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Bond Strength between Concrete and Reinforcing Bars
in the Case of Cold Weather Concreting

Yoshiro Ko

Abstract

This paper presents the data obtained from the second experiment on the influences
of the freezing and thawing action on the bond strength between concrete and reinfor-
cing bars in the case of cold weather concreting.

The test specimens, not removed from the mold, were cured in air at 10°C for 3
days from the time of placing concrete. It is considered that the effect of this curing
is similar to that at 5°C for 5 days.

The test specimens were wrapped in polyethylene tubes to avoid the drying of sur-
faces of them, and they were frozen in air for 20-22 hours. The thawing was carried
out in water at 6-9°C for 30-60 minutes according to the frozen state of them. The
polyethylene tubes were removed from the specimens during the thawing period.

The bond stress-slip curves and several figures, showed the decrease of the bond
and compressive strengths by the action of freezing and thawing, are presented.

From these figures we can suppose that the bond strength was more greatly in-
fluenced by the action of freezing and thawing than the compressive strength, and that
the curing at 10°C for 3 days or at 5°C for 5 days should be the minimum for cold
weather concreting.

B R
1 2
2. 2
3. 2
4. 6
5. ERERBREETE -ovvveerormrrtemommm e s e 7
6. RIRKDVEI & 2 OBIHITEEE o errrrreerome s 7
T, GRS DM TTERERDIIHE --vveveesvrmmmrersmress st 7
8. ;ﬂgﬁ@%&:%&geﬁj% xj- (] ;,1__!7%; ............................................................... 8



198 L 2

ﬁ
nnlr

FHICRE ST Y 7 ) — § OMRIC S B B o

N

BT AEE” OB 2 LCOEDTERL OT, ZTOHTDN

TEERCHEY W<z Thb %, SEOMB IR LONER L LTENz v 7 ¥ ~ PRy R

VRS 3 B 384T

s E L TRk b O

T vz s, TEM K s
b5,

2.
B @ 2 Tz e y79-¥®§ %, TOWEX T DRI X
3O HFHLTELSONMELHBATSLOTHED 2 H LTS, Hib
1)y =vyy—rnRacibl, BEFEITR W TED CRRERIEE LYER 2 20 %
FCRT L 28 M LIAHEEOLOZHE LTS D,
@) JETEMCHHE B vk, WHIEORER SN, M3 HIIE 14 f-i o
CHFETER R OB LA 2T 2 5a 25 e 354 0,
(3) WIAACHD TR oM, M2 vy U~ PRITE L BHUVERE 3 HigoMicH
FEAE R L s FLE LAY ZT 2 5EEHNRE T3 O,
O 3HET, S (2) B T 5 b oo bR~ D
3, Wl K/ B UM L A Y P ROFEE IR Y UC, BRI O
DIGE L REHR WS OWT I Y7 Y — Y LT OWBERECIUT Tl E OB OB E

% Mgk TR rHEHELELOTHSD,

3. EBE-REROHEIER

S R R R
CBET LT R0

TR TR 2 R OB LRI 2 v 7 U — F & @ O E TR
LIERP S BT, NeETLTWS “2v 7Y —t ofFfiE -+
BEBR W THL LR oS T OMS 2 4B LT, HlEREEGE LiEiie
RAE LK OB T E & 8 T e,

pe q RN
B TR R

t

1

(1) BHEEBOLEZIT\W, Bl s
gL Ch2hayvy sy —t Lol
LB LD THB,

o

TR OB L+, B RKER TR OB
SO &R bO TR




w

TRMBHTHITORED 3 7 ) — b L BMOHMBRE 65 2%) 199

@) SN TIHGAROBR L %25, —WEH L 3 THEING, RYQGTHEH D THIE

i B B DR O I £ T 5 £, < AT K i RS

%, XBREBC LoD %

Py

DHER T OWHELTHME LRI b i, #linig
U7 Tl & U5 B
LT 95 1 D H05RIe e 5,
BT WL O LTRKOE & HR AR S, B—YE
FAeEl Y R Licb o L i Lk,

