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A Study on the Room Temperature Properties of Molding
Sand with different Sand Grain Size

Dong-Soo CHOI** Kye-Won LEE*
ABSTRACT

The effect of sand grain size on the various properties of mold is not only basic but important interest
which we have to deal with. And the relation among the various properties of mold (strength, permeability,
flowability, compactability, hardness, deformation, toughness etc.) is very complicated and inaccurate, so we
can delineate the behavior of mixture (sand + water + bentonite) with experience only. Within recent years
a so-called rigid-water theory has been accepted as 2 means of advancing logical explanations for the research
aimed at delineating sand-clay-water relationships.

By changing grain size or mesh no. of grain, specimens have been subjected to green compressive strength,
permeability, deformation, flowability, compactability, toughness at room temperature. Under constant mull-
ing energy and ratio of water/bentonite, the results obtained were as follows:

1. With decreasing grain size green compressive strength of the specimen increased.
With decreasing grain size permeability decreased.
With decreasing grain size flowability and bulk density decreased but compactability increased.

With decreasing grain size deformation decreased but toughness increased.

Lo W

At 60 mesh no., the properties of specimen are conspicuously changed. The reason is that the total surface

area of sand grain which affects the type of bonding between sand grains is more changed at 60 mesh num-
ber.

1. & iR ERE Ml BE—RENAY Z28S HRsls A2
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JdAsHA Astm, ==02 30,40,50,60,70,100,140
mesh & NEHHE ¥, 4 meshjjT specimen-g &
feste] &EREESE AR

I. KRB B x

-1 & #

a, BE®( silica sand )

AR P SEREDIA #Hd+ Si 0,
2ROl 3, BB K¥d 7 B &% 5,
6 SRE AH83slg ot BXEDS L8B4 ML Table
1 3} 3}

b. Bentonite

B AHMAA Eis]= bentonite o)™, 1k
BHY e Table 29 2ot BEEL 995 e
A ek

Table 1. Chemical Composition of Silica Sands

Chemical Composition (%)
Sample
Si 02 A1203 Fez 03 CaQO Mg OIIg"‘lOBS
Sand 98.03| 1.18/ 032 0.05{ o110 0,21
5 Ho .
Sand
6 Ho 96,37} 2.62] 0.39| 006] 0.09f 0.35

Table 2 | Chemical Composition of Bentonite,

e,
—

Chemical Composition %
S ample ptl

Si0,|A1,05|Fe,0,| Ca0 |MgO| 18-
loss

Bentonite| 65,68 16_ 85| 2 .08| 1 .65 0.99|12,06 { 10,3

-2 nESE

29 NESBMC AA-57] ( Laboratory Sifter,
Type PSAE ) o] 3 ( U, S, Standard Sieve ) & &
H ¥2, 2 94 F 100 §AER 2R S Fste
Zt 15 30 448 5 39 842 ( 20~30mesh)
(30~40), ( 40~50), (50~60), ( 60 ~
70), (80~100), ]2 ( 100~ 140 ) mesh
o] =},
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B NFY 20w Hpor REstd 432 =

Al g, 2z} mesh® RN F 7]+ viAl=te g B8
gt undersize 9} $jol H3l oversizeolo] My &m
Ex JA@Fgez vepd 4 glukz gk Granlun-
40 & AT A 2L EAGoH, thio] B
THolety HEY D 28y Granlund & 2 %4
Ao gt BFlA Wal B0, dejztx vun

o2 YuAAE dAlHo 758 T2 AEsgct

& BBl AL 71559 F& A-gshg ok

I-3 Mixing o A 8%

Yearley3’, Vingas ¢} Zrimsek®’ ,Wenninger®’
+ silica sand o] k4-& st & bentonite &
oinst = 7Z1¢], bentonite & FHimg # KBS Hm
St A-vud o F& BHRES et g =
gt mixing 8fdjo] A5 BEST AA v e

A EEINA - Z mesh fI= 1 batch™ 33y 3,000
g, 5 120 9 bentonite 240 §& mixing sty o},
mixing FEE& r_ p.m_ o] 289l Simpson f{ype
mixer oA X4 120 $§ ( 3.57wt, %) & Rajd &
3 245 mixing %%, bentonite 240 ¢ ( 7 14wt
% )5 Gonste 10 40 mixing 3ttt mixing £
No _754-A Sand Rammer ( Harry W _Dietertii)
2 38 ramming 3}¢] specimen$ HifEsI g} AFS
EFAHELE 50+0.02mm (&R )3} 500, 7mm (¥
o] ) o]t

IT-4 XA2E6E HE

2E e AAEHE ( free water ) & infra-
red drier & 83l 15 4M A2 F T, FA|
o3} HEsArt 2z meshjlz Eso), bentonite 2
2] 3L mixture ( sand + bentonite +water ) 8 Xk
FaBE-L Table 33 2t}

