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Effects of hydrochemistry on structural strength of Zhanjiang formation clay
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(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan 430071, China; 2. Construction Engineering College, Jilin University, Changchun 130026, China)

Abstract: The principal purpose of the present work is to investigate the effects of hydrochemistry on the structural strength of
Zhanjiang formation clay. Several hydrogeological data and chemical composition of groundwater by drilling are collected and
analyzed to evaluate the chemical environment of groundwater in Zhanjiang area. The water solution in soils is extracted by
using the centrifugal filter method to measure its chemical composition. Furthermore, changes of microstructure before and
after removing the cementing material are studied using the scanning electron microscopy and energy spectrum analysis. The
results show that the water solution in Zhanjiang formation clay has chemical compositions and relative content similar to the
groundwater with the chemical types of Cl-Na, showing acidic and iron-rich characteristics. The high content of iron can
provide cementing materials, and free iron oxides further produce a strong bond between soil particles in the acidic environment.
According to the results, an effect mechanism of hydrochemistry on the structural strength of Zhanjiang formation clay is
proposed. The strong structural characteristic is caused by an open flocculation structure and the bond between the particles.
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Fig. 2 Experimental procedures of removing free iron oxide from soils and scanning electron microscopy
1

Table 1 Physical average indexes of Zhanjiang formation clay

/m w/% Yol H(gem™) Py Hg-em™) G, e wi/%  wpy/% /% Iy 1, A
9~11 52.75 1.65 1.05 2.68 1.50 63.20 33.27 97.94 0.65 29.93 0.98
14~16 50.04 1.67 1.10 2.68 1.43 64.26 32.25 96.69 0.56 32.01 0.82
28~32 45.12 1.69 1.19 2.68 1.30 66.83  29.57 98.62 0.42 37.26 0.93

2

Table 2 Mechanical average indexes of Zhanjiang formation clay

/m X S, Cq Pa Cr P Cou Peu Cou P
o, /kPa  a,,/MPa” q./kPa ' KPa = KPa = KPa (=) /kPa ()

9~11  370~500 0.55 161 6.8 — — — — — — — —
14~16  400~600 0.27 175 7.0 56.54  10.07 1273 1113 672 1020 75.60 12.86
28~32  500~700 0.26 190 7.8 — — — — 87.65 11.69 9125 13.68
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3
Table 3 Mineral composition of Zhanjiang formation clay
1%
/m
Qtz 11 Mnt Kin Chl Mnt- Chl Chl-Srp Kfs Mn-Cal Py Hem
9~11 44.62 17.82 5.93 17.89 — 3.55 — 5.45 — 3.65 2.00
14~16 41.91 18.06 8.17 15.30 — — 5.10 4.04 0.77 3.62 3.02
28~32 38.84 18.23 7.45 17.89 1.41 — 5.75 431 — 3.05 3.05
Qtz: 11: Mnt: Kin: Chl: Mnt-Chl: - Chl-Srp: - Kfs: Mn-Cal: Py:
Hem:
3
22 kPa 3.1
46% 4
0.52%
0.48% 20.44 meq/100g 025 5.6m
138 m’/g 41.36 <m >
m’/g m
[15] 4
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Fig. 3 Compression curves of Zhanjiang formation clay
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Fig. 4 Curves of unconfined compression strength tests on

Zhanjiang formation clay
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1971

4

Table 4 Results of chemical analysis of groundwater

(mg/L) (mg/L) .
p

Ca® Mg” K" Na” TFe NH4" CI' SO; HCO, CO> NO; /m

2011 20.96 4.4 2217 37.74 45 1.00 4538 110.0 1812 0 0.05 58 1.5

2011 21.02 56 253 453 56 08 403 589 422 0 005 57 15

2011 4256 19.16 10 298 43 1.0 4648 140 3843 0 0.058 45 2.0

2011 4.85 243 837 2516 468 7 2269 20 4528 0 03 42 15

2011 742 158 35 68 20 02 77 75 230 0 05 69 12

2011 721 11.75 1053 7.76 42 0 1936 100 7625 0 002 62 13

2012 — 662 — — — 004 3322 48 902 — — 66 25

2014 — 537 — — — 004 195 28 254 — — 57 08

2015 1531 14.74 3.76 937 74 028 368 72 508 0 0.002 60 1.0
1990 3.7 2.18 121 11,5 025 125 142 2034 — — 57 — )
(

