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Table 1 Materials
Material Details

Ordinary portland | d=3.15 g/em?’,

Cement cement S=320 m’/kg
d=2.17 g/en?’,

Mineral Fly ash S=320 m’/kg
admixture o d=2.20 g/em’,

Silica fume S=21 mYg

Washed crashed sand d=2.7 g/em’,
Fine (limestone) A=1.0%
Aggregate d=2.65 g/em?’,

Natural dune sand A=0.9 %

— 3
Coarse Crushed stone d__2'7 g/em,
Aggregate (limestone) A=0.6%,
£ereg Maximum size :10 mm
Chemical . Polycarboxylic ether
. Superplasticizer

admixture polymers
Fiber Polypropylene fiber Length: 12 mm,

(PPF) Thickness: 18 microns

d :Specific gravity, S :Blaine fineness, A :Absorption

Table 2 Mixture proportions

PP0% PP0.1% PP0.15%
air content, % 1.5 1.5 1.5
Water, kg/m’ 133 133 133
OPC, kg/m® 500 500 500
Fly ash, kg/m’ 90 90 90
Silica fume, kg/m’ 45 45 45
f;;l(ei)’igjgr;fyashed crashed| 600 650 650
5;33)’ k/;ilgz.(Natural dune 310 260 260
E;iie Agg.(Crushed stone), 790 300 300
Polypropylene fiber, kg/m® 0 0.91 1.37
Superplasticizer, mL 11000 14000 15250 15500
Series of Experiments #1 #1 #2 #1
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Fig.1 Test for resist chloride ion penetration (ASTM C 1202)

Table 3 Test items

200mm DOHEERARICIIT S 28 HIEMER

e 5 #1 PP0% PP0.1% | PP0.15%
D 1/3 & LT, Z OEMRE 2 E
L . . 1) Fresh properties and workability retention
L7 IRICIZ O3 A — U & A5 L a. Concrete temperature: ASTM C 1064
N — b. Workability by slump flow & T50: BS 1881 Part 102
¢ S - -
’ij}@'@"ﬁ%@{;ﬁ x ”E‘ﬁ Lﬁ—o 7Y c. Air content; BS 1881 Part 106 O O O
o = HIl == i 2 ol 5y A= ik A d. Fresh concrete density: BS 1881 Part 107
47 OFHORER, ez i 5 e e. Initial and final setting times: ASTM C 403
KL, TAUVIET—TT— LT 2) Cube compressive strength: BS 1881 Part 116 O O O
%iﬁé é‘_’ Igjjl/ \f;\%:],b)/\/,fﬂ:git{z'go) 2 *ﬁi’ﬁ 3) Elastic modulus: ASTM C 469 O O O
- B R - 4) Autogenous shrinkage — O —
£ 3R, IZOWTToT, T2, iz 5) Thermal expansion coefficient — O —
koD 7 ) —F = 5 21, 6) Compressive creep — O —
Pt . 7 ) Oz R0 5 et 7) Resistance to spalling in fire O O O
HNAE O T HZ2 22 LI K LEDH D 7 8) Durability
. — =p Gotn N a. Rapid chloride permeability: ASTM C 1202
28, ﬁﬁﬁ@%ﬁi{ﬁﬁiﬁ:@qﬂﬂﬁ@# b. Water absorption: BS 1881 Part 122 O O O
I Ze BT 3 ﬁ{,ﬁ”ﬁ L. 7V — ERER c. Water permeability: BS EN 12390 Part 8
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Table 4 Results of fresh concrete tests

Test Time PP0% PP0.1% | PP0.15%
5 min 26.0 26.0 28.0
Concrete 30 min 25.5 28.5 29.0
temperature 60 min 27.0 28.0 29.0
(deg €) 90 min 28.0 27.0 29.5
120 min 26.5 28.0 29.5
5 min 795 670 580
30 min 790 635 590
Shump flow 60 min 720 620 575
(mm) 90 min 705 640 565
120 min 695 620 555
5 min 4.8 9.1 15.0
: 30 min 6.2 9.7 14.4
T‘h“:vi"Tss%o(gm 60 min 73 12.1 16.7
90 min 7.8 13.0 17.7
120 min 9.1 15.9 21.8
5 min 1.2 1.5 1.6
Air content (%) 60 min 1.3 1.8 1.8
120 min 1.9 2.0 1.8
;;ﬁ:ﬂyc‘(’l‘:;/r:?) 5 min 2490 2490 2460
Initial and final Initial 9:10 13:40 19:20
setting times Final 10:45 15:25 21:45
(h:m)
Table 5 Compression test results
Test Age PP0% PP0.1% PP0.15%
(days)
1 45.7 38.7 23.5
Compressive 3 77.5 742 66.5
7 100 103 89.5
strength
(N/mm?) 28 116 123 107
56 125 123 119
90 123 129 122
Table 6 Elastic modulus
Test Age PP0% PP0.1% PP0.15%
(days)
Elastic
modulus 56 52100 53300 52400
(N/mm?)
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Fig. 2 Slump flow, time to 50 cm flow T50 and change

over time
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Fig. 3 Compressive strength development
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Fig. 4 Autogenous shrinkage (PP0.1%)
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Fig. 5 Temperature-strain relationship (PP0.1%)
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Fig. 6 Stress-strain relationship (PP0.1%)
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Fig. 7 Compressive creep (PP0.1%)
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Table 7 Durability test results

