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Effects of hydrochemistry on structural strength of Zhanjiang formation clay
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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 CI-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. 1 Selected site of groundwater samples
1.2 B RUCES

N T BN LR OEAT SRR AT, RN
LT ER WL X R AR, A2 AT B LUK AT 10 2
S3AT IR, 1) P B Y A S8 U R CHURE B RIR
J32.0 m) , AR (ETREHRE) PR RIEAY
J1%EE bR . LRGSR R s e, R EAR
PRI, SRERAEORE, FIH LE
YR RLEEARS T A PR I LXT-TIBAY 550 HLE £ 33 5000
#/min N 25O ER 15 min, %E 5 5 E R ER R 1
WORLEE— P UT0E, B UE B0 55O F BRIk
W, A LT A 761 8L Btk A e BT
F. CI'. NO3. H,PO, 5S0; %M1 &&E: FIH
S B RR R REAE B MK IE I SR B
FCa®. Mg™. Mn*". TFe (4% . K"5Na"; pH
&R FFG2-FiveGo™ pHit, I FH HA 2 R B &
TEULRZ, P RS K E S IA F]50% L -,
KRBT 28 B ONLES OAEH — R BP A SRR
53T B 100 mL.
1.3 LB RPHREMRERRE SRS

BIRARE SR I, TR b i S S AR
N—PIREE Gy, XA R A B B, O T —




11

HKAEHh, A ARSI AL R - S5 9 K S 7

1969

VPO ZHLER, SR e BV R 25 i 25 8 ALk, L
B2 BRI JE OV SR AR AR I OWL 5 R RRAE , 8 T DL
B2, 5, M IEMehras P (1 5 9200 BLE — WA
TRANAFT I IR BN I RN (DCB) ¥, #$300 g IR
FEIRULAEDCBIE IR R 5% B J B 3N H e I
EIA B F: Briir B AL BRI B 1. RS, KDCBYEH 2
I eIy =29 O o o A B W= =3 ORI i BUK 20 h o
HUR B 2 HEE4C (Whatman grade NO.4, T JEfL1%
N20~25 pm) 1EPE, i ) K RoE R 5 A
W THE TR BU AR, HJ5 , 1812 Quanta 250
AU BT A W 8% Rk SR AR O S 4, 3¢
FERS R R 8 5 AR B i b, H &
T I A E A B A LRI B, I AR T M
BT, TR LR U s b, TR A
a5 VY JRLASOR L 25 50 1 Jie T DY SR # 21, F ARAR A 51
Rz SRS, B BBk AR 2R T bk
WE, HERATSEMIRES . 55 1 R I A A fl X
HATREIE M (EDS) , REE R0 () e &5 4 5 i 4L

R GA

B2 0
(f)

FRIY

T EFA T R AR R

TR AR5 ) 2458 ™ ) ALk
W ~30 MR, PTHCEAE A R 5 e T 1
s FLBEEERS AT RN, SRR BRI A GO T A
T AR R R RV ELIE N BT 54
PEFRAR I A A, RIESLBR LR T 1.3, WRE
HL63%, &S R ML CRL{£<0.002 mm ) &ikL & &
#i40%) 5 H5—J5, EAVERAR, R,
Forp o PR BT R 5 FE A KFTIE 190 kPa, [l 45 A HEKH
R )1 R AT1487.65 kPa. K LI 7 — MR AU
CERIRA AT oAV R ZE e S, D A e Al
RiyJe, JiE R st . WEB3HR, RIMEITA
R0 At 2RI IR =B B E L
R4 M 20 )L v — SR B, PUARTRRE IR, &4
WRW], E/ANT5%NASTE R N, TR R T

2

2 ERFBEEAKESHNIRETE
Fig. 2 Experimental procedures of removing free iron oxide from soils and scanning electron microscopy
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Table 1 Physical average indexes of Zhanjiang formation clay

