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BASIC STUDY ON INTRUSION MORTAR
by Yuzo Akatsuka, B.Sc., M. Sc.,**

Reported herein are the results of study oa properties of intrusion mortar for prepacked
concrete and on relationships between properties of intrusion mortar and those of prepacked
concrete. The study was carried out as a part of the research project on the motheds of under-
water-concreting in Materials Laboratory during the period from April 1957 to March 1964.

To obtain prepacked concrete of reliable quality, the intrusion motar is required to have such
properties as medium flowability, proper expansibility, the minimum tendency of segregation
and proper time of setting before hardening and required strengths, high durability and the
minimum volume change after hardened, As well known, these properties are affected more or
less by the type and guality of materials to be employed, mix proportion, mixing and curing
conditions, and other factors, however, the relatienships among the mortar properties and these
factors as mentioned above have not necessarily been made ciear although some have been
already proved, In this study, therefore, investigated were the influences of type and quality of
mortar making materials as cement, flyash, sand, cement dispersing agents, and powdered alumi-
num, mix proportions and mixing conditicns of iIntrusion mortar. Also, proportions and
properties of intrusion mertar upon preoperties of prepacked concrete were investigated and
discussed.

At first, the effects of mix proportions upon the properties of intrusion mortor were studied.
Investigated were the relations between each of ratios as water cement ratic W/(C4TI), flyash
content F/(C+F), sand cement ratio $/(C+F)}, dusage of cement dispersing agent CDA/{C+F), and
dosage of powdered aluminum Al/{C-+F)} and each of mortar properties as flowability, expan-
sibility, bleeding, water retentivity, time of setting, flexural and compressive strengths, and
drying shrinkage of mortar. Based on these relationes proved, the conditions to be taken into
consideration in proportioning intrusion mortar were then discussed. Next, effects of type and
quality of mortor making meterials upon the properties of mortar were investigated and then
the influences of temperature, mxing speed and mixing time were tested and the requirements
for the field mixing of mortar were discussed. Finally the interrelations among the properties
of intrusion mortar and those of prepacked concrete were brought to light.

In analyzing the relationships between the mix proportions and the properties of mortar, the
concept of movable water factor was brought in as a fundamental quantity proper to a certain
mix proportion and the author showed that the variation of flowability, bleeding and water reten-
tivity of intrusion mortar due to a change in mix proportion are basically attributed to the varia-
tion of the movable water factor of the mix. This concept of movable water factor was cont-
rived from the following hypothesis.

It has been proved by T.C. Powers® and H, H. Steinour®® in their theory on bleeding of cement

Headim, M TR E R
## Chief Research Engineer, Materials Laboratory, Soil and Structure Division
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paste that a part of the unit water content of the paste is adsorbed chemicaliy or physically to
the surface of fine cement particles and is ineffective to the flowability of the paste, i.e., ounly
the rest of water deducted the adsorbed water from the unit water content is effective to fowa-
bility and bleeding of the paste. K. Yamazaki!™ has proved the theory to be applicable to the
paste of cement blended with fiyash or mineral fines, Assuming the thecry is also applicable to
intrusion mortar and the amount of water adsorbed to mineral fines ir the mortar is known, the
change in flowability, bleeding and water retentivity of mortar due to a change in mix proportion
can be analyzed in terms of the amount of water, only which is considered effctive to these
properties of mortar. Immobile water factor is known as an index of the amount of water ad-
sorbed to the mineral fines, which is considered proper to the type of the mineral fines, and the
rest of water deducted the amount equivalent to the immobile water factor from the unit water
content has been named as movable water content by T.C. Powers. Since the immobile water
factor, however, is neither a factor per unit volume nor unit weight of paste, the definition of
this movable water content is not so clear and it seems no further efforts have been made 0
express it quantitatively. The author defined the movable water factor by the amount of water
deducted unit immobile water content from the unit water content of mortar, assuming the im-
mobile water content is proportional to the immobile water fatctor and to the solid volume of
cement, {lyash and sand, which can be easily justified. The unit immobile water content is the
amount of water which is adserbed on the surface of fine particles as cement, flyash and sand
in unit volume of mortar, and it can be reduced from the immobile water factors of cement,
flyash and sand and solid volumes of these particles providing they are known through tests,
mix proportion and their specific gravites,

From the study on the properties of intrusion mortar as sfated above, the author concludes as

follows,

I. On the Effects of Mix Preportions upen the Properties of intrusion mortar,

1.) The test results show that each of flowability, bleeding, water retentivity, time of setting,
and flexural and compressive strengths are remarkably influenced by water cement ratio, flyash
content, and sand cement ratio. Although the relations between the individual ratio of these
three and the morlar properties are not necessarily consistenl with each other, it is obvious
that each of these ratios must be in a certain range to obtain the intrusion mortar of required
flowability, bleeding, time of setting, and flexural and compressive strengths. In other words,
the mortar provided with required properties can be secured through proper combination of these
basic ratios of water cement ratio, fiyash content and sand cement ratio.

2.} To evaluate flowability of intrusion mortar, the funnel like measure as illustrated in Fig.-
3.3 is widely employed in field, with which the efflux value of 1,725 ml. of mortar is measured and
used as an index to express flowability of mortar. In this case, the appropriate range of efflux
value, within which flowability of intrusion matar is properly evaiuated, is 12 to 26 seconds. Usually
wet mixes yield large fowability but are naturally unfavourable to bleeding, water retentivity,
strengths, drying shrinkage and other properties of mortar, therefore, stiff mixes will vield good
results. As a measure of quality control of intrusion mortar, its eflux value is required to have
sharp response to the variation in mix proportion and for this purpose the range of eflux of 16
to 22 seconds is considered approporiate, since in this range variation of 1/2 percent of water
cement ratio W/(C-+F} is reflected in a change of 1 second in efMux value. From this point of

view, the allowance of efllux value of 18+2 seconds to 2022 seconds, which are generally em-
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ployed in many actual jobs, are considered adequate,

3.) The relations betwen water cement ratic W/(C+F) and morter properties are quite evident
and its increase generzlly affect mortar properties unfavourably. That is, flowability, bleeding,
and drying shrinkage increase propertionally and water retentivity decreases nearly linearly to
an increase in water cement ratio, and also time of setting is delayed. Compressive strength
is proportional to cement water ratio (C++F)/W. Therefore, it is quite important to minimize
water cement ratio, provided required flowability of mortar is secured.

4.) When water cement ratio W/(C+F) and sand cement ratio S/(C+F) are maintained cons-
tant, admixing flyash with cement usually increases flowability and bleeding, decreases water
retentivity almost linearly and delays time of setting remarkably. The flexurzl and compressive
strengths at the ages of one to four weeks decreases linearly to fiyash content F/{C+-F) but
the 13 week strengths become the maximum around F/(C-+F}=20 to 30 percent, When flyash is
added to intrusion mortar providing the flowability is maintained constant through reducing
water cement ratio, bleeding and water retentivity become constant, delay of time of setting is
a little shortened, and reduction in 1 to 4 week strengths becomes a little smaller, i, e., the dec-
rease of compressive sirength is about 10 per cent per an increase of F/{C--F)==10 percent, On
the other hand, increase of the maximum compressive strength at later ages is slightly am-
plified. Drying shrinkage decreases by 8.5 percent almost linearly to an increase of F/(C+F)
=10 percent. Considering the relations between fiyash content and the properties of mortar as
stated above, flyash is to be added providing water cement ratio and flyash cantent is to be deter-
mined so as to yield the maximum strengths at later ages. In this study, the optimum flyash
content is considered around F/{C+F)=20 to 30 percent.

