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SUMMARY

The purpose of this paper is to present the effect of fines content on the evaluation of liquefaction
potential while using Seed’s method (1985) and Tokimatsu and Yoshim’s method (1983). The data used
in the paper were bored in the liquefied sites during Chi-Chi earthquake, 1999. The fines content of soil is
the major influence factor that affects the factor of safety of stability and is the target discussed in these
methods. The results from Student t-Test in Statistics show that the factor of safety calculated from the
Seed’s method and the T&Y’s method could be regarded as the same amount as fines content less than
35%. However, the results of T&Y’s method will overestimate the liquefaction resistance as the fines
content greater than 35%. An appropriate correction factor for the fines content greater than 35% is
proposed from back-calculated analysis using the liquefied site data. The result show the proposed
correction factor will improve the effect of the fines content on liquefaction potential evaluation in the
T&Y’s method.
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I. INTRODUCTION

An earthquake scaled as Richter magnitude of 7.3 hit central Taiwan at the mountainous village called
Chi-Chi at 1:47:12 a.m. on September 21, 1999. The earthquake is the strongest ever recorded in Taiwan
for the past 100 years. The destructive earthquake caused a serious disaster throughout the six counties of
central Taiwan, especially in Yunlin, Zhanghua, Nantou, and Taichung County. Many areas and
structures, including free fields, building foundations, riversides, embankments, retaining walls, harbor
structures, etc., were liquefied and caused much damage during the soil liquefaction. The fines content of
soil stratum is much higher in the central Taiwan shown in the boring report. This stimulates researchers
to re-check or to calibrate the effectiveness of the existing the liquefaction potential evaluation (LPE)
methods and to develop a modified factor to improve the accuracy of the existing LPE to mitigate the
damage from soil liquefaction.

There are many methods to assess the liquefaction potential (LP), and simplified methods using standard
penetration test N (also called SPT_N or Ngpr) value are more popular (Ni [1] [2]). The simplified
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methods include Seed’s method (Seed [3], [4]), method of Japan Road Association (1990, JRA method),
new method of Japan Road Association ([5], NJRA method), Tokimatsu and Yoshimi’s method
(Tokimatsu and Yoshimi [6] is called T&Y’s method later), method of Chinese Building Codes (CBC
method, National Standards of the P. R. of China [7]), and Arias intensity method (Kayen [8]). The factors
of liquefaction resistance considered in these methods are Ngpr value and fines content except that the
CBC method uses clay content instead of fines content. As described in Ni and Lai’s paper, the LP results
obtained from analyzing the same site liquefied during Chi-Chi earthquake depend highly on the method
selected. They also described that the major factor to cause the variation is the factor of fines content, a
highly empirical parameter used in the different methods. The purpose of this paper is to present the effect
of fines content on the evaluation of liquefaction potential while using the simplified methods for the
central Taiwan area. However, in this paper only the Seed’s method (1985) and the T&Y’s method
(1983) will be discussed in.

In the paper Student t-Test using in Statistics will be used to present the effect of the fines content on the
factor of safety calculated from the Seed’s method and the T&Y’s method. The boring data used and
analysis results from those two methods are shown as Table 1. Also, an appropriate correction factor for
the fines content will be determined from back-calculated analysis using boring data by NCREE in the
liquefied site during Chi-Chi earthquake in the central Taiwan area.

II. THE FACTORS AFFECT SOIL LIQUEFACTION

The term soil liquefaction is used to describe deformations caused by monotonic, transient, or repeated
disturbance of saturated cohesionless soils under undrained conditions. The generation of excess pore
water pressure under undrained loading conditions is the hallmark of all liquefaction phenomena. When
saturated cohesionless soils are loaded rapidly under undrained conditions, the excess pore pressure
induced by densification will increase and the effective stress will decrease. It is called “initial
liquefaction” (Seed [9]) when the effective confining pressure progress to the point of essentially zero
effective confining pressure. When a soil element reaches the condition of zero effective confining
pressure, it does not have any strength and large deformation can occur during cyclic loading in almost
loose cohesionless soils. This situation is called soil liquefaction. However, cyclic mobility will occur in
the medium to dense sand.

According to many researchers’ report and literatures, many factors affect the soil liquefaction. The major
factors as listed in Table 2. However, the main factors considered in both the Seed’s and the T&Y’s
method are relative density (or void ratio), effective confining pressure, the characteristics of soil grain,
fines content.

Relative density or void ratio

The soil element is more difficult to develop pore pressure as the relative density becomes denser. Based
on the observation from Seed [10] in Niigata Earthquake happen in 1964, the soil liquefaction was found
obviously where the relative density was about 50%. However, it did not find the soil liquefied in the soil
stratum where the relative density greater than about 70%. Mulilis [11] presented that the liquefaction
resistance of soil has linear relationship with the relative density as the relative density of soil is less than
70%, and the relationship is a function of confining pressure.

