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Dynamic characteristics of collapsing loess and its site seismic response
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ABSTRACT: Collapsing loess is a special soil, it is 8 important respect of site seismic response to research dynamic
charcteristics of collapsing loess. Through the test and statistical analysis of the dynamic characteristics of collapsing loess,
including the tests of shear wave velocity at site, and the dynamic triaxia! tests of soil samples (dynamic shear modulus and
dyusmic duwpiug rutiv), uud stulistival sualysis of the chursclerslivs purumelers, this puper proposes the luw of the dy.

namic characteristics of collapsing loess.

1 INTRODUCTION

In northwest regions of ching, such as Shaanxi, Gansu,
Niengxia and Shanxi province etc, Collapsing loess that
thickness is larger, is widely distributed. these regions are
usually located seismic arcas that intensity is high, histori.
cal record indicated, scismic disastcrs have causcd cnor-
wous lusses lo the people’s lile uud properly of (hese re.
givus, now, lureg—scule couslruclivus buve beeu muking in
these regions, with the earthquake resistance in wiew, it
has important significance to research the dynamic charac.
teristics~of coliapsing -ioess and.its site seismic .response,
since seventies, some research departments and institu.
tions of higher learning have made many test research
sbout dynamic characteristics of loess one after another.
The authors participated these test research, meantime,
collected many information of dynamic tests, combining
some site tests, n lot of statistical analysis, are mnde, site
scismic response, is calculated, the statistical results about
dynamic characteristics, are used in actural site analysis of
seismic response, some preliminary imagines are provided
for reference of ascismic design and scismic responsc caleu.
lation of cngincering construction in collapsing locss rc-
gions.

2 DYNAMIC CHOARACTERISTICS OF COL.

LAPSING LOESS

To research dynamic characteristics of site soil (to discuss
its dynamic parameters), is ficst to research dynamic shear
modulus and damping ratio, these parameters.have impor-
t|ant significance for seismic response.

Loess is a saline colloidal clay, it has wide—aperture
and multi-aperture structure, natural void ratio is usually
0.8 to L.1, the intcnsity of locss is higher in datural statc,
e vowpressibility is lower, il ils cohbesive [urce of
wucrelivn is desloried, they, i iuitisl siele is destoried
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immediately, additiona) subsidence is produced. In dynam.
ic characteristics respects, loess is differsnt from other soil.

2.1 The relationship of collapsing
dynamic—stress and dynamic~strain

loess between

Reseurch resulls indicaled (hal, the relative curve belwesu
dyusmic—stress wud dyuswic—struin ol collupsiug luess is
relative to its initinl water content, when water content is
tower, the relative curve is usually straight line, when wat.
er content.is higher, itds usually hyperbola, two relation.
ship of stress~stroin may be shown as follow:

)

g, =

when wuler coulent is lower: ‘

Cu‘

A

)

=

when water content is higher: ¢ 4

a+ bx‘
in which, a, b, c arc respecdvely diffcrent test paramctcrs,
they are relative to loess properties and stress of
concretion.

2.2 The analysis of dynamic parameters of collapsing
loess

According to formula (1) and (2), the normalized sgua.
tions sbout dynamic~modulus and dynamic—strain may
be given conveniently as follow:
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i whicl, G is iuilisl shear modulus;



Table1 The statistical repression results of shesr wave velocity

The classifications of site soil Regression equation Cum"_hvuuu
coetlicient
Loess tableland or loess that is located high V,= 126.415H 1335 0.91
terrace !
1
Q, Vo =146.38"1% 0.77
Loess that is located
I gmde or I grnde terrace Q3 snd V.= 14121702 0.76
before Q, 5
Saturation loess Vg=120.77+46.07L H 0.85
Farinaceous clay V,=126.149B"% 0.87
Sand V= 1387270301 0.87
) Gravel Vg=171.958 4% 0.92
Py [ SUUSE PN - St T . p
“8ilt soil , Vy=87.70"" 0.84
G is dynemioc shear modulus; A L
. . —_—= ()
t is dynamic shear stress; i 1+7y

y is dynamic shear strain;
¥, 5 mox dynamic shear stroin.

