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Engineering evaluation method for overall stability of slurry trenches
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Abstract: The horizontal slice method is commonly used for examining the trench stability in layered soils. Unsafe results may
be given by the 3D horizontal slice method when the ratio of trench length to depth is relatively small. In addition, the effective
soil strength parameters are recommended for trench stability analysis. However, the soil strength parameters in engineering
reports are often obtained from the direct shear tests. Further investigation is needed to incorporate the trench stability analysis
with the current practice. In this study, the theoretical framework of the horizontal slice method is introduced, and its
connection with the sliding wedge method is discussed. The deficiency of the 3D sliding wedge method in undrained clay is
shown by a field test, and the improvement by an equivalent 3D wedge method is proposed. A discussion on influences of the
differences between 2D and 3D methods, selection of soil strength parameters and water pressure calculation on the calculated
results is carried out through 10 collected case studies.
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Fig. 1 Schematic graph for 2D horizontal slice method
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Fig. 2 2D overall stability analysis in homogeneous soils
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Fig. 3 Schematic graph for 3D horizontal slice method
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Fig. 4 3D overall stability analysis in homogeneous soils
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Table 2 Soil parameters for project 1

s HR EE, Ceq Peq
/m /(KN'm?)  /kPa  /(° )

OFH+ 0~1.55 18.0 10 8
OFH+ 1.55~3.85 18.0 10

@-1 Rt 3.85~6.40 16.3 8 5

®@-2 fwb 6.40~10.70 17.5 1 25

@-3 ¥+ 10.70~11.95 18.0 22 15

®-1 MFEEL  11.95-15.20 18.5 25 18

@2/t 15.20~18.10 19.0 32 25

(20 TRESAF) 2——) M7 5 R Mk
S 2 o R SRR R B TEE N 6 m,  BUAETR
21.8 m, YEHANSFEE LN 1.15~1.30, B 1.30 i
TR, ~FIHT KA 1.8 m, Ik W3R 3.
*®3 TiEEhl 2 +ESH
Table 3 Soil parameters for project 2

HER HE ¢ o,
j:# ) cq q
= /m /(KN'm?) /kPa /(° )

O-1 &1 0~1.80 17.5 10 8
D-1 Zu3t+ 1.80~2.66  17.5 10 8
@-1 RFM A+ 2.66~448 165 8 6
@-2 WRFR 1 4.48-6.47 165 6 5
@-3 MF+ 6.47~10.53  18.5 24 16
@-4 %+ 10.53~12.43  19.5 25 18

@-1 # i F -+ 12.43~1490 19.5 28 19
@-1 &AL FR DS 14.90~18.60  20.0 24 25
@-2 5B ALY RIS A 18.60~21.80  21.0 60 30

(3) TR 3—— MG AT IE =5 R AL I B,
545 3 R OB B TR N 6 m, TR R
19 m, VEFHKAHXER N 1.05~1.20, L 1.20 #H4T
I, SEHH R KA N 3.17 m, EESENE 4.
F4 1123 ESBH

Table 4 Soil parameters for project 3

= TR EE, Coq o

/m /(KN'm?)  /kPa /(° )
O-1 &1 0~3.17 18.1 10 10
O-1 F3H+ 3.17~4.99 18.1 10 10
O3 FKHEL 4.99~10.73 18.1 13 10
O-4 HHE+ 10.73~11.73 18.1 10 10
@-1 g+ 11.73~15.71 19.1 25 15
@-2 WiRFEF L 15.71~18.35 16.8 6 4
@-3% 1 18.35~19.00 19.2 28 16

(4) TR 4—pg sl g

545 4 Hhh N OESEEERE B TR 6 m, B TRFE
62.3 m, VEFKAHXEEE N 1.20~1.25, B 1.25 i
T, FRIM T KON 3.17m, LESHNE 5.

(5) THESEH] 5—— FUg 2RISR

FAp) 5 R N OESEREAE B TE N 6 m, AETRE
25m, JFKAXFEZEE N 1.10~1.20, H 1.20 317
WHE, PR AKAN 0.77 m, LESENE 6.

(6) TRESef] 6—— b i va 7 4% it ik

545 6 R FOELEREAE BTN 5 m, REIRE
32.9 m, VKX EZEE N 1.10~1.20, H 1.20 i
TR, “FHHTAKA N Im, LESEIET.

(7) TR 7— b K

FAp) 7 Hhh OB REAEBLTE N 6 m, IR
20.5 m, VeRAHX IR LR 1.20, FIJHF KA K
2.1m, LESHILES.
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Table 7 Soil parameters for project 6

