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Multi-objective Optimization of Fiber Foam Concrete Based
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Abstract: Foam concrete severs as a deformation reserve layer between the initial support and the
secondary lining, effectively resisting the rheological deformation of the surrounding rock in
deeply buried tunnels with high-ground stress. The incorporation of fibers enhances its
compressive performance and ductility, addressing the issue of low compressive strength under
specific fiber characteristics. Orthogonal test and Box—Behnken design method of response
surface were used to systematically investigate the effects of various characteristics such as fiber
mass fraction, length, and types, on the compressive strength and elastic modulus of foam
concrete. A characteristic regression model was developed to optimize the mix ratio. The results
show that the regression model established by the response surface method demonstrates high
accuracy and reliability. Among the various fiber characteristics, the fiber mass fraction has the
greatest impact on both the compressive strength and elastic modulus of foam concrete.
Meanwhile, the interaction among multiple characteristics significantly influences compressive
strength while slightly impacts elastic modulus. Particularly, the interaction between fiber length
and fiber type has the most obvious impact on compressive strength. Furthermore, by maximizing
the compressive strength and minimizing the elastic modulus, the optimized mix ratio result
derived from the model shows that the absolute values of the relative errors are less than 5%. The
small relative errors indicate that the proposed model can provide support for the multi-objective
optimization of foam concrete with different fiber characteristics in the project application.

Key words: tunnel reserve layer; foam concrete; Box-Behnken design(BBD) ; response surface
method; multi-objective optimization
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Table 2 Mechanical properties of fiber
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BF 2.63~2.65 7~15 91.0~110.0 3 000~4 800
PVA 1.29 15. 09 40.0 1 830
PP 0.91 32.70 4.2 469
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Table 3 Orthogonal test design
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Table 4 Test conditions and ratios
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mm % KR K Fasl EaRie m’

1 BF 3 0.1 581.94 232.78 3.5 2.64 0. 64

2 BF 6 0.2 580. 56 232.22 3.5 5.28 0. 64

3 BF 9 0.3 579.17 231. 67 3.5 7.92 0. 64

4 PVA 6 0.1 581.94 232.78 3.5 1.29 0. 64

5 PVA 9 0.2 580. 56 232.22 3.5 2.58 0. 64

6 PVA 3 0.3 579.17 231.67 3.5 3.87 0.64

7 PP 9 0.1 581.94 232.78 3.5 0.91 0. 64

8 PP 3 0.2 580. 56 232.22 3.5 1.82 0. 64

9 PP 6 0.3 579.17 231.67 3.5 2.73 0.64
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Fig.1 The prepared fiber foam concrete specimens
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process
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Table 5 Results of orthogonal test
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75 - YRS MERRMEL BURRE PRI A 4R
mm % MPa MPa J
1 BF 3 0.1 4.79 499. 98 40.2
2 BF 6 0.2 4.16 401. 38 78.5
3 BF 9 0.3 2.65 343. 46 113.8
4 PVA 6 0.1 5.12 502. 00 38.0
5 PVA 9 0.2 4.64 418.26 71.9
6 PVA 3 0.3 3.22 387.00 116. 4
7 PP 9 0.1 4.76 489. 00 40.0
8 PP 3 0.2 3.98 459.00 66.7
9 PP 6 0.3 3.23 384. 62 87.6
10 PVA 6 0.2 4.89 434. 54 69. 8
11 PVA 6 0.2 4.97 432.95 68. 6
12 PVA 6 0.2 4.86 467. 84 63.7
13 PVA 6 0.2 5.09 441.05 70. 1
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Table 6 Variance analysis of compressive strength model
i 75 A H T Fi& PiH EARE
IR Y, 8.080 0 9 0. 898 0 85. 05 0.0019 e
AT EFNAS) 1.0100 1 1.0100 96. 05 0.002 3 3
B AR ) 0.010 1 1 0.010 1 0.96 0. 400 1 NTES
C(LF 4 it /350 0.108 4 1 0.108 4 10. 27 0. 049 2 B
AB 0.088 4 1 0.088 4 8.38 0.062 8 ENTES
AC 0.020 3 1 0.0203 1.92 0.2599 NTE
BC 0.1711 1 0.1711 16.21 0.0275 nE
A 0.5853 1 0.5853 55.44 0.0050 BE
B 0.123 1 1 0.123 1 11. 66 0.042 0 iE2
c 0. 6652 1 0. 6652 63.00 0. 004 2 e
EIRORTS = 0.0317 3 0. 000 0 — — —
B2 8.1100 12 — — — —
F7 HHEESERTEST
Table 7 Variance analysis of elastic modulus model
WiH 05 A B 2% FiH PiE EERE
Ml Y, 26 347. 35 3 8 782.45 49.25 <0. 000 1 e
AL HERIZR) 23 550. 14 1 23 550. 14 132. 06 <0.000 1 e
B(AYEK ) 1512.41 1 1512.41 8.48 0.0172 e
C(LF 4 Fi i 7340 1284. 81 1 1284. 81 7.20 0.0250 e
3P 1 604.93 9 178.33 — — —
S 816.33 6 136. 05 0.52 — NTE
o Nof 1 2 788. 16 3 262.87 — — —
B 27952.29 12 — — — —
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Table 8 Reliability analysis results
[m] 2 A PR 2 ¥ MHILRER WRREAR WMRLR® R 5 L
Y, 0.1028 4.34 0.996 1 0.984 4 T 1 2.37 24.407 6
Y, 13.350 0 435.47 0.942 6 0.923 4 0.9108 3.07 21.2022
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Fig. 4 Response surface diagram of interaction law of compressive strength

(a)—PVA; (b)—£F4ERKE N 6 mm; (¢)—ZF 4R 700N 0.2%.
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Fig.5 Response surface diagram of interaction law of elastic modulus
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Table 9 Optimal design results verification of response surface

i . YR LY PR P A

= Y% KBE/mm FEN{E/MPa  SEE/MPa  E/%  TNM{E/MPa  SZIU{E/MPa E,/%
I BF 23 5 4.09 3.98 2.8 409. 05 416. 8 1.9
II PVA 25 8 4.40 4.27 3.0 391.95 407. 6 3.8
I PP 25 9 4.36 4.24 2.8 401. 93 387. 1 3.8
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Fig.6 Porosity, roundness values, and binary value
section images of groups 1,2 and 3 in

orthogonal test
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Fig. 7 Micromorphology of foamed concrete
(a)—141; (b)—44l; (c)—74l.
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