The 17th World Conference on Earthquake Engineering

2b-0117

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 13th to 18th 2020

CHARACTERISTICSOF INPUT MOTION FOR CASTLE

S. Fu;jii®, T. Fujimorf?

@ Chief, Technical Research Institute, OBAYAHI CORRDRN, fujii.satoru@obayashi.co.jp
(@) Senior Engineer, Technical Research Institute, OBAYCORPORATION, fujimori.takeshi@obayashi.co.jp

Abstract

Main purpose of this study is to analyze the influence of the masonry wall embankment on the input motion characteristics
of the castle. It was analyzed by analysis using the finite element method (FEM) and microtremor measurement of the
embankment imitating the masonry wall. It was mentioned as background that since the enactment of the Tourism Nation
Promotion Basic Law in 2006, tourism has been positioned as one of the pillars of Japan's important measures, and there
are many plans to rebuild the castle tower in cities which has historic castl&sitéshese circumstances, it is important

to evaluate appropriately the influence of the masonry wall embankment in the seismic response and secure the seismic
performance of castles.

The main results about the characteristics of input motion for castle were follows;

(1) Itis need to pay attention to underestimation due to modeling the masonry wall embankment as horizontally flat strata
when the input motion of the castle was evaluated with a 1D ground model under the foundation,

(2) Regarding the seismic response of the ground, most of the castles in Japan might require attention to the above (1)
when we considered the separation distance from the top of slope where the influence of embankment disappeared.

(3) The protrusion at the top of the masonry wall embankment had little effect on the earthquake response of the castle,
because it had a small weight ratio to the whole embankment.

(4) There was no significant difference when we eliminated the stone weight on the surface of the masonry wall and
evaluated the seismic response as a homogeneous embankment.

(5) When comparing microtremors and strong motions, the tendency of amplification at the embankment was similar.
There was a difference in the tendency of amplification at the top of slope of the embankment. Hereafter, it is needs
more detailed analysis since the tendency is likely to change depending on the shape of the embankment.
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1. Introduction

Since the enactment of the Tourism Nation PromdBasic Law in 2006, tourism has been positioneonas
of the pillars of Japan's important measures, aadynplans have been made to rebuild the castlersowe
city with a castle historic site. Amid these ciratances, it is important to evaluate appropriatedyinfluence
of masonry wall embankment in the seismic respansksecure the seismic performance of castles.

In this study, we analyzed the effect of the magavall embankment on the characteristics of input
motion for a castle by finite element method (FEalysis and microtremor measurement.

2. Analysis specifications
2.1 Analysis model

Most of the castles to be rebuilt and restoredchassified into Hirajiro or Hirayamajiro in the den of the
cities. So, the basic analysis model had a masealiyembankment on the horizontally flat groundwhan
Case-1in Fig. 2.1. Analysis model was assumed thile foundation because it was built on theatkinent.

In the simplest case of setting the input motionna€ase-1, it was likely to be a one-dimensionalugd
model under the foundation. Therefore, Case-4 waasa 1D ground model corresponding to that gstpl
condition. Case-2 was a model in which masonry walls wereiedited for simplification and had only
embankmentCase-3 was a slightly simpler model that was camed the protruding embankment (J1 part in
the Fig. 2.1) that was put on the J2 part and kesid foundation in Case-4 that was the simplest.ca

The foundation was a massless rigid foundatioaach modelThe depth width in the out-of-plane
direction of the ground was set to 10rh4vhich was the same as the foundation’s depthleTalh and Table
2.2 showed the ground and the pile specificatidhs. piles were assumed to be cast-in-place piledd8 in
total). Pile’'s nonlinear characteristics were taken asmbéified Takeda modeTlable 2.3 showed the non-
linear characteristics of piles. In the analysigigiptwo piles in the depth direction were combiimed one.

Rayleigh damping was set for each of the grourldspand a massless rigid foundation. The damping
ratio was set to% for the primary and secondary natural frequen(@esnary: 1.97Hz, secondary: 2.74z)
obtained from the eigenvalue analysis.
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Fig. 2.1 — Analysis models and cases
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Table 2.1 — The ground specifications

Velocity | Velocity Unit | Damping Dyr;lamic response hUnit weight of "
of S-wave | of P-wave | weight | constant characteristics the masonry wa
No. Geology Vs Ve P H Reference|  Maximum
(9 (s (KN/P) s’;rﬁiln damplrr]lrgr]laionstant No. (kN/nP)
J1 Loam 16C 33C 17.1 0.0z 0.001¢ 0.1 M1 26.5
J2 Mud lava 18C 38C 16.1 0.0z 0.001¢ 0.1 M2 26.5
g3 | Mudlavamied | g4 850 150 | 0.02| 0.0018 017 | — —
with gravel pumice
Jq | Mihlyweathered | 3,4 740 167 | 002| 00018 017 | — —
tuff breccia
35 | Weathered 410 929 181 002 — — — | =
tuff breccia
Table 2.2 — The pile specifications
Diameter | Cross-sectional areas Modulus of elasticity Unit weight Poisson's ratio
(m) (mP) (KN/n) (KN/n) %
1.8 2.545 2.24E+07 24 0.2
Table 2.3 — The non-linear characteristics of piles
Crack strength Yield strength Ultimate strength