Test (ggy‘;) PP0% | PP0.1% | PP0.15%
. Total charge
cﬁiﬁige passed 146 163 161
(Coulombs) 28
perme- -
ability Chloride Very Very Very
penetrability Low Low Low
Water permeability (mm) 28 6 7 9
Water absorption (%) 28 0.4 0.5 0.5

Mix No.2 : C100 with 0.91 kg m’ PPE

PP0%

PP0.1%

DITHREBNTITFEEE L Ebilenot-, —F, Mils
JEA L 72PP0.1%35 X UPPO.15% T IB A 2 4 Ul v o T2,
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A FUBmBEEEA LTS Z ERba %, BSEN 12390
part 8 (2 L 2B /KBTS KL OVBS 1881 part 122 12 XL 5
WARMEIZBI L T, Wi ki OIRA OB
R R AHMEANITFRD HIDH D, For I m O ANE
BEART Z LD MR TE T2,

4. RREFEHEMIC KL DHER

41 EEREE
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XvT 4 —I7 Az Y— I TRIEL, £ 30
ST TR — Nk Tl L, BRI ~ DA
HEAT O T, FEEREM OB E % fig9 (R T,
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Mix No.3 : G100 with 1.37 ke/m* PPF
e

PP0.15%

Fig. 8 Results of 1-hour heating testing following heating curve specified in ISO 834
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Table 8 Test items of experiment using mock-up column

a. Concrete temperature: ASTM C
1064

b. Workability by slump flow & T50:
BS 1881 Part 102

c. Air content: BS 1881 Part 106

d. Fresh concrete density: BS 1881
Part 107

1) Fresh properties and
workability retention

2) Internal temperature

a. Compressive strength of cubes: BS
1881 part 116

b. Compressive strength of core:
ASTM C 39

¢. Modulus of elasticity of concrete in
compression: ASTM C 469

3) Hardened
properties

concrete

Expanded polystyrene Plywood  2: The concrete of the

N T — e N\, upper half of the
E = = = = = 3 N $ column test specimen
JHZH-=-zHE ] = shall be poured from
1= S| B e = 75 minutes after
3 JHSIRSE=0s 2R F xing (intarvals of
JU n L N mixing (intervals o
{ oL _F N _iF 1L 30 minutes).
IR R L
il B § HEEi 3: Internal vibrators
S 1 B i shall be used on fresh
ek T AR 3—=F IF ¥t layer of concrete and
il G| B e ils & inserted vertically to
N o El Bl < == 2P o= X a depth so that the
- SR A= % i 7 tips of vibrators
= SEE F 1=F I ¥+ ptq?}e]trate the lolp level
4 H = 4k of the previously
Thermo- ]| 3 :c" n :z'r p L placed layer of
couples | B b | B = concrete.
~ o == RS s
N E 1: Placing the
S 1K P i | i r concrete to the half of
e ArRIRET RS ST the column test
F = il specimen shall be
e — F 3 FAF Al T started 40 minutes
after mixing.
/225 /150/
1000 Transverse bars
Longitudinal bars
Sectional elevational view
o\ X\ Compressive strength of
N |e—o Do Do >0 N cores, ASTM C39
on 28A-1,2,3,4,5
NS (28B-1,2,3.,4,5 after C469)
X e q
< @ 56A-1,2,3,4,5
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90A-1,2,3,4,5
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77 1000
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o] e

(=3
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a —
- Modulus of elasticity of
Q_o o 0 9 o concrete in compression,
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150} 56B-1.2.3.4,5

5/0/ 200/ 250 | 7T 90B-1,2,3.4,5
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Fig. 9 Outline of mock-up with cross section of 1,000 by
1,000 mm and height of 2,000 mm
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Fig. 10 Internal temperature histories of mock-up column

Table 9 Hardened concrete test results

Extracted cores
Comp- C Comp_
- omp- . ressive
Age Srtiil;; ressive rf(l?i?ﬂﬁs strength after
(days) of cubes | No- strength of core B elastic
(N /mmz) of core A (N/mm?) modulus of
(N/mm?) core B
(N/mm?)
7 81.5 — — — —
1 914 45700 914
2 93.9 48600 98.9
28 112 3 98.4 48000 99.4
4 94.6 49700 94.2
5 95.8 48100 95.7
1 95.6 46400 934
2 102 47400 101
56 115 3 104 48900 103
4 105 47300 99.7
5 107 47900 101
1 102 47100 100
2 110 47300 107
90 120 3 112 48700 109
4 110 48300 111
5 112 47700 110
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1) Miyazawa, S and Tazawa, E, “Prediction Model for
Autogenous Shrinkage of Concrete with Different Types
of Cement”, Proceedings of the Fourth International
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Concrete Technology, pp.125-139, 2005
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