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BASIC PROPERTIES OF NELAN GUM AS A VISCOSITY AGENT AND ITS EFFECTS ON
TH SELF—CUNSOLIDATION OF FRESH CONCRETE

(Translation from Proceedings of JCE, No.538/V-31, May 1996)

1‘155E1252r€é=:r£1E'5§I;¢frE:2221331?
E11:;§£§1{:5§:?:§:51:§1:21:I:l:1:1:l§i

I ‘ ' - --1\~\'r . -- -- -- - . '-;;.;.;‘4:_~.;:;.§ ,‘.-:-‘;:>:-:-:‘:¢-:v:-1-;:‘:-Lem}-1-:¢e.,‘z;;_»,-., .. - _ . .. -

Ea-?'2iE5*1‘1:<‘21:351:15:-151:;E:}1=25:¢:=:1ii:axriirgiisi ='=' _. . ..>;»:.-.»;1:=:-=c=.1;-;-.<.1»<1-2Tim-:1:':?':':-.11-= <1»:-2‘-:-1-:»:<:~:»:-:-;=:~:, >1-1-'rY:Y:-2‘:-:~:r»<-:»~
- ' - "““"““"‘"i2‘.Y;i1¥YY-ii:-5:5;"it-1@I2="Y:=1i& / ->6“---" " .. =.= -;:‘.EI=.:i'-EE'Z1;€'1‘-Z:E:?51‘1‘:‘"4""*'1‘1'¥=?'1>351£>£€§: '1-Y‘:".4:1i1£a>.::.;-.»;..,-.. 13::;.;;;;.;;¢:;:;.=;=;; = -' '1. -_~:-:>»:==<¢<¢";r=1:é1:r¢f2». ..»/.1:1;*.’:'.r-I:1» "=—:.:-*r£<:¢:'>.>:%E$=».-:1:-:-:~:-:-:-1-;-1. ‘;::-:;:~:~L1;-;- ‘<»;:l~'.-'~,-:-. :15;-‘-.=,~:-:\ '5-"1151; -- ' .- - _~.;.-;.;.;.;._.;:-133;;-‘;.;:-::-. », ~j_ ~:3;.51r;< ¢.»;.;.;-:;.;.,_.; - - - . ;-1,-,:*_;;~j;;_1,§,;:;;;:_‘\-)¢' -i Q ,

- »=.;.~. _ . . .. . V,.->:~_<4;.:s,-¢-;-\ ._.;.;.< : ~'¢;:¢=. - . . . -_'-:.;;r-‘<Y:_¢.¢:-:‘:.=' -. --...;‘;-;f>;" ¢;<;-31-;‘-1:; '- Y1. - . ~-Y-1+" -4»5.1‘==;1!=.Y=z=s:¢':;=s'=;==:=:=-~-" . . V / ‘.15-:I=*Z=~l?'-:-‘I==E1:' ' ;r.j:1 :31»: 2-.’<;: 5:1:-11:41:"; ~"- Y. ";:;:;;g;,;;.>;;;;;¢;;r;:- ‘ ;>;;:;:;;~:-_Y-;\:; 5"; 11- :-1;:;:;:;:;;;.-:;. ;:;:,;;:;:;:;.g:;:§m - . . . --.;.,.._¢.-.-5;I;t¢:n1;1¢‘ ' -3 \:‘:_:1:F:1:_1.<. ;-. -- .~.‘Fi$>'.<:1:-:':1r-1=J:- - ~ 1:¢:if<1:1,’-:»ti1;I.-1;1;‘>‘ -~ Y. ' “'s1::F._'..'- \;;'- Y . . Y 1- Y‘ r I ";.'j:;~,:;:-I515?‘ -‘we;y;:;;;:;:;§;§:§:;¢:§;-1';:-;:;¢;i;';;:;:;:~:;;:g;;§.2j"
Y 'j~,{'§;':1:§:;t—-_-;-:-e,<I§I§Y1?.2\:I :-:~:-:1,Yf§I‘?$§fi'$., Y‘ I V §:§:§:1:§:jY:§i';;~:§:}:!' Y ' Y " .- ,:_.':j¢;:;§:1:1-:¢:;=;§:g ..2{%w>-=—.<§_;;g;;.5-;:‘$~1:I;%?$Y‘Y'- 'Y‘*'s’YF‘ 4-£:i:§:¥:1f;:§ . .- -Y‘ ' va1;=~';.;:5:;:-:1:I.Y'.iY1-=:1;!;'§§:1¥:1:I:11\i§;r:$1;r-1‘j.?:!:1>:1;;YY ' . 1-Y=¢‘.;:;.:<,:;;'\.:§:;: -1.-.=-.-<;z1::-gs-r;::=:;13;n - ‘»rY:>'Y:;:-:1::f:=:1.*:1" ,. . 2:, . .- --‘ Y" " ‘%*='1-*1-=<@¢*'Y=<=-lrf-%*=<<\'1*=-‘<¢1:2::¢=i; ;.:;.1=5=s*:-:§f<> » .>:-=.=e;::=:2:- ~ ~ ~>35, /news if Y .. . I > .=f2.~:=Y;:z.:';:-'*-1’t'.1;=31E=i=@=§>€5:;;,/ Y 15;:;;2§;i<€1i.;Y1:»,¢;s=5<5:;z:;:::;:z:;:@§;;;?;§=%'1-;x;=a:;=z1:_w. ~:;.;z;:;:;:\:;._._..,;¢;;;4 r ,;;:.;:-1;;-.=Y‘~--.;=;;<-;Y";_,;;-:<=;r- *—'»:;:,~2_>_:;r_.— --=.;:;~.»;; if .1,1>_:;:;:;:-‘;:;;e,:;='-,:-:-17:‘;91;-Y;-;>:;:;>:, .. .

