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Abstract— The conventional fixed-base design of 

structures allows inelastic deformations on certain 

structural components and provides seismic energy 

dissipation at the cost of severe damage to the structure. 

Unlike conventional structures, in rocking foundation 

structures, the constraint in between the structure and 

the foundation is released so that the structure can rock 

back and forth under the influence of a ground motion 

because of the natural re-centering tendency and 

stability of rocking foundation structures. Since the 19th 

century, many numerical and experimental studies have 

been performed to study the behavior of conventional 

fixed-base and rocking foundations which have 

demonstrated the effectiveness of rocking foundation in 

reducing the seismic impact and the ductility demand 

required in structural design. Also, rocking foundation 

design saves the construction cost of superstructure and 

foundation. This paper reviews the development history 

of the numerical and experimental studies of rocking 

foundation behavior and summarizes the research 

results. 

Keywords— rocking foundation, conventional fixed-

base foundation, numerical studies, experimental 

studies 

1. INTRODUCTION  

2. MOTIVATION OF ROCKING IN FOUNDATION 

The conventional foundation design assumes a full 

rigid connection between a superstructure and its 

foundation, and accounts for seismic energy 
dissipation through inelastic deformations in certain 

components of the structure while ensuring that the 

foundation remains relatively stationary. However, 
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Earthquakes often present themselves as a challenge 

in the design of civil engineering structures. Research 

on earthquakes and seismic performance has led to a 

better understanding of the actual behavior of 

structures during seismic events and hence, has made 

it possible for structures to perform better and 

become safer during and after an earthquake. The 

development history of seismic design of buildings 

and other civil engineering structures includes the 

development of high-performance structural materials 

(such as high-strength concrete, high- strength steel, 

etc.), development of high-performance structural 

components (such as steel-reinforced concrete 

columns, concrete-filled steel tubular columns, 

concealed steel shear walls, steel plate shear walls, 

etc.) and development of high-performance structural 

systems (such as tube in tube, frame tube bundle 

structure system, etc.). These have demonstrably 

helped in increasing the seismic resistance of a 

structure [1]. Another means of seismic control in 

structures is through seismic energy dissipation 

achieved by adding energy dissipation devices in the 

structure (such as viscoelastic dampers, friction 

dampers, tuned mass dampers, tuned liquid dampers, 

etc.). Lastly, base isolation devices can isolate a 

structure from seismic ground motion through 

isolation layers and reduce the seismic acceleration 

input to the structure and ultimately, reduce the 

damage to the structure.  

 

Damage inspection after past earthquakes has shown 

that ability of a structure to rock about its footings 

resulted in the reduction of significant damages in a 

large number of structures. The rocking motion of a 

structure was first identified and studied by G.W. 

Housner (1963) when he discovered that a large 

number of slender structures survived the Chilean 

Earthquake in 1960. A similar phenomenon was also 

studied by Milne and Omori (1893) in the nineteenth 

century and by Kirkpatrick (1927) in the early 

twentieth century. Since then, many researchers have 

investigated the rocking behavior of structures both 

numerically and experimentally and have affirmed 

the suitability of a rocking mechanism as a means of 

base isolation for the reduction of damages to 

structures during earthquakes. Rocking motion, 

established either in the superstructure (structural 

rocking) or through the rotational motion of 

foundation on soil (foundation rocking), is considered 

an effective low-cost base isolation technique [2].  

 

With the gradual development and research over the 

past 50 years, a rocking mechanism has been 

implemented in various structures including bridge 

piers, bridge pile foundations as well as shallow 

foundations for bridges and building structures [3]. 

 

This paper presents the development history in the 

understanding of rocking behavior in foundations 

based on both numerical and experimental studies 

incorporating different rocking structure simulation 

models, ground motion effects, rocking shallow and 

pile foundations, etc. 
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large inelastic deformations can lead to considerable 

damages to the structure, including large residual 

displacements and reduced lateral strength, after an 

earthquake event. As a result, the structure can no 

longer be occupied and needs to be fully replaced. To 
cope with these disadvantages of conventional 

foundations, the concept of “rocking foundations” has 

come to light, which allows for the movement of the 

footing relative to the underlying soil. The constraint 

in between the structure and the foundation is 

released such that the structure can rock back and 

forth (due to its natural re-centering tendency) on 

ground motions. The uplift and the subsequent re-

centering of the structure along the soil-structure 

interface shifts the ductility requirement away from 

the structure itself onto the underlying soil, resulting 

in a reduction in damages and increased stability and 
economy of the structure [4]. Thus, rocking 

foundations can achieve an effective base-isolated 

structure. 

