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M echanism of Enhancing Anti-Abrasion Perfor mance of
Ultrahigh-performance Concrete via Rubber Particles

DING Qingjun', LI Jinhui', GENG Xuefei', ZHAO Mingyu®
(1. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. School of Materials Science and Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: A rubber particle anti-abrasive ultrahigh-performance concrete (UHPC) with a high strength, a low shrinkage, a high
abrasion resistance, a high impact toughness and a high durability was developed to solve the problems of erosion damage of
bridge pier in western mountainous areas with frequent floods. The mechanism of the surface modification of rubber particles to
improve the properties of UHPC materials was investigated by scanning electron microscopy, energy spectroscopy and contact
angle measurement. The results show that the anti-wearing strength and final crack impact energy are increased by 26% and 72%,
respectively, after adding 10% (in volume fraction) NaOH + KH570 modified rubber particles with the sizes of 1-3 mm into UHPC.
Also, the shrinkage is reduced by approximately 50% after adding 15% (in volume fraction) saturated pre-wet high-titanium
heavy slag sand and 6% (in mass fraction) CaO type expansion agent into UHPC, compared to the reference UHPC. In addition, the
modified rubber particles mainly improve the properties of UHPC material due to the improvements of the surface morphology of
rubber particles, the surface hydrophilicity, and the interface properties of rubber particle-cementitious materials matrix.

Keywords: rubber particles; ultrahigh-performance concrete; anti-abrasion performance; shrinkage; mechanism
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Tablel Main technical indicatorsof cement

Specific surface Water requirement of Compressive strength/MPa Flexural strength/MPa Setting time/min
area/(m*-kg ™) normal consistency/% 3d 28d 3d 28d Initial setting Final setting
370 27 31.7 56.9 6.1 9.4 131 190

x2 BEMREENFEK

Table2 Main chemical composition of raw materials

Mass fraction/%

Material

SiO, Fe O3 Al O3 CaO SO; K,O MgO Na,O Loss
Cement 20.97 3.65 4.67 64.39 2.55 0.65 2.14 0.11 0.77
Silica fume 96.25 0.18 0.59 0.63 0.11 0.20 0.25 0.08 1.68
Fly ash microsphere 59.50 3.01 31.42 1.51 0.33 1.72 0.53 0.42 1.22
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Fig. 2 NaOH + KH570 composite modification process
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Table3 Test reference mix ratio

Material dosage/(kg-m™)

Cement Silica fume Fly ash microsphere

W/B o(steel fiber)/%

o(super-plasticizer) /%

Manufactured sand

780 200 150

1005

0.18 3.1 2.5

'W/B is water/binder ratio; ¢ is volume fraction.

2 HER53%
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Fig. 3  Effect of rubber particle size and dosage on ultrahigh-performance concrete (UHPC) workability
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Fig. 4 Effect of rubber surface modification on UHPC
workability
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Fig. 5 Effect of rubber particle size and dosage on UHPC
mechanical properties

150 30
© —s=— Compressive strength
[=¥
= 140 V] Flexural strength S
L .| 2
5 130+ —_— ®
§ 125 j‘é
= 120 | =
(=9
£ 110} =
@]
100 20
Unmodified NaOH KH570  NaOH+
KH570

6 MR Uk J7 2k UHPC Sy 22 1B S
Fig. 6 Effect of rubber surface modification on UHPC
mechanical properties

2.3 BEEFRIXT UHPC HUd B /As S RE RS20
231 BEERRAMSBE  BRERRE. B
T UHPC H i B /e b o PERE 1 5 M G (1 7 BT
MK 7 AT, RiAEy 0~0.18 mm IR I URE FAA
UHPC ] 28 d Hoof B 9 A1 & R b Ty, 635 FRAIG
UHPC MIHisf B/ purh it fe . 5 ARBIE IR Bk
FEL, B0 1.00~3.00 mm K A% # i R ) £ 1
UHPC [f] 28 d i 5 o BE A2 2 ks T (1 42 -
FE 5 BITTIE 12%F0 48%, HiE BB BN 10%~15%.
EMEBEE T 1.00~3.00 mm H42 8 B Bk
2 (1) UHPC MR} P38 A5 R RIORL —Ji #8247 18 55 7t
4D, X UHPC W4 A0 R Ak 5 P (1) B AR s 252 2/
IS TR Y g TR A i AT il 1K)
UHPC #EHC o B /v T 1 e o AR RN 1 15 2 06t
UHPC $il B /pirh i tEpe i B, BREH
B, R BURLYE VR N BRI BEIE . 3 A,
A R S B b ok 7, 8D B AT AR A B RT,



J Chin Ceram Soc, 2020, 48(10): 1636-1643

2020 4F

+ 1640 - CTERR 2R 400
250 300
—~ = (0-0.18 mm —
E e 1.00-3.00 mm <
£ 200t 1250 2
b
S 150 .%:/’\‘\- {200 5
= (=9
2N e g
8 100} . {1502
5 5
g 50k S e 4100 E
N i — .8
= S
< 0 L L L L L 50
0 5 10 15 20

@ (rubber particle)/%
B 7 BIRBRDRARAS RN UHPC Hunt B/t tEae )

