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Characteristics of Mortar and Concrete Using Pit Sand and Sea Sand
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Abstract

Due to the recent shortage of river sand resulting from a rapid growth of concrete construc-
tion, sea sand and pit sand are increasingly used in stead. It is, however, well noted that
non-washed sea sand used in reinforced concrete causes to corrode reinforcing steel and to incur
cracks in concrete, and thus eventually result in damage to concrete., Moreover, many sources of
pit sand in our country are randomly used without experimental research for its applicability to
concrete construction. Thus it is strongly needed to investigate physical properties of pit sand
before its usage on concrete.

The purpose of this research is to activate the usage of pit sand and sea sand for concrete con-
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struction to solve the recent shortage of river sand. Followings have been experimentally

investigated:

1) Physical properties of pit sand and sea sand, 2) Compressive strength of mortar on the
weight of pit sand passing through No. 200 sieve,
3) Compressive strength of mortar on the chloride content of sea sand,

4) Compressive strengths of concrete specimens using pit sand and sea sand, respectively, 5)
Corrosion propagation in reinforcing steel on the chloride content of sea sand, and 6) etc.
Keywords : pit sand, sea sand, river sand, mortar, concrete, physical properties, compressive

strength, chloride content, corrosion of reinforcing steel

LA B

HZ AEA AL T ASHD LT FF
o2 A% FHIFAY nLZ 1 FFFol HF
REgte] wet FAHEL WASHZA AL -
AL Bol = gl
olE F At o1 AbgEke] wid FUlEa 3l
ou aRG MAEA Fu athE AYE A}
£ AS TAYE Fo FIRY FW o
A ES R 5 27 =¥
T % FAFE HESD o] 2 AT
7F ALFEHA, AMAbE A7), e T AY9FHoE 2
xsol et o5 A #E 5 A4
e AFI Aot shume o kol wet ¥
H(A7)BAAAN AALe AAS FEE8HA
AREBEIL Qlof ARAbe] At FEH B4 9 88
wetell #E A7k Al G Aol

wetA B A7 AL ALY B2 54
Ty &ta, AbAbe] 200 A B - ALY
g 28 4FRE BAS detsion,
AL SIALE AMEE ERES AEAE B4
sAte] QEFFFH E-ANEN WE FHY
EZ AINAFH BAE T3 A 3§
AHE 2aES MM HIFHoR FE3)
ed 2 £3& 51 o

of

l

e

>,

W HL mlo

108

2. MN8N
2.1 AIBX =
2.1.1 Al E

AHE = AlFoM 1903 2% FEWA= A
E(SAI AF)E Algslgon, 0 293 Ade
Table. 18 zt},

Table 1 Physical properties of cement

Specific Setting time Compressive Strength (kg /cm?)
T al(nin) | Fndlh) | o o o2

313 150 5.25 132 21 29

2123

W EA= AN HEEY
g WTe D13 oWV 024 AFAY 72
£ Table, 2%} 2t}

£ o

Table 2 Properties of reinforcing steel

Bar size ay(kg /mme) ou(kg /mmz) | Elongation(%)

D13 28.5 41.2 31.0
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Table 3 Physical properties of fine aggregate

Specimens Speatfic | Absorpt- | Unit wei- | Weight of passing
gavity | won(%) | ght(t/m) | Ne2W0sievei%) | FM
Pit | PoCheon 25 257 1.613 65-79 kY
sad | HabCheon | 252 34 1512 50~ 96, 35
Sea | DangJin 2.5 L0 1.676 ‘Z.ZV 3 303
Sod | WeeNam | 2% | L% | 156 T
River sand 257 105 1623 24 20
(Yeo Joo)

Table 4 Physical properties of coarse aggregate

Gmax | Specific | Absorption | Unit weight FM © Abrasion
(mm) | gravity (%} {t/m (%)
o | ok | oew | es | 6w
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Table 5 Mix proportions of concrete

os | Gmax | Shmp | W/C | S/a Unit Weight (kg /)