@) #Hof19mme OL LB, LOMBETERE G el gifd W — o b

FTHRECH B, i E RS DLk

CHIE

DThHD,

(5) il @ Hia J5 1AV 43

—REEBC IS THREEIC D W T S A L
Tdh D,

6) HARmAL Ty 7Y~ HEkokE X
5~ 10 } v) OPHRT 15 cm v {2 3

7)) 2v 7 )=t oS E--RERCR Y OR Lok, HoPCERII G o

‘” l/< j\.):HnJ\u:

PHRAZ L O3 WeLickd 4faES, BLUAEHAY R LT ~AE ) Fi
AT v T 18~20 cm B RIEL, fidoz v 7 ) -t of s Ee il 45 E55Y i

W L& R 20 2 283 %,
8) 'W@MI%WaLﬁ

IS T OB T v F A A B A £ G S

Erii kg JLASS. (Japanese Architec-

tural Standard Specification) 5 (1956) @ 9 @i &M BsEfioz v 7 ) — PiiT]
IHRMERD S C TS Oz RBT <& Th B2, Bl EREMOME Lo h ki
FMOPELBL BN TWS L, LhARFELOPIR v T RN e LTeo
TH72 10°C 1w € 3 B %3 5,

@ TV~ O EYEER LS TI0C 9%,

O BHER OGN OOR T B, KOG Licsaini
PSR 2T 5% C 2 @O TWD,

= e LTI 2R gEeY,  —5°C i (
W) Jeot —20°C BUF (AR 25 m® oK b
)

@ HEEOREIL @) (=) Wil e 25 2 9%, A Ui ORI E 0

BT, WHEOME VR D

CEDOTPRED D, TR FIN TR OMRD

G E
VC,’{;"\ZL\{‘J)/z{:(\k, ‘i‘}.’& //jm &zt L—&_}}\L 3 /Qo
© AU OB TR RBREREY & M b, KT A BN B ETI o

HHEHERREV B L BRI WO, SEVE—RKERD Do #EERICNWT, Hb L




200 # L ES 4

KR e LTEEORALEFE, HbRkGoBRARERZHVWERECHE T BB, 1
BWFoR)=F U VT o~ CREFYBE L CERET S FiEzHEok, Botliko#H
FORFTHEM IV ARG OB REBCHEIEITTIHETHS.

¢y BB RBREAE» b E 2 CIH1IEE Lk 20~22 15/ »
V5, B LB ORI R CE R TR oBEL BRI 5 ook, —200C LU
THEIR? IO IEOHELEL Lk,

© RBOFEERI=FUYF.~ToEERE, BRECTHLATRERDOLS
$96~9°C oAl B W TiRETsc L e4%,

& FoOBBRE—-RERICMHMOERIC L D, HEOBER IV ELRSBNLE 30
G~THEE e T REET THLBC 2 2R LTE 320, BEEFELAKRECL D LEOR
M o FEPE TR O B A W 3 5,

(10) FAERLE © B
Wit om<, BoFEEY X b EHERE L Table 1 iR+ #E =S 5,

Table 1.
Freezing Number of Freezing & Thawing Cycles
wic Temper- 3 5 10 | s | 2 |
_ L (2 __ature : i ] :

I
TAY 45 l o o o

( —_
TBY 55 Below i O O O
TCY 65 | —20C o o o o
TDY 5 ; o
LAY 45 ‘! o o o
LCY 65 -5C | o | o o
LDY (I o | o©

11) #HBREGAhd#ie L, (1) B 2TIEEESTRE TR D b0, AT
(1) —20°C LIFTHiig 4 2 b o Crasimid 2 i EEE 7T #55°C oK F T 28 BRI# AL,
ZOMEEERIZH<Z D202 L L,

(12) WA L T10Co e ciFo % ¥ 3 0, RERMLTABREIzF Vv v F
a~ TREATERCHRNCICC THIB 7 RERETS L OR{ER TS

(13) HBAEXEMBBC 3 AL L, BRoKROBEBNr RT3 ST TIEE L, [
aﬂv%@%@ﬁﬁ%@ﬁ®ﬁi%®w%ﬁb,ﬁWW@ﬂﬂ®km@%mwru@Mﬁ’
CRIE TR R b  WERICETEEC/E 0 7 (Table 2),



201

DM R (3 24)