A
Fig. 7 Effect of rubber particle size and dosage on UHPC
anti-abrasive properties
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1—No rubber; 2—Unmodified rubber; 3—NaOH modified rubber;
4—KHS570 modified rubber; 5—NaOH+KHS570 composite modified
rubber; Rubber particle size is in the range of 1-3 mm and its volume
fraction is 10%.
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Effect of rubber surface modification on UHPC
anti-abrasive properties
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Table4 Mix ratiofor investigating effect of expansion agent and internal curing aggregate on UHPC perfor mance

Material dosage/(kg'm )

Sample @(super- o(steel @(rubber @(high-titanium w(expansive
W/B Silica  Fly ash Manufactured . X
No. Cement . plasticizer)/%  fiber)/%  particles)/%  heavy slag sand)/% agent)/%
fume microsphere  sand
A 0.18 780 200 150 1005 3.1 2.5 10
B 0.18 780 200 150 1005 3.1 2.5 10 15
C 0.18 780 200 150 1005 3.1 2.5 10 6
D 0.18 780 200 150 1005 3.1 2.5 10 15 6
E 0.18 780 200 150 1005 3.1 2.5

E—Reference UHPC, which the mix ratio is the same as shown in Table 3; w—mass fraction.



48 5 10

TR S5 RJROBURLS A et e Ve RE TR B - A Uk B A e S L LB

- 1641 -

x5 BHEFISAFFERXT UHPC MRS IGLER
Table5 Effect of expansion agent and internal curing aggregate on UHPC performance

Sample Slump Compressive Flexural tensile . N Final crack impact
Slump/mm Anti-wear strength/(h-kg-m °)
No. flow/mm strength/MPa strength/MPa energy/kJ

A 275 675 132.4 25.7 177 169

B 280 690 129.9 25.1 169 161

C 280 680 129.1 25.1 166 163

D 280 685 125.7 25.0 163 158

E 255 600 145.9 25.9 141 98

1000 MR PERESR T, R i T2 el AR I BTk

= s00f % THT 578 7K A 4% SO B 920 M 5% 7K 1 1 51N B
ER B0 AR IR IO T S5 /K Y B RT3 T BRI
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£ 2007 F UHPC #EHY TAEPEREFI AL UHPC #4KHK /)
” SV i B B AT A

O 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60
Age of hardended concrete/d

Ko K R EERS X UHPC Y4 i 52
Fig. 9 Effect of expansion agent and high titanium heavy slag
on UHPC shrinkage
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(¥ 7 T 2 s i 00
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Table6 Mix ratio of rubber particle doped anti-abrasive UHPC

Material dosage /(kg-m ) o(super- o(steel w(expansive @(1-3mm  ¢(high-titanium
W/B
Cement Silica fume Fly ash microsphere Manufactured sand  plasticizer)/% fiber)/% agent)/% rubber)/% heavy slag sand)/%
0.18 780 200 150 1005 3.1 2.5 6 10 15

®7 ERBRHUPE UHPC BT A MERE
Table7 Durability of rubber particle doped anti-abrasive UHPC

Chloride diffusion coefficient/(m?s™) Sulphate resistance grade Mass loss at 200 frost-thaw cycle times/% 28 d carbonation depth/mm

0.05x107"2 KS120 0.08 0
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(c) NaOH + KH570 composite modified (d) Fig.10(c) in high magnification
K10 SR IBTURL R ) SEM HE
Fig. 10 SEM images of modified rubber particle surface

(a) Unmodified (b) NaOH + KH570 modified
B I AR e fk £ R

Fig. 11  Photos of rubber particle-water contact angle

¥ L
Rubber particle

(c) NaOH + KH70 composite modified (d) Fig.12(c) in high magnification
Bl 12 AR 5 =5 M RO A L AR [ R T SEML IR

Fig. 12 SEM images of interfaces between rubber particles and cementitious material matrix with different modification methods
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Table8 Chemical composition of rubber particles

. NaOH NaOH+KH570

Element Unmodified modified composite modified

w/% x/% w/% x/% w/% x/%
C 59.72 80.09 6391  81.60 60.76 73.86
(0) 11.48 11.56  10.27 9.84 22.57 20.61
Al 0.36 0.21 0.74 0.42
Si 1.48 0.76
Zr 3.34 0.59 4.40 0.74 2.67 0.42
S 2.92 1.47 3.37 1.62 2.49 1.13
Cl 0.57 0.26 0.40 0.17
K 0.36 0.15
Ca 2.82 1.13  11.06 4.24 7.01 2.55
Zn 18.43 4.54 5.85 1.37 3.02 0.67

x is mole fraction.

3 £

K H NaOH+KH570 &4 e 1% J5 1 1.00~3.00 mm
BRI IR BRI 22 1) UHPC 24 BE PR AR R R
BN, PUoh BB R R R T, R EE
UG R THT TS0 $2 T 3R T 5 7K 1 17 S0 A
J2 R — i 45 A4 ek 5 Ak L THD 86 4 PR e, b I AR T
UHPC #4448 TP R o ) F 7K TR0 1D v e i 25 22
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