Effective Confining Pressure

The liquefaction resistance of soil is a function of the effective confining pressure, i.e., the soil
liquefaction is easier to develop at shallow stratum than that at the deeper stratum. The liquefaction
resistance of soil increases with increasing the effective confining stress of soil element, i.e., liquefaction
potential of soil decreases with increasing the effective confining stress of soil element.

Based on the results of the cyclic triaxial test by Peacock [12], the required cyclic shear stress to develop



liquefaction increases with increasing the effective confining pressure, however, the required cyclic shear
stress ratio to develop liquefaction decreases with increasing the effective confining pressure.

Table 1 The boring data and analysis results from Seed’s and T&Y’s method of liquefied and
unliquefied sites during Chi-Chi Earthquake in Central Taiwan

Loa_c_tion amz‘/g Depth Soil Type Nspr O (Nl),ﬁo (Nl_)fc FC PC FS- ES-
NT-1-1 0428 2.80 ML 4 5.90 6.0 199 98 447 0.40 0.61
NT-1-1 0428 4.30 ML 7 7.69 9.2 187 54 139 0.46 0.51
NT-1-1 0.428 5.80 ML 10 954 11.8 247 89 155 0.52 0.66
NT-1-2 0428 7.20 SM 11 12,15 115 173 21 7.0 0.61 0.58
NT-2-1 0.428 5.80 SM 7 1157 7.5 139 25 7.0 0.50 0.56
NT-2-1 0428 8.80 SC 12 1471 114 19.1 43 130 0.65 0.60
NT-2-1 0.428 17.80 ML 35 2370 262 342 80 13.0 2.11 1.49
NT-2-1 0.428 19.20 SM 45 25.15 327 341 29 9.0 2.19 1.38
NT-2-2 0428 3.80 SM 10 525 159 230 30 60 0.70 0.55
NT-2-2 0428 5.80 SM 10 7.18 136 20.8 30 7.0 0.55 0.47
NT-2-2 0428 7.20 SM 17 862 21.1 223 6 30 0.59 0.48
NT-2-2 0428 17.80 SM 31 1932 257 305 36 90 1.77 0.85
NT-3-1 0.428 3.20 SM 10 454 146 237 27 117 0.66 0.59
NT-3-2 0428 2.80 SM 6 379 118 177 22 5.0 0.43 0.40
NT-3-2 0428 4.30 SM 14 488 23.1 319 48 70 1.29 0.80
NT-3-2 0.428 5.80 SM 11 6,52 157 227 28 5.0 0.56 0.45
NT-3-2 0428 7.20 SM 23 813 294 363 25 50 1.28 1.19
NT-3-2 0428 10.20 SM 17 11.21 185 242 20 5.0 0.64 0.50
NT-3-2 0428 11.80 SM 39 13.08 393 440 21 3.0 1.36 2.46
NT-3-2 0428 13.20 SM 35 1467 333 381 26 40 1.44 1.59
NT-3-2 0.428 20.80 SM 54 2372 404 409 27 5.0 1.97 2.58
ZH-1-1 0.192 2.80 SM 8 472 115 19.1 36 95 1.45 1.36
ZH-1-1 0.192 4.50 SM 10 644 123 190 25 10.1 1.24 1.18
ZH-1-1 0.192 5.80 SM 17 797 18.8 249 18 8.1 1.70 1.55
ZH-1-1 0.192 7.30 SW-SM 18 9.75 180 230 10 7.9 1.30 1.31
ZH-1-1 0.192 8.80 ML 12 1140 11.1 238 89 35.2 1.11 1.41
ZH-1-1 0.192 10.30 ML 8 1273 7.0 197 89 31.8 0.80 1.14
ZH-1-1 0.192 11.80 ML 14 1420 11.6 247 97 38.6 1.17 1.49
ZH-1-1 0.192 13.30 ML 17 1546 135 242 76 245 1.38 1.45
ZH-1-1 0.192 1480 CL-ML 16 17.05 12.1 234 83 27.8 1.33 1.40
ZH-1-2 0.192 4.28 SM 4 8.06 44 116 31 40 0.68 0.94
ZH-1-2 0.192 6.00 SM 5 9.37 5.1 137 46 17.0 0.70 0.94
ZH-1-2 0.192 7.28 ML 4 1140 3.7 135 59 5.0 0.57 0.91