5.) Provided flowability of mortar is maintained constant, required water cement ratio is linear-
ly proportional to sand cement ratio S§/(C-+F). Therefore, bieeding increases and water reten-
tivity, strengths and drying shrinkage decrease almost linearly to $/{(C+F). The unit water
content of mortar is at the maximum value when $/(C+F)=0, decreases as the ratio increases
up to 5/(C+4F)=1.0 and then it becomes approximately constant between 5/(C+F)=1.0 and 2.0.
G,) According to the theory on bleeding of cement paste, the immobile water factor of cement
is obtained as unit water content of the paste at the ultimate state when the bleeding of paste
becomes equal to zero. Since the immobile water factor is considered proporticnal to the solid
volume of cement particles at the ultimate state of the paste, the immobile water content pér unit
solid volume of cement can be easily reduced by simple proportion. Applying the same proce-
dure as stated albove, the immobile water content per unit volume of flyash and sand may be
obtained. Xnowing these unit immobile water contents and the sclid volumes of cement, flyash
and sand in unit volume of intrusion mortar, the movable water factor of any mix can be ob-
tained by deducting the immobile water content from the unit water content. The findings on
the relations between the mix proportion and the movable water factor of intrusion mortar
are as follows.

When F/(C+F) and S$/(C+F) or W/(C+F) and 3/(C+F) are maintained constant, the movable
water factor is iinearly proportional to W/(C+F) or F/(C+4F), and when §/(C4-I) and flowability
of mortar are maintained constant, the movable water factor is constant irrespective of F/(C+TF)-
But when orly flowability of mortar is kept unchanged, the movable water factor is nearly
proportional to S/{C+F).

Providing S/(C+F} is maintained constant, the flowability of morter is linearly proportionai to
the movable water factor. The bleeding of mortar is linearly proportional to the movable water
factor regardless of W/(C+TF), F/(C+F), and 5/(C+F). The water retentivity of mortar dec-

—_— 3 —



reases linearly as the movable water factor increases, irrespective of W/(C+F), F/(C+F) and
S/(C+F).

These relations as stated above are considered to justify the author’s hypotheses, from which the
concept of movable water factor has been contrived, and suggest that the movable water factor
defined in this study is not far from the real value of the movable water content, When sand
cement ratio varies, the movable water factor is not constant even when the flowability is main-
tained constant. The cause of this exceptional case may be attributed principzally to physical
differences between sand and cement or flyash which affect interparticle friction when mortar is
flowing. The fact the movable water factor is linearly interrelated with bleeding and water

retentivity of mortar irrespective of 5/{C+F) when morter is not flowing will support the above
explanation,

II. On the Effects of Type and Quality of Mortar Making Materials upon the
Properties of Intrusion Mortar

1) The properties of intrusion mortar are more or less influenced by the type and quality of
cement and flyash.

The water requirement of portland blast furnace slag cement of B-Type (hereafter abbreviated
as slag cement-B) was equivalent to that of normal portland cement admixed with quality flvash
by the same amount as in slag cement when employed in intrusion mortar, and no obvicus diffe-
rence was recognized between the water retentivity or bleeding of these two mixes. Although
l-week strenghths of the former mix is nearly equivalent to the latter, 4-week strengths are
considerably larger than those of the latter, and at the age of 13-weeks the former shows rather
higher strengths than those of the mix without flyash When high early strengths are not
required, therefore, the slag cement may be advantageously employed,

Comparing two mixes of intrusion mortar, the one with portland flyash cement of B-Type
(hereafter abbreviated as flyash cement-B) and the other with normal portland cement blended
with flyash at the mixing process by the same amount as in flyash cement, no difference was
observed in water requirement but the former mix yielded higher water retentivity and expan-
sibility and also less bleeding than the latter, The early atrengths at 3 days to 4 weeks are
also higher than the latter, Taking the merit of simpler batching process in using flyash cement
than cement and flyash, therefore, flyash cement may be employed with considerable advantages.

Results of comparison test demonstrate there are considerable differences in flowability or
water requirement and compressive and flexural strengths among three normal portland cements
manufactured in different factories when employed in intrusion mortar. TFor example, the
maximum difference of compressive strength among these three mixes was about 20 percent of
the average strength. This will suggest that the quality test of materials prior to use is quite
important.

Tlyash and calcinated pulverized shale were tested and compared on their suitability as poz-
zolanic admixtures for intrusion mortar, and the latter required higher water cement ratic to
give the same flowability, yielded slightly higher strengths in early ages but far lower ones in
later ages than the former. These results will sggest at least pulverized pozzolanic materials
are not more advantageous than flyash.

When employed in intrusion mortar, aerated cement decreases flowahility remarkably and
increases water requirement, consequeatly resulting in reduction of water retentivity, expan-

sibility, and strengths and increase in bleeding. These unfavourable effects of aerated cement
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upon the properties of motar seem to develop as the aeration of cement progresses.

2.} The flowability of intrusion mortar is approximately preportional to fineness modulus of
sand regardless of its grading, if an excessive amount of particles coarser than 2.5mm or finer
then 0.15mm is not contained. When particles coarser than 2.5mm or finer than 0.15mm are
contained by an excessive amount, the sand is not suitable as fine aggregate for intrusion mortar,
since, the former has remarkable tendency of sgregation and the latter increases water requirement
excessively.

When the standard efflux value of mortar is 20 seconds and the average of fineness moduls of

sand is 2.0, change of fineness moduls of sand+0.} requires change in ratio W/{C4+F)=+1.0
percent to maintain the same flowability of mortar. Therefore, it will be adequate to allow+0.1
in fineness modulus of sand for the variation of its grading for practical purposes.
3.) Investigation on the effects of six water reducing agents upon the properties of intrusion
mortar were carried out, four of which were cement dispersing agents, i. e., nonionic, anionic,
cationic and biionic surface activating agents and the rest were air eniraining agents, The
result show that the effects of these agents are not necessarily stable as generally expected,
that is, the effects vary considerably depending upon the type and dosage of the agents, type
of cement, mix proportions and the curing conditions.

Only one among six agents showed remarkable water reducing effect regardless of type of
cement, one showed the same effect only for the mixes containing normal portland cement, and
the other four did not show the effect or even increased water requirement. Water retentivity
of the mixes containing agents with water reducing effect increased but that of the mixes con-
taining the agents without water reducing effect decreased and their bleeding increaced on the
contrary. Since air content of intrusion mortar containing any of six agents is negligibly small,
i. e., less than one percent at most, it is obviously impossible to expect reduction of water
requirement due to entrained air.

The optimum dosage of the agents may be estimated through the dosage, with which the
maximum strengths of intrusion mortar arve obtained, although they are variable in some degree
depending upon the type of cement and age of mortar. In general, water reguirement, bleeding
and water retentivity vary monotonously with the dosage of agents or do not vary irrespective of
the dosage, therefore, it is difficult to evaluate the optimum dosage from these factors. In this
study, the optimum dosages evaluated from the strengths test results are 1.0R for four agents,
0.5 R for cne and 1.5 R for the other, where R is the standard dosage for plain concretes recom-
mended by the manufacturers and are generally expressed in terms of weight percent to the
total of cement and flyash, i, e., AD/{(C+T) in percent.

According to strength test results on the mixes containing agents at their optimum dosage,
the compressive strength of the mixes containing agents with the evident water reducing effects
increases stably, that of the mixes including agents with negative water reducing effect decreases
considerably, and the influence of the agents without positive water reducing effect upon the
compressive strength is quite unstable. Although it seems difficult to establish evident correlation-
ship between the water reducing effect of admixture and strengths of intrusion mortar, it is
considered necessary for any admixture to have recognizable water reducing effect to improve
strengths of mortar with it.

