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PREFACE

Expansive soil is a kind of high plasticity clay with considerable ability of swell-shrink-
ing deformation swelling when absorbing water and shrinking when losing it’s water. Even
though acted by load, it still remains this capability.

Expansive soils are widely dispersed in the world. There are more than fourty countries
all over six continents where expansive soils are distributed . China, whose provinces where
expansive soils are successively discovered have exceeded twenty, is one of the country in the
world with wide spread expansive soils.

Expansive soil brings about great demages to human engineering action and has been a
élobal geological hazard bringing on economic losses about five billion dollars every year. It
has been estimated in our country that the economic losses caused by expansive soil hazard
annually amount to one million or so.

Expansive soils are widely spread in Hanzhong basin, Xixiang basin and Ankang basin
of Han River basin to the south of Qinling mountains in Shaanxi province. Landslides cause
damages to buildings and farmland, and bring about enormous economic losses to Shaanxi
province and it’s people. For instance, 32. 8 km. long section of Xiangyu railway between
Zhaoyang and Ankang across expansive soil area. According to the Statistics in 1978, a num-
ber of geological hazards including roadbed subsidences, boilings and pumpings, collapses
and landslides occured, and caused serious damages, even many protected and stabilized pro-
jects were destroyed. Merely during the period from Sep. to Oct. in 1974, induced by an un-
broken spell of wet weather after a long drought, more than half of the completed roadbeds
were damaged in varying degrees. For another example, buildings deformed and collapsed
many times in a factory in Chenggu county because of landslides of expansive soil in succes-
sive years. In order to control landslides, 3,000,000 yuan or more had been invested in 1973.
In another medium — sized factory in Mianxian, time limit of capital construction was pro-
longed on account of landslides of expansive soil and over 1,700,000 yuan had to be spended
in landslides prevention in 1973. Furthermore, factories in Han River basin damged by haz-
ards on expansive soil, if could not be retrieved, would have to be closed. Not only did haz-
ards on expansive soil in the south of Shaanxi province cause economic losses to factories,
mines and other enterprises, but also did harm to agriculture. According to the investigation

on twelve landslide spots (groups) in Xixian county made by Shaanxi general survey team of



landslides in Jul. 1989, farmland was caused to rift, subsident and blow up, even the rice
field was caused to leak water, buildings were destroyed and tens of water conservancy facili-
ties were damaged. All of these seriously imperilled agricultural production. Therefore,
studying on expansive soil and it’s calamity geology has great significance to national econo-
my and it’s construction of southern Shaanxi. In 1989, Xi’an College of Geology applied for
a scientific research project named “the study on expansive soil and it’s calmity geology in the
south og Shaanxi province ” to geological fund committee of geology and mineral resource de-
partment. Based on the studies from 1990 to 1993, we have obtained following achieve-
ments.

1. On the basis of test data, the mass composition of expansive soil in the south of

Shaanxi including granular composition, clay mineral composition, chemical composition and
it’s physical—chemical characteritics have been studied by the application of X —ray diffrac-
tion analysis, differential thermal analysis, TEM and chemical analysis.

2. The microstructural features of expansive soil in the south of Shaanxi have been stud-
ied by means of polarizing microscope and scanning electron microscope.

3. The physical and swell-shrinking characteristics of expansive soil providing scientific
reference test data for project construction have been tested by means of a great deal of soil
test.

4. Expansive soil in the south of Shaanxi have been classified according to geology, geo-
morphology, forming factors and soil characteristics, and the inherent swell — shrinking
machenism of expansive soil has been throughly discussed in the light of mass composition
and microstructural features of expansive soil.

5. In accordance with peculiar mass composition and engineering geological properties of
expansive soil, the differentiation and classification methods of expansive soil have been pro-
posed by means of multi-variable mathematical analysis, fuzzy theory and grey systematic
theory.

6. According to the dao e of bulidings on the foundation of expansive soil, the
machenism of the damage of buildings and improvement of expansive soil with adding in ash
content have been studied, and measures to prevent swell —shrinking deformation of expan-
sive soil foundation have been proposed.

7. Based on a great number of investigation on landslides, the regularity and mechanism
of landslides in the area of expansive soil have been studied, and measures to prevent hazards
on slope have been put forword.

8. Engineering geological map of expansive soil in the south of Shaanxi has been com-
piled by means of the study of expansive soil, engineering geological characteristics and it’s
swell —shrinking property combining with geology, geomorphology and forming factors of
expansive soil in southern Shaanxi Han River basin.

9. The emphasises of engineering geological investigation have been proposed in accor-



dance with engineering geological zoning of expansive soil in the south of Shaanxi province.

The afore-mentioned studies are of great value to theoretical studies including condition
.of hazards on expansive soil, developing regularity, forming mechanism and preventive mea-
sures, and to practices including industrial and agricultrial planning, designing and construc-
tion. Therefore, the studies are of great significance on theoretical and practical application.

This book is separated into ten chapters. Geographical position of expansive soil, hy-
drology, climate, reginal geology and geomorphology, and types and distributions of expan-
sive soil are emphatically introduced in Chapter 1. In Chapter 2, the author chiefly discusses
engineering geological characteristics of expansive soil in the south of Shaanxi including basic
physical characteristics, hydrological characteristics, swell —shrinking property and dynamic
property. In Chapter 3, the author discouses mass composition of expansive soil including
granular composition, major clay mineral :omposition, chemical composition and physical —
chemical features et al. Microstructural features of expansive soil in the south of Shaanxi are
introduced in Chapter 4, and swell —shrinking deformation mechanism of expansive soil is
discussed in Chapter 5. The author explains that on the basic skeloton of microstructure of
éxpansive soil, expansion of crystal lattices of clay mineral and the force of water — film
cause expansive soil in the south of Shaanxi to produce expansive soil of various swelling po-
tential. In Chapter 6, the author proposes to apply multi — variable mathematical analysis
formula, comprehensive Fuzzy model, and grey systematic theory to classify expansive soil
on the basis of introducing the differentiation and classification status of expansive soil at
home and abroad. Hazards on expansive soil foundation and it’s damage machenism, the
study of improvement test with adding in ash content, and measures to prevent damages
caused by swell —shrinking deformation of expansive soil foundation are introduced in Chap-
ter 7. In Chapter 8, hazards on expansive soil slope, especially the regularity and mechanism
of landslides of expansive soil, and preventive measures are discussed. In chapter 9, the au-
ther introduces the principle of compiling engineering geological map of expansive soil in the
south of Shaanxi and engineering geological zoning. In the last chapter, the stage, emphatic
content, site and foundation evaluation and method of engineering geological investigation of
expansive soil are expounded. The whole book is composed by Xiao Rongjiu, Wang
Guizheng and Yu Fang, and finalized by Xiao Rongjiu.

Person who paticipates in the study of expansive soil and it’s calamty geology are Wang
Guizheng, Zhao Chiang,'Deng Yuanhua, Fu Jihui, Yu Fang, Liu Manquan, Gao Shixiang,
Qi Xiaoli, Lin Min, Xia Huimin et al. The auther wishes to express his most sincere thanks
to Earthquake Resistance and Calamty Prevention Office, Urban Construction Bureau, Ar-
chitecture Designing Institute, Architectual Society and Designing Institute in base 012 of
the ministry of aviation in Hang zhong, An kang and Xi xiang for all their support and help
in the study of expansive soil and it’s calamity geolégy. Tremendous thanks are owed to the

laboratories of Northwest Hydraulic Institute, Water and Soil Consevation Institute of the




Chinese Academy of Sciences, Shaanxi Institute of Applied Physics and Chemistry, Xi’an A-
cademy of Coal Science, Thermal Engineering Institute of Energy Resource Department and
Xi’an University of Architectural Science and Technology who enthusiastically offered help
during the course of test analysis and study. Finally, the author is very grateful to Xi’an
College of Geolgy for their fervent support and assistance in application, implementation and
administration of the project. I also wish in particular to thank prof. Hu Guangtao, prof. Li
Shenglin, prof. Qu Yongxin, prof. Guan Wenzhang, prof. Fan Shikai, prof. Gu Anquan and
prof. Han Wenfeng for their reading and appraising the report in the midst of pressing af-
fairs.

Finally, I’'m greatly grateful to Geological Industry Science and Technology Develop-

ment Foundation Committee for supporting the project.

Xiao Rongjiu
Dec. 1994 Xi’an
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. UH%, wRIHKBREE, FEIAZHFHHTK,

OES FILSE Lo |

At EARAmRARL B AKREAE, KENZXRIL T, I FHHE
626 m*/s, B KW BN 20 400 m*/s, B /MRER 44 m¥/s, B EHHREN 29.7 m®/s, &K
Wk 3070 m*/s, /MR 0.45 m*/s, FEHNMBIZRBAZHB T KHBEEHAZ{ETEZ—.

3 BERELSBROSERS

BB LAB P =N N AR ERF SR BAPER, §EBAN. DESRIGFERLEF
TR, EZLRW . KEHAWES.

DTN T 25

RIERL P IR G FR, T2t EEHR, £ H BB RN 1 769. 9 h, BELHSIR
14.3 C,RInREHSIE 38.0 C,MMBMESIE—10.1 C,HEFHFELE 1 088. 6 mm. BEF
BB AEH S, AESEMH X 18~28 d, HB KFEMEIA 117. 8 mm, AP KX
A 3% 160 mm, X FRK R 871. 8 mm, SEMEXBE 79 %, ERE 0. 85. WHHK A
BRI GHEKBRIE 1-1 FiR.

x11 NPBEFRERHS5HEAKRE

H # 1 2 3 4 5 6 7 8 9 10 11 12

ﬁﬁﬂ (mm) | 14.2{ 20.6 | 43.6 | 60.3 | 94.1 |114.8]121.5|118.1} 57.4| 39.0 | 17.6 | 11.9

[EK® (mm) | 7.5 | 10.7 | 32.2|68.186.6|110.2[158.0{141.7[146.9| 80.3|38.0| 9.3

(2) & 4 R EHRYF

B S ASRU WM, EFHKEBE14.2 C.RBEFTRE RN 8.1 C,RHEBREE
H—8.2 C, REHE, FETHELRE 1 094. 3 mm,4EFH H HATE % 1 698 h FiETH
REK B K 893 mm, Bk EHIRT LR, 5~9 A MK G EREKRE 80 %, FEXAHM B 80.3 %
(A 1-2).

B ZRERERHY

MIERFEREX SRR, HEEHNSEN 15.7 CoBRBBRBESEN 41.7 C, BB EE
SRK—9.5 C.HFETHHELRE N 1482. 5 mm,FH HBE[AEIN 1811. 4 h, FEFLHREKE
% 799. 3 mm, BEKEEFLE 6~9 A, ki SEREAK R 60 %, FHMINBE 73 %, MB AN Y
0.56, RTEEARNEH. REHMEK AMBR N ERKE, Nk 1-2 FiR. '

BER DUL MR FHREMW SR AALE TR KEMESA A, X5 P ik
HIRHET T 4R RS TR K R L B DL RIS R &4 B R B Ak £ DU 4R
AL, AARMABEAMEEREEENEENERE R,




i R R kR

(°Ch | mm §r mm )|
25 < 200+ 250 4
20 1160 - 200 4
15 4 1204 150 4
104 804 1004
51404 50

o4 o4 0

A 1% 1 2 3 4 5 6 7 8 9 10 11 12

#HAEE(mm) 91.9[50.2 | 87.9 /1114.0]145.0/149.4)160.1(150.9] 87.7 | 67.6 { 39.1| 6.7
KB (mm) 5.0 } 8.5 | 26.3|65.8(128.0/125.6| 18.3 [199.2(176.2| 59.3 | 34.3| 7.8

R OB(C) | 244590 (14.8{19.6|29.1(24.9|24.5[19.8[14.9 9.1 3.3
B1-2 BsafERMRE
%12 REBEXFXRHSRAER

A # 1 2 3 4 5 6 7 8 9 10 11 12

RN (mm) | 18.5 [ 27.0{51.067.3 | 98.3 {122.8{132.6|131.9} 67.2 | 43.9 20.6 [ 16.3
DREK® (mm)| 4.4 | 11.1(33.280.8|88.5|78.6[120.7|118.7(133.7] 70.2 | 32.8| 7.0

T REMEL A R MR A

1 WRBERBESY

(D) b ZefafHEBREEN

WPEHMA RIS EEEET S KB WTE &R 20, Y —E R W HE R
Wik . ZMCR RE PE- % B-T RIS SW R KA N L - ¥ B SN BE, K AR
ERATHBNNRERE, KERTBEREE.

- HERRYRFOHER MM E R A ARE AREER,. 22 LKAM. LKW LT
E WS E S h BRI B AR A A AN ROLE R 2, R M Y B A B2, eI A
PATE , AAATE i 0 W B o, B TR K- 223K T B (R 30D, ZE R M8 48 — 400 m, R ELIRBY— 4
WBG s B - EREEMTRG (R 5, BRI — 100~ — 150 m; I H-SH BT B (I ) T Y ] b
FEGR D, R IE —100 m,

WM RE R EYH RIS ER RN B AR A ENENE= R,
4




