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뒷채움이 부실한 묻힌기초 위에 세워진 건축물의 

지반증폭계수에 대한 저감계수

Reduction Factor for the Site Coefficient of a Building built on a 
Poor-backfilled Embedded Foundation

김용석1)

Kim, Yong Seok

국문 요약 >> 이 논문에서는 뒷채움이 부실한 묻힌기초 위에 세워진 건축물의 지반증폭계수에 대한 기초묻힘으로 인한 저감계수를 산

정하기 위한 연구를 비선형 의사 3D 수평지진해석이 가능한 P3DASS 유한요소 프로그램으로 수행하였다. 지반은 30m 두께로 균질하고 

탄성과 점성이 있는 등방성 지반으로 단단한 암반 위에 놓인 것으로 가정하였고, 기초는 반경이 10-70m인 등가원형 강체기초로 기초묻힘

은 0, 10, 20, 30m인 경우를 고려하였다. 지진해석은 노두에서 실측한 7개 지진기록의 유효지진가속도를 0.1g로 조정한 후 연약지반 

밑 암반에서의 지진기록을 생성하여 수행하였다. 연구 결과에 의하면, 매우 연약한 지반에 깊게 묻힌 뒷채움이 부실한 소형기초인 경우를 

제외하고는 지반증폭계수가 기초묻힘비가 깊어 질수록 점진적으로 감소하고 기초크기에 따른 편차는 크지 않은 것으로 평가되었다. 따라

서 뒷채움이 부실한 묻힌기초의 지반증폭계수를 설계기준에 주어진 지표면기초의 지반증폭계수에 곱해서 구할 수 있는 표준저감계수를 

전단파속도와 지반종류에 따라 제안하였다. 이 표준저감계수는 지반의 평균전단파속도에 따라 보간하여 사용할 수도 있다.

주요어 부실한 뒷채움, 묻힌기초, 지반증폭계수, 저감계수, P3DASS 유한요소 프로그램

ABSTRACT >> In this paper, the reduction factors to calculate the site coefficients of an embedded foundation are estimated, 
considering the effect of a poor backfill for the seismic design of a building built on an embedded foundation. This is determined 
by utilizing in-house finite element software, P3DASS, which has the capability of horizontal pseudo 3D seismic analysis with 
nonlinear soil. The 30m thick soil on stiff rock was assumed to be homogeneous, elastic, viscous and isotropic, and equivalent 
circular rigid foundations with radii of 10-70m were assumed to be embedded 0, 10, 20, and 30 m in the soil. Seismic analyses 
were performed with 7 bedrock earthquake records de-convoluted from the outcrop records; the scaling of the peak ground 
accelerations were to 0.1 g. The study results show that the site coefficients of a poor-backfilled foundation are gradually reduced 
as the foundation embedment ratio increases, except in the case of a small foundation embedded deeply in the weak soft soil. In 
addition, it was found that the deviation of the site coefficients due to the foundation size was not significant. Therefore, the typical 
reduction factors of an embedded foundation with poor backfill are proposed in terms of the shear wave velocity and site class. 
This is in order to find the site coefficients of an embedded foundation by multiplying the reduction factor by a site coefficient 
of a surface foundation specified in the design code. They can then be interpolated to determine the intermediate shear wave 
velocity.

Key words Poor-backfill, Embedded foundation, Site coefficient, Reduction factor, Finite element software of P3DASS

1. Introduction

In the seismic design of a building it is essential to 
consider the site soil condition and the effects of the 
structure-soil interaction for the reasonable prediction of the 
design response acceleration of a building. Site coefficients 
specified in International Building Code (IBC)(1) and 
Korean Building Code (KBC)(2) are applicable to the 
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<Fig. 1> Pseudo 3-D Finite Element Model

seismic analyses of a building built on the surface 
foundation in the practical point of view, and they could lead 
the seismic design of a building with an embedded foundation 
too conservative causing the considerable increase of the 
construction cost. 