These potential benefits of rocking foundations over 

the conventional fixed-base foundations have led to 

an increase in the horizon of numerical and 

experimental studies since the last century. This paper 

summarizes the efforts made by researchers in the 

field of rocking foundations by presenting the 

highlights of their numerical and experimental studies 

and the corresponding results. 

 

3. DEVELOPMENT HISTORY 

3.1. Numerical Studies 

 
                             figure 1. A rocking block [5]                         

 
figure 2. Connection details of pier foot [7] 
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However, the uplift phenomenon cannot be neglected. 

So, to incorporate the uplift effects on the rocking 

response, other researchers made significant efforts. 

Psycharis and Jennings (1983) [6] investigated the 

dynamic behavior of a rocking rigid block allowed to 

uplift. Elastic foundation with damping was 

considered and two cases: the Winkler model  

(commonly used in soil mechanics) and the 

simplified two-spring foundation model in which the 

structure is supported by two springs and dashpots 

symmetrically placed under the base. This study 

concluded that uplift leads to a softer vibrating 

system and the apparent rocking period increases 

with the amount of uplift.  

Beck and Skinner (1973) [7] conducted the first 

analytical study on a rocking pier with energy 

dissipating devices as an earthquake-resistant 

structural system for bridges which reduces the 

strength and ductility requirements of the pier and 

also, reduces the top displacement of the pier due to 

rocking. This system was successfully applied in New 

Zealand in the design and construction of the South 

Rangitikei Railway Bridge, New Zealand, 

constructed in 1981(figure 3) [8]. As shown in figure 

2, the slender pier frame can be separated from the 

pier cap and the use of steel torsion beam dampers 

can dissipate the energy. Thus, this ductile seismic 

system resulted in no damage to the pier(s) and an 

effective reduction in project cost. 

G.W. Housner (1963) [5] first addressed the rocking of 

a rigid body subjected to lateral base ground 

motions. The ability of structures to rock on their 

footing pad was discovered when 

a large number of slender structures survived the 

Chile earthquake in 1960. The rocking motion of 

these structures were analyzed as an inverted 

pendulum and a closed-form solution was obtained.  

Assumptions made in the analyses were: (i) the 

rocking body and its base are considered to be rigid, 

(ii) sliding and uplift are neglected, and (iii) energy 

dissipated as a result of rocking is described by 

an energy reduction factor. Housner (1963) analyzed 

the rocking block (figure 1) under free excitation and 

calculated the time and energy consumption of the 

rocking rigid body under a constant, horizontal 

acceleration and by a single sine wave and 

overturning force under horizontal earthquake 

excitation. The results showed that the rocking 

structure with a larger size superstructure is more 

stable than one with a smaller size due to the scale 

effect. The stability of tall slender blocks under 

earthquake action is found to be better than its 

stability under constant horizontal force.  
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figure 3. South Rangitikei Railway Bridge [9] 

 

figure 4. Apostolou rigid block model [10] 

 

figure 5. Overturning acceleration vs height [10] 

3.1.1 Study of ground motion effects 
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Kawashima et al. (2003) [9] performed the inelastic 

rocking response of large rigid foundations and found 

out that rigid foundations do not overturn even if they 

are subjected to ground motions with peak 

accelerations much larger than static acceleration in 

the conventional static analysis. 

Apostolou et al. (2007) [10] considered the rocking 

response of a rigid block model as shown in figure 4 

on inelastic bases in their study. They concluded that 

the size effect will have a favorable effect on 

prevention of structural overturning. The slender 

structure with high aspect ratio is more likely to 

overturn than short and broad structure with small 

aspect ratio. To further examine the effects with 

aspect ratio and size, the height of the structure was 

gradually increased keeping width 2B unchanged. 