The author believes the six admixtures investigated in this study have been widely empleyed and
their effects also have been recegnized for conuentional concretes at least. However, this investi-
gation reveals only one agent has reliable effects as an admixture for intrusion mortar, the other-

one has the equivalent effects but for a particular type of cement, and the effects of the other
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four are not trustworthy. Hence, the author suggests that the effects of admixture for intru-
sion morar should be evaluated through the tests on intrusion mortar using job materials,

4.) It has been proved that the expansibility of intrusion mortar is decidedly affected by the
particle shape of powdered aluminum; the powdered aluminum of flaky particle is exclusively
effective and those of grain, needie-shaped or atomized particles are ineffective for expansion
of intrusion mortar. In this study, therefore, ten types of aluminum powder of flaky shape
particles were tested. The results show that the expansibility of mortar is affected aiso by the
fineness , purity and stearic acid content considerably. Consequently to expect perfect effect of
expansion of mortar, it is recommended to employ the powdered aluminum of high purity

(higher than 99 percent), 100 percent passing the standard sieve 44, and stearic acid content of
around 2 percent.

¥I. On the Effect of Mixing Conditions upon the Properties of Intrusion Mortar

1.} The properties of intrusion mortar such as consistency, bleeding and epansibility are con-
isiderably affected by mixing temperature as well as room tempeature.

Flowability of mortar decreases as mixing temperature rises and the stiffer the mix and the
higher the temperature, the tendency becomes more remarkable, probably due to hydration of
cement paste,

Water retentivity of intrusion motar shows an inceasing tendency as mixing temperature rises,
although in the range of 18 to 26°C the tendency is not so prominent,

Expansibility and bleeding of intrusion mortar are affected not only by mixing temperature
but also by room temperature, since both of expansion and bleeding of mortar are naturally in-
fluenced by the rate of reaction of powdered aluminum, time of setting of mortar and rate of
absorption of bleeded water by hydrated cement paste.

In the range of 18 to 26°C of the mixing temperature, the expansibilities of mortar at 3 and
24 hours after mixing decrease as the mixing temperature rises and this trend is observed irrespe-
ctive of room temperature and dosage of powdered aluminum. The expansibility at 3 hours
after mixing is linearly proportional to the room temperature, but the expansibility at 24 hours
after mixing decreases as the room temperature rises when mixing temperature is low and dosage
of powdered aluminum is comparatively small and it slightly increases as the room temperature
rises when dosage of powdered aluminum is adequate.

The bleeding of morter at 3 hours after mixing decreases as the mixing temperature rises nearly
irrespective of the room temperature. The bleeding at 24 hours after mixing is obviously affected
both by mixing and room temperatures and it decrease as the temperatures rise.

2.} The flowability of intrusion mortar increases as the mixing speed increases when such a
mixer is used for mixing as the mixing rod is placed eccentrically in a mixing container so that
the rotation of the propellers attached to the rod cause upward and downward movements of
mortar as well as rotating movements. When mixing speed is excessivery high, temperature
rise of mortar is caused at the same time due to internal frictien which obvicusly decreases
the flowability and cancels the flowability gain by high speed mixing. The flowability gain by
high speed mixing is considered due to mechanical dispersing of cement and flyvash particles,
therefore, it is quite advantageous for reducing water requirement to employ high speed mixing
with a water reducing admixture.

3.} The fowability of intrusion mortar increases as the mixing time is elongated but too long

mixing causes an excessive temperature rise which decreases the flowability. The optimum
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mixing time, at which the maximum flowability is obtained, depends upon the structure of mixer,
mixing speed, mix proportion of mortar and a batch volume, but in general the higher the mixing
speed and the smaller the water cement ratio, the shorter the optimum mixing time beomes.
The Iong time mixing at high speed shouid be avoided since it cause an excessive temperature
rise of mortar which reduce the flowability and causes too early reaction of powdered aluminum
with cement paste. The long time mixing at comparatively low speed also decrease fliowability,
expansibility and bleeding of mortar and has tendency to increase compressive strengths of
mortar, Therefore, the long time mixing is not always detrimental to the properties of mortar
but it is a hetter practice to avoid it, since the decrease in flowability and expansibility may
cause pressure rise in grouting unnecessarily, imperfect permeation of mortar into the voids

of coarse aggregate and imperfect bond between mortar and coarse aggregate.

iV. On the Effects of Mortar Properties upon Properties of Prepacked Concrete

1.) Provided the guality and density of coarse aggregate are maintained constant, the compres-
sive strength and dynamic modulus of elasticity of prepacked concrete depend upon the propor-
ticn of intrusion mortar.

The compressive strength and dynamic modulus of elasticity of prepacked coancrete are linear-
ly proportional to cement water ratio {C+F)/W of intrusion mortar, although the dynamic
modulus shows the tendency to approach to a certain value irrespective of the cement water
ratio at the later age of 13 to 26 weeks.

Admixing proper amount of flyash with cement improves the later strengths of prepacked
concrete cansiderably but with an excessive amount they are rather reduced. The optimum
fivash content to increase 13 to 26 week strengths are coasidered around F/{C+TF}=20 to 30
percent in this study. The dynamic modulus of elasticity of prepacked concrete is not very
much affected but admixing too much flyash will decrease it by several percent.

The compressive strength and dynamic modulus of elasticity of prepacked concrete decrease
linearly as the sand cement ratio $/(C+F) of infrusion mortar increases and the reduction is
nearly proportional to that of cement water ratic due to the change in sand cement ratio.

Adding Poszolith No. 8 by Pozz. 8§/ (C+4-F)==0.25 to 0.375 percent increased the compressive
strength of prepacked conecrete about 10 percent but it did not cause any recognizable effect upon
dynamic modulus of efasticity at the later ages.

Te add powdered aluminum of proper desage into intrusion morter is effective in improving
the compressive strength of prepacked concrete by several percent in comparing with the mix
without powdered aluminum, but it is not influentional to the dynamic moduius of elasticity.
There exsists an evident correlationship between flexural strength oy and compressive strength
ome ©f intrusion mortar and opmyfome decreases linearly as oy, increses.

The compressive strength of prepacked concrete oy is linearly proportional te that of intrusion
mortar eme and the relationship between them can be expressed by an equation op,,=jeme —g, Where
p and g are constants.

The dynamic modulus of elasticity of prepacked concrete Ed is considered as a function of
compressive strength of prepacked concrete and and can be expressed by a linear equation Ed
==popc-¢ at the range hetween ey=50 and 450 kg/cm?, where Ed ranges from 3.0 to 4.5x% 105 kg/em?,
and ¢ is nearly 3.0.

