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ABSTRACT

In this paper, setting and strength performances of concrete containing saccharic type super retarding agents are
investigated under various kinds and contents of super retarding agents. According to test results, as super retarding
agents contents increase, slump shows to be increased, while air contents decrease about 1~2%. Setting time shows
to be retarded considerably with increase of super retarding agents. It takes 20 days after mixing to reach final
setting in case of concrete containing gluconic acid more than 03%. And 10 days after mixing in case of enhancing
sucrose, white and brown sugar. Compressive strength of concrete containing super retarding agents is lower than
that of plain concrete at early age. However, it keeps up with and exceeds the compressive strength of plain
concrete at later age. White sugar and brown sugar shows positive performances in delaying setting time and
strength compared to existing super retarding agents. If further investigations on durability are conducted, it is
thought that application of white sugar as super retarding agent is available.
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Table 1 Design of experiments
Factors Levels
W/C(%) 1 50
Slump(cm) 1 1541
_ Air content(%) 1 45%15
Mixing - Gluconic acid
factors S cardi 4 - Sucrose
uper retarding agent - White sugar
- Brown sugar
Contents of super retarding agent (%) 4 0(Plain), 0.1, 0.2, 0.3
Experiments Fresh concrete 3 Slump, Air content, Setting time
pe Hardened concrete 1 Compressive strength (1, 3, 7, 28days)”
1) Elapsed age after final set
Table 2 Mixing design of concrete
AE water Super Unit Volglme Unit welght
W/C W , S/a -reducing retarding (4 /m”) (kg/m°)
(%) (kg/m”) (%) agent agent
0 111 308 361 350 795 978 0
0.1 111 308 361 350 795 978 0.35
%0 175 4 075 02 11 | 38 | 361 | %0 | 1% | 98 | 070
0.3 111 308 361 350 795 978 1.05

C : Cement, S : Sand, G : Gravel, SR : Super retarding agent

Table 3 Physical properties of cement

Specific Blaine Soundness Setting time(min.) Compressive strength (kgf/em?)
gravity (cm%g) (%) Ini. Fin. 3d. 7 d. 28 d.
3.15 3,303 0.08 226 409 231 308 410

Table 4 Physical properties of aggregates

! .
Kinds Specific gravity | F-M | Absorption ratio(%) | Unit weight (kg/m>) SohdShsgsrr\lgr?:;(;ir(lE/aﬁe of
River sand 2.58 2.05 1.94 1,598 61.0
Crushed aggregate 2.71 6.82 0.84 1,531 59.0
Table 5 Physical and chemical properties of super retarding agent

Kinds Specific gravity Shape pH Functional groups Color
Gluconic acid 1.24 Liquid 1.8 -0OH, -COOH Brown
Sucrose 1.59 Grain 7.0 -OH White
White sugar 16 (Grain 7.0 -OH ‘White
Brown sugar 16 Grain 7.0 -OH Brown
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Fig. 1 Mixing procedure of concrete
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Table 6 Hydration retarding agent of cement

Retarding dffect

T
ype Negligible Weak Strong
Methanol
a Sodium format
Formaldehyde methane
(Diethoxy)
Ethanol
Calcium acetate
Acetaldehyde Glycol aldehyde
b Glycol Glycolic acid
Glyoxal
Oxalic acid
Dioxane
n-Propyl alcohol
Isopropyl alcchol
Propane 1:3 dio}
Propane 1:2 dio
Allyl alcohol Glycerol écﬁtl(\)flic id
Propionaldehyde Tartronic acid G}lf ceraladceh de
c Acetone Buthyl lactate Di}}; dro yeton
Propionic acid Glyceric acid K ty alxy:;c d
Acryllic acid clomalomc acy
2-Chloropropionic acid
Malonic acid
Hydracrylic acid
Lactic acid
Fumaric acid Maleic acid
Aldol Erythritol Malic acid
d Succinic anhydride Succinic acid Maleic anhydride
Acetoin Tartaric acid
Dihydroxytartaric acid Ethyl acetoacetate
a-Ketoglutaric acid
Chloral hydrate . b-Ketoglutaric acid
EDT. Aldisodium salt) Diacetone alcohol (G}}ggn;%igld
%rycme Acetyl acetone 3 percent EDTA
e ca (Disodium salt)
Adipic acid Phorone Qcrose
4—{1%711(r)gé<ypentane Hydroxyquinoline Is?mg_té)sle
orbito
Cupferron Pentaerythritol
Anthraquinone Hycroquinone Quinone
Phenol Salicylaldehyde Catechol
Phloroglucinol Pyrogallol
{ Resorcinol Gallic acid
1:4 1:2
Naphthoquinone Naphthoquinone
Chromotropic acid Sulfornic acid
ZnO(in 36 N
NaOH solution) 710
NaOH solution) Pb(NO3), ché
e Sh20s 70
205 3 : :
PbO Cdo (yciorie soution)
CrClz VaOs BeyS ) ide solution
g KoCr207 Cu(NOs), PrO
Cu0O NazSzQ5 o B.O
CuO Potassium trihionate AZS (3)
Hg?Og godium tetrathonate N aiV5207
HgClp odium hexame taphosphate L
SnClz Concentrated ammonia Ié/gert;)}()hosphon ¢ acid
NaH2PO»
K4P;07

All substances added as 1 % by weight unless otherwise indicated
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Table 7 Test results of setting time and compressive strength

Kinds Cont.ents of super | Slump | Air content | Setting time(days) Compressive Strength(kgf/cmz)
retarding agent (%) | (cm) (%) Ini. Fin. 1d. 3d. 7d. 28d.
Plain 0 15 45 0.25 0.4 85 172 231 310
0.1 15.7 36 1.7 2.4 80 202 245 325
Gluconic acid 0.2 165 32 2.4 6.8 72 216 260 337
0.3 175 2.8 3.6 21.0 63 218 289 344
0.1 155 2.6 13 2.0 30 223 244 329
Sucrose 0.2 16.0 2.4 22 50 69 190 252 339
0.3 165 2.3 30 12.0 51 195 314 349
0.1 16.0 40 18 2.0 82 212 246 313
White sugar 0.2 16.6 35 35 48 69 238 257 334
0.3 18.0 3.0 48 13.0 72 218 270 328
0.1 155 38 15 1.8 60 211 240 313
Brown sugar 0.2 175 3.6 30 42 44 197 265 327
0.3 185 3.3 38 9.0 40 189 260 350

e R
L =
e 8
= 5
w —e— Gluconic acid o
—=— Sucrose =z
—a— White suger
14 b e - BrOWn Suger J
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Super retarding agent (%) Super retarding agent (%)
Fig. 2 Slump and air content versus super retarding agent contents
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Fig. 3 Penetration resistance versus time with the kinds of super retarding agents
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Fig. 4 Compressive strength versus ages after casting
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Fig. 5 Compressive strength versus the age after final set
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Table 8 Cost of super retarding agents

Kinds Cost Addition Dosage Cost ,
(won/kg) |ratio (%) | (kg/m’) | (won/m")
_ 01 0.35 6,160
Glgg%mc 17,600 0.2 0.70 12,320
03 1.0 18,480
0.1 0.35 1617
Sucrose 4,620 0.2 0.70 3,234
0.3 105 4,851
0.1 0.35 338
Eﬁ‘;‘gﬁ 95 02 0.70 675
03 105 1,013
, 0.1 0.35 315
‘S’zgl? 900 0.2 0.70 630
0.3 1.05 945
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