S

EHEBEBCHTOEED a7 ) — b el

—0
1 1—o st
. Smm— 2a
. j—
I3 11— ) o
—— 38 201§ 1 JANLYUIAWAL
L —— § —O $S
RN S—- ONIYND 18
e
1 1——o s
n Av|
——0
. IR ) —
 Sam— s— | s |§ £aM
Y g2 ——o
. = s Aqll
0ty 84 9 y £ T | F—————o .
:M.“_%_ 952 8F 10 of AD1
B_.Nmuwm_w N\ﬂmzmwm mwm aw fr—o . L9
. oegtggyserbpaliiey Bl :
e AR BB ELEEEE RN EE TN AT — 0z 401
OLb 8L TS TR ¢
. »o_@wmcmﬂmu_{ [ o1
S v ez 1olb a\._ow MN‘ — P N . .
ogrhrsriEdea bl it i o
e b grh ok o eV EC IO b8 A AT — 0ZA81
WIEEL 05,7, 5
D R S o
Z 10 g ,
1S3L HIONRIS L RN ﬁm_w_o_sm 7 M m_rmlw.lob_ TEN o
201 LV GOI¥d ONIIND —— 584 96 1 o1 5 umm w —t 0 g | gy
. ENEN@w\‘omawN‘m.w Mo@_Mwmw‘w owvm —
JLWONOD ONIDYW © s:wmom,\mm_o:,w\.omqmm f 15/ EE) Y L 95V ET I 0z AV
G b § 796 v £ 7 A0l 5 LG b€ k848 ¢ § &g | rm—
WEh 8 L 9 6 v £ T 1 07k L9695 58523 ol 5§ 47 9z o 08 AV
1 15 PR ) . 0z->| g |?
jomvm— - S AqL
[ —) 9'G
L 15 ¥y €27 1—0 e
——0 2 s Aoy
L Ol b8 Lo9g | vET] ——0 5%
. —0 0z-> g9 [€L01AIL
— X
1 & v ez 1 ot b8 L9S ez ! —_— k2
) | Sm—1 SIADL
W6 e L9svezT 1ol b 2495 vl ez m—
L | ——] 0TAD L]
{ —————0
1 15 v £ 7 ) —0
| —— o S AgL
1 Ws949s | vezi —
28 LNOAY LV ¥ILYA NI . _ 0z->| ss o1A8Y]
sy ezt [0 b8 . p——0
L L9 s v £ ¢ ! . stz
L 07 b8 L 9 S YV €Tt Qb ‘8 49 S A4 £ 7 i ) vy
107 £ [ —) %4 ozanyl
L WL bg 968 | veT ST o B
——0 M.o;(b
——0
3 oy e Tt |0 b8 LSS AR 4 ! [assmmnnd 7
o Oloz->| o7 |&
g
1 0768 LOGYET ! OB g8 L9s ¥ €T | —0 “ B
1 WEE 8 L9 GYET 1 0CbL8 L0989 eC ol b8L98y | ez T o w
P —
F181Z1 Zi STYEECZ 1E 07 0181 LISISIVISIZI (101 5 8 £ 9 6§ v € ¢ 1|08 b28¢ [LOCSE W2 62 CE 12 0L B1 91 L1 91 SC7T 1 €1 1101 b 8] o [ |
1 4] i Dwtmory

4 dqeL



202 S O - 6

BB 105 4 Th 3,

P n 5 CCh oflod oT

(14) HiEgo “z=v o ) - b oW E

LAEOWEH D& HBRHHD 0B, Fe UTHIE AR E ROERIRIEC X D EE LT

T OAR TR B F_ T B FEBR T L#r BN OT, R

“#M&HC75X75X4OUHC“”“LWAV@ﬂTQWFD T RO T R T 5 2 e

Bl PEOBOBEREC LD o NEoREQE
ﬁ%ﬁ@mnuku«ua B
4. FEAMMERU2IY—FORASE
L A+
FABEE A v 7y Pt v b Ll (FHROF S, L5 N, WH3LES AR AW
fa) T, LAV OF FiEyx Table 3 o Th 5,
Table 3. Strength of Cement
[Tested by JIS R 5201}
Flexural Strength Compressive Strength
Cement Flow ov kglem? oo keglem
3d. | 7d | 28d  3d 7d | 284
" Normal Portland | | l l
Ny Cement 209 : 249 | 444 60.4 ; 108 ; 222 , 389

