Qalg} FalE W TAES] WA 7MY
The Experimental Study on the Durability of Concrete under Freezing & Thawing
Action and Salt attack
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ABSTRACT

Salt attack and freezing & thawing test, one of the combined deterioration tests was performed to
explore the mechanism of concrete structure deterioration under marine environment. Simple
submerging test was proceeded to draw out its diffusion factor with salt water at the same time.
Some of the mechanisms were driven with using three types of cements and four kinds of salt
water concentrations.,

o TBC was more durable than OPC or SRC for freezing and thawing action

o The higher chloride concentration of salt water was, the faster relative dynamic elastic
modulus decreased and the higher the loss of weight was.

o The diffusion factor of TBC was smaller than those of TBC or SRC at simple submergence
of concrete specimens into salt water.

1. M2

HEBZE w2d EaE F2EC AHE d3ts FGal, T, $43, FAGH o2 qEd
T At 28 2 TEEAE 0BT il NEE TAHAA 41 FPHoR FEote 23
EFzEY d3E i AUENLYE S ot TAYEY ddEsto i AFY 58 #7HE
oz2x WP E AFs2 AT A Fx29 dsEAE Aoyt BAE & yrel givh webA
HZ F 7HA olde] ddgstHEol T 2AHE Bgdsd AE AYY T HWAPLEM B
o @4l 77hE HFE dEFe FHstE FAT 2 dATcMe @Y x2E EIYE FXE
of ZAHE Aoz i FHE T ‘?—}1—‘:— TEEHEE dUWEILEes gAete g
gt vaEASET. Y UL AWEE BFESAS AHMEOPC), HAAHEAARE
(TBC), &4 4E AME(SRC)E 3t N2 & vlaA .

2.1 élféﬂlﬁ

zmo}o% GRATE At 45 32 S AN YU 2ol 2 e %71& $24HE U5
SIUTHKS F 2456). JHESHASS $3¢ 2743t dste] A9P=E
A JRAT HEE JCIRAAATAANNA 4 (EAYE F2REY 24 - PG
ZFAUCI-SC), o met ZRstgch. ERANRE ARG BLARME0POl 50T 200ces] FFFE
Hated mRAL F AFHAE Fo 484 FEs] WIWEE S5 H(EC-meter)E ] 45}
AEEE Z4se] gREER BAag

- 384, 5970 FolEdrd $UATY
o A3 5L7EA SolEd T £AATA
sx A34, BANHFA FIEATH AT

20059 & stawyEd =231 213



22 A& R
AMEE HEXEAZAAE(OPC), AHAEAAWE(TBC),

1 FPAERE B9 2o TAE BB SHAG S EPAE,

W FFAAE(SRCIE

AHg 3t v

2FAZ 25mm 44

& ARgstglen, 2 FAANY AFdE 329 2o 23 E WEule ¥33 gon ASAERSA)
E AHEstREd, B718F EXSHEEE FA0 237 Y8 AEAE dE=E A@eto Agsigu
EAUE EEAE MNE
. 294 4% S5 e
2 e ARE
| 2ue | ganzn FE22E 28 age| ga | 3e |3 R
T F - % A avlE 3 | g
£ Blaine|BET| 22 | 22 | 3d | 79 [ 289 [ o1y | (72hr)
@9 | - | on/g (m/g| ¥ [ A2 | MPa | MPa | MPa | MPa | callg | % % % -
47 |280] 4636 [ 18] 205 | 916 | 267 | 377 | 418 | 427 | 4556 | 290 | 202 | 150 | TBC
47 (31203340 | 12| 285 | 1027 | 330 | 338 | 414 | 456 | 7717 | 271 | 250 | 117 | opC
47 [321]3426 | - | 302 | 1040 | 255 | 290 | 402 | 422 [ 4954 | 197 | 146 | 086 | SRC
E2 3% ERAY MNE
T D .
Ly | FEEA| L | w4 Sy No200A 534 | 2% | wEg
i o 5 m
Ao (%) ZEaAAH] FA98 (%) FM. (%)
ZEA - 260 1.14 1411 1578 261 2.32 .
FeEA| 2mm | 261 095 1.308 1.463 . 7.14 66
E 3 232 EELAE '
B FLE) sy | o . @ # F (ke/m)
e | me A g ag| FE A s 57
NEHAE o g ¥ s/ T ARE RAFA| S0 [TAZAER
w/e | A% e | o [ w| c | s | ZN [ aEpan | ABA
(%) | (mm) | (mm) G (kg) (@)
TBC-415| 419 | 25 | 21330 | 5:15 | 449 | 160 | 3820 | 7610 | 9330 420 91.68
OPC-41.0| 410 | 25 | 15:30 | 5:15 | 450 | 161 | 3030 | 7740 | 9750 | 5895 -
SRC-41.0] 410 | 2 | 15:30 | 5:15 | 450 | 161 | 3930 | 7740 | 9750 | 589 -
3. Hsli 2t =3l
31 sy F3)
frSdA FE v LAYEE AIsE AWEFUTA "Efé‘)ﬂ*i < 29 1 >3 gl 5H¢
$E B2 P weh FUFeAFIt PA ‘5017%% A%E BRY 7 A A E5Y AAEE 4
4% ZAYEY fFFoM FAAFAHL OPCH SRCo Hlﬁﬂ TBC7t & Aoz #EHYD,
10% Fx9] FFoA OPCS SRC7Zt 694to] Eoll A AU B A A7 60%0ld2 Holx = wd TBC