The dynamic shear modulus may be obtained by test.
ing, 'of course, it may be also obtained by statistical analy.
ds, a8 well know, in smsll strain, the dyrsmic shear
modulus of locss may be detcrminded according to shar
wavc veloclty V, as follow,

G-sivj ®)

in which, G is dynamic shear modaulus;
y is apparent density of loess;
Vg is shear wave velocity;
g is gravity nccelerntion,

Now, to detsrmind shear wave velocity have had some
riper and perfect methods. The authors have made many
times site tests about shear wave velcity in collapsing loess
regions of Chinn, meantime, multitudinous initinl datn
mbout this respect, are collected and sorted out, statistical
analysis of these results, is made. Research results indi.
cated, shear wave velocity increase with buried depth of
locss, on condition that covironments arc different,
itsrcgular pattcrn of change is also diffcrent. Assuming
that, the cause of formation of loess is the same or similar,
the mechanical characteristics of loess is resemble, then,
the dynamic characteristics of loess of the same type, that
is cvcuted different pluces bul indenticul svilluyer, ure the
samc or similar. Thus, through statisitcal rcgression of
many test data of shear wave velocity, the shear modulus
of loess masy be determinded. The results of statistical
re; on of shear wave velocity are shown in table 1.

The damping ratio of collapsing loess may be determinded
by testy, but uvw, because of effect of ity suil structure, test
results are osually discreter, for this resson, further re.
search would be made.

According to Hardin’s research results (¥ about dy.
pemic noplinenr problem of soil, the damping ratio of
loess usually sccord with formula (6),

in whick: A and 4, are respectively drmping ratio and
max damping ratio;
7, ishyperboﬁcstrnin,y‘ = L,
‘e

M any research results indicate that, it is reasonable to
express nounlinear character of soil using formula (6),
7changes with the clessifications of soil only.

Furmuls (6)is ulsv suiluble fur collupsing luess, bul,
because of effect of soil structure, the change of y,is great-
er, damping ratio increases with dynamic shear strain of
loess, the relevant information indicate that, on condition
that water contert is higher, meantime, the dynamic shear
strain range between 10™*and 1072, damping ratio may be
calculated, according to formula (7), other kand, adding o
cerrespouding coeflicient,

A G
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2 TEE SITE SEISMIC RESPONSE ANALYSIS OF
COLLAPSING LOESS

3.1 Dynamic characteristics of collapsing loess

Collapsing locss is gencrally distributed valley terrace and
luess ubleluud regivus, thus, ity sile property is infuenced
by valley lerruce sud luess tubleluud. The sile luudlora ol
loess tableland is smooth and wide, the thickness ot loess is
about tens of meters, even over one hundred meters; valley
terrace have two types, one is o wide terrace of accumula.
tion, its terrace face is smooth and wide, another is narrow
terrace of basal stump, its terrace face is quite narrow, the
thickness of terrace loess is usually from a few meters to
tens of meters, M any cities and towns in loess region, are
situsted in above—mentioncd districts.
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3.2 Calculation method of seismic response

To counter these particular characteristics of loess site,
appropriante calcvlation model may be sslected in re
scarching its scismic responsc. as for valley terrace an
d locss tablcland that rclicf is smooth and widc, sitc s
oil may be looked on as horizontal layer—-medium, on
e—-dimensional mathematical model may be used in cal
culating; but, as for terrace of basal stump that is o2
row ur loess ridge wud loess hLillock thul wre wula-
tion of reliet, two—dimensional mathematical model m
ay be used in calculating.

