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INFLUENCE OF ADMIXTURES IN CONCRETE WITH CRUSHED GRAVEL
AND FINE SAND
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Table 1 Physical properties of cement used

Specific | 88 4 Setting time Flow value Flexural strength (kg/cm?) | Compressive strength (kg/cm?2)
gravity | residue (%) | Water-cement] Initial Final (mm)
° ratioc (%) | (hr-min) | (hr-min) 3days 7 days ] 28days | 3days } 7 days l 28 days
3.15 L 4.1 I 27.5 1 2-20 4-22 197 27.4 43.7 l 60.7 86 I 199 1 361

Table 2 Grading of fine sand

Type
A B C
Siere

0.6 0 0 0

0.3 50 67 75

0.15 99 99 99
F.M. of sand 1.49 1.66 1.74

1.74 @ 34 E LY,
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Table 3 Mix proportions

Unit cement | F.M. of | Maximum | Sand Unit Water- Amount of A.E. agent 0% Amount of A.E.
content fine zg;szf ratio water gietliréent Compressive | Tensile Compressive | Tensile
fnd | Sawesete | 4| conten spopeh & | sogthat) Slumo | grenash | srength ot
(kg/m?) (mm) (%> (kg/m?) (%) (kg/em?) (kg/cm?) (em) (kg/cm?) (kg/em?)
300 1.49 20 33 181 60.3 314.9 25.6 2.5 285.1 26.6
» 30 177 59.0 282.1 26.0 » 282.4 32.3
» 30 189 63.0 294.3 27.3 7.5 205.4 24.5
» 27 185 61.7 256.1 26.9 ”» 204.3 24.5
25 33 172 57.3 351.8 - 23.4 2.5 279.4 26.2
» 30 168 56.0 323.4 24.9 ”» 276.0 27.8
» 30 180 60.0 327.2 31.3 7.5 200.7 29.4
» 27 175 58.3 310.6 30.4 » 234.2 27.9
40 33 168 56.0 326.8 26.2 2.5 310.2 25.7
» 30 164 54.7 317.4 26.6 ” 271.1 24.1
» 30 174 58.0 294.4 29.7 7.5 252.3 25.5
» 27 167 55.7 306.7 26.1 ” 262.8 25.3
1.66 20 33 180 60.0 287.1 25.2 2.5 267.9 28.8
” 30 175 58.3 328.9 26.6 » 255.1 26.6
” 33 194 64.7 245.9 25.3 7.5 245.3 24.6
» 30 188 62.7 223.6 23.2 » 233.4 26.8
25 36 173 57.7 328.1 29.2 2.5 294.8 26.6
» 33 167 55.7 329.9 29.9 » 313.9 29.3
» 33 183 61.0 235.8 26.5 7.5 233.1 274
» 30 176 58.7 251.6 25.1 ” 257.3 25.7
40 36 167 55.7 363.3 24.9 2.5 312.1 26.4
» 33 161 53.7 369.2 26.9 ”» 315.1 26.7
» 33 176 58.7 292.9 26.4 7.5 228.4 23.8
» 30 169 56.3 313.8 26.3 » 264.1 24.9
1.74 20 36 179 59.6 320.6 25.4 2.5 311.0 27.2
» 33 174 58.0 308.9 32.0 » 332.9 26.5
» 33 188 62.7 269.0 24.7 7.5 235.3 23.3
» 30 181 60.3 283.0 27.2 » 230.8 23.7
25 36 169 56.3 368.7 28.1 2.5 341.0 29.2
» 33 163 54.3 357.5 36.1 » 326.3 24.9
» 33 180 60.0 282.8 30.1 7.5 219.2 24.8
» 30 173 57.7 273.4 28.5 » 241.0 28.0
40 36 161 53.7 365.8 30.8 2.5 321.9 28.6
” 33 156 52.0 378.1 28.4 » 335.7 27.2
» 33 173 57.7 327.8 23.4 7.5 — —
» 30 165 55.0 320.7 31.9 » 286.0 26.5

