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Bond Strength between Concrete and Reinforcing Bars

in case of Cold Weather Concreting
Yoshiro Ko

Synopsis

This paper presents data from studies designed to show the effect -of early age cur-
ing in case of cold weather concreting by pull-out and push-out bond tests.

Data presented cover the influence of the following factors; type of bar, surface
condition of bars, position of the bar with respect to the placing of the concrete, curing
method, age of concrete, period of storage in cold room.

Effect of early age curing, five (5) days at 5°C, according to Part 8 (“‘Cold Weather
Concreting’”) of the Japanese Architectural Standard Specification No. 5, succeeded by
four (4) weeks storage in cold room at —5°C or —30°C, thereafter ascended slowly the
temperature of curing room from 5°C up to 20°C, on the bond strength and compressive
strength was compared with those of the standard curing condition at 20 == 3°C.

» Temperature records and the relation of strengths and degree-day (°C-.day) values
at ages of test are presented.

To avoid drying after removal from mold, specimens were packed with Vinylchloride
sheet and stored in air at given temperature. This method of curing shows good results
compared with the specimens stored in water.,

Load slip curves are presented based on measurements at both the loaded and the
free end of the bar.
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Table 1. Cement

| | PFlexural Strength Compressive Strength
{ Flow | g, kg/cm? o, kg/em?

! ) Sp-
No. '} Cement Gravity| " | ‘ ’ - . }
o | 84| 7d. [28d. | 91d. 3. | 7d. | 28d. | 91d
y H I i ! H
| | ’

;'58.1 71.3 1} 116 | 186 | 318 | 385

i

Nip Portland Cementi 3.155 | 189 i 24.3
I

Tested by JIS R 5201 (“‘Standard Method for Testing of Physical Properties of Cement’)
Proportion of mortar mix: 1: 2 by weight. Water-cement ratio 65 95 by weight.
Standard fine aggregate: Toyoura, Yamaguchi-Pref., Japan. (< 0.8 mm)

Shape of specimens for strength test 4 x 4 x 16 cm prism.
Method of strength test: k

Flexural Strength: loaded at the center point of 10c¢m span, calculated by
6, =0.234 P (kg/cm?), data are mean of 3 specimens.

Compressive strength: tested by 4 x4 cm metal bearing plates using broken
portions of prisms. '
Calculated by ¢,=P/16 (kg/cm?), mean value of 6 specimens are given
at each age on the table.

Where P=maximum load.
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FAHHECALBRAR A ES R BE © LAY CoRBERTTR 2, #B4E 5 mm LIF, HB+HE 25 mm~
5mm iSO CTHERL 2. BESAE Table 2 cis.
Table 2. Aggregates (Tested by JIS A 1102 and JIS A 1104)
Percentage Passing Sieves (mm) ,Umt vol.
~ [ i 7 : 5We1ght
015 03] 06| 12| 25| 5 | 10 15\20‘%253kg/m3
Hiroshima- | pine |09 5.1 |83.5 69.392.0100.0] — | — | — | ) 1670
mura, | l | )
Saﬁfﬁgﬁg{ggn’ Coarse | — & — | — | — | — 0 131.666.9 88 0 Floo o! 1575
(3) #
IR 19 mme. AL PTG,
FIEPEE JIS G 3110 i x 3 D-13 (SFEEdh, SoeED
BRI D 5 T 4TO7chs, #5M%E Table 3 1woRy.
Table 3. Reinforcing bars
‘Ségcel}x‘laggif _Unit Diameter Stress at| Tensile | Elonga-
Type of Steel bars Deforma- Weight g;ill% Strength tion
ti i 2 2 |
- on 1o/m N(;;nrglal Me;s;?lred kg/mm? | keg/mm? %
18.8 31.8 43.8 | 321
Round plain rolled bar, - 19 18.7 31.6 43.2 30.2
mild steel. 18.7 31.7 43.2 32.1
18.7 31.3 43.7 30.2
JIS G 3101, SS 39 —_— — +0.5 0. K. >24* 39~53 >20
Round deformed bar, 7.19 0.928 — 32.9 41.0 26.9
intermediate grade 7.1 0.940 12.7 - 84.2 47.3 28.4
steel, SSD 39, D-13 | 7-23 0.956 — 33.8 53.5 22.1
7.20 0.956 —_— 34.1 47.9 27.4
JIS G 3110, SSD 39, max. 0.994 -
Do13 g3 +0.0795 12.7 — >24 39~53 >18
* Stress at Yield Point should be greater than 24 kg/mm? according to the Japanese Architec-
tural Standard Specification 5 and the Standard Caleulating Method for Reinforced Concrete
Building (The Architectural Institute of Japan).
(4) =v 29 —~1rOHE
1:2.33:3.53 (BEBH). Kerv 1+ 602%. =23+ 7 20cm.
5 Sl EREE
A S.T.M. ##s (C-234-49T) it T, 7a x5 ~% 10 + v FRESBICHEH LS s 15
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Fig. 1 Measuring and Testing
Apparatus for Bond Test