‘F:1:I‘l~':- "13?!-Z‘71*“" V ‘Y ' $I?-=‘iI‘F1"- ‘lé7>':I;1:1I'I1;I.-2'?-Y':Y:19?:Z:1:f:1.I;=:§§Zi?5i1iE1}:!§14:¢:I:;-=:$=:“.Y: 3._ ,,;> ,,.,._,,,¢_:,,: 1_§;;,;_;:_:;_ .1_:;:;:, kg ;:,_: Y :;.;5:~:§;1-. -.-£4.-;; -':‘;:~;:;';:;;:;;;;:;:-55;,:;=,;5.;‘[.51.§:;.;:5;:§5;j;>Z,<5 -_*é1.’-;:;;;‘;2v;‘;.Y -'_:>'§2:;!;.-':§. :1.-1;-_<5+_§,';+r(;:;‘E:£:352l=:- '
1.,}I:1:$;z<1;:§:;:¢:5:§:I:1:1:1:1;:;:;$35:}:1:;:;;§.=;-:;:;:;:~'j_I;j;+f'1;:;:;m-,-{:5 1:T:=:1:¢:1':Z' ‘I".1*-‘Iii;YY.5:3.:I:;:;:E:';-;-';I:f.‘:»:I:‘:I.‘:'J»:;i':‘fi<19~:1e:;:s,; ‘;r_*;>3’$>*;-:'z1:‘:I:~‘:'55-WI-:-=‘¥:;=§‘:fr?'5"“»;5:.~:I::=.¢:I:%3'-’-,. ,;-;1:-:-‘V;-;V-»--v»=~:~:~:v:-1-5;.»-<4-. Q:-:-*-»'->.-.>5'K;J'.‘ ‘» < :‘.‘~2-1>t-;\’. ~ : » J: .+:I:1;-:.Y-;.Yr;1;I;1;i:;1,;1; ;‘;:<1»:+.1 ’» ':‘.f§f/3f[;:§;;!;J;§;;; @;1;I;§g€; 4;;

' G" >=.\.;-.~-\- .- .Y.~.-.1. '_»r- A \‘- . \ Q}? ¢}’.n.v

ié-;q:;:;:5:-:-1;;;s:;I11;z;:;:;;;;;;;;--z:;:;:;;>§§.-:1:5;§:1;;1:>;z:;:;-:3 .31 1’ \I;.;:;:;:-1;, -1 :-1‘ <. V. V; :¢ Y‘:-:1:-;/.¢:-Y*-:-:';~:-:-:-:-:-:;-- I5-;';I-1;‘:1'; .-f‘?¢(“>,.1,_.».~_.:;Y-:,;.,.,, . A ,,\, ,;._,,;-5.3.1» ; 5 .-..~' - if , sf:*;~.'Y.,:.::-.I.1. Ll.ii.;i5%§£35iiE5~Ifi}i§i5551?E?€§*5i;€"Eli.=-1E;-§1?;5:5?;ii553:§§;%§?
1Q§2;5:§Z$%$§E{Er5:%§r5:i:;:¥5§s.<»:-.<:-as9<,;:;€1§3E=51{:£$$:2¢$, , ,.,._._.,._.,;;:;;§;{¢;§;¢;=;5;; ,1: 12511? {Er Q‘ ii -1 I "-:;2=.§;,,;;-;;1*55§5§;zE;E;3;' -‘ 515553 =;-\@\...<. - '>*\(u/| a __ ,_ ,,¢.?.A,.,<., yA}.~‘_;;,.(}. 9 ,__,_ ),‘_,;:_4,‘._ ,.;;»_ .-| -
/\ J /u

Y2F@§:i;~‘:eIs :?f€5¢I§-~:1§

. » ; , ,,~ 4--1 _c;*.;:-:;;:>.;,> ~.;:‘:;.*-:~-4» - , > . '_>_:;;;~;l;/:i:?:»:1;-:£;?;=-‘ '>;1,;I;‘.»;f.<:~’-’.,:;:» Q \ -< _.’<,->,§ _ ,. .

-" " ' '- -- “ " z:%siz1::%:%z::%:iza:22;2%:zzs:2;ss;i%§%si2§;:aes. : -- - ,.:¢;i§:§ I -- - --
-§ \§~.$\§%§'£/e Q J“ i"= I E 5.1- ='-= I 1.; ‘ - - -- -- _- '1 - - 1‘?E33?ififi321:E91?L513323?5!71*:3"S1:7:Z-:1‘$1.1;-‘~i"4;?:i;53;?!;i;%$l;i:i§;f§3§1§§i"5!5727I—I2Z%—57;395fi3i325:7"Fl":l:5$:E5;§:i:-1§:- . .- -- -=- , Y=~1-':=.~¢=:=. ~.*-1 :-:-= .- - = -