I-5 9= A%E

Draper? 7} & i 2 7 meshBI= 5000 §9]
2 S laboratory balance & A}-83lo EZrolj4] 9
2AS E4stgs EA5Y 50,00 §5A 49
TALkY Ew 2 Fuld 9§ B Fholuz Y
E & 7 der ofgs] dER A
7t mesh®] 3 F=x]& 2,60 § /o] Aok
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Table 3 , The Moisture Content of Sand, Bent-

onite and Mixture ( Sand + Bentoni-
te +Water )

Free Free Wat- Added Moist ~
Mesh M| Water |er(Bent~ | Water i ure

(Sand) % | onite ) % gr, |{Band}

30 0.05 9_40 120 00! 2.8
40 0,05 9,40 120,00 | 3,92
50 0.06 9.35 | 120,00 .88
60 0,08 9.40 120,00 . 3,45
70 0.09 9.40 120,00 3,990
100 0.10 9 31 120 64 ¢ 3.85
140 0.13 9.45 120,09 2B
Avg . 0.08 9.45 129,00f 5.87

-6 4SABEIE Y TRERS

BlYe=l specimen 2 BEE HABRRE vl £ anivers-
al sand strength machine ofl 4] 4RIBRBE2 B
EE-E 5EelA BRI MBS No 754 - A
sand rammer 5% A18-3le, 4|9} 5[H ramming 8
Al o] #£E Dietert ] EHEK A Az T8
Rt BREL BET ABE 6 mesh 9] A9 27
( funnel ) & Al A REABRFEEAE Y2

T30 8 3 c}S compactability tester & 483}
of HisHA

t} 2]

-101'

2} d=o] 7
Al 3Ha

Compactabiiity = X 100 ( %)

\.

HaH
el

P. REER 4 =K

I-1 mES BFR REH

g ol af o}l FAREE S clay-watere 2%t
eonting Fal & e HE ggdel gleh

R

specimen N
viopd Zloju, il ®

Table 4 | Bulk density of the specimen (27

X 27 ) at each mesh no_

r— e e
e L e = gt

Mesh Wt gr ( Wt gr Bulk
ne (o7 oryi(tested sp- | density
I ). ecimen ) (g /cat)
30 7 157 % 0.5] 157 1,526
1¢ 55 = 0.5 155 1,506
0t 154 + 0.5 154 1497
60 | 15305 153 1.487
70 1 152%0.5 152 1,477
106 , 151 %05 151 1,467
40 ! 150 = 1.5 150 | 458
— !

Table 5. Comparison of the Representative Grain Diameters Determined
by U.S, Standard Size and Geometric Means

Diameter Vol _Grain Avg Particle** Grains surface
Mesh (cm) (e, grain) wt, (g /grain) /gr Arealcd)
20 0.0841 3.11 % 10”7° 8. 08 x 107° 1236 -~
30 0.0589 1,07 x 10™° 2.78 X 107 ° 3594 —
0. 0704% 1.82 % 107°¢ 4,73 x 107° 2113 32 .89
40 0.0419 3.85 X 107° 1.00 X 10°° 9990 -
0.0498%* 6 47 x 107° 1.68 x 10°* 5952 46 37
50 0.0297 1.37 X 107° 3.56 X 10°° 28074 -
ﬂ_ 0.0353% 2 30 % 10°° 5 98 X 10~ ° 16722 65.46
60 0.0250 8§.18 X 10°° 2.12 X 10°° 47018 -
0. 0272*% 1.05 X 10°° 2.73 X 107° 36630 85.13
0.0211 4.92 X 10°° 1.28 % 10°° 78125 -
70 0. 0229* 6.28 x 10°° 1.63 x 107° 61349 101,07
80 0,0177 2,90 X 107° 7.54 X 107° 132625 -
. o 0.0193* 3.76 x 107° 9.77 x 107°¢ 102354 119,77
0.0149 1,77 x 10°° 4 66 x 107° 217296 ~

o 0,0162* 2,22 X 107° 5,77 X 107° 173310 142,89
0.0105 5.86 x 10~ 1.52 X 10°° 656167 —
140 0,0124* | 9,98 x 10~7 2.59 x 10~° 386100 186,50

*

. geometric mean
** - Vol, /grain - gr / vol (density)
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coating 7l = siolxA] =}

zt mesh B2 3BR3t specimen$] FA|= Table
49} 3, Table 33} 4|4 44524 TAZ A4
7 Yo TR TAE 2E2 vrolFH sp-
ecimen ylof x| sh= B35S ¢ 5 o, 24
¥5]5 2z mesh B2 1709 2agdtslz g
specimenyj®| NF#-t Tl Ak =lel4 oz
BE P2 mesho| =& 542 Table 59} 2},
Table 3,4 © 55 ¢]-83}e] 2 mesh 52 spec-
imen ] J-FE REHL 35w Table 6 3 Fch

