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An in-situ method for assessing soil aggregate stability
in burned landscapes

ZHOU Yonghao, HU Xiewen, JIN Tao, DUAN Wenchao, GONG Xueqiang, XI Chuanjie, CAO Xichao

(Faculty of Geosciences and Environment Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China)

Abstract: Due to soil repellency in burned areas, slope runoff and soil erodibility escalates following forest fires, increasing the
vulnerability to post-fire debris flows. Soil aggregate stability is a critical determinant of soil infiltration capacity and erosion
susceptibility. The prevalent method of assessing soil aggregate stability in burned areas, the counting the number of water drop
impacts (CND) method, is time-intensive and impractical for in-situ measurements. In response, this study introduces a novel
technique based on the shock and vibration damage (SVD) effect for evaluating soil aggregate stability in burned areas. Thirteen
distinct soil aggregate types were meticulously prepared for indoor simulated fire testing, with due consideration to factors such
as bulk weight, organic matter content, and water repellency, which influence stability of soil aggregates. Employing a custom-
built test apparatus, the mass loss rate (MLR) of soil aggregates was determined through orthogonal experiments using the SVD

method and compared against the standard CND technique's quantification of water droplet-induced aggregate destruction. The
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findings demonstrated that SVD method, employing Test Scheme 6 (testing 20 aggregates, 1-meter impact height, 40% water

content, and five impacts), exhibits excellent agreement (Kendall coefficient = 0.797) and correlation (R* = 0.634) with CND

method outcomes. This testing scheme, characterized by rapid determination and effective discrimination, is identified as the

optimal testing approach. The SVD testing apparatus is straightforward, portable, and easily disassembled, rendering it suitable

for on-site use. It can be used to distinguish the stability level of soil aggregates swiftly and quantitatively under various fire

intensities in burned areas in situ, which is an important guiding significance for the study of soil erosion, erosion control, and

post-fire debris flow initiation mechanism in burned areas.

Keywords: soil aggregates stability; burned area; mass loss rate; shock and vibration damage; post-fire debris flows
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Fig.1 Measurement setup for the SVD method
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Fig.2 Experimental setup for the CND method

T B, R 2 N S0 RS 0 I SR AK, AT K
i i % (CND 2B AR5 4 ~ 5 mm A 52— ]
RMHAE LA 2.8 mm f 57 SR, ff AR P2 0.05 mL
M EB TKBIETE R B, T B 1 m!"™, v
N VA ESRBIR R — H R AR TR R Rk
RARNE T 20 4> Fph g A1 RAK, I S KB K %
BN % R RS E PR R FR
2 IR
2.1 REAE

A L SRR A B E PUITAS Bl SR 5 A IR N 28 T
2K E T 2= KU, T EZAE O A, At
LT MCE . R a3 2R R 32 2 s i mb 120,
2019 4F 4 H, &7 B IS £ KRIA 5 R BRbk kK, [Rl4F
T—8 H, AL T el Hb (¥ 48 5 1 1) DR B 2 50 g Wl 1717 2%
BRI IF I AT W A SCHEZ K S5 P A0 T A
AR AR KR DX R - S i, FH T 38 U RADL KRR

K E A% 10 em, 7 10 em A9 IR JJIAE T 60 4~
AR o 8 KT A8 IR S 25 B e SR T A ARV 2
DRE, T 0~2cm, 2~4cm fl 4~ 6 cm, 43 )23 T
BN 4~ 5 mm B IR REFTRAED, 58075 &+
R KPES A P B FN A PR [R) K B T
VAT SR ARG P RS2 ), 0 3 2 SR K R 1, o 4
T 13 Fh SR RAK, 23 BT SVD AT CND 5,
e 1 s Horp, H3EIIRA LB A B2
e o VR P VHLER JT VR P A 5 3 R K R K 2



- 100 -

Hh [ M KCE 5 B iR A 4R

% 6l

2z

A [A] (water drop penetration times, WDPT )il iz il 52 11,
T DX K B E 4 DX 1 328 SR At 126 0145 5 B4 K b )i T