R EARE S ORREE THEE O BRAEXS LBREC VR BERR tAnE ik brales BN
/m wi%  plgem’) p,Ngem?)  HEEG, e wi/%  w/%  Sd% ¥, g4, A
9~11 52.75 1.65 1.05 2.68 1.50 6320 3327 9794 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 4512 1.69 1.19 2.68 1.30 66.83 29.57 98.62 0.42 37.26 0.93
® 2 GEITAF LN AF M RERFIE
Table 2 Mechanical average indexes of Zhanjiang formation clay
- S5k I FE 45 EMRTL 18 By 1006 B )50 6 b I [E S A BT )9 AR bR
PRI RMC REE e o R T VA
oy /kPa  a,/MPa qu/kPa KPa ey /kPa ey /kPa /° )  /kPa  /(°)
9~11  370~500 0.55 161 6.8 — — — — — — — —
14~16  400~600 0.27 175 7.0 56.54 10.07 12.73  11.13 67.2 1020  75.60 12.86
28~32  500~700 0.26 190 7.8 — — — — 87.65 11.69 91.25 13.68
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Table 3 Mineral composition of Zhanjiang formation clay

Y m WA B 8%
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 4.31 — 3.05 3.05
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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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Table 4 Results of chemical analysis of groundwater
i K bIRES FH 251 (mg/L) I 251 (mg/L) o ﬂﬁﬁk P
Fr Cca® Mg® K' Na' TFe NH4" CI' SO HCO; cor No;  H¥/m
LN BEilIX 2011 2096 4.4 22.17 37.74 4.5 1.00 4538 110.0 1812 0 0.05 58 1.5 2K
LN BEilIX 2011 21.02 5.6 253 453 56 08 403 589 422 0 005 57 1.5 iFEK
HEMAMILT) BlX 2011 4256 19.16 10 298 43 1.0 4648 140 3843 0 0.058 45 20 #EK
EWRE BEX 2011 4.85 243 837 25.16 4.68 7 2269 20 4528 0 03 42 15 EEK
gt EiliX 2011 742 158 35 68 20 02 77 75 230 0 05 69 12 EEK
HaELT  EilX 2011 721 11.75 1053 7.76 42 0 1936 100 7625 0 0.02 62 13 KEK
fBHFOER BLX 2012 — 662 — — — 0.04 3322 48 902 — — 66 25 HEK
Hh0hs EilX 204 — 537 —  — —  0.04 195 28 254 — — 57 08 EEK
ANRKEER SiiX 2015 1531 1474 376 937 74 028 368 72 508 0 0.002 6.0 1.0 HEK
ubk)T BEIIX 1990 3.7 218 Aif 121 115 025 125 142 2034 — — 57 — K
(FEKH)
ubk)T BEIIX 1990 334 203 AiF106 11 03 12.03 208 2028 — — 6 — lﬁiig;?ﬁ
ann ElX 1990 2.67 243 Ait953 23 008 665 17.6 1475 — — 53 — K
(k7K 3)
1) BEILX 1990 534 567 #2856 24 075 556 9.61 8664 — — 64 — K
(k7K 3)
HRYAKS  FKX 1990 4.01 567 HiF9.95 5 0.17 547 1281 4056 — — 6 — K
(k7K 3)
HYAKS  FKX 1990 4.01 405 Hit197 828 025 438 1121 6636 — — 6 — Rk
(k7K 3)
Fi 55 J=) FIRX 2008 — 683 — — — 048 — 70 732 — — 61 1.6 HKEK
YRS WkIX 2012 53 7.8 169 323 50 09 400 523 663 0 003 58 23 KEK
HbE FHMTA 2009 6.6 23 136 303 65 035 356 32 453 0 002 52 09 EEK
H T FHMA 2006 — 243 —  —  — 07 2239 — 451 — — 68 15 HEK
K= KRIFS 2012 405.0 873.9 11769 6744 0.9 0 14528 2500 61 0 0 68 03 iﬁ@k
(#7K)
gl RKilgS 2000 — 516 — — — 3392 32 3477 — — 49 1.8 HKEK
WO BN mmE 2000 — 764 —  — — 144 — 40 252 — — 56 10 HREK
Rk #HME 2014 56 46 123 302 7. 0.02 445 203 873 0 002 52 13 EEK
KB AR ZHEE 202 — 08 —  —  — 004 1663 90 366 — — 63 17 EEK
oL BEE 2015 4256 19.16 10 29.8 23 1 4648 140 3843 0 0058 45 1.0 KEK
s mE 2009 253 1255 156 333 56 02 5712 70 122 0 0 65 14 HEK
g RVE4E 2014 383 5011 — — — 0 5468 20 907 9 — @ — 46 07 KEK
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Table 5 Statistical analysis of iron-ion contents of groundwater

