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A flexible water proof structural material which will solidify in
water as well as in air has long besn desired in civil

ehgih&erihg.l’z

The authors have developed a new class of
mat@rié%ln which we call aAguaphalt, collectively composed mailnly
of asphalt émul3ion and ;_cament which has this ability.

Tha( components of this new material are liguid at ambient
temperature, but when mixed, form a gel almost instantly.

The gal{does not- disperse in watsr, and gradually becomes hard,
whaether in watef or air. Geling time and hardness are
adjustable by changing the composition. The mixture is soft and
sticky,v similar to asphalt, and has the properties of excellent
;asi$tance to water, to fracture dus to earthguakes,

and of good adhesion to other materials. Aguaphalt is
antioipated to have practical applications in  tunnels, dams » and
in sandy ground beneath new bulldings in garthquake-prone areas.
Backpack materials for tunnels, especilally shield tunnels, must
have be water proof, able to spread ground load and resistance to
‘garthguakes.

This paper describes the characteristics of Aguaphalt



as applied as a backpack material.

Table-1 shows the composition of Aguaphalt.

It is  compossd of asphalt smulsion, cemsnt and
high absorptive polymgr.

Figures 1 and 2 show the results of the cone penstration
test{ reduced compressive %tramgtﬁ) and the axial compression

test{comprassive strangth) after 7 days curlng in watar.

The reduced compressive strength and the compressive strength  of
the mixture using jet cement is about Ox5kgf/cm2»’at one

L3
hour. and about 2.0kgf/cm® at 7 davs, whils raeduced compressive

rength  and compressive strength of the mixture using  high

sarly portland csment is about O. owuqf/cm at ong hour, and about
lu5kgf;%m2 at 7 davys. &as shown in  Fig-1l, the strangtn
owver the short time rangelinitial strength) of the ﬁquaphalt

i aboult the same sven with a high content of high absorptive
oolvmer, bub the compressive strength of the Aguaphalt incrsases
a little with increase of csment content. Thae compressive

strength of plastic material commonly used in backpack material

. v - N . 2
is O.lkgf/om® at one hour, and 20kgf/cm® at 7 days.

The strength of aguaphalt is thus much lowsr than that of
-

materials commornly used for backpack material, but on other hand,
ductility is much higher. Ductility is in fact a more desirable
oropsrty  for this use becauss in the svent of an  marthauake,

movemant of rock surrounding the structure can be grsat  enough

fallurs
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that neyirmal backpack fractures(0.5% S
V,fracturing tunnel ssgments and allowing leaks. The ductility of

Aguaphal t(1%-5% strain at failure) enabls it to cusion shock from

%



garthaguakes, maintaining the integrity and wmt@r cigntness of the

tunnel structure.

Tabhle-2 shows the rasults of ths permeabllity test.
&quaom&iulq nighly wWater proof, cmmpar“tlw wWith cement and its
water permsability, like that of asphalt, drops slightly with
increasse in pressure.  The water permeability of the aAguaphalt is
1077 e Te undler 3kgfﬁcm: Dressure.

Figures 3 and 4 show tThe resulits of the torgiwn‘tegt ol g}
cvlidrical hollow specimen. The shear modulus of the ﬁﬁuaphalt

- g, . . .
A strain., White cirocles shows  the

o
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about 200 kaf/ in Ix1Q
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SEE \podulu% of samples of mixturs(Moz2) atter 10 days curing in
‘ = e ot
watsr while aubjected to a 1 kgtf/om®™ stress. The sams  samples

were then reimmerssd L wabtaer, without applisd strain, for 4 mors

i

Ordimarily, such samples would show &

dayé; and  retaested.
severly  reduced shear modulus,  due  to micrmgcapié fracturs
incurraed during the sarlier test. Mawsver, as bthe black circles
i Figure 3 shows, shear modulus, and thus strength, areg not
adversely affectsd by the strain at all. also, the cosfficlient of
damping  is significantly higher than that of pressntly  applied
backpachk materials.

Fla-4 shows the hystsresis curve of dgaphalt. Mormal backpack
materiales fracture at these levels of strain, but dAguaphalt

“withstood five cycles, as can bz sesn on the figure. The straln

115

increasssad slightly on sach ovele, which shows again that fracturs
was ot teking place inside the material.

Fig-5% shows a cross ssction of aAguaphalt as  ssen under an

4



glectron microscope.
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Fig=6 shows the system of mats
fAs 0 the boring maching  moves
agradually leaves the constructed

gncugh space for a nsw ssgment (

composaed of saveral arc-shaped

the last one. The boring machin
than  the outer dliametsr of the

sactlons,

rlal injsoctlion

forward through

tunnel behind; after it

tvpically one meter), &

is installsd in

& 1s slightly largsr in

’L

segmant; the segment 18

tuninsl .

rock, it
nas left

diamster

actually
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installed inside a lip running around the oircumfersnce of Th

rear of the boring machine. There is thus a narrow space bstwesn

od

the  segnent  and  the rock Taos. T o

the sections  of  the

sagmant typically installed af the 10 o’clock’ and the 72
U . o
mlelock’  positions, have ports for  injecting  the backpao

material, wWhile a third at the 12 o’clock’” position, has a porth

for water drainage. The material is injscted as soon as all  the

sections  are in place. However, present materials are  highly

viscous  and do not spread well during indection, leaving volds
which allow water Trom sJurrouding rock to lsak through the cracks

smEnts . Aouaphalt is transported into the  tunnsl AN

Vo g b 13 gon gens 3o
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the form of two Liguids, ons, “Liaguid &7, being asphalt emulsion

and  cement, and the other, “Liguid &7, high absorptive polymar.
gl ‘

331

Liguids @ and B are mixed in a tubs mixer. This is called a 1.5
shot  svstem becauss Liguid B is mixed on the midway 1in a tubs.