Loa_c_tion amz‘/g Depth Soil Type Nspr O (Nl),ﬁo (N_l_)fC FC PC FS- ES-
ZH-1-2 0.192 10.28 SM 6 1404 50 119 31 5.0 0.62 0.84
ZH-1-2 0.192 11.78 ML 6 1298 52 160 70 6.0 0.67 0.98
ZH-1-2 0.192 1505 SP-SM 18 16.35 139 169 0.0 1.08 1.04
ZH-1-2 0.192 1628 SP-SM 18 17.86 13.3 16.1 0.0 1.09 1.03
ZH-1-2 0.192 17.78 SP-SM 17 19.25 12.1 138 0.0 1.03 0.97
ZH-1-2 0.192 20.78 ML 14 2258 92 174 55 6.0 1.32 1.17
ZH-1-2 0.192 22.28 SM 16 2399 102 17.1 45 6.0 1.48 1.19
ZH-1-2 0.192 2378 SW-SM 16 2547 99 102 7 0.0 0.97 0.93
ZH-1-2 0.192 2528 SW-SM 16 27.08 96 88 6 1.0 0.94 0.89
ZH-1-2 0.192 26.78 SP 19 29.09 110 128 9 3.0 1.23 1.12
ZH-1-3 0.192 2.28 SM 6 4.43 89 143 15 2.0 1.12 1.26
ZH-1-3 0.192 4.28 ML 3 6.41 37 177 99 22.0 0.64 1.16
ZH-1-3 0.192 5.78 ML 4 7.70 45 140 54 40 0.65 0.95
ZH-1-3 0.192 728 SW-SM 11 924 113 153 9 0.0 0.81 0.97
ZH-1-3  0.192 10.28 SM 13 1225 11.6 187 34 20 1.13 1.08
ZH-1-3 0.192 11.78 SM 21 1372 177 227 18 4.0 1.50 1.31
ZH-1-3 0.192 1328 SW-SM 24 1539 19.1 199 7 3.0 1.34 1.16
ZH-1-3 0.192 14.78 SM 26 17.16 196 240 20 3.0 2.03 1.46
ZH-1-3 0.192 1628 SW-SM 18 1898 129 16.6 10 5.0 1.11 1.07
ZH-1-3 0.192 17.78 SW-SM 23 20.66 158 149 6 2.0 1.28 1.03
ZH-1-3 0.192 19.28 SM 11 2214 73 132 29 8.0 1.04 0.99
ZH-1-3 0.192 20.78 ML 11 2408 7.0 19.1 92 9.0 1.13 1.27
ZH-1-3  0.192 22.28 ML 12 2564 74 192 91 150 1.21 1.31
ZH-1-4 0.192 2.28 ML 4 3.81 64 161 59 7.0 0.84 1.06
ZH-1-4 0.192 3.78 SM 6 4.53 8.8 145 17 2.0 0.77 0.87
ZH-1-4 0.192 5.28 ML 5.92 77 179 61 6.0 0.78 0.95
ZH-1-4 0.192 6.78 SM 7.46 80 13,6 15 4.0 0.65 0.81
ZH-1-4 0.192 8.28 SM 12 928 123 179 15 6.0 0.93 0.96
ZH-1-4 0.192 11.28 SM 17 1204 153 209 20 80 1.19 1.10
ZH-1-4 0.192 1278 SW-SM 22 1364 186 198 7 2.0 1.19 1.07
ZH-1-4 0.192 14.33 SM 18 1545 143 192 18 40 1.24 1.08
ZH-1-4 0.192 1728 SW-SM 22 1890 158 192 10 0.0 1.33 1.14
ZH-1-4 0.192 21.78 ML 11 2340 7.1 161 61 50 1.11 1.10
ZH-2-1 0.211 4.28 SM 6 6.08 76 150 33 50 0.78 0.86
ZH-2-1 0.211 5.78 SM 48 7.79 5377 60.5 21 4.0 291 5.24
ZH-2-1 0.211 8.78 SM 37 1135 343 407 29 50 2.85 5.25
ZH-3-1 0.192 5.80 ML 4 8.06 44 182 97 544 0.69 1.18



Loa_c_tion amz‘/g Depth Soil Type Nspr O (Nl),ﬁo (Nl_)fc FC PC FS- FS-
ZH-3-1 0.192 7.30 ML 7 9.22 72 21.0 98 395 0.87 1.27
ZH-3-1 0.192 8.80 ML 6 1080 5.7 193 97 594 0.73 1.15
ZH-3-1 0.192 10.30 MH 12 12.04 108 244 99 77.6 1.10 1.48
ZH-3-1 0.192 11.80 ML 11 1335 94 21.0 80 18.1 1.01 1.22
ZH-3-2 0.192 4.77 SM 5.12 6.9 158 49 5.0 0.71 0.85
ZH-4-1 0.192 2.78 SM 3.81 8.0 13,6 18 4.0 0.70 0.82
ZH-4-1 0.192 13.28 SM 16 1273 140 197 21 7.0 1.11 1.00
ZH-4-1 0.192 16.23 SM 13 1584 102 148 13 4.0 0.87 0.89
ZH-4-1 0.192 17.23 SM 18 16.83 13.7 182 16 3.0 1.25 1.03
ZH-4-1 0.192 18.73 SM 19 1875 13.7 179 16 3.0 1.34 1.06
ZH-4-1 0.192 26.78 ML 9 27.08 54 182 98 45.0 1.01 1.28
CY-1-1 0.227 2.80 SM 6 4.97 84 140 16 8.5 1.02 1.21
CY-1-1 0227 440 SP-SM 6 6.59 73 124 10 10.2 0.66 0.98
CY-1-1 0.227 5.80 ML 11 793 122 229 65 204 1.28 1.31
CY-1-1 0.227 7.30 ML 9.51 8.1 18.7 66 8.5 0.88 1.10
CY-1-1 0.227 8.80 MH 10.80 57 196 99 236 0.67 1.11
CY-1-1 0.227 14.80 SM 18 1659 138 197 30 69 1.43 1.13
CY-1-1 0.227 16.30 ML 11 1798 81 196 82 315 0.99 1.15
CY-1-1 0.227 17.80 SM 48 19.66 338 37.7 36 18.8 3.44 4.19
CY-1-1 0.227 19.80 SM 42 2178 28.1 31.1 27 17.1 3.68 2.19
Notice:

1. Location symbol meanings:
NT-1: Chenshin village, Nantou city. ZH-1: Lunya village in YuanLin town, Zhanghua county.
NT-2: Jungongliao, Nantou city.

NT-3: Lumei Bridge, Nantou city.

ZH-2: ShanHu village in Shetou, Zhanghua county.
ZH-3: Huangtsuo village in Datsun, Zhanghua county.

ZH-4: Meigang village in Datsun, Zhanghua county.
CY-1: Chinliao village in Hobi, Chaiyi county.

2. the measured PGA from the nearest seismometer.
3. (N))go is the corrected Ngpr value used in Seed’s methods.
4. (N1)i =N+A4N; used in T&Y’s methods.

The characteristics of soil grain

The dynamics strength of soil is affected strongly by the characteristics of soil grain such as grain size,
grain shape, grain distribution and mineral composition. Seed [14] presented the relationship between the
liquefaction resistance and the mean grain size (Dsg). The liquefaction resistance increases with increasing

with the D50 of soil specimen.

Ishibashi [15] show that for a given mean grain size (Ds), soil specimen with well-graded grain

distribution have lightly greater liquefaction resistance than that with uniform grain size distribution.

Fines content

Several studies have shown that the liquefaction resistance of silty sand will initially decrease as the silt
content increases until some minimum resistance is reached, and then increase as the silt content

continues to increase.



Uyeno [16] suggested that liquefaction resistance of silty sand increases with increasing fines content as
fines content of soil is 20% about. It is due to that void ratio of silty sand structure will be greater than the
maximum void ratio of pure sand (e,.,) as fines content greater than 15% to 17.5%, i.e., some sand grain
suspended in a silt matrix at the time, and the significance of cyclic strength of fines will be greater than
that of sand grain.

Based on the suggestion by Polito [17], for silty sands and sandy silts there is a large decrease in cyclic
resistance that occurs when the silt content of the soil becomes greater than the limiting silt content, and
the largest amount of silt that can be accommodated in the voids created by the sand skeleton has been
called the limiting silt content and occurs between 25 and 45% for most sands. If the silt content is greater
than the limiting silt content, the cyclic resistance of these soils is also controlled by either the relative
density of the specimen and is markedly lower for that it is for soils below the limiting silt content at
similar relative densities. Additionally, the increase in cyclic resistance that occurs with an increase in
relative density occurs at a slower rate.

Table 2 The Factors Effects on Cyclic Strength (After Chen [13])

Effect Factors Level of Effect
Pure Sand with
Sand fines
Average Effective Confining Pressure , O, R R
Void Ratio , e \ \
Saturated degree , S; v v
Overconsolidation Ratio , OCR L \
Pre-strain history \" \"
Sample Prepared Method \" \"
Grain Size, Distribution and Mineral Contents A% A\
Frequency of Loading, Hz R L
Time Effect R R
Volume change during shear strain(y < 0.5%) U U
Note : 'V : Major effect factor L : Minor effect factor
R : Light effect factor U : Significance unknown

III. COMPARISON OF SEED’S METHOD AND T&Y’S METHOD

Because there are many similarity between the Seed’s method and the T&Y’s method, they are discussed
in this paper. Table 3 are shown the comparison with the Seed’s method, JRA’s method, NJRA’s method
and the T&Y’s method. The main difference of the Seed’s method and the T&Y’s method are the
consideration of effect of fines content.

3.1 Effect of Fines Content

The main difference of the Seed’s method and the T&Y’s method is the consideration of the effect of the
fines content on the liquefaction resistance of soil. The maximum amount of fines content is counted up to
35% in the Seed’s method. Lai [18] presented his study that the consideration will underestimate the soil
cyclic resistance as soil with the high fines content, e.g. FC> 35%.

The fines content of soil stratum for most cases used to create the T&Y’s method is less than 35%. This
causes the limitation of the T&Y’s method to predict the liquefaction behavior of soil as the fines content



of soil is greater than 35%. Furthermore, mean of the value of N, of soil has obvious difference between
that had been investigated in Japan used in the T&Y’s method and that had been investigated in the
central Taiwan during Chi-Chi Earthquake, 1999.