It is necessary to perform a seismic design through the 
site specific analysis of the foundation-soil system instead of 
applying the site coefficients specified in the code to take 
account into the seismic advantages of an embedded 
foundation. However, it is quite complicate and difficult 
work for professional engineers who are not familiar with 
the theoretical knowledge of the structure-soil interaction to 
perform the site specific analysis of the foundation-soil 
system. The site specific analysis have to be performed with 
the specialized 3D finite element software which is not 
available for the practical use.(3) Therefore it would be 
useful to systemize the process to find the site coefficients of 
the embedded foundation-soil system to solve the practical 
difficulty and to reflect the site coefficients of the embedded 
foundation-soil system on the seismic design code in the 
rational and logical manner. In this paper, the reduction 
factors estimated through the seismic response analyses of 
surface and embedded foundation-soil systems considering 
the effects of the structure-soil interaction are proposed to 
calculate a site coefficient of the embedded foundation-soil 
system multiplying the reduction factor to the site coeffi-
cient of a surface foundation specified in the design code.

Researchers had studied on the seismic response amplifi-
cation of a structure built on the foundation-soil system, 
neverthless most of the researches are related to the 
2-dimensional characteristics of the soil layer and the 
foundations built on the surface of the soil.(4),(5) Researches on 
the seismic responses of surface and embedded foundation-
soil systems were performed taking account into the 
3-dimensional characteristics of the foundation-soil system 
by Kim.(6-9) But it is hard to find the systematic study results 
on the reduction of site coefficients of a structure due to the 
characteristics of the embedded foundation-soil system.

In this study, seismic response analyses of a single degree 
of freedom (SDOF) building system built on a foundation 
embedded in the 30m soil were performed utililizing an 
in-house software of Pseudo 3-Dimensional Dynamic 
Analysis of Structure-soil System (P3DASS). Seismic 
analyses were carried out for 5 different radii and 4 different 

embedded depths of an equivalent circular foundation 
considering the poor contact between the embedded 
foundation and the soil.

Reduction factor of the embedded foundation-soil system 
is estimated dividing the response amplification factor of the 
embedded foundation-soil system by that of the surface 
foundation-soil system in short and 1-second period ranges. 
Ea and Ev representing the reduction factors in short and 
1-second period ranges respectively are proposed in terms 
of averaged shear wave velocities and site classes for the 
seismic design of a structure built on the embedded foundation.

2. Seismic Response Analysis Model of 

Structure-Soil System 

The finite element software of P3DASS used in this study 
was developed to perform the horizontal seismic analysis of 
a structure built on surface or embedded foundation built in 
linear or nonlinear soil. P3DASS can solve the seismic 
response of a SDOF building system built on the muti-layered 
soil at a time collectively.(7) The soil for a foundation is 
assumed to be layered on relatively stiffer soil or bedrock as 
shown in Fig. 1. The detailed explanations for the modeling 
can be found in the references of Kim, Kausel and 
Roesset.(7),(10),(11)

In this study, the 30m thick soil lying on stiff bedrock was 
considered assuming that it is horizontally homogeneous, 
elastic, viscous and isotropic. Five shear wave velocities of 
100, 180, 360, 760 and 1500 m/s for a site soil layer were 
considered to classify the site and to interpolate the site 
coefficients in this seismic analyses. The strength of 50cm 
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<Table 1> Seven Weak or Moderate Earthquake Records

No. EQ. Name Component
Max. 
Acc.

