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ABSTRACT 

 

Dynamic structure-soil-structure interaction (SSSI) effects can occur between closely spaced structures, 

and these effects can affect the lateral soil pressure between the structures, the building responses, and the 

in-structure response spectra (ISRS). Both the peak response frequency and amplitude of the spectra of the 

lighter structure are impacted by the response of the larger structure. This paper demonstrates the influence 

of a relatively heavy structure and soil berm on the seismic response of a relatively light adjacent embedded 

structure. The analyses were performed using a cascade analysis where amplified ground responses 

calculated from analyses of the heavy structure are used as input in subsequent (cascade) analyses of the 

smaller adjacent structure. In addition, the impact of fully connected soil and soil separation in accordance 

with ASCE/SEI 4-16 (2016) Section 5.1.9 on ISRS is observed. 

 

BACKGROUND 

 

Safety-related nuclear structures require dynamic soil-structure interaction (SSI) analyses to calculate the 

dynamic structural responses and design demands. SSI analyses account for the change to the seismic 

motion as it moves through the ground soils. Nuclear facilities often consist of many closely spaced 

structures, and these structures can also modify the ground response in the vicinity of the structures, 

influencing these nearby structures. ASCE/SEI 4-16 (2016) Section 4.1.5 requires accounting for SSSI 

effects for light structures adjacent to massive structures. ASCE/SEI 4-16 identifies two methods to address 

this interaction: a direct analysis accounting for both structures and a modification of the input motion for 

the light structure to account for the effects of the larger structure. This second method, often called a 

cascade analysis, is further examined in this paper. ASCE/SEI 4-16 Section C5.1.4 also notes that unless 

rocking and torsional motions are negligible, these motions should be considered in the analysis of the light 

structure.  

 

There is no widely accepted rule for the relative size, mass, or distance of the structures where SSSI effects 

are significant. Analytical and experimental studies have shown that adjacent structures can significantly 

affect dynamic responses (Roy (2011), Chen (1997), and Imamura (1992)), but these studies have not 

identified conditions under which structure-soil-structure interaction (SSSI) effects must be considered nor 

a general rule for how much amplification can be expected. In Roy (2011), the larger structure was 8 times 

the area and 12 times the mass of a small structure. SSSI effects were shown to increase peak response by 

a factor of 1.1 to 2.8 when the edge of a relatively light structure is located within six times the equivalent 

diameter of a relatively large structure from the edge of the large structure. Chen (1997) showed that 

relatively smaller structures have little SSSI effect on larger structures, but for the case studied, the presence 
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of a larger and heavier structure increased response at the foundation of a lighter structure by about 30%. 

Imamura (1992) showed that, for the case studied, the responses of a reactor building, control building, and 

turbine building with soil modeled between them were affected by the adjacent buildings, but responses at 

the base slab or below-grade were not significantly impacted by SSSI behavior.  

 

In this paper, SSSI effects for a heavy structure and soil berm on a significantly lighter adjacent embedded 

building are examined by comparing SSI analyses results to SSSI results calculated using a cascade analysis 

approach. These analyses also include a comparison of results with different levels of soil-separation. 

 

MODELING AND ANALYSIS 

 

Finite element analysis (FEA) models of three structures are shown in Figure 1, were developed for use 

with the computer program SASSI2000, a program capable of including the seismic SSI effects together 

with a finite element structure. This work examines the responses of Structure A and Structure B, combined 

as Structure AB, with and without the effects of larger Building C. 

 

Structure A is a relatively light masonry shear wall structure with steel gravity framing on a reinforced 

concrete basement with a high bay. The embedded basement contains reinforced concrete pilasters and 

columns. The first floor is a reinforced concrete slab. The second floor consists of a high-bay section at the 

center of the building with a concrete slab on a metal deck for the floor. The roof areas consist of built-up 

roofs with rigid insulation on metal decking. The average total weight is approximately 460 psf.  