1' "-"I E=?;?<E=-1=i=‘Y""‘*'*" ' rY 15¢‘.121213>%¢%"i:if=:3i2:%tE;.~.EM Y '=1E'f:f1.¢=';5=;1':&:§5?IE? "51’”1;_ Q, Y . '- ~=Z‘é;J>7-:~:=:-11:67};=-'~;;2:§;§/.;:~>:1.<-‘fit-ti!-‘ 1»:--:=;1-'-1:15~:<:<s':;i:-;21;;=;=:1;1-;==é:<:‘:1:1:-:§I~!#~:-:1:1;». I: : 5;; ' '-:1;=:I:’»;:1:1:111:1:~‘Z¢'?€:I'i:1§:>~.K$'%kiizizifii *.';:-:=-11:1§:E.?i1:1;1:l;.:4.:;:'r»:=:¢::=’~§=:=:FriY1?‘ Y Y .- Y .¢: - -' ll-I ;: =1‘1115126:131111.155;$.11;-:;:<<::F;¢:@=:I;1Y».-:~»;-':»‘.-.Y»;<.>;~:';-IY- ‘»-/--»-.~_~2\-.4<<-~“ 1- '- * - -pr;-:-:-:,.Y-; §;s{;_¢. >4»: .;*¢. , ' .;;:;:4.-:9:~'-5&5:-:--t-;-;§%:~;:4;e:.:»::m vs; - _.;>,12;:7'»>Y'».¢;:»\ 1-. ~ 1- .--1$- 02%E-."'~:¢:er'=:»:e='-\:1.:=;>~3.;-:1:-11Y=:=:;§i11-:E M § xkiizfizzy =1:1;ti-is=;=€=:_::s&%$‘i+»;§\s=:1:;:§¢fi§.‘?. , ;.;:&=¢.:_Y~:;;==1Z1=.1£:m2= :. .~..::=;;:;.5;§g§:_< _;;.<;;¢._.»._>_<>,:; y _¢)- ;1¢-:f;;:1:=Y_1{I;r;;'<'_1_-1;",-‘¢>>,1_-r;;~, Yr;:<‘.’~> 1qn‘ ‘E175:Z:=:—:1:ht':i1;;‘:f;'*J;=2:3?:i:Lé?1T?I1§-2-;Z:li?;€5i 1 IY -¢':1:-1:-.-1:=:=:1:1:1:I:1;4.- .2; :Y:A-.;._.,._<~/_»1».;.;;>_.;_<§'}{» ;'1~.».(.»;- ;-, ';-:--~ 55- -;' - .§,%-'~1»:<:~'-:-:%;-":»n . -.1‘ :$1.1512:31-2:1v.££=;t~:Y1<-iik?;‘:.l?:l:E#§-111:.-i~EYiJ€£>. ':3‘I'f'-'-7‘;-Iai‘-‘-I-1" ;.~.~':1‘Yi=1-;-£§-r.»:'-=2!-r=:~;1:§:~;‘~- Y-, . \%»
2 ¢ /0 9% "5, <¢ Q) /H34 1. ‘ Q/5" ",> 5/ .»,,/,;:‘});»'

Noboru SAKATA i Kyuichi MARUYAMA Masayoshi MINAMI
* ,.~r§

55251Z5,

4*’‘Ij.1.;'1

It has been reported that a suitable quantity of the viscosity agent Helan gum,
which is a kind of natural water-soluble polysaccharide, effectively stabilizes
the rheological properties of highly fluidized concrete. In this paper, we study
the basic properties of Welan gum experimentally as well as the effects of
Helan gum on fresh concrete, especially its self~consolidating properties. We
find that the viscosity of an aqueous solution of Helan gum is not affected by
calcium concentration nor pH, aside from a slightly high viscosity in an
alkaline solution. We also learn that it stabilizes the rheological proprties
and mobility in confined spaces of highly fluidized concrete when a suitable
quantity is added to the concrete. Further, it offers long—term stability and
improves the self—consolidating properties over a wide range of slump—flon. We
partially clarify how these effects arise.
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1. INTRODUCTION

Self-consolidating concrete [1 ] , [2] has been studied and developed by many
laboratories since it was first advocated by Professor Okamura of Japan' s Tokyo
University. This type of concrete is now being applied not only to general
structures, but also to very-large-scale constructions and very important
structures. Self-consolidating concrete is defined as a concrete with self-
consolidating properties that does not suffer defects such as shrinkage during
early hardening and offers long-term durability. In this definition, self-
consolidation can be defined as a set of properties that not only includes
excellent deformational but also good resistance to material separation, and the
ability to fill every nook and corner of a frame without vibration. A report
[3] by Dr.K.Ozawa indicates that these properties can be estimated through two
tests, slump flow and the V-type funnel test.

In general, the self-consolidating properties of highly fluidized concrete
depend on the mix proportion, material qualities, and variations in quality.
This means that there is some difficulty in producing a highly fluidized
concrete with stable fluidity and good consolidating properties. To stabilize
fluidity, which greatly affects self-consolidation, the use of a viscosity
agent has been investigated. It has been reported on the basis of indoor tests

[4] in the laboratory and actual field tests [5] that Welan gum, a kind of
natural polysaccharide, is extremely effective at stabilizing the fluidity of
concrete.

In the above two reports, it was shown that the addition of Welan gum minimizes
fluidity variations as measured by mortar flow tests and slump flow tests.
However, the effects of adding Welan gum on the consolidating properties of
highly fluidized concrete were nor evaluated in detail.

In this report, typical properties of Welan gum as a viscosity agent for highly
fluidized concrete are evaluated experimentally. Also described are the detailed
effects of Welan gum on fluidity, flowability in confined spaces, resistance to
separation, and self-consolidation.

2 .TYPICAL PROPERTIES OF THE VISCOSITY AGENT WELAN GUM

2 .1 Chemical structure

Welan gum is a kind of natural polysaccharide and its chemical structure is
shown in Figure 1 [6]. The backbone is a repeating unit of four saecharides and
it comprises D-glucose, D-glucuronie acid, D-glucose, and L-rhamnose units. The
side chain is either an L-mannoseor L-rhamnose unit. In water solution, Welan
gum is thought to have a double-helix structure or super-associative structure
like the typical fermentative polysaccharide, xanthan gum, which is shown in
Figure 2 [?]. Methyl cellulose, a viscosity agent typically used in underwater
concrete, is not thought to have such a super-associative structure, since there
is a linear relationship between the logarithm of its viscosity and the
logarithm of its average molecular weight [8].

The estimated molecular weight of Welan gum is reported to be 2 X106, but it
has not been verified as yet. Depending on the method of measurement, a wide
range of results is obtained as a result of its double-helix or super-
associative structure in solution. Even in reports on xanthan gum, which has a
similar structure and has been studied many times since 1964, molecular weight
hasbeen reportedas 15 X106 ~5X106 [6], [9], 3 X106 ~7.5X106 [6], I?]
and3 X105 [5], [10].
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2 .2 Production method

Welan gum is produced by aerobic fermentation using the Alcaligenes strain
ATCC31555. The process is shown in Figure 3; it is almost identical to that of
other fermetative polysaeeharides such as xanthan gum ll 1 ]. In the commercial
production of Welan gum, a single-species fermentation is carried out using
freeze-dried bacterial stock or some of the broth from a relatively young
fermentation. Final fermentation takes place after a few fermentation scaling-up
steps under conditions of aeration and agitation. The source of carbon is
glucose, sugar, starch, or hydro-decomposed starch. The concentration of
glucose is maintained at 1% to 5% and the temperature is maintained at 28 °C
during the continuous fermentation. The pH is kept approximately neutral by the
addition of phosphate buffer. Ammoniumnitrate or soybean peptone are used as a
nitrogen source, and small quantities of metal salts (such as iron, magnesium,
molybdenum, cobalt, zinc, copper, manganese, and boron, etc. ) are also added
[1 1 J. The final broth is diluted and sterilized in a thermal exchanger. After
sterilization, bacteria and impurities are removedby filtration or centrifuge,
and the fermented gum is precipitated and recovered by the addition of iso-
propyl alcohol. This is Welan gum, and it is dried and milled for marketing as a
product.

