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INTRODUCTION
Seismic displacements of various types of slope including the geosynthetic-reinforced wall (Tanata wall) in 1995 Hyogoken-Nambu earthquake (ML= 7.2 in Richter scale) in Japan, the sandy slope subjected to sinusoidal shaking at Japan Railway Technology Research Institute (JRTRI), and the geosynthetic-reinforced modular block wall in 1999 Chi-Chi earthquake (ML=7.3) in Taiwan, are analyzed using the FFDM (Force-equilibrium-based Finite Displacement Method) resides in the computer program SLOPE-ffdm 2.0. 
The safety factor (Fs) of slopes under input seismic coefficients (kh) in limit equilibrium methods (LEM), has long been used to evaluate the seismic stability of the slope. To evaluate the slope displacement under input ground accelerations, a hybrid method of limit equilibrium and sliding-block dynamics has been proposed by Newmark (1965) which is popular in current engineering practices. To perform successful seismic slope displacement analyses using Newmark’s method requires a calibrated value of critical seismic coefficient (khc) which is obtained from a Fs vs. kh curve under Fs= 1.0 condition. This process is not straightforward but requires a trial-and-error to find an ‘operational’ internal friction angle () of the slope to generate an acceptable curve of Fs vs. kh. The FFDM provides a straightforward procedure for evaluating seismic displacements of the slope with the following two features:
(1) Peak strength of soil can be used in FFDM along with the model describing the post-peak deterioration of soil strength for computing seismic displacements of the slope. Therefore, the evaluation of seismic displacements of soil structures is straightforward, the trial-and-error process for seeking operational strengths of soils is no longer required. 
(2) The peak ground acceleration (HPGA) normalized by the gravitational acceleration (g) can be used directly as an input when using FFDM to evaluate  seismic slope displacements, contradicting to the use of seismic coefficient (kh) which is empirically a fraction of HPGA/g when using conventional limit equilibrium methods.


9.1 CASE STUDY NO. 1: TANADA WALL
Tanada wall is a geosynthetic-reinforced wall with a rigid concrete panel facing (also called RRR wall). This wall served as a part of railway embankment situated in a severely shacked area in 1995 Hyogoken-Nambu earthquake (also called Kobe earthquake). With devastated houses and soil retaining structures in the neighborhood, the Tanada wall exhibited high seismic-resisting behavior with only 0.1 m displacement at the toe and 0.26 m at the top. In-depth post-earthquake investigation and comprehensive analyses have been reported by Tatsuoka et al. (1998) and Huang and Wang (2005). Material properties used in the following FFDM analyses for the Tanada wall are summarized in Table 9.1.1. Evaluations for some primary input parameters that have significant influences on the seismic displacements are summarized in the following:
(1) [bookmark: _Hlk186750363][bookmark: _Hlk186750116][bookmark: _Hlk186756475][bookmark: _Hlk186806995]Peak strengths of soils, cpeak, peak: it is obvious that high-quality, cohesionless backfill (cpeak= 0) has been used in the construction of Tanada wall constituting an important part of a railway embankment. In the case of using hyperbolic soil model, a design value of internal friction angle, peak= 40°  (Tatsuoka et al., 1998) is used. This value of peak can also be deemed as an ‘operational’ value of internal friction with somewhat conservative nature. This is different from the case of incorporating the post-peak model in evaluating slope displacements. In this case, a high value of peak= 45° (higher than the design value of  for about 10%) is used to account for the high-quality backfill and compaction work in building the embankment. In the post-peak territory, cresidual =0 is always true, and residual  0.9peak is used for all case studies reported here.  
(2) Shear stiffness number, K: the use of soil stiffness number, K =200 and 400 in the analysis is based on a database of medium size direct shear test results to appear in another series of reports. These two values of K are approximately the lower limit and the median values for = 40° in the database.
(3) Reinforcement model under pullout: the peak value of adhesion cs-r =0 and the peak value of friction angle s-r = 40°. It is assumed that the peak friction angle at soil-reinforcement interface is not smaller than the internal friction angle of the backfill because the reinforcement is a geogrid with woven junctions. The hyperbolic parameters of reinforcement pullout include: the pullout stiffness number Kt=10, the exponent of stress dependency nt= 0.1, and the ratio between failure strength and the asymptote strength, Rt= 0.7, are determined based on a database of reinforcement pullout tests to appear in another series.
(4) In the hyperbolic reinforcement pullout model used in FFDM, the tie-break strength of reinforcement Ttie-break= 30 kN/m is an unfactored ultimate tensile strength of geogrid which is different from the factored Tallowable used in conventional limit equilibrium methods.
[bookmark: _Hlk186750684](5) For the post-peak soil stress-displacement model, the cohesion of soils in the post-peak territory, cresidual =0 is always true, the friction angle of soil under residual state residual  0.9peak = 41° is used all case studies reported here. The ratio of displacements between residual and peak states, r/f = 5.0 is used here based on a post-peak soil stress-displacement model (to appear in another series of reports).