M

TR TSIA B R, Dbkt & T 5 mm i A A EhEE L)

R, R A2 0 LA B 470 T5~10 mm % 309, 10~

25 mm % 70% $iE & AR EBREEUTE S,
(3) & i
W AWM O 19 mme, AL T ES
(GlRIRE

e —

Evd: B A e
SR R S — P

AR AT UTCRIF L Th D7k, %

NEHTIMTHEEOLD 2 A ¥ PRICTRST Yy, B Tl L Tr b L,
4 zro2Yy—FoRE
TV I —TOPER Ty 7Y~ OWHHECHE TS

HHETSTHEHUTES 22 A0b, Tihe ok
SR PREELEBERALE YL oCHEDRLDOREDT, AT V.

Fl—ftcssc ezilElic,




7 BHBENCHTOEADI 2 ) — b LS ORISRE (55 2#) 203,

TR RERTHRHAEMIEGS 2 151 & Lok L, SEREZIHOE 140 &
Lz,

AAT Y THME—FWC LT Db, Tv7 )~ 1m' %) OoRERE—ET, il
AV P ass ke 2w Lt b [Table 4],
Table 4.

Proportion of Walt{zléige;ent Slump GIS kg/m®

Conerete (by weight) (by weight) cm _ Cement | Water
1:174 : 244 45 18 1.40 20 189
1:214 : 300 55 20 | 140 350 193
1:268: 375 65 20 . 140 291 189
1:3804:429 75 20 ? 141 267 193

5. BIHREREKRE

WY B 2 FE UL R LT 5,

6. HBREOERLZOVHERRLE

BB OV QT AW ER e &R UCH 0, Z OB 15om RT3 Lo
ARBERE (BE— B Fig. 3) Wiz fiEre <, av i -t olEn2igetr, &z

5 élu ) \Sm 23

2 %5 72 D W SR O30 B VB C R A Y 10 misigd { e L,
PERRITIAN O 2 v 7 ) — b IRV % 220 R IR A i o 10°C e 7n % BT 7K 3 ¢
U CRAR T I oe, 80 B O BEe o T 3(14) Ik i L B o a5,
BRI OFEOH EIL T~ TL0°C ¢ 3 B o Rl it B &, BRLo»
Hiftv ey — DI THiE AL, BEBEEY F L v F L — TR EE L LT
Pl D BRIC L,
s R O VLD o I Table 2 Wik Ute, F01E40E 3(8) (4 ) Wit L e = 8 4

FHNUVE o V—F =% il ¢ 1021°C 1T 3 B MBIHEI AT T 3882070, a8
G TOHKMBELTHE Y 2 F v v T o~ T BEL, HEHEEE R NI W,

7. gEHOHEIEROERE

T & 2 0o 28 ¢ o eyt X v gemio

PiggE 1R T 0%, £ ORp ik Table 2 1W< Th %,

B oW D R i 2 AT E AN YT, E0.05 b v ERCHIE L, M0 Ak

#L5mm Ll

Sm
Dfz, TV Y~ P EEMORERE - TRL md i d BER 0T

IEoiiar &
AR O E FORECHBA T L LD E—~WER LB CL S, X5 LT




204 #t VY 8

2% L EFEE OB XS WIEX RO BRENENO LD ICHE A SULE OO S & bk
DOIERECHET > EHRTRD LN LB TH S,
BB ER R oA T AR CINATHMCEACERZ ST T2 ¥ 7 Y — t OIEH

EERBRE TR0k,
8. REBROERRUERLHTIER
(1) BlEBC I8N Y7 ) — | ORESHE & S B RO ERCRT 2800

WOR BEHARCLEFoMI L s MEM LY R L 0 ERSEOEROEM TR
H %) » OBGIL Figs. 1~10 w@ Lz, o o Figs. I~4 AR THRE B L

50

10

iV -

I}
\
Il |
fm\ﬁbl J\

% w/e:0.45 w/c:0.45
% !
% 10 O30 F.&T. O30F .&T
020 120
FROZEN |A15 FROZEN |£15
2 | AT -5°C |v10 AT -5°C |V1o
0 10 20 30 0 100 200 200
SLIP AT LOADED END 1/100 rm  SLIP AT FREE END 1/1000 mm
&
3 Lo
S' w/c:0.45 | FROZEN ggg F.&T. | w/c:0.45 a " ]
BELOW
E 20 o¢ Alg /
v1
B %
0 4
A
a [/ I ] —m
B _ | I /// e R——
; | & @ FROZEN |2 381’-&
& BELOW A 15
©) ~-20 °C v 10 ©)
20 L ANE o 200 200

3LIP AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 rm
Fig. 1. Tested Immediately after the Final Cycle of Freezing and Thawing.



