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Bond Strength Properties of Antiwashout Underwater Concrete
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Kim, Myung-Sik Kim, Gi-Dong Yoon, Jae-Bum

ABSTRACT

The objective of this study is to investigate the bond strength properties of antiwashout
underwater concrete. The arrangement of bars (vertical bar, horizontal upper bar, horizontal lower
bar), condition of casting and curing (fresh water, sea water), type of fine aggregate (river sand,
blended sand(river sand : sea sand = 1 : 1), and proportioning strength of concrete (210, 240, 270,
300. 330kef/cr) are chosen as the experimental parameters.

The test results(ultimate bond stress) are compared with bond and development provisions of the
ACI Building Code(ACI 318-89) and proposed equations from previous research{which was proposed
by Orangun et. al).

The experimental results show that ultimate bond stress of antiwashout underwater concrete which
arranged bar on the horizontal lower, used the blend sand, and was cast and cured in the fresh
water are higher than other conditions. The ultimate bond stress were increased in proportion to

(V7w 3/2. From this study, rational analytic formula for the ultimate bond stress are to be from

compressive strength of concrete.
Keywords : antiwashout underwater concrete, ultimate bond stress, arrangement bar. fresh water, sea
river sand, blend sand
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Table 1 Experimental factors and levels

Experimental factor Level

Vertical, horizontal

Arrangement of bars upper, horizontal lower

Condition of casting

and curing Fresh water, Sea water

River sand, Blended sand

210, 240, 270, 300, 330

Fine aggregates

Proportioning
strength (kef/cr)
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Table 2 Experimental items

Concrete Expgrlmental Note
items
Plain Air content KS F 2421
concrete Slump KS F 2402
Fresh . pH, suspended B
concrete Antéwashfut solid
underwater | air content KS F 2421
concrete
Slump flow -
Compressive KS F 2405
. strength
Hardening concrete
Bond st th ASTM
ond strengt | 0034-91a
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Table 3 Physical properties of aggregates

Specifi Water Unit
Aggregate ]r):\clit ¢ absorption | weight | F.M.
Eravity | = (o) | (ke/m)
. River 2.58 1.8 1540 | 2.66
Fine
Blend 2.58 1.8 15635 | 2.73
Coarse 2.62 1.16 1583 | 6.83
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Table 4 Physical & chemical properties of admixtures

Admixture | Phase ilr);(;li?; pH ingl\fea(il;:ant
Anctwastout | e | || g
agent (AWA) powder celluloss
Super- Light- High
plasticizer | brown 1.23 |12.0{ condensate
(SP) liquid tri-azin

Table 5 Mix proportions of concrete

Plain concrete

Symbol Jor W/C Unit weight (kg/m)
(kef/c) | (%) C S G
PR-1 210 50 374 718 1051
PR-TI 240 48 390 712 1043
PR-TI 270 45 416 704 1030
PR-IV 300 43 436 698 1019
PR-V 330 40 468 687 1003

Antiwashout underwater concrete

Unit weight (kg/m’)

fr  {W/C -

Symbol o S Admixtures

(kef/ct) | (%) | C RSV [SS? G AWA| SP
AR-1 210 53 {415{630| - |954| 2.2 | 8.8
AR-II 240 50 1440|619 - 1943]| 2.2 | 8.8
AR-III 270 | 48 |458{617] - 1933} 2.2 | 8.8
AR-IV 300 | 45 ]489|604| - |917]| 2.2 | 8.8
AR-V 330 | 43 [512|596] - [907[2.2] 8.8

AB-1 210 | 53 |415[315}315(954; 2.2 [ 8.8

AB-1I 240 | 50 [44013091309(943| 2.2 | 8.8

AB-I | 270 | 48 [458[3071307}933| 2.2 | 8.8

AB-IV | 300 | 45 1489|302|302|917| 2.2 | 8.8

AB-V 330 | 43 1512]1298]298|907| 2.2 | 8.8

1) River sand, 2) Sea sand
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Fig. 1 Schematic of casting the bond test specimens
underwater
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Table 6 Experimental results of fresh concrete