 (m/s2)

Natural
Period
(sec)

Magnitude Duration
(sec)

Epicenter 
Distance (km)

Site
Class

1 San Francisco 1957 Golden Gate Park GGP100 1.098 0.15 5.3 39.72 11.1

B

2 San Fernando 1971 Lake Hughes #9 L09291 1.314 0.10 6.6 34.89 23.1

3 Coyote Lake 1979 Giroy Valley #1 G01230-2 1.010 0.10 5.7 36.83 12.6

4 N. Palm Springs 1986 Silent Valley -Poppet F. SIL000-2 1.363 0.10 6.0 24.00 27.7

5 Whittier Narrows 1987 Mt. Wilson-CIT B-MTW000 1.549 0.15 5.3 22.00 18.7

6
Northridge 1994

Lake Hughes #9 L09000 1.618 0.20
6.7 40.00 44.8

7 Mt. Wilson-CIT MTW090 1.314 0.20

<Fig. 2> Response Spectra of 7 Earthquake Records (0.1g) 

thick soil around an embedded foundation was assumed to 
be negligible to take account into the poor-backfill effect, as 
it is practically hard to evaluate the properties of a 
poor-backfill soil. The unit weight of the soil were assumed 
to be 16, 16, 18, 20 and 26 kN/m3 depending on the shear 
wave velocities, and Poisson's ratio of 0.3 and initial 
damping ratio of 0.05 were also assumed. Furthermore the 
foundation was taken as a rigid cylinderical mat foundation 
with the embedment of E, and the unit weight of a mat 
foundation embedded less than 3.3m was set equal to 23.5 
kN/m3 and, otherwise, 3.56 kN/m3. The seismic design response 
spectrum of a SDOF system was prepared assuming the 
damping ratio of  0.05.

Seven records shown in Table 1 were selected among the 
1557 seismic records which were provided by the Pacific 
Earthquake Engineering Research Center (PEER)(12) in 
Berkeley for the seismic analyses. They were recorded at 
rock sites having shear wave velocity of greater than 750m/s 
defined by United States Geology Survey (USGS) or at the 
site estimated as A (rock) by the Geomatrix site classification 
system. The peak accelerations of seismic records were 
scaled to be 0.1g for the study, and the corresponding 
response spectra are shown in Fig. 2. However, as these 
seismic records were recorded at the outcrop corresponding 
to the site class B in IBC. So it is necessary to generate the 
seismic records at the bedrock located at 30m below the 
outcrop through the de-convolution process assuming that 
the shear wave velocity of the site class B is 1050m/s for the 
rational seismic analysis of the structure-soil system.(13)

Seismic analyses of the structure-soil system were 
performed in the frequency domain of 0 to 30 Hz for the 
structures having the fundamental period from 0 to 2 second 
with the interval of 0.1 second.

3. Site Coefficients of Linear Soil Layer 

ignoring Backfill around Embedded 

Foundation   

Seismic analyses of a building built on an embedded 
foundation resting on linear soil site were performed to find 
the elastic response spectra with seven earthquake records 
scaled the peak accelerations to 0.1g considering the effects 
of the structure-soil interaction, but ignoring the strength of 
50cm thick backfill soil around an embedded foundation. 
The site coefficient Fa for the site shear wave velocities of 
100, 180, 360 and 1500 m/s was estimated by averaging the 
mean plus one standard deviation response spectra of seven 
earthquakes from 0.1 second to 0.5 second. The site 
coefficient Fv which is the amplification factor at the period 
of 1 second representing the long-period range was also 
estimated by averaging the response spectra from 0.4 
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<Table 2> Site Coefficient of Fa for Embedded Foundation (Ignoring backfill)

H(m) E(m) E/H R(m) R/H
Shear Wave Velocity(m/s)

100 180 360 760 1500

30

0 0

10 1/3 0.2084 0.2680 0.4308 0.3670 0.1924
20 2/3 0.2083 0.2678 0.4292 0.3671 0.1923
30 1 0.2026 0.2648 0.4243 0.3659 0.1922
50 5/3 0.2006 0.2627 0.4223 0.3647 0.1921
70 7/3 0.1989 0.2622 0.4187 0.3633 0.1918

10 1/3

10 1/3 0.1732 0.1817 0.3270 0.3137 0.1804
20 2/3 0.1688 0.1897 0.2979 0.2902 0.1752
30 1 0.1678 0.1900 0.3104 0.2733 0.1717
50 5/3 0.1691 0.1934 0.2754 0.2509 0.1671
70 7/3 0.1728 0.2021 0.2804 0.2374 0.1640