With increase in height to width ratio, it was found 

that the ground motion acceleration required for 

structural overturning decreases. As the height is 

further increased, the size effect becomes more 

dominant so, the ground motion acceleration required 

for structural overturning increases slightly.  

It is illustrated by the curves shown in figure 5. Thus, 

for a structure with sufficiently large height, it is 

unlikely overturning occurs even under strong 

earthquakes.  

 

parametric study revealed that the steady rocking 

response amplitude is affected by the size of block 

and the excitation frequency in low frequency range. 

A larger block always rocks with a smaller amplitude 

than a smaller block under the same excitation. 

Ishiyama (1983) [13] studied the rocking behavior 

under broadband ground motion.  

 

Near-field ground motions consist of evident velocity 

pulses. Damages observed were more severe in 

structures located at near faults in Northridge 1994 

(USA), Chi Chi 1999 (Taiwan) and Duzce 1999 

(Turkey) earthquakes. The unique high amplitude and 

short to medium duration pulse caused due to the 

forward directivity is another typical feature of near-

field ground motion. Forward-directivity conditions 

produce ground motions characterized by a strong 

pulse or series of pulses best observed in ground 

velocity-time histories.  

 

Markis and Roussos (2000) [14], Markis and Zhang 

(2001) [15], Markis and Konstantinidis (2003) [16] 

studied rocking behavior under pulse type ground 

excitation. The long period velocity pulses 

components contained in the near field ground 

motion adversely affect the rigid body overturning. 

The overturning potential of the recorded ground 

motion depends on both duration and acceleration of 

pulse. 

 

Also, Deng and Kutter (2012) [17] studied the effects 

of ground motion characteristics on seismic response 

of rocking foundation bridges. Effects of both near-

field (pulse-like) and far-field (broadband) ground 

motions were studied. Forty pulse-type ground 

motion and forty broadband ground motions were the 

seismic inputs. Rocking foundation systems are more 

susceptible to collapse under pulse-like motion than 

broadband motion. Pulse type ground motion has a 

Different ground motion excitations can be used to 

numerically simulate the rocking behavior of a rigid 

body. Spanos and Koh (1984), Tso and Wong (1989) 
[11,12] studied the rocking behavior of rigid blocks on a 

rigid base considering harmonic excitations. The 
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figure 6. Geometric and numerical 3D model of bridge with 

rocking pile and rocking shallow foundation [18] 

3.1.2 Study on rocking shallow foundations 

 
 

figure 7. Kawashima bridge model [19] 

3.1.3 Study on rocking pile foundations 

Silva and Manzari (2012) [21] studied the seismic 

evaluation of pile foundation systems subjected to  

rocking by considering a detail for the connection of 

pile heads to pile caps (figure 8) wherein  

the transverse displacements of the pile heads relative 

to pile cap are restrained but uplift of the pile  

cap is allowed from the piles. The model was 

simulated in OpenSees finite element program (figure 

9). Out of 972 total simulations, 486 simulations were 

performed for pile groups without considering 
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vertical directions) was imposed on the model. Under 

bi-directional excitations, rotational stiffness caused 

the curvature ductility requirements of pier to 

decrease and significant  uplift and damping effect 

was observed. For three-dimensional seismic input, 

the vertical acceleration causes change to the pier 

axial force whereas the effect of pier ductility, uplift 

displacement and maximum base reaction is 

negligible. Thus, uplift is insensitive to vertical 

ground motion. Also, on increasing the base size of 

foundation, the stiffness of the structure and flexural 

capacity of foundation increases, thus, the bending 

moment transmitted to pier increases which causes 

increase in ductility demand and decrease in uplift 

displacement. So, size of footing affects the design. 

And, uplift and rocking of foundations decrease the 

structural damage of the structure. 

      

single large velocity pulse with respect to broadband 

ground motion. And the collapse of rocking 

foundation systems is caused by a single, strong 

velocity cycle but not by cumulative cycles. The re-

centering ability of rocking foundation will bring it 

back towards center after every pulse, so collapse is 

caused only by the biggest pulse. 

