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Bond Strength between Concrete and Reinforement,
With Particular Reference to Winter Concreting.

Yoshiro Kon

Synopsis

The bond strength between reinforcement and five kinds of concrete—ordinary concrete,
air-entrained concrete, air-entrained concrete with 1% or 29 of CaCl, and concrete with
a dispersing agent—were tested after slow cycles of freezing and thawing.

The test specimens were cured for 3 days at 10°C. This method of curing is consi-
dered to be equivalent to the curing period of five days at 5°C as is specified in the
Japanese Architectural Standard Specification No. 5. Then, the freezing was carried out
in the air of cold room below —15°C (test specimens were wrapped in polyethylene tubes)
and the thawing was carried out in the water of 6~9°C. The number of cycles was
varied from 10 to 30, according to the water-cement ratio of concrete.

The pull-out tests were made at the end of the freezing and thawing cycles and
also after the curing of 28 days in water at 5°C in order to regain the strength.

The bond strength between ordinary concrete and reinforcement was considerably
descended by 10 or more cycles of mild freezing and thawing, but in the case of air
entrained concrete, especially with 19, of CaCl,, and in the case of concrete with a
dispersing agent, no deterioration was observed, even at an early age.
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Table 1.
Wi ! ‘ Number of Freezing &
Admixtures C Freezing Thawing Cycles

9 | Temperature - . ‘ 15 1 %0 30
SYaA 45 O O
SYB None 55 C

|
SYC | £ 65 O O
\ S S N
UYA | 45 . O O
UYB Vinsol 55 @]
uYC | .65 O O
VYA . - o o
Vinsol Bel
VYB with 55 elow O
VYG CaCl; 1% 65 | — 15°C o O
Vinsol
WYC with 65 O O O
| Caclz 27£ '