Entrapped air is about 1.0%
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and properties of concrete
agent 0.02% Amount of A.E. agent 0.04% Amount of A.E. agent 0.06%
Amount Compressive | Tensile Amount Compressive | Tensile Amount
Slump of strength at | strength at Slump o strength at | strength at Slump o
air 28 days age | 28 days age air 28 days age | 28 days age air
(em) (%) (kg/em?) (kg/em?) (em) (%) (kgfem?) (kgfem?) (em) (%)
5.4 r 2.9 ‘ 255.3 23.9 10.0 4.6 179.3 19.5 12.8 5.7
5.6 : 2.5 245.8 25.2 10.3 4.9 159.9 19.2 11.8 5.8
12.2 3.5 183.3 21.2 12.7 4.8 — — — ~-
11.9 3.3 201.5 22.8 12.3 4.6 — — — —
5.0 3.2 249.4 29.4 7.9 4.2 195.0 22.0 12.8 5.9
5.0 2.7 238.4 26.8 7.9 4.2 177.6 22.5 12.0 5.7
11.5 3.0 229.7 24.2 14.2 4.7 — — — —
11.7 2.1 178.0 24.2 4.1 4.5 — — — -
4.1 3.4 284.4 24.3 7.0 4.1 255.5 16.9 7.8 5.0
6.5 3.2 267.7 25.4 7.9 4.3 215.8 18.9 10.7 5.2
12.3 3.3 196.9 22.5 13.5 5.5 — — — —
10.0 3.0 209.5 23.7 13.0 4.4 — — — —
6.9 3.8 224.6 22.2 11.7 5.7 199.9 19.7 12,2 6.2
6.2 3.2 229.5 23.1 10.5 5.2 213.0 19.6 11.2 5.6
12.0 3.6 187.8 21.0 17.3 5.2 — — — —
11.5 3.4 180.1 21.6 16.6 5.5 — — — —
3.5 2.8 253.1 25.3 7.0 3.9 219.9 22.2 9.9 5.4
3.7 2.8 242.6 26.7 7.0 3.6 184.0 22.2 11.2 5.3
9.6 3.2 200.5 22.1 14.3 4.8 — — — —
9.0 2.9 210.3 23.4 14.0 4.3 — — — -
2.5 2.4 248.4 22.2 5.2 4.2 241.8 20.2 8.5 6.0
2.5 2.0 276.0 23.4 4.6 4.0 255.6 21.5 7.0 5.7
10.0 3.3 225.6 19.1 11.3 4.3 — — — -
9.9 2.7 232.2 21.9 12.5 4.0 — — — -
3.6 3.0 230.0 20.9 9.8 4.9 206.2 19.3 10.6 5.7
3.3 2.5 231.1 22.4 9.3 4.6 205.8 18.7 9.8 5.4
10.2 3.0 203.1 20.8 15.8 4.8 — — - -
10.0 2.6 187.1 20.8 13.6 4.6 — — - -
3.0 2.4 283.7 26.1 6.0 3.8 251.9 22.8 6.9 4.5
3.1 2.2 268.2 28.7 5.6 3.7 229.8 21.1 7.3 4.4
10.5 3.2 200.4 20.9 13.5 4.1 — — - -
10.7 2.6 187.3 22.4 13.3 4.3 — — — -
2.6 2.4 272.6 23.7 4.7 4.1 265.8 22.6 5.2 4.2
2.3 2.0 285.0 26.4 4.6 4.3 298.9 24.7 4.6 4.1
9.9 3.0 193.3 20.4 12.7 4.3 — - - -
10.1 3.0 221.2 19.7 11.8 4.1 — — _ -
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Fig. 2 Relationship between air content and slump.
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Table 4 Relationship between F.M. of sand and air
content entrained by A.E. admixture

(The amount of A.E. admixture : 0.04% by weight of cement)

FM. of
Sand
Maximum 1.49 1.66 1.74
size of aggregate
(mm,
(%)
20 4.7 5.4 4.7
25 4.4 4.2 4.0
40 4.3 4.1 4.2
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Fig. 4 Relationship between air content and
compressive strength at 28 days age.
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Table 5§ Mix proportions

X R . Compressive

Typeof | comnt (> | EM.of | Sieocomse | Stmp | Sandratio | CRINST | FRSORN | strength at