[bookmark: _Hlk186714271][bookmark: _Hlk186716592]Table 9.1.1 Material properties used in the FFDM analysis for Tanada wall
	Soil
Hyperbolic model
	Reinforcement
Hyperbolic pullout model
	Facing
Hyperbolic model

	cpeak
	0 kPa
	cs-r
	0
	cb-r
	-

	peak
	39°
	s-r
	40°
	b-r
	-

	[bookmark: _Hlk186736662]K
	200, 400
	Kt
	10
	Tconnect
	30 kN/m

	n
	0.4
	nt
	0.1
	cback
	0

	Rf
	0.83
	Rt
	0.7
	back
	30°

	
	15°
	[bookmark: _Hlk186736716]Ttie-break
	30 kN/m
	cbase
	0

	
	
	
	
	base
	40°

	Post-peak model
	Post-peak model
	Post-peak model

	cpeak
	0
	

Not available


	

Not available

	peak
	45°
	
	

	[bookmark: _Hlk186736738]cresidual
	0
	
	

	residual
	41°
	
	

	r/f
	5.0
	
	


*cs-r, s-r: adhesion and friction angle, respectively, at soil-reinforcement interface
*cb-r, b-r: adhesion and friction angle, respectively, at facing block-reinforcement interface. In the case of rigid panel facing, these values are not required.
*cback, back: adhesion and friction angle, respectively, at the back-face of facing
*cbase, base: adhesion and friction angle, respectively, at the base of facing.
*Ttie-break: tie-break of reinforcement. In the FFDM displacement analysis, this value can be different from the design tensile strength of reinforcement (Tallowable) used in the LEM analysis.
*Tconnect: connecting force at facing-soil interface. This input is exclusively for the case of rigid panel facing which is equal to Ttie-break in this case study of the Tanada wall.





In the FFDM analysis using Type-4 (multiwedge) analysis, a total of 5,389 (must double-check) trial-and-error surfaces is used to search for a maximum vertical slope displacement at the crest of the slope (d0) for an input seismic condition (HPGA/g). In the multiwedge analysis, a factor (finter-block) defined as the ratio between the full shear strength to the shear strength available at the block-block interface in the force equilibrium calculations is set as 1.0 to account for the high-quality backfill and the fact that no tension crack has been observed at the crest in the post-earthquake investigation.
Figure 9.1.1 shows the analytical result of FFDM analysis using multi-wedge method (or Type-4 analysis). In this figure, ‘Low’ and ‘High’ soil strength in the figure is referred to as the lower and the higher, respectively, values listed in Table 9.1.1. Every data point in the figure represents a critical (or maximum) value of facing displacement found in 5389 trial-and-error multi-wedge searches. All curves exhibit consistent response to the increase of input HPGA/g in the range of 0.0- 0.85.

[image: 一張含有 文字, 行, 圖表, 螢幕擷取畫面 的圖片

自動產生的描述]
Figure 9.1.1 Results of seismic displacement analyses for Tanada wall using Type-4 (multi-wedge) analysis

 In the case of incorporating post-peak model in the analysis, the response curve shows oscillations to some degrees at HPGA/g> 0.6. However, it still gives a clear tendency toward failure state at HPGA/g> 0.8. The oscillations at larger values of input HPGA/g for the case of using post-peak model is due to the slower rate of convergence of calculated slope displacement with a required value of 2%. It was observed that when the entire failure surface approaches a residual state, the convergence of iterative calculations for slope displacements became slower, or sometimes impossible. In general, the curves using K= 300 and 450 with the hyperbolic model well simulate the observed seismic displacement of the Tanada wall which is 0.1m at the toe under a severe shaking of HPGA= 0.821g (recorded at JMA-Kobe station; Huang and Wang, 2005). The curve with post-peak model provides evidence of earthquake-resisting nature of Tanada wall. It is also noted that the calculated slope displacements span a wide range between 10-3 to 10-1 m, reflecting the accuracy and consistency of the computational scheme of the computer program.






