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ABSTRACT

Reinfored concrete structures are easily corroded and fractured in the
marine environment.High performance concrete (HPC) has excellent
characteistics of safety,durability,workability,economy and environmental
conservation etc.There are many practical example of HPC application in
offshore platform,cross-sea bridge and wharf around the word The scope of
this research point to median strength of HPC with local materials.The
executing items include selecting the better mix proportion;manufacturing test
damples.The seawater spray over the test samples twenty minutes at an
interval of two hours.And these samples are taken for executing durable
properties every half years.The marine exposure period is three years.The test
results of this research are expected to evaluate and promote the application of
HPC for harbor engineering construction.

There are six kinds of mix proportion by using fly ash and slag in
substitution for cement partly of design strength with 4,000psi , 5,000psi and
6,000psi and two mix preportion of design strength 4,000psi with normal
concrete and fly ash in substitution for sand partly. These mix proportion are
under dry-wet cycle of seawater , and another one is 4,000psi HPC with dry-
wet cycle of pure water.For curing , there are two types of 7days and 28 days
with control temperature and humidity in the curing room.The test samples
include beams for flexural strength test ; plates for abrasion resistance ; and
cylinders for compression test , unltrasonic pulse velocity , resistivity ,
diffusion rate of CI", and water absorption etc. and massive concrete samples
for durable test. These test samples are manufactured already and only 28 days
testing data now. It is shown the HPC has excellent characteristics of high
slump loss , slump flow and flowing time , the workability is better , the
compression and flexural strength are higher , the concrete resistivity are

“higher. They are manufactured with cheap price of fly ash and slag. Therefore
the products is economic and environmental protection. Also their abrasion
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resistance is excellent and lower water absorption . Their durable proportion
will be check continually.

High Performance Concrete is under the process of " plan-do-check-
advise | cycle of quality assurrance. It is a better new construction materials

suitable for harbor engineering construction usage.
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250 0 2 | 64139 34 | 39 |79 52
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N~ T - SapEEny

3WKRERERE (£C)

4 EM BRI - MM R IRk

(BE{E)
SIKYE - RIKRBM < ILEHENE|6 RS EER
1 RERITE 8 M EER
6 SHEEBRELCHEERE (B REBERKNEES )
58 g 1548 40 5 B 112 14
w/C > 0.42 HAfKF < 170 kg/m3
W/B & f'c KR F < fc/l.4
W/S <007 |EEBETEHEEFT| <2000455
=7 %ﬁﬁ&iﬁﬁi@ﬁttﬁ&ﬁﬁw (4
I 4 | &I |we]wB|ws & e (Kg/m3) = % M
.| &R " ) .. R [F AR
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L | 350 |059]034] 7.5 890820 347 142 [ 1571 125 [230%20] so0+ s0
£ (D] 8% )
L 4 560 [044]032] 68871967 374 97 | 145 12 250£ 20| 600% S0
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EE T (X 10°ohm * cm ) SRR LR IE
<5 FES
5-10 =
10-20 B/
> 20 1K

F 10 BEFEHEERE T SBEESZRHEF

AEE R ( km/sec ) BE L NE
<25 R
2.5-3.0 hEE
> 3.0 EE

#11 FETIEAEEEE L 2B EE T MgV

BEHT ISR ( cm/sec ) BEE 285N
<1x%10° | 1
(1~5) x10°® ths
>5x 10°% =

=12 ﬁ}ﬁiw*ﬁ@@@i%gz%{% (62.63)

BS 1881(%)

BELAE Taywood Eng (mm/min'’?)
s <0.1 <3
T 0.1-0.2 3-5
B > 0.2 > 5
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# 14 NEE 1 RUKRZEBACRIER

el % & o
st ¥ (25C) 3.18
B2 A ERSE (%) 7.0
ta  Z (Blaine) (cm¥/g) 3,300
7R 3 £ 3,481
| ug 7 % 5,534
(psi) 28 X 7,183
‘ =3 380 in P2 140
= (min) ® iz 280
Kt 2k 7 % 78.49
5 (Cal/g)) 28 % 88.74
HOR 2(%) 8.71
BRRE 0.72
TiEih 0.12
it Sio, 21.03
Al,0, 5.40
Fe,0, 3.22
£ Ca0 63.78
MgO 2.73
SO, 2.03
b23 Na,0 0.20
K,0" 0.74
% # Ca0 0.54
& C.S 50.95
- C,S 21.86
% C.A 8.86
- C.AF 9.80