60 mesh-7-5 RmEHES #m AR o}

Table 6 , No, of grain & surface area of the
specimen at each mesh no

Mesh Wt (gr) . | Surface
No, of grain
no_ | only sand area (o)
30 140,70 | 5,05 x 10° 4,627
40 138,85 8.26 X 10° 6,438
50 137.95 | 2.30 x 10°¢ 9,030
60 137.06 5.02 X 10° 11,667
70 13616 . | 8.35 X 10° 16,307
100 135,27 | 2.34 x 107 18,757
140 134,37 5.18 x 107 25,041

-2 RES EHEERE

Fig, 13 o] & BERIA L KE FolA4+5
R EREE Hmslg et 53 60 meshol4d { =
A= WEZE 3435 #HmIA =, o]AL RAYAE
FERY #bol BARN g 4248,

Bentonite-sand-water £48¢] mixing g sand
9} clay ¢] surface chargeod] &3 Rty vy
KAE 538 water / clay tboll He}l NES] E8L
el A & Zolvth s st Nl wel Kol
Hdeue REEd 48 KSBE DeiAA S dE
o] e,

Fig _ 2(%)= surface charge 7} = BRI
coatingxd E379 EEFIRGoldt Bzl &l
2 3 surface charge-Ol] HESH A E:ﬁljz‘;]-m], surf-
ace | 7}71¢ H-Z& charged| 73t FEL wol &
A7 A& (ice ) 2 KAKES Jeldth o)
AL rigid waterz} 3h=d], o] rigid water = ¢
2t} QlzRbele] #EET REA el a3k factor 7} =L
Fig,3(°)2 clay 7} sand®t} Q1=tzs], e, %

|

o

A gl

-

e

? .l

=

e

78]

o 6

@

[« ]

st .

Q‘ -

=

o

O 4t

q i F - L L 1 [
@ 30 40 50 60 70 100 140
e MgshNo,

Fig. 1, Green Comp, Strength of the
Specimen at Each Mesh No,
ARG T ell4] B 3olst gloermr FEA B ¢
ZEBL T AL 2457 Weminger® o 835},
—Bo. 2 clay,water,sand & T3] mixing, co-
ating ¥ o], water /clay & H7F 0,60¢]5 clay
Fmol 47 xS EE A RSz, 0,457 3
Mol BEAE, 0,3001" 24 B2AHEo] HEs s
gt 37 ERAES HAlvelx BHas HES
2 rigid water B2 o]F¥W, —RIILE 374 X
Aol BARER (313 ) BES 2L @ 49

~ N
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/ /

\
A \I / 4;, \} YR Y Py ’ random
JANT 7 NI YZA

AN

NN NN N
Layers of /\\”\\”\\““")less rigid
Water RV AVEAGSN N R ANV D)
Molecules | (g yty vl Tt n ey
‘ llllIlillllllllllltl)ri_gid
] fet b ittyvtprgrmn ittt /charge
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' Solid Surface

Fig, 2. Decreasing Rigidity of Water
Molecular Layers With Increasing
distance From Charge Points,

high con- Clay Platelet
centratlon*00000000000000000
Of.clgarge R A R N A T T A AL A
points WL R it Jrigid wate
RRTRERERAREN AR R L
Ilillll!llllll‘l”lllll!lll
fuull\:/\u“}:
R AWAYA _
\1\1 Y EAV VAR fluid water
\':\\1 \\t /\\/\‘-‘:\
7 \—\- \- \ \/\/
AW YA LA WA o
widely Pl v e4 vy ) rigid water
NERREE UL
scattered__ﬁ olo‘éo 3 oc‘: Jlun
charge o< —
points Sand Grain

Fig 3, Water Molecular Orientation of
Clay Particle and Sand Grain
by Respective Surface Charge
Concentrations and Film Thickness.
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Bbvee A9y E8E 9 Wi sl B34 BEF
o] BB taslivba g,

& BB S0P 348 mixing 5gvha M e}
7 Wenninger 71 4% § 2 3}d] wjz} Water /bentoni-
te k7l 0,59 A $o]= sand-bentonite A}o]o] Fig
33 7.2 fluid water 7} Ffsle Ao s Az

=3
100 % 2200 2
9o} /-\ 7 {2000 &
i strength - =
. 80 7 1800
+ 701 ,r - 1 ]
- 60 permeabidy ' /
2 50t absorbed /
g 401 - _ %
20 s /
[ W
10} 7z _
0 M A 4 a 200
1 2

