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The design inquiry of liquefaction prevention of foundation using macadam wells

of pressure-release and water-removal

H.Yu

Seismic Resistance Office of Xianyang. People’s Republic of China

ABSTRACT,

In this paper, the author provided a theoretical basis for foundation reiforcement of buildings. using macadam wells of
prasscre—release and water removal, the applicable objects, fields srd srranging requirements of macadam wells are pro.
pused. The delerminution of distunce belween wells, the reinforcement deptl, width uy well uy the speciul requirwments for

construction are also explicated.

1. INTROCTION

Along Liguefaction foundation outside of buildings, the
macadam wells of pressure—release water—removal and
vadosc laycrs arc 1aic out rationally, according to reguire
of desigu, lkey way redece water—rewvval roule of igue.
luctivn svillayer in horicvnlal direction, yuicken vertical
water—removal, the pressure of super—calm pore water is
dissipated, the pressure of pors water in saturated sand
layer is decreased, the foundartion liguefaction would not
occured. Research results indicare that, it is economic and
reasonable to lay out macadam wells pressure—release and
water—-removal in sand foundation. In this paper, the
particularity of liquefaction prevention method of building
fourdation that are located liguefving sand layer, is ana.
lyzed and inguired, a construction plan that is economic
and reasonable, higher in reliability, convenient in con.
struction, is given.

2. SUITABLE RANGE

The buildings that are located on I-grade terrace and
river flat, theirs foundations soillayer sre distributed
in Lhoricoutlul directivu, aud regulur, the soil species ure
well-distributed, the site doesn’t exist glide danger.
according to the standard of mseismic design in the
People’s Republic of China, the building site is distin.
guished liquefvicg site, under the action of sarthquakes,
the ground may sppears spraying weater and giving off
sand from middlle to serious, when liqguefation grade is
middle S < I ,< 15, I} 4is index of liquefaction) or serious
(dyg>15), the method of macadam wells of pressure—re.
lcasc and watcr removal may be uscd for proventing lig-
vefuclion of the building focndation.

3. SUITABLE OBIJECT

According to quantitces of statistical information ¢ '
about liguefying foundation of Hancheng and Tangshan
earthquakes in china, =as for the buildings that
locgitudinal and transverse walls are close, such as resi
dences, office building ctc, when lower soillayces is liguc.
[ying svillsyer, snd the beight frow its lop o boeltvm of
fvundulivn H i eyuul to ur greuwter thun 1, it is ellective
to use macadam wells ot pressure—release water—removal
for removing the pressure of super—calm porr water of
silt and fine sand layer under the action of earthguake;
bet, as for spacious buildings, [actory buildings, whken
theirs foundations are located or close to liquefying sand
layer, it is not effective to use only this method, for this
condition, it is nesessary to use synthetical measures, and
combining structural arrangement, geologic ciditions of
engineering.

4. THE BASIS OF DESIGN

Undecr thc action of carthquakcs, sand soil and silty day
may be liquefied, the factors of occuring liguefaction are:
(1) saturated water; (2) loose; (3) cannot drain quickly.
Thus, ss long ss one of above—mentioned factors is
chaunged, wuli-liyueluction ability of svillsyer would be
changed, the settlement of liguefaction would be de.

creased.
Anti-liguefaction design method using macadam

wells pressure—release water removsl, consider that, un.
der the action of compression stress and shear stress
caused by earthquakes, bound water membrane thins or
thicks, then, the stress between grains bearing by skeleton
of sacd soil, transfers to pore water, the stress of pore
watcr would be incrcascd continuvously. Then, ligucfying
svillayer vetside foendativn is ligufied Grst, beeause that
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mrvs; op ourside soil decresse quizkly, soillayer under
thuncation will sick. major factors as follow:

4.1 The soillaycr that is located under buildig’s founda.
dor, in the renge of diffusion sngle of stress, because of
constrained action of additionsl stress, have consolida.
tion and compactior, the void ratic and water contect of
frwndslivy suil would be decreased, il bearing cepusily
will ipcresse over 20 percent; it is different trom outside
soilinyer of foundation.

4.3 According to the principle of effective stress, shear in.
rersity of roc—cokesive soil is cecided by size of angle ¢
of internal friction, but also is direct proportion to effec
tive normsl compression stress, the effective stress is @
stress in skeleton of sand soil, thes, skear intensity of soil
may be given zs follw:

j= (o —ukge 1

in wkich:f is shear intensity of soil

¢ is totrl stress;

u is compression wross of pore water;

¢ is anglc of inwcroal friction.

Some conclusions may be given, sccording to forma.
1a (1), under the action of the pressure, pore water will be
vadose towsrd outside, the effective normsl compression
slresy ol svillyers under fovudulion thel wre loculed iy
the same harizoutal plane, is greater than outside. Thus,
the shesr intensity, that is located vnder building’s foun.
dation, in the range of diffusion angle of stress, is greater
ovtside soillayer. Thes shear inteusity of soillayer is
greater, the capscity of anti—-liquefaction is highker.