 

Structure B is a relatively light rectangular one-story masonry shear wall structure with steel gravity framing 

on a reinforced concrete embedded basement. The first floor consists of reinforced concrete, and the roof 

has rigid insulation on metal decking. Structure B also has a total weight of approximately 460 psf.  

 

Structure C, an adjacent relatively heavy structure embedded into a 40-foot-tall soil berm and extending 20 

feet above the berm, has a total weight of approximately 2,040 psf. The berm is the more significant part 

of the weight. See Figure 1 for a plan view of the structures and models. Structure C was run separately in 

earlier SSI analyses, and response spectra were developed at Point A, the closest footprint location of 

Structure A (Figure 1), where Structure C will have the most significant influence on Structure A and B.   

 

 
 

Figure 1. Plan view of structures. 
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Two input motions were considered for this study: 1) foundation-level input response spectra (FIRS) and 

2) motions generated from the spectra developed at Point A (Figure 1) from an analysis of Structure C 

(Cascade FIRS). This Cascade FIRS is applied as input to Structure AB to capture the SSSI effects of 

Structure C on A and B in a cascade analysis. The 5% damped spectrum of the input motion for each 

analysis is shown in Figure 2.  

 

 

 
Figure 2. 5% damped response spectrum of input motion, horizontal (left) and vertical (right). 

 

By using the Cascade FIRS as the input for Structure AB, the SSSI effect of Structure C is included in the 

analysis of Structure AB with the amplified motion applied to the entire Structure AB model. Since the 

actual effect of Structure C will diminish with distance, the cascade approach overestimates total motion 

but underestimates torsion resulting from different accelerations at different locations. In this case, Structure 

AB is not sensitive to torsion, and designing for greater acceleration at all locations is sufficient to address 

the missing torsion effects in design. If the secondary structure were sensitive to torsion, additional 

consideration of the torsion effects would be needed. 

 

The site consists of about 45 ft of soil above the rock. Figure 2 shows shear wave velocities for three soil 

cases. Since Structures A and B are embedded and the extent of soil separation is not included, embedment 

effects are modeled consistent with ASCE/SEI 4-16 Section 5.1.9. The soil separation case considers soil 

separation over the upper half of the embedment depth, and these effects are compared with results 

considering soil fully connected over the embedment. 

 

 
Figure 3. Soil profile, shear wave velocities. 
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ANALYSIS CASES 

 

For this study, Structure AB was run for 4 cases as follows:  

 Structure AB, Soil Attached, FIRS input 

 Structure AB, Soil Separated (separated to half the embedment depth), FIRS input 

 Structure AB, Soil Attached, Cascade FIRS input 

 Structure AB, Soil Separated (separated to half the embedment depth), Cascade FIRS input 

Each of these analyses considers all three soil cases, LB, BE, and UB, and the analysis results consider the 

envelope of all three soil cases.  

 

The SSSI analyses were run in SASSI2000. The ISRS results presented are the square-root-of-the-sum-of-

the-squares of three orthogonal ground motions, averaged over five matched time history input sets, ISRS 

broadened by 15% consistent with ASCE 4, enveloped over three soil cases, and with spectral valleys 

removed. 

 

IMPACT OF EMBEDMENT EFFECTS ON ISRS 

 

Figure 4 through Figure 9 show the effects of embedment effects for Structure AB for each direction of 

motion through a comparison of 5% damped ISRS at nodes on the roof of Area 1 (Figure 1). As shown in 

the plots, soil separation impacts the peak of the ISRS up to 25%, and there are cases where either the 

attached or separated condition controls the response. The most significant differences in ISRS align with 

major structural or SSI modes. The major SSI frequencies are between 7 Hz and 15 Hz. Since the peak of 

the input response spectra shown in Figure 2 occurs at frequencies between 2 Hz and 6 Hz, the stiffened 

model with attached soil results in higher response as frequency increases. As indicated in Figure 5, soil 

horizontal separation has minimal effect on the structures' vertical response as the soil-structure system's 

vertical stiffness is minimally impacted by soil separation. 

