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mmd displacement 1s proposed.

§ e Lol 5% g hQUEfaCtl()n induced permanent d
RS n m its effe t grouli
| gisplacem® cts on earthquake damage

. The factors influencing the magnitud

€ of the ligquefaction induced
di@lmmnts are quantitatively analyzed and a formula for evaluatlnzef}iznzzz-
Furthermore, the correlation of the damage

ied
hbuses,jbur pipes, etc., with the permanent ground dlsplacements as well as

'lzuﬂﬂgbﬂcTIGN'

vhe authors conducted measurement of per-

ganen ground displacements in Noshiro City

Tt Jyg the 1983 Nihonkai-Chubu and in

gii @ta City the 1964 Niigata earthquakes

 py pre- and post—earthquake aerial survey
and repo:rted that the maximum horizontal
dgisplacement reached over 5 m and 8 m dur-
ing these two earthquakes, respectively.

'.rm-thﬂmre it was clarified that the

permanent ground displacements were caused

by soil liquefaction.

In this paper the factors influencing
the magnitude of the displacements and the
‘correlation of the damage to houses,
mm pipes with the ground displacements
ound strains are discussed.

m analysis in this paper includes the
data of permanent ground displacements Dy
the 1971 San Fernando earthquake in ad-

. ﬁitim tﬂ the data by the above-mentioned
’ uakes. The permanent ground
*%ﬁﬂia;_ gfts that*aecurred in the
~ Vicinity of the Upper Van Norman Lake

B o s San Fernando earthquake were

TR Y Q‘M md 's.'oud

' -ﬂqma

nt rOund Stralns thil.(:h are ca
r

and topographical conditions:

(1) Thickness of liquefied soil layer.

(i1) Gradient of ground surface.

(iii) Gradient of liguefied layex
(gradient of upper and lower bound-

ary faces of liquefied layer).
(iv) Depth of liquefied soil layer
(depth of upper and lower boundary
faces of liguefied layer).

The subsurface soil condition was Sur-
veyed along the section lines drawn ap-
proximately parallel to the horizontal
displacement vectors. Some examples of
section lines in the northern part of
Noshiro City is shown in Fig. 2.

The liquefied soil layer was conjectured
by the Factor of quuefactlon Resistance
Fi, proposed by Iwasaki et al. The soil
layer with Fp less than 1.0 was considered

to have been ligquefied.
These factors were dete

soil layer profile accord

lowing procedure.

(4} Ehe established sections Were
divided into segments as shown in Fig. 1,
by taking into account the gradient of the
ground surface, the distribution pattern

of the permanent ground displacements, and

the topographical conditions. Each seg-
ment represents the area where the slldlng

of the ground can be regarded as one

hlﬂf.:k .

rmined from each
ing to the fol-

% The Liquefacti@n Rasiatance
was prmneﬂ py Iwasaki et al,_
f m liqufa»ctim. Ao
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[§ factors concerning
(i) The faatﬂr'fied g 1gyer an

tions of the lique e
magnitudes of the pemnen_t g i g
placements were determined a

values of each segment. cingtad

(iii) In the caS

ligquefied zone WwWas
one layer, the thickness

mediate layers was also adde

‘ in Fig. 1.
thickness, as shown 17 | s
these layers actually have 4 high P

| &
bility of being liquefied by the effe

ding lavers.
L < X e;permanent

: : th

(iv) The magnitudes of |
ground displacements along the Shlnazz-
River were considered to be largely

pendent on the existence of the revetment,
where the ground surface had an abrugt

vertical discontinuity. Therefore, 11
this case, the gradient of the ground Sur-

face was tentatively determined as the
ratio of the horizontal distance of the
segment to the depth of the river bed, as

shown in Fig. 1 (b).
Fig. 3 shows the relationship between

the gradient of the ground surface and the
magnitudes of the permanent ground dis-
placements. Although there are some con-
tradictions among the data obtained from
the three earthquakes, it can be concluded
that larger the gradient of the ground
surface, the larger the magnitudes of the
permanent ground displacements.