FTEBEMZHTOERD Y 7 Y — b LHHORBME (88 2%H) 265

\0

TeAEHCH v, Figs 5~8 ILllHRURR TN C ok c 28 AMEHEE LB OKE T
%5, Figs. 9~10 Bt i 10°CCT3 AR 7T A4 L ODRETHL S,

B ORI b &k 030 mm ER R L TH B,

@ FlHEEBIBEM e =Y 2 )~ OMERE & BERREER & oBRERY
Figs. 11~13 o Th %, WHERERL B O &, M2 @kE T 25/100 mm LI T 0 %7
WYOBWCHE LD IE THE T 203 ~FETe5H, Mo #@Y Rl Eow
THE2 OB S50 C, SER—ENEMIOREMEY S O TURTZ 22 L,

Figs. 14~16 BB &N AN ¥ £ CEMBERBR LT o R & SiRiE K
DODHFZEE R LT WS,

Fig. 11 » Fig. 4 ix iMoo 10°C ¢ Lo & &, —5°C ofRM CHliE 2T ol
b TRBh T B R E LRI X 5L 0 L 2R LT W5, cNTHRS & 4EORKKR
OWHETIMEREOBRTEHRIMWIER» D, A/lek ol dwvniofE Wi EFERLT
Tz D, CTHIERUERE AT Ao ) AR D e KA Lol E TR

) / 4
30 A
=2 (2] €3]
k) ‘Z;“ gw“ T
] %?;3-‘_\& e SN = 'ﬁ-’"
20 14
| a
v |
§ 10 w/e:0,55 | | w/c:10.55
e | 020 F.&0 020 F.&T
~ , 215 A15
| FROZEN v 10 FROZEN |V 10
AT -5 OC AT -5 °C
0 10 20 30 O 100 240 300
E;é SLIP AT LOADED END 1/100 mm SLIP AT FREEF END 1,/1000 mm
o 30 S
g FROZEN W °~’°'%§n FROZEN E/c- 2%
B BEng Aio F , BELOW T,
- -, o
. 20 °c  |©33 20 oc |51g
8 ag O 5 A &5 A
[ [}
= T v L —Y
= 4 A A
S e (1 v
g -~ | ——rv ]
g P—— o =
20 30 0 100 200 300

SLIP AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 mm
Fig. 2. Tested Immediately after the Final Cycle of Freezing and Thawing.



kg/om2

BOND STRESS BY PULL-OUT

kg /om®

BY PULL-OUT

BOND STRESS

n
Q

faid
=2
&=
¥
=)

30
@ , m
= A
20 / —TA —
e S @
" @ e
/ ) v v
20 | = —1x
w/c:0.65 (w/c:0.65
FROZEN |3 % .ol FROZEN_ | R % F&T
AT -5 %¢ (o1 AT -5 S g1
0 10 20 300 109 200. 300

SLIP AT LOADED END 1/100 m SLIP AT FREE END 1/1000 mm

20

w/c10.65 | FROZEN W/c:0.65 | FROZEN
120 F-zT BELOW -20%C {020 F‘P‘ZT BELOW -20PGy
5% o 3 | TRE R
10 (087 Oor | %
— e
7S %% i
AAT : (] A.AE]
0 10 20 30 0 100 200 300

SLIiD AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 mm
Fig. 3. Tested Immediately after the Final Cycle of Freezing and Thawing.