 

 
Figure 4, Effect of soil separation for Structure 

AB, FIRS input, X-direction response, Area 1 

roof 

 
Figure 5. Effect of soil separation for Structure 

AB, Cascade FIRS input, X-direction response, 

Area 1 roof. 
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Figure 6. Effect of soil separation for Structure 

AB, FIRS input, Y-direction response, Area 1 

roof. 

 

 
Figure 7. Effect of soil separation for Structure 

AB, Cascade FIRS input, Y-direction response, 

Area 1 roof. 

 

 
Figure 8. Effect of embedment effects for 

Structure AB, Z-direction response, Area 1 roof. 

 

 
Figure 9. Effect of embedment effects for 

Structure AB, Cascade FIRS input, Z-direction 

response, Area 1 roof. 

 

IMPACT OF SSSI OF STRUCTURE C ON COMBINED STRUCTURES A AND B 

 

Figure 10 through Figure 13 show the effects of SSSI of Structure C on Structure AB for each direction of 

motion by comparing the 5% damped ISRS at nodes on the roof of Area 1. The SSSI cases that use the 

Cascade FIRS are identified as “Structure ABC”. While the SSSI cases generally produce higher ISRS than 

those excluding SSSI, there are still frequencies where the SSI analysis controls the ISRS. In this case, SSSI 

effects impact the peak of the horizontal ISRS by up to 20% (Figure 10) and even more at lower frequencies 

and at the base slab, which is consistent with the change in input motions. As noted above, the major SSI 

frequencies are between 7 Hz and 15 Hz, and the peak of the FIRS input response spectra shown in Figure 

2 occurs between 2 Hz and 6 Hz, while the response is significantly amplified in the Cascade FIRS over 

the entire range but notably between 2 Hz and 4 Hz due to the presence of Building C. This increased input 

motion in the SSSI case influences structural demands and ISRS, which can affect demands on equipment. 

SSSI amplification drives the smaller structure and results in a new peak motion. If the input motion peak 

of Structure AB and Structure ABC aligned with the natural frequency of Structure AB, even greater motion 

would be possible. Therefore, analysts and designers should pay special attention to SSSI effects when the 

larger structure’s SSI response amplifies ground motion near the natural frequencies of an adjacent 

structure.  

 



 
 

28th International Conference on Structural Mechanics in Reactor Technology 

Toronto, Canada, August 10-15, 2025 

Division III 

6 

 

The impact of SSSI on ISRS in this study aligns with the results of Chen (1997) for response at the peak of 

the spectra, indicating a heavier structure could impact the response of a foundation of a lighter structure 

by about 30%. This case study results in higher amplification at some frequencies below the peak due to 

the significant difference in SSI vs. SSSI input motion. Had this difference aligned with the natural 

frequency of the structures, a significantly greater amplification would have occurred.  

 

 

 
Figure 10. SSSI effects of Structure C on 

Structure AB, X-direction response, Soil 

Attached, Area 1 roof. 

 

 
Figure 11. SSSI effects of Structure C on 

Structure AB, Soil Attached, Y-direction 

response, Area 1 roof. 

 

 
Figure 12. SSSI effects of Structure C on 

Structure AB, Z-direction response, Soil 

Attached, Area 1 roof. 

 

 
Figure 13. SSSI effects of Structure C on 

Structure AB, X-Direction response, base slab. 

 

 

CONCLUSIONS 

 

The analyses presented in this study show that embedment effects can impact the peak of the ISRS by up 

to 25%, and SSSI effects affect the peak of ISRS by up to 20% for the conditions studied. The effect of 

SSSI in this study aligns well with Chen (1997), where a heavier structure impacted the response of a 

foundation of a lighter structure by about 30%. However, this work suggests that much more significant 

SSSI impacts would have occurred had the smaller structure response frequencies aligned closer to the SSI 

response of the larger structure.  
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