(kg/m®) aggregate (mm) (cm) SIA (%) (kg/m®) (%) (kg/em?)
300 1.49 20 2.5 33 184 61.3 291
» » 7.5 » 200 66.7 235
» 2% 2.5 » 177 59.0 207
” ” 7.5 » 192 64.0 240
» 40 2.5 » 174 58.0 298
» » 7.5 » 188 62.7 253
1.66 20 2.5 ” 183 61.0 310
” » 7.5 » 199 66.3 249
None » 25 2.5 » 174 58.0 305
» » 7.5 » 191 63.7 230
» 40 2.5 » 175 58.3 230
» ” 7.5 » 190 63.3 273
1.74 20 2.5 ” 178 59.3 328
» » 7.5 ” 193 64.3 268
» 25 2.5 » 174 58.0 267
» » 7.5 » 189 63.0 245
» 40 2.5 " 171 57.0 330
» ” 7.5 » 183 61.0 275
270 1.49 20 2.5 31 162 60.0 299
” » 7.5 » 174 64.4 219
» 25 2.5 » 151 55.9 298
» » 7.5 » 169 62.6 242
” 40 2.5 » 155 57.4 310
» » 7.5 » 164 60.7 269
1.66 20 2.5 » 157 58.1 323
Water » » 7.5 » 173 64.1 244
reducing » 25 2.5 » 149 55.2 296
admixture » » 7.5 » 165 61.1 204
» 40 2.5 » 154 57.0 278
» » 7.5 » 164 60.7 218
1.74 20 2.5 » 160 59.3 286
” ” 7.5 » 170 63.0 236
» 25 2.5 » 155 57.4 283
» » 7.5 » 166 61.5 238
» 40 2.5 ” 151 55.9 291
» » 7.5 » 163 60.4 207
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Relationship between compressive
strength at 28 days age and tensile
strength at 28 days age.

Fig. 10
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20~30 kgfem® o 4 IB5|FRMAME EE D,

Fig. 11 iz 4 B EHiRE & HFREREROBRE =T,
BUKARRINS T OERMOm = > 7 U~ MBI 232
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o : Concrete with Admixture
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Fig. 11 Reletionship between compressive strength

at 28 days age and modulus of elasticity.
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Table b (IPFERIEEBRICSTS av 7 ) — MNiES
RTHD. FoEREAEAMEREERT JIS A 1125 ©
FEIL L TATR W, ERREIITER B /2 72 BIcE B 20°C, i
B 85% DERERERICEAL, M4 2BX) 21 B
THKPEBEEZTR 72, Z2BHEEMEIT 10x10x40cm
DA TH D,

SRR E T ASTM C 290 2 #EHL L 71775, 4

g - Ik - 7

FAROWE S HARARGRASN (OV A 70D LR
BfE 30 1 7T i, B REGIEEERERAL
Trbi—RLEREEE KD, REERESY ler £
TEHE L, MBS X ORI EER DR SR
Rz k- THEHLE,
P=(f2f") x (W,/W,) x 100
W= (Wy— W)W, <100
P AEI BRI (%)
fo 1 OF A 2 MBI 5 —RIEBIRES (c/s)
Fnt n ¥ A 7 ABY B —RIEIREEL (c/)
W : EEEDE (B
Wo: O A 2 iz id 2 HEGEERE (ke
W, :n¥A 7Bl siatEgEs ke

ERER

FE B R SREL b WRRSRME Y 1 7 v D% % Table],
Fig. 12, 13 7, EEEDS L EFEEEY 1 7 OB%
% Table 8, Fig. 14, 16 =3,

Fr—varZ—rESYANo. 5L B3I WAEH]
No. 114 2fFRLTETERE A% & Lea vy 7 U —
N DEFERMRIC T S IRBTIE D 2 I SRR T H B,
RMED= 7 Y — M BWT, BEEDOHRIC X DA