[bookmark: _Hlk186921557]Input files for Case No. 1 (Tanada wall):
	verification_type-4_Tanata wall_hyperbolic_phi=40_K=200_fi=1.0_input.txt
verification_type-4_Tanata wall_hyperbolic_phi=40_K=400_fi=1.0_input.txt
verification_type-4_Tanata wall_post peak_dr=5_K=200_fi=1.0_input.txt
verification_type-4_Tanata wall_post peak_dr=5_K=400_fi=1.0_input.txt
verification_type-5_Tanata wall_hyperbolic_phi=40_K=200_input.txt
verification_type-5_Tanata wall_post peak_phi=45_phires=41_dr=5_K=200_input.txt



Output files for Case No. 1 (Tanada wall):
	verification_type-4_Tanata wall_hyperbolic_phi=40_K=200_fi=1.0_output.txt
verification_type-4_Tanata wall_hyperbolic_phi=40_K=400_fi=1.0_output.txt
verification_type-4_Tanata wall_post peak_dr=5_K=200_fi=1.0_output.txt
verification_type-4_Tanata wall_post peak_dr=5_K=400_fi=1.0_output.txt
verification_type-5_Tanata wall_hyperbolic_phi=40_K=200_output.txt
verification_type-5_Tanata wall_post peak_phi=45_phires=41_dr=5_K=200_output.txt






9.2 CASE STUDY NO. 2: JRTRI SANDY SLOPE
[bookmark: _Hlk186808927]The sand slope is a 0.6m-high slope with a slope angle of 33° (2V:3H) and a 1.0 kPa uniform surcharge at the crest. Air-dried Toyoura sand with a unit weight of d =15.2 kN/m3 which has cpeak= 0 and peak＝46° obtained in plane-strain compression tests. Based on a series of medium-scale direct shear tests on Toyoura sand reported by Qiu et al. (2000), peak＝39°. The model slope was subjected to a stepwise increasing shaking with sinusoidal waves with a 0.05g increment of HPGA sustained for 10 seconds in each step. The shaking-induced vertical settlement at the crest of the slope starts at about HPGA= 0.3g and the displacement vs. input HPGA curves are with increasing steepness up to failure with arc-like clear shear band at about 0.6g. The toe of the slope exhibits an abrupt and large outward displacement at HPGA= 0.6g along with a catastrophic failure of the slope. 
The FFDM analysis using SLOPE-FFDM 2.0 is a Type-1 analysis with three analytical methods, namely, the modified Fellenius, the modified Bishop, the modified Spencer method. A total of 2822 trial-and-error circles are used to search for a maximum vertical slope displacement at crest (d0). This trial-and-error search is executed for four methods (Fellenius, Bishop, Spencer, and Spencer-1) incorporated in Type-1 analysis.
The input parameters used in the FFDM analysis are summarized in Table 4.2. In the case of no post-peak consideration (the hyperbolic model), peak＝39° is used based on the fact that the hyperbolic stress-displacement model may overestimate soil strengths in the post-peak state, thus requiring an operational soil strength to compensate this overestimation. The FFDM displacement analysis with post-peak considerations, peak＝46° and residual = 41° are used. 
In characterizing the displacement pattern of potential failure surfaces, the angle of dilatancy,= 5° is used here, which is a value based on trial-and-error search to represent the relationship between the displacements of the crest and the toe. This value of angle of dilatancy may represent a near residual state of Toyoura sand.
Only the results of modified Bishop’s method are reported here. The modified Fellenius method generated consistent but with larger slope displacement than those obtained in modified Bishop method. This is not surprising because in conventional slope stability analysis, Fellenius method tends to generate smaller values of Fs than Bishop’s method and other rigorous methods of slope stability analysis. On the other hand, the modified Spencer’s method is a rigorous method which is more suitable for examining the details of internal force distributions for specific failure masses. In this case, the modified Spencer’s method may not be trial-and-error search oriented.