Because that actural bedrock depth of loess site i
s usually hundreds of meters, even over one thousand
welers, hus, wu wssumed bedrock is delerminded iu
calculating seismic response of loess site, generally spe
aking, the depth where the shear wave velocity ex.
ceeds 500 meters / sec, may be taken ag the computati
onal basement depth, the shear waove velocity of all s
oillayer would be lower than 500 meters/ sec. Re-
search results indicated that, the sssumed bedrock dep
th of loess site is about 80~ 100 meters.

3.3 The selectivn of sceelerativu liwe histories of bed
ok (upulliug seiswmic wuve)

In calculating seismic response, to determind acceleration
time histories of bedrock is utmost importunt, generally
speaking, according to require of tanrget spectrum
determinded by seismic risk analysis, two methods may be
used, one is to use synthetic seismic waves, another is to se-
lect some seismic records formerly and to make correctlon,
somc major works as follow:

1. According to regional in seismic geology, the dis.
tribution of fault zones which may nffect this site and
their activeness were studied;

2. Prediction and programing of thc latent scismic fo-
cus were made and its activity parameters were calcu.
lated;

3. Uyiug Der Kiureghivu Aug’s wodel, o seiswic risk
analysis was made; & ground intensity with ditterent p
mbability of transcendence in 50 years, was given; an
d, at the same time, & bedrock peak acceleration and
bedrock acceleration response spectra (target spectra)
were given;

4. Artificially synthesized seismic motion time histories
in the bedrock were given,

Other huud, wccording (o H.B.Seed’s expericnce rels.
livuskip wwoug pesk wocelerstion, dvminsut period, w
sgnitude of earthquake mud epicentral distance, then,
peak acceleration and dominant period of acceleration
time histories of bedrock may be determinded, throu
gh correction, seismic wave of acceleration time histo.
ries of bedrock may be determinded also.
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3.4 The calculating of seismic response

Generally speaking, because of requires of engineering

counstruction, there are a preat deal of detection hole
s and sitc goologic scctions, thesce information refleet
distributive condition of sitc soillaycr. According to ab
ove—mentioned statistical amalysis results of dynamic
parameters of loess site, some parameters, such as dy.
nsmic shear modules, may be giver iz different soills
yer, thew, sile seiswic respuuse wuy be wude ceuvenic
ntly.

The shear wave velocity of three typical sections
are given in table2, in which, V  is average value of
shear wave velocity, o is its mean-square deviation co
wbining viber purameters, the spectra of A, B wnd C
section were calculated, theirs results were shown in
fig.1. Other band, in order to check statistical discrete

influence, in section C, shear wave velocity values
ol V_“' were culoulutled also. The resulls of seclivu ©
results caused by straggling of shear wave velocity we
re given in fig.2.
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Fig 1. Cslculating response spectra
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Fig 2. Calcuating response spectra of section ¢

4 THE ANALYSIS AND DISCUSSION OF SEISMIC
RESPONSE

Using above—mentioned method, secismic response spectra
of many sections in collapsing loess regions are calculated,
mearntime, through comparison, calculating results are dis-
cussed.



Tuble 2. The sheur wave velecity ol Lypicul seclivus

Soillayer thickness(meter) Shear wave velocity (meters / sec)
T
; Section C
Total Each layer Scction A Scction B i
thickness thickness [\ (A4 P Vo c, T C,
{ ! - wunfﬁ:) (Vlm—".'r)

2.5 2.5 194 137 i 203 269 13
5 2.5 194 203 213 269 1
7.5 25 266 218 280 330 230
10 2.5 266 218 312 330 230
12.5 2.5 307 222 312 386 238
15 2.5 307 266 312 396 236
20 5 351 258 342 396 288
25 5 419 345 358 424 292
30 5 450 362 360 430 286
35 S 499 433 ERE 439 307
40 S 504 433 436 516 338
43 5 523 425 444 584 404
50 3 478 380 5213 621 425
55 5 481 404 514 574 454
60 5 494 424 514 574 454
65 5 514 424 468 522 414
70 5 509 439 514 614 414
75 H 530 442 520 600 460
80 H 538 486 538 580 486

4.1 Discrete influence of soil dynamic parameters

Response pactra are calculated using statistical regression,
theirs comparison results are shown in table 3,

Response spactra parameters | AT (sec) | Af,
Comparing V . ,a, with V 0.02 0.065
Comparing ¥V, _a, with V =N.N66 n.007

In which, AT‘nnd A pnre respectively averape devi-
atlon valucs of dominate period and dynamic amplifica-
tion cocfficlent between V , ,,and V., ncgative siga indi-
cate that, their results are greater than average value.