105 m RESFREITREY 120, Figi g R E G O i iy Ko
VN Ny m ‘m Pa °© a
N 22 ’ j: ~§ 0 °
FALLN228m = f‘b&)“% ’ . O 0~1.00 185 22 195 7 274 045
x5 IIEXH4 TESH OZHE+E 1.00~1.56 185 22 195 7 274 045
. . R 3 f'T
Table 5 Soil parameters for project 4 @ﬂ;\iﬁff\ 16.5363~ 183 6 300 (0) (252) 037
IR HE c o, .
+Z K : « ! TVE A ~
= 0 /m /(KN'm?)  /kPa /(° ) @’gfﬁ% ?'1329 17.4 11 185 0 30.1 045
D2 ZHE 045 0225 184 111 136 N
o @WRFRE 11.59~
@-2 e 16.5 9 115 3 212 057
el 0.60 2.25~3.17 17.7 84 118 + 18.44
M+ g 184
) AV R -1% : 17.3 14 135 6 219 052
@\2 mifb')j‘ 0.65 3.17~8.50 17.7 84 118 21.76
gl ®-2 FbJ _
Wi 21.76
@-3A ¥+ o 18.3 5 335 (0) (26.9) 0.36
4l ¥t 25.60
- 0.55 8.50~11.05 18.0 9.8 189 1 :
Jek g+ ®3-1 ¥l 25.60~
@-3 ¥ A o 39 00 180 14 195 4 298 0.47
Ea 0.58 11.05~18.15 17.8 104 164 .
©aA 1 . HE@-3 KG-2 BRI EE e aE (25) HEAEL
P 0.47 18.15~22.15 18.5 85 233 =8 TIZSH 7 +EE%
®iﬁ\ﬁfﬁ 050 22.15~2740 180 105 162 Table 8 Soil parameters for project 7
S ) i 2
@-5 ik LR mx ER g 0
e 0.45 27.40~35.00 18.3 1.8 223 /m (KN-m3)  kPa /()
@-6 B4 042 35.00~62.30 185 1.5 33.0 %-1 ?ﬁi 0~2.1 19.5 12 8
-1 FEIE A+ 2.1~2.6 19.5 12 8
6 TI25pl 5 o5 A
%6 THESH S RSN @-1 Wzt 2.6~4.8 19.5 20 13
Table 6 Soil parameters for project 5 ®-2 4ifb 4.8465 19.7 0 20
1 HIR BE e % @-3 il 6588 195 0 25
/m /(N'm?)  /kPa  /(° ) @-4 i+ 8.8~10.4 18.7 20 8
Ot 0~0.77 18.0 5 10 @-5 iR+ 10.4~11.3 16.8 10
Ot 0.77-2.30 —18.0 > 10 @-6 TR 113-126 208 0 30
%D;iti 2.30-4.30 18.0 213 QPR RBEL 126160  18.1 20 18
i 4.30-3.60 17.5 1611 @-1 RIS 16.0~183 186 2 2
©1-1 %+ 5.60~8.98 19.3 8 17 @-2-1 B RALAEH
©®1-2 B HE+  8.98~17.98 18.6 30 17 gy 18.3~20.5 18.9 25 25
®-2 B+t 17.98~25.00 18.6 24 16 =
F9 IESHIs ESH CERBIAR)
Table 9 Soil parameters for project 8
N MR ﬁfi?} €y  Pq  c 0 Ca P, %
/m /(kN'm?®)  /pa /(° ) /kPa ) /kPa i)
@-1 MR+ 0~1.75 18.1 23 175 6 26.5 22 21.3 (0.50)
@-3 #imM+ 1.75~2.28 18.2 7 305 (0) (31.5) — — 0.40
@-3 FmEMt 2.28~14.07 18.2 7 305 (0) (3L.5) — — 0.40
©Y Sk 14.07~19.70 17.1 12 140 2 29.6 10 18.0 0.50
@R F T 19.70~26.53 16.6 14 120 3 27.9 13 16.6 0.53
®-1%+ 26.53~33.60 17.2 17 160 4 30.5 18 19.6 0.51
®-3 By F kb 33.60~46.91 17.5 19  19.0 5 31.6 20 21.4 0.47
®-4 HFE+ 46.91~49.57 19.1 47 16.0 16 324 48 24.3 0.47
QRIEI 49.57~55.06 19.0 7 315 (0 (34.5) — — 0.37
®-1 hFF+ 55.06~61.74 17.6 2 175 8 32.4 24 23.9 0.48
@2 MBF LMW HE  61.74~77.97 18.3 30 20.5 8 33.1 24 26.4 0.47
©-1 Bib ey 1 77.97~81.28 19.6 0 360 (0 (25.2) — — 0.35
@Ik i & LIk b 81.28~83.32 19.1 19 245 (0 (30.5) — — (0.45)
©@-2-1 ¥pdnmb e rofiid - 83.32~91.85 20.4 0 360 (0) (25.2) — — 0.33
©@-2-2 H L wb 91.85~103.39 20.4 0 360 (0) (25.2) — — 0.34
OF+ 103.39~105.00 20.0 92 205 19 31.6 92 19.0 0.51

H: LE@3. @ @, ©-1. @-2-1. @-2-2 HakpisyaaEEirE (25 HHEAE.
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(9) TR 90— BHEARFICH LT Hr B M
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Table 10 Soil parameters for project 9

= R %Ei Caq o
/m /(KN'm?)  /kPa /(° )
@k F L 0~1.52 183 14 140
QiR MmFE L 1.52~3.00 17.5 8 175
QWi MmFE L 3.00~5.46 17.5 8 175
@ e bR+ 5.46~13.06 16.7 9 95
®1-1 %+ 13.06~18.94 175 12 110
®12 WA+ 18.94~2533 180 12 140
@;%ﬁ*}%&;\@iﬁ 25.33~3520  18.1 9 165
®32 BiAit 3520~4043 181 12 18.0
G-4¥FEEL 40434375 197 38 18.0
@-1 Wkt 43.75~46.83  19.1 4 290
@2-1 ¥iib 46.83~59.04  19.0 1 320
®£§i§g§i 59.04~61.72 189 7 265
@2-2 ¥yib 61.72~68.82 189 1 320
O 68.82~75.00  19.0 1 310
(10) TAESA] 10— FigFHIE RS IE 9 S 2 mE 3
THE

B 10 b TSRS BTE N 6 m, BB TR
24.5 m, YeRAHXS IRE N 1.03~1.10, H 1.10 3
T, SFHTR KGN 1.54 m, LESBNE 11.

(1) TR a5 Fl sk

RIS RS EERZE VT R 7 5 RIS, 2l
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Table 11 Soil parameters for project 10
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Fig. 5 Differences between 2D and 3D methods
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