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IV BIPEE 1 2 RE LR 1y W IR P e U 25
W 25 AS[RIRE HIATRY K 15 8 (1) K Je KA A PRI
W2 3; MgO HIRTIIZE RN 4; 2R 4k s 20 4Ll
SR IEK 5. FAbh, #AT T MgO 1 78 2 e PEAa i,
MgO Wi K% & B BTN 5%. F4ERF4ENBE
2 IR I /K B RE T H it R E A 0.9 kg/m?.

1 KRG HIL A F R

Table 1 Mechanical properties of cement

Wmigy — DUTEREEMPa FURHREMPa RIEHY(KI kg™
(Mkg") 3d 28d 3d 284 7d
355 57 82 331 542 287

& 2 BRI LR
Table 2 Test results of fly ash

& 3 TR IAeby B R A5 09 KR AR AL I T AR
Table 3 Hydration heat reduction rate of

cement with different age and fly ash content

ENGE oY R 5]
B REIR AKAL (KD kg™
g Kimtaia) RHABEIEEI%
7 1d 3d 7d 1d 3d 7d
152 234 287 - - -
15 136 222 276 105 5.1 38
20 125 201 257 17.8 14.1 105
25 120 197 252 211 15.8 122
30 113 184 240 25.7 20.4 16.4
%4 MgO #tm 4
Table 4  Test results of MgO
MgO RN f-CaO N
MR v TR O e
=/% RS =/% /%
[sREEP S 915 260 0.5 16 2.9
DL/T 296—2013
= = < <2. <10. <4.
18R 85 200 H.<300 2.0 10.0 4.0
k5 R FRGANER
Table 5 Test results of cellulose fibers
PR 24 VR T 4 P e
JEREI ) B /um REU(CHE m) KJ¥/mm  HiE/GPa
18.0 660.0 14.0 21 85

1.2 BLALE R NF R

E N ST T BRI R A ke,
e T HKE BhE AR . UK &5 AR
INBE, Xt 20%F 25%715 & KRR B & b itk
477 bk DB, et DAL AR R e AR R
ReiIe g Rl A, W KBE 25% B, w4
SE T HGRE LR AR 3 NMA, il Of
BRI (RIFRFEAETREET); @M K+MgO BB
(EFE MgO R#EE L) @R K+ 4t R A 4L IR
(TRIAREFEIREE LD

HEI% KR E/% ek 1% S04/% 3G R BR B ILIL RS & LR 6, )71k
105 94 1.0 13 RE N TARIREE R NER 7, PUESERRE. BERsefE. )
PR FHaAe T BE R I A2 1 23 ) L B 1— ] 4.
% 6 @ARRE LA EE AL
Table 6 Optimum mix ratio of concrete panel
T S Y=, 3
B9 Kk igﬁ éj:gi? MgO #5 1% — — *gif; (kg{; ) g GRTHPI%  GRTAE/] ik
MB-1 042 25 - - 124 2232 744 729 730 487 1.25 3 FAETREE L
MB-2 042 25 - 5 128 2286 762 724 725 483 1.25 3 MgO Rkt
MB-3 042 25 0.9 - 127 2268 756 726 727 485 1.25 3 AFYEIREE L
k7 @pbs LA A
Table 7 Mechanical properties of concrete panel
. PR /MPa BEhr 9% /MPa R BR A B/ (<107°) i IPUR SR R GPa T4l (>40)
7d 28d 90d 7d 28d 90d 7d 28d 90d 7d 28d 90d 90d
MB-1 29.8 38.0 51.2 2.15 2.82 3.50 90 103 114 19.7 24.8 29.0 -314
MB-2 28.4 375 49.2 2.08 2.74 3.42 92 101 113 19.2 23.9 21.7 -287
MB-3 29.0 37.8 50.4 2.31 2.90 3.68 97 108 121 18.8 224 26.6 -298
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Fig.1 Compressive strength of concrete panel
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Fig.2 Flexural strength of concrete panel
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Fig.3 Ultimate tensile value of concrete panel
i
0 10 20 30 40 50 60 70 80 90
0 T T T T T T T T .
50 |
S 100 | —*—MgO
X .
< | ——
x -200 | T
I -250
-300 |
-350 -

B 4 @A R LR R AT 4R

Fig.4 Drying shrinkage of concrete panel
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Table 8 Crack test of concrete slab

- P LA LAY
AR - FRRAHAY A BITRAmAY
(mm? &™) (% m? (mm? m?)
kRt 55 26 35.4 904
MgO JEkE+ 8.0 18 20.8 384
YRR+ 18,5 8 4.2 33

(b) MgO R ¥k 2 T 24 4 45 1
B5 KARARA@HELE

Fig.5 Crack on concrete surface with different mix proportions
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Fig.6 The negative pressure of concrete pore at

different depths from the surface changes with time
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Fig.7 Variation of capillary pore negative

pressure gradient in the area of 5~45 cm
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Table 9 Pore parameters of concrete at different ages

R 2@%%"?/ E‘;‘Q%’F/ o ] E&‘}%ﬁ/
(g em™) (gem®) LB ANMm  (cm’g?)