Suspended | Slump Air

Symbol pH solid (flow) | content
(mg/ ) (cm) (%)
PR-1 - - 12.3 2.7
PR-1I - - 11.2 2.3
PR- - - 10.7 2.5
PR-IV - - 10.1 2.0
PR-V - - 9.2 1.8
AR-1 10.98 57.6 58.3 3.3
AR-II 10.90 56.3 57.3 3.1
AR-II | 10.73 55.4 56.8 3.0
AR-IV | 10.52 55.1 56.3 3.0
AR-V 10.40 53.9 55.3 2.9
AB-1 10.55 53.8 58.5 3.2
AB-1I 10.40 53.5 57.3 3.3
AB- | 10.31 51.7 55.5 3.1
AB-IV | 10.36 50.3 55.8 3.0
AB-V 10.31 48.7 55.4 2.8
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Fig. 2 pH and suspended solids according to w/c
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Table 7 Experimental results of hardening concrete

Compressive Max. bond strength? Max. bond strength ratio

Symbol strength Hy Hu #1 L aci Meal | _fy | £ | g1 | gy | _fy | _#1
(o kef/om) | (kef/c) | (kef/cnt) | (kef/om) | (kef/an) | (kgf/en) | pas | fac | e | #el | tea | feal

PRFY I 218 77 55 61 459 70.0 | 1681 1.20|1.33|1.10 | 0.79 | 0.87
PRFII 249 88 56 69 49.1 74.8 1179114141} 1.18 | 0.75 | 0.92

PRFII 279 96 66 74 52.0 79.2 [ 185|127 142 | 1.21|0.83 | 0.93

PRFIV 300 108 69 87 53.9 82.1 [2.00(1.28|1.61|1.32|0.84 ]| 1.06

PRFV 358 127 89 102 58.9 89.7 216 1.51}1.73{1.42|0.99 | 1.14

ARF I 185 67 66 71 42.3 645 | 158 1.56 | 168|104 | 1021 1.10

ARFII 220 72 74 78 46.1 70.3 [ 156|160 | 169 |1.02]105]1.11

ARFII 252 81 83 85 49.4 753 164|168 |1.72}11.08}1.10] 1.13

ARFIV 268 85 89 96 50.9 776 [ 167175189 |1.10]|1.15| 1.24

ARFV 339 94 101 105 57.3 873 {164]1.76 {183 | 1.08|1.16 | 1.20

ARS" 1 171 60 60 67 40.7 62.0 11481148165 | 097|097 1.08
ARSO 199 70 73 78 43.9 669 | 160|166 | 1.78 | 1.05(1.09 | 1.17

ARSHI 242 73 76 81 48.4 73.7 [ 151 1.57|167]099|1.03] 1.10

ARSIV 254 82 83 a0 49.6 756 | 165|167 (1821109 1.10( 1.19

ARSV 272 89 94 97 51.3 78.2 (1731183189} 1.14|1.20 | 1.24

ABF1 225 73 74 80 46.7 71.1 | 1561169 |1.71 103|104 1.13

ABFII 239 77 77 83 48.1 73.3 [1.60| 160173 |1.05|1.05] 1.13

ABFII 284 84 86 89 52.4 79.9 {160} 164 | 170|105 1081} 1.11

ABFNV 316 90 92 99 55.3 843 | 163|166 | 1.79|1.07|1.09| 1.17

ABFV 325 97 100 105 56.1 855 (173|178 | 187 1.14 | 1.17 | 1.23

ABS1 186 63 63 66 42 .4 64.7 | 149|149 | 1.56 | 0.97 | 0.97 | 1.02

ABST 195 66 67 70 43.4 66.2 | 154|154 161 1.00| 1.01 ]| 1.06

ABSI 247 76 76 82 48.9 74.5 | 1.55| 1551168 | 1.02|1.02 | 1.10

ABSIV 273 81 83 89 51.4 78.3 | 1.58 | 161173 |1.03|1.06 | 1.14

ABSV 284 85 87 96 52.4 799 | 162|166 | 1.83|1.06 | 1.09 | 1.20

1) F ! Fresh water, S : Sea water

2) pv ° Max. bond strength of vertical bar, #, : Max. bond strength of horizontal upper bar
#1 ° Max. bond strength of horizontal lower bar, #ai @ Max. bond strength by ACI code

teal - Max. bond strength by Orangun et al
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