PYA Pozzolith 45 O
PYB No. 5 55 O
QYA Pozzolith 45 O
QYB No. 10 . B8 | O
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Table 2. Strength of Cement (Tested by JIS R 5201)
Flexural b‘treglgth Compressive Strength
. " > 2
Cement Flow ff » kg/ cm‘ | ‘0(, kg/em ‘
sd | 7d | 2d | 3d 7d. | 284
Normal Portland% . ; : _,:
N, Cement . 193 274 | 42.3 62.2 117 i 196 357
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Table 3.
Proportion of ; keg/m? Air
Conerete wiC Slump G/S Pesx?lcn éin ¢ Content
(by weight) (%) (em) Cement‘ Water (%)
1:1.74: 243 45 18 1.40 41.7 420 189 1.0
S 1:2.13:297 55 20 1.40 41.7 350 | 193 1.0
11264370 65 | 20 Lo 140 \ 41.7 291 ; 189 1.0
U 1:1.78:2.65 45 18 1.50 40 389 175 4.0
v 1:223: 3.37 55 20 1.50 40 319 175 4.0
w 1:271:4.05 65 20 1.50 40 269 175 4.0
P I 1:202:301 45 1\ 18 | 150 490 360 162 ! 3.0
Q | 1:252:380 55 | 20 1.50 40 . 295 162 3.0
! ! i ;
S : Plain Concrete
U: AE Concrete; AEA is Vinsol Resin.
V : AE Concrete; Vinsol Resin & CaCl; (1 2 of Cement by weight) are added.
W : AE Concrete; Vinsol Resin & CaCl; (2 % of Cement by weight) are added.
P : Concrete with a Dispersing agent (Pozzolith No. ).
Q : Concrete with a Dispersing agent (Pozzolith No. 10), made for use in winter.
Table 4.
| T !
Bateh | Nos. | | Air | Temp. of |
N | Series of | No. | Date Time | Stump Content | Concrete | w
| g | H o i
° | F.&Th, | | fem) e rO | ;
1 20 1, 2 11. 2 10.30 21.5 0.6 13 YA (3d)
30 1 ” ” Vi 7 "
9 SYA 20 ‘ 3. 4 11. 6 10.50 20.0 0.3 13 YA (3d)
30 2 ” ” ” ” ” YA (74d.)
! .
17 20 | 5, 6 11.10 9.45 18.1 1.0 : 14 YA (284d.)
| 30 l 3 ‘ 7 | ” i ” | ” { ”
[ i I :
6 1,2 L4 1450 205 14 13
14 | 8YB 15 3 1.8 925 19.6 1.2 125
21 5 6 | 1lliz | 1005 20.2 0 o
23 0 1,2 14 | 1030 | 182 o1 11
20 1L, 2 ” ” ” ” V2
29 10 3, 4 l 11.18 14.50 21.7 0 10.5
SYC 20 3, 4 | ” V2 ” ” Vi YC
35 10 5 6 x 11.22 8.35 20.8 0 8.5
i 20 5 6 ” ” : ” ” ”
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Batch Nos. Air Temp. of
N Series of | No Date Time Slump Content | Conerete
0. ! .
. & Th. em) (%) | Q)
2 20 1, 2 11. 2 14.10 18.5 4.2 13
30 1, 2 ” ” /7 ” ”
10 20 3, 4 11. 6 12.55 19.0 3.8 14
UYa 30 3, 4 " 7 ” ” ”
18 20 5, 6 11.10 10.35 18.5 4.2 13.7
30 5, 6 ” ” " ” ”
o i [
7 ; ; i, 2 11. 4 1515 | 20.5 4.0 13
15 UYB 15 3, 11. 8 10.05 19.4 3.9 12
22 5 6 11.12 14.00 19.0 4.1 11.5
24 10 1, 2 11.14 11.20 20.1 3.8 10.5
20 i, 2 ” Vi ” ” ”
30 10 3, 4 11.18 15.35 21.2 3.7 10.5
uYe 20 3, 4 7 Vi 7 ” ”
36 10 5 6 11.22 9.10 20.7 4.0 8.5
20 5, 6 ” ” ” ” 7
3 20 1, 2 11. 2 15.20 20.5 3.8 i3
30 1, 2 ” 7 7 7 7
11 20 3, 4 11. 6 14.45 19.4 5.0 13
vya 30 3, 4 ” ” 7 Vi ”
19 20 5, 6 11.10 11.15 18.5 5.5 13.5
30 5, 6 ” ” ” ” ”
8 1, 2 il. 4 15.55 20.8 5.5 12
16 VYB 15 3, 11. 8 10.35 20.5 4.8 12
20 5, 6 11.10 14.35 20.7 5.2 i1.5
25 10 1, 2 11.14 13.35 19.7 5.0 10.5
20 1, 2 ” ” ” ” ”
31 10 3, 4 11.18 14.10 20.3 4.3 10.5
VYC 20 3, 4 ” ” ” " ”
37 10 5 6 11.22 9.40 21.0 4.6 8.5
20 5, 6 ” Vi | ” 7 7
26 10 1 11.14 14.15 20.8 5.1 115
15 1 ” " ” ” ”
20 1 ” ” 7 ” ”
32 10 2 11.18 16.40 21.8 5.0 11
WYC 15 2 ” ” ” ” ”
20 2 ” 7 ” ” ”
38 10 3 11.22 10.05 20.4 5.0 9
15 3 V4 ” ” ” ”
20 3 ” ” ” ” ”
4 1, 2 11. 2 16.45 20.5 3.8 11.5
12 PYA 30 3, 4 11. 6 15.30 19.3 33 15
21 5 6 11.10 13.35 19.1 3.5 12,5
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| ; % o ;
B;:‘:h ; Series ,F g’szhj No. Date Time Slump ‘ Co?lltrent ggr?cgec‘;fe
— ! R i ,' femj | (%) | (C)
o7 | L, 2 1L16 | 1320 198 | 32 12
53 | PYB 30 34 1120 940 | 200 | 33 95
9| 5.6 | 1123 14.25 193 30 95
5 | 12| 1z 1n1e ; 95 | 38 | 12|
13 | QYA |30 3,4 | 1L 1600 | 193 40 14
22 5 | 506 | 110 1303 E 190 33 13
28 | | 1, 1116 | 1420 20.3 3.0 12
34 | QYB ] 15 03,4 | 1120 1005 19.8 3.3 9
40 J i L5 6 | 1123 s 19.3 3.0 9.5
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MR EM o i KR R ER 2 £ AL TH B,
Ao Ty 7Y — P BB HE S 2 Al I © 10°C /e B B il Uics #iE
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57.11, 2 11, 3. 11. b, |- 131, 5. 11. 6, 11i. 7. 11. 8. 11. 9. 11. 10, 1l. 1)

x i I X 3 X j q y y %
20 - R
b L T T ———eee———
10 ﬁ/-/‘\f_‘\_/v-— B N N
0 -
{5-GT-V-9- (§-U=V- {S-U-V-Pd ‘S ~U=-Ve SulwVePu
0-YA)1,2 YB)1,2 Q-YA) 3,4 YB) 3,4 N-YA) 5,6
11, 12,0 31, 13, it. b4 11, 315.] 11, 16, 11, 17, 11. 18 11, 19,1 13, 20,1 13, 21
kel N N ¥ N @ X ¥ N y N
20 — !