2 .3 Rheological properties

There are many natural polysaccharide-based viscosity agents aside from Welan
gum, including xanthan gum, guar gum, Curdlan and others. Hundreds of thousands
or even millions of such polysaccharides are known.

In this section, the rheological properties of concrete made with Welan gum are
examined in order to investigate the mechanism by which Welan gum affects
concrete. Comparisons are discussed with xanthan gum and guar gum as typical
natural polysaccharide-based viscosity agents, Methyl Cellulose (MC) and
Hydroxy Ethyl Cellulose (HEC) as typical cellulose-based viscosity agents used
in underwater concrete, and polyacrylate. The chemical structures of these
viscosity agents are shown in Figure 4.

2.3.1 Effect of water

The object of this study is to clarify the effects of the viscosity agents on
viscosity with various forms of water. Solutions of the various viscosity agents
were madeup using deionized water, alkaline solution (2% sodium hydroxide and
a saturated concentration of calcium hydroxide) , filtered cement water
dispersion A (lOOg of cement in 1 ,000g of deionized water) and filtered cement
water dispersion B (300g of cement in 1 ,000g of deionized water). Viscosity was
measured at 60 rpm in a BMviscometer manufactured by Tokimeek Co. Measurements
were carried out three times an each sample by reading the indicator 30 seconds
after starting rotation. Viscosity values were calculated as the average of the
three data. Concentrations of each viscosity agent were chosen in the range 1%
to 2% so as to give almost the same viscosity as a 1% Welan gum solution in
deionized water. In past applications, the standard level of Welan gum in
highly fluidized concrete was 0.05% of the water content. However, the Welan
gum concentration in the free water is estimated to be U, hence the choice of a
1% concentration as the standard in these tests. Free water is assumed to be
the water squeezed out of the paste after 10 minutes of centrifuging at 3,000
rpm. The paste contains 0% to 2% of super-plasticizer ( ^-naphthalene sulfonate)
to cement content in a system with a 30% water/cement ratio. As shown in Figure
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5 , the proportion of free water to total water content is approximately 5% in
the case of the higher concentration of super-plasticizer.
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Figure 6 shows the viscosity of the solution containing each viscosity agent
with the various forms of water. Welan gum provides almost the same viscosity
with all water forms, except that it tends to be a little higher in the
alkaline solution and filtered cement water dispersions than in deionized water.
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Xanthan gum gives a higher viscosity than Vtelan gum with the alkaline solution,
but with the filtered cement water dispersions, the viscosity provided by
xanthan gum solution is lower when the cement concentration is higher. It is
assumed that xanthan gum interacts strongly with the calcium in the cement,
leading to gelation and the development of higher viscosity under lower cement
concentrations [?]. It is also thought that viscosity falls because of
aggregation of the xanthan gum and precipitation with calcium under higher
cement concentrations.

Figure 7 shows the relationship between slump flow and gum concentration when
Welan gum or xanthan gum is added to highly fluidized concrete. The materials
and mix proportion used in this test are shown in Tables 1 and 2. The slump flow
of highly fluidized concrete was significantly lower with xanthan gum, even
when the xanthan gum concentration was extremely low- perhaps because the
xanthan gum aggregated in the concrete. Guar gum is insoluble in a strong
alkaline system, so it provided hardly any added viscosity with the alkaline
solution and or higher water-cementconcentrations.

In the case of cellulose-based derivatives (MC & HEC) and polyacrylate viscosity
agents, the viscosity of solutions made with the alkaline solution and filtered
cement water dispersions was lower than those using deionized water. There were
large changes in viscosity with some kinds of water. These results indicate
that the viscosity agents are affected by differences in cement concentration
resulting from changes in water-cement ratio, and it would appear that these
agents can be used to vary the flow properties and/or the consolidating
properties of concrete. Welan gum is able to provide slightly greater viscosity
with an alkaline solution than with deionized water.

To investigate these findings in more detail, the effects on viscosity of pH and
calcium concentration in the presence of Welan gum and MC solution were
measured at 25 °C and 60 rpm in a BM viscometer (Tokimeck Co. ). Measurements
were carried out three times for each sample by reading the indicator 30 seconds
after starting rotation. Viscosity values were calculated as the average of
these three data. Figure 8 shows the viscosity in"the case of the two kinds of
viscosity agent in solutions containing 156, 5%, or 10% of calcium chloride with
neutral pH. The solutions of viscosity agents were agitated for one hour before
measurement. As the graph shows, the viscosity of solutions containing both
Welan gum and MC increased as the calcium chloride concentration increased.
Figure 9 shows viscosity versus pH (2 to 12) , using hydrogen chloride and sodium
hydroxide in deionized water. The viscosity of solutions containing Welan gum
did not vary substantially over a wide pH range. On the other hand, the
viscosity of solutions containing MC fell as the solution became more acid or
alkaline. It can be concluded from these tests that the viscosity of filtered
cement water dispersions containing Welan gum increases a little with rising
calcium concentration and that the viscosity of filtered cement water
dispersions containing MC decrease as the pH rises, or the solution becomesmore
alkaline.

