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Optimization of parameters and mechanical properties of silane-nano Si0, composite

surface modified steel fiber reinforced ultra-high performance concrete
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(1. Key Laboratory of Geotechnical and Structural Engineering Safety in Hubei Province, School of Civil Engineering,
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Abstract: To improve the mechanical properties of steel fiber reinforced ultra-high performance concrete
(UHPFRC), a new composite modification method of steel fiber surfaces was proposed using silane coupling agent
KH550 and nano-SiO, particles. Four parameters, including the mass ratio of ethanol to water (W, : Wy), the
content of KH550 (wt%), the content of nano-SiO, (wt%), and the water bath temperature (7T,;,), were considered for
the orthogonal design of proportions (Lg(3")). Firstly, four mixtures with good solution stability were selected for
fiber surface modification. The FTIR and SEM were then used to analyze the composition and morphology of the
coatings. Finally, the optimal modification process parameters were determined based on the bending and

compressive strength of UHPFRC specimens at 28 d. The results show that: (1) The ratio of W, : Wy is the main
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factor affecting the stability of the solution, and the optimal modification parameters are: W, : Wy=3,
KH550=10wt%, Nano-SiO,=0.5wt%, and T,,;,,=80°C; (2) The FTIR results exhibit characteristic peaks of Fe—O—Si,
indicating successful bonding of KH550 and Nano-SiO, on the steel fiber surfaces; (3) The SEM results indicate
uniform distributions of composite coatings without aggregation of Nano-SiO, particles on the fiber surfaces
modified by the optimal parameters; (4) For the fiber volume fractions of 1vol%, 1.5vol%, and 2vol%, the bending
strength (28, 30.5, 37 MPa) and compressive strength (133.3, 151.7, 163.9 MPa) of UHPFRC specimens with
optimally-modified fibers are increased by 40.4%, 28.5%, 32.7%, and 7.5%, 8.3%, 13%, respectively, compared to the
specimens with untreated fibers; (5) The composite modification technique significantly improves the fiber-matrix

interfaces, as demonstrated by more tortuous and complex crack morphologies in the specimens with fiber volume

fractions of 1.5vol% and 2vol%.

Keywords: silane coupling agent; nano-SiO,; steel fiber surface modification; ultra-high performance concrete;

mechanical properties
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Table1 Orthogonal test factor level table of composite
modified solution

Level W.: Wy KH550/wt% Nano-SiO,/wt% T/ C
1 9:1 8 0.5 50
2 6:1 10 1 65
3 3:1 12 1.5 80

Notes: W, : Wy is mass ratio of alcohol to water; The mass
fraction of KH550 and nano-SiO, are both relative to the mass of
the composite modified solution; T, is the temperature of water
bath.

K2 SEAYUMRRKEILHS

Table2 Name of composite modified solutions

Name W.: Wy KH550/wt% Nano-SiO,/wt% T/ C
C, 9:1 8 0.5 50
G, 9:1 10 1 65
G, 9:1 12 1.5 80
C, 6:1 8 1 80
Cs 6:1 10 1.5 50
Cs 6:1 12 0.5 65
C, 3:1 8 1.5 65
Cq 3:1 10 0.5 80
Gy 3:1 12 1 50

Nano-SiO, MUk: ) 7 # i B n] 3 i UL i
AT VRN, WORs A C L R SO O FL A
Ao PR PP A2 Sy 175 B 9 35 R A B ISR AR Sy S e 4 oK

WURL 4> MR B8 AR, FF R R M IE 2SR5
1.3 NAHLERENMEIZRERARKRIE

BT o Fm ML BRI RR AN 1 R, R
35 34 (1) WL 4e AL B . 45 75 FRIUAR 2T 4
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Fig.1 Flow chart of steel fiber composite modification process
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TORHE B AL HE 5 AR S 5 min, SR 5K HSG
FEAT 0 WK WA 3 A, T R 4 9
5min, fJ5—KWF: 10min, FFFRIEEHN B IFH
MR, HPIRB ALY, B RBEFE 5 min,
5 2| UHPFRC JAK . Fifi J R K % 1R 02 51 R B 2L
TR E RS 2min, HE 2R IRl
Hm, R R R A . BN Rl E
LdJa¥rdd, TRE (2042)C . AHX IR JE 295% P
HEFRP R IR0 28 d Jm EAT N 2R

