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Fracture characteristics of cement-stabilized 
soils 
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Fracture characteristics of cement-stabilized soil under Mode I (tensile) and Mode II (in-plane 
shear) were investigated on a series of cube specimens. The linear elastic fracture mechanics 
approach was applied to study the stress