Moment Moment Slope reduction | Moment Slope reduction

(KN - m) (KN - m) rate (KN - m) rate

2.56E+03 4.03E+03 9.05E-02 4.19E+03 1.50E-02

2.2 The input seismic waves

The input seismic waves were three waves (Hachinohe NS phase, Random number phase, and JMA Kobe NS
phase) that were adapted to the acceleration response spectrum of seismic ground motions that occur extremely
rarely on engineering bedrock. That spectrum was specified in the Ministry of Construction's Notification No.
1461. Fig. 2.2 showed the time history of the input seismic waves.
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Fig. 2.2 — The input seismic waves
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3. Evaluation of effects of masonry wall embankment

The results of FEM analysis were shown in Table 3.1 and Fig. 3.1. Table 3.1 was a comparison of the maximum
response acceleration at the ground which was facing the bottom of the foundation (GL + 0 m, Evaluation
points in Fig. 2.1). The figures in parentheses indicate the magnification of Case-4. The maximum
accelerations at the evaluation point were 621 togg8& Case-1 and 2 and were 420 to 4@6in Case-3

and 4. Case-1 and 2 showed 1.6 times larger than Case-3 and 4 in which the embankments were made into
horizontally flat strata.

Fig. 3.1 showed a comparison of the acceleratioporese spectrum at the evaluation point. The
difference between Case-1 which had masonry wall and Case-2 which had no masonry wall was small. The
difference between Case-3 in which the protruding embankment was considered and Case-4 which had no
embankment was also smdlin the other hand, the period between 0.01 and 1 second, Case-1 and 2 showed
larger spectra compared with Case-3 antlds difference had great influence on the castles on the masonry
wall embankment because these castles were low-rise buildings and their natural period were less than 1 second
A method for correcting the cliff effect had beewgrsed in relation to the stratification of the embankment
[1]. According to this method, the horizontal separation distance from the top of slope where the influence of
embankment disappears was more than 10 times the embankment height.

Table 3.1 — Maximum acceleratioga()

Hachinohe Random Kobe
Cas+1 621[1.44] 683 [1.63 667 [1.39
Cast2 626 [1.46 681 [1.62 666 [1.39
Cas3 455 [1.06 450 [1.09 496 [1.03
Cast-4 430[1.00 420 [1.00 480[1.00]
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Fig. 3.1 — Acceleration response spectra
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4. Amplification characteristics of embankment based on microtremor measurement

In order to examine the application of the predittby the microtremor measurement, it was analjtzacthe
results of actual microtremor measurement of thearkment.

4.1 The input seismic waves

Fig. 4.1 showed a side view and a plan view ofdimbankment and the arrangement of measurement point
The height of the embankment was approximatelynlahd the top of the embankment was approximately
6.5m x 3m with flat surface. The ground around the embankmers the Kanto loam layer it was deposited
about &n above the clayey gravel grouriche embankment was built on this ground using daenl

Table 4.1 showed the specifications of the groundrad the embankment. There are four measurement
points, three on the top of embankment (P1 ~ 3) @m&l on the ground from 1.4m toe of slope of the
embankment (G1).

The accelerations were measured simultaneously3@ominutes using 10z sampling in three
directions (east-west (EW), north-south (NS), aadigal (UD)) at all measurement point$ie acceleration
records were cut out 20 waveforms (40.96 secongs) ¢hat had small traffic and walking vibrations.
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(b) Plan view

Fig. 4.1 — Overview of embankment and measuremantg arrangement

Table 4.1 — The ground specifications around thibagrtkment

Velocity of | Velocity of Unit Poisson's Shear modulus
Thickness S-wave P-wave weight . G
Top depth Vs Vp 0 ratio
(m) (m/s) (m/s) (kN/m) v (kN/m?)
GL=0.0m 150 360 14.3 0.396 3.281E+04
GL-2.0m 130 330 12.3 0.408 2.120E+04
GL-4.0m 160 420 12.3 0.415 3.211E+04
5
© The 17th World Conference on Earthquake Engineering -2b-0117 -




The 17th World Conference on Earthquake Engineering

2b-0117

17" World Conference on Earthquake Engineering, 177WCEE
Sendai, Japan - September 13th to 18th 2020

4.2 Results

Fourier spectrum was calculated by taking an astfitnmean at each measurement point after Fourier-
transforming the acceleration of 20 waves.