20 2/3

10 1/3 0.3276 0.4832 0.2187 0.2073 0.1549
20 2/3 0.2333 0.3490 0.1971 0.1924 0.1514
30 1 0.2144 0.3408 0.1923 0.1862 0.1498
50 5/3 0.2057 0.3462 0.1958 0.1789 0.1472
70 7/3 0.2019 0.3530 0.2043 0.1753 0.1461

30 1

10 1/3 0.1362 0.1362 0.1362 0.1362 0.1362
20 2/3 0.1362 0.1362 0.1362 0.1362 0.1362
30 1 0.1362 0.1362 0.1362 0.1362 0.1362
50 5/3 0.1362 0.1362 0.1362 0.1362 0.1362
70 7/3 0.1362 0.1362 0.1362 0.1362 0.1362

<Table 3> Site Coefficient of Fv for Embedded Foundation (Ignoring backfill)

H(m) E(m) E/H R(m) R/H
Shear Wave Velocity(m/s)

100 180 360 760 1500

30

0 0

10 1/3 0.0891 0.1132 0.0688 0.0406 0.0371
20 2/3 0.0953 0.1141 0.0689 0.0408 0.0371
30 1 0.0828 0.1083 0.0682 0.0406 0.0371
50 5/3 0.0826 0.1087 0.0683 0.0406 0.0371
70 7/3 0.0812 0.1075 0.0682 0.0406 0.0371

10 1/3

10 1/3 0.0662 0.0909 0.0611 0.0398 0.0369
20 2/3 0.0635 0.0829 0.0576 0.0394 0.0367
30 1 0.0615 0.0780 0.0572 0.0391 0.0367
50 5/3 0.0590 0.0726 0.0525 0.0387 0.0367
70 7/3 0.0603 0.0710 0.0508 0.0386 0.0366

20 2/3

10 1/3 0.0813 0.0625 0.0456 0.0378 0.0364
20 2/3 0.0679 0.0543 0.0437 0.0376 0.0364
30 1 0.0680 0.0529 0.0428 0.0374 0.0363
50 5/3 0.0698 0.0515 0.0416 0.0372 0.0362
70 7/3 0.0712 0.0515 0.0435 0.0371 0.0362

30 1

10 1/3 0.0360 0.0360 0.0360 0.0360 0.0360
20 2/3 0.0360 0.0360 0.0360 0.0360 0.0360
30 1 0.0360 0.0360 0.0360 0.0360 0.0360
50 5/3 0.0360 0.0360 0.0360 0.0360 0.0360
70 7/3 0.0360 0.0360 0.0360 0.0360 0.0360

second to 2.0 second.(14),(15)

Elastic response spectra were built for the cases of the 
radii of an equivalent circular foundation of 10, 20, 30, 50, 
70 m and the embedment depths of the foundation of 0, 10, 
20, 30 m. The foundation radii normalized by the soil layer 
depth of 30m (R/H) are 1/3, 2/3, 1, 5/3, 7/3, and the 
normalized foundation embedment depths (E/H) are 0, 1/3, 
2/3, 1.  

The site coefficients Fa and Fv associated with the 
foundation embedment depth, radius of the foundation and 
shear wave velocity of the soil layer are shown in Table 2 
and Table 3 respectively, and they are also plotted on the 
Fig. 3.