FROZEN | w/€:0.75 FROZEN  [w/c:10.75
AT =5 OC |[OH F.&T. AT -5 9¢ |O5 F.&T.
03 o3
0 ID @
[€3 @ S
0 10 20 30 0 100 200 300
SLIP AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 mm
20
FROZEN w/c:0.75 FROZEN W/e:0.75
BELOW 5 FL&T. BELOW &5 F.&T.
-20 9¢ -20 ©¢
<D &
10 & 7(__\1_.; [
ﬁ—d & /______ & 1
0 10 20 20 O 100 200 300

SLIP AT LOALED END 1/100 rmm SLIP AT FREE END 1/1000 mm

Fig. 4. Tested Immediately after the Final Cycle
of Freezing and Thawing.



kg /om?

BOND STRESS BY PULL-OUT

kg /em?

BOND STRESS BY PULL-OUT

R BRCHIOEED I Y v Y — b EEO MR (582 H)

50
Gl v o remeee{5]
//§ - y/ﬁﬁ:— A
a .. @
Lo 7’_ ] W
7 =
= ~
50 7 )T @®-
e 4 < '
/ ® ®
20 ] / :
o o/e:0.05 / ofer0.15
FROZEN |O30 FL&T FROZEN O30 F&ET.
| BELOW 020 BELOW 0 20
-20 %¢ |51 -20 ¢ |81
Vi ) ®| v 1 ®
0 10 20 300 100 200 300
SLIP AT LOADED END  1/100 mm SLIP AT FREE END 1/1000 mm
Fig. 5. - Tested at the End of 28 Days Curing in water at 5°C
after the Final Cycle of Freezing and Thawing.
50 /
LS VS
/ " A | f—"] A
Lo ~
P S e ] Y
20
su 7 o4 ]
/"*‘\- 5 I
20 :
omozEn /10 7 0.5
7 w/CiUs wW/CtUo,
mozmn  [/si%%, | | [mmomen |x/signge
<20 % |A15 =20 ¢ |al5
10 / T 10 10
2 5
B A
@
0 10 20 20 0 100 200 300
SLIP AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 rm

Fig. 6.

Tested at the End of 28 Days Curing in water at 5°C
after the Final Cycle of Freezing and Thawing.

207



208 # 5 BB

o ko S 7] -
3 2 © L 5
2 / I — T
® &
& 30
o]
S
3 2 V
\____._ - \M
B, e o T na
@ CHR S - R e—
A ,
E 10 w/e:0.65 u/c:0.657 ]
2% : O 20 F.&T FROZEN D§o F.&T.
a | FROZEN |2 15 BELOW -20 |4 15 i
5 BELOW |V 10 - = oc [v10 &
A -20 °¢  |O 5 S5 A
0 10 20 30 0 100 200 300
SLIP AT LOADED END 1/100 mm SLIP AT FREE END 1/1000 mm

Fig. 7. Tested at the End of 28 Days Curing in water at 5°C
after the Final Cycle of Freezing and Thawing.

% o
3 5
& G T v ——
g 30 a — o B
; /____52.\ &
B /| /
5, 20 -
m
[22]
4]
& 10 w/c:0.75 w/c:0,75
2 O5 PL&.TY &5 FL&T.
% Jg'aozm
2 ELOW
=20 °¢
(o] 10 20 30 0 100 200 300
SLIP AT LOADED END 1/100 mm * SLIP AT FREE END 1/1000 rm

Fig. 8. Tested at the End of 28 Days Curing in water at 5°C
after and Final cycle of Freezing and Thawing.



13

EHBEMCHTOES

Davy )~ EEHOMERE (52 )

20

kg/cme

[
[}
1
\6\

3 DAYS
AT 10 °¢

Ow/

o &b B |P
j
B

=
o

5 . o

F o @

& /____,_.3%_..4 ; A

@ LT & —_ A

%; I~ 7

220

2 .

& @

[75]

[a] 10 Jf

3 / Ow/co us Ow/c0.45

/A A 0.6 A 0,65
7 DAYS 7 DAYS
AT 10 °¢ at 10 °¢

0 10 20 300 100 200 200

SLIP AT LOADED END
Fig. 9. Tested at 8 and 7 Days. Curing Air Temperature was Maintained at 10°C

1/100 mm  SLIP AT FREE ERD 1/1000 m.