Section a-a
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Fig, 2 Method of Testing Bond of Bar and concrete
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Table 4. Curing and Test of Specimens
Bar | Grade of | | Age at Bond Test
Method . - Efgey |_Freezing iCuI?ing afterw(zot included Early,
o No. e- | Surface ! . o Freezing ge Luring rerio
Testing Type inforce- Condi- O(Cﬂi }g: T%Iélp‘lzfggg Period “day or week
! ment | tion y) i 1 271778
'B 5x5 {Outdooz (notavoid todry) 10d, 4w, 13w
‘ | — T
¢ | Rounded None | |4~8 Room 4w | 2w
Plain ’ 4 | o Temp.———| i -
| F | Rolled ; x 4w >10°C ‘ 17w
; Dry J - A | ;
K _5 fg‘fz b g 13W
e 1’ Rounded. Vertical g T dem O j_’l’%—
i Za ertica Lo emp. : ' w
| Deformed _ L xdwiG
| H | Rounded S& — ‘ | 13w
‘ i Plain Frozen ) : e
'Y | Rolled _g0 | 18 A '(l)‘;e(Jmp Bw 13w 2w
; O Rounded 5x5 | 4~8 Room ; i
puah —— Plain -5 4 ¢ Temp. 0 | Sw| 17w
' M | Ground | X 4w >10”C | |
out ™ | B I R
- A | Rounded : Outdom (noﬁ avid to dry) 10d! 4w 13w
| Plain ; : | ‘
; L L Rolled - Dry | \
Puli- Out‘ 7h Rounded Hori- | ‘ 4.8 Room‘ 5 ;
Y | Deformed | | | o :
— erormed zontal | | -5 4 C Temp| 0 8w 17w
| P | Rounded | | ‘ x 4w >10’C f
; - Plain r
Push- | | i
out N | Ground ‘ ! | ;
: X | Rounded Dry ; In Water, 20 = 3°C : E
Q| Plain | C |
- R | Rolled g ;
Pall-Out. Frozen | ; 1
! ounde w |
‘ 7Ze Deformed Vertical
; T | Rounded ! j
t——  Plain
Push v Ground | 5 ' 8d 1w 4w
! Rounded : Air, 20 4 3°C
18 Plain Dry
| | Rolled i
Pull«Out Rounded i
24| Deformed Hori ]
? zontal
‘g U | Rounded
Plain |
“Push- ‘ ! i ‘
out ‘W Ground i i | )
; 7 ; ;
D | . [ | {
B st A | 4 AL 0 4w 8w
l K | Rounded ‘ Frozen 20 x 3. i i
‘, ) L S
Pull-Qut} J Plain \Vertlcal Wet : 5 Omitted»
D | Rolled | |
E ZI Froievn None | Ceased by the Results of No. C

| i

AH Specimens except A, B, and X, were packed mth Vinylchloride Sheet to avoid drying

and were stored in air.

* Considering that the difference of bond between dry and wet

surface conditions of bar with concrete made by wet consistency mix is small.
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Table 5. Grade of Curing-

! ‘ X . " i
'Early Age Curing| Grade of Freezing | Curing after |Grade of Curing at Age

j Freezing Period of Test** °C-day

No. i ‘ i
iTemp.Period| °C- Temp.Period o~ ;.| Cx | : i
" “C | day | day | °C | day O 9 |week o
104 4w 183w
AB } Out-door*
4w 8w
- ' § | i ; i r 48 Room Air
C § 0 i 0 I 0 |~ 5 S 28 D 141 i dw ~100C | 178
o0 | osw | 1w
FL 194 | ~146.5 19.4 | 2275 1057
Za, Zb 225 ~158.5 4~ 8 Room Air 22.5 | 200.5 994
0,P 5 5 1189 "5 B 1 x4w >10°C | 18.9 | 244 | 1104
M, N | 20.7 | ~149.5 § 20.7 | 241 | 1090
No. Curing 3d 7d 28d
X In Water, 20 4+ 3°C*
Q,S 62.5 | 144.9 | 568.3
R 63.8 150.5 5563.1
Ze, Zd4 Air, 20 & 3°C 62.0 143.8 | 557.9
T,U .| 5b5.3 136.2 556.5
V,W 62.1 144.8 | 562.8

* Not packed with Vinylehloride sheet.
** (yrade of curing as indicated by °C-day is not included Freezing period but Early age curing
period. Age is not included Early age curing period.

