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Correlation between Particle Shape
Evaluation Methods of Manufactured Sand
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Abstract: Particle shapes of different manufactured sand were tested by several methods such as

uncompacted void content (UVC) test, flow time test and image analysis, the effect of particle size

distribution and fineness modulus on test results were also studied,and then the correlation was analyzed.

It is found that with the increase of particle sizes, flow time prolongs and UVC decreases. The correlation

coefficient between flow time and fluidity of cement mortar is only 0. 064 while that between UVC and

fluidity of cement mortar is 0. 719 3.

Key words: manufactured sand; particle size; uncompacted void content; flow time; fluidity; correlation co-

efficient

20 A A4 JORLAE AR OZ 5 e TR 35 1 B B F A
RZ— Bk UL K ARED ST JURE B 1 5 11 AL
il B K AR A e MUBR AR T A 55 AR A0 A EE L
UKL LS 8 ) 22 X BB R PR s T B 420 9 5
TPERE S KA IREE LA BN ZE S . 2R WKL
TR 22 B A 22 B AL 420 I A R 5 L A B4R IR
BERPRL T B DLOR TR VR BE - B R AR
Meininger"* B/ FEHIE 52 » 40 5B} 1 BT CRBURL 2 T 91
R AR R THORURE B2 25O X 1k PR £h K Je TR BE -5 W)
i /KR IS AR R . 7K A AN [R] 5 S50 0 - A Ak )i
PR B 4% UL TR R R R 22 5%

Kosmatka

K AS B #1:2011-11-20
K e R R R e H (CSTC2011AC0099)

SFEETIN A A B Rk B JURL IR DR R 2 THT 80 B IE X
TR BE 1 BE 1Y 52 Wi A L Xof B Ak 5 TR SR - 1 BE R
Ll N

it 40 G ORI AR VY- 05 32 (9 BT 5 = 22 4R P AE
7 15 SR A0 SRR A B PR A B 1 A0 A R
I A] 0T R R S IR] B AR L CCR 58 A AL
FEBAL T LA T IR AR R E
P A — 2 BER DA I 2SR 40 42 R UKL (8] 19 12 45 A
B AR 10555 0 B 26 205 A PR o L K 0 3
i 7K JE R BE - 5 B RAE 9 AR R LR IR 5 T
T P 3 T 38 38 K e R Bk 20 2R 5 U

A H A R ME 19749 . 5 R TR, BN FE M RS, (E-maiD) yjxiong1974@163. com,



http://gks.cqu.edu.cn

162 + REHR YL KB TE

% 34 %

T IR AR A0 5 B BURLIE AR PP 4 T A B DX )
E — i oK U TR e AL D ORI AR 59 A
T R T AL RS A 7= B PRI AL ] 0 R B
PR A EE R L

BRI B A5 LU Sl i 1) 3% DA R ORCT R
Ak B T5 1553 S AL 7 B A R AL ] 0 B BORLE AR L
e AN [ 753k AL ML i) b FRE B R 87 000 3 245 2R 5 7K 7
JB A0 i 20 JEE AR S A AR & T oK e R Bk £ Y
AL SRR AR 1 45 PR AL 5 3%

1 X%

1.1 BA#

KUK H ) 8 R PL ik LK Je ) A&7 P. O
42,5 oKV, bR R KRy 27. 62,28 d K
Ve RS HT 58 22 54. 0 MPa,

KB R R E B ab g5 A7 B AL
43 A I A AS [\ 0 LA A 7= T R AR IR i 5o
B~H. N T HEBR WUk g B % a8 56 45 5 0 52 L o 8
Pl 56 D 2 25 M VR + TR 4 & G 56y
PARUE)(JGI 52— 2006) L 5E B 431X, e BE A [R) B 55
BEBCIR G A Ry 2.8 I 3. 2., 45 B 4 AR
P46 2 P ie X B R BRI an sk 1 s .