The variations of Fa and Fv due to the R/H ratio and the 
shear wave velocity are shown in Fig. 4 for different values 
of E/H ratio. 
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(a) Cases of E/H= 0 and 1 (b) Cases of E/H= 1/3 and 2/3

<Fig. 3>  Variation of Site Coefficient Fa for Embedded Foundation (Ignoring backfill)

(a) Cases of E/H= 0 and 1 (b) Cases of E/H= 1/3 and 2/3

<Fig. 4>  Variation of Site Coefficient Fv for Embedded Foundation (Ignoring backfill)

 The site coefficients Fa and Fv are not sensitive to the 
foundation radius (size) in the cases of surface foundation 
on soft soil (E/H=0) and rigid foundation on bedrock 
(E/H=1), indicating that Fa and Fv factors are almost 
independent on the radius of a foundation. And site coefficients 
of an embedded foundation with the embedment ratios of 
1/3 and 2/3 are affected a little by the foundation radius, if 

the foundation radius is larger than 20m (R/H=2/3, 1, 5/3, 
7/3). In the case of the foundation radius of 10m (R/H=1/3)  
with embedment of 20m (E/H=2/3), Fa values with the 
lower shear wave velocities of 100 and 180 m/s deviate 
somewhat from those in the other cases as shown in Figure 3 
(b). However this is because the response of a small 
foundation was amplified in the short-period range by 3 
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<Table 4> Ea: Site Coefficient normalized by Surface one (Ignoring backfill)

H(m) R(m) R/H E(m) E/H
Site Class / Shear Wave Velocity(m/s)

E D C B A
100-180 180-360 360-760 760-1500 ≥1500

30

10 1/3

 0 0 1 1 1 1 1
10 1/3 0.831 0.678 0.759 0.855 0.938
20 2/3 1.572 1.803 0.508 0.565 0.805
30 1 0.654 0.508 0.316 0.371 0.708

20 2/3

 0 0 1 1 1 1 1
10 1/3 0.810 0.708 0.694 0.791 0.911
20 2/3 1.120 1.303 0.459 0.524 0.787
30 1 0.654 0.509 0.317 0.371 0.708

30 3/3

 0 0 1 1 1 1 1
10 1/3 0.828 0.718 0.732 0.747 0.893
20 2/3 1.058 1.287 0.453 0.509 0.779
30 1 0.672 0.514 0.321 0.372 0.709

50 5/3

 0 0 1 1 1 1 1
10 1/3 0.843 0.736 0.652 0.688 0.870
20 2/3 1.025 1.318 0.464 0.491 0.766
30 1 0.679 0.519 0.323 0.374 0.709

70 7/3

 0 0 1 1 1 1 1
10 1/3 0.869 0.771 0.670 0.654 0.855
20 2/3 1.015 1.346 0.488 0.483 0.762
30 1 0.685 0.520 0.325 0.375 0.710

<Table 5> Ev: Site Coefficient normalized by Surface one (Ignoring backfill)

H(m) R(m) R/H E(m) E/H
Site Class / Shear Wave Velocity(m/s)

E D C B A
100-180 180-360 360-760 760-1500 ≥1500

30

 10 1/3

 0 0 1 1 1 1 1
 10 1/3 0.743 0.803 0.888 0.980 0.995
 20 2/3 0.913 0.552 0.663 0.931 0.981
30 1 0.404 0.318 0.523 0.887 0.970

20 2/3

 0 0 1 1 1 1 1
10 1/3 0.666 0.727 0.836 0.966 0.989
20 2/3 0.713 0.476 0.634 0.922 0.981
30 1 0.378 0.316 0.523 0.882 0.970

30 3/3

 0 0 1 1 1 1 1
10 1/3 0.743 0.707 0.839 0.963 0.989
20 2/3 0.821 0.479 0.628 0.921 0.978
30 1 0.439 0.326 0.528 0.887 0.970

50 5/3

 0 0 1 1 1 1 1
10 1/3 0.714 0.668 0.769 0.953 0.989
20 2/3 0.845 0.474 0.609 0.916 0.976
30 1 0.436 0.331 0.527 0.887 0.970

70 7/3

 0 0 1 1 1 1 1
10 1/3 0.743 0.661 0.745 0.951 0.987
20 2/3 0.877 0.479 0.638 0.914 0.976
30 1 0.443 0.335 0.528 0.887 0.970

earthquakes out of 7 ones due to the soft soil beneath the 
foundation having a low shear wave velocity. The 
deviations caused by 3 earthquakes were too large due to the 
resonance in the period range of 0.3-0.4 second.