1 SHKEBOKEHHRBROENE

Table 4 IR THEAB T 3 ASEHETE IR L 1T0%. #50M b B3 5 Hig S HFEAIC R
THE 0.05 + vRCIEL, B0 B lmm EOHSIE Lok, BORETORREE
fR& L THy 30 SRIEKL TERFIEL 7248, v =—r1 v — Mo TaEED b O RFRELRS
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Table 6. Bond Strength. Five (b) days early age curing at 5°C, succeeded by
four (4) weeks storage in cold room at —5°C, thereafter the temperature of
curing room ascended slowly.

- : Bar ! ]
- N
S ] °§' o " | Bond Stress at
Fg.é §4.> 8.§ Z Cog}cgggisgge* Bond Strength | 3/1000mm Slip | Bond/Comp.
2% No Type '*g g S el kg/czbn" ke /em? | (Free end)
=~ B 3 g , = 3 = 2 24
= SRR e | hgrem /
Age ** 0 8w i TTw | 0 Sw i lTw| 0 | 8w 1w ! 0 8wllw
‘ Rounded 1129 109 174 7.7 28.2 36.0 6.4 17.9 16.8 27 26 21
2.27 113 187 8.8 28.4 46.1 6.6 22.0 25.4 33 2525
F | Plain 3 82 113 176 7.8 35.0 51.8 4.6 24.6 21.9124 31 29
E Rolled m 29 112 179 8.1 80.5 446 59 215 21.4:28 27 25
E 1 28 111 205 7.6 20.6 248 5.3 18.4 20.9 23 19 12
E 2 28 109 176 7.4 19.5 33.3 7.3 — 241 26 18 19
0 5 328 106 194 6.9 21.0 87.1. 3.2 19.7 82224 20 19
Rounded, —— e e
m 28 109 192 7.3 204 317 5.3 19.0 25.7 24 19 17
—— | Plai | ; A
ain 182 117 202 5.4 25.6 46.2 17 2323
- : .
E Ground 2 20 124 211 5.6 22.4 42.4 19 ' 18 | 20
5 M 3 28 120 176 5.8 18.7 36.3 21 16|21
- m 30 120 196 5.6 22.1 41.6 19 19 | 21
I 124] 110 202 4.1 171812, — 16.325.2 17116 | 15
Rounded i ] ) i
2029 112, 196 7.3 15.6|25.3| — 14.3 23.6 |25 14 13
L} Plain | 3028 108 176 6.0 15.4|16.4 3.7 149, — 22 14 9
3 Rolled . m 27| 110 191| 5.8 16.0 24.3 15.2 21 | 15 | 12
o R ey :
E - B 1l 107 191] 41]155)168 — 142|161 16|15 9
£ 226 121 203| 4.218.0|15.7 3.8 9.2/14.3 16|11 8
P 8 327 116, 188| 2.0|11.6 168 — 105 — 7]10] 9
Rounded 5 : - ﬁ
m 26| 115 194 3.6 |13.4 | 16.4 11.3 | 12l12] 9
""""" ———1 Plal ! [ T ‘
o 1 29| 122 206] 5.2017.5 288 1814 14
g Ground 2 27| 104 204| 4.4118.8]88.2 16 |18 18
< N 380 | 115 227 4.8 13.0 23.0 16 | 11 | 10
5 S ‘ I
P m 29| 114 212 4.8]16.4;30.0 117 1414
‘ 1 19.3 ] 70.9 | 64.7 62.3 | 61:7
i 19.5 | 65.9 | 83.6 62.1 | 28.3
Za 5 3 15.0 | 51.5 | 86.6 48.6 | 45.8
- Rounded] > i -
g " m 17.8 | 62.8 | 78.3 {
it De- R !
g formed| — 1 15.1 | 52.0 | 92.0 0.5 | 62
'Tg’ 2 16.5 | 59.2 | 42.3 32.9 | 42.3
Zb 8 3 10.4 | 60.9 | 91.0 21.9 | 55.1
< T T 1 |
| B |14.0 574 |