£ 1014} 2914 60%013t2 FojAE A&
i Agye

257 %3

2428 $ U 3 G549 x4 g2
4ol v 59 36%7A=
Ae W IEFE 6.0%9 100%ME TBCE |98tz

1A E7E3] Gl S '8 A7t dofx

SECEER

€t Ego @

FUHEEH AT 60%0) 5t =2

gojAlk Heg BAHAL
A+FolN BHE Ve 2ades $IUNE A9 29 < 2Y 2 >% o) AU A5E
2 3P0 Zast B 2olw Utk A dale) BFRTHARIA Aolo] e AEBE
Z2ade 23T 4 gt AR AW FRNARE nAG Bl wAHD BH Rgey



37t A& sl ol follA FFol &t Frlete FAES HolX
1

o %

5500
5000 g_}‘—_&_mwﬂ S "-:?.-—
4500 :
o]
= 4000 g
3500
b AN
T 3000 .
o A\
\
g 2500 ——0PC-0% N
2000 H -~ OPC-3.6% ,
0 . - OPC-6.0% N
150 i OPC-10.0%
1000 -
[ 20 40 60 80 100 120
LY EBHE B (cycles)
{a) OPC
ssoo1
5000 ge—- = c— ':ﬂ_> — =
4500 s
£ 4000
¢
X 3500
» D
© 3000
W N,
¥ 2500 | —e—SAC-0% s
E
2000 ——SRC-3.6% N _
. <- SRC-6.0% R
1500 i SRG-10.0% l
1000 — — _— S _—
0 20 40 60 80 100 120

£ 88 4% (cycles)

(¢) SRC

E3H #H(Wo/Wi+100)

——TBC-0%
—&—TBC-3.6%

g TBC=10.0%

TBC-6.0%

20 40 60

BT Gt vHm 85 (cycles)

100 120

(e} TBC
8 1 dEsxsY
a8 2 dESCY Hilts

FAE OPCEY SRCS TBCOAA 94 A=

5500
5000 B oo L —— =
4500 =§= - - ':;ﬁ__-'
£ 4000 it
& )
x 3500 .
2 i
w 3000
w H
g 2500 T —e—TBC-0% L
4
o000 || —M-—T8C-3.6% ]
¢, + TBC-6.0% i
1500 e T8C-10.0%
1000
[ 20 40 80 80 100 120
EUBH Y& (cycles)
105
P
100 b
S
e y
g 5 C
g 3
E L.
g 90 | —e~—orc-0% kY
g —W—0PC-3.6%
85 % OPC-6.0%
oo OPC~10.0%
ac

20 40 60 80

BT B AL 2 (cycles)

100

{d) OPC

B sHWo/Wt+100)

—&—SRC-0%

—fi~~SRC~3.6%
SAC-6.0%

e SAC=10.0%

RERIE

.ol &3

293 Faak &+ sled £ dFdAE o ZFE dF57)

20 40 60

ST ¥ 8| S (cycle)

80 120

(f) SRC

zasEyy Y2AANA 2AYAER =g W Az

719l gt gEe] AF 7%
ES 239 ALT A= 35

Tk 104kl Fo| FRE = B4 AFE
A& BEE + AArh

=

L

ki3

20009 % & sh&dRus =23 215



A BeRAE A Rold GEFE Z2Rde o] oF < 19 3 >0 EASAT F4e
74 ABATE Ficksl SAA4HCE FAAFE 9
OPCH SRCHH %& GESEE 2ov o R4S A4 288 eian

060 060
g 050 5 050 "\ﬂ-w_ =
é 040 "é 040
3 £
8 030 8 030 v\
3 020 2 020 H—7ac
§ 010 g o0 U +§f§‘é
000 s 000 A .
0 2 4 6 0 2 4 6
Depth(mm) Depth(mm)
(a) 3.6% (b) 6.0%
080
080
070 _ 070 e
2 960 e ® 080
e S
é 040 '—Qi'——”- § 040 é - TBC~ 160%L
® 030 i o SRO-3.6%
b o—TBC \ 3 ¥ — W~ SRC-6.0% ]
6 020 R k] ~@—SAC-10.0%
= —m—-SRC = 020 —+—0PC-3.6% |
G o0 H .. oprc © 0410 —»—O0PC-6.0% ||
000 - « . e OPC-10.0%
0 2 4 6 000 . — ry
Depth(mm) 0 2 4 6 8 10
Depth{mm)
{c) 10.0% (d) OPC, SRC, TBC
I 3 sy Zolof g dEsx #E (@)~ ()
8 4 AldlEe] ZRY AstEYL Zolo E =20 (d)
4 8 &
IR FN AN Z22YE FREY EHUAYUES THELA et T EFLs g 44
& A, BEdFAALEL Ehel HAALE VAAUD, A T AACE AE8m, i 7
A 55 448 Agsd B¥ds WAUZES FYsd,
o g4 FdA TBC7F OPCY SRCET} FalXado] & Aoz vepytrl
o A4 FEJ £L4E SN Wil weh AuFwAASs} B Doixu, T3 7
25 £ Aoz bt
o dEdFAA M TBC/t OPCY SRCET B2 R ¥EE B¥on, ol 44T & &
Yepd o -

FaEgd
1. Tarek Uddin Mohammed, Hibenori Hamada, and Toru Yamaji, Concrete After 30 Years of
Exposure-Part 1 : Mineralogy, Microstructures, and Interfaces, ACI Materials Journal, V.101,
No.1, 2004, pp. 3-12 ‘

216 4W+4