4.3 Through observation and analysis for upper
buildings snd foundation, it is discovered that max
acceleration at free—field is greater than max acceleration
of built grourd, theirs ratio is about 1.5 | According to
statistical analysis, the relationship between horizontal
seismic accelerution and seismic inteusity are in table 1,

Tabie 1. The relationskip between horizontsl seismic acceleration and seismic intensity

Seismic intensity

§

¢ 19 8 9

Horizountal seismic acceleration {cm / sec®) |

62.5 125 250 500

Browuse thal svismic inlensity is higher ol purt sile,
ther,the saturated loose sand and silty clay of frec—field
arpund buildings, are liguefied zarly, the grounds appears
4.4 The building norm of aseismic design in China stipu.
Wie, wux vertical seisaic sceelersiion way be 65 prrocut
of wux huriconlsl seiswic wecekeraliou. Judging frum this,
because that horizonlal seismic acceleration increases st
free—field, then, vertical s=ismic acceleration will increase
wlso, the shear deformation of sand soil will be greater,
the liquefying range of saturated loose sand mod soft
soilinyer will enlarge, sdditions] settlement will incresse.

It merits attention that, liguefaction soillayer has
shock—sbsorbing actior, the seismic waves passed
through ligucfing soillaycr, theirs high—-froquency com.
poncat is wcakcncd greatly, the dostruction cxtent of
buildings that theirs periods are shorter, is lighter than
noz—liguefying regions, this conclusion had been con.
firmed by Baickeng and Tacgshan sarthguskes. The de.
sigr plusn using wecadam wells of pressure—reluse snd
water removal, has considered syathetically above—men.
toned ell gains and losses, this design method purports
that, buildings seek shelter from serious liguefving sites,
bet also, the disaster of tpper strustere cun be decreased,
the szttiement is controlled¢ within admissible value, under
the sction of common earthquakes, the buildings can be
used normally,

5. THE ARRANGING REQUIREMENTS OF MA.
CADAM WELLS OF PRESSURE-RELEASE AND
WATER-REMOVAL

The arracging regrircments arc dotcrminded, according
o charsciees of builtings wud geolugic conditives of en.
gineering, sud combiving the thickness ol liy uelying sund
Iyer, liguetaction grades, the highest water table over the

spruyiug waler wnd giviug oll sund, the buildings sink wnd
incline suddenly, the walls cleave, the safety and normal
use of buildings will be menaced.

years etc. The arrangement of well points will effect
direstly results ol pressure—release sud wsler—removsl,
ulter yuud luyer is liyuelied, iu the couse vl earihiguukes,
5.1 The distance from the cenire of water—removal wells
to outside edges of building foundations is usnally 0.5 to
0.8 meters.

5.2 It is advactageous to iccrease diameter of ure ma-
cadam wells or to reduce the distance between wells, for
draining of liquefving sand layer, through calculation and
compsre, to reduce the distance between wells is better
than to incrcasc the dismcter of wells for dissipating pres-
surc of porc watcr. the asvthor suggests that, the diamcter
of wells is 25~ 60 centimeters ,the distance between wells
is smuller than eight times of the diameter of wells.

5.3 The distance betweer wells should be larger than cal
sulativn value nesr rivers or o sill und silt suil that
osmotic coefficient is smaller, else, the ideal results of
pressure—release and water—removal cannot be obtained.
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Fig 1. The sigual seclion of mucadaw wells of pres.
sure~releuse uud waler rerrvval



6. TEE DETERMINATION OF DISTANCE OF
MACADAM WELLS OF PRESSURE-RELEASE
AND WATER-REMOVAL

6.1 Or thc basis of Darcy. osmotic law, the distance of
piesda wells of pressure—release und waler—rewoval iy
desighed, the purlial dillereulial equativus sre estublished
on condition that liguetying sand layer drain in horizon.
tal and vertical directions st the same time. The solulion
of equation that is satisfied initial and boundary condi.
dor, is given, then ,calculmtion is made combizing
gevlogic conditivn ol engiveeriug und relevanl dutu of

scismic engineering, the reguirements of presaurc—relcase
and water—-removal are satisfisd,

6.2 The select of seismic continuous time td has influence
very much on the destruction extent of the structures of
the sand foundstion is licuidized ancd a structursl
deformation exceeds clastic limt, continvous time is a ma-
jor factor of incrcasing its dostruction oxtont and aggra.
vating its deformation.

Geuerully speskiug seisarvgenic fuwull is loug, theu,
magnitude of esarthguake is large, then seismic continu-
ous time is long. Thus, seismic continuous time td is rela-
tive directly to muognitude of esrthguake. The select of
seismic continuous time td, may use seismic records of
Tuugshun curthyunke iu chiun us reference.

Table 2 The relationship between seismic record time t and magnitude M of earthguake in Tangshan esarthguske

Thke magrnitude of sarthquake M)

7.86~72.8

|
i 6.0~6.8

Seizmic record time (t)

46 1 s1 | 240
{

In the relevant references, seismic continous time td
is total time of an earthquake that may liquedized sand
foundations. Generally, at 8 region that design intensity is
8. td is abort 20 seconds.