* Tested by 15em cube after pull-out or push-out test. Apphcatlon of load is longltudmal to
the direction of molding. #%* Not included early age curing period.
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Table 7. Bond Strength. No early age curing, four (4) weeks storage in
—5°C cold box, thereafter the temperature of curing rocm ascended slowly.
: . s Bond
B Bar % Compressive Bond Stress at
2.8 Strength Strength | 3/1000 mm Bond/comp.
2% No Reinforce- Surface & Slip
DO Type g AR 8 k 2 o Fr d »
D y ment | Condition & ! g/cm kg/em? (Free end) %
= | i . kg/em?
Ager#x L Aw* 183w o 4w* | 18w | dw* | 13w | 4w* | 13w
i i1 50 2 2.4 . . — 25 17
o | Rounded | > 8211 | 5.8 9.9 [

2 ; | 2 38 1 127 9.0 | 0.9 — ‘ 106 24 | 9
& | C| Plin | Vertical | Dry |3} 39 108 75109 — | 89| 19 10
| i : ! i |

& | | | |
{ Rolled m| 48 106 96! 90, 23 | 9

* Tested specimens were frozen state.
#* Tegted by 15 cm cube after pull-out or push-out test.
Application of load is longitudinal to the direction of molding.
#=#% Not included early age curing period.

Table 8. Bond Strength. Five (5) days early age curing at 5°C, succeeded by
eight (8) or thirteen (13) weeks storage in —5°C or — 30°C cold room.

Specimens stored in cold room were tested after thawing.

w 5 MJ‘ i ,li — 2‘ Compressivg; Bond Stress at
] g’gé S e B8 §-§ ~ | Strength Bond Strength 3/1000mm Slip ' Bond/Comp.
§8E3 % 22z B 92 g g E] ) (Free end)
o K= -2 3 2 af
& 2&*1 = 3 C%C% 3 kg/cm cg/em ke /cm? %
Age** [0 8wldw!l 0 8w 18w, 0 | 8w | 13w @ 0 !8widw
12850567 7.1 124 16.9 | 51| 9.9 12.8 25 25 30
.| 218 58 71| 9.8 é13 8 14.7] 4.011.9 8.1 27 24 21
G & 3|84 53 55 89 | 14.9 |18.6 8 |14.0 10.8 26 28 25
S T S 1 ; SR
C 2 m | 33| 54 | 61 l 8.6 | 13. 7‘115.1 | 5.7/12.0 10.6 26 26 25
=5 & 1 34 53 57 6.9 10.5 12.5 4.6| 9.0 10.1 20120 22
E £18 g 2 81 52 58 5.7 108 118 49| 97105 18 20 22
= H = 3% § 33 46159 6.1 12.3 14.0 3 9.5]11.9,19 20 24
oM SRR — . :
g m 32 50 56 6.2 11.0 12.8 4.2 9.4 10.8 19|20 23
,,,,,,,,, — 3 X - . : : .
= 1] |39 38 119 11.0 | '10.2] 5.7 26 | 29
o0 .2 383 | 84 98 6.5 7.5 22 | 25
Y [ ! | | i ‘
—30 A8 |38 87 | 8.6 9.9 8.2 6.5 23 | 27
Cm 8 3 96 102 83 66 24 21

* Tested by 15cm cube after pull-out test. Application of load is longltudmal to the direc-
tion of molding.
** Not included early age curing period.
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Table 9. Bond Strength. Outdoor (Sapporo) from January 30, 1954, after
five (b) days early age curing. Unsunned.
Bar . .
B o = 2 Compressive* Bond Stress ?t
"g.g NoJ & . Re- .gft% o Strength Bond Strength 3/1000mm Slip | Bond/Comp.
LI B B A I
< ment |3 8l & g/cm? kg/cm? %
Age¥* 110d| 4 w|13w] 10d | 4w | 183w | 10d | 4w | 18w [10d |4 w|13w
1 771 81| 8| 16.8 1 20.2,28.8|11.2 6.8,10.8!22| 25| 32
5 2 151 67| 72| 9.8/18.5/23.9| 2.7|10.8{17.8,19 32|83
B E Vertical 3] 46| 56| 67| 9.5|14.3|18.7| 5.0|10.7|12.5|21 | 26 | 28
§ .g m | 58| 65| 83| 12.0 17.7 | 23.5 9.5 13.7,21 |28 31
= o Dry
‘f‘ - 79 82 98110.0,16.3,13.8, — 10.2) 6.4 13120 14
'qg) Hori- 2 47 71 87| 9.4 145150 7.8 ,11.2 12,020 20| 17
A £ | zontal 3| 48| 50| 67| 7.2(12.0! 9.6| 5.4 7.4| 6.9|15|20| 14
mi{ 58| 71| 8 | 8.9 14.3|12.8 9.6 83.4116 120! 15

