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Solidified Sediment during Freeze-thaw Cycles

ZANG Meng', YI Xian-hu®, YAN Xiang®, CHEN Xiao-ning”, LU Hai-jun'
(1. School of Civil Engineering and Architecture, Wuhan Polytechnic University, Wuhan 430023, China;
2. Hubei Huaxia Water Resources and Hydropower Co. , Ltd. , Jingzhou 434007, China)

[ Abstract ]

fied lake sediment under freeze-thaw cycle conditions, the macroscopic engineering characteristics of the solidified sediment material

To evaluate the micro-structural degradation characteristics and strength attenuation law of multi source solid waste solidi-

under freeze-thaw cycle conditions, such as unconfined compressive strength, volume deformation and permeability coefficient were ob-
served through multiple repeated freeze-thaw cycle tests on samples of granulated blast furnace slag, desulfurization gypsum, and con-
struction waste co solidified sediment. By combining micro testing methods such as X-ray diffraction, Fourier transform infrared spec-
troscopy, scanning electron microscopy, energy spectrum analysis, then the mineral composition, functional groups, surface morpholo-
gy and elemental composition of solidified sediment materials during freeze-thaw cycles were systematically analyzed, revealing the mi-
cro mechanism of structural degradation of solidified sediment under freeze-thaw cycles. The results show that with the increase of
freeze-thaw cycles, fibrous ettringite and columnar gypsum and other cementitious products fracture and overlapped with each other to
form a network, and the internal pores increased. This may be the reason for the decrease in strength and increase in permeability coef-
ficient of the solidified sediment. The obtained mechanical characteristics and degradation patterns of solidified sediment during freeze-
thaw cycles can provide basic data for the application and promotion of this material in regions with significant freeze-thaw cycle charac-

teristics such as northwest and northeast of China.
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Table 1 Basic mechanical parameters of sediment

. ORI, /%
£y &4 Y YRR/
o §$ @(5& ﬂjﬁ WYEAREL % i ks P A Bk
(0.02 ~2 mm) (0.002 ~0.02 mm) ( <0.002 mm)
67.56 60.5 35.3 25.2 2.65 23.3 56.4 20.3
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Table 2 The main chemical components and contents of dredging sediment, slag powder,
desulfurization gypsum, and construction waste powder
on E W)
Sio, AL O, Fe, 0, Ca0 MgO S0, Na, 0 P,0, HoAth
BRI TR 57.31 17.440 9.650 6.95 2.240 — 0.601 0.17 5.639
R ) 27.36 12.470 1.410 37.21 7.330 — 0.480 0.01 13.730
WA 2.38 0. 898 0.483 45.36 0.619 49.16 0.165 0.02 0.915
AL R 39.87 8.930 6.030 35.07 2.010 3.09 1.030 0.17 3.800
#3 EXAZIHTERR&ER
Table 3 Orthogonal experimental design table and results
B WURIRA % B AR /% LRSI/ MPa
LR J A ik K
GHI1 65 1:1:1 11.00 11.00 11.00 2.0 6.85
GH2 65 1:2:2 6.60 13.20 13.20 2.0 6.42
GH3 65 1:3:3 4.71 14.14 14.14 2.0 10.96
GH4 65 2:1:2 13.20 6.60 13.20 2.0 8.81
GHS5 65 2:2:3 9.43 9.43 14.14 2.0 8.97
GH6 65 2:3:1 11.00 16.50 5.50 2.0 1.65
GH7 65 3:1:3 14.14 4.71 14.14 2.0 13.22
GHS8 65 3:2:1 16.50 11.00 5.50 2.0 6.85
GH9 65 3:3:2 12.38 12.38 8.25 2.0 7.91
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500 mlL AZEAR A HR il AR SR R AR &, TR
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Fig. 1  Volume shrinkage of solidified sediment

under freeze-thaw cycle
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Fig. 2 Unconfined compressive strength of solidified

sediment under freeze-thaw cycle
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Fig. 3 Hydraulic conductivity of solidified sediment

under freeze-thaw cycle
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Fig. 4 XRD pattern of solidified sediment under

freeze-thaw cycle
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Fig.5 FT-IR pattern of solidified sediment under

freeze-thaw cycle
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Fig. 6 SEM pattern of solidified sediment under

freeze-thaw cycle

JINZ AT B R BRE R, R R A AR A T
BTE—, H O AR R BT RE b 7 i UK AR e B e A
HIEERS . FRIBER 15 ~20 UK, £F 4 4R 11 55 5 A7
FEIRAT B A 58 T il 0 445 1A A K T 78 R
FLIA 22w, HR =35 Jr A4 B 1 I 265 R 1 4 D R A
FEZAGE | 3 0] RE S 1 LR B > BB R BUE R