The permanent ground displacements along
tbe Shinano River (4 plots in the figure
i cxcmpms s e v
caused by the other tw 0
can be considered thatotiarthquaRES" -
BN, e Ditcrs s e tQPOQraEhical.
S a dlscontlnulty of

urface at the revetment,

largely influen
ced "
displacements' the Mmagnitude of the

Fiqg,
g 4-shows the relationship between

& of

Permanent
Ground Displacement
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fﬁ%éﬁ?@* thus far, it was discovereg
T ﬁ#ﬁ?éﬁ?édi&nt of the ground surface
:”Eairﬂf;fﬁaf:ghg 1iquefied layer's lower
. ane DLy face had a relatively high cor-
:xgj;f%;é5iﬁith_the'magnitude of the per-
1mgg;”;;%§&%ﬁna displacements. However,
4 v«ﬁafiﬁg{@mﬁ-ﬂf these two parameters can be
mg-,ﬁ£§§;{};¥, to be commonly influential to
i ‘1"'-;-1acement5 by both earthquakes, be-
7f'jfﬁﬁtﬁmrﬁ are differences in the types
o rmanent ground displacements.
afm '?5110“5 the relationship B the
, ;:_ -_ t grouﬂd displacements with the
 §’LV“Hva1uE$ of the ground surface gradi-
lwt the lower boundary face gradient.
ent °oF I wrrel&ticm 1s found with the
l--“tt;ﬁntﬁ compared with the results
aiw“m Figs. 3 and 4 and 1t can be con-
swred i:hat the larger gradients of the
53-33' surfaice or the lower boundary face

re proper parameter explaining the

m a;itnde of the permanent ground displace-
Ry _
E:g 7 shows that the correlation of the

magnitude of the permanent ground displace-
mm;s with the thickness of the liquefied
layer is comparatively high and_therefonf‘e
it can be concluded that the thickness is
w& of the factors governing the magnitude
of permanent ground displacements.

‘Besides the above-mentioned factors, the
correlation of the depth of liquefied soil
layer and the Factor of Liguefaction Re-
sistance F;, as an index showing the degree
of liguefaction was examined, but no clear

~ gorrelation could be found.
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3 REGRESSION ANALYSIS OF MAGNITUDES OF
PERMANENT GROUND DISPLACEMENTS

F?Om the above discussion, it was estab-
lished that the thickness of the liguefied
layer and the larger gradient of the
ground surface or the lower boundary face

Of the liquefied layer had a cComparatively
Close correlation with the permanent
ground displacement.

‘Baﬂed on the data obtained from the 1983
Nihonkai-Chubu, the 1969 Niigata, and the
L973 San Fernando earthquakes, the total

ﬁumber of which were about 60, the follow-
1Ng regression formula for the evaluation

Of the permanent ground displacements was
established.

D= 078 Vi +¥H

where,

D: Permanent ground displacement in the
horizontal direction (m)

H: Thickness of the liquefied layer (m)

O: The larger gradient of the ground
surface or the lower boundary face of
the liquefied layer (%)

Fig. 8 shows a comparison between the
permanent ground displacements estimated
by the above formula and the measured
values. Most of the data are within the
two dotted lines in the figure which show
the range in which the estimated displace-
ments are 1/2 to twice the measured values.

2 LEGEND

(o) Noshiro

Niigata

ot 5
B | San Fernando

.

Permanent Ground Displgcement (m)

B | 10
Grodient of Lower Boundary of Liquefied Layer (%)

Fig. 4 Relationship between the gradient
of lower boundary face of 1;quefied layer
and the permanent displacement £ |
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F1g. 8 Comparison of the permanent dis-

P}acement estimated by regression formula
With the observed one

The permanent horizontal ground displac
?:nts wgre measured at about 2,000 points
hougzzh;rfg Eity’ wh]:*le the damage tc? tll
| uried Plpelines was thoroug

Measures _ |
red, was divided into 100 m squéd®
. 9. The mean V4"



2 EJ _-':;'.-f. RUES P S G5 the Do I_Tma— It should be noted that in some cas

| tﬁmﬁ displacements measured within where the permanent rc ifi rlt“'m# .a'r ,jaﬁ,

-'. ﬁwﬂll was C:lc:ﬂ!.ati!d, disregarding the were small, ’r-;hr-*: Elar;az;_}?;t; izIJ}:dI;Er;:nz?r]
ﬂj,uiﬂl gtiﬂmﬁ of t iiin ;i?cicirr:tent vecf:tf:::rs. nigh. For example, the asteri r' {*}'" ir;
{.11) 1In cases i € amplltudes‘ the figure indicates an area where the
Rk .ﬂil'éctiﬂns of disp ac':erflent vectors in
an m‘djaﬂent cells are similar, they were
wﬂ Me& to form one blockf from which one
compi? £ the ground displacements

n value ©
mean ]_cul’ﬂted' The reason for this was

was ¢;y joing so the number of samples
'tha;a‘iﬂﬂg.e to houses and buriled pipes,
of juded in one block would be increased,
iﬂc 32 improving the reliability of the
L of the correlative analysis be-

ults
r::en +he damage rate and the permanent
s displacements.