Table 6 Mix proportion

1 N .
Typeof | Spocimen | et | EM.of | MeSmum e | stmp | Sand raio | QRN | Taerement
Ckg/m?) aggregate (mm) (em) (%) (kg/m?®) (%)
1 I a0 [ 149 25 2.5 33 177 59.0
2 : » ! » » 7.5 » 192 64.0
None 3 i » Co1es ” 2.5 » 174 ! 58.0
4 ‘, ” ; ” ” 7.5 » 191 63.7
| 5 i I 174 ” 2.5 » 174 58.0
! 6 | » ‘ " ” 7.5 ” 189 63.0
| 1 P21 1.49 ” 2.5 3t 151 ‘ 55.9
Water | 2 * " ” ; ” 7.5 » 169 62.6
reducing 3 ” Loves | » 2.5 » 149 55.2
admixture | 4 | » ; ” : ” 7.5 » 165 61.1
5 ” 174 | » 2.5 » | 155 57.4
| 6 \ ” . » | ” 75 | " | 166 615
Table 7 Relative dynamic modulus of elasticity at each freezing-and thawing-cycle
,I:iyp? of ]SpeCimen Bzgt?i?tlscr ;nfoéj;lzi‘cl:e?}ef not relative dynamic modulus of elasticity (%) ?u:?ility
E = ! ac
2dmixture e ez thaw | goovdesl gg | g0 | 120 | 150 ] 180 | 210 | 20 | 20 | 300
. 34.4 9% | 9 91 87 82 78 7 72 68 64 64
- 33.5 90 89 85 80 73 68 64 61 58 54 50
None ‘ 3] 36.0 9% 88 85 82 76 73 68 66 62 47 55
b4 34.4 9% 94 90 86 82 77 67 62 57 52 50
| 5 ( 3%.9 % | 9% | s | 7% | 72 | e | e | s | 54 | 48 4%
L6 34.3 % 94 | 91 88 83 81 80 | 7 68 62 62
u 1 36.4 97 % 94 % 91 J 90 % | & 85 " 83 83
Water | 2 } 31.8 94 % 87 8 84 g0 | 78 ) 76 74 2ol
reducing 3 35.0 L oo7 % 93 92 % 8 | 8 8 8 g 83 83
admixtare | 4 31.2 9% 9% 94 89 86 84 8 ) 84 | 8 83
| 5 ] 35.8 o4 ) 88 84 82 80 79 \ 78 77 75 7
L6 30.0 % | o4 94 94 93 92 2 | ol 90 J 88 | 88
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Fig. 12 Relationship between number of freezing.
and-thawing cycles and relative modulus
of elasticity in admixture-free concrete.
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Fig. 13 Relationship between number of freezing-
and-thawing cycles and relative modulus
of elasticity in concrete in volving a water-
reducing admixture.

Table 8 Weight reduction percentage at each freezing-and thawing cycle.

Weight of ; 5 0
Typ'e of Specimen] original Weight reduction percentage (%)
admixture specimen | gpevelesl gp | 90 | 120 150 180 | 20 | 20 270 300
1 9.433 0.36 0.54 0.81 1.06 1.43 1.74 2.04 2.72 3.16 3.28
2 9.403 0.22 0.57 1.08 1.50 1.88 2.28 2.74 3.40 4.09 4.40
None 3 9.560 0.17 0.47 0.98 1.50 1.77 2.08 2.25 2.86 3.31 3.46
4 9.570 0.26 0.46 0.83 1.23 1.56 1.85 2.08 2.85 3.41 3.81
5 9.616 0.21 0.30 0.68 1.12 1.33 1.64 1.90 2.48 2.84 3.04
6 9.564 0.11 0.21 0.21 0.52 0.78 1.08 1.40 2.59 3.24 3.54
1 9.568 0.06 0.13 0.18 0.16 0.28 0.42 0.70 | 1.15 i 1.50 1.76
Water 2 9.346 0.04 0.06 0.12 0.18 0.42 0.71 0.91 1 1.36 . 1.86 1.98
reducing 3 9.476 0.05 | 003 | 021 | 020 | 035 | 048 | 078 | 136 | 17 | 18
admixture 4 9.272 0.02 0.04 0.05 0.06 0.14 0.38 ; 0.66 1.34 1.84 1 1.98
5 9.620 0.04 0.06 0.06 0.14 0.38 0.67 1.03 1.38 1.98 i 2.06
6 9.252 0.11 0.17 0.17 0.88 0.94 1.26 1.60 2.63 3.12 i 3.37
~0 Admixture-Free Concrete W0 Concrete with Admixture
5 S
[ o
é 1 :St? 1
i} uw
z 9 = 2
z 1 =
wgdp o 2 42’
SEN I o2
BEel e 5
B85 5 9'——-, 6 au 5
0 60 120 180 240 0 60 120 180 240 300

NUMBER OF FREEZING-AND-THAWING CYCLES

Fig. 14 Change in the weight of specimens.
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Table 9 3AERL F—EBEZEHL TTobhk
JNEF], NBERO =Y 7 Y — b OREREABRERT
BB, ETHARERM= > 7 U — FZ-DWTiX Table
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Fig. 15 Change in the weight of specimens.
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OEERDRIT, 1.76~2.06% (ERERE 6 DF—X
i Fig. 15 1RT X 5 RGO 7= Dk <)