The mix Tlows from the tube mixer through a short hose to  the

pad

port. o As bthe gel which forms in the mixer and the hoss  has

very low viscosity, comparable to milkshake mix, the gel spreads

3
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throughout the space bstwaen the segnsnt and rock fTacs, firlling
it completely. The gel repels water, pusing it back inte cracks

T the rock Taoe or through the drailcagse port. Tha gal adhserss
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sce or through the drainagse port. The  gel

s

the rock and to the segment. As 1t solidifi

acherss Tlrmly bTo
over the next several davs, it swslls slightly, maintaining the

seal between the tunnsl and the rochk faos.

savaphalt is to bs used in 1990 in the Tokye Bay Tunnel(diameter

{7

kSR
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@
s
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ldm, length about LOkNx3), which will bs built using s

N

hod.
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In present, we also developsd the Aguaphalt which dogs not use

Chigh absorbtive polvmer.,

=
=3
i

L Nakahara.Y.and et al, annual Resport of  Kajima Instituts  of

Construction Technology Kajima Corporation, Yol 2%, June, pp 1-8,
1981 (In Japansse)

S, July 20, 1989

Z Englnesaring News Record, DRos-

Daesr Sir or Madam
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T oam submitting the enclosed paper for consideration for  an
articls  in NATURE. I beslisve it megets two oFf wour ctam lards for

irnishes a new matarlal which has bsen ssarched

—

oublication: it f

for by many in the past, and 1t furnishes a new practical msthod.

i%, maDBr asscribhes the oharacteristics of a " onsw

material, "aguaphalt’, which I have developsd over the past 10 vsars

£

3

as an  asphalt =mulsion which hardens  in water. The o new material
cheap, sticky and soft similar to aspnalt. aguaphalt is
Tiguid inm amblent temperature and attsr mixing, 1t changss to gel

type mixture in 30 or 60 seconds. The mixture doss not disperse

in water and gradually becomess hard whethear In water or alr. The mixty

has  the desirable propertises of waterbtightness, resistance  to

4
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zarthoguakes,  and good adhssion Lo other ma
I believe 1t will be welcomsd by other ressarchers  and by

companiss 1n civil snglnesring.

Sincaersly Yours,

akihiro MORIYOSHI

o



Filig-1 SNowWs thes  relation betwsen reduissd COmpresslve

i

strengtn and time.
Test method: Cong Penstration Test
This 1s a test of the strengtn of cement mortar. £
,pﬁn%tration coneg (weight O.1lkgf, head angle 150) is allowsd by its

test matsrial. The volums of the indentation

&

Ol walght Lnto th
vields thes material strength, called the ‘Heduced compressive

atrength’.

Fig~Z2 shows the relation between compressive strangtbh aric
%

Tast method: axial Compression Test

Ucoat rate of strain  1.0%/min.

”

& spscimen is comprassed at 15

L

The size of the specimenn is dSoem{diamster)xioom{height).

Figurs 2 shows the relations of shesar modulus and ceefficisent
of damping with strain.
Twmet method: Hollow Ovlindrical Torsion Test
The sample of  fAguaphalt {(outer diamster 10 @, innner
diametsr dcm, helight 17.5cm), curad for 7 to 14 days in water, is

fixed at bobh ends and subjected to torsion. Stress 1o controlled

oy plactro  servo  machine under the Tollowing condl tlons:

a2

continlng o e, O.d kof/om®: sinusoldal wave Trequency  0.05

. N . i -
Hz: temperaturs, 20 ,; maximum stress, 1.0 kgf/om®. The whlte
circles show the tests on samples which were cured for 10 days in

water with an applied 1 kg stress. Black circles show the

same sanples. The samples were

t}l

results  of the same tests on the



curad  for 4 mors davs 1n watsr with

0

o

apn ) led

mocdulus  of the samples actually ross, despits thes pu
the sarller taesis.
Figure 4 shows the hysterisis curve of aguaphalt

Test Method: Hollow C

viindrical Torsion

Test

Samoles  wers  subjsctasd  to an alternatlng stbr

- ‘
kgt /om™, resulting 1n

five ovoles througnh  this hilgh

COMMD. sedd mataria.

showing

nbegrity,

CoOnauct

aooordingly, =T 3. la
the results of the torsion test  ang b

Se
B4

initially

strain,

= 5

Lom

st the spplication L% strain
Tabla-: ashows the results of bhe
Test metnod: Permsakility Test
Ths samoles (dismelts Locm, hsight
a confining ocell  and subJectsd to 13
The water marmaabllity of The Aguapnh

than Tthat of the plastic material

matsrial ., and the water

8%

Desom lowar when ths cont

e

the cross chion of

microscops. Thse samols was cooled by

cwolitil From svaporatilng  in

an eleciron micrascop

ot T e samcla and  Lts surfacs

magnification.
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Fig-6 shows ths systsem of

vunnal .
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