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Abstract: To study the effect of basalt fiber and cellulose fiber content on compressive, flexural, and splitting
tensile strength of hybrid fiber lightweight aggregate high—strength concrete, a response surface regression model
was constructed to compare and analyze the measured and predicted mechanical test values, and the optimized
concrete mix ratio was obtained by combining the demand function. The results show that the regression model is
effective and highly reliable, and the model can be used to analyze the test results. The interaction between the two
fibers, the water—cement ratio, and the interaction between cellulose fibers have significant effects on compressive

strength, flexural strength, and splitting tensile strength. The model predicts that the optimal water—cement ratio is
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0.30, the cellulose fiber content is 0.90 kg/m’, and the basalt fiber content is 4.00 kg/m’. The absolute value of

relative errors between the predicted and experimental strength values are all less than 5%, which indicates that the

proposed model can provide a reference for multi—objective optimization of the mix ratio of hybrid fiber high—strength

concrete.

Key words: response surface method; high strength concrete; hybrid fiber; desirability function; ratio

optimization
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Tab.1 Physical and mechanical parameters of 800 grade

crushed stone type ceramic particles

MRV, FWER B, RESREL 1 hWROK  AFRRIAR/ -
(kg'm™) (kg'm™) MPa /% mm

794 1540 5.7 3 5~10 R At

R2 AEMBHFSH

Tab.2 Physical and mechanical parameters of fibers

o HRY R/ DURSREE FRPEE W/
2 o K2t .
pm  mm MPa 7/GPa grem™)
TR
. 18  2~6  600~900 8.50  111~333 1.10
KA
. 15 18 1290 65.20  1.2x10° 2.70
4
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Tab.3 Experimental factors and levels

7K Ak . .
A B/(kg'm™) C/(kg'm™)
-1 0.26 2.0 0.6
0 0.30 4.0 0.9
1 0.34 6.0 1.2
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Tab.4 Experimental and predicted values of basic
mechanical properties of double doped fiber group

specimens

BERU R/

MPa

PUETRE/MPa HLYTEBE/MPa

.
RN o mwW Wk B Rk B
R Y R Y S
1 A1B4C0.9 4497 44.89 6.82 6.98 4.43 4.59
2 A1B2C0.6 4526 45.95 7.23 7.09 5.23 5.23
3 A1B6C1.2 46.51 46.06 6.95 6.88 4.74 4.65
4 A1B2C1.2 48.08 48.53 6.83 6.90 4.67 4.77
5 A1B6C0.6  45.66 45.51 6.61 6.51 4.58 4.43
6 A2B2C0.9 43.13 4291 7.72 7.83 5.67 5.61
7 A2B4C1.2 4487 45.19 6.59 6.61 4.66 4.54
8 A2B4C0.6  47.23 48.66 7.56 7.74 5.77 5.76
9 A2B6C0.9 45.77 46.17 6.88 6.63 4.88 4.86
10  A3B4C1.2 43.84 43.82 6.03 6.13 4.43 4.58
11 A3B2C0.9 4321 4343 791 7.80 5.03 5.09
12 A3B4C0.6 46.49 45.86 6.93 7.01 4.93 491
13 A3B6C0.9 48.43 47.74 6.58 6.72 4.98 4.98
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0.0974?-0.837B°-0.287C* (2)
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Tab.5 Analysis of variance of regression model for compressive strength

B I M ¥ FiE PiH S
Y, 53.190 8 6.650 0 6.640 0.0165 2
A 1.910 1 1.910 0 1.910 02165 &
B 0.035 1 0.035 1 0.350 0.8577 )
C 5.510 1 55100 5.500 0.057 4 )
AC 17.020 1 17.020 0 16.980 0.006 2 2
BC 4.390 1 43900 4.380 0.008 1 b
A 12.640 1 12.640 0 12.610 0.0120 b
B 6.100 1 6.100 0 6.090 0.048 7 b
c 9.190 1 9.190 0 9.170 0.023 1 b
§ 2% 6.010 6 1.000 0 — — —
JAUHE 2.190 4 0.546 8 0.286 0.867 6 T
AR 3.820 2 1.910 0 — — —

AR 59.200 14 —
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Tab.6 Analysis of variance of regression model for flexural strength

G/ Rl A ¥J5 F1H P{E T
Y, 42600 8 0.5325 12.550 0.003 2 =
A 0.000 8 1 0.000 8 0.018 0.895 3 i
B 0.288 8 1 0.288 8 6.800 0.040 2 2
C 0 1 0 0 1.000 0 5
AC 0.855 6 1 0.8556 20.160 0.004 1 2
BC 0.3422 1 0.3422 8.060 0.029 6 2
A2 0.034 8 1 0.034 8 0.820 0.400 1 )
B 2.590 0 1 2.590 0 60.960 0.000 2 2
I 0.304 3 1 0.304 3 7.170 0.036 6 i
i 0.254 6 6 0.042 4 — — —
JAUME 0.181 4 4 0.0453 1.240 0.492 7 w
gl 0.0733 2 0.036 6 — — —
SRR 45100 14 — — — —
x7 BRWIAERAERFTESR
Tab.7 Analysis of variance of regression model for splitting tensile strength
B Rl B ¥15 FiE PE S
Y, 3.2300 8 0.403 8 20.460 0.000 8 I
A 0.208 0 1 0.208 0 10.540 0.0176 I
B 0.006 0 1 0.006 0 0.306 0.599 9 i
C 0.0820 1 0.082 0 4.150 0.087 7 &
AC 0.416 0 1 0.416 0 21.070 0.003 7 &
BC 0.360 0 1 0.360 0 18.240 0.005 3 &
A2 0.604 4 1 0.604 4 30.620 0.001 5 2
B 1.450 0 1 1.450 0 73.550 0.000 1 2
c 0.3890 1 0.3890 19.710 0.004 4 I
B 2% 0.1184 6 0.0197 — — —
SAUE 0.1110 4 0.027 7 7.430 0.122 1 7
Al s 0.007 5 2 0.003 7 — — —
SAB S 33500 14 — — — —
#8 REFEERE
Tab.8 Model credibility testing
A brifE2 ¥(E HRRER TR RER? BMAKR? AR A% (L34
1 1 46.15 0.898 5 0.763 1 0.353 6 2.17 7.5212
: 0.206 7.090 0.944 0.868 0.568 2.550 10.622
0.140 5 5.03 0.964 6 09175 0.615 4 2.79 12.178 7
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1.1
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Fig.1 Compressive strength response surface diagram and contour line diagram
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Fig.2 Flexural strength response surface diagram and contour line diagram
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i A R AR R, T RCA LR 4B i SRR LT
P S8 HAE R B35 AR KK FE R 0.30, Lk A - 4
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3(b) AL AN [FHB f 21 A R AT A F &R £ Gl x B 5L
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90.8~1.0 kg/m* LI .
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Tab.9 Optimization parameters design for hybrid fiber lightweight high strength concrete
il A B/(kg'm™) Cl(kg'm™) Y,/MPa Y,/MPa Y,/MPa
EIN i 0.26 2 0.6 43.13 7.03 4.43
/M 0.34 6 1.2 55 9 7
FARME 0.26~0.34 2~6 0.6~1.2 TN TN RRA
F10 MM EHIZHTREIZITSH
Tab.10 Optimal design parameters of response surface design
TRALA B R FRERTREB R/ U EE/ e EE/ BB R s g/ N
KR , , - . ” - BT O
(kg'm™) (kg'm™) MPa MPa MPa
0.30 4.00 0.90 48.71 7.74 5.77 0.52
£11 RALGITSRBIE &2
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