Therefore it can be concluded that the site coefficients Fa 
and Fv are almost independent on the foundation size 
practically, because only a small building built on soft soil 

with the foundation radius smaller than 10m (R/H=1/3) has 
approximately 50% greater site coefficient of Fa.

The reduction factors of Ea and Ev representing the site 
coefficients of an embedded foundation normalized by the 
site coefficients of a surface foundation (E/H=0) are shown 
in Table 4 and Table 5 in terms of foundation radius (R), 
embedment depth (E) and shear wave velocity. The 
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(a) Cs = 100m/s

(b) Cs = 180m/s

(c) Cs = 360m/s

(d) Cs = 760m/s

(e) Cs = 1500m/s

<Fig. 5> Reduction Factors of Ea and Ev (Ignoring backfill)

variation of the reduction factors of Ea and Ev associated 
with foundation radius-soil depth ratio (R/H) and foundation 
embedment-soil depth ratio (E/H) is also shown in the form 

of 3-dimensional graphs in Fig. 5 for 5 different shear wave 
velocities. The variation of reduction factors is almost 
independent on the R/H ratio decreasing linearly as the 
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<Table 6> Mean plus One Standard Deviation of Ea and Ev (Ignoring backfill) 

Shear Wave 
Velocity

(m/s)
R/H

E/H
Ea Ev

0 1/3 2/3 1 0 1/3 2/3 1

100

1/3 1 0.83 1.57 0.65 1 0.74 0.91 0.40
2/3 1 0.81 1.12 0.65 1 0.67 0.71 0.38
1 1 0.83 1.06 0.67 1 0.74 0.82 0.44

5/3 1 0.84 1.03 0.68 1 0.71 0.85 0.44
7/3 1 0.87 1.02 0.69 1 0.74 0.88 0.44

Mean+SD 1 0.86 1.39 0.68 1 0.76 0.91 0.44

180

1/3 1 0.68 1.80 0.51 1 0.80 0.55 0.32
2/3 1 0.71 1.30 0.51 1 0.73 0.48 0.32
1 1 0.72 1.28 0.51 1 0.71 0.48 0.33

5/3 1 0.74 1.32 0.52 1 0.67 0.47 0.33
7/3 1 0.77 1.35 0.52 1 0.66 0.48 0.34

Mean+SD 1 0.76 1.63 0.52 1 0.77 0.53 0.33

360

1/3 1 0.76 0.51 0.32 1 0.89 0.66 0.52
2/3 1 0.69 0.46 0.32 1 0.84 0.63 0.52
1 1 0.73 0.45 0.32 1 0.84 0.63 0.53

5/3 1 0.65 0.46 0.32 1 0.77 0.61 0.53
7/3 1 0.67 0.49 0.32 1 0.75 0.64 0.53

Mean+SD 1 0.75 0.50 0.33 1 0.87 0.65 0.53

760

1/3 1 0.86 0.57 0.37 1 0.98 0.93 0.89
2/3 1 0.79 0.52 0.37 1 0.97 0.92 0.88
1 1 0.75 0.51 0.37 1 0.96 0.92 0.89

5/3 1 0.69 0.49 0.37 1 0.95 0.92 0.89
7/3 1 0.65 0.48 0.38 1 0.95 0.91 0.89

Mean+SD 1 0.83 0.55 0.37 1 0.97 0.93 0.89

1500

1/3 1 0.94 0.81 0.71 1 1 0.98 0.97
2/3 1 0.91 0.79 0.71 1 0.99 0.98 0.97
1 1 0.89 0.78 0.71 1 0.99 0.98 0.97

5/3 1 0.87 0.77 0.71 1 0.99 0.98 0.97
7/3 1 0.86 0.76 0.71 1 0.99 0.98 0.97

Mean+SD 1 0.93 0.80 0.71 1 0.99 0.98 0.97

embedment ratio increases except in the case of a small 
foundation embedded deeply in the soft soil layer (R/H=1/3, 
E/H=2/3, shear wave velocity less than 180m/s) which is not 
common in practice. Site coefficient with a small foundation 
embedded deeply in soft soil is amplified due to the 
resonance of the soft soil layer under the foundation excited 
by some earthquakes.