10 L T T e T e e

0 b —
(S-U~V- (8-U-V-Y¢|( P~0-YB) S-U-V-YC (P-0-YB)

YB) 5,6 1,2.WYC 1 1,2 z l.wye 2 3,0l

11, 22.] 11. 23.| 11, 2L, 11,25, 11, 26
N N

A=

20

N A

10 |

(S«U-V-¥Cl P-0-YB)
5,6.W¥YC 3 5,6

Fig. 1. Temperature Record of the Initial Curing Pering
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‘/711/7)1_ Qi)@ﬂ’/j\b C

5,
6017 S Plain Gonerete a C withk Pozzolith No.§ Tested after 28 days curing in water
+ U AE-C x » . No.1O at 5 oC.
oV o waith 1%GCL _ _ __ yre
(%3 P o / 2567} q
~ - \
2 so F=
Tested immediatsly after I‘reazing and N —-
thawing period. Frozer below -15°C \ «
3 A =
& K \
o 10 \ @ biS
£ \ + -
& \ o ° e
o B - — — O ' D
he 4+ 5
“ 20
£ 4 P Ww/C \ A
. 55% N vi/C
2 i 55¢
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SUNELN ol F ¥ \
Q20
= + \
~N
% N & .
~ X '
% 10 A ~ Jo) % °
2 ~
o) ~
@ ~ -
: Sor
= I 1 ! RN L i (I
0 10 15 20 30 15 0 10 15 20 30 15

Number of Freezing and Thawing Cycles.

Fig. 2.
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0 10 15 20 20 15 0 10. 15 20 30 15
Number of Froozing and Thawing Cycles.
Fig. 3.
300 Tested after 28 days curing in water
at 5 °C. &
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{200 5
= Ed
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: =] °
S 100
§ \ w/c 65% w/C
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LY
s
~
2z ) ! ) 1 1
o 0 10 15 20 50 15
8
m
&£ 300 .
! o § —--—W/C )25 % Tested immediately
= by —— 5 % after freezing and
= .y : thawlng perlod.
& ap Frozen below - 15 ©C.
£ 20028 .
2] 00 - W =%
o
w/C
2 55%
hod . e e OP
o— — 7 7 - s
100 o x
o AT ¥
& O’;_"'" ]
< PRSI s S
\o
! 1 i ! 1
0 10 15 20 30 15

Number of Freezing and Thawing Cycles.

Fig. 4.
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Table 5. The Bond Stress at 100/1000 mm Slip (Free End) (kg/em?)

W/C 2 45 (4) 55 (B) 65 (C)
Nos. of T o
Pr & Th, 20 7 30 5 10 15 20
5 i | I ‘
Age*days | 0 | 28 0 28 o | =8 0 | 0 ; 28 0
0 a1 812 o | 23 35 15
13 3.8 o 7.0 | 275 0.8 (6.8)
SY 104 | 240 0 ‘ 0 | 47 0 (16.2)
39 | 106 | 104 | 23 | 115 18 | 102, 0 | 0
| j : i ! . i i )
1.3 470 | 301 | 494 | (20.3) — | (146) | 282 | 164 295
362 | 557 | 325 @ 499 | (198 | 327 | (164) 368 @ 170  37.9
Uy 310 | 400 | 304 | 476 | 276 | 272 | 158 | 348 | 210 | 467

i v § i
22.8 50.9 l 31.0 } 49.0 22.6 29.9 @ 156 é 333 | 181 | 3%0

325 | 466 | 37.0 | 439 | (202 | 331 | (217) 327 | 184 | (27.2)
(28.0) | 229 | 307 | 827 60 | 4L7 | 180 | 366 244 | 356
VY 40.6) | 389 | 327 | 428 | (206) | (336) | (23.0) | 313 | (27.8) @ (39.4)

33.7 ; 36.1 33.8 30.8 156 361 ! 209 | 335 23.5 ( 34.1

(19.5) 14.8 21.3

(22.3) 21.6 (25.0)
WY - (226) 25.3 25.9

215 | 206 24.1

29.3 47.2 15.5 33.1

300 | 391 | 45 | 395
Y 393 | 501 | 217 | 371 :
| “ ;

329 | 455 | 139 366 3 1

284 | 428 | 161 | 313 i
293 | 478 @ 228 | 434
QY — | 476 28 | 47.8 |

28.9

46.1 ] 139 | 108 i

73«28

\ |

. ! H H i
Age,days « 3 | 7 | 28 | l [ }
| | | i
222 | — | 529 } 08 | 184 | 432
220 | 60.0 | 136 | 242 446
i i i
Y ‘ | 510 | 133 | 460
221 | — | 546 1 1.9 | 213 | 446
| ! i !