. : '
— I“Temper Water

Fig. 4. Green Comp, Strength and Permeability
With Increasing Water Content

wetA Fig, 13 & ZE 57t mesh o] wap A
W RRT REHEY Sl ©E fluid water of8) 7+
o 7]l gHa F55

I-3 HES BKE( permeability)
Kol ©he ARASE BML= Fig. 49 2o K&

7t AeF FLsg
A BT RERC] 245 = 24
% void fractiono] ZAS4E T7] E3td] o] 3 = 5o

ARA 22 ¢

=
=

-4 niEe #ep ( flowability ), FE
( compactability )

—ErIC = jBifEo| el §2 sand A T EFL BS
gt AAE BAstd S8E 2E oo oA BEE
S wad EpL AfdlA 22 e w4 =
olo BMrECo R TAHY, FL mEMES Rl Tk
o o] o BEd HAAA ZEnlo] H—F hard-
ness & Zr=th X EE|A = water /clay & K}
0.5 A5, =Y Y4 Dieterts] REMERS A4}
&3t =

Dietert & Jfighk = 1,000 % ( 0,100 -

X
25,4
x ! 43], 535 ranmingB§, o] £ (m)

el 5 FORES KT A5AFe), sand ] AR
load 9} 27|50 ARk

(15)

Fig, 5% NEd =& i, FoR#E dulk de-
nsity 5 vepldl oz RESF oA 4E bulk
density, flowability &= #FHeolxl =, TR AF

Table 7, Compactability & Weight of the
Specimen at Each Mesh No

o

Mesh Compactabili- | Wt ( tested spec-
No , ty (%) imen ) (gr)

30 41.5 16864

40 44 0 157 .68

50 49 .0 14345

60 50,5 137.31

70 51,0 136, 34

100 51,5 135, 46

140 52,5 131,93

600

500 ¥

400 ¥

Green Permeability
=
o

100

30 40 S0 60 70 100 140
Mesh No

Fig. 5. Green Permeability of the Speci-
men at Each Mesh No,

) % oF FREESL ramming §iEEY] YEFEolm B REST

&2 pulk density ghe] & Alo|r} Table 7
& MES =& FoEiEs 44 AR TAE Vel A
ol o}, wlsf FIRMES] el 459 AS-F HAFEH
2 gt
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-5 RS 2R (deformation ), B4
( toughness )

B RS KRB ( green compressive str—
ength ) & WMEs= Fatol A& Hhxole szles
Folo ERE AL Ahxol2 dro4 T3
B R KBS Qlol4] £Me A9 = R
0,020°]3L AXHEY A5+ 0,0300]4e] SHA A&
gt

Fig, 6 & water /clay 9] 7 0,54 A, R
o W& SR BE BLE ekl Ad 2y
Pt ( sand toughness ) -2 L E SHREERES
Fstod 7@ |

%, STN=green compressive strength x

deformation

Fig K 6ol 49} o] NE RotA 55 BEEL 74
shi e S715tgid. WERE S Bl #HT fac-

70; “““-*\_‘_N {1.5
or bulk density —~
60 14 %
60t AN
i N sof 1,3 ;
e s0r 3 g t,:om actability =
= (S P 1.2 2
2 40 o )
3 %gw 1.1 9
o -
- m-g ol
a, a =)
& 20t '\*\ 11.0.m
O 20t S
1ol flowability 10.9
107

' a L i i L } ‘
30 40 50 60 70 100 140 Mesh No_
Fig.6, Compactability, K Flowability and

Bulk Density of the Specimen
at Each Mesh No_

o} o 20
1'20—;':"‘
= 10f 2
o L X 19%
—~ 100 ;:'.19 STN
B - :
~ 8} € i8]
= 10 8 5
= 6o} 217 DEFORMATION
| o
& 2 E
“‘:540F o 16
e 0 2
@ 20f - 15
10 'l 1 i

30 40 50 60 70 100 1490

Mesh No,

Fig_7. Deformation and STN of the
Specimen at Each Mesh No,
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tor = NEF® ohel, KE mixing 85, XAE,
&g wet 2ebad P BREBL SRS
ABF ST scab § FERE #F #Ho7 & 3+

V. & iR

A ERBREE e 22 MwS A9
water /clay & Hr7l 0,502 E—NEQ] SO
|4 &,
1. REZL 2ol -5 LRBRBREE F7Hstgct
2. NBEJT ol 8 BRES 454
3. NE/ ZolA+E g bulk density = 7}
adh, FoRiEL B|mskgloh
4, RE7 FolA4E BYEL 43, WEL 5
748k 3t
5. o]# 43 Eo] 60 meshy-¥ o ¥ Bkt A 2 et
o] A-& RIS Bl we} KR 4712
g ztatol o #EHe el st #sho] « ol
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