Table 9.2.1 Material properties used in the FFDM analysis for JRTRT sandy slope
	Hyperbolic soil model


	cpeak
	0 kPa

	peak
	39°

	K
	100, 300, 450

	n
	0.3, 0.5

	Rf
	0.83

	[bookmark: _Hlk186811480]
	5°

	
	

	Post-peak model

	cpeak
	0

	peak
	46.0°

	cresidual
	0

	residual
	41.0

	r/f
	5.0°




[image: ]
Figure 9.2.1 Comparisons between the measured and the FFDM analytical results of vertical displacements at the crest (d0) for the JRTRI sandy slope.

Figure 9.2.1 shows the results of trial-and-error search using modified Bishop’s in FFDM analysis. The ‘Low’ and ‘High’ soil strengths in the figure are referred to the lower and higher values, respectively, in Table 9.2.1. Most of the curves successfully captured the trend of the settlement measured at the crest of the slope, except the one with a low soil strength and K=100. 
[bookmark: _Hlk186884733]It is also noted that the calculated slope displacements are with a wide range between 10-4 to 10-2 m, revealing the accuracy and the consistency of the computational scheme of the computer program.

[image: ]
Figure 9.2.2 Comparisons between the measured and the FFDM analytical results of horizontal displacements at the toe of the slope for the JRTRI sandy slope.

Figure 9.2.2 compares the measured and the FFDM analytical results of horizontal displacements at the toe of the slope subjected to increasing shaking intensity. As observed in Fig. 9.2.1, most of the analytical curves capture the trend of slope displacement observed in the model tests, except the one with a low soil strength and K=100. 





Input data files for Case No. 2 (JRTRI sandy slope):
	verification_type-1_JR_hyperbolic_phi=39_K=100_n=0.3_Rf=0.83_psi=5_input.txt
verification_type-1_JR_hyperbolic_phi=39_K=300_n=0.3_Rf=0.83_psi=5_input.txt
verification_type-1_JR_hyperbolic_phi=39_K=450_n=0.5_Rf=0.83_psi=5_input.txt
verification_type-1_JR_post peak_phi=46_phires=41_K=300_n=0.5_Rf=0.83_psi=5_input.txt



Output data files for Case No. 2 (JRTRI sandy slope):
	verification_type-1_JR_hyperbolic_phi=39_K=100_n=0.3_Rf=0.83_psi=5_output.txt
verification_type-1_JR_hyperbolic_phi=39_K=300_n=0.3_Rf=0.83_psi=5_output.txt
verification_type-1_JR_hyperbolic_phi=39_K=450_n=0.5_Rf=0.83_psi=5_output.txt
verification_type-1_JR_post peak_phi=46_phires=41_K=300_n=0.5_Rf=0.83_psi=5_output.txt





[bookmark: _Hlk193035582]9.3 CASE STUDY NO. 3: CHI-CHI MODULAR BLOCK WALL
The studied slope (reported by Huang et al., 2003) is a steep-faced geosynthetic-reinforced modular block wall in Nantou prefecture in central Taiwan. This wall was severely damaged (Figs. 9.3.1 and 9.3.2) during a major earthquake (the 1999 Chi-Chi earthquake with a magnitude of ML= 7.3). At a nearby seismograph (N-S component, TCU052), a peak horizontal peak ground acceleration (HPGA= 0.45g; g: gravitational acceleration) was recorded.
[image: 一張含有 圖表 的圖片

自動產生的描述]
Figure 9.3.1 Cross section of a totally collapsed geosynthetic-reinforced modular block wall.

[image: 一張含有 圖表 的圖片

自動產生的描述]
Figure 9.3.2 Cross section of a severely deformed geosynthetic-reinforced modular block wall.

In the FFDM analysis using Type-4 (multiwedge) analysis, a total 28,681 trial-and-error surfaces is used to search for a maximum vertical slope displacement at the crest of the slope (d0) for an input seismic condition (HPGA/g). In the multiwedge analysis, a factor (finter-block) defined as the ratio between the full shear strength at the block-block interface to the shear strength available in the force equilibrium calculations is set as 0.5 to account for the tension cracks observed at the crest in the post-earthquake investigation.