Figure 4.2 showed the Fourier spectra in the EW,aN& UD directions. From the results in the EW
and NS direction, the peaks could be confirmegpt@imately 5.8z that was the primary natural frequency
in the horizontal direction of the surrounding gnduln the embankment part, another peak also could be
confirmed at about 1Mz, and this frequency was considered as the ndteiency of the embankme@n
the other hand, in the UD direction, peaks could@oconfirmed clearly like the horizontal directio

Fig. 4.3 showed the H/V spectra in the EW directiboould be confirmed that the ratio increasedrne
the natural frequency of the embankment. In pdeicthe peak of amplification was remarkable atttip of
slope (P1).
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Fig. 4.3 — H/V spectra of EW direction (Arithmetitean of 20 waves)
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5. Analytical evaluation of amplification characteristics of embankment

In this chapter, the difference between microtreamat strong ground motion related to embankmerdvieh
was analyzed by analytical evaluation based omatheal measurement analysis in the previous chapter

5.1 Behavior of embankment in micro vibration

We analyzed the amplification characteristics oé #mbankment in detail by simulation analysis of
microtremor measurement with time history. The emkip@ent was modeled at the EW cross section with two
dimensional finite elements model (2D-FEM).

5.1.1 Analysis model

Fig. 5.1 showed the FEM model used for simulatioalgsis. The embankment was modeled to the adteal s
The width of the ground was 36.5m. It was connetiddtie free field through a viscous boundary endide.
The bottom of the ground was also a viscous boyndiae response was evaluated at the 4 positionsaitedic
by the crosses mark in the figure (Pal~4 and Gadie.specifications of the ground around the embamitm
were shown in Table 4.1. The specifications ofegh@ankment were the same as the upper loam lalger. T
exciting point of the microtremor was shown in Fagl. It was assumed to be a road about 10 m away f
toe of slope of the embankment.

The excitation force at the exciting point was aldted back by applying one wave measured at G1 in
Fig. 4.1 to the surface ground model of the 3D tayered element method analydike excitation force was
performed in the horizontal direction. Fig. 5.2 wfed the time history of the exciting force.

Rayleigh damping was set 2% for the primary andiséary natural frequency (primary:5.3%,
secondary: 15.0B12).
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Fig. 5.1 — Analysis model
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Fig. 5.2 — Exciting force wave
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5.1.2 Analysis result

Fig. 5.3 compares the results of the measuremehaaalysisOver 10Hz, including the natural frequency of
the embankment, the results of observation and/sisavere generally consisteAt frequencies lower than
10Hz, including the natural frequency of the sunding ground, the consistency is slightly lower dou¢he
point excitation of the ground surface.

Next, the detailed vibration characteristics & #mbankment were confirmed from the distributibn o
maximum horizontally accelerations. The result vsaswn in Fig. 5.4. It could be confirmed that the
embankment tended to increase the acceleratioicydarty at the top of slope.
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Fig. 5.3 — Comparison between analysis and measuntem
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Fig. 5.4 — The distribution of maximum horizontatlgcelerations of the embankmegdl}

5.2 Behavior of embankment in large earthquake

Time history nonlinear response analysis was padr by inputting the Kobe phase notification wave
equivalent to level 2 earthquake to the FEM modi¢he embankment.

5.2.1 Analysis model

The analysis model was the same model that wasinisiee previous section. RO model was used foadyn
deformation characteristics of embankment and Iteyar. Table 5.1 showed the reference strain aed th
maximum damping constant of the RO model.

Table 5.1 — Dynamic response characteristics

Reference strain | Maximum damping constant
Ws max
0.0018 0.17
8
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5.2.2 Analysis result

Fig. 5.6 showed the distribution of maximum accaatien. Fig. 5.7 showed the Fourier spectrum ratithe

embankment (Pal~4) to the ground (Gajom these results, although the amplification doethe

embankment could be clearly confirmed even forrgfrground motion, the tendency of the amplificatibn
the top of slope to be particularly large was mwharkable. So, it was considered that further amalyas
necessary for this tendency.
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Fig. 5.6 — The distribution of maximum horizontadlgcelerationdal)
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Fig. 5.7 — Fourier spectrum ratio

6. Conclusion
The main results about the characteristics of impation for castle were follows;

(1) Itis need to pay attention to underestimatioa to modeling the masonry wall embankment azbotally
flat strata when the input motion of the castle easluated with a 1D ground model under the foundat

(2) Regarding the seismic response of the grourndt wf the castles in Japan might require attertbiaihe
above (1) when we considered the separation disténoen the top of slope where the influence of
embankment disappeared.

(3) The protrusion at the top of the masonry walbankment had little effect on the earthquake nespmf
the castle, because it had a small weight rattbeéovhole embankment.

(4) There was no significant difference when glieninated the stone weight on the surface of tlasanry
wall and evaluate the seismic response as a horaogerembankment.

(5) When comparing microtremors and strong motitims tendency of amplification at the embankmerg wa
similar. There was a difference in the tendencgroplification at the top of slope of the embankment

Hereafter, it needs more detailed analysis sinegethdency is likely to change depending on theelodthe
embankment.
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