* Tested by 15em cube after pull-out or

to the direction of casting of concrete.
*#* Not included early age curing period.
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Table 10. Bond Strength. Cured in air at 20 == 3°C. No. X is cured
in water at 20 == 3°C.
bS] EISar S Compressive* Bond Stress at
<8 o |5:/88| & g h Bond Strength | 3/1000 mm Slip | Bond/Comp.
S8 No o S ESE = trengt ; (Free end)
ol = qag &8 i% kg/cm? kg/cm? %
= RN kg/om?
Age 3d 1 7d lzsd } 3d | 74 528d } 3d ‘ 74 }zSd ]3d§7d[28d
1 39 98| 170 | 11.5]19.3180.0| 9.0 13.6|21.4|30 20/ 18
2 | 50 96| 172 1 12.0 | 21.3 39.0| -—|17.1]29.2|24|22 23
X 3| 42 97| 156 15.3 126.0|32.6| 8.3, — |22.8136|27 21
o) T H
& m | 44 97 | 166 | 12.9 | 22.2 | 33.9 ‘ 24.5 30|23 | 21
2 Dry ‘
F 1] 41 | 8] 18] 9.7 17.1130.1 11101 ]2e]19]19
8 21 52 | 11| 179 12.8 | 26.4 | 29.3| 8.7|14.7|14.7 25| 24 | 17
Qg 3 42 | 98 156 10.3 208 |32.7 6.3]18.4 125 21| 21
5 o m| 45 99 | 164 ] 10.9 21.4130.7 10.7 | 14.4 | 25| 21| 19
J, 3 -
B § < 1] 3 75| 121] 9.1116.4  23.1| 7.9|11.3]20.4|25 /2219
2 8 812 51 85| 160| 7.3 125256 — | 9.6,25.1|14|15]16
R 51813 % 71| 123 | 8.1|13.0(80.9| 7.2/10.6 27.1 18|18 |25
PR Im ou 771 1351 8.21138.926.5 10.5 | 24.2 119 | 18 | 20
= 1] 43 98| 163 |15.120.8 31.8|11.2|15.0 | 23.2 35|21 |20
g 2| 40 82| 163 10.0 |18.9|32.0| — |13.0|31.0 | 25|23 20
7|5 3| 4 89| 106 | 11.4|18.3|27.7| — |16.2|26 |25|2L|26
= m | 43 90 | 144  12.2|19.6 | 30.5 14.7 | 26.7 | 28 | 22 | 22
e 8 Dry|
= A 1 44 91| 155| 8.3114.9!32.7 19|16 | 21
g 2 2 | 44 97| 166 | 7.6|19.5 | 39.9 1720 | 24
2V 2| 45 | 109 140 | 9.1|22.1|34.8 20 | 20 | 25
o]
& § m| 4 99| 154 8.3|18.8|35.8 19|19 | 23
8 1| 40 80| 195 4.6 9.6 23.7 1212112
23 2| 45 93| 172 | 6.0 8.8 14.0 13] 91 8
S |55 3| 48 97| 183 4.6| 9.5 21.2 10|10 12
Qo -
3 =3 m| 44 | 90 18| 5.1| 9.3 19.6 121011
i LR 1| 56 | 99| 160| 6.3| 6.9 15.2 14 |11} 7|10
5 2| 7 | 117 191| 8.4]10.4 21.3 16.8 |15 9|11
U|& |8 |Dry| 38| 56 | 119| 154| 4.1 | 7.5 14.8| 3.1 45| 7] 610
g3 m! 56 | 112 168| 6.3 | 8.8 17.1 1] 710
2 & 1| 53 | 102] 177 5.4]10.4|22.2 1011013
3 2 2 | 54 87| 167| 1.6 |10.0|24.5 311215
,§ w § 31 b1 90| 148 | 2.4 |13.6 | 24.4 15| 15 | 17
& 2 m | 53 93 | 164! 4.8]11.3193.7 91215
- = 1 25.6 | 41.7 | 49.8 | 22.0 | 20.6 | 43.4
A 2 26.039.6160.7| — |28.3|29.3
Ze| £ | % 3 33.9148.0 | 71.4|21.2] — |44.9
E g P m 28.5 | 43.1 | 61.6
= A = |Dry
7 o |8 1 38.0 | 84.6 | 59.7| — |18.635.6
9| E 2 22.9146.7184.0111.1119.4 | 49.7
za| § | S 3 29.3139.0 68.5|11.7|26.1|53.5
SR m 30.1140.1170.8 21.4 | 46.8

* Tested by 15cm cube after pull-out or push-out test. Application of load is longitudinal to

the direction of molding.
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