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Abstract

Fiber reinforced soil is a new environmentally friendly soil reinforcement method. To predict the
strength of fiber reinforced soil, a BP neural network was used to study the strength prediction of
fiber reinforced soil. Train a BP neural network to predict complex doping data through single
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doping data of nano silica and basalt fibers. The results show that the difference between the pre-
dicted maximum shear stress and the actual test maximum shear stress is between -2.350% and
7.874%. The determination coefficients of the predicted shear stress shear displacement curve
are generally above 0.9, indicating that neural network prediction is reliable and a feasible me-
thod for predicting the strength of fibrous soil, thereby reducing experiments, lowering costs, and
responding to China’s “Dual Carbon Goals”.
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2030 AFIXBIUEEAE , kB K VRAT W ) — SRR HE S 2 AN W i [1] . D9 T W R 5“0 B,
FEROZE A R, A KIER R, AR 4R 0 A K e A8 B AR 4R i -
RKVE Lo LF4ENNIT 12 27 e i B — 2 Lh gl s N T Adeh

H T 8 2 55 AE A 4 WX 28 AR REEAT PR RE BT, 7255 LAUEE BT IZ N H . A4
S N K AR AR FLRE AT AR IR B L AT 158, T GA-BP W28 FEAT S BE T, BB AR
DB N, IEAEAR . BRAUEFE A A IIRFE A ()R 22 Al 2 98, I BAEWT AN N AR, S Ak
HERBETARLE, MM ICEE Y b MR ZE R/ T4 SR R SERR S TNME A DS HUE D 0.994, TEN
0.985, PR )y 2.5%, FI{EEHEIm[2]. NG NiEd s . BEVLARAR. SCHFFm &L, ANN XY
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T TR AR R N ) — AR 28 35 HA B (3 B s 6 20 000 T B iR B g - AR il 2R A
BRI FUNME 5BV & 10, RN X AR K BRI SEFEKCE T B 2R A T, o0 o 26 3%
RIS 25 R HAF G BRI IR[3] e MR B A5 N it A AR AR SR 0) AR L i BT s AT T, LA T BP.
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A5 [5]. P sl (F) #his R B N KRR R AP e, gk S RE KRGS IR - A KRN & B R 251 1=
R AR B S N 90k AR RS 1 R ARFLERFE/N6] . B A N 3
BAGURM B R 21, RIS R G M3 LR sRE S5 R S AR OEA O¢, 58K, FHEAR
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Figure 1. Neural network schematic
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RLATHIR/N R ZER T WEEEESM . 4K E— BN R EE AR, MOERMHEE.
I AL 2 S35 AR B BT N ) - B UL RS f R AT IO SN BB R BE BT R R —
Pl bR AN A — X O AR 4, BT DA R G A 4R R RN A (0 38 5 RN P BE R A L Ak S e R
4359 15 mm, 52.5 kPa, 21.9°.
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BT b (132 A e
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Table 1. Performance evaluation of different neurons
%= 1. TEHE T RETM

Hhg o Hce Y% R? BITTRIRE Hox B iR % Mg R?
8 0.996 0.083 0.060 0.994
9 0.997 0.081 0.056 0.994
10 0.994 0.090 0.061 0.993
1 0.997 0.074 0.048 0.995
12 0.998 0.067 0.040 0.996
13 0.997 0.074 0.051 0.995

M LHATBLE H, S cfiE o 12 i, AR RR 2 . 4P iRz i, st
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13 ik B A A 2 e B, il AR R A M B S T R, R K 37538 I6AIE, HARER
K =5, JIZREEH0EERE 100 K. PIREAEZR K 3738 G A1 BE VPl P b 45 3L 026 2.

Table 2. K-fold cross validation performance evaluation

2. K T 2 X BIEME REVFAS

LEb (6 MR Ty % Huxt 1 Ey iR % M tE R?
1 0.037 0.157 0.954
12 0.042 0.164 0.952
13 0.065 0.206 0.925