Table 4 shows that the mean of (N))g of soil at liquefied site in the central Taiwan is generally much
greater than the soil that has been investigated in the T&Y’s method, in particular, for the soil stratum
with the fines content greater than 35%. Therefore, the count for the fines content in the T&Y’s methods
should be modified as the method is used in Taiwan.

Table 3 Comparison of the Seed’s method, JRA’s method, NJRA’s method and T&Y’s method

NCEER(1998)
Method JRA’s method NJRA’s method T&Y’s method
(Seed’s method)
T O
CSR eq. Tave = 0'657/ amax 7;1 mix = rd ' CZ ' CG : CI : ksO ' t Taw: = 065}/ham_axrd
8 o, ), o, 8
CSR 0.2 0.2
MSF rm=(15/Neg)™ 2=(15/Neg)™ ra=0.1(M-1)
rq value Seed [14] Iwasaki [19] Iwasaki [19]
CRR According to the in- According to the | According to the | According to the
curve From situ borine data results from results from results from
& laboratory test laboratory test laboratory test
Parameters (N1s0.cs N, Ny, ¢y N, Ko, Cs
NCEER [20]:
The correction of the Ry, R; N =Ci+ GN) Na =N+AN;
effect of soil grain (N1so.cs =0+B(N1eo
ANg= f[(N1)so .FC] | R2+ R5=f [Dso,FC] | AN=f [(N1)so ,FC] ANg=f [FC]

In order to understand the variation of factor of safety between the Seed’s method and the T&Y  method
as the fines content of soil changes. Statistics method is used to analyze the result obtained from using the
two methods to test the data of liquefied area in the central Taiwan during Chi-Chi earthquake (the area
includes Nantou, Changhua, and Taichung during Chi-Chi Earthquake (the data were bored by NCREE),

and Hobi village during 1022 Earthquake). The result obtained from Student t-Test in Statistics is shown
in Figure 1.

Table 4 Comparison of NV value with sample used by Tokimatsu [6] and sample bored in
liquefied site during Chi-Chi Earthquake

Nigo Ny
FC(%) (From Lai [18]) (From Tokimatsu[6])
0-5 - 12
10-20 12 7
20-60 16 5
>60 9 3




There are three descriptions in the hypotheses which is used in the Student t-Test:

(1). Null hupothesis: Hy: the factor of safety between the two methods is the same.

(2). Alternative hypothesis: H;: the factor of safety between the two methods is different.

(3). 95% confidence interval is used, i.e., the factor of safety between the two methods is different as the
value o from testing less than 0.05, or it can be assumed to be the same.

It can be found in Figure 1 that the factor of safety between the two methods has obvious variation as the
fines content greater than 35%. On the other hand, the result obtained from the two methods can be
regarded as the same as the fines content is less than 35%.

3.2 The variation of results obtained from the two methods

According to the study of Lai [18] and Li [21], the Seed’s method has higher accuracy to evaluate the
liquefaction potential of soil stratum. Let the difference of the factor of safety obtained from the Seed’s
and the T&Y’s method be the value of AF'S. The relationship of the value of AFS and the fines content of
soil is shown in Figure 2. The equation for the upper and the lower bound for the relationship between the
value of AFS and the fines content is:

Upper bound: AFS =(1.40—-0.01FC)* -0.16 (1)
Lower bound: AFS = (1.30 = 0.01FC)® —0.60 2
1.0

o-value
()
D
|

FC<15% FC=15-35% FC>35%
Fines content group

Fig. 1 Result by using Student t-Test in Statistics

The scattering of the value of AFS versus the fines content is due to the analyzing depth below ground
surface in the liquefied site is different. The different depth below ground surface will cause the depth
correction factor (stress reduction factor) variance, but the amount of liquefaction potential variances due

to the depth correction factor variance is much less than that due to the fines content variance for the
higher fines content. Therefore, all of the value of AFS versus the fines content becomes approximately a

bound distribution.



The correction factor for the factor of safety in the T&Y’s method can be calculated using the mean value
of the upper and the lower bound equations which are shown in Eq. (1) and Eq. (2). The correction factor
for the factor of safety in the T&Y’s method decreases with increasing the fines content. It is
approximately to be zero as the fines content at 50%, and the result shows that correction factor of the
fines content (ANy) does not increase linearly with increasing the fines content.

2
AF. S=FSSeed(1985) B FST&Y(1983)
< 921EQ-Data
—@— (1.40-001FC)*-0.16
N —l— (1.30-0.01FC)8-0.60
AFS

'2 I I I I I I I
20 40 60 80 100

Fines Content, %

Fig. 2 Variation of AFS based on fines content

F ST&Y(]983) E SSeed(1985)
l |
v
AFS:

Upper Bound : (1.40-0.01FC)*-0.16
Lower Bound : (1.30-0.01FC)%-0.60

A 4

FS

used

=F ST&Y(I983) -

vBack calculated of T&Y (1983)