As for the relations between strength and age of intrusion mortar and prepacked concrate, the
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compressive strength of prepacked concrete develops in nearly equal rate to that of intrusion
mortar, which is approximately equivalent to the developing rate of conventional concrete. The
developing rate of the dynamic modulus of elasticity of prepacked concrete is quite small which
may suggest that the modulus is considerably affected by the factors as quality and density of
coarse aggregate irrespective of age.
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FHERICHFE LCUVWEBEES LIZT I L 2B BT 3L, W/(CHP) =+ 1 %OHHEME RS 42 b DL B
Do LAB2T, Tvety s Feuv )~ r OSBHEBRRRO—2 L LTHAEL 2 A OETRRE R 5
W, MR OFERHME 185 2 2\ L20%k 2sec & 95 2 2 BN THD 2 HABRB,
bd 7V — v rEins IrT iR

Fd L, B4 4T F/(C+FY & S/(CHF) & %—% L LT W/(CHE) 2R L Ban 7Y ~ow 75
Bt RER U7z, ZORBR TR W/(C+F) OficE U CBkL, S/(CH+F)=1 004101312~
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F/(C+F) 7 W/(C+F) WM Fy—vv s B KE | B ey R
) S/CCHED D) (sec) (%) Coo/ ) (oo o)
46.5 26.3 3.0 0. 384 0. 158
48.5 18.5 2.5 0. 304 0.171
50.5 15.8 3.1 0. 404 0.185
30 1.00 52.5 13.8 45 0. 414 0.197
54.5 12.4 6.4 0. 423 0. 209
56.5 11.8 7.6 0. 432 0. 220
75.0 95.0 5.9 0. 402 0. 250
77.0 17.4 6.9 0. 407 0. 260
79.0 15.5 7.1 0.413 0. 267
30 2.00 81.0 13.7 7.3 0. 419 0.973
83.0 12.5 9.6 0. 426 0. 280
85.0 12.2 9.6 0. 431 0. 287
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‘Water Cement Ratio vs, Bleeding of Intrusion Mortar
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Movable Water Factor vs, Bleeding of Intrusion Mortar
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Water Cement Ratio vs. Water Retentivity of Intrusion Mortar
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Water Cement Ratio vs. Water Retentivity of Intrusion Mortar
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Ao 2 A DR B ik SR DR 2 D CIEBMIR P T B 2 2 AT S, TOZ LB Y -y
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Movable Water Factor vs. Water Retentivity of Intrusion Mortar (Refer to Fig.~4.6,4.7)
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LITHIBIERIA15~16 sec X705 & HAKe A PE e, INETRREE LTS %I EEE L 2l LT
HREAZADEEL LD OTH 3, ABRIIR S OWTHARD LN DX, BB E & O E s
W/CHF)=10%DHINC 22T 1/2~ I MEERET 23 00X 5 TH2, Ll IOEBEORELGIRE
o LAFERFREN LR L TR E W 0T <, TAO B4 2 MRS RIESR 2 4+ 2800 (b
AWHETYANOE HBLRA ¥ b g Ve F28) #BATSI LN I52PNTRY, BTN
BERZBIERBELAYRCHDEELILNS,
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F—4 2 EAENSNOBEREGER (S/(C+F)=1.00%

WICCHFY | FICHE) %M W % | N
(%) o E B | BERE [ EEE | F B[ BEEE | AjAK
REXSRENG! Go) | s | o | T
I

51 3.51 1.4 0.6 5.47 1.3 3.7
56 0 3.30 0 0 6. 08 29. 6 8.0
61 4.13 18. 9 7.5 6. 30 4.1 1.1
50 4.18 4.7 1.8 6. 27 5.0 1.3
ab 10 4. 36 8.5 3.1 6. 38 6. ¢ 1.5
60 4.45 8.6 3.0 6. 50 19.2 4.7
49 4. 41 3.3 1.2 6. 47 4.2 1.0
54 20 5. 28 18. 4 5.1 7.12 18.7 4.3
59 5. 56 12. 9 3.6 7.36 4.7 1.0
48 5. 47 3.7 1.1 7.46 3.6 0.8
53 30 5. 48 13.9 4.0 7.22 7.8 1.8
58 6. 02 6.2 3.2 8.09 3.7 0.8
47 6. 23 17.0 4.4 8.13 16.7 3.4
52 40 6.12 8.5 2.3 7.58 13.6 2.8
57 6. 37 16.3 4.1 8. 34 ! 10. 7 2.1
46 7.15 6.9 1.6 8.55 8.5 1.6
51 S0 7. 45 4.3 C.9 9.25 7.1 -3
56 8.26 i5. 2 30 01.11 14.5 2.4
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F—4 3A FEAENFNOHITELUVERAESRER

%) (%> (sec) - - . - - :
7 H 28 R ]91 Hi7 il Blo @
0 51 0 1.96 | 244 | 79.1 | 92.6 | 85.5 | 384 | 640 | 683
10 50 | 2.00 | 25.8 | 50.8 | 89.6 |100.4 | 347 | 883 | 75
20 49 | 204 | 27.7 | 57.7 | 0.9 |1021 | 315 | 558 | 758
30 48 | 2008 | 28.6 | 50.5 | 8%.9 [100.5 | 265 | 516 | 757
40 46 | 217 | 228 | 449 | 859 |105.3 | 207 | 423 | e84
50 45 | 222 | 285 | 36.3 | 644 | 76.8 | 163 | 396 | 637
0 56 | 179 | 143 | 63.2 | 89.3 | 844 | 328 | 549 | 615
10 55 | 182 | 143 | 320 | sa2 | o34 | 277 | s10 | 65
Lo 20 54 | 1.85 | 142 | 53.1 | 80.1 | 947 | 248 | 486 | o640
30 53 | 1.89 | 15.4 | 46.8 | 78.7 | 929 | 205 | 418 | 654
40 50 | L96 | 14.3 | 449 | 756 | 98.3 | 186 | 402 | 678
50 50 | 200 | 143 | 281 | 57.5 | 68.4 | 182 | 316 | s5d2
0 61 | 1.64 | 11.5 | 63.8 | 789 | 95.0 | 27 | 513 | 507
10 60 | 167 | 121 | 52.3 | 70.2 | a2 | 972 | 467 | 507
20 50 | 1.69 | 116 | 46.2 | 80.4 | oL1 | 216 | 448 | 609
30 58 | 172 | 120 | 433 | ea7 | 688 | 171 | 37 | s70
40 56 | 1.79 | 1.5 | 36.3 | 632 | 782 | 135 | 3% | sdl
50 55 | 181 | 1.7 | 30.3 | 66 | 736 | 115 | 310 | 510
0 55 | 1.82 | 22.0 | 62.6 | 932 | o4 | 308 | 543 | 630
10 55 | 1.82 | 27.8 | 57.0 | 8.5 | 8.1 | 201 | 517 | 600
20 53 | L.89 | 23.0 | 53.2 | 849 | 1024 | 244 { 473 | 655
30 54 | 1.85 | 23.4 | 42.4 | 73.6 11000 | 190 | 399 | 626
40 52 | 1.92 | 27.8 | 36.6 | 67.7 E 84.5 | 160 | 352 | 590
50 51 | 196 | 21.8 | 3.5 | 635 | 6L8& | 131 | 318 | 567
0 60 | 1.67 | 146 | 57.9 | 80.3 | 846 | 254 | 492 | 576
10 60 | 1.67 | 14.4 | 47.9 | 68.4 | 80.9 | 213 | 429 | 540
125 20 56 | 172 | 146 | 60.1 | 79.1 | 820 | 216 | 423 | 602
30 50 | 1.69 | 142 | 36.0 | 67.8 | 8.0 | 161 | 356 | 549
40 57 | 175 | 158 | 359 | 647 | Bl2 | 5 | 314 | 55
50 56 | 179 | 142 | 2.2 | 555 | 654 | 111 | 2711 | 500
0 65 | 154 | 11.3 | 45.7 | 69.7 | 622 | 226 | 435 | 501
10 65 | 154 | 122 | 499 | 77.4 | 90.2 | 214 | 406 | s14
20 63 | 159 | 11.7 | 386 | 760 | 857 | 182 | 366 | 519
30 64 | 1.56 | 120 | 81.1 | 63.6 | 8.0 | 154 | 309 | 498
40 62 | 1.6l | 123 | 3.3 | 60.1 | 8.7 | 121 | 273 | 478
50 61 | 164 | 1.6 | 263 | 50.0 | 73.6 96 | 235 | 446
Lo 65 | 1.54 | 255 | 52.3 | 685 | 78.9 | 242 | 444 | 498
10 61 | 1.64 | 238 | 50.8 | 785 | 87.8 | 9225 | 444 | 580
20 56 | 169 | 226 | 482 | 782 | 9L9 | 206 | 405 | 618
1.50 30 58 | 172 | 227 | 4.9 | 7.3 | 93.8 | 168 | 360 | 590
40 58 | L72 | 208 | 83.7 | 60.2 | 86.3 | 137 | 230 | 54l
50 63 | 1.59 | 237 | 20.6 | 39.2 | 8L7 8 | 173 | 364