MGG 2 ATEUR I e RN 11 I, RERCD, OE REURK, BMUEBRE TR 11, g
KRB 3 IR, BT YL BB R AT .
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B 40 —=— 0.3%£4+1.0Si0, B 40 ,," —=— 0.5%%4+0.58i0, = —=— 0.7%%£4£+0.58i0,
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Figure 2. Shear stress shear displacement curve under vertical stress P (P = 100 kPa)
E2 EENHP TN - HYMLFRLZ(P = 100 kPa)
200 210 200
160 180 === 160
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= —e— 0.3%£f4£+0.7Si0, 4\: : —s— 0.5%£F4£+0.7Si0, 4\: —e— 0.7%£F4£+0.7Si0,
& 80 —— 0.3%£F4E+1.0Si0, 5 POUEF —— 0.5%£F4+1.0Si0, 5 80 —— 0.7%£F4E+1.0Si0,
R ’ —=— 0.3%Z]4£+0.58i0, & 60 // —=— 0.5%%£4£+0.58i0, B —=— 0.7%£F4£+0.58i0,
408 —e— 0.3%%F4E+0.7Si0, 30 —— 0.5%Z14E+0.7Si0, 40 —e— 0.7%%F4E+0.7Si0,
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Figure 3. Shear stress shear displacement curve under vertical stress P (P = 200 kPa)
E 3 |EENHP THNS - SHYMLFRLZ(P = 200 kPa)
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= 1(,/ —e— 0.3%£F4£+0.7Si0, = 150 —— 0.5%ZF4£+0.7Si0, 3 150 —o— 0.7%£F4£+0.7Si0,
2 1209 —— 0.3%£]4+1.0Si0, = 00 —— 0.5%£F4E+1.0Si0, = 100 —— 0.7%£F-4E+1.0Si0,
B g0l —— 0.3%%£[-4i+0.5Si0, &R —=— 0.5%£F4£+0.5Si0, R —=— 0.7%4}-4£+0.5Si0,
408 —— 0.3%Z£[4£+0.7Si0, 50 [t —— 0.5%Z£[4:+0.7Si0, 50 —e— 0.7%£T4£+0.7Si0,
o / L 0.3%F4E+1.08i0, 0 | —— 0.5%ZF4E+1.08i0, 0 | |~ 0.7%ZF4+1.08i0,
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Figure 4. Shear stress shear displacement curve under vertical stress P (P = 400 kPa)
E 4 EENH P THNT - SHYMLFERILZ (P = 400 kPa)
Table 3. Maximum value data group
3. mAERIEA
gipE HEWNES RENS . - T ONII Tt h £
== Z 5y Sl |
45 %) B (%) Pa FSLfE/KPa  WliR{E/KPa 12 %) R?
1 0.3 1 100 135.527 138.765 2.390 0.937
2 0.3 0.5 100 126.700 135.212 6.718 0.886
3 0.3 0.7 100 131.770 138.035 4.755 0.964
4 0.3 0.5 200 185.015 196.509 6.212 0.930
5 0.3 0.7 200 190.553 196.762 3.258 0.942
6 0.3 1 200 197.024 195.014 -1.020 0.962
7 0.3 0.5 400 262.771 272.410 3.668 0.828
8 0.3 0.7 400 263.253 274.569 4.299 0.902
9 0.3 1 400 269.757 271.510 0.650 0.938
10 0.5 0.5 100 121.197 130.739 7.874 0.932
11 0.5 0.7 100 131.184 134.525 2.547 0.975
12 0.5 1 100 142.798 146.178 2.367 0.960
13 0.5 0.5 200 166.910 178.434 6.904 0.917
14 0.5 0.7 200 169.266 171.955 1.588 0.971
15 0.5 1 200 195.349 204.544 4.707 0.916
16 0.5 0.5 400 257.420 254.102 -1.289 0.951
17 0.5 0.7 400 267.786 269.309 0.569 0.929
18 0.5 1 400 288.612 289.451 0.291 0.925
19 0.7 0.5 100 141.837 143.327 1.050 0.970
20 0.7 0.7 100 128.904 130.618 1.329 0.976
21 0.7 1 100 124.610 122.143 —-1.980 0.928
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22 0.7 0.5 200 192.067 191.230 —0.436 0.967
23 0.7 0.7 200 180.126 185.310 2.878 0.974
24 0.7 1 200 162.512 169.746 4.452 0.930
25 0.7 0.5 400 293.824 295.637 0.617 0.922
26 0.7 0.7 400 275.841 280.615 1.731 0.932
27 0.7 1 400 262.672 256.499 -2.350 0.943
300
270 F
240
[}
210}
E 180
1201 —— A
F , ., ., T WA
0 3 6 9 1215 18 21 24 27

g

Figure 5. Comparison chart between predicted and actual values
B 5. FNMESESEXEEE
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2P 4B RN 0.3%A0 0.5% A B DL T, B A TINF A4 (1 e 5 B2 2 i A 9 oK — S AR ) 2 B o 88 £
ZRA LTSRN 0.7% ML T, A I A i (B 3 B2 A 9K — A ALRE 45 BN R R, 5 J55C
MISRIs 45 R — 8. i H] BP 22 R 28 FN A K AELAS 2 ) 25 AN SERR B Xt L, IR 2245 -2.350%%1 7.874%
ZIA), ARZERTAEZ . I BTN B B R - BT YIRS 2k 1 R® BEARHITE 0.9 L, MISRER . JF
Hisdxs b, RIE Z 3 AP 4EB 0Y 0.5% 4K A B 0y L0%M XA B8y 0.7%40K — AL
B RN 0.5% MR T, LARRSEE Rm, S5 HIEE 2.

AR RIBIN 7y - BYOINIAS -NERAE N /155 0 I UANSE T 0, JRIAHEN St e b — R 400
BEHRABATH I Z S, HH b —MaAET 01, Beid—Me/ZR EREER o #2004 tanh (x) ¥
WG BAS =ANRRRAG Y, fAEFERE AR N O8N 0, BRI ARA - EN 0, JFH
EHMET b, RMERBA—EN 0.

3.2. FRNMAEESR

PR SR 3045 HH 8, AR SO ST AP 22 I AL I AN RE LR AR BN R 1B AR 26 5 A0 A EE 441
A I T T AR i XA 3 PSR U SR L AR R T 285 SR 0 A P P A o BT A0 i R T S5 PR e
EHERIR RIS A 6, BAREE R 4.
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Figure 6. Fitting curves for two optimal mix proportions
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