Specimers thglem) | o} | (em) | %) (%) [T
Wil S|6
Pt | PoCheon pAll LI LA 81U [ B8 M8 M1
Sand | Hab Cheon Jili # 84 B ¥ 1%L
Sea | Dang Jn li 0 70 oy [ 1% %% |68 | L%
Sand | Hae Nem i {0 80 8% L8| &
River Sand m [ 80 B 0% B8
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Table 6 Reinforced concrete specimens for corrosion test
of reinforcing steel

NaCl(%) Slump(cm)
W/C | River Sand Sea Sand River Sand Sea Sand

(%) | YeoJoo | DangJin | HaeNam | YeoJoo | DangJin | Hae Nam

0.150 0.114 30 32 35

6 0.0 0.072 0.052 30 32 35

0.021 0.016 30 3.2 39

0.0 0.150 0.114 85 85 82

5 0.072 0.052 85 8.5 82

0.0 0.016 85 85 8.2

0.0 0.150 0114 115 113 115

[ 0.072 0.052 15 1.3 115

0.021 0016 115 1.3 15

Table 7 Corrosion conditton of specimen for each cycle

Corrosion | In dry oven In air In water

condition (150°C) (20°C) (15°C)
Curing 9 hours 15 hours 24 hours
hours

Space
L Bar{D13)

Mould g

]
o
Aol P
Spacer 3]
150 ‘
Section

Fig. 1 Concrete cylinder mould for corrosion test of
reinforcing steel
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Table 8 Specific gravity and absorption fo pit sand and
sea sand

Specimens | Pit sand(Po Cheon) | Pit sand(Hab Cheon) |  Sea sand

Before | After Before | After Dang | Hae
Items washing | washing | washing | washing | Jin | Nam

Specific gravity | 2.52 2.5 2.52 2.53 258 | 256
Absorption(%) 257 110 314 1.80 L0L | 166
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Table 9 Fineness Modulus of pit sand on washing number
and sea sand

washing mumber

Specrmens = - T
R A AL

P | Polheon | 36 (323 | 35 | 3B | | 1% 3M | 26|20

A Sand | FabChem | 353 | 9 | 520 1 306 | 15 | 34| 3B | 28 | 28
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Table 10 Weight of pit sand passing No.200 sieve on washing number

specimens Washing number
03 13| 23] 33 43] 53] 63 73] 83
Weight of pit sand Po Cheon 6.54 | 3.59 | 3.02 | 255 | 2.38 | 235 | 231 | 2.26 | 2.0
passing No.200 sieve (%) Hab Cheon 8.96 | 6.46 | 551 | 520 | 4.46 | 4.24 | 3.73 | 3.35 | 2.6
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Table 11 Chloride content on washing number or sea sand
Specimens Washing number Table. 132 Ao g w28 &7
CNERENECR R £2 Uehd 2oz B3, AR nF 4RY

Chloride Dang Jin | 0.150 | 0.072 | 0.034 | 0.021 | 0.015 | 0.015
content(%) | HaeNam | 0.114 | 0.051 | 0.032 | 0.016 | 0.011 | 0.007

Table 12 Compressive strength of mortar on weight of pit sand passing No.200 sieve

. Weight of passing Compressive strength(kg /cm2)
specimens .
No.200 sieve(%) a, a, oy ogy

6.5 98( 69.0) 152( 71.4) 213( 79.8) 307( 78.9)
Po Cheon 3.6 102( 71.8) 176( 82.6) 239( 89.5) 360( 92.5)
2.0 125( 88.0) 228(107.0) 257( 96.3) 396(101.8)
Pit sand 9.0 97( 68.3) 130( 61.0) 164( 61.4) 240( 61.7)
5.5 102( 71.8) 151( 70.8) 181( 67.8) 261( 67.1)

Hab Cheon ]
4.2 118( 83.1) 180( 84.5) 200( 74.9) 295( 75.8)
2.6 129( 90.8) 212( 99.5) 249( 93.3) 370( 95.1)
River sand Yeo Joo 2.4 142(100.0) 213(100.0) 267(100.0) 389(100.0)