2 .3.2 Effects of temperature

To understand the effects of temperature on the viscosity provided by viscosity
agents, the viscosity developed by 1% solutions of each viscosity agent was
measuredat 5, 10, 20, and 30 °C at 60 rpm in a BMviscometer. Measurementswere
carried out three times in each case by reading the indicator 30 seconds after
starting rotation. Each viscosity value was calculated as the average of the
three data. An alkaline solution was used as the solution. In this test, guar
gum was not examined because it is insoluble in an alkaline solution. Figure 10
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Table 1. Property of materials

Notation Name Specific gravity Blaine value(craz/g)etc.

SD
S

Ordinary 3. 16
Portland cement
Limestone dust 2.70
Sand 2.57

Gravel 2 .65

Elaine 3790

Blaine 3210
River sand,
Absorption 1.53(%)
F.M. 2.62

Crushed stone,
Max.agg.size 20(mm)
Solid Volume 60U)
F.M. 6.65

S P     p - n a p h t a l e n e
s u l f o n a t e

V A     W e l a n g u m
o r X a n t h a n g u m  -

T able 2 . M ix pr opo rtio n

Water cem ent Wat er p owder  G /Glini Unit weig ht (Kg/m 3 )    s p   vA
r atio (% )   r at io (% )     (% ) X )

SD    G (P X 50 (W X 30

5 2 .9      3 2 .0        5 5 175 33 1 216 69 1 87 8 1 .5   0 -0 .10

* Caluculated on the basis of (C+SD) weight
**Caluculated on the basis of water weight
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shows the relation between temperature and viscosity as a percentage of the
value at 5 °C. The viscosity of solutions containing Welan gum and xanthan gum
are independent of temperature, and these agents develop the same viscosity
between 5 and 30X!. This is one of the reasons for the slump flow of highly
fluidized concrete containing Welan gum showing little change at different
temperatures [12]. In comparison, the viscosity of solutions containing
cellulose derivatives or the polyacrylate viscosity agent fell as temperature
increased. With regard to the degree of this decrease, solutions with cellulose
derivatives fell more in viscosity than those with polyacrylate.

Generally speaking, the viscosity of a solution of water-soluble polymer
decreases as the temperature rises. However, no such viscosity change is seen
with regard to Welan gum and xanthan gum. This unusual property of xanthan gum
was reported by D.A.Ress [13]. He reported that the viscosity of a solution made
with distilled water and xanthan gum fell slightly only at the early stages of
heating and gradually recovered to its initial value. As to the reason for this
phenomenon, he concluded that the structure of xanthan gummolecules in solution
might change as the temperature changes. The optical rotation of a xanthan gum
solution decreased as the viscosity recovered. Such a decrease in optical
rotation indicates a gradual change in structure from a helix to a random coil
with hydrodynamics stress. It is thought that a similar phenomenonmight also
occur in the case of Welan gum.

2 .3.3 Relationship between shear rate and viscosity

For an understanding of the relationship between shear rate and viscosity, 1 /E
solutions of each viscosity agent made with the alkaline solution were tested in
a rheometer. Figure 1 1 shows the shear rate versus viscosity as a percentage of
the viscosity at a shear rate of 6r6 sec "'. With regard to Welan gum and
xanthan gum, the viscosity of the solution decreased sharply as the shear rate
increased (pseudoplastic property). This behavior is generally observed in
natural polysaccharides, and is thought to be one reason why Welan gum
stabilizes the flow properties of highly fluidized concrete. In slump flow tests
on highly fluidized concrete containing Welan gum, flow speed gradually slows
down after the cone is lifted, and deformational property and viscosity are
favorably balanced with the appearance of the pseudoplastic property, resulting
in stable flow. Such results have also been obtained at actual construction
sites. It is assumed that the deformational property is dominant while the
concrete is flowing and that suitable viscosity is developed at the flow front,
preventing the concrete materials from separating.

We compared the pseudoplasticity of Welan gum with that of other viscosity
agents from the viewpoint of chemical structure. Some reports have mentioned
that the side chains of the molecular structure are closely related to
pseudoplasticity [143. Comparing sodium alginate, locust bean gum, and guar gum
for example, sodium alginate - whichhas no side chains - exhibits close to
Newtonian flow properties, locust bean gum, which has one sugar unit side chain
per four or five units of the main chain, has greater pseudoplasticity than
sodium alginate, and guar gum, which has one side chain per two units of the
main chain, has much greater pseudoplasticity than locust bean gum. Xanthan gum
has more prominent pseudoplastic properties than guar gum; it has the same
number of side chains per main chain as guar gum, but they are longer than
those of guar gum. It is assumed that these longer side chains make it easier
for xanthan gum to form super-associative conformation than guar gum due to the
twisting of side chains around each other. This associative structure gives a
very high viscosity at close to zero shear rate, and then the structure is
destroyed by the kinetic energy of a certain shear rate and low viscosity
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results. In case of WeIan gum, it has fewer side chains of almost the same
length as guar gum's. But it is assumed that Welan gum has a double-helix or
super-associative conformation and thus exhibits., the same degree of
pseudoplasticity as xanthan gum.

These results indicate that no simple comparison of the pseudoplasticity of
solutions of various viscosity agents can be made. Their viscosity is related to
the ease with which a super-associative structure is formed as well as number
and length of side chains.

100

w

1 50

100 200 300

shearrate (S "')

400

Fig. 1 1. Relationships between viscosity and shear rate

3 EFFECTS ON PROPERTIES OF FRESH CONCRETE

To understand the effects of Welan gum on the condition of fresh highly
fluidized concrete, the flow properties, resistance to segregation, flowability
in confined spaces, and self-consolidating properties of such concrete were
examined experimentally.

3- 1 Flow properties, flowability in confined spaces and self-consolidating
properties.

It has been reported that a suitable addition of Welan gum to highly fluidized
concrete results in stable flow properties as measured by slump flow tests. In
this section, the flow properties, flowability in confined spaces, and self-
consolidating properties of concrete containing Welan gum are investigated
experimentally, including their changes with time.