 

Antonellis and Panagiotou (2013) [18] also studied the 

seismic response of bridges (figure 6) with rocking  

mechanism numerically and compared to fixed base 

bridges at near fault site under the action of  

two seismic hazards i.e.  5% and 2% exceedance 

probability in 50 years. Seismic inputs used are 14  

near-fault pulse type seismic records and biaxial 

horizontal excitations (longitudinal + transverse).  

The result from the simulation in OpenSees showed 

that rocking foundation resulted in a nominally  

elastic response of the columns and deck and very 

small residual lateral deformations and  

minimal settlement of foundations whereas fixed-

base bridges experienced significant inelastic 

deformations. The drift ratios in rocking foundations 

of 17 m tall bridges were 0.8-0.9 times that of fixed-

base bridges. More than 92% of the drift ratios was 

due to rocking of foundations whereas contribution 

from flexural deformations of column was less than 

8%.  

 

Sivapalan and Kutter (2008) [20] studied the shallow 

footing subjected to rocking using numerical 

simulations on OpenSees finite element framework 

and compared the simulation results with centrifuge 

experiment results. They presented the results in 

terms of capacity, energy dissipation and settlement 

of shallow foundation and found out that rocking of 

shallow footing leads to improvement in seismic 

performance of structures. Further conclusions from 

the study were: (a) rocking mechanism does not lead 

to large permanent settlements, (b) the self-centering 

characteristics of rocking foundation is associated 

with uplift and gap closure and (c) rocking footings in 

place of, or in combination with, structural base 

isolation and energy dissipation devices improves the 

performance of structure during seismic loading. 
Kawashima and Nagai (2006) [19] demonstrated the 

effect of rocking seismic isolation for a 10m tall 

standard height bridge supported by spread footing 

under three directional excitations. A 200m long 5 

span continuous bridge (figure 7) supported by two 

abutments and four reinforced concrete columns 

resting on spread foundations was analyzed. The soil 

foundation interaction was idealized by  

nonlinear soil springs. Deck and foundation were 

assumed to be rigid and their masses were lumped  

at their gravity centers. Kobe 1995 (near-field 

earthquake excitation with ground acceleration 

components along North-South, East-West and 
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figure 8. Pile-pile cap connection details in conventional and 

rocking pile foundation [21] 

 

 
figure 9. 3D FEM model [21] 

 

Kutter and Allmond (2014) [22] studied the design 

considerations for rocking foundations on unattached 

piles. This research explained the effectiveness and 

3.2 Experimental  Studies 

Along with the numerical studies, numerous 

experimental studies were also performed by number 

of researchers to investigate the effectiveness of 

rocking structures. The large-scale experimental 

studies include: a) shake table tests of structures 

supported on rigid or flexible bases, b) large-scale 

static cyclic tests of foundations or simple structures 

in large soil-boxes, and c) centrifuge tests 

 

3.2.1 Shake table and large-scale tests 

             
figure 10. 3 storey model [24]              figure 11. 9 storey steel frame [25] 
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rocking i.e. conventional  

foundation and 486 simulations were done for pile 

groups with rocking mechanism. Simulations were 

carried out by making variations in the modelling 

parameters; three different earthquake ground 

motions, three column aspect ratios, three axial load 

levels, three pile spacings, three soil types and 

unidirectional and bi-directional loading. For 

modelling soil effects around the piles, discrete 

nonlinear spring elements were used which were 

modelled as zero length elements in OpenSees: p-y 

springs describe the horizontal resistance of the soil, 

t-z springs describe the vertical friction of the soil on 

the side of pile and q-z spring describe the vertical 

end bearing resistance at pile bottom. Then, 

OpenSees Finite Element Model (FEM) simulation 

results were evaluated based on design shear force 

demand on columns, system drift demand on the 

columns and the factor of safety against overturning. 

The results showed reduction in shear force demand 

on columns, decrease in design drift demand on the 

columns and an increased factor of safety against  

overturning. Therefore, this study supports that the 

seismic performance of the structure is improved 

when the pile caps are allowed to rock over the 

underlying piles. 

 

practicality of using unattached piles in mitigating the 

settlement problem in rocking systems. An optimal 

foundation system with proper design consideration 

would capture the energy dissipation and re-centering 

of rocking foundations as well as simultaneously 

strengthen the soil foundation to reduce the residual 

deformations.  

