7. Application of Potential Evaluation
rocedures for Liquefaction

Photo 7.1 Taking so1l samples
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7.1 Introduction

One of the main objectives of this work has been the application of emperical methods,
described in the litterature, to evaluate the potential of liquefaction on a specific site. In this
chapter sites within the area affected by liquefaction due to the Limén-Telire earthquake, M =
7.6, have been investigated in order to compare the results of some empirical methods with the
incidents observed during the earthquake The purpose of this comparison was to suggest a
suitable method to be used when assessing the risk for liquefaction in Costa Rica in the future,

The two methods used are the cnes proposed by Seed, HB and Iwasaki, T. respectively,
earlier described in section 2.3. These methods were chosen since they employ relatively simple
procedures of calculation and estimate the soil strength from in-situ measurements (SPT-tests),
thus circumventing the difficulties connected with sampling and laboratory testing. To simplify
the work a spreadsheet program has been used to calculate the potential of liquefaction, i.e. the
safety factors against liquefaction, on the chosen sites.

The construction of the calculations in the spreadsheet program and deviations from the
theory as presented in section 2.3 are gone through in 7.3 Section 7.4 starts with a discussion
of the used input data and continues with a presentation of the calculated safety factors site by
site. The section ends with a summary and an analyse of the results.

Some of the input data used were already existing information obtained from companies and
institutions in Costa Rica. Additional geotechnical data was obtained by field investigations.
SPT were not a part of the field investigations, instead a so called DPL-equipment was used.
Values obtained with the DPL-equipment can be transformed into correlating SPT-values. The
DPL-equipment and the transformation of DPL-values into SPT-values are described in the
following section, secfion7.2.

7.2 The DPL-Equipment and its
Correlation With SPT

7.2.1 The DPL-Equipment

Though smaller, the principles of this
german equipment 1s the same as for the
SPT-equipment.

A steel rod is driven into the ground by
the energy delivered from a 10.125 kg
weight falling from a height of 50
centimeters. There is no engine to
operate the weight. This has to be done
by man power. Rod pieces of one meter
in length are connected with

screwthreads as the rod is driven deeper 10 cm
and deeper into the ground. The number —t
of blows needed to penetrate ten A= T mt

centimeters into the ground are
continously noted and called the

Nio-value. Fig 7.1 The DPL-equipment.
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7.2.2 Transformation of DPL- to SPT-values, N1o to N30

The tranformation formulas (7.1-5) are taken from the german standards (DIN 4094).
Different formulas are valid in different materials and conditions of saturation. In the following,
N1o denominates the blow count value measured in the DPL-test, while Nao is the
corresponding SPT-value

In clay above the water table:

N30=0.6:N1o 2<N10<30 (7.1)

In clean sand above the water table (Here the transformation has to be done via
another equipment, the DPH-equipment):

N10,0p=0.34*N1o,DPL 3<Ni0,0PL<50 (72)
N3o0=1.4*N10,0PH 3<Nio.ppH<S50 (7.3)

In clean sand, correlation between values above and below the water table:
N30,above=1. 1 +N30,befow-+5 3<N<50 (7.4)

Ni0.DPLabove=2*N10,DPLbelow  J<N<S50 (7.5)

In the case of clean sand, the water table has to be known, both during the penetration and
during the earthquake to make a correct transformation. If information is missing or to make a
conservative calculation: Presume the water table low during the penetration and high during
the earthquake! As the water table situation may be different during the penetration and the
earthquake there are four possible cases, see fig 7.2/

Z We Wp
| NV \L \l/ z - depth of calculated layer

w e - water table during earthquake

AV
- wp - water table during penetration

CASE #1- CASE #2: CASE #3. CASE #4:
Z-We<0 z-we=>0 Z-we=() z-We<0
z=wp<0 z-Wp<0 z-wp=0 z-wp=0

Fig 7.2 Different cases of water table situations.
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CASE #1 means that the calculated layer both during the earthquake and during the
penetration test is above the water table. In CASE #2 the layer is below the water table during
the earthquake and above it during the penetration test In CASE #3 the layer in question is
below the water table both during the earthquake and during the penetration test. Finally in
CASE #4, the layer is above the water table during the earthquake and below it during the
penetration test.

Formula to evaluate N3oin CASE #1 in fig 7.2:

(7.3), (7.2) = [Nao=0.476+No|

Formula to evaluate N3oin CASE #2 in fig 7.2.

(7.4), (73), (7.2) = [N30=0.433-N10-4.55

Formula to evaluate N3o in CASE #3 in fig 7.2

(7.4),(1.3),(72), (7.5) = [N30=0.865-N10-3.68

Formula to evaluate Nao in CASE #4 in fig 7.2:

(7.3), (7.2), (7.5) = |N30=0.952+N10+0.952

7.3 The Seed And Iwasaki Methods as Used in This Work
7.3.1 Introduction

Both the Seed and the Iwasaki method make use of the SPT blow count value, N, to evaluate
a soil’s ability to resist liquefaction. In the SPT-test, the number of blows needed to penetrate
30 centimeters into the ground is continously noted. Thus, there is an N-value at every 30 cm
from which a calculation of the liquefaction potential can be made The potential is expressed
as a factor of safety, F, against liquefaction

As mentioned in the introduction to this chapter, a spreadsheet program, in Quattro Pro, has
been used to facilitate the calculations.