It may bt made out, in table 3, when rigidity of
soillayer incresses, then, the dominate period of spectra
will decrenses; when rigidily of soillayer decreses, then, the
dominate period of spectra will increases, it retlects this
characteristics in fig.2. It may be made out, in table 3, the
straggling caused by V issmaller.

4.2 The influence of soillayer depth

As for different depthes, the same section is calculated,
othcr hand, different scctions of soillaycr distribution arc
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also calculated, Re=senrch results indicate, when calculnting
depth is larger than 40~ 50 meters, its results have out-
standing disparity, but, when calulationg depth is larger
than 60~ 70 meters, the disparity of theirs results would
decrease rapidly, In calculating, the rigidity of upper
soillaycr influcnces mainly short period componcnts, when
svilluyer is over fiaed deptl, uy for widdle=loug perivd
cutpouenly, its inlluence would be more vbvivus.

When soillayer exists soft interlayer, the groud seismic re-
sponse would decrease, ground peak acceleration would
decrease. But, if the depth of soft interlayer is the greatest,
then, ns for long—period components of spactra, it have
amplification action.

4.3 Theinflucnee of scismic action

As for collapsing loess, under the action of common
earthquake, the loess structure is not destoried, shear in.
tensity is hipgher, rigidity is larper, dominate period of site
rceponsc spectrum i shorter, it’s valuc Is about 2.5, Under
the action of scldom sccn carthquake, the locss structurc is
destoried, soillayer is plastic state, shear intensity
decreases, dominate period is longer, it's value is about 2
~2.25.



4.4 Theinfluence of water content of site soil

The water content of loess influence dircatly it’s shearing
intensity and rigidity. The collnpsing loess site that is lo-
cated, on loess tableland and valley high terrace, Lecause
that its water tablc is lower, water content of loess is smal.
ler, shear intensity is higher, dynamic amplification
coefficient £, is also higher, but, as for valley low terrace,
its watcr tablc is highcr, water contcnt of locss is greater,
sieur inteusily is lower, f,, 0 ulsu lower, Inpulling sciswic
iy Lhe sauwe depll, Lhie lurmer dominule perivd ol respouse
spectrum is shorter than the latter.

5 CONCLUSION

5.1 The relationship between dynamic stress and dynamic
strain of collapsing loess is relative to its initia] water con.
tent, when water content is lower, the relative curve is usu.
nlly straight line, when water content is higher, it is usually
hyperbola.

5.2 The dynamic shear modulus of collapsing loess may
be obtained by repressing analysis of shrar wave velocity, »
convenlent and feasiblc mcthod was given, for calculating
and discussing scismic rcsponsc of collapsing locss sitc.

5.3 Using statistical regression method, seismic response
spectra of collapsing loess site were calculated, the strag.
gling influence of dynamic parameters is smaller, but, as
for purliculur sile svil, wulliple seiswic waves would be se-
lected and calculated, average sults of calculation is given.

S.4 Under the smction of common and seldom seen
earthquakes, anloulating results of scismioc response apectra
of loess site have the same characteristics. The water con-
tent of site soil would influence directly calculatring results
of response spectia.

5.5 Dynamic characteristic and seismic response of col-
lapsing loess site, are being researched now, because that
it's soil structurc is spccialer, many problems, such as dy-
nuwic duping ruliv ele, need be ingquired further still
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