In Table 6, reduction factors of Ea and Ev for the different 
embedment-soil depth ratios (E/H) ignoring the backfill 
effect are shown in terms of different shear wave velocity 
and foundation radius-soil depth ratio (R/H). And mean plus 
one standard deviation reduction factors representing the 
84% reliability are also calculated averaging the reduction 
factors of 5 different R/H ratios for each shear wave 
velocity. The reduction factors in Table 6 are plotted in Fig. 6 
for  5 different shear wave velocities. Reduction factors of 

the embedded foundations are almost independent on the 
foundation radius except the reduction factor of Ea in the 
case of the R/H ratio of 1/3 (small foundation radius of 10m) 
with the E/H ratio of 2/3 and the shear wave velocities of 
180 and 100 m/s, which means the seismic response is 
amplified due to the soft soil layer beneath the foundation in 
the case of a small foundation embedded deeply in the soft 
soil layer. So mean plus one standard deviation reduction 
factors could be used conservatively as typical reduction 
factors for the embedded foundation system independently 
to the foundation radius.

Also the reduction factor of Ea decreases almost linearly 
as the embedment ratio increases except the cases of the 
shear wave velocities of 180 and 100 m/s, and the reduction 
factor of Ev also decreases almost linearly except the case of 
the shear wave velocity of 100m/s.
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(a) Cs = 100m/s

(b) Cs = 180m/s

(c) Cs = 360m/s

(d) Cs = 760m/s

(e) Cs = 1500m/s

<Fig. 6> Variation of Mean+SD of Ea and Ev for each Shear Wave Velocity (Ignoring backfill)

The mean plus one standard deviation reduction factors 
of Ea and Ev estimated through the numerical seismic 

analyses for 5 different shear wave velocities are shown in 
Table 7, and they are linearized conservatively with respect 
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<Table 7> Estimated and Suggested Reduction Factor of Ea and Ev (Ignoring backfill)

Shear Wave
Velocity

(m/s)

Ea Ev

E/H E/H

0 1/3 2/3 1 0 1/3 2/3 1

Estimated
Reduction

Factor

100 1 0.86 1.39 0.68 1 0.76 0.91 0.44

180 1 0.76 1.63 0.52 1 0.77 0.53 0.33

360 1 0.75 0.50 0.33 1 0.87 0.65 0.53

760 1 0.83 0.55 0.37 1 0.97 0.93 0.89

1500 1 0.93 0.80 0.71 1 0.99 0.98 0.97

Suggested
Reduction

Factor

100 1 0.9 1.4 0.7 1 0.78 0.91 0.44

180 1 0.8 1.6 0.5 1 0.78 0.56 0.34

360 1 0.8 0.6 0.4 1 0.86 0.72 0.58

760 1 0.8 0.6 0.4 1 0.96 0.92 0.88

1500 1 0.9 0.8 0.7 1 1 1 1

<Fig. 7> Suggested Reduction Factor of Ea and Ev (Ignoring backfill)

<Table 8> Interpolated Reduction Factor of Ea, Ev for Site Classes of IBC (Ignoring backfill)

Site
Class

Ea Ev

Shear Wave
Velocity(m/s)

E/H Shear Wave
Velocity(m/s)

E/H

0 1/3 2/3 1 0 1/3 2/3 1

A 1986 1 1 0.96 0.93 1480 1 1 1 1

B 1050 1 0.87 0.65 0.50 1050 1 0.98 0.95 0.92

C  624 1 0.80 0.53 0.36  464 1 0.90 0.72 0.62

D  274 1 0.76 1.04 0.42  273 1 0.82 0.59 0.43

E   77 1 0.89 1.32 0.73  153 1 0.77 0.66 0.37

to the foundation embedment ratio for the practical purpose 
as shown in Fig. 7. 