1d 131 2.266 2.608 62.8 0.0578
7d 9.7 2.345 2.597 40.3 0.0413
90d 5.8 2.453 2.603 154 0.0235

HR 9 AT, BEERIAER, TREHFLBR IR
TR, LA R, LA 1d fH 62.8 nm
NREE 90d 1) 15.4 nm,  PEIHLELTYE R AR 4R N TR E
R, REE L R EEA R AR KA, FLIRR 73R
FEE, LB, EARIE, BILAEH
M 1d 1 0.057 8 cm’/g FF%Z 90 d (¥ 0.023 5 cmg,
W IR R AR H I .

2.4.3 RE L AFER S

it AT i 5 £ 2 1 58 THT AR TR - AT A s AR
#r, WK 8 fix, E8 (a) 24200 um MRS, &
N 1 d R PR R 2 LI, S S AR
S, sRFEEEAK; 8 (b) A 50 pum HIM4NSR, &
7~ 1d W& HATREE L N 8D B AT e A TR G L B
He b, GBI BURG M ShREF4ETR BB I RS TR 1 g
BER, MRS RE.

K 9 NAFEHTREE LS. i 9 (a)
AT, 1 d WAV LA o A S o A SRS PR A

IRERIRIBURL, 32 HH TP 4 R AP e R ek b, A
H A mre R ISLE], @k m At st & S hiliR g
L4 9 (b TN, 3 d EHARIREE T
PSR FLIFDR/DS, B EERE N, KA 2R,
TR IESILA, B4R O TR B 5
FE 9 (o) ATAI, 7 d W& kel o SR AR X 850,
AR EREE, TR T 30 MR, 44k
EEAE S, PIPHASZ4EEM; MIE 9 (d) AT, 90d
A AT AR P SRR B, BRI KR
B I 22 IR B, 5 T K B 1 A AR e e 7
Y, VLHHAYERA LN N R LR KR IR S T
RKAEF, IO AERIRATRL A Bk 5 S

(b) 50 um W 4HSR

(2) 200 um FHALLHZ
B8 1d¥AnayiRst X3k AL 5%
Fig.8

Internal Fesem images of 1-day-age concrete test block
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Fig.9 Fesem images of concrete samples with different ages
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Fig.10 Energy spectrum analysis of concrete samples with different ages
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Reinforcing Concrete Slabs Using Cellulose Fiber

CHEN Xiaopan®, CHANG Shiju®", JIA Peng, YU Chuanyong®, WANG Likui', ZHAO Jie!, TAN Jianjun?
(1. Henan Tianchi Pumped Storage Power Company Limited, Nanyang 473000, China;
2. China Power Construction Group Guiyang Survey Design & Research Institute Co., Ltd., Guiyang 550000, China)

Abstract: [ Objective] Cellulose fiber is a material increasingly used to reinforce concrete and this paper
investigates its improvement of concrete slabs against cracking. [ Method] Concrete slabs made by cement mixed
with fly ash, cement mixed with fly ash and MgO, were compared with slabs made by cement-fly ash reinforced by
cellulose fiber. For each slab, we measured its strength, deformation property, resistance against macro-cracks and
emergence of micro-crack. [Result] Concrete slab reinforced by cellulose fibers are mechanically best, and its
splitting tensile strength and ultimate tensile strength are both higher than other slabs. The cellulose fibers not only
delays the initiation of cracks but also reduces cracking density (numbers of cracks per unit area). Ninety days after
the slab is casted, SEM analysis shows that the structure of the reinforced slabs is relatively compact and a large
number of short-rod clusters are formed inside it. Energy spectrum analysis shows that the cellulose fiber reduces
the proportion of calcium while increasing the proportion of silicon and aluminum in the slabs. Fly ash hydration
consumes a certain amount of calcium, thereby reducing the calcium-silicon ratio and increasing the strength of the
slabs. [ Conclusion] Comparison shows that reinforcing concrete slabs by cellulose fiber can significantly improve their
resistance against cracking and tensile strength.

Key words: cellulosic fiber concrete; face slab concrete; crack resistance
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