ZRL, Fr—rar V-0 0% ThHd, L
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EERHLIc2r 2 )~ OB LKETS L, FEA - HE
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Table 9 Freezing and thawing test results for concrete with river gravel and sand
Sonic Test
Unit Unit Water . Sand | Dynamic . . ‘s
Type of |cement |water | cement Slum Air ratio modulus of relative dynamic modulus of elasticity (%)
dmi content lcontent ra&x;;c P | content SIA elasticity cycles|
admixture h
(kgm®)| Gkgim®| () | cem) | (%) | (%) | (x10%gjemy| 30 | 60 | 90 | 120 150 | 180 210 | 240 | 270 | 300
None 300 144 48.0 J 7.0 1.1 \ 37 392 ' 92 18 ’ } ‘ . ’
‘Water | T T T -
reducing 270 118 43.0 6.9 4.3 35 403 99 100 | 100 99 | 100 99 99 99 99 | 100
admixture I

Weight Reduction Test

. | .

Unit  {Unit Water s Sand | Weight . .
‘Type of ‘cement water lcement Slump ! Alr ratio ‘ of original Weight reduction percentage (%)
admixturecontent content Era&}c/:c content S/A | specimen

(kejm® (kg/m3>} %y | em | o } %) (ke 30 | 60 | 90 | 120] 150 180 | 210 | 240 | 270 | 300

None 300 144 ‘ 48.0 7.0 1.1 ; 37 10.187 0.61* | 1.22* ’ 1 ‘

Water |
rzdu_cingl 270 118 43.7 6.9 4.3 35 10.018 0.04 | 0.04]0.14|0.240.44]0.76 | 0.87 | 0.98 | 1.05 | 1.13
admixture|

Warz ) —bheRBT3RIRIINL EAREL, Bk
RDHRIERRLD NI D ThH B, KA L DET
BEE A% OEBHEOBEFHA L2y 7 ) — T
i, THAMERED 80% Bt Th Y, AERCRT S
AVEFSERDS T2~88% BETHDI L EBLL L, WA
SHEb =Y 2 Y — P REKEATIC X D BRI EOR R E
MAllear 7y — b LEBEECMAMESTEENS D
DEEZ B,

UbziETs L, BG - =02 ) — L OAE
KL THED S HFEL 2 2B, %D

© av 7 ) — MTRFAEERNL 20EE, Sk
BEOMBHEFER Lcar 7 ) — Mo L<T, Ba -
Mpb=2 7 ) — FOTWMAKEREDLDTREN,

@ TEBEOMEBEMEFEHLEZay 7Y — MW
T, Ke A2 FEBAKA 51 ETHAMTEE &
BEVOHERBEET B, FERICBTE B0 F.M.
AL6kY 1.74 oEmEcR EROERAR LD BNRR
W, WS 2HTHB, IhOBELTZEDOFEREEL
THBE, QL TR, 2227V — b OKIBORIELS
e REMOELEE RS oh5b, T.C. Powers i
REEOVLEFEERDT Y, BREERs 0%
EBEAL, T IVHANSERSWGEE 2, £
300 ¢ LIFORBROSEAN a7 ) — bR ESENDE
BBEZNRE, TMANBRREFTHS LBATWED, &
DELY, BEA -\ r 2 ) — NCRERT AHEH
PRI TH D720, LROXI R OSEELESD
FERLL 2 0 HIRRREAV N E RV TAMERZ KRB LD T
WEHBEME RS D, T OMMEH AW TH D, HEH
PEHOBMCHATHZ I 1T Y —~DLr FEINTH
Dl BHEEAL MR—2 FOMEREOBK Y

Note : the value with star shows increase in the weight.
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K&Aharz U~ MEEKEIEELL 72 0 2EET SR
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UEBORREELDDILEERDEDI TH B,
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DEAEEFOEEILTAESEHRMLIZES
@ EfTREKE 1% oBikx), 277 1.5~
2.0cm OBEIHEHALND,
® AE FinEOEINCEY, B ORKHED
HRIC & 2 BRBEATE OB B 7 ) ki 2 5,
® Z=RE 1% OEIMCXD 4EERERE K TIX
KFBE I 25 kgfem® T, HBREOBEHER Lica v
Y~ bCHBETEEPRIKRTH B,
@ m=o0g5forss & 4 FEREERE OBBRIE
m=0.TLo%g R2ZREWEL, 4FELHEHREL BT
A v b ORI
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