Fatahi et al. (2019) [23] studied performance of bridges 

with rocking pile foundation under various soil 

conditions i.e. rock, stiff clay, medium stiff clay and 

soft clay. On comparing the dynamic responses of 

these bridges in longitudinal and transverse 

directions, it was observed that the bridges with 

rocking pile foundation in softer soil experienced 

larger deck displacements and larger bending 

moments in piles and piers. It showed that since the 

performance of rocking pile on soft soil is poorer than 

that on stiff soil, separate design provisions are to be 

made for induced large displacements and high 

structural forces. 

 

Clough and Huckelbridge (1977) [24,25] performed the 

shaking table tests of buildings using rocking 

foundations supported on a rigid base. Shaking table 

tests were conducted on one 3-storey and one 9-

storey steel frame structures using 1:3 scale models 

(as shown in figure 10 and 11), which revealed that 

uplift of foundation can effectively reduce the 

strength and ductility requirements of the structure 

and the maximum base shear can be reduced by 50%. 

Rollers were used to emulate the lifting effect of the 

structure as shown in figure 12. 
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figure 12. Roller base of column [25] 

 
figure 13. Chen’s rocking pier model on shaking table [26] 

 
 

 
figure 14. Large scale shake table tests specimen [28] 
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Experimental research was also performed on bridges 

with rocking foundation. Various researchers 

conducted the shake table tests of single column or 

two columns bridge piers supported on rocking 

foundations (Saidi et al 2002, Sakellaraki and 

Kawashima 2006, Chen et al. 2006, Espinoza and 

Mahin 2008). 

 

Chen et al. (2006) [26] constructed a prototype of 100 

m viaduct pier in 1:50 scale (figure 13) to evaluate 

the rocking pier system which concluded that the 

rocking system can dissipate significant amount of 

seismic energy. The effective natural period of a 

structure depends on the amplitude of rocking i.e. the 

greater the rocking, the longer the period and the 

smaller the rocking, the shorter the period. Since the 

natural period of a rocking system is not fixed to a 

certain range as compared to conventional system, the 

occurrence of resonance can be effectively avoided 

which induces damping in the structure. It was found 

that the more the seismic excitation, the more obvious 

is the damping effect in structure. 

and overturning moments developed at the soil-

foundation interface. 

Antonellis, G, Gavras, AG, Panagiotou, M, et al. 

(2015) [28] performed the shake table tests of large-

scale bridge columns supported on rocking shallow 

foundations. The shake table tests comprised of two 

460 mm diameter columns supported on 1.5 m square 

shallow rocking foundation specimen placed inside a 

soil confining box 10.1 m long, 4.6 m width and 3.4 

m height of clean sand compacted at 90% relative 

density (figure 14). Groundwater and backfill 

conditions were also considered in these tests. These 

tests successfully achieved the response objectives of 

rocking foundations. For the peak drift ratios up to 

6.9%, the rocking foundations performed very well 

with minimal settlements and no structural damage 

was observed and the residual drift ratios between 0.5 

and 0.9% were obtained based on backfill conditions. 

Uplift of foundation caused sand falling under the 

edges of rocking footing, which kept the rocking edge 

always in contact with soil maintaining the rocking 

stiffness of the foundation, and hence, reduced 

settlements and enhanced energy dissipation. They 

also observed induced vertical accelerations as the 

gap between soil and footing closed during rocking 

phenomenon, which caused increase in axial load on 

columns and change in moment resistance of 

foundations. This research helped to understand and 

quantify the overall behavior of rocking phenomenon 

in shallow foundations. 

 

 

Paolucci et al. (2007) [27] performed large-scale 

experimental studies taking into consideration the 

geotechnical aspects of rocking of shallow 

foundations. A large-scale shake table equipment was 

set up for inducing the realistic seismic loads on a test 

model that could represent nonlinear dynamic soil-

structure interaction (SSI) behavior. The experimental 

results showed the importance of consideration of soil 

structure interaction effects to predict the motion of 

rocking shallow foundation and force transmission to 

the soils within the reasonable degree of accuracy. 