In tests on the stability of flow properties, five different water contents per
unit volume of concrete, -10, -5, ±0, +5 and +10 kg/m3 of the basic mix
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proportion, were used to simulate errors in fixing the surface moisture ratio
of fine aggregates. These five values represent 155 to 175 kg/m3 of water
content per unit volume of concrete. The materials used in this test and the
mix proportion are shown in Tables 3 and 4. This proportion was chosen so as to
meet the required characteristics of self-consolidating concrete. The water-
powder ratio and gravel content were selected through simple tests so as to
achieve a flow time from a V-type funnel test of 15 ±3 cm/s. At W/P=30.2S6 and
G/Glim=55$, the required time was obtained both with and without Welan gum.
Even though the viscosity of the concrete was slightly increased by the
addition of Welan gum, the degree of this increase was not large because of the
very small addition (0.05$ of the unit water content). 0.05$ and 0.00$ of Welan
gum to water content were chosen and examined in each test. The addition of
superplasticizer was fixed so as to achieve a slump flow of 65 +1 cm just
after mixing, giving a superplasticizer content of 2.5% of the powder content in
the case of concrete containing Welan gum and 1.1% without Welan gum. The air
content was adjusted to a desirable level by using an air entraining agent. To
give a clear picture of the effects of Welan gum, a simple of ft-naphthalene
sulfonate without a slump-retaining agent such as a retarder was used. The
content of fine aggregate was increased or decreased with increasing or
decreasing water content.

Table 3. Property of materials

Notation Name Specific gravity Blaine value(cm2/g)etc.

SD
S

SP

VA
AE

Ordinary 3. 16
Portland cement
Limestone dust 2.70
Sand 2.69

Gravel

/? -naphtalene
sulfonate
Welan gum
Alkylaryl
sulfonate

2 .69

Elaine 3790

Blaine 3370
River sand,
Absorption 1.31(/0
P.M. 2.69

Crushed stone,
Max.agg.size 20(mm)
Solid Volume 63U)
P.M. 6.61

Table 4. Mix proportion

M ix  W a t er G /  G li ra S lu m p  A ir   Ih i t  w e i g h t (K g / m 3)   s p  *   v A  * *   A E

N o .  p o w d er % - f l o w  c on t en t           (% )    (% )    (% )

r a t i o (o n)  (% )   W  C  S D  S  G  (W X % )  (W X % )  (W X % )

*

1   3 0 .2 5 5 6 5  ｱ 1  4 .5 ｱ 1  1 65 3 3 1  2 16  7 13    1 .7    0 .0 0   0 .0 5

3 0 .2 5 5 65  ｱ 1  4 .5 + 1  16 5 3 3 1  2 1 6  7 13    2 .5    0 .0 5   0 .0 2

Calieulatecl en the hasls cf (C+SD) weight
CcLLuculated on the basis of water weight
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In each test, 80£ of concrete was mixed in a 100 & pan-type mixer for 90 sec.
Slump flow tests to grasp flow properties, V-type funnel tests to grasp
flowability in confined spaces and U-type casting tests for self-consolidating
properties were implemented on the fresh concrete, and after 30 minutes and 60
minutes.

The results are shown in Figure 12. In the case of the concrete containing Welan
gum, the slump flow just after mixing was from 60.5 to 71.0 cm giving a range
of 10.5 cm with different water contents, -10 to +10 kg/in3. In the case of
concrete without Welan gum, the figures were 51.0 to 75.0 cm for a difference of
24.0 cm. This is a bigger range than with Welan gum. With regard to the
condition of the concrete, no segregation was observed with Welan gum concrete
in any of the cases. By contrast, concrete without Welan gum tended to segregate
with, for example, floating paste appearing on the surface of the concrete,
when the water content was +5 and +10 kg/m3. In concrete containing Welan gum,
the slump flow 30 min. and 60 min. after mixing was almost unchanged with ±0,
+5, +10 kg/m3 water content, and flow properties did not deteriorate. The slump
flow of concrete with Welan gum had a tendency to decrease with water contents
of -5, -10 kg/m3. But even with -10 kg/m3 of water content, the slump flow was
morethan 50 cm.

The slump flow of concrete without Welan gum did not decrease with water
contents of +5 and +10 kg/m3 , because segregation occurred just after mixing in
these systems. On the contrary, at 60 min. after mixing these concretes
exhibited no segregation and became excellent flowable concrete. With -5 and -
10 kg/m3 , slump flow degraded considerably as time passed.

From these results, it can be concluded that the addition of Welan gum minimizes
changes in flow properties due to variable water content and has the effect of
maintaining stable flowability. The reasons for these effects will be examined
in section 3.3 in detail.

The second layer of Figure 12 shows the average velocity as calculated from time
measurements of outflow through the V-type funnel. Concrete containing Welan
gum tended to be slower with lower water content and as time passed. However,
the change was comparatively small, from 7.0 to 16.9 cm/s. The change in the
case of concrete without Welan gum was large, 6.5 to 27-5 cm/s, in the case of
a slump flow of more than 70 cm. This is because low viscosity and segregation
cause the concrete to flow suddenly or to flow slowly owing to interference
among coarse aggregate particles. When the slump flow was less than 50 cm, the
velocity was extremely low or the concrete was unable to flow out at all due to
a blockage in the funnel.

The lowest layer of Figure 12 shows the results of U-type casting tests. The
height of the casting made with concrete containing Welan gum was more than 30
cmin all cases for water contents of -10 to +10 kg/m3, and at all ages, initial,
30, and 60 minutes after mixing. These results mean that a concrete system
containing Welan gum has excellent consolidating properties. The height of the
casting was 31.0 cm in the case of the concrete with a water content of -10 kg/m
3 and left for 60 minutes after mixing, despite the small slump flow of 51.0 cm.
This means that Welan gum provides suitable viscosity while improving the
consolidating properties, even in the case that the deformational property is
weak. The casting height of concrete without Welan gum was small, because of
interference amongcoarse aggregate particles in the case of too large a slump
and lack of deformational property in the case of too small a slump flow. The
peak of the casting height of concrete without Welan gumoccurred with higher
water content as time passed. This is because the change in slump flow with the
passage of time was rather large and the most suitable consolidating properties
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arose coincidentally at that time

From the three results obtained just after mixing, it can be concluded that the
casting height of concrete with Welan gum is higher than that without Welan gum,
in spite of similar slump flows. Thus the use of Welan gum contributes to
improved self-consolidating properties.