AFS

(N1+ANf)m

\ 4
AZ\Q— N and A ]\C,—FC

Fig. 3 Flowchart used to modify the T&Y’s method



3.3 Proposed correction factor for the fines content

In order to improve the accuracy of the T&Y’s method for the soil stratum with the higher fines content.
This study uses a procedure to determine the correction factor of the fines content for the T&Y’s method.
The flowchart of the procedure is shown in Figure 3. The first step in the flowchart is to find the
reasonable factor of safety of the soil element in the liquefied site. The reasonable factor of safety of
liquefaction (called FSrgy., later) is to subtract AFS from FSrey. After the value of FSrgy,, is found, the

back-calculated procedure in the T&Y’s method is used to find the modified value of N; + AN, (called (I,
+ ANy, later) and the modified value of ANy (called AN;,, later). Finally, the relationship between ANy,

and the fines content can be found. The relationship between (N, + ANy, and N, of the data in liquefied
site during Chi-Chi Earthquake for the unit value of FSysy,, is shown in Figure 4.

40
O
A O
— A
A
A
/_\E @]
Z A O
ﬁ; 20 A A D%§
< o 8
[m}
D?iu (N+AN)vs. N,
7 % o FC=10-35%
r  FC=35-60%
0 FC=60-80%
o FC>80%
0 T
0 20 40
Nl

Fig. 4 Relationship between (N + ANy, and N;

Based on the observation in Figure 4, the value of (N; + ANy, has the maximum value when the fines

content of soil element is between 35% and 50%. And, the value of AN, decreases with increasing the
fines content as the fines content is greater than 50%. It can also be found from the result obtained from

the data in the liquefied site during Chi-Chi Earthquake in Figure 4 that the value of (N, + ANy, is less

than 20 as the fines content is greater than 50%. The correction factor of the fines content of this study is
determined from the regression of data in Figure 4. The correction factor for the variant fines content
group is shown as following:

FC=35-60% , AN,, =-0.10N,+9 3)
FC=60-80% , AN, , =-0.10N,+8 4)

FC>80% , AN,, =6 5)

10



18 — —@— Seed (1987)
4 —o— T&Y (1983)
16 —| 59— this study

14 — —&— Kayen et al.

- (1997)
12 —
AN, 10 —: AN=F(N)
. .

o
0 20 40 60 80 100

Fines Content, %

* - for the soil element with mean grain size (Dsp) less then 0.15 mm, Seed [22] suggested that
correction factor of the fines content of soil element is 7.5.
Fig. 5 Relationship between ANy and fines content

Factor of Safety

2 B Fines Content

——+  Seed's Method
——  T&Y's Method
——

this study

FC(%)

Factor of Safety
—
I

— 100
— 50
—0

0 10 20 30 40

No. of Data
(according to the order of F.S. cauculated by Seed's method)

o
|

Fig. 6 Comparison of the Factor of safety calculated from three methods
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3.4 Performance of the correction factor for the fines content

The correction factor for the fines content has been suggested by several studies, however, most of these
studies is used for the fine content less than 50%. The data suggested by Seed [4], Tokimatsu [6], Kayen
[8] and this study are plot in Figure 5 for the purpose of comparison.

Figure 5 shows that the variation of the correction factor for the fines content among the several methods.
As shown in the figure, the correction factor for the most of the methods increases with increasing the
fines content. The correction factor for the fines content of this study has the greater value as the fines
content between 30% and 60%. And, the amount of the value is similar to the value correspond to FC in
the vicinity of 50% suggested by Kayen [8]. The amount of correction value for the fines content between
35% and 60% is similar to the value correspond to FC in the vicinity of 50% suggested correction by Seed
[4]. However, the contribution of the fines effect on liquefaction resistance should be reduced as the fines
content is greater than 80%.

Figure 6 shows that the factor of safety in this study is very similar to that of Seed’s method. The number
lies, generally, between the result of Seed’s method and the result of T&Y’s method. the factor of safety of
this study tends to be closed to that of Seed’s method as the factor of safety approaches 1. The factor of
safety shows greater difference between this study and Seed’s method when the factor of safety is greater
than 1. This mean s that the value obtained from this study will be more conservative, compared to Seed’s
result.

The samples with the higher fines content, which were bored at sites liquefied during the Chi-Chi
Earthquake, are used to verify the correction factor suggested for the fines content shown in Eq. (3) to Eq.
(5). The results (the factor of safety) obtained from Seed’s method and T&Y’s method are shown in Fig. 6
for the purpose of comparison.

It notes that result of the point A in Figure 6 is slightly conservative, this is because the soil sample of
point A was bored in the shallow depth. In this situation the stress reduction coefficient r, has greater
variance between the Seed’s method and the T&Y’s method in the shallow depth. The factor of safety
using Chinese Building Code to analyze the soil element at the point A in Figure 6 is 1.06. This implies
that the suggested correction factor for the fines content in this study does not seriously underestimated.