A1 RBAPHRARA

N FiALR it
.75 236 1.18 0.60 0.30 0.15 BH

M, 0 8 23 59 9 100  2.80

M, 0 9 18 61 92 100

M, 0 10 50 72 88 100 3.20

M, 0 23 39 76 82 100

1.2 XB7ik

HILHI 0 B4 18] B2 55 137 30 1 18] 2 2 BN 3% T
BRI AR I TT 058 — 2000 #1977 v 47 . ik
B AT 3 K 3 IO IHAE IR A SR, T8
Ut B A 2 0 3 2l B T a0 R FH A 2 1 5 ) ot e
EAHTE . KRB BD U sl B 5 Uy vk S 2 OK I R D
BN EE I E 7 ) (GB/T 2419—2005) , 43 51 Fi A [7]
MR A AR ERD 1T

SR B BG4 38 3 0 4 AL o D b A 1
H T AL 420 e 4 /N JSORE 1 P50 LA AR IR, 43 7 5 TR ke
I Rk BORLAR hy 2. 36 ~4. 75 mm [A] i UKL , K H:
Vergr T, K 5 i IR 2 5 S0 BT R AE TR
COnEE 1 ) 3R BUENS . 51 AR BE CFO RUHLRS B
(ROM2 A~ M A R AE 41 42 BH 0 4% i 1, HT 3 20

KA Prn . KA Image proplus(Ipp) E &
A3 BT R A AR A T R s o [ R R R R

FF = dnX (1
S
R — (g)z 2)

Ko A WEMRIE B POVER K C SRR
SN IR (9

o B AR

B1 “EkA"EREE

2 ZRL5#®

2.1 B2 B B AR E XA S B8] 89 %0
W5 FH Y 8 b SR T J7 L i 7 43+ 43 ) i 4k
FORE AL D LA KA ) 9 AL ) A 7 3 2l 1]
W gs e 2.4 3 Urs.
20
18 W
=16
14

£
g2 M
10

8

B ¢ D E F G H.
AR

——2.36~1.18 mm —#—1.18~0.60 mm —4—0.60~0.30 mm—>-0.30~0.15 mm

B2 fE i i 6 e

D E F G H_
NEERL TP

—M, &= M, -+ M, >,

B3 WAL TR ) AT A 49 % oa

ol 2 A 3 Al LA . 3R 3 3l i 18] Bl AL
0 URLRL A% 18 R i W A ZE 4L il 0. 15~0. 30 mm
K55 0.30~0. 60 mm FURL B I [A] 22 50 A K. —
J7 T 3% AT BE S 52 ML A A0 RO AL A 5 0 1A 2 T <) 7Y
1A% BE A9 52 W) o OREA A 15 101 4 e 491 /) R 8 ¢
Sy B » 73— 75 1 Al fE Sk T RURL K R (8] 12 £
i TG BRI 3 BB A 5 A T R 1 3L 2l g
[F1) I 0L A% 1) 722 A R A AN — B0 I ORDRL A2 K T
0. 30 mm I AHFEPRLARAY A GRS C ke I 2l i 1)
ZERNAN KT 0. 15~0. 30 mm [&] ) C A 3L 3l 6 1]



http://gks.cqu.edu.cn

%4 vt M, 5 HUE) B BT R R sk GG AR K 163
B @K T A 4R 2 WUk K 42 0. 30 ~0. 60 mm

B A5 3R U Bl B[] T W X0 s %o T[] — A A R
AN B BECH 3.2 I URE O 2l st 1R B R O T 4 R AR R
2.8 IR 5 T A AR ROAA R I L 2 b g e Y R
TR AT . Topal %517 Ik 240 45 R Y 9% e %
By f (B A — i B 52 AEE TR E SR A5 R R L Y
200 2 AR RSB R I 240 B R A Sl N TR R ) B

2.2 F AR E BB AT R0 e

[ B 2R /%
E&E&23

A B (¢ D E F G H
AT

——236~1.18mm —8—.18~0.60 mm —4—0.60~0.30 mm —*0.30~0.15 mm

B4 kR R

B
5 &

39

A B (6 F G H

D E
GlE SRV ES

——M, —=— M,——M, ——M,

B S BE% TR EY A

t & 4 RS o] LLE B & 30RE 1 R R 52 [ B
B SRR I R E R TR NN RANTTE NI E R T e A
ANTR] B A TRl R f) 2R e 552 [ B 23 A Ak R A R A —
HO AR AT ) —3URE 14 2 e 552 ] [t 25 il 20
BRI MWl /)y s 25 4 BE LA 2. 8 B L BRiAE E
G LAAN, 2 AR [R] 9 B 1) 320 B A 52 1] B 2% TG B
DA TS A0 EE RN 3. 2 I R ES A IR 2 ANk
B AR R SE PR A — XA, R 1A DLE W,
FHECAN B R A 2. 8 19 2 AN SR E , 40 EAL LN 3. 2
BF 2 A~ G C 1 2 31 B K 3kt I 3 AR ECR 3. 2 B 2
AN GLE A s S5 (1] i 46 22 ) B R Y = A
2.3 KFEARAE EIEmER AR

XF 8 A A [) b K v Ui 38 kL A Y0 HE Dy 2. 36 ~
4.75 mm UKL , AT B AR AL B, 5 Al 48 bR 18] 2
(F) 54 RHHLBS (RO I 6 Fis .