And the reduction factors of the embedment foundation 
ignoring the backfill effect were also modified as shown in 
Table 8 for the seismic design code of IBC interpolating the 
mean plus one standard deviation reduction factors in 
accordance with the typical shear wave velocities of IBC 

site classes given in Table 9. The typical shear wave 
velocities of IBC site classes can be calculated using the 
equations suggested by Borcherdt.(15)

The interpolated reduction factors were linearized 
conservatively and proposed for the design codes as shown 
in Table 10 and Fig. 8. The proposed reduction factors can 
be interpolated for the intermediate shear wave velocity 
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<Table 9> Typical Shear Wave Velocity for Site Classes of IBC (m/s) 

Seismic
Acceleration

Level
0.1g

Site Class A B C D E

Site Coefficient
Fa 0.8 1.0 1.2 1.6 2.5

Typical Shear
Wave Velocity 1986 1050  624 274 77

Site Coefficient
Fv 0.8 1.0 1.7 2.4 3.5

Typical Shear
Wave Velocity 1480 1050  464  273 153

<Table 10> Suggested Reduction Factor of Ea, Ev for IBC Site Classes (Ignoring backfill)

Site
Class

Ea Ev

E/H E/H

0 1/3 2/3 1 0 1/3 2/3 1

A 1 1 1 1 1 1 1 1

B 1 0.9 0.7 0.5 1 0.98 0.95 0.92

C 1 0.8 0.6 0.4 1 0.90 0.76 0.62

D 1 0.8 1.0 0.4 1 0.82 0.63 0.44

E 1 0.9 1.3 0.7 1 0.82 0.63 0.44

<Fig. 8> Suggested Reduction Factor of Ea and Ev for IBC Site Classes (Ignoring backfill)

between the site classes and for the intermediate embedment 
ratio (E/H).

4. Conclusions 

In this paper, the reduction factors on the site coefficients 
of a surface foundation specified in IBC were studied to find 
the site coefficients of an embedded foundation considering 
the effect of a poor-backfill. The soil strength of 50cm thick 
soil around an embedded foundation was neglected to 
simulate the poor-backfill taking account into the practical 
difficulty in the evaluation of the strength of poor-backfill 
soil.

The seismic analysis of the embedded foundation-soil 
system was performed using an in-house finite element 
software of P3DASS. The 30 m thick soil resting on bedrock 
was assumed to be homogeneous, elastic, viscous and 
isotropic. And equivalent circular rigid foundations with the 
radii of 10, 20, 30, 50 and 70 m were assumed to be 
embedded 0, 10, 20 and 30 m in the soil. Seismic analyses 
were performed with 7 bedrock earthquake records provided 
by PEER, scaling the peak ground accelerations to 0.1g. and 
then de-convoluting them into the bedrock accelerations.

The results of this study show that the reduction factors 
are reduced gradually as the foundation embedment ratio 
increases except in the case of a small foundation with the 
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foundation radius of approximately 10m embedded deeply 
in soft soil, and that the reduction factors are almost 
independent to the foundation size.

The typical reduction factors of an embedded foundation 
for different shear wave velocities of the site were estimated 
adding a standard deviation to the mean value of 5 reduction 
factors calculated with 5 different foundation radii, and 
proposed to find the site coefficients of an embedded 
foundation practically, multiplying them to site coefficients 
of a surface foundation specified in the design code. And the 
reduction factors for the site classes specified in the IBC 
seismic design code were also proposed estimating them in 
accordance with the average shear wave velocities of the 
site classes. The proposed reduction factors can be applied 
to any level of seismic excitations as they were estimated for 
the linear soil, and can be interpolated for the intermediate 
value of site shear wave velocity or foundation embedment 
ratio. 
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