1990 3.34 2.03 106 11 03 1203 208 2028 — — 6 —
)

1990 2.67 2.43 953 23 008 665 176 1475 — — 53 —
)

1990 534 5.67 2856 24 075 556 9.61 8664 — — 64 —
)

1990 4.01 5.67 995 5 0.7 547 1281 4056 — — 6 —
)
1990 4.01 4.05 197 828 025 438 1121 6636 — — 6 — )

2008 — 68 — — — 048 — 70 732 — — 61 16

2012 53 7.8 169 323 50 09 400 523 663 0 003 58 23

2000 66 23 136 303 65 035 356 32 453 0 002 52 09

20016 — 243 — — — 07 2239 — 451 — — 68 15
2012 405.0 873.9 11769 6744 0.9 0 14528 2500 61 0 0 68 03 )

2000 — 516 — — — 3 392 32 3477 — — 49 18

20010 — 764 — — — 144 — 40 252 — — 56 10

2014 56 46 123 302 7. 002 445 203 873 0 002 52 13

202 — 08 — — — 004 1663 9 366 — — 63 17

2015 4256 19.16 10 298 23 1 4648 140 3843 0 0.058 45 1.0

2009 253 12.55 156 333 56 02 5712 70 122 0 0 65 14

2014 383 511 — — — 0 5468 20 907 — — 46 07

#
CO, HCO; SO H,S
80%
pH 42 3.2
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Table 5 Statistical analysis of iron-ion contents of groundwater — -
/(mg-L™") 5 a
1% b c
0~ ~03 >03

13 0.0~7.5 23 46 31
10 0.0~11.0 10 50 40

0.14~0.18 — 100 — 3

[18]

2 0.0~0.34 50 — 50 DCB

0.03~10.0 20 40 40
32 0.2~11.5 3 12 85

0~12.0 5 30 65
7 0.5~11.0 0 0 100
9 0.3~10.0 0 22 78
6 pH

Table 6 Statistical analysis of pH values of groundwater

pH

1%

pH<5.0 5.0~6.4 6.5~8.0

55 3.0~6.54 36.4 50 13.6
16 3.94~7.12 499 313 18.8 [18]
32 4.2~8.0 46.9 43.8 9.3
8 4.3~6.8 48.5 50.0 12.5
7 43~7.1 28.6 57.1 14.3
9 4.4~6.8 222 66.7 11.1

7

Table 7 Anion of water in Zhanjiang formation clay

/(mg'L™)
H,PO, F~ Cl NO; SO;”
1 12.3 0.001 9.0
2 13.4 0.002 9.8
8
Table 8 Metal cation of water in Zhanjiang formation clay
/(mg-L™"
Ca®*  Mg* Mn*  TFe K"  Na'
1 5.38 5.04 1.0 2.7 10.1 435
2 5.60 6.14 1.1 2.4 122 452
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Fig. 5 Microstructural pictures of Zhanjiang formation clay
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Table 9 Results of EDS tests of Zhanjiang formation clay

1%

5 ¢ 5 d
Area | Area Il Area III Area IV

C 1.92 2.12 2.10 2.26

(0] 55.52 57.23 54.57 56.63 -

Na 0.67 0.56 0.72 0.97 5.d
Mg 0.87 0.48 0.98 0.94

Al 8.97 8.54 7.87 7.29 -7
Si 21.64 20.42 24.21 23.59

S 0.36 — — 0.36 4
K 2.96 1.96 2.77 2.45

Ca 0.32 — — — 3

Ti 0.59 1.25 1.20 0.94

Fe 3.67 5.03 2.29 2.52

Pd 0.38 0.40 0.73 0.56
Au 2.13 2.01 2.56 1.49 %\\/ @?;igi)

4 =7
N Z
RRT YA
6
Fig. 6 Sketch for microstructure of Zhanjiang formation clay
[28]
5
1 Cl-Na
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