Table 9.3.1 Material properties used in the FFDM analysis for Chi-Chi wall
	Soil
Hyperbolic model
	Reinforcement
Hyperbolic pullout model
	Facing
Hyperbolic model

	cpeak
	0, 5 kPa
	cs-r
	0
	cb-r
	5 kPa

	peak
	30.4°, 35°
	s-r
	30°
	b-r
	30°

	K
	350, 200
	K
	12
	cb-b
	0, 45 kPa

	[bookmark: _Hlk186718575]n
	0.2, -0.1
	n
	-0.1
	b-b
	30°, 35°

	Rf
	0.83
	Rf
	0.7
	cback
	0, 5 kPa

	
	15°
	Ttie-break
	75 kN/m
	back
	30°, 35°

	
	
	
	
	cbase
	0, 5 kPa

	[bookmark: _Hlk186719856]Post-peak model
	Post-peak model
	base
	30°, 35°

	cpeak
	5 kPa
	

Not available


	Post-peak model

Not available


	peak
	35°
	
	

	cresidual
	0
	
	

	residual
	31.0
	
	

	r/f
	5.0°
	
	


*cs-r, s-r: adhesion and friction angle, respectively, at soil-reinforcement interface
*cb-b, b-b: adhesion and friction angle, respectively, at facing block-block interface. In the case of rigid panel facing, these values are not required.
*cb-r, b-r: adhesion and friction angle, respectively, at facing block-reinforcement interface. In the case of rigid panel facing, these values are not required.
*cback, back: adhesion and friction angle, respectively, at the back-face of facing
*cbase, base: adhesion and friction angle, respectively, at the base of facing.
*Ttie-break: tie-break strength of reinforcement. In the FFDM displacement analysis, this value can be different from the design tensile strength of reinforcement (Tallowable) used in the LEM analysis.
*Tconnect: connecting force at facing-soil interface. This input is exclusively for the case of rigid panel facing which is equal to Ttie-break in this case study of the Tanada wall.

[image: ]
Figure 9.3.3 Analytical results of horizontal displacement at facing using multi-wedge (Type- 4) analysis in SLOPE-ffdm 2.0.

[bookmark: _Hlk186888461]Figure 9.3.3 shows analytical results of multi-wedge analysis for the horizontal displacement of facing using various combinations of soil and facing block-block interface strengths. ‘High’ and ‘Low’ soil strengths; ‘Strong’ and ‘Weak’ facing block interfaces in this figure are referred to as the higher and the lower, respectively, values listed in Table 9.3.1. This figure shows that the soil strength has a major influence on the facing displacement vs. input HPGA/g curve. For the ‘High soil strength’, a small value of cohesion (c= 5 kPa) is used to account for the cohesive nature of the in-situ soil (classified as ML and CL), and the internal friction angle = 35° is used (according to the N-value reported in a post-earthquake soil exploration program, Huang et al., 2003). For the ‘Low soil strength’, c=0 and = 30.4° is an operational value of soil strength used by Huang et al. (2003) along with Newmark’s sliding block method for estimating the seismic displacement of the wall. On the other hand, the ‘strong’ facing block interface of b-b=35° and cb-b= 45 kPa is based on the observation that the facing block is with a hollow core filled with gravels. An adhesion of 45 kPa is reported by Huang et al. (2003) based on the assumption that  two FRP rods at block introduce an equivalent adherence of 45 kPa of interface adherence.
Figure 9.3.3 reveals that with more realistic input soil and facing strength parameters, the seismic displacement vs. HPGA/g curves greatly varied. As a result, the curve can even reach a high input value of HPGA/g up to about 0.4g which can explain the measured facing displacement of 0.47m under a shaking intensity of HPGA= 0.45g recorded at a nearby seismograph (TCU052).

[image: 一張含有 文字, 圖表, 行, 字型 的圖片
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Figure 9.3.4 Comparisons of analytical results obtained in multi-wedge (Type- 4) and log-spiral (Type- 5) analyses using hyperbolic soil model 

Figure 9.3.4 compares the effectiveness of Type-4 (multi-wedge) and Type-5 (log-spiral) analyses using hyperbolic soil model (without post-peak simulation). Both curves are based on high soil strength and high facing block interface strength as discussed earlier. The curve using rigorous Spencer’s method with spiral failure surfaces has somewhat oscillations under HPGA/g= 0.15- 0.25, but with a sound overall trend of seismic displacement vs. HPGA/g up to a high value of HPGA/g= 0.5. As has mentioned earlier, a rigorous method, such as the Spencer’s method, is more suitable for looking into the detail of force distributions in the sliding mass, and in some cases, not suitable for trial-and-error analyses due to its strict convergence requirements. 