IV. THE DISCUSSION OF THE EFFECT OF FINE CONTENT

4.1 The observations of the SPT-N value

The values N, g0 and fines content of soil which are shown on Figure 7 are bored from the site at the
liquefied area after Chi-Chi Earthquake in the central Taiwan, and the coefficients of the regression lines
of that are shown on the Table 5There are some results from the regression:

1. The correlation coefficient between the values N, o and fines content in section I (i. e., fines content
ranges from 20 percent to 60 percent) is greater than that in section II (i. e., fines content is over 60
percent).

2. The slope of regressive line is steeper when the fine content is in section 1., whereas it is gentle in
section II.

Based on the upper results, the values N, will be decreasing with the increasing of the fine content
increasing, however it will approximate a stationary value as fines content greater than 60%.

4.2 The forms of the correction factor of fines content

In the Table 3, the equation of correction factor of fines content can be divided into three forms, such as :
A. The fines content is used to correct the value of liquefaction resistance. It is assumed in JRA’s
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method that there is a direct relationship between the grain size and liquefaction resistance. The correction
factor of fines content will be only influenced by fines content. However, it is not reasonable that there
will be the same amount of correction (Liquefaction resistance) whether the relative density of soil is high
or low.

50
Section I N, ¢-FC
n (FC:20%~60%) ———=—— FC: 20%~60%
10 — o FC>60%
————— all data points
| 0o © Section II
(FC>60%)
30 I O K
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Fig. 7 The relationship between N; ¢y and fines content from in-situ boring data(Ni, [23])

Table 5 The correlation coefficients of the relationship between the value N, g9 and fines content

(Ni, [23])
All data point Section] Section []
Fines Content 6-99% 20-60% >60%
Correlation Coefficient, r* 0.1249 0.1311 0.0235
Regressive Slope -0.0832 -0.3077 -0.0512
equation Intercept 16.0325 25.5908 13.1029
B. The fine content is used to be the parameter to correct the value of N, (or N ¢) to become N, s (or

Nigocs). It is assumed that there is a direct relationship between the fine content and values ANy, and the
correction factor of fines content (ANy) will be only influenced with fines content in T&Y’s method.
However, it will overestimate the weighting value of fines content in the correction equation when the
fines content is higher.

C. The fines content is used to correct N; g9 to become N g0, and both the fines content and N, ¢ are
the parameters to determine the amount of correction. This form is used in the NJRA’s method and the
NCEER’s method.

Eq(6) to Eq(8) are suggested by Ni [23]:

(Nl )6005 :Kx(Nl)ﬁo (6)
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K, =0.0167FC +0.8582 )
AN, =(0.0167FC —0.1418) N, ,, (8)

The amount of correction factor of fines content will be similar to results form using the Eq. (3) and Eq.
(8). For example, suppose that the fines content is 50% and the N, ¢o (or N;) is 12, the amount of correction
factor for fines content (ANy) will be 7.8 from using Eq. (3) to calcute, and that will be 8.3 from using Eq.
(8) to calculate.

V. CONCLUSIONS

Analyzing soil strata data from site liquefied during the Chi-Chi Earthquake using Seed’s method and
T&Y’s method, the following conclusions can be drawn:

1. The major factor to cause the analytic result variance between the Seed’s and the T&Y’s method is the
weighting consideration of the fines content.

2. The results from Student #-Test in Statistics show that the factor of safety calculated from the Seed’s
method and the T&Y’s method can be regarded as the same as fines content less than 35%. However, the
results obtained from the T&Y’s method will overestimate the liquefaction resistance as fines content
greater than 35%.

3. The value of ANy in the T&Y’s method does not increase linearly with increasing fines content of soil.
The AN;has maximum value as the fines content is somewhere between 30% and 50%.

4. To improve the accuracy of the T&Y’s method, the study suggests to use Eq. (3) to Eq. (5) to correct
the effect of the fines content, and Eq. (6) to Eq. (8) are suggested to be the correction factor of fines
content of Seed’s method.

ACKNOWLEDGEMENTS

The work presented in this paper was part of the research sponsored by the National Science Council of
Republic of China under Grant No. NSC89-2921-Z-319-005-20. The authors would like to express their
appreciation for such a support. The authors are also very appreciated the National Center for Research on
Earthquake Engineering (NCREE) for its support of the information needed in this paper.

REFERENCES

1.  Ni, S.H. and Lai, HY., "Some liquefaction cases investigation in central Taiwan during Chi-Chi
Earthquake," Proceedings of International Workshop on Annual Commemoration of Chi-Chi

Earthquake, Vol.lll -Geotechnical Aspect, September, Taipei, 2000: 152-165.

2. Ni, S.H., and Lai, H. Y., “Investigation of sites liquefied during Taiwan Chi-Chi Earthquake,” 4" Int
Conference on Recent Advances in Geot. Earthquake and Soil dynamics, paper no. 4.39, San
Diego, Calif., U.S.A., Mar. 26-3, 10p, 2001.

3. Seed, H.B., Tokimatsu, K., Harder, L.E, and Chung, R.M., “Influence of SPT procedures in soil
liquefaction resistance evaluation,” Journal of Geotechnical Engineering, ASCE; 111(12): 1425-
1445, 1985.