-4, 3B FEATILYILOMTELUERSESRBEER

sy [PCHRWICH Ny pypyyitigt 1T SECEPI" MU Ch/en )™
ey | 98 TG g ples mler Bz k| onlo @
- 20 | 143 | 158 | 466 | 725 | sLo | 181 | 402 | 470
10 66 | 152 | 14.5 | 460 | 79.3 { 75.7 | 196 | 38 & 524
20 64 | 156 | 14.8 | 44.6 | 7.0 | 80.8 | 177 | 35 | 527
30 63 | 159 | 147 | 37.4 | 681 | 84z | 148 | 306 , 541
40 63 | 159 | 143 | 3.1 | 60.4 | 79.6 | 110 | 251 . 481
) 50 68 | 147 | 148 | 193 | 36.3 | 754 73 | 149 | 827
-5 0 75 | 133 | 124 | 458 | 684 | 7.8 | 224 | 364 | Al
10 70| 14ar |17 |47 | 7Ll 807 | 172 | 844 | 474
20 60 | 145 | 1.9 | 30.5 | 70.0 | 783 | 153 | 326 | 507
50 68 | 147 | 121 | 326 | 625 | 67.1 | 125 | 264 | 464
40 68 | 147 | 115 | 286 | 55.7 | 825 | 104 | 235 | 445
50 73 | 137 | 122 | 17.¢ | 30.8 | 69.5 63 | 127 | 287

| !

0 69 | 145 | 25.1 | 450 | s0.2 | 825 | =208 | 400 | ds5
10 72 | 1.3 | 24.3 | 36.1 | 69.1 | 786 | 157 | 328 | 448
20 71 | 141 | 224 | 341 | 635 | 764 | 138 | 286 | 482
30 70 | 143 | 25.0 | 289 | 559 | 768 | 114 | 247 ' 419
40 69 | 145 | 23.6 | 232 | 457 | 740 | & | 199 | 378
50 | 60 | 145 | 24.7 | 16.8 | 39.1 | 711 64 | 161 | 329
0 | 7| L35 | 150 | 4721 | 785 | 8.7 | 180 | 363 | 511
10 77 | 130 | 156 | 872 | 647 | 70.4 | 142 | 285 | 396
20 76 | 132 | 147 | 305 | 56.2 | 73.0 | 114 | 247 ' 386
1.5 30 75 | 133 | 155 | 257 | 50.8 | 75.4 od | 213 | 372
40 74 | 135 | 156 | 211 | 427 | 664 | 74 | 1720 | 333
50 74 | 135 1 161 | 140 | 336 | 66.3 51| 135 | 289
0 79 | 126 | 123 | 4L3 | 721 | 785 | 160 | 319 | 456
10 82 { L2z | 121 | 328 | 619 | 67.2 | 121 | 260 | 356
20 8L | 123 | 120 | 288 | 57.3 | 688 | 103 | 218 | 331
30 $0 | 125 | 119 | 247 | 480 | 65.8 87 | 181 | 340
g0 | 79 | 127 | 125 | 204 | 389 | 69.9 69 | 159 | 315
50 79 | 1.27 | 125 | 13.4 | 31.6 | 67.9 47 | 122 263
0 78 | 128 | 227 | ss.2 | 600 | 748 | 167 | 328 | 404
10| 78 | 128 | 232 | 39.3 | 623 | 75.4 | 140 | 282 391
20 74| 135 | 231 | 36.4 | 623 | 7.0 | 131 | 285 462
30 70| 141 | 233 | 239 | 538 | 70.7 | 88 | 244 | 428
40 70 | 143 | 211 | 261 | 451 | 726 94 | 204 | 402
50 68 | 1.47 | 2.8 | 19.9 | 313 | 740 70 | 133 376
0 83 | 1.20 | 150 | 39.0 | 7.7 | 788 | 144 | 301 | 385
2.00 10 g3 | 120 | 149 | 296 | 57.2 | 69.2 | 122 | 247 | 87
20 79 | 125 | 4.5 | 205 | 583 | 6729 | 110 | 252 | 403
30 76 | 132 | 153 | 244 | 526 | 75.7 98 | 221 ¢ 4ol
40 75 | 133 | 147 | 2.3 | 4.6 | 69.8 g4 | 187 | 380
50 73 | 137 | 14.6 | 176 | 35.3 | 66.1 64 | 161 382
o | s 11| 121 | 87| 60| 77| 128 2 %




F—4 3C EATLYILOENSIUESSERERER

i ﬂ 2 1V 2% = SRk s e 27y
FHCL T ; MR iy R g (g fom?) JEFBRRE (kg /om2)
s/crry Wy pyw TR — : : ‘ _
7 H |28 HI9L H|7 HI{28 H 91 &
10 88 | 114 | 12.4 | 28.2 | 55.7 | 71.2 106 221 321
20 84 | .19 | 11.6 | 28.8 | 56.4 | 65.8 104 | 220 375
2. 00 30 81 | 1.23 | 12.2 | 29.4 | 46.5 | 73.2 124 188 | 354
40 80 | L.25 | 120 | 205 | 39.9 | 7L.9 73 169 | 358
50 78 | L28 | 123 | 165 | 37.1 | 63.7 53 172 | 807
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Cement Water Ratio vs, Compressive Strength of Intrusion Mortar
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R TR EBRIED -2 5 v 2 AT E <, 49 LS EHHREIC W TEBLN L 5 v bk
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W—EOWMPI H D Z LMD, F—4 4 BE—4 3 OVIRE S NG T 25 & M5 OIFERRY T U il
PEARTHRALALOT, iFRERESNE O14~28% 0T H Y, T OHBRIFHEHE O Z2 Y OF
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g2 & FTFEBI Gk F e, Zo%ka v s Y — O AR T ORIMINE X o T Y B
NEEDL ERPEBTA 2 L2 THBEsN D, B4 1L TR FERRIE 2 b ik 1S & OBGREERL
o4 @T, HHNOM Y IE OISR T 2 E A Re BT,

. 4 EATNYLOUITRECERERECH T SRE (%)

MR DT | 10 | 101~200 | 201~300 | 501~400 | 401~500 | 501~600 | 601~700 | 701~800
I | | f

W oo B 20 63 45 52 40 32 15 3

oA i (% 23.9 21.2 10.1 16.3 13.1 10.9 12.1 13. 3

¥ A (9D 31.3 28. 2 27. 8 23. 8 20. 3 17.5 16. ¢ 13. 9

¥ il (%) 27. 9] 28. 4 22.4 20.1 17. 4 14.9[ 14, 4E 13. 6
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F—4 5 EATNS L OERREEEE (B 107
20:£1°C, 6805% RH. 0513 3@ Emmsnas

FUC+F) S/(CHIF)=1, 000] S{(CH+Fy=1.85| S/(CA+F)=1.5 S/(C+F)=1.75 S/HCC+FY=2. 00
F i F ol P el = i = b= | Fas |
2 A s 'J% & T [ E = é B fflh”'“}fj'f.:{ b AT m,ﬁﬁ\f B X T ﬁi”;ﬁrj’j}% éj
@ | TiT e O Mt O MG SOF ohs s CEE VHChh) i &
|
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F—4. 13 EEEREOEATIY I OHTFEY