B T (g L)

it
HhX " Hor 2 [X 18] B A /% X
A AR ——— — S
0~ ~03 >0.3
ETH 13 0.0~7.5 23 46 31
BkIX 10 0.0~11.0 10 50 40
. ik
M=% 3 0.14~0.18 — 100 s
KIS 2 0.0~0.34 50 — 50
KP4 5 0.03~100 20 40 40
YT 32 0.2~11.5 3 12 85
FMH 8 0~12.0 5 30 65 ..
s SEJ
%mEE 7 0.5~11.0 0 0 100
FEE 9 0.3~10.0 0 22 78

& 6 MK pH ESIT T ITER
Table 6 Statistical analysis of pH values of groundwater
pH{E
e giit Ferp % XA LA /% Kl
A ARER smmetE  sEmRtE e ORIE
pH<5.0 5.0~6.4 6.5~8.0

FEX 55 3.0~6.54  36.4 50 13.6 ik
HHIX 16 3.94~7.12 499 31.3 18.8  [18]
BT 32 4.2~8.0 46.9 43.8 9.3
FMH 8 43~68 48.5 50.0 125 .
L S
HmEE 7 43~7.1 28.6 57.1 14.3
FEE 9 44-68 222 66.7 11.1

R7ETAFLRRTHEETFIE
Table 7 Anion of water in Zhanjiang formation clay

BB F/(mg-L™)

gﬁ 1
H,PO, F Cl NO;  SO;
1 IR R 12.3 0.001 9.0
2 R IRE 13.4 0.002 9.8

xR HITAHLTRETHNEREMESET
Table 8 Metal cation of water in Zhanjiang formation clay
PH T & /(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
3.3 LTREHKBETFIHNEITR

BRI 25 0 s SR R R, VR

i

AL X H A SR R, DN 25 B FeRil 5
TWOEE K, S RN EISFrR . WHTERY], TR 11
Fe 22 DA B AL Bk L U IR G AR, 2t I
R SR AR, DRI, ASHIT AT R BRI
SR AT R RURL SR AR AR B S5 R

ROIRE LA R i 25k ok th— L
Fi 2 5 HEB T R RN ST A — 35 L wE R
(FPRCIREY B, XLERE W X L —, B—idoh
(g Ak A PSR AR R PTRG Re A (IS ()
MBS (b) « (o) ATLLES], LR EBFIILRR I
JRARXT AR I RURE R SR A,  REEAR 2 TE 8 5 )
Mo Ai. LBRIFEAMERE, KR L 0ER KR4S
G REREANROIRE, BEREROR A LT,
MRAE XS ZRATI T4 5 (R3) , X LLf W) i vl g
SRR A . R E I DCBIA AL 1
OSSR AR T ¥ 28 B ALK AT L S 1 W e e
(ISR, AR T 3 Atk

. ] 3
: oy B
. B 5 ]
7
» SR .l
! J€ = =9 i
P £

() EHKAT (200075 (d) BER)E (5000/%)
5 EITHFTRIMNERR A

Fig. 5 Microstructural pictures of Zhanjiang formation clay
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Table 9 Results of EDS tests of Zhanjiang formation clay

AEXT & /%

JLE 8, WE S (o E8JE, WKES (D

Area | Area Il Area III Area IV
C 1.92 2.12 2.10 2.26
(¢ 55.52 57.23 54.57 56.63
Na 0.67 0.56 0.72 0.97
Mg 0.87 0.48 0.98 0.94
Al 8.97 8.54 7.87 7.29
Si 21.64 20.42 24.21 23.59
S 0.36 — — 0.36
K 2.96 1.96 2.77 2.45
Ca 0.32 — — —
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

4 IR FIMEX LGSR E AR A0t I8
R KB R M B A T B E A BE W
IKGE BN BURAERIWER, AMGEmK. LHH 7
A EATRYEIR. R TR BT e, TR L
VWAL 27 By 5 T AR M R 7K A A R A A — B
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