6.3 Drawing contour line ofu / a;within r—Z plane.

Formula (25) in reference (53 , is a theoretical for-
mula of estimating press of pore water of sand layer set
up macadam wells of pressure—release and water—remov.
al i carthqeakc. In order to cxpourd deotcrmination
wethod of distunce of wells of pressere—relesse snd
wuler—remuoval, on coudition thal pore waler chsuges in
earthquake, according to assuming factors, within r—2Z
plane, contour lineof u / aéart drawn at 10 seconds after
earthquakes have happered, where, u is the press of
super—calm pore water, c;is initinl effective stress, it may
be seen in fig.2 that, u / ojnesr the boundary of draingage
is smaller, cannot liguedize. That is ta say, anti—liguefac.
tior capability of whols ssnd layer is reicforced.
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Fig 2. The distribution of contour lineof u / olat 10
seconds after earthguakes have happened
6.4 The degres of safety of distance of macadam wells of
pressure—releasz and water—removsl
The safe coefficient determinded by design norm of
foundation of china is higher. Because that an earthquake
is & accidental dynamic affect, it has randomness, but also
transicnt and rcciproctation, in comsidcration of
eonswic feclurs of eugiveering voustructive, whee fvun.
dutivus ol buill—up buildiugs. thal sre loculed in lgucl

ing sites, are reinforced and designed, the safe coefficient
of distance of macadam wells should be lower than static
value of design, is about 1.4,

Ic the region that aseismic desige intensity is 8, the
distance of macadam wells of pressure—release and
water-removal may be determinded, acconding to fig.2,
in fig.2, the crossover point between contour line of
U/ ejthat is smaller or equal to 0.7 (safe cocfficient is
1.43) and torizontal axis that shows distance of wclls, is
deleruinded first, the sund luyer withiv vulee thst wrre.
spond witl this poind, is effective ruuge ol wacudam wells
of pressure—release and water removal.

7. THE WIDTH AND DEPTH OF REINFORCED
DESIGN OF ANTI-LIQUEFACTION OF FOUN.
DATION

Under the action of carthquakes, sand laycr drains to-
ward thc macadam wclls, but also vertical dircction. Thus,
the rational design should consider simultaneously drair.
age effects in vertical and radial directions.

If soillayer of besring force buildings fourndation is
liquelyiug sund luyeur, mucadum Gllering waler luyer us o
whole should be arranged on top of macadam wells; if
sublayer is liquefying sand layer, macadam gullys that
Tongitudinal and transverse directions are linked togather,
should be arranged on top of macadam wells. the thick.
uesy ol mucudum (lteriug waler layer is wsually 30~ 40
centimeters, at suitable positions of filtering water layer,
blind drains will be arranged as drainage exits.

Liquefying foundstions are reinforced, using the
mesthod of macadam wells of pressure—release and
water—-removal ,it cannot be less than two lines in trans.
verse direction, don’t exceed 5 lines; It is the best to ar-
range well points according to isosleles triangle. and the
distance of lines should be shorter than the distance of
wells, avoid to bc appcar lcak arca of pressurc—rclcasc in
desigu. the effective widlh of pressere—relesse aund
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water—removal of anti~liquefaction reintorced design of
foundations, should be larger than 1.2~ 1.5 times thick.
ress of liguefying sand layer. When the thickness of lique-
fyicg sand layer is larger, the width of press—release and
water-removal use lower limit, otherwise, use upper
width.

As for bottom clevation of macadsm wells, if the
founcatior of sublayer is ligucfying sand layer, then, it
skould be larger than licucfying dopth about 300
millimeters; if upper foundation is silt or silt sand layer,
lower foundstion is middle sand. it should be larger than
stable sand layer about 500 millimeters.

8. THE CONSTRUCTION METHOD AND
REQUIRMENTS OF MACADAM WELLS OF PRES.
SURE-RELEASE AND WATER-REMOVYAL

Tte reinforced method of liguetying toundation of build.
ings built—up, is different from the buildings prepared, af-
ter that liquefying soillayer is disturbed, the buildings
would be effected, the pre—liuefastior would cause
norsaffine settiement, walls cleave, the safety and normal
use of building are effected. Thus, it is idealer to use get-
ting hole for reinforceing liouefying foundation. In order
to prevent necking—down, packing double pipes are used,
packicg usc 20~ 40 millimcters gradcd macadam,
yer—buill packing, the thickoess of zuch layer is ubout
25~ 30 cenlimeters back —sud—lurth compuct. mud con.
tent ot packing must be lower than 5 percent.

§. CONCLUSION

Afrer Tangshan earthguake, China issueed an aseismic
appraisal standard of icdustry and civil buildings, but, in
the past tens years, the designers pay only attention to
aseismic measures of upper structure, But, a large number
of historicol earthquake disaster indicate, on condition
that intensity is the sams, the earthquake disaster of the
buildings that are located in liquefying site is lighter than
non-liguefving site, the foundations failure cause
sattlemect iccrease guickly, is major sarthqurke dismster.
Tkug, itis & rational and coffcetive dosign mothod to rein.
force foundartions of building for prevening ligucfaction.
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