@ E-42 28R

B,

WK E & U EERKERRE

. e L 2 LY O I T Rk e A R
i & Iid it T ZRFIT AR E N B e/ e & ) e

&

FCERSICHFIWICEF Ve | Ve | Vs | Vi | Wie | W | Wis | 3W: | G
0.48 | 0.210] 0.079| ©.334] 0.397 | 0.210 | 0.024| 0.006 | 0.240 | 0.157

0.50 | 0.207 | 0.077 | 0.308 | 0.302| 0.207 | 0.023| 0.006| 0.236 | 0.171
020 | Loo | 52| 0.2031 0.076| 0.304| 0.417 | 0.208 | 0.023| 0.006 | 0.232 0.185
0.54 0.2000 0.075| 0.229 | 0.426! 0.200 | 0.022 | 0.006| 0.228 | 0.198

0.56 | 0.197 | 0.074| 0.204 | 0.435| 0.197 | 0.022 | 0.006 | 0.225| 0.210

0.58| 0.194| 0.073| 0.290 | 0.443 ¢ 0.194| 0.022 ) 0.006 | 0.222 | 0.221

6 B4 1520
. B 2B GO [ sk
G ki B0/ o EhokEns o/ T
FICH+TSIC+T\WICHFY Vo | Ve | Vs | Ve | Wi | Wi | Wis | S ‘}%f“
0 0.510 | 0.263 00 G314 0.493 | 0.263 ol 0.006! 0.269| 0.154
0.1 0.500 | 0.236| 0.038 | 0.313| 0.413| 0.236 | 0.011 | 0.006 { 0.253 | 0.160
0.2 0.490 | 0.209 | 0.078 | 0.311 | 0.402| 0.209 | 0.023 | 0.006 | 0.238 | 0.164
0.3 | .00 | 0.480 | 0.181 | 0.116| 0.310 | 0.392 1 0.181 | 0.035 | 0.006 | 0.222| 0.170
0.4 0.470 | 0.155| 0.155| 0.308 | 0.382 | 0.155 | 0.046 | 0.006 | 0.207 | 0.175
0.5 0.460 | 0.120 | 0.102 1 0.307 | 0.373 | 0.129 | 0.057 | 0.006 | 0.192 | 0.181
0 0.625 | 0.210 ol 0.876 | 0.414 | 0.210 01 0.008| 0.218] 0.196
0.1 0.610 | 0.189 | 0.03L | 0.376 | 0.404 | 0.189 | 0.009 | 0.008 | 0.206 | 0.198
0.2 0.505 | 0.168 | 0.063 | 0.376| 0.304 | 0.168 | 0.019 | 0.008 | 0.195| 0.199
0.3 | 150 | 0.585| 0.146 | 0.094 | 0.374 | 0.386 | 0.146 | 0.028 | 0.008 | 0.182 | 0.204
0.4 0.570 | 0.126 0.125| 0.374| 0.375| 0.126 | 0.030 | 0.008 | 0.173 | 0.202
0.5 0.555 | 0.105 ] 0.156 | 0.374 | 0.365| ©0.105| 0.047 | 0.008 | 0.160 | 0.205
0 0.780 | 0.171 ol 0.408 1 0.420| 0.171 0| 0.008| 0.179 | 0.241
0.1 0.760 | 0.155 | 0.025| 0.409 | 0.411| 0.155 ¢ 0.007 | 0.008 | 0.170 | 0.241
0.2 0.740 | 0.138 | 0.052| 0.410 | 0.401 | 0.138 | 0.016 . 0.008 | 0.162| 0.239
0.3 | 2.00 | 0,720 0.121 | 0.076 | 0.412 | 0.301 | 0.121 | 0.023 | 0.008 | 0.152| 0.239
0.4 0.700 | 0.104 | 0.103 | 0.412| 0.381 1 0.104| 0.081 ] 0.008 | 0.148 0.238
0.5 0.680 | 0.087 | 0.120 | 0.413| 0.371| 0.087 | 0.039 | 0.008 | 0.134 | 0.237
© E—d4 22800

' . e X ARG D D P - b |BLEAIE
[} & i5a %{ﬁ%jﬁﬂicc/c&i FRFIIEAR s Blec/ e & )é{

FYCA-I)[SHC+F\WHC+FY Vo L Ve l Vs Vw | Wi | Wir | Wis ‘ IW; CT%“
0 0. 264 0] 0.314 1 0.423 | 0.264 0| 0.006 0.270 | ©.153
0.1 0.234 | 0.038 | 0.310 | 0.417 | 0.234 | C.011| 0.006| 0.251 | 0.166
0.2 0.205 | 0.077 | 0.306 | 0,412 | 0.205 | 0.013 | 0.006 | 0.234| 0.178
0.3 | 100 | 0.51 | 0.177 | 0.113 1 0.302 | 0.407 | 0.177 | 0.034| 0.006 | 0.237 | 0.190
0.4 0.150 | 0.150 | 0.208 | 0.402 | 0.130 | 0.045 | 0.006 | 0.201 | 0.201
0.5 0.124 | 0.184| 0.995| 0.397 | 0.124 | 0.055 | 0.006 | 0.185 | 0.212
0 0. 253 01 0.302| 0.446 | 0.253 0} 0.006| 0.250 0.187
0.1 0.225 | 0.037 | 0.298 | 0.441 | 0.225| 0.011| 0.006 | 0.242 | 0.199
0.2 0,197 | 0,074 ©.294 | 0.435 | 0.197 | 0.022 | 0.006 | 0.225 | 0.210
0.3 | .00 | 056 | 0170 0.109 | 0.291 | 0.430 | ©.170 | 0.033 | 0.006 | 0.200 | 0.221
0.4 0.145 | 0.144 | 0.287 | 0.424 | 0.145 | 0.043 | 0.006 | 0.194 | 0.230
0.5 0.119 | 0,178 | 0.284 | 0.419 | 0,119} 0.053 | 0.006 ; ©.178 | 0.241
0 0. 243 O] 0.290 ¢ 0.467 | 0.243 0] 0.006] 0.249 | 0.218
0.1 0216 | 0.036 | 0.287 : 0.462 | 0.216 | ©.011 | 0.006| ©.233 | 0.229
0.2 0.760 | ¢.071| 0.283 | 0.455 | 0.190 | 0.021 | 0.006 | ©.217 | 0.239
0.3 | 100 | 061 | 0.164| 0.105| 0.280 | 0.451 | 0.164 | 0.03L | 0.006 | 0.201 | 0.250
0.4 0.139 | 0.139 | 0.277 | 0.443 | 0.139 | 0.042 | 0.006 | 0.187 | 0.258
0.5 0.115 | 0.17t | ©.274 i 0. 441 | o1 0.051 | 0.006| 0.172 | 0. 269




B [F—4.33B&E
. = X ARED O oy B ki
T e Ik }Eﬁ%ﬁ"ﬁ.ﬁf{CC/CG; FZRTIEAREND ?.Kiﬂ.cc/m TEA ; ?é'{
v}

UCHPNSICHPWICHR) Vo | Ve | Vs | Vi | W | War | Wes | 3Wc | P
.00 | 0.56 | 0.253 0] 0.3021 0.446] 0.253 01 0.006] 0.259 | 0.187

.25 | 0.62 | 0.225 01 0.83361 0.439] 0.225 0 0.007 0.2321 0.207

0 1.50 | 0.69 | 0.202 01 0.360 0 0.438 | 0.202 0 0.007 | 0.209| 0.229
L.75 | 0.77 | 0.182 0| 0.379 | 0.440 | 0.182 0| 0.008| 0.1901% 0.250