B 6 7T LLE L R RED A IR F RS B2
R Y8/ AR i %5 421 8 i A2k v AR F B
0 E . 336 BH K 43 AL i i i FIURL T R 4% 5t R SR
WHEEEFRIE. HE 7 ol LUE 1,8 R4l £ 6
R Ji5 R[5 8 4 PR A DG R EUCH 0. 846 6 RLR B2 il [5]
FE A R A SR

[F BEFF
#}::0A sBoCaDeEsF &G eH

FREEER

B 6 B AAE Ak R

060 065 070 0.75 080
[5 Bg FF

0.85 0.90
B 7 A B AR M

2.4 BEBRFNRESE R AN EAXEFR

W K TR BE 5 U IR AR SR A RO
7] o P5] IG A 0 S BFF 50 200 9 R 1 (1] B 232 3k 0 ) ) A e
R FE L 8 B2 5 K e e b ik 2 BE A OGPk . BT 8 B
TN RN [ A B R K Je BERD i B B . e 1B 8 W LLE
th A —Fh g 42 k), 40 BEBEECH 2. 8 B D I Bl BE K
TH BRI 3. 2 B 5 GLC X AN [A) il A e b ik 2l 32
SR TG — SO A BE LAk 3. 2 B R ALC
F.H 2 9L &0 B ab i 80 B2 LT A [\ 1 9% ic
P A 4 A ORE B D U Bl B S ma K, A B R K
2. 8 B, D ik 2 FhRBC T D U 2l 25 1) 8 3

_ 185 E

£170
X155
A B C F G H

=140
%2125
D110

D E
AR

——2.8a-82.8b—43.2a>%3.2b

B8 RE EA e KRIRE A E

KN

XFECE 8 i 3 25 5 % R —Fh AR R R
Sy ] ) B e, LK 8 B A I 20 S /N L i T R — 2%
BC AN [ Bh 2 1) S8 kL 7K U e 10 3 2l B 5 38 2l 1 (] A
fERLEA S . BB 9 Ca) T LA H . 8 b 4 B 76 A ]
G T I K U e 0 3t 3 B2 R AL sl Isf ] A 2 1 A 06 B R
0. 064 4, 414K 7K e D I 3l BE 5 H R 2 B ()
FHAR K,

S5 A 8 FE 5 T LLE xR — AR K
e IE A0 37 B o 5 A4 0 S il A 1] [t 23 348 R T ik /) 1)
s [ — G AN [R) P 2 0 B2 kL, K U B D 3 Bl B AR 4k
MRS B R AR MR . B 9 (D) /Rl 8 Fh
Sy S 4o N A T N e U s - 1 e 8 S
KA 2R 0. 719 3. K PR IS VR 3 5 1] R &
HA BRI M. Chowdhury 250 1 ifF 5% 2 B ,



http://gks.cqu.edu.cn

164 + REHR YL KB TE

% 34 %

— LA TIR AT SO AR AL 0 S LA 42630 T 1R T
AR s DRI EC I ) 11 TR) BT 23R R /D LR K ol 240 4
A5 RAT BOR B N BE 52 3 33Xt m] RS2 /K 8 RS i I 3l 2
SRIBTRANVEAN SRR R IEA T B EEEZ —.

£ 185 n

=170 I

i A

g 155 A AL B8,

2 140 = 2 o

=2 < N

S 125 R A

<110 LB O . .
12 13 14 15 16

WA/

(a) Tt B I] 5 7K e b 3 B AH M (R?=0.064 4)

£ 185

£ 0

= 170 B m

R

jg’ 155 = o&

2 140 0O o

o 125 [a]

% 110 0 . )
38 40 42 44 46 48

AIBH/%

(b)) B3 55 K Y SR 3t 30 BEEAH DG (R?=0.719 3)
I I I S e Rl R T i D s A

XTI 6 FIE 8 BT LLE H . KRR A B [ B AN
HLBE B BN THLEN RS BLCL D, i H e 70 i 3h B KT
3AHLMI D ML > FLG e H W | KK R
F>G>H, =3 By MRS B2 K/ L — 3, M H g i
WA N F R G>F>H, X U7 B %
bR T v T A B4 (R RE L ORELRE R R A R B K TR S D
Bl B 2 [F] JC A BRI 3R L B0 R Ak 3 7 1 AR AR 1 [
JE FIURELRE B2 A BB FRAE 4R R — k1w i T AR L BE B 7E
— A T I S R R A [ BRI RS B S e A
TATE R LA R 0B 2 T8 114 80 F 45 AIE + PR O X LA 7K 8
JE R 3 3 B A £ B DX 0 40 4 R A R TR