- The rate of damage to buried pipes
jated as a number of damage
+ per one km in each cell or block,
e rate of damage to houses was
4 as a ratio of the number of
damag‘e‘ﬁ houses to the total number of

: shown in the following:

| (iii)
was Cal‘:u

ng -+ O.50s
N

of damage to houses =

N: Total
or block
Number of totally destroyed houses

in each cell or block
ny: Number of partially destroyed houses

J in each cell an block

the relationship between the rate of
damage to houses and the magnitudes of
the permanent ground displacements 1S
; shown in Fig. 10. A certain high correla-
j tion can be recognized between the dis-
[ placement magnitude and the damage rate
to houses, however, it should be noted
‘ that in some area, even though the perma-
nent displacement is small, the damage
rate is comparatively high.

For example, the asterisk (*) -in the
| figure shows the damage rate at one block (%]
| in the northern part of the city. In 80
l

where, ;
| number of houses in each cell
ny:

—

this area, the permanent ground displace-
ment was small, but ground failures such 8
~ as cracks, sand boiling, etc. Were€ found.
This means that the houses can be damaged
by local failures of the foundation ground
without large displacement of ground.
| ‘_Fig- 11 shows the damage rates toO cast
1iron gas pipes (CIP) and steel gas pipes 20
- (SP) with diameters of 75 to 150 mm. A =
' ﬁeﬁnlte conclusion could not be reached
hecaﬁﬂﬁ@fan insufficient number of data, . : 2
_ DUt it is clear that the damage rates to
";;tlfPE$of pipes have a proportionsl
iﬁ;ﬁiﬁiﬁ?tﬁe 2;2? co Bg . Fig. 10 Relationeiap betweiz th‘;iﬂi?_e
|  seen from the figures that the damage rate  rate to wooden houses and the pe
e - P is 2 or 3 times that of SP. ' displacements

60 O

On
O

Damage Rate
W »
£ %D

Permanent Ground Di splacement
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dome Hil

the slope of Suna

Il
pa::: ‘the upper part of the northeaster

111
slo of Sunadome Hili, £
t g:n was caused along the approxi 3
2ir while in the are€

direction of the slope, | 5 0
near Shonan-cho and Mats?ml—cho at th

of the slope, a comp . :
caused. A similar result can be found O

the slopes of Mae Hill. On the t:lpper
parts of the slopes tensile strain was
dominant, while compressive strain was
notable in the lower parts of the slopes.
Ground failures such as cracks and sub-
sidences were concentrated in the area
where the permanent ground strains were
dominant. It is worth noting that the
directions of the principal tensile strain
are roughly perpendicular to those of the
cracks on the slope of Sunadome Hill.

B e B L b i

< uw?igL 15.ﬁ15G shows the
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™ - r r;:-i.'a -
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straine on the left bank . , "°n
Biver i maigata City, ope,;
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length of cracks on the groyng . "o s
the permanent tensile strai,. S face
nate shows the total length ke .. Tr
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and along the Shinano River_- = o Oy
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evident correlation between +1.

gracks will occur on the groung « ..

if the tensile strain exceeds g ;
Fig. 17 shows the damage rates +. ..
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Fig. 17 Damage rate of gas pipe (#=75 -
150 mm, ©® Steel Pipe, O Cast lron Pipe)

75 to 150 mm, where the abscissa 1s the
maximum absolute value of the two princl=

pal ground strains. It is also recognized

that a certain correlation can be found

between the damage rate to buried gas
pipes and the permanent ground stralns.

& CONCLUSIONS

The following results were obtained about
the influential factors to the magnitude
of the permanent ground displacements and
about the correlation with the damage to

the buried pipes, etc.:
1iJ.ThE_gradients of the ground.surface

and the lower boundary face of the lique-

g i A
anent

: (i) A certain nigh correlation was

round betwee ' : 3

| 1 between the magnitudes of the perma-

1er i 1is e ‘AADESE.
1T ground displacements and the damage

rate to houses. :

thil;LB E.Iﬁﬂiﬂ;bwzly high correlation of
e gnitudes of the ground displacements
W1Fh the damage rate to large diameter (7;
“lbUmm? steel and cast iron gas pi;éz was
rgcoqnlzed, but not with those of small :
diameter (32-~50mm) steel gas plipes and
asbestos cement water pipes. This result
shows that because the strength of the d
small diameter gas pipes and asbestos
cement water pipes was generally low, if
the damage was not due to the permanent
ground displacements, then it could be due
to other causes such as local ground
failures induced by liguefaction and the
relative displacements by the water pro-
pagation.

(Lv) The permanent ground strains, cal-
culated from the measured permanent ground
displacements reached about 4% in Niigata

City and l1.5% in Noshiro City.
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