4. Seed. H. B., “Design problem in soils liquefaction,” Journal of Geotechnical Engineering, ASCE;
113(8): 827-845, 1987.

5. Japan Road Association, Guidelines and Comments to Design of Roads and Bridges, Volume V:
Earthquake Resistant Design, 1996 (in Japanese).

6. Tokimatsu, K. and Yoshimi, Y., “Empirical correlationship of soil liquefaction based on ng, value
and fines content,” Soils and Foundations, ISSMFE; 23(4): 56-74, 1983.

14



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

National Standards of People  Republic of China, Design Codes of Earthquake Resistant in
Buildings, GBJ11-89, Chinese Constructing Industry Publishing Company, Beijing, 1989 (in
Chinese).

Kayen, R. E. and Mitchell, J. K., “Assessment of liquefaction potential during earthquakes by arias
intensity,” Journal of Geotech. and Geoenvir. Engrg, ASCE; 123(12): 1162-1174, 1997.

Seed, H. B., “Soil liquefaction and cyclic mobility evaluation for level ground during earthquake
ground,” Journal of the Geotechnical Engineering Division, ASCE, 105(2), 201-255, 1979.

Seed, H. B. and Idriss, I. M., “Analysis of soil liquefaction: Niigata Earthquake,” Journal of the Soil
Mechanics and Foundations Division, ASCE; 3(3): 83-108, 1967.

Mulilis, J. P, Chan, C. K., and Seed, H. B., “The effects of method of sample preparation on the
cyclic stress-strain behavior of sands,” Report No. EERC 75-18, U.C. Berkeley Earthquake
Engineering Research Center, 1975.

Peacock, W. H. and Seed, H. B., “Sand liquefaction under cyclic loading simple shear conditions,”
Journal of the Soil Mechanics and Foundations Division, ASCE; 94(SM3): 689-708, 1968.

Chen, Y. C., “Effects of fines content on the relationship between maximum shear modulus and
liquefaction,” NSC 84-2211-E-011-025, 1995. (in Chinese)

Seed, H.B. and Idriss, I.M., “Simplified procedure for evaluating soil liquefaction potential,”
Journal of the Soil Mechanics and Foundations Division, ASCE; 97(SM9): 1249-1273, 1971.
Ishibashi, 1., Shrif, M.A., and Cheng, W. L., “The effects of soil parameters on pore-pressure-rise
and liquefaction prediction,” Soils and Foundations, JISSMFE; 22(1): 37-48, 1982.

Uyeno, C. K., “Liquefaction of Ottawa Sand with Fines,” Master Thesis, University of California,
Davis, 1977.

Polito, C. P, and Martin II, J. R., “Effects of nonplastic fines on the liquefaction resistance of
sands,” Journal of Geotechnical and Geoenvironmental Engineering, ASCE; 127(5): 408-415,
2001.

Lai, H. Y., ”The study of liquefied site Case in central Taiwan during Chi-Chi Earthquake, 1999,”
Master Thesis, National Cheng-Kung University, 2000.

Iwasaki, T., Tatsuoka, F, and Yasuda, S., “A practical method for assessing soil liquefaction
potential based on case studies at various sites in Japan,” Proceedings of the Second International
Conference Microzonation Safer Construction Research Application; 2: 885-896, 1978.

Youd, T. L., Idriss, I. M., Andrus, R. D., Arango, L., Castro, G., Christian, J. T., Dorby, R., Finn, W.

D. L., Jr, L. E H., Hynes, M. E., Ishihara, K., Koester, J. P,, Liao, S. S. C., Marcuson Ill, W. E,
Martin, G. R., Mitchell, J. K., Moriwaki, Y., Power, M. S., Robertson, P. K., Seed, R. B., and Stokoe
Il K. H., “Liquefaction Resistance of Soils: Summary report from the 1996 NCEER and 1998

NCEER/NSF workshops on evaluation of liquefaction resistance of soils,” Journal of Geotechnical
and Geoenvironmental Engineering, ASCE;127(10): 817-833, 2001

Li, S. H., “ Shear wave velocity regression equations and liquefaction potential analysis methods for
Taiwan data,” Proceeding of the middle paper of the Study on the Soil Liquefaction during Chi-Chi
Earthquake, Hsinchu, 2001: D1-D5. (in Chinese)

Seed, H. B., Idriss, I. M., and Ignacio Arango, “Evaluation of liquefaction potential using field
performance data,” Journal of the Geotechnical Engineering Division, ASCE; 109(GT3): 458-482,
1983.

Ni, S. H. and Fan, E. S., “Using the relationship between fines content and N, ¢y to determine the
correction factor of fines content,” Proceeding of The 10" Conference on Current Researches in
Geotechnical Engineering in Taiwan,paper no. E153, 2003. (in Chinese)

15



	Return to Main Menu
	=================
	Return to Browse
	=================
	Next Page
	Previous Page
	=================
	Full Text Search
	Search Results
	Print
	=================
	Help
	Exit DVD



