcordia GR-63-CORE [2006]

2. IEEE 344 [2013] “Standard for seismic qualification of equipment for nuclear power generating stations”

3. ANSI/IEEE C37.98 [2013]

4. IEEE 693 Standard [2005] “Recommended practice for seismic design of substations”
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1. DEFINITION OF THE REQUIRED RESPONSE SPECTRA (RRS)

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑘𝑘 )𝐼𝐼(𝑢𝑢 𝑜𝑜𝑜𝑜 𝑠𝑠 � 𝑘𝑘𝐻𝐻,𝑓𝑓 � 𝑘𝑘𝑅𝑅,𝑝𝑝,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝐴𝐴𝑜𝑜𝑓𝑓𝑟𝑟𝑓𝑓𝑟𝑟 = 𝑘𝑘 )𝐼𝐼(𝑢𝑢 𝑜𝑜𝑜𝑜 𝑠𝑠 � 𝑘𝑘𝐻𝐻,𝑓𝑓� 𝑘𝑘𝑅𝑅,𝑝𝑝,𝑜𝑜𝑓𝑓𝑟𝑟𝑓𝑓𝑟𝑟

𝑘𝑘𝐻𝐻,𝑓𝑓 = 1 + 𝛼𝛼
𝑧𝑧𝑓𝑓
𝐻𝐻
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1. DEFINITION OF THE REQUIRED RESPONSE SPECTRA (RRS)

1. Definition of the corner frequencies 

- f0 = 1,3 to 2,5 Hz
- f1 =7,5 to 8,3 Hz
- f2 = 10 to 16,67 Hz
- f3 = 33,3 Hz

f0 = 1,3 ; f1= 8.3 ; f3=33.3 Hz 
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       assuming Ta/T1=1

   

       assuming Ta/T1=0
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2. DERIVATION OF TEST INPUT MOTIONS (TIM)
According to the AC 156 loading protocol, the TIM shall be a non-stationary broadband random excitation with its
energy content concentrated between frequencies of 1.3 Hz and 33.3 Hz

• The duration of the TIM shall be 30 seconds.

• The non-stationary characteristic of the TIM is defined
using a build-hold-decay envelope of 5 seconds, 20
seconds, and 5 seconds, respectively.

• The strong motion duration of the TIM shall be
minimum 20 seconds.

• Independent (uncorrelated) random acceleration
signals shall be used to generate the TIMs in the two
horizontal and vertical directions.
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3. CLASSIFICATION PROCEDURE
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ILLUSTRATIVE EXAMPLE
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WORK IN PROGRESS

LINK WITH SISMABONUS
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