The two following chapters describe these calculations on a rough computational form
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7.3.2 Method After Seed to Determine the Potential of Liquefaction

The calculations for a site is shown in fig. 7.3.

SIMPLIPIED METHOD POR LIQUEFACTION EVALUATION (SEED 1982)
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Fig. 7.3 Calculation of safety factors against liquefaction for a site. Method after Seed.
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Input

for the hole profile
. Water table during penetration test, wp (m) (when using DPL-values)
. Water table during earthquake, we (m)
. Horizontal acceleration at surface, a (m/s2)

. Delivered Rod Energy from SPT-equipment, ERm (%)

for each level:
. Depth under surface, z (m)
. SPT or DPL blowcount value, N30 or N10 (blows)
. Contents of fines (D<0.074 mm), FC (%)
. Soil Density, ps (ton/m3)

Calculations
at each level:

If N10 is given as input the corresponding N30-values must be calculated
(compare section 7 2.2)

N30, biows:

IfFC>98

then N30=0.6*N10
else if z-we<0 and z-wp<0

then N30=0 476+N10
else 1f z-we>0 and z-wp<0

then N30=0.433+N10-4.55
else if z-we=0 and z-wp=0

then N30=0.865+N10-3.68
else if z-we<0 and z-wp>0

then N30=0 952+N10+0.952
else N30=0

If N30<1
then N30=1

oo, vertical overburden pressure.

C0,4=Cv,n1+Ps(Zn-Zn-1}g
where n denotes the number of the caiculated layer, the layers being
numbered from top of profile to bottom.

oo, effective overburden pressure:

C0'=C0-pwWe'g
where pw is the density of water
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ra, reduction factor for soil stiffnes:

ra=1-0.015z

We are now able to calculate the cyclic load induced by the earthquake.

Ta/GY, cyclic load:

T _p6s 22 14

o' g @

Continuing with the correction of the Nso-value

en, correction due to the effective overburden pressure:

1

\/00'/100'

Cn—

Finally the soil resistance is calculated and corrected for the influence of effective

overburden pressure.

(N1)so, Nso-value corrected with cn, and the fraction of energy delivered to the

drill rod in the SPT-test, ERm

ERm
(leo =Cn ¢y N o

Having established the (N1)60-value we make the correction for fine contents-

A(N1)60, correction for fine contents:

IfFC<10%

then A(N1)60=0
else if FC<25%

then A(N1)60=1
else If FC<50%

then A(N1)60=2
else if FC<75%

then A(N1)60=4
else A(N1)60=5

(N1)60corr, corrected (N1)60-value’

(N1)60corr=(N1)60+A(N1)60
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The soil resistance, CRS, is calculated and corrected for the influence of effective
overburden pressure

Ko, correction for overburden pressure in resistance to cyclic loading
(compare curve in fig. 2. 14):

Ko = 1.6 - 0 007637*c0' + 0.000017687+Go'*2 - 0.000000013+G0'3

CRS, in-situ resistence (compare curve for M=7.5 in fig. 2.12):

CRS = (0.028234+(N1)60corr - 0.001724(N1)60corr"2 + 0.000042 +

(N1)60corr3 Ko
The factor of safety 1s finally calculated as the quotient of the soil strength and the
cyclic load
OQutput

for each level:
F, factor of safety.

CRS

F= Tav /G 0!

Since the sites investigated in this work corresonded to level ground, or where considered

to possess small static shear stresses, no correction for initial shear stresses has been made
in the calculations.

86



7.3.3 Method After Iwasaki to Determine the Potential of Liquefaction

Fig. 7.4 shows a calculation for a site using the method after Iwasaki.
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Fig. 7.4 Calculation of safety factors against liquefaction. Method after Twasaki.
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Input

for the hole profile:
. Water table during penetration test, wp {m)
. Water table during earthquake, we (m)
. Horizontal acceleration at surface, a (m/s2)

for each level:

. Depth under surface, z (m)

. SPT or DPL blowcount vaiue, N3o or N1o (blows)
. Mean particle diameter, Dso {mm)})

. Contents of fines (D less then 0.074 mm), FC (%)
. Saturated soil density, ps (ton/m3)

Calculations
at each level'
Nso, blows (If Nio 1s given as input):

If Dso < 0.002

then N30=0.6*N1o
else if z-we<0 and z-wp<0

then N30=0.476+N1o
else if z-we20 and z-wp<0

then N3o=0.433+N10-4.55
else if z-we>0 and z-wp=>0

then N30=0.865+«N10-3 68
else if z-we<0 and z-wp=0

then N3o=0 952+N10+0 952
else N30=0

If N3o<1
then Nzo=1
Co, vertical overburden pressure’

0'0,n=00,n-1+ps(h—2n-1)g
n being the number of the layer 1n question.

ov', effective overburden pressure:

C0'=CG0-pw*We*g
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Now the soil strength, or resistance to liquefaction, can be calculated.

Ry, in-situ recistance:

R 1=0.0882 \ /ﬂ”___

co' +0.7

Rz, in-situ resistance.

IfDso< 005

then R2=0.19
else if Dso < 0.6

then R2= 0.225l0g(0.35/Ds0)
else R2=-0.05

R3, in-situ resistence:
IfFC <40
then Ra=0
else R3=0.04+FC - 0.16
Ry, total in-situ resistance.

Ri=Ri+Rz+Rs

L, dynamic load:

G

0
L=~ 54 (100152

oo |

I, factor of safety:

Rt

Fi=p
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