2.00 | 0.86 | 0.164 0] 0.392) 0.444 ) 0.164 0| 0.008) 0.1721 0.272

100 | 0.35 | 0.227 | 0.037| 0.300 | 0.436| 0.227 | C.0I1 | 0.006 | 0.244: 0.192

1.25 | 0.60 | 0.203] 0.033{ 0.337 | 0.426| 0.203 ! 0.010{ 0.007 | 0.220| 0.208

0.1 1.50 | 0.67 | 0.1827 0.030| 0.362 | 0.427 | 0.182 | C.009 1 0.007 | 0.198 | 90.229
L.75 | 0.74 | 0165 0.027 | 0.382 | 0.426| 0.165 | 0.608 | 0.008| 0.181 | 0.245

200 | 0.83 | 0.149 ] 0.025| 0.395| 0.432{ 0.149 | 0.007 ! 0.008 | 0.164| 0.268

1.00 | 0.53 | 02020 0076 3011 0.421 | 0.202| 0.023| 0.006: 0.2311 0.190

1.25 | 0.58 | 0.181| 0.068| €338 ! 0.413| 0181 0.020| 0007 | 0.208 | 0.205

0.2 1.50 | 0.64 | 0.163| 0.061 | ©.365] 0.411 | 0.163] 0.018| 0.007 : 0.188 ] 0.293
175 | 0.71 | 0.148 | 0.055] 0.385] 0.413 ] 0.1481 0.016 | 0.008 | ©.172 | 0 241

200 | 0.79 ¢ 0.184 ] 0.050 | 0.400 | 0.417 ] . 134 0.015| 0.008 | 0.157 | 0.260

HINT DEHMTHIA T 2 A ORI SR T3 2 L ATHEN, ShARERMCOEIMS LNG,

Wz S/CCHFY RHmL, ULl —E i1 S A b O R A L Tn L A B RS R A
THIEPBEERD, A FOKIZLEEH, Tabn W/HCHF) OMmd ZiutiisTs, <2tk
TR & PR T T O PERIR P B TR TR OB AT 2 b O L HET D & S/(C+FY # 1.00
A2 00V I &1 X BRI EIORINE FHACHFI=0, 10, 0%DENFNCHL 30, 32, 8% TH3,

—,

.-
—

[N SN e

DHF O~ A MREORAH FNEN35, 34, BB THY, TILREEEISF OIS ITTEL <,
REddI2b0eWIns,
F—4.14 e b, BADKE, BRKREROBIER

’ (CC;@F p] S/HCHF) C(*?Cé—)*— ) vfic.‘sl‘écﬁ)u 7Y P '2/6 )/ #H L}-(a cfc_L/ é'{:()lz_{ E 1:5% Zjé_}%(f;f)%i’{

0 42.0 11.8 2.7 0. 536 0.199

0.5 49.0 11.7 3.5 0. 469 0. 212

30 1.0 59.0 11.6 6.0 0.444 0.239
1.5 71.5 11.8 8.3 0.434 0. 266

2.0 84.0 11.5 10.4 0.428 0. 285

0 38.5 18.1 1.2 0.514 0.161

0.5 44.0 15.6 1.5 0.443 0.172

30 1.0 51,5 15.9 2.9 0.410 0.193
1.5 64.5 15. 6 5.5 0.409 0. 234

2.0 79.5 15.8 3.0 0. 415 0. 269

0 3.5 19.1 0.8 (. 507 ¢.151

0.5 42.5 19.2 1.0 0.434 0.161

30 1.0 48.0 20. 4 2.4 0.398 0.177
1.5 61.0 20. 1 4.9 0. 396 0.216

2.0 73.5 19.8 7.4 0. 396 0. 245
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Sand Cement Ratio ve. Bleeding of Intrusion Mortar (Consistency=Const,)

b)Y 7V - SRILE KT

WA MR EENE S —EE LADEAEA R ADT ) — v FEERT, F/CHF)=30% OBETHE, =
Nk SHCHFYEF VY 2w rRE OREERHRDS R4 4RE LN, 7Y~ v FER S/CHF) o
TR TR 2 e gD, T VY FEONMNEEST L I ARIROBEIMI LS O TRN T L RE—4
BICF L kit s 7Y — v FREOBGEL VA E A THS, 7ok AW, HIHRK 163 LT 20sec O

&l S/CHF)=0~1. 0D TREBMAIREL CRP T30, 7 - v VEITE & A LA,
Lk, SHCHFY=1.0~2 0O TR BAKRIEE—EERY, 71 -2y 78 S/(CHF) omcft
o TIEL ML TwB, —F, REOERIRT LI, S/CHF) R—EThid 7Y~ v FRBEHM
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~J2sec A
21
BB e —
20 seq; 00 AT oses —— e em -
0 ! 1 } [
0.36 0,40 0.44 0.48 0.52 0.58

UNIT WATER CONTENT (mt.. mi)

[—4.35 FREME—FEELERATVSNVOBEDKESE T Y — U Y FEEOBR
(,ﬁ%ﬁ [151—‘:1&&4'%?-3%1—?)

Unit Water Content vs. Bleeding of Intlusion Mortar (Consistency=const.)
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FEELUX VALUE ; W/ (C+F)
100 —— 12¢gec. + 42.0 840 %
A 1B 4 5 BB.5 T9.5#
gL O — 23 # 3 37.5 T3.5#
FACHFEY =30 %

BLEEDING (%)
a3

0 L 1 ! 1 ! 1
0.15 017 D12 0.21 0.23 0.25 0.27 0.23

MOVABLE WATER FACTCR (mt./ml.)
E—4.36 FBEE—EL LILEATVINOBERKERRETU-O Y TELOBER (Bt
A MEEEARLIEES, F4 48R
Movable Water Factor vs, Bleeding of Intrusion Mortar (Consisteny==const.,
Refer to Table-4. 14)

12
F/(C+F) =0 ~ 50 % o
O gc+m =0 ~2.00 o o
@ WACHF) =42~85 %
S 8
& EEFLUX VALUE =12 ~20sec
Z 6
jan}
[A%)
a4 B=55.17 gy — T.02
- ° 5= BLEEDING (%)
2 W=MOVABLE WATER FACTOR (Gni/ml.)
b 8
0 i { | ! i [
0.45 0.17 0.18 0.21 623 2728 0.27 .29

MOVABLE WATER FACTOR (ml./ml.)

B—4.37 BEKBEREE TV -S»FREOBMER (R—4.1, 4.6, 4. 488)
Movable Water Factor vs. Bleeding of Intrusion Mortar
(Refer to Tables-d.1, 4.6, 4.14D

B4 BT L7z R RI O W TERA © Bk R R RS, 7Y ~ P v 28 ORE RS & H—4 365
#Bei, Y -2y rREARRKRERIIOTIZIEAT B ZE NG5, TOWE, BATA 2 AOHIER—ET
H2TH, TV PV IR S/(CHF) #—FE LABGERITT Y~V FER—EL D LN, IR
4.4a) WEHEL LS QMBI LY BlkERE S/CFF) ICBIL TEIMT A Z LI B LD TH S, 4.2
b BIUAIL) HWTRENEN W/(CHF) BIU FHCHF) BEAEALZADTY -V v FHITE
BRI OWTCEHERAL, WThOH&IIL F Y -y SREHAARREITAT A ZEHS B L AL
f2e FLT, F/CHF), W/CHEF), S/(CHF) HBEMEHHOWTN»E2—FE T 2244 LT
R b BdkiifRie 79 - P FREDMR (B4 L 46 414 1220, IR HD&FRERL
FEORBERE LTRET 2 B4 TRELNS, Thbht, 7Y - v /e Bdiaifi s oMiti—