[image: ]
Figure 9.3.5 Comparisons of analytical results using multi-wedge (Type-4) and log-spiral (Type-5) analyses with hyperbolic soil model and post-peak considerations.

Figure 9.3.5 shows a comparison between the analytical curves of seismic displacement vs. HPGA/g obtained using various methods and soil models. Comparing the two curves using Type-4 analysis, incorporating the post-peak soil model, the seismic displacement of the wall cumulates fast at early stage of shaking (HPGA/g= 0.15- 0.25). Over the input value of HPGA/g= 0.25, a gentle trend of increasing seismic displacement with input HPGA/g can be seen.
Another curve using log-spiral surface with simplified Janbu’s method in Type-5 analysis is also added for comparison. At the initial stage of HPGA/g= 0- 0.2, the simplified Janbu’s method tends to generate larger displacements compared to other methods. This is an intrinsic nature of the simplified Janbu’s method, like what we experienced in conventional slope stability analyses. However, if the calculated horizontal slope displacement at HPGA/g= 0 in simplified Janbu’s method is initialized, then the curve obtained using simplified Janbu’s method is comparable to that obtained using Spencer’s method. This indicates that the simplified Janbu’s method with log-spiral failure surface is also a valid tool for evaluating the seismic displacements of the Chi-Chi modular block wall.

Input data files for Case No. 3 (Chi-Chi wall):
	[bookmark: _Hlk186922267]verification_type-4_Chi-Chi site1_hyperbolic_c=0_phi=30_K=200_fi=0.5_high inter-block_input.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=0_phi=30_K=200_fi=0.5_weak inter-block_input.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_fi=0.5_high inter-block_input.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_fi=0.5_weak inter-block_input.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=35_K=350_fi=0.5_high inter-block_input.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=35_K=350_fi=0.5_low inter-block_input.txt
verification_type-4_Chi-Chi site1_post peak_c=5_phi=35_K=350_fi=0.5_high inter-block_input.txt
verification_type-5_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_high inter-block_input.txt
verification_type-5_Chi-Chi site1_post peak_c=5_phi=35_K=350_high inter-block_input.txt



Output data files for Case No. 3 (Chi-Chi wall):
	verification_type-4_Chi-Chi site1_hyperbolic_c=0_phi=30_K=200_fi=0.5_high inter-block_output.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=0_phi=30_K=200_fi=0.5_weak inter-block_output.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_fi=0.5_high inter-block_output.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_fi=0.5_weak inter-block_output.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=35_K=350_fi=0.5_high inter-block_output.txt
verification_type-4_Chi-Chi site1_hyperbolic_c=5_phi=35_K=350_fi=0.5_low inter-block_output.txt
verification_type-4_Chi-Chi site1_post peak_c=5_phi=35_K=350_fi=0.5_high inter-block_output.txt
verification_type-5_Chi-Chi site1_hyperbolic_c=5_phi=30_K=200_high inter-block_output.txt
verification_type-5_Chi-Chi site1_post peak_c=5_phi=35_K=350_high inter-block_output.txt
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Modular block wall at site 1 of 1999 Chi-Chi Earthquake
—@— Low soil strength & Weak facing block interface
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Modular block wall at site 1 of 1999 Chi-Chi Earthquake
Hyperbolic model; High soil strength & Strong facing block interface

—@— Type-4 analysis: Multi-wedge failure with multi-wedge method
—o— Type-5 analysis: Log-spiral faillure with Spencer's method
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Modular block wall at site 1 of 1999 Chi-Chi Earthquake
High soil strength & Strong facing block interface

—@— Type-4 analysis: Multi-wedge method without post-peak
—&— Type-4 analysis: Multi-wedge method with post-peak
—=#—— Type-5 analysis: Log-spiral & S. Janbu's method with post-peak
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Type-4 analysis: Multi-wedge method
Tanada wall in 1995 Hyogoken-Nambu earthquake
—@— Low soil strength; Without post-peak; K=100
—©— Low soil strength; Without post-peak; K=300
—8— Low soil strength; Without post-peak; K=450

—5— High soil strength; With post-peak; K=300