These experiments teach us that the addition of a suitable dosage of Welan gum
stabilizes fluidity, increases flowability in confined spaces, and provides
excellent self-consolidating properties over a wide range of slump flow.

3 .2 Resistance to segregation

The segregation of in highly fluidized concrete not only takes the form of
segregation of mortar and coarse aggregates, but also separation of a water-
like paste on the surface of the concrete caused by the large amount of
superplasticizer needed to obtain high flowability. This latter form of
segregation causes blockages during the pressurized delivery of concrete by
pump, and it often occurs when material quality is variable, quantity
measurements have errors, and the temperature varies. There is as yet no simple
method of evaluating such segregation quantitatively.

In this section, the authors suggest a simple method of measuring such
segregation and use it to evaluate the effects of Welan gum on segregation.

3.2. 1 Method of evaluation

Wehave developed on evaluation method for segregation as caused by the addition
of large amounts of superplasticizer. Figure 13 shows the apparatus. A sample
is stuffed into a light mold ( 01OcmX20cm ), the surface is flattered with a
straight edge, covered with kitchen paper, and then capped with a cell-plate
over the paper. Highly fluidized concrete or highly fluidized mortar samples
can be tested. After leaving a sample for four minutes, the weight of the
kitchen paper is measured. Embossed kitchen paper of thickness 0.28 to 0.35 mm
and with an absorption of 1.5 sec. (according to JIS S 3104), and which is made
of 100% pulp, is used. The paper sheets are 114 ram X112.5 mm.The viscosity of
the paste adhering to the paper is quite low, and it is different from bleeding.

3.2.2 Testing and examination of the effects of Welan gum

An initial evaluation was carried out on mortar specimens. Materials and the mix
proportion of samples used to evaluate the new method are shown in Tables 5 and
6. The ratios of Welan gum to water content were 0.0%, 0.02%, and 0.05%, and
the amount of superplasticizer was varied as shown in Table 4. Mortar was mixed
in a Hovert mixer of capacity ll.4.0. Fine aggregates, cement, Welan gum, and
the mixture of water and superplasticizer were added in that order and agitated
at low speed (106 rpm) for one minute, at medium speed (196 rpm) for one minute
and at high speed (358 rpm) for three minutes for a total of five minutes
agitation. A mortar flow test was carried out immediately after mixing and the
new evaluation of segregation then implemented. Figure 14 shows the
relationship between amount of superplasticizer and the weight of paste on the
paper, as well as the relationship between amount of superplasticizer and mortar
flow. The three ratios of Welan gumare shown. In the figure, a O mark means
that no segregation was observed, à" meansthat segregation was evidenced by the
existence of floating paste, and 3 means there was slight segregation. The
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à"cell-plate

kitchen paper

$ 10cmX20on

mold

Fig. 13. Test equipment for segregation property

Table 5. Properties of materials

Notation Name Specific gravity Blaine value(cm2/g)etc.

w

SP

VA

Ordinary 3. 1 6
Portland cement
Sand 2.52

Water/S -naphtalene
sulfonate
Welan gum

Blaine 3700

River sand,
Absorption 1.61(%)
F.M. 2.68

Tap water

Table 6. Mix proportion of mortar

M i x w / c s / c U n i t w e i g h t (K s;/ ni3 ) V A   S P

N o . U ) w   c   s (% }   (% )

D 3 0 0 . 8 3 2 3 10 7 2  8 5 5 0 .0  2 .0 - 6 .9

2 3 0 0 .8 3 2 3 10 7 2  8 5 5 0 .0 2 2 .0 - 6 .0

3 3 0 0 .8 3 2 3 1 0 7 2  8 5 5 0 .0 5 2 .0 ~ 9 .0

Caluculated on the basis of water weight
** Caluculated on the basis of (C) weight
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figure shows that the weight of adhered paste increased rapidly at a certain
level of superplasticizer regardless of the amount of Welan gum. There was good
correspondence between these test results and observations by eye. Segregation
was clearly observed with superplasticizer levels higher than the point at
which rate the adhered weight increased rapidly. However, in the case without
Welan gum, this change point was very distinct, while with Welan gum it was
somewhat less clear.

From these results, we conclude that segregation resulting from addition of a
superplasticizer can be evaluated almost quantitatively by our suggested method.
After the evaluation using mortar, we carried out tests with highly fluidized
concrete containing Welan gum. As shown in Figure 15, the turning point in the
amount of segregation rises as the amount of Welan gum is increased. The ideal
addition of superplasticizer to obtain highly fluidized concrete with a mortar
flow of 250 to 270 mm was 0.05% at 0.0% Welan gum, 0.15% at 0.02% gum, and
0.35% at 0.05% gum, as shown in Figure 14. The range of ideal addition rate of
superplasticizer became wider as the increase of Welan gum's addition. In other
words, the change of mortar flow became smaller to the change of the rate of
the superplasticizer.

6 0nO
5.00

<i. UU

£

.2 "5

|^2.00
"S&l-°°
dH^
CO O 0.00

y = 23.947x + 3.0079

R2 = 0.9996

0 0.02 0.04 0.06

Addition rate of Welan gum-(Wx %)

Fig. 15. Relationships between SP addition of limites
to segregation and Welan gum addition

The difference between the ideal addition of superplasticizer and the turning
point became greater as Welan gum was added. This means that the addition of
Welan gum can help to produce safer highly fluidized concrete as regards the
segregation of materials.