CAERAG S

2 8] 47 %
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*®15 HEFHMEFEER

¥ B % B FHEH ]
FEE (SSD) 2.63 2.62
BKE (%) 1.4] 1.68
BEAKE (mm ) 10.0 4.75
FOREREEL 271
BNE (kg/m’) 1471 1738

x16 HEHRE

Bf 5% | @EESEE (%) | CNS1240 ERBEFE S (%)
1/2" 100 100
3/8" 100 85-100
NO.4 20 10-30
NO.8 0-10
NO.16 0 0-5
K17 MEMKE
B % | BEESL (%) | CONSI240 ERBEHESE (%)
3/8" - 100 100
NO.4 98.1 95-100
 NO.8 85 80-100
NO.16 67.3 50-85
NO.30_ 42 25-60
NO.50 21.6 10-30
NO.100 54 2-10
Bt 0




*18 MK - WAZYIHEE

Ba FEIK
& 310, 34.61 S10, 49.69
AlLLO, 13.77 ALLO, 27.8
2 Fe,0, 0.29 Fe,0, 5.23
Ca0 41.41 Ca0 6.27
P MgO 7.5 MeO 1.63
S0, 1.85 SO, 0.79
Z) K.0 0.38 . K,0 1.1
Na,0 0.14 Na,0 0.2
(%) AR 1.81 EEEE 0.23
BRE (%) I BERE (%) 5.02
| fBE (em’/g) 4488 M (cm’/g) 3110
B | 9G#325E (%) 5 BI#325 &% (%) 15
i EPETER (%) 76.0(7 K) | {&EHEHEE (%) -
" tLE 2.87 fhE 23
£ 19 HWEREAREE
kBWEE BRI - PR h
tEE 0.72
SO, &€& (%) 2.46
EBEE (%) 92.48
pH & 8.8
£HFEE (ppm ) 80
Bt wREE
FREE ASTM 494 G-Type

2-




20 FPPEEEL TIEEIBEAER

HE XETHEE B YHE SR
Fctt (psi) (cm) (cm)
A 4000 FIREU R 22 38%X40
B 4000 HPC 27 62X 64
C 5000 HPC 26 57X51
D 4000 OPC 20 35X36
E 6000 HPC 27 60X 58

% 21 JERHLEREITBRREREIRER

- D st
s > A0 | A7 | Bo|B7|colc7|Do| D7 | EO| ET7
i 152 | 15 | 97 | 347 | 347
152 | 241 | 241 | 251 | 251 | 197 | 197 | 347 | 34

B \x
g
|28

288 | 281 | 407 | 378 | 422 | 395 | 314 | 307 | 528 | 486
keg/em?) | R
o114
w || 34|30 |42 |40 |4 |2|3%]|35]|u]|4s
58
o |28
~ x| 48| 43|61 | 5T |62 (59|50 48| 63|59
(kg/cm?)
B3 A0-BO-CO-DO-E0E 28 KEBESEW

AT~B7-C7-D7-ET98 1 RBEERE » 2l RAREIS
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# 22 FERLEE L - EE Rk EEARER

e | A B C D E |
22\ | A0 | A7 | BO | B7|CO|C7|DO|D7|E0|ET
&
30 43¢
2
fo | 06 | 062038 | 061 | 055 | 057 | 063 | 062 | 053 | 055
2
(mm)
& |7
2 | | 3818|3818|3.968 3968 3998 3998|3943 3943|4100 |4.100
&
|28 .
4.151|4.149|4.307|4.182 |4.311 | 4201 [ 4211 | 4136|4336 | 4.296
(km/sec) R
|7
5120 [ 120 | 132 ] 132|203 | 203 | 126 | 126 | 219 | 219
m |2
x| 167 | 161|189 | 180 | 255 | 234 | 170 | 157 | 255 | 216
k2.cm)
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%24 FLLREFBZEMIEE

It/ & ASTM CNS

®OR Ot £ ¥ N &
: ‘ ey T 1 & A MR R

BREGERRK FBARMAAYD + B
HER—MEEFT RIGEAE &Y
CRENEATERR  UENEAD |
RA-METRIFERE ERTES
CHRESBREMER  TRENMHA cse
B BHEEMG NSRRI SR -

C295

MO R
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R ERAGHENRRCER KARK
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FIKERE + TR REE

0.28

(1) W/B:

€3

33

280
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Time (min)
EREIREE LIS L EEp)