®3 WAL EBE RS T (UHPFRC) Fitt
Table 3 Mix proportion of steel fiber reinforced ultra-high performance concrete (UHPFRC)

Name  Cement/g  Silica fume/g S;l;g; /g Quartzsand/g  Water/g =~ Water reducing agent/g (S\t/eoilt::lr"raction) /g
1200 134 320 586 290 10 60 (1vol%)

2 1200 134 320 586 290 10 90 (1.5vo0l%)

3 1200 134 320 586 290 10 120 (2vol%)

sk 4 proR, e 54 /N (B A BF,
HF S %5 RS a2 PR30 19 4 A4S T bL e P I 1 25 2
C/F, a=2. 3. 8, 9) #fr Jy2#=ik . w1 %5 M
W k. BALF YRR -LF 4t & i, flan, X F BF-1
FIR & 1vol% K 4% i X £F 4 UHPFRC /N 32 314 .
AN [F) 45 4 25 AU AE AR W) 5 & A9 344 0 BF-1. HF-1
1 CF-1 G FR N B-1 R AT TR b £F 4 25 RUH R
] & & 194 {4 40 BE-1, BE-1.5 1 BF-2 4 #% iy BF
2O, HAR., $u5 5 a4 34k,
B A I I 1 /0N R 9 g R AP e i, XM T
H 6 BRI

*4 UHPFRC /MERHHESREE
Table 4 Name and quantity of UHPFRC beam specimens

Quantity per set
Name

Bending test Compression test
BF-1 3 6
HEF-1 3 6
C.F-1 3 6
BF-1.5 3 6
HF-1.5 3 6
C,F-15 3 6
BE-2 3 6
HE-2 3 6
C,F-2 3 6

Notes: BF—Brass-coated steel fiber; HF—Hydroxylated steel fiber;
C,F—Composite modified steel fiber. The naming rule of
specimens: Steel fiber type-volume fraction; a=2, 3, 8 and 9 (a is
consistent with the subscript number of composite modified.

R T RSB KK 58 K5 )k
(I1SO %)) (GB/T 17671—2021") H1 3¢ ik [22]. 4
Bl 2 ff 7~ , i 300 i & F3 AL (HCT306 E) il 2% ,
255 9 0.2 mm/min, B2 FIHEE SR B A
K50 N f=1.5FL/(bh?) FI fu=F/bh, X fie APt
LR (MPa), fu ANPUEMRE (MPa), F oA IE(H fif
#H (N), LA (100mm), b i v
B (40 mm), kRl 2R S (40 mm), B3
(ELAE R 45 AL U5 SR B AP o B (i . ARk,
5 5 5 B 14 A o 2 30 (140 3R A2k 190 1 - 191 8% b e A A
AL 12 g i 2%

40 mm
I

(a) Bending test
K2 JrArEagiks:
Fig.2 Mechanical tests

(b) Compression test
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(d) Cy. Cy. C,and Gy
successively stratified (=88 h)

(c) C4 and C, successively
stratified (<46 h)
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Fig.3 Stability test of C,-Cq solutions
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Table 5 Orthogonal test results of stability of composite
modified solutions

Factor Transition
Test 3

W, : Wy KH550 Nano-SiO, T, tme/h
C; 1 1 1 1 46
C, 1 2 2 2 96
Cs 1 3 3 3 88
C, 2 1 2 3 28
Cs 2 2 3 1 2
Cs 2 3 1 2 42
C, 3 1 3 2 16
Cg 3 2 1 3 128
Cq 3 3 2 1 90
K avg 76.7 30 72 46
Kzavg 24 75.3 71 51.3
Kgavg 78 73.3 35.3 81.3
Range 54 453 353 35.3
Optimal mixture A3 B2 Cl D3

Note: K; ,,,—Average of level i (i=1, 2, 3).
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Fig. 4 FTIR spectra of steel fibers with different coatings
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Fig.7 Load-displacement curves and compressive strength of specimens with different steel fiber volume fraction
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Fig.8 Load-deflection curves and bending strength of bending specimens with different steel fiber volume fraction
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