20 Owk: 0,55
o v o.B’J(S o
% 10 //‘/——‘ [ij: /—f 2 ‘;'
M f W —
! ] v ]
= = 7
3 DAYS 3 DAYS  |gw/c:0.
AT 10 % AT 10 °c :7"/0 o.%%
30 : 5] 5]

[—

~Z__|
v."h_

A4

A

BOND STRESS BY PULL-OUT
o n
=) o

4

7 pays |Ow/c:0.55 7 pays | Owk:0.55
AT 10 9¢ |V 0.75 AT 10 ° |V 0.T5
° 10 20 D 0 100 200 300
SLIP AT LOADD END 1/100 mm SLIP AT FREE END 1/1000 mm

Fig. 10. Tested at 8 and 7 Days. Curing Air Temperature was Maintained at 10°C.

209



210

b2

74

B

CURED FROZEN AT -§C
IN AIR TESTED IMMEDIATELY
AT 10°C | AFTER FREEZING &
oL TIHHAWING
s PERIOD Q
¥ w/c:0.L5 A}
4o l 8 o /
O x
g 8 /N
[ O
5 5
B )f( x x //w/c:O.§5
EA b —ryf wx
) o /x— O
- Q/ /f /7 X « ®
g < /1 / )
E O T / ®. w/c:0,65
& // i_ -~ e
@ ’ -]
2 2 ®
’ —:ﬁw/c:G.YB
I
‘ ‘ [ | l I
3d. 7d. 0 35 10 15 20 30
AGE CYCLES OF FREEZING AND THAWING
Fig. 11.
é0
FROZEN
x O  BELOW-20°C
A TESTED
& x o AFTER 28 ®
g \ 8 o DAYS 3
;3 \ e} IN
\ o ¥\ WATER
4o \ AY 5°C
o \o w/es &
& Yo A O \ouds %
LA 5
) w/e ’ \ 0.55 1]
5 0’75 \\/
¥ \ E
& “ \ Jo: A% \ @
XAW/C @
e\ko?gs \ \ g
?:20 8\ \ \ &
E . 2 8
g \
fal
\
\\
0
| [ SN
05 w0 15 20 30

CYCLES OF FREEZING AND THAWING

Fig.

13.

BB

60

kg/cmd

=
=]

20

BOND STRENGTH BY PULL-QUT

FROZEN BFLOW -20°C

TESTED IMMEDIATELY
AFTER FREEZING &

THAWING PERIOD

8

8 .
ﬂ/o L5
o x

[}

/:é\ %

4 :0.5
\o/o\w/co55

O~

CYCLES OF FREEZING AND THAWING

Fig. 12.

CURED
IN AIR
AT 10°C
300

FROZEN AT -5°C
TESTED IMMEDIATELY
AFTER FREEZING &

200

THAWING PERIOD

O/
o
ufe:0.l

PO-OXX X e O — O

10

[e] o

2 ©

x

e W/e:0.55

Vd x
7/

«

P x

o [

y; / o 2u/c:0.65
/' N o

I ! |

Al
A ———
.
-
a
.

>
[~]
bz

0 35 10 15 20 30
CYCLES OF FREEZING AND THAWING
Fig. 14.



15 EHBEPCHTOBEO T2 ) — + EHHOMEBE (521 211

FBOZEN BFLOW -20°C ®
IMMEDIATELY AFTER
FREEZING & THAWING! o
300 PERIOD .
300 x /w/c:o.l;
x o
fﬂo ® \ x x °
x \ w/c:0.55
200 200 n
E . E o x \
E E N ox
& £ ~_ ¢ N
@ %) - w
/c:0.6
- e | e
4 p 2 0\ f
[+ 7]
& =l w/c:0.75
g 100 = & 100 ‘\
i RN w/c: 2 \
x *0.55 %
/' e ° . 9 \\
L~ /G;_."\\ o /:w/c:0‘65 N
B \ ° )
- ﬁ*\u s Ve AFTER 28 DAYS IN
0.75 WATER AT §'C
P B T
035 10 15 20 30 o 5 10 15 20 30
CYCLES OF FREEZING AND THAWING CYCLES OF FREEZING AND THAWING
Fig. 15. Fig. 16.