3 Z#

1) HLAH AR Hh i B 2 UKL I Sl I 1) il 25 R A%
ORI S S 1 AR s 5 1] i 3R i A58 8 K T ik /) 5[] —
FRHLHI RS, 4 BE A ECN 3. 2 i 3 3 Bt i) B g KT
HRFERERCN 2. 8 Iy oR T S ] B AR /N T 4R E AR R
2.8 i,

2) AL B 1) A0 2 AR RO [ B o AL ] 43T 2l i
A5 S 3L 8l 38 I AH S A o T L i 42 AR s 552 [R] B R
SOK PR FSHIAOE RN 0. 719 3, AHICHE RAF

3) SR = 4 B IR AR Ak B 5 ik o) B A0 4 R
2. 36~4. 75 mm Z AR A BE % WL B ML il 7b R ki
TEARFFAE .

B Lk

(1] EBR. HUE SRt IR B8 1 1 6 09 5% i e 1L 3R 0F ¢
[D]. 2R 3R H T K2, 2008.

[ 2 1Wang L J,Ai H M. Calculation of sand-aggregate ratio

and water dosage of ordinary concrete [J]. Cement and
Concrete Research,2002,32:431-434.

(3] & Wk, RE R MEER P s [D]. RiE: REH T K
%#,20009.

[ 4 ] Meininger R C. Aggregate test related to performance of
Portland cement concrete pavement [ C ]//National
Cooperative Highway Research Program Project,2008.

[ 5 ] Kosmatka S H, Kerkhoff B, Panarese W C. Design and
control of concrete mixtures [ C ]//14th edition,
Portland Cement Association,2002.

[ 6] %R Ha k. R, N8 Rhae M M als oy ik i [ .
A il 4 A . 2005(6) :4-7.

LING Chen, GUI Qizhi, HOU Jun. Discuss on the test
method of FAA [J]. Modern Transportation Technology ,
2005(6) :4-7.

[ 7 ] Topal A, Sengoz B. Evaluation of compacted aggregate
resistant test compared with the fine aggregate
angularity standards [ J]. Construction and Building
Materials,2007,22:993-998.

[ 8 ] Rismantojo E,Haddock J E, White T D. Comparison of
fine aggregate uncompacted voids content measured by
the ASTM C 1252 and the VTM-5 devices [ ] ]. Journal
of Testing and Evaluation,2003,31(4) :330-336.

[ 9 JRousan T A. Evaluation of image analysis techniques for
quantifying aggregate shape characteristics [ J]. Construction
and Building Materials,2007,21(5) :978-990.

(107 BRER . 32 i 40 F2E JUAT 45 o) 30 75 VR 65 k5 Tl P IF 5
[J]. B3 TF2.2009,144(3) . 73-74.

CHEN Jin, PENG Bo. The effect of geometrical
property of fine aggregate on the property of asphalt
mixture [ J . Subgrade Engineering,2009,144(3) :73-74.

L] A7 B 57, 3 T 42l R LA JE 285 43 BT 1 0 75 TR & btk
IR I AT TR LD, A - V5 R 33l K 2, 2007.

(127 2255 MO, JE 7 Bl BRIARAL 211 HLAR L AR 1 s AL TF

eI, A A AR . 2008, 25(7).27-31.
LI Jia, LIN Hui. Quantification research of coarse
aggregate angularity based on digital image processing
[J]. Journal of Highway and Transportation Research
and Development,2008,25(7) :27-31.

L13] VM4 05 3, B PR —. LA Rhbe /i 1k i R Pt 07 1
L) AR P K2f 284k B AR B2 IR, 2008,38(4) :637-641.
WANG Hainian, HAO Peiwen, XIAO Qingyi. Digital
image evaluation method for angularity of coarse
aggregates [ ] |. Journal of Southeast University: Natural
Science Edition, 2008,38(4) :637-641.

[14] Chowdhury A, Button ] W. Fine aggregate angularity:
conventional and unconventional approach [ ]J]. Aggregate
Contribution to Hot Mix Asphalt ( Hma) Performance,
2001:144-159.

[15] Chowdhury A. Image analysis techniques to determine
fine aggregate angularity [ J]. Aggregate Contribution to
Hot Mix Asphalt (Hma) Performance,2001:128-143.

(i EFH