TEIRIR - 35 °C 5 50 CYRRIER 5 W5, ik
FENFREE RIS — A B0 B AR, LTI A 48 BUR
FLIRAAAE . FEM R ITTA A C RN =8, %79 nl
e AR TR B A, RAIEIR 10 1K,
R EDX JCZE 4 Hr I} Ca Si 0 JTTE & EAIAMR
RS AN 1.2 wm BYBRIRA %R
AT RE NSRBI A, Qi 8 FIrR . ZRALME 15 1K
S5 BRI R 7 4 BRI BT TN B 4G ) R
KEKHF 1.5 ~2.1 pm S5RGBT i A B AL AR
BRI BE = 210, URAEEA 20 WKJS , URE N R4S
FREABAL , /NS B B HOREE B A B 5 [
JB A KA RN A B S R 7 ), A B e T ) A
AR ( - 35 °C) Ak =i (50 °C) HARMEE
FEBAAPEREIR X AER] T B LR A R B B4
FPT R BAIG PR IR ) T AR P RE

BIEEA IS 4L IS e i EDX J6 2 43 A 1 I A 3%
wnE 7 fE 8 Fras, HIE 7 FE 8 nl Al EALIK
BICEM AL, C.0.Si Ca S AT, Hifs B 2 R Bl G

MR R 4, 32 R IR R O A o R R O i

A ABNERELE T RA, G R
C.0.Si,Ca TR T ®EBIKSAHEE 6.79% ~
36.52% . 12.86% ~ 40.91% . 2.54% ~ 23.55% .
8.70% ~50.16% i [l N, 4%} F €,0.Si Ca JTLE,
STEEMERN1.94% ~17.13% , W @A /D , X ik
W O 4 32 2 ek RS Y AR AR S TR A

A, AR 4 EDX JTE 43 A AL FE SR E A
Mg Al.P Cl K Fe JUE , (H1E VR flE 30 2o A8 b 5 1
BALRH B BN, Kb Mg TR S &K 0.16% ~
1.70% Al TTE S H N 1.16% ~7.59% P ILE &
HHMN0.81% ~1.93% Cl TEFH N0 ~0.21% .
KItZE &4 0.30% ~2.43% Fe TG & >
0 ~9.03% , /1 LA b 5508 mT 40 Wk Ak i 88 7= ) C-A-
S-H JL %A 41, Fe Cl K P JCZ 0]t & 51
i W AR A B BB AR T, i T AR
INKEIF SR 25 S N K, 0 M TR IR e AL
Fe Mg I S JUZ 1) & & 5 i, (0 VR il 1 240 5 ax
JLESEE/N, 454 XRD ,SEM il 45 5 Ik Ky
Fe JG K 1] BEM /K W A7 ZE R R0 W A B 25 26 i T 4% 455
4 L.DHs ;=9 .

ML . www. stae. com. cn



Bt R 5 TR
7750 Science Technology and Engineering 2025,25(18)

GH3 Ft-5

Element ~ Wt/% Element  Wt/%
(@ 34.09 S 6.89
o 3243 Cl 0.20
Mg 0.85 K 0.56

Al 3.05 Ca 8.70
Si 1l 77} Fe 0.71
By 1.28

EDXHI0H /i Bl EDXTH & E
(a) GHIRAEA RS IR (E T E ElementFm iR, WA & E)

GH3 Ft-10

Element ~ Wt/% Element  Wt/%
(@ 8552 S 6.63
() 34.06 @l 021

Mg 0.41 K 0.30
Al 2.69 Ca 10.18
Si 6.69 Fe 1.19
P 1818}

EDXEH LR 1 B EDX &
(b) GH3IRFE A Rit102

IR - 15 °C, B 50 °C
Bl 7 FREER G E AR K EDX TG 43 AR Al e &

Fig. 7 EDX element distribution and total spectrum of solidified sediment after freeze-thaw cycles
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Fig. 8 EDX element distribution and total spectrum of solidified sediment after freeze-thaw cycles
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