— g2 —



F—4.154 BeAv MEEEZSEQRIEERBRER S BRKERE

AR b TR R 3 BB EDO T

g g v = e (2 - 1 BB e B 4 phk T AE

1. 00 51 24.4 75.5 0.423 0. 151

1.25 54 24.9 79.1 0. 405 0. 115

0 1. 50 65 25.5 75.5 0.423 0. 205
L.75 71 25.0 70. 4 0.420 0. 220

2.00 78 22.7 61.0 0. 420 0. 237

1. 00 56 14.3 G9.3 (. 446 0. 187

1.25 60 14.6 72.1 0. 431 0. 196

0 1. 50 70 15.8 70.4 0. 441 0. 233
1.75 76 14.8 G4.0 0.437 0. 246

2.00 83 15.0 56.8 0. 435 0. 260

1. 00 61 11.5 63.8 0. 467 0.218

1. 25 64 13.1 68.1 . 447 0.218

0 1.50 75 12.4 67.8 0. 458 0. 257
1.75 81 12.3 58.7 0. 425 G. 266

2.00 88 12.1 53.38 0. 450 ¢. 279

1. 00 50 25.8 74. 8 0.413 0.159

1.25 55 27.8 76.5 0.405 0.177

10 1.50 65 25. 5 75.5 0. 149 0.219
1.75 72 24.3 G8.5 0.420 0.237

2.00 78 23.2 61.5 0. 417 0. 249

1. 00 55 14.3 69. 1 0.436 0.192

1.25 60 14. 4 68. 2 0. 426 0. 206

10 1.50 70 15.8 70. 4 0. 437 (. 242
1.75 77 15.6 67.7 0. 436 0. 258

2.00 83 14.9 9.9 0.432 0. 268

i.00 60 12.1 63.6 0. 457 0.222

1.25 65 12.2 66. 4 0. 446 0. 023

10 1.50 75 12.4 67.8 0. 454 0. 266
1.75 82 12.2 8.8 0. 452 0. 280

2,00 38 12.4 53.5 0. 446 0. 286

1.00 49 27.7 73.5 0.402 0.164

1.25 53 23.0 75. 8 0.392 0. 176

20 1.50 59 22.6 75.4 0.392 0. 196
1.75 71 22. 4 67. 0 0.412 0. 240

2.00 74 0.1 64, 2 0.40 G. 240

1.060 54 14. 2 68. 1 0. 425 0. 197

1.25 80 15.5 711 0.422 0.217

20 1.50 64 14.8 70.7 0. 411 0. 223
1.75 76 14.7 65.0 0.429 0. 262

2.00 79 14.5 59.0 0. 416 0. 257

1.00 59 11.6 63.1 0. 443 0. 227

1.25 63 11.7 66. 3 0. 434 0. 233

20 1.50 69 11.9 66. 0 0. 429 0. 246
1.75 81 12.0 60. 4 0. 445 0.283

2. 00 84 11.6 54.0 0. 481 0. 287




=—4.158

By b REEZ GEORKEHRBRER L EHKRRR

(R iR DTSRRI 3 BB ED )

F{C+F S/CCHFD W/CHFy | B MR fE | K M| ok | Bl

(%) (g6 (sec) (26> Cec/eed Cee/ee)
1.00 48 28.6 74.8 0. 392 0. 170

1.25 54 23.4 71.9 0. 392 0.193

30 1. 50 58 22.7 76. 9 0.384 0. 201
175 70 25.0 70. 2 0. 405 0.243

2.00 71 23.3 68.2 0. 388 0. 236

1. 00 53 1.50 69.5 0. 416 0. 203

1.25 59 14.2 66. 7 0. 413 0.221

30 1. 50 63 14.7 70. 4 0. 403 0. 227
1.75 75 15.5 67.2 0.422 0. 265.

2.00 79 14.5 63.1 0. 414 0. 268.

1.00 56 11.3 G5. 6 0. 430 0.221

1.25 64 12.0 G4. 5 0.433 0. 247

30 1.50 68 12.1 G6. 6 0.422 0. 25%
1.75 80 11.9 87.7 0.438 0. 286

2. 00 81 12.2 54. 7 0. 419 0. 274

1.00 47 23.6 75.1 0.382 0.175:

1.25 32 27.8 74. 9 0.739 0. 190

40 1.50 58 24.3 73.3 0.379 0. 209
1.75 69 232.6 7.7 0.398 0.247

2. 00 70 211 70.3 0.381 (. 240

1.00 51 14.3 71.3 0. 402 0. 201

1.25 57 i5.8 68.9 0. 400 0. 219

40 1.50 63 i4. 3 6%.1 0. 399 0. 235.
1.75 74 15.6 64.8 0.415 0. 268.

2.00 75 14.7 63. 2 0.397 0. 258.

1.00 56 11.5 66.2 0. 424 0. 230

1.25 62 12.3 64. 6 0.420 0. 244

40 1.50 68 11.5 64.7 0. 437 0. 258
£ 75 79 12.5 60.7 0. 431 0. 289

2.00 83 11.5 58.1 0. 422 0.288

1.00 45 28.5 77-6 0. 367 0.173

1.25 51 21.8 76.4 0. 370 0.197

50 1.50 63 23.7 77.6 0. 395 0. 243.

1.75 69 24.7 76.0 0.395 0. 255

2.00 68 20.8 73.7 0.371 0. 237

1.00 51 16.5 70.0 0. 397 0.212

1.25 56 16.2 69.5 0.392 0. 224

50 1.50 68 14.8 72.9 0.414 0. 267

1.75 74 168.1 68.8 0. 411 0.276

2.00 76 4.7 65. 8 0. 397 0. 269

1.40 55 11.7 65. 4 0.415 0. 235

1.25 61 12.9 65. 2 0.412 0. 250

50 1.50 73 12.2 97.8 0.431 0.288

1.75 79 12.5 60. 6 0. 427 0. 296

2.00 81 il.6 59.9 0. 412 0. 287
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Sand Cement Ratio vs. Water Retentivity of Intrusion Mortar
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30
— Wo = —123,59 Wnr88.4
8 Wp = WATER RETENTIVITY (%)
5 80 Wm= MOVABLE WATER FAITOR (ml,/mi.
o
>
o
ot
&
70
et
[
3
60
5G ! 1 ! : ' ; ! ,

0.46 0.48 0.20 022 o2t 0.28 028 0.30
MOVABLE WATER FACTOR  (niml.)

FE—4.39 FAELYIOEKESBRKEZEHEOBER (B4 1538)
Movable Water Factor vs. Water Retentivity of Intrusion
Mortar (Refer to Table-4. 15)
TEP A EHL SN DA, TR BAERETET NI O (B ED 12T 5 &8 A T X,
o) BRI I
—4. 15A, Bid F/CHF) Lkt — T SHCHE) REZ S EOERERES R T, H3
M s SO AR R OINER LRI TS, B4 BOHRRBERO -T2 RT3 & F—4. 382575
BAL, [BAMERS/(CHF) @mifao TRL 3 2 H 2 2 22395, MO FEEATL Y BT
WA, INEMBHOEMI LBV OEFL bNE, S/CHEFD) OIS A0 Ty v
ORI E BRI EBIRIED L DT, S/CHF) DT EML THhARESS T3 2 S RT3 £
ZBRA, [H—4 30 3—d 155V B & Bt G O EXEG AL DT, B3R Wihsn AROm
WL TN L, WS OMITIRRO & 5 A b,
T’V}t:—l23 59Wm+96 4 Cgé) .......................................... (‘4 1',7)
I, We BEKE (% %, WhidEhAREREEEELT,
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