#* Not included the lnitial curing period and the freezing & thawing period.
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Table 6. The Bond Stress at 10/100 mm Slip (Loaded End) (kg/em?
W/C % 45 (A) 55 (B) 65 (C)
VMWNOS. Of” ) . .
Age* daysil 0 28 0 1 28 o | =28 0 10 0 i 28 0
42 | 288 0 2.3 3.0 7.4 l "
1.2 3.6 0 | 60 | 256 1.2 (6.8) \
SY 7.9 | 216 o | 0 5.1 0 16.2 l
3 i i | | ‘
3.0 98 | 96 | 20 110 14 | 101 o | o |
i i { i : i !
12 | 400 | 285 . 437 | 217 | 428 144 | 254 | 158 | 2538
343 486 | 200 = 409 | 194 307 152 360 | 173 | 352
Uy 207 | 426 | 200 474 | 266 267 = 159 = 327 | 209 412
217 | 437 | 288 ; 140 | 226 | 334 | 152 j 31.4 ] 180 | 341
| i |
306 | 390 | 337 300 | 199 | 804 205 | 254 115 | (2.9
265 | 209 f 277 | 302 | 239 | 338 211 | 2339 236 | 350
VY 39.5 - [ 322 | 406 | 202 | 319 (225 303 274 | 37.2
i : - 7
| s22 | 299 | 312 ‘ 366 | 213 E 320 | 214 | 209 | 228 1
i X NP : - ‘ ‘
| ‘ 18.4 15.5 21.0
20.8 20.0 24.3
wY 23.0 248 22.5
| \ | 20.7 20.1 22.6
262 | 448 | 170 | 319
28.7 | 363 | 236 | 341
Py 369 | 483 | 198 | 343
: f , }
‘ | 306 | 431 | 201 | 334 | |
i ‘ : | ' : i
— 32 | 161 | 285
259 381 | 220 | 419
QY - 445 | 239 | 415 |
) | 259 | se3 | 207 | a3 | 1 | |
! i i i i |
i | i i
Age, days | 3 7 l 28 | ‘ L3 7 ] 28 1
! | ;
194 | 217 | 411 | .94 | 177 | 355
21.2 | 455 . 136 | 236 | 381
Y | 432 112 | 278 | 418
| ‘ ! ‘ | ;
203 | 217 [ 233 | 1 114 | 230 | 385 ]1
11

*®

Not included the Initial curing period and the freezing & thawing period.
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Table 7. The Maximum Bond Stress (kg/cm?
W/C 2 45 (A) 55 (B) 65 (C)
oo oF ,
Fr. & Th. 0 X 0 SO B S 2
| 1
Age* days 0 28 0o 28 0 | 28 0 28 | 0 1 28 0
0 | 45 314 | 0o 37 3.8 8.7
2.1 3.8 o 7.7 280 15 6.8
SY 152 | 322 0 0 51 0 16.2
‘ « | ) )
58 135 | 105 26 123 18 | 106 0 o
53 | 494 | 302 | 496 | 203 | 438 | 146 291 | 167 | 8.7 |
{ | | i | i
367 | 557 | 326 . 500 | 198 | 328 | 164 | 368 | 175 = 37.9
Uy 3.1 | 499 | 310 | 507 | 275 | 27.3 | 160 | 351 | 211 468
i : I ]
237 | 517 813 | 501 | 225 | 346 | 157 | 337 | 184 | 388
326 | 480 | 393 | 457 | 202 334 | 217 | 332 | 187 | 212
284 | 243 | 309 | 339 | 2381 427 | 213 371 | 244 | 356
vy 406 | 428 329 | 439 | 206 336 | 230 | 315 278 | 304
) ' | Y f T
33.9 | 384 | 344 | 412 | 230 | 366 | 220 | 339 % 236 | 341 |
| 19.5 15.9 21.3
| | 223 21.6 25.0
; | ;
wY | 239 2.3 | 26.0
! l | } “ 21.9 20.9 | | 241
298 476 | 173 | 338
311 399 | 243 | 401
PY : 412 533 | 220 | 376
i i | i T |
34.0 ‘t 469 212 | 312 | 1 | |
984 | 436 | 170 | 326
325 | 482 23.1 441
QY | 499 | 6 S0z | | |
i i i i N
) ; T i
' 505 | 472 | 216 | 423
Age, days 3 7 28 3 7 | 28 | \
225 | 234 | 559 | 107 | 190 | 492 l
22.9 63.0 | 136 | 247 | 455 |
| | |
Y | 56.8 | 123 | 282 460
227 | 234 | 583 122 240 469

* Not included the Initial curing period and the freszing & thawing period.
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Table 8. The Bond Stress at 3/1000 mm Slip (F'ree End) (kg/em?)