3. 3 Maintaining flowability

In the experiment above, we determined that the addition of Welan gum limits
changes in flowability as time passes. In this section, we examine the
mechanismby which flowability is maintained. In particular, we investigate the
point of interaction between Welan gum and the superplasticizer through themortar tests.

The mortar materials used in this test are shown in Table 7. Welan gum was added
as 0.2% of water solution because of its very small addition rate. The mortar
was made by placing 321g. of cement, 216g. of limestone powder, 71Og. of fine
aggregates, and 175g. of water (including superplasticizer and Welan gum) , in
that order, into the mortar mixer. This mix was agitated at low speed I&3 rpm)
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for one minute and at high speed (125 rpm) for two minutes for a total of three
minutes.

Table 7. Property of materials

Notation Name Specific gravity Blaine value(cra2/g)etc.

SD
S

SP

VA

Ordinary 3. 16
Portland cement
Limestone dust 2.71
Sand 2. 57

P -naphtalenesulfonate
Welan gum

Elaine 3400

Blaine 3300
Mountain sand,
Absorption 1.60U)
P.M. 2.89

The viscosity of gum solution and the solution with superplastieizer, change of
static flow as time passing on mortar test and quantity of superplasticizer
absorbed were measured. Regarding absorption, we measured the amount of
superplasticizer in water separated by 15 minutes in a centrifuge at 3,000 rpm
by UV spectrum analysis, and calculated the difference between the amount added
and that found as a residue in the separated water. As regards viscosity, we
measured 100g of a solution containing 10g of superplasticizer, the prescribed
quantity of WeIan gum, and the prescribed amount of water using a B-type
viscometer at 30 rpm.

Static flow of the mortar was adjusted in the range of 260+10 mmby changing
the amount of superplasticizer and measured it every 15 minutes after initial
mixing, as shown in Figure 16. As the figure shows, the amount of
superplasticizer needed to obtain the initial static flow (260 mm) increased as
moreWelan gum was added. In this test, no segregation resulting from the high
level of superplasticizer was observed in any case. We assume that Welan gum
has somekind of restricting effect on the superplasticizer. In order to examine
the interaction between Welan gum and superplasticizer, the viscosity of two
solutions was measured: one was a simple Welan gumsolution and the other was a
superplasticizer solution with Welan gum, as shown in Figure 17. A 10$
superplasticizer solution with Welan gum was less viscous than a simple Welan
gumsolution. Since the viscosity of a 10% simple superplasticizer solution was
3.6 cps, the effect of its viscosity is negligible. Regarding the decrease in
viscosity when superplasticizer coexists with Welan gum, we conclude that the
apparent proportion of Welan gum in the solution is reduced when it forms a
restricted product of low solubility with the superplasticizer. For this reason,
it is assumed that the dispersing ability of the superplasticizer might fall as
a result of this restricted amount of Welan gum, and thus segregation is
controlled.

Figure 18 shows the relationship between the amount of Welan gum and the amount
of superplasticizer absorbed, and also the amount of Welan gum and the residual
quantity of superplasticizer. As the figure shows, the superplasticizer residue
wasa maximumat around 0.05/6 of Welan gum in the case of 2.6% superplasticizer,
and thus the amount absorbed was minimized there. We reason that the absorbed
amount of superplasticizer is the sum of that absorbed by the cement and the
quantity restricted by reaction with Welan gum. The degree of restriction by
Welan gum determined the quantity that was extracted by the centrifuge treatment,
so this quantity of superplasticizer wastaken to be the quantity of residue in
this test. As the Welan gum addition increases, it obstructs the absorption of
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Fig. 17. Relationships between viscosity
and concentration of Welan gum

superplasticizer by the cement to some degrees, and aLso weakly restricts the
superplasticizer according to the understanding of Figure 18. This force is not
very strong, so it controls the segregation of mortar but separation is easy
with a centrifuge. The superplasticizer residue thus increases as more Welan
gum is added. The part of the superplasticizer restricted by the Welan gum is
left gradually to the system, and contributes to the dispersion of cement; this
is so-called retarding property. At some higher additions of Welan gum, the
superplasticizer is restricted by a stronger force, the residue decreases, and
the flowability of the concrete is influenced. This turning point in addition
Welan gum depends on the amount of superplasticizer, and there is an ideal
proportion of Welan gum and superplasticizer.
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4 . CONCLUSION

Through experimental examinations of typical properties of the viscosity agent
Welan gum, the effects of Welan gum on the fluidity of highly fluidized
concrete, flowability in confined spaces, and self-consolidating properties
were investigated in detail. The results are summarized below.

(1) Welan gum solution yields almost constant viscosity regardless of the calcium
content (0 to 10%) or pH (2 to 12) except for a slight increase under
alkaline conditions. This characteristic is unique and is not seen with
cellulose-based derivatives and polyacrylate viscosity agents.

(2) The viscosity of a Welan gum solution remains substantially unchanged within
the temperature range 5 to 30T?. This is why the change in slump flow of
highly fluidized concrete containing Welan gum is small at different
temperatures.

(3) Welan gum solution offers very high viscosity at rest and low viscosity at
high shear rates (pseudoplastic property). This characteristic is assumed to
derive from the number and length of the side chains in its chemical
structure, as well as the ease with which it takes up a super-associative
structure.

(4) The addition of 0.05& Welan gum not only offers stable fluidity and good
flowability in confined spaces, but also gives highly fluidized concrete
excellent self-consolidating properties to over a wide range of slump flow
(50 to 70 cm).

(5) We suggest a simple, quantitative method of evaluating segregation resulting
from high addition of superplasticizer. In this method, kitchen paper is
placed on the surface of fresh concrete or mortar for a few minutes, and the
weight of the paper plus adhering paste is measured.
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(6) The addition of Welan gum increases the turning point in segregation large
with the addition of superplasticizer, gives greater leeway between the ideal
addition and this turning point, and makes the resulting highly fluidized
concrete safer as regards segregation.

(7) If Welan gum is added, more superplasticizer is required. However, the
interaction between Welan gum and superplasticizer provides highly fluidized
concrete with stable flowability as time passes.
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