() : Compressive strength of mortar using pit sand to that of mortar using river sand
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Tabie 13 Compressive strength of mortar on chloride content of sea sand

. Chloride Compressive strength (kg /cm?)
specimens
content (%) ay o, To Og
0.150 163(114.8) 226(106.1) 269(100.7) 420(108.0)
Dang Jin 0.034 160(112.7) 227(106,6) 270(101.1) 440(113.1)
0.015 158(111.3) 233(109.4) 294(110.1) 441(113.4)
Sea sand
0.114 128( 90.1) 155( 72.8) 280(104.9) 350( 90.0)
Han Nam 0.032 131( 92.3) 164( 77.0) 289(108.2) 360( 92.5)
0.011 142(100.0) 162( 76.1) 288(107.9) 373( 95.9)
River sand Yeo Joo - 142(100.0) 213(100.0) 267(100.0) 389(100.0)
() : Compressive strength of mortar using sea sand to that of mortar using river sand
Table 14 Compressive strength of concrete using pit sand and sea sand
Specimens Compressive stregth(kg /cmz) Weight % pit sand
20
o o o BEsg Mo as e
Pit Po Cheon 154(98.7) 213(97.3) 252(93.0) 2.3
sand Han Cheon 127(81.4) 194(88.6) 220(81.2) 3.3
Sea Dang Jin 148(94.9) 238(108.6) 275(101.5) .
No washing
sand Hae Nam 160(102.5) 214(97.7) 258(95.2)
River sand 156(100.0) 219(100.0) 271(100.0) "
(Yeo Joo)

( ): Compressive strength of concrete using pit sand and sea sand to that of concrete using river sand

X 5 A 3% 1993.9.
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Fig. 5 Corrosion area of reinforcing steel on chloride con-

tent of sea sand

S SRR DECE E RN EE T
—AE] wEtAE Hoaael AA Wel

= AL e [o3}

T 2 = —}Tt AI\E}"
=9 B-AIRIER 7} 55%, 65%%1 B¢

AEEEF 0.05% o] AHE] Aol BAIIR T &

2
il

o e

— Al E 17} 45%%) B¢ 4B FF 0.07% 7 A
A Fro] wrAlshz] i, wE R AWHAERE
& lrﬁm e A gade Ae A5
Utk webA FAaEF HIpAare B
Fol #E&7E SrlslA Ea4E A9 3

Aoz HIIY-A S oA i WA

FEAHE M S AL AMAFE 887 9

A Zt
A TREE ey g HES AU

Eg
a:f} % o
o},

1) ARAL siAbel B8 Ao TAgES D
é'lz}]_i,z_/q ok 8t Holu}l, A (u) A &) AA)=

o] A3 Y ¥Vl FAYUE R FFYE
fi% Yojupr g wi=A] A X & stojof dhr},
g Ak deet 2ol Aol ekghe] FE A A o)
Fout e diddes FAzEE Hee of
Ui, A= 1 ASHA(Smm °]&} 1 20%, 5~
13mm :4%) o #& 7|& A} lomzg
AR AA BAAH A= 28 Ao g BrkE)

2) Al M7 g oz abate) ER e sl AL

N

}'F“ JH Elf’l

114

of PRI AREATL Hein, Eo ofol
oY ERFF R AR IFL @Y AR Guo] o
S BN LS

3) Mt ERgEe maE dEgEd @
$ Y vlAm, 94 mEHe 4G 28Y 3
FREE VIZOR & FS AA(RMH) 44} B
2H o dF 4= AN R 2E 9 61.4~79.8%
wrol AR A ot AHAle] ERFFL 3.6%

olat2 &olW 89.5~96.3%7tA Frigtt), we}
A AHALE AR EL AEAEA ARET] A
= B)—CA] Al 2L Ehojof z‘;}j_ T3k E_t,'_z‘ﬂ-ak.g

TE2E FaEd wet FATY avt Avkn B

Fagai=y

4) Aol GRS e 22 YEPL
e w23 Wyl ez o, ol At
o] dEFHFA GEHEde TasitE 7)E9
AT A 9} A 2 g},