Frits
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Bleeding, %

(1) W/B=0.286
700
g
E
> 600 teessvasausans seesssanara st Vragarsnes L
B Slump Flow=600 ]
= P . \
e o]
E s00 ¢t
=3
0
400 P
)
- K
opls] = . A —l —
.0 36 Co 60 : G
Time (min)
B3 FeEtRSRE AR s
8 |-
7—
6
S Control
4
3
2 - Fly ash concrete
1 [ .
o [ [ L 1 L1

o 20 40 60 80 100 120 140
' Time, minutes

4 —RERFIREELZwkE
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Air content, %

7 Control
61— 2 Fly ash
\06‘/.
S - ) -/'
4|— 2 Slag
/7
3 4
7
2|/, <
¢
. ¥ —
0 | .t |
0 0.01 0.03 0.05

Dosage, % of the binder

g7 SFRRE MERMEIES LSRR

HHEEREECHE™

BRER(%)
("]
1

5 %
s>scaa Ok F.A

1 ————a S& FA
€000 158 FA
e 308 F A,

0= T T T T T T T

0 2 4 6 8 10 12 14 16
NxE(%)

E8 FIKELBNERLeREILE
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Temperature change, °C

Minimum dimension, m

S0 |-
Control concrate
40}
30
-Fly ash concrete — ™~
20
10
Rk & 8 30%
0 | l ! l 1 1
0 4 8 12 16 20 24
Time after placing (davs )
B9 TR ARG i

sl

4

3 -

fly ash content
2+ In cement, %
30
1 - _20
L ="
o) 2 4 6 8 10 12 14
Temperature rise °C/100 kg cement
& 10 BETETEA/NATRIKBRELIEE FA 280



Concrete temperature, °C

80

70

[o)]
O

(¢,
[o]

H
(o]

W
(@]

20+

= 11

§7  FO-5S
1
wie RBES&LSlag

25

%0

s

?#H(IN'#)

ﬁﬁiﬁﬁﬁZ¢uﬁE%%mﬁ%@l

125 150 175 . 00

/(12)

Grade

Control concrete

Fly ash concrete

Slag congrete ——QP
- I .
I

|
40°C 60°C

|

10 20 40

Time from casting, days
@*ﬁﬁiﬁﬁiﬁg
& 12 %mbﬁﬁﬁﬂ%ﬁ%ﬁﬁi¢&ﬁZﬁEﬁ%ﬁk&%@%@tZﬁ

AR LRE

Top of .

~ foundation

Bottom of
foundation

80°C

Concrete temperature

OEAFHEZEKEE
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Compresslve strength, Mp,
o

by Typ'e I

= 30} .

- Flnal set . ——
g |l——_tlnalset . ___ _

g 25 f‘
s e Control mix /
.% 20 |- o Fly ash mix 7=
@

= 1sk /1
5 // |
S 10+ 4 {
)

< l
g S :__Elfla'_si‘_____;?z [

0 { [ o 4 ~ g LI

o Type III

O _ematsee AL__—'
S

g 2S5 - e Controtl mix

@ o Fly ash mix

s 20 ST

e

c 15 -

o

S 10

E

3_’ 5 (nitlat set

0 ' . 54/042 I
(o) 1 2 3 4 6

Time, hours

B 13 FRIREER T SRR + o R R e

| { l I l I I i 1§

alr-eatralned concrete (8.3 ~ 6.9%)
—~  W/C=0.45 - —3

p——
- r///'
i

~ 0% control)

[ ©20% fly ash replacement
% 30% fly ash replacement
v650% (ly ash replacement

| [ | { ] | ] { {

5 10 . 20 30 40 50 80 70 80 80

Time, days
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"Compresslve strength, MPa .

- 40

Compressive strength, MPa

0n

N

N (&

-h

(&)
®]

20

Fly ash % retalned

10-1

No. at 45um ‘%':
1 5 % 3
2 16
3 32 20~4
4 38
20-3
10—4
10-3
ST
ST : Standard mix (concrete
wlthout replacement)
10-1: 10% replacement
fiy ash No.1 - 2,3,4
20-1: 20% replacement
{ly ash No.1 - 2,3,4
{ 1 | i { ! ] 1
0 1 2 3 4 5 6 7 8

Age, weeks ,

B 15 RURMIRESURREZ BT

(o}
o)
(o]

Curing temperature

23 °C

o ~~ mmm—= 75 °C

I
1 28 90

Age, days
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Current source

d=50mm

Wenner Array

The theory behind the Resistivity Logger

Handle

Couplant reservoirs

Coupiant nipples
(normally covered
with polythene caps)

Electrode tips

Wenner array lead

+-Neck strap clip

Two-iine LCO
display

O;/'Sfl switch Socket far Wenner
Array Cable

Battery charger socket

Printer/PC lead sacket
The Data Logger from the front and below (leﬂ) and top view (right)
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