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Technical and Performance Analysis of Fly Ash in Soft Soil
Reinforcement during Road and Bridge Construction
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Abstract;: To determine the appropriate ratio of fly ash—mixed cement for improving soft soil, three cement contents of 4%,
5% , and 6% and four fly ash contents of 10%, 15% , 20%, and 25% were set. A 3x4 two—factor ratio test was constructed,
and control groups without improvement, single cement addition, and single fly ash addition were also set. Through unconfined
compressive strength, compression, CBR, impermeability, and dry—wet cycle tests, combined with two—factor variance analysis,
SEM/XRD tests, and on—site settlement monitoring, the mechanical properties, durability, and deformation control effects of the
improved soil were evaluated. The results showed that the cement content, fly ash content, and their interaction all significantly
affected the performance of the improved soil; when the fly ash content increased from 10% to 20% , all performance indicators
continued to improve, and decreased after increasing to 25%. The 28—day unconfined compressive strength of the 5% cement
and 20% fly ash combination was 1. 31 MPa, the compression modulus was 8. 15 MPa, the CBR value at a 2. 5 mm penetration
was 17.4% , and the strength retention rate after 7 dry—wet cycles was 86.8%. The cumulative settlement of the improved
section in the field was 53.9% lower than that of the unimproved section. Considering the comprehensive performance and
material usage, a 5% cement and 20% fly ash combination was found to be the more suitable ratio. The findings may serve as a
reference for related engineering practices.
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Table 1 Basic physical, mechanical and chemical properties of soft soil
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Table 2 Main performance indicators of fly ash
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Table 3 Double—factor mix proportion design of cement—fly
ash modified soft soil
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Table 4 Unconfined compressive strength under different
cement—fly ash mix proportions

KBRS TCMIBRHT 55 E/ MPa

LS /% 7d  14d  28d  60d

S0 0.08 0.09 0.10 0.11

20 20 0.11  0.14 0.18 0.23

cs 5 0.30  0.47 0.68 0.79
C4F10 4 10 0.27  0.43  0.67 0.8
C4F15 4 15 0.34 0.5 0.8  1.05
C4F20 4 20 0.42  0.69 1.06 1.32
C4F25 4 25 0.33 0.62 0.9 1.19
C5F10 5 10 0.34  0.56 0.8  0.98
C5F15 5 15 0.43  0.70 108 1.3
C5F20 5 20 0.54 0.8 131 163
C5F25 5 25 0.48 0.78 118  1.45
C6F10 6 10 0.40 0.65 0.9 1.16
C6F15 6 15 0.50 0.80 1.23 1.50
C6F20 6 20 0.62 098 1.47 1.8
C6F25 6 25 0.56 0.80 1.34 1.65
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Fig.1 Variation in 28—day unconfined compressive strength
under different cement and fly ash contents
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Fig.2 Compression Test Results of Specimens with

Different Cement—Fly Ash Proportions
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Fig.3 CBR values for tests with varied fly—ash contents
at 5% cement content
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Table 5 Two—factor analysis of variance for the performance of
modified soft soil by cement—fly ash ratio
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Table 6 Impermeability and dry—wet cycling durability performance of representative comparative samples
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Fig.4 SEM morphology and XRD patterns of improved soft
soil with different mix proportions

C5F20 HIGMEs i 3%, iE 4 (¢) s,
KR IER I 0RE 23 A T 4 0k AR AL = 2 1], ]
HFEIAr FI B KALBE; KIKAL=4R Ca (OH),
R R L EREE A R K Th G Si0, Fi AL O,
KA TR, AR C—S—H Fl C—A—H 25 e~
Yy, MEEURLRDE SO S LS 4%, HIEl 4 (e) TIUL,
5 C5 4iA L, C5F20 41 Ca (OH), %5 1iF 04 i 55

20° ~ 35° 35 [Bl P ok HC 0 B I B &, 3R B 4
Ca (OH), B¢ R R M #E, JoE W IEHBE W) & it
B,

WHEIRIB 3 2 25% )5, C5F25 41 R J v Bk
TE RIS 30, 8 43 3 B ¢ T 5 i (R e ¥ RS AR
ZIAE s A, SR FLBR R B, W 4 (d)
fis . HIRFE FKIEB & RFFAZE, K9
RBHE I S5 A AN DT o Bk o s IR, F 3K
WELEZER TSR PR A . H BT DL, R R R 33 5
IRUCETKAIE 235 F1 RS AR — 1k Js oy e [) el 36 4 = P9 S
GhEMy; CSF20 L EARCNIES: . BURIIIREE ML, 5
AR O FR BT 3 B R4 B . CBR B 2 ffit
AHEREM ELEDIE ,

3 BIHEIEM R L 1ERE

3.1 AR EA E LT

PRI SEH | B 5% K85 20% Ky Mk 41 &
T B R, A8 T8 55 Ab P X8R i K
100 m M Ao IR By, 350 B i L 2 iR A6
GO LY VA % B S 5ol O R G e (I = K
SO Bl AR Sk 1ok % B DT 42 B0k, — B B
AEFREREERR 1.5 m, Hfkad JEBCAL FEVREEEL 2.0 m,
MR Z R, REE AR B ol 25 ~
30 em, FRACEHLZEBEFEE] R 20 ~ 25 em, fiRY AR
JK KU 5 R A AE AL SR B BB S R )Z
MG T A% IR s T —I8 RHEK— Bt —
BRI A —07 )2 M — R AL —FR R IR
RS, & 5 Fis,

ST T MBIk ,

ML HEK Wl S Bmita
v

R b T SMEH Sk

BE5 BEK-KEEAGERUKEEITRE

Fig. 5 Construction process of soft foundation improved with fly ash and cement
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Fig. 6 Field settlement curves of soft foundation improved
with fly ash and cement
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