5) Y3 Mz A o) A E23FE
et AHE R, S EHYEY dEgE vE
2 94.9~108.6%= W% U*5d e Yl
A, EFAMA EAYEE 77889 93.0~98.7%
2 SPHAL A EQ} Aol v|L3 FE ot g
AL Z2AEQ H9& 81 2~88. 6% 2 <7}
A3tE = ol AL 6‘@*&47} X% *JAMI H] 3}

15 A Lg_o]

E “*‘011 tﬂre} aﬂl
Hats = RS o 5 U £ Al 2B &
—AMENB| 7} 55%, 65%<) A9 FEdE (.
05% OlgH-E H2lo] LAsIH O} B -AME
H)7} 45% 2 AstEE AETH 0.07% 712 54
o] A& wAlE R gFton, E3k Al iz
EE E—-AIMER7} 55%, 65%9% A2 &
3] s e Aol ok

7) B ATE AL g o sjAb
ZHE.H AFHos 849 A%
A FFole AAMARE i;lfﬂ
AHE A ES mEAZ ) 9 3
AHAE 2 AL 2P E 9 %*éﬁ}oﬂ & A7)
o] FojAol & o= dddAr}



2l 2

2 A7E FAEAF AL FolEA 7y
HAFAHEF FAF A ATz AlgE 27
ArARA oA DG e 1P aol
A B 588 A F7)4 49 A

=g s
T 2 wgMaY 298 @ol &) 2
GiEtn A wad o HE - EAA A

L N&5e FAL, “SAlg&71=A", 1991, 10.

2. WM, “gEo] FAYE AYAN vA= o
7, g ZEUEE R Ys), 1991,
1.

3. A¥E, “siA) Eag B ulx s o gl o) 3

LAY L AN e, AH8H, 13T,
1991. 10, pp.38~50

4. @M E, “sAbabEo #E AR guZ ey
8, A53] #wu)ErisAv|, 1989, 11, pp.45~

o
Aa7,

. “EauEg AEA2AY st o
€7, WEREESI =T, A6, HA2E, 1978.
6
Z

AHES-, “SAte] o] gggholl w3t Ap”, e

Eoal=8 3, A5, A1E, 1977, 3, pp.107~

112

7. 04% “FAUE FFAFA", 1988, 12

8. BYWOMyEHEBRE 7 7 )P OBREC
BT 58", x> b - 32U+, No. 498,

X 5 # 3% 1993.9.

10.

1L

12.

14.

16.

17.

18.

19.

1988. 8, pp. 60~66

CREEE), R EORMEET, AL b .z

> 7 '7-+, No. 415, 1981. 9, pp.174~181
KEAK, “HWERICE T 28 F0OMEL", ©
Ay kv o-b, No. 372, 1978. 2, pp.2 ~ 7
MIETRS, “EHoY 2 U-MEWR)T, Bl
fir, 1974. 1, pp.39~ 56

F¥HE—, “BRHOBB L 7N TEAOHE
R AR, HABRSREH UMEE, No.
54, 1956, pp.21 ~ 40

CEEEE, PEEE, IR L 7)o

ETLENDOBKEHE", A b-a27
-1k, No. 301, 1972. 3, pp.9~ 16

HEg - AW, IWBOFBCET 2201, %
D2)7, AABEREIEBRNSHMEE 1960,
8. pp.321~324

CEHE - PH, UBOMEIIBT SHR(F 03)”,

B AR e sl SEmEsE, 1971, 11,
7~8
IS - KRBIES - HHE - RAEAT, “WHo
FHEG L UME(Z 01" LARENER, 15
£, $B2%, 1973. 2, pp.17~23
KIGIEE - FHE - WA, “BHOMER L
URIRERE( 2 02)7, L RHE R, $15%, $288,
1973. 4, pp.8 ~ 15
REMEBESA, “HE(T])", BMEHE, 1986
5.
Neal S. Berke, “Corrosion Inhibitors in Con-
crete”, Concrete International, 1992, 7, pp.24
~27

(2R} : 1993. 4. 17)

115