KA T AR AR BEACA, K5 JCBE T 3t 73 D B OBE L PP
KR RIE KB BRI

F1 Sl HEFEYEL MR
Table 1 Key physical and chemical properties of the studied soils
st R FARXT R ZH R KA R F A 7K 4
7N
o ST-1 ST-2  ST-3 ST-4 ST-5 ST-6 ST-7  ST-8  ST-9 ST-10  ST-11 ST-12  ST-13
IREE/(°C) 600 600 600 Wi OEE EE 200 200 400 200 400 200 400
it ] /min 120 120 120 \ \ \ 5 60 5 30 5 60 5
BRI /cm 0~2 2~4 4~6 0~2 2~4 4~6 0~2 2~4 4~6 0~2 2~4 0~2 0~2
wmEl R ®RE  RE RBE el il JEHE e Sty
K R R R K7
FrktE kK RK S mx PR Rk Rk Rk Rk Rk RK FK
T4 H/(grem™) 0.95 1.04 1.16 0.95 1.04 1.16 0.95 1.04 1.16 0.95 1.04 0.95 0.95
WITRA DL 5 /% 14.0 9.48 6.93 14.0 9.48 6.93 14.0 9.48 6.93 14.0 9.48 14.0 14.0

1F: 32K (WDPT<5s), # A5 /K (WDPT: 5 ~ 60 s), #Z1% 7K (WDPT: 60 ~ 600 s), /% /5 /K (WDPT: 600 ~ 3 600 s), $&3fi & /K (WDPT: >3 600 s)?*, ST-

1 ~ BRI RIAI G5
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Table 2 Table for orthogonal test design for determining aggregation stability
D5 TT Al% Blem CRR D/t 5 TT Al% Blem ChR DI

MT-01 40 80 10 10 MT-14 80 100 1 10
MT-02 100 50 3 10 MT-15 20 100 10 25
MT-03 80 50 5 15 MT-16 20 50 1 5
MT-04 20 80 15 15 MT-17 60 80 5 5
MT-05 60 50 10 20 MT-18 100 200 5 25
MT-06 40 100 5 20 MT-19 20 150 5 10
MT-07 80 80 3 25 MT-20 60 200 15 10
MT-08 100 80 1 20 MT-21 40 200 1 15
MT-09 100 150 10 15 MT-22 80 200 10 5
MT-10 80 150 15 20 MT-23 100 100 15 5
MT-11 60 150 1 25 MT-24 20 200 3 20
MT-12 40 150 3 5 MT-25 60 100 3 15
MT-13 40 50 15 25

TE: SR R AR A AOK AL, B rhili i BE, CHRE PR, DI 3 R AL, MT-1 ~ 250K SVDILIRE T % .
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Fig. 4 Relationship between SVD method and CND method function fitting (b, ¢, d) and discriminative analysis of discriminative analysis of (a)
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Table 3 Consistency test results between various schemes of the SVD method and the CND method

ik Kendall 2% P ik Kendall 2% P ik S Kendall 2% P ViES Kendall 2% P
MT-1 0.827 0.071 MT-8 0.687 0.170 MT-15 0.791 0.089 MT-22 0.726 0.134
MT-2 0.299 0.845 MT-9 0.709 0.149 MT-16 0.918 0.037 MT-23 0.684 0.173
MT-3 0.495 0.456 MT-10 0.723 0.137 MT-17 0.581 0.304 MT-24 0.679 0.178
MT-4 0.654 0.206 MT-11 0.890 0.045 MT-18 0.874 0.051 MT-25 0.604 0.270
MT-5 0.761 0.108 || MT-12 0.874 0.051 || MT-19 0.659 0.199 || MT-6.

MT-6 0.904 0.041 MT-13 0.780 0.095 MT-20 0.815 0.076 MT-11. 0.797 0.000
MT-7 0.728 0.133 MT-14 0.659 0.199 MT-21 0.794 0.087 MT-16

e Frh Py B M, PIE/NT0.05, ULAHELA 3 —3(HE; Kendall R AR —SOMERRE (325 <0.2, —f%: 0.2 ~ 0.4, TP15F: 0.4 ~ 0.6, £38: 0.6 ~ 0.8, 1R
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