EINBWWO LB T & &KW W3 2HELZ bID, BREREERC o n Tk —20
CTHRAHHHELECEMOL O UrfFRoTninnh b, CORGREeHhhEELYTTS
IR TH B, Lo Lo OBl TR B HE o En b 5 » — BB b
b orELBNLD,

Fig. 12 » Fig. 15 EENRE Y —20°C LUT & U 72 B8 O Wi s 5B R OV AR TR o S RE R
R L X B H”J\( BRTHLOT, LLOWREHBLL C 28HES, e boHcown
TELBo L, WERECHNEERE L VRSB EL T, 5 EL kv
EHCCHERAR OB RZT bRD,

Fig. 13 » Fig. 16 mifE s —20°C LI F & LU BRI A2 177 o 7o, 5°C ok
T 28 FMIARAE L7z iR OB L iRk » 0B RTh D, FOEHERERE LVWEYR
&, TOHRBEIEL LB LS ks Cch s, RERCLDE K/ »n45% ©

BACH 20 B, K/ H65% 0BETS5~I0EOMEELTCLEWTHLH S,

HI b o BiERHER 2 2 bR s ga-c (1 5 1 E) Sobaiiorfio 86 T b,
MR X D IR RERBE RSN oSG REERRT S,

@) SEOERIBAABRY—FLL TSN, K/t o3 i o, sivideid
YIEHEORE L OBEOHHREBECH L AN 8B LD, XAATZ VT2 B—~ELL



212 #k - 16

Ho18~20cm &t LT 4 b, I VEHI oo BERe I DI ERNTHD, Ll
AV YEOMIE AT Y TOMEE DR ER & IR DR ER T B,

@) ACI 0¥z vy V) — YO HE AT 2HERBRIE Y v )~ 10
B DT 2 T THHEETH 525, MHIC b RS UE o MR ETE LA

% b 7 %vem+m®fdémuam,E%%%@%@ca%%zt%éﬁ%%gﬁéﬁfm
DS D h, AERMEENCEI LT & Rorc Rk R 1467 B0 T, BB HNC R MR
CIRUCHENBENIEREAS TS0, FAREREOUF Y7 U~ FERECR
IR L — B ARSI EY Tkg/em? L LTWw 5 O, SEWEECH T o8&k

(e

EHRME RS HEL LR TCAGHL AN LR LD, H5-EOHk ok, #
MofE, HEHEEoRF IR~ d2) CHEHTLZ Y7 ) — P TIE R B S
HYRZE L CHECNEL RO 2 END,

(5) MHEFEEHME oW THSEO 10°CTt3 H, AR CHETHEEEL OB T L
TWB5CTEH LW O, INEBEREHEEEL V3 EBLrOoNTRILZEENREVDT,
MREEC Bk SN B BOL O FEAR TR CThH B, HRIVEWHAHRE S 3 MM HH @/
WZERHEELWE LT D,

TAY HOHETHAEH & 1% © CaCl, O ff i & il TClk, o iEH & /%R
WIS URRiEmE 6~10C) T3 a2z ah, *od plMREEseRvwL 22 LTnws

CaCl, Z L& FEB TV T Y~ P OBERIERAEERZH LTS ,
ErREZEORELLD L LA BEETH S,

CNEET DI, B0 AR RS ORECH Y T 2 WA R R R R L 2
5%, ZTOVEHORIE D CTBWEERAEROBHE T4 Y ENRH b vy, BEOE
T B VE R O B IR I R X D SR E R R S, KB Lo be ol

EHOEBRATLTHR L CRE LT R bin s, b EciiaE s e gEER 252
SRR KA LORECHESFTFELEOBET50R3 B E LW 2 Th

234

PEC © ARPhOIE 31 EE AR EEH BRI R c L o —Me LTER L b
DO Th %, FPFOCHA LM g TR ERENCEREFARERE T Y, Riueo
WTHAL R AR M B AR OB E 15, Lo g, WHREEE, hEERTFE,
FHERNHEER, JREBHREOHZRCIS10TEHS, T ELTUEBHIL T,

5 A R U B AR
(3 18RO & DB
1) #t B ﬁ%m%ﬁmmzm% Davy ) — b EGHOMERE 81#). JtRkTERURHE
115, H29.



BHBMENCHITONAED I 2 Y — b EGBHOWE®RE E28) 213

LD o ENCEY 1R,

gt BES: o vy — oG H 32 8 WEIETE.

ACI Standard: Building Code Requireraents for Reinforced Concrete (ACI 318-56), Proc.
ACI, V. 52, May. 1956, pp. 913-986.
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