WC 9 45 (A) 55 (B) 65 (C)
Nos. of
Folh 20 30 15 10 15 20
Age¥ days | 0 28 0 28 0 % 28 0o | 28 0 28 0
40 | 200 0 12 3.0 48 0
3.8 0 70 | 143 0.7 6.8
SY 56 | 157 0 0 4.1 0 13.3
19 | 78 \ 6.7 K 2.3 65 12 8.3 0 0 1
12 339 | 240 | 310 — | 219 | 143 | 135 7.9 8.4
30.0 | 307 | 224 | 293 | 185 | 102 | 164 | 201 — | 285
Uy 307 | 370 | 203 | 225 | 276 | 244 85 | 212 — 323
i | | ‘
L 206 | 339 | 222 | 276 | 230 188 | 131 | 183 7.9 | 231 {
325 | 213 | 180 | 194 | 182 | 140 | 210 | 124 98 | 235
28.2 84 | 243 9.0 45 | 236 73 | 217 | 186 | 221
VY 102 | 191 | 256 | 222 | 143 — | 225 | 161 | 145 | 955
836 163 | 226 | 169 | 123 188 | 169 & 167 = 143 | 237
18.4 5.1 16.5
22.0 — 20.9
wY 24.0 185 15.2
i i 215 11.8 175
204 | 258 17 | 240 |
129 | 234 07 | 27.8
PY 20.4 27.6 — | 255
[ i i | |
o179 | 256 | 12 | 258 E
139 | 270 40 | 100
118 . 252 152 | 164
QY 225 | - 28.6
| i
i 129 | 249 | 96 183
Age, days | 3 7 | 28 3 7 28
13.2 — | 500 45 | 157 | 365
10.8 57.0 — | 186 | 320
Y 20.1 12.3 22 | 232
12,0 — 400 L84 122 | 306

%

Not included the Initial curing period and the freezing and thawing period.
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Table 9. The Compressive Strength of Concrete (kg/em?)

W/C % 45 (A) 55 (B) 65 (C)

Nos. of | i
s 20 30 R 10 15 20
Age® days | 0 23 o | 28 0 28 0 ] 28 o | 2 0

- ! i i
100 122 | 123 41 } 76 75 | 132 50 | 101
140 167 55 98 | 181 47 ’ 105 17| %2
SY 155 ‘ 289 141 9 | 118 a1 124 41 5‘ 82
135 = 193 106 t 63 \ 125 56 ][ 120 | 36 | 72
i | i 1 t
> | | ! w o
119 | 223 137 251 | 87 | 165 | 61 182 | 61 | 159
137 239 122 198 86 142 48 133 51 134
Uy 147 254 143 182 64 128 53 183 | 57 | 130
134 | 239 134 210 79 | 145 \ 56 | 133 | 56 | 141
187 243 202 259 111 145 63 127 58 130
149 230 161 233 126 185 66 138 81 113
VY 218 244 216 277 116 175 75 135 77 125
185 230 | 193 | 256 118 168 68 ‘ 13 | 72 | 12
| | L -
§ 78 87 80
‘ ! -89 Y] 85
WY 68 e 91
| i : 78 - 86
!— | ,‘ SO — i LN O
‘s 1
192 255 9 | 189 ‘
169 | 238 97 | 182
PY 249 337 81 | 188
, | ‘
| i | { {
208 | 277 l 89 | 186 f |
162 242 98 169
210 259 102 167
QY | 216 | 288 | 110 196
! i ! i ;
: 196 263 ] 08 | 177 | |
Age, days 3 ‘[ 7 1 28 ‘ ‘ 3 7 28 |
i ! i i
104 | 9% | 2% 47 | 104 | 189
127 296 42 73 185
Y 262 45 89 206
) i |
116 i 9% l 21 | 45 89 | 193
* Not included the Initial curing period and the freezing and thawing period.
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