The seismic behavior was interpreted based on 

sequences of shaking table test results in terms of 

displacements and rotations of test model and forces 

The latest experimental study on seismic performance 

comparison of bridge models with conventional and  

rocking pile group foundation was done by Guan et 

al. (2018) [29]. Two large scale mass-column-

42



ISBN 978-9937-0-9019-3

 
figure 15. Test models with conventional and rocking foundation 

[29] 

Test results were expressed in terms of: failure 

modes, global hysteretic response, response of the 

foundation, residual deformation, residual stiffness 

and effective damping, and comparision for both 

models were made. Rocking pile foundation suffered 

very less damage as compared to the conventional 

foundation. Global hysteretic response (shown in 

figure 16) under the cyclic loading showed that at 

small loading cycles, both test models yielded similar 

spindle-shaped loops and as the loading increased and 

the uplift phenomenon was observed in the pile cap, 
flag-shaped hysteretic loops representing excellent 

resilient capacity were observed in the rocking piles 

and the force transferred to the rocking foundation 

almost remained constant. Peak force at the drift ratio 

of 6% for the conventional foundation model was 

found to be approximately 2.1 times greater than 

rocking foundation model. 

 
figure 16. Hysteretic behaviour: Rocking foundation and 

Conventional foundation [29] 

3.2.2 Cetrifuge tests on rocking shallow and pile 

foundations 

[30]

 
figure 17. Experimental setup of centrifuge modeling of simple 

bridge system [31] 

The centrifuge tests are not limited only in shallow 

foundations. Researches extended their study towards 

the centrifuge tests on rocking pile foundations 
(Pecker 2006; Allmond and Kutter 2012; Loli et al. 

2015). Allmond and Kutter (2012) [32] performed 

centrifuge tests to explore the effectiveness of using 

unconnected piles in foundation as a potential 

settlement mitigation technique. They also performed 
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Deng et al. (2012a) [31] performed centrifuge 

modelling of a simple bridge system (soil-foundation-

pier-column-deck-abutment) to study the interaction 

of a rocking system with rest of the bridge structure. 

The experimental setup is shown in figure 17. The 

seismic performance of two different piers, one with 

plastic hinge and another with rocking foundation 

were also compared. It was found that a rocking 

foundation has a superior tendency to re-center 

compared to a hinging column. Also, a rocking 

foundation has a significant moment capacity and 

there is no strength degradation under cyclic loading. 

The P – Δ moment for a hinging column is always 

destabilizing, however, for a rocking foundation 

system, if the displacement of the deck does not 

exceed the outer edge of foundation, P – Δ moment 

contributes to the restoring mechanism. An improved 

method for quantification of settlements associated 

with rocking shallow foundation was also suggested. 

, based on the results of centrifugal tests, concluded 

that the re-centering, energy dissipation and 

settlement behavior of rocking footings are better 

correlated to critical contact area ratio A/Ac where A 

is area of footing and Ac is minimum soil-footing 

contact area supporting the vertical load during 

rocking. The appropriate reduction in size of footing 

can help enhance the rocking behavior about the 

footing base caused by seismic loading while 

permanent settlement and rotation increase and 

construction cost decreases. 

Since the early 21st century, centrifuge tests became 

popular in understanding the geotechnical problems 

because of the significantly lower cost and accurate 

modelling of soil stresses. Many researchers have 

performed the centrifuge tests of simple piers which 

were supported on rocking shallow foundations 

(Kutter et al. 2006; Gajan et al. 2008; Ugalde et al. 

2010). They all concentrated their study on rocking 

behavior of shallow foundations. Gajan et al. (2008) 

foundation bridge models (scale factor= ¼), one 

resembling to rocking pile group foundation and 

another conventional foundation, were designed, 

constructed and tested under static cyclic loading. 

The details of those test models are illustrated in 

figure 15. The model used the effective pile with 

short pile length and the end plates attached to the 

bottom of piles and special details for pile to cap 

connections.  Validity of effective pile model was 

tested developing nonlinear FE models on OpenSees 

which showed that the short pile with an equivalent 

length embedded in soil can properly simulate the 

lateral loading behavior of a full-length pile.  
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4. APPLICATIONS 

The successful numerical and experimental studies on 

suitability of rocking foundations have led to its 

implementation in design and retrofit of several 

structures. Priestley et al. 1978 and 1996, Pollino and 
Bruneau 2007 [33] and Astaneh-Asl et al. 1996[34] 

proposed the use of rocking foundation for design and 

retrofit of bridges. In the construction of Rion 

Antirion Bridge, Greece [35], the foundations of the 

structure i.e. reinforced soil (clay-steel composite) 

and the pylon bases are not rigidly connected such 

that pylon bases are allowed to experience uplift or 

slide with respect to reinforced soil which resulted 

that the forces and overturning moments applied to 

the soil always remain within the bounding surface 

during analysis and confirmed to be very good 
behavior of fully suspended deck in isolation. 

     

 
figure 18. Rocking and uplifting of tower base [36] 

 

5. SUMMARY OF EXISTING STUDIES 

Thus, based on the state-of-the-art numerical and 

experimental studies carried out in the past, rocking 

structures and foundations have proved to be 

effective and beneficial for better seismic 

performance of structures. A brief summary of 

conclusions drawn from existing studies on rocking 

foundations are listed below: 

 
➢ Rocking foundation predominantly relies on 

the non-linear behavior of soil and its 

hysteretic, energy dissipating nature. 

➢ Rocking foundation is superior to 

conventional fixed base foundation since it 

helps in effective dissipation of seismic 

energy on structures and provides effective 

low-cost base isolation. 

➢ Rocking foundation is equally effective in 

shallow and deep pile foundations of 
buildings and bridges. 

➢ Soil-structure dynamic interaction is crucial 

in the study of rocking foundation 

phenomenon. 

➢ Rocking foundation systems are more 

susceptible to collapse under pulse-like 

motion than broadband motion. 

➢ In rocking shallow foundations, with the 

increase in size of footing, foundation 

rocking, uplift and isolation effects decrease. 

➢ In rocking pile foundation, rocking and 

uplift of pile cap over the piles provides 
beneficial isolation with energy dissipation 

by transfer of ductility demand from 

structure to underlying soil and thus, the 

structure remains elastic during seismic 

events. Only compression and shear forces 

are transferred to piles through pile-cap-to-

pile connection, so bending moments and 

tensile forces in the piles are drastically 

reduced. 

➢ The major concern for rocking foundation 

systems is the potential of significant 
accumulation of settlement or residual 

rotations in poor soil i.e. liquefiable soil, soft 

soil and submerged soil. For those types of 

soils, ground soil improvement around the 

rocking edges of footings and unattached 

piles with no tensile connection with 

footings can significantly strengthen the soil 

and reduce the residual deformations. 

 

6. FUTURE WORK DIRECTIONS 

Although researches have clearly shown the benefits 

of using rocking behavior in foundation, design codes 
do not allow the use of foundation rocking because of 

the issues of permanent settlements and rotation of 

foundation resulting due to rocking. Design codes in 

the US explicitly state that “Foundation rocking shall 

not be used for the design of bridges”. Thus, in order 

to promote the application of rocking foundation 

structure as a measure for seismic energy dissipation 

in structures, a complete set of structure design 

methods incorporating the rocking foundation need to 

be established. The overall and local deformation of 

rocking foundation structures, deformation limit, 
limit of rotation of foundation, additional damping 

ratio etc. are the additional areas of researches in 

rocking foundation. 
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the tests in saturated sand over a liquefiable soil layer. 

9 m radius centrifuge specimen was used to conduct 

the test. The test results showed that although 

settlements of the foundation were large, the residual 

rotations were tolerable on liquefiable soil as the 

structure remained intact, and negligible yielding of 

column was observed in the tests. Unconnected piles 

on footing experienced significant settlements and 

rotations, but it could be an option to mitigate the 

settlements allowing rocking by preventing the 

footing from sliding. 

 

 

Retrofit of bridges, like the Golden Gate Bridge, San 

Francisco, California [36](figure 18), the Carquinez 

Bridge, Vallejo, California [37] and Lions Gate Bridge, 

Vancouver, British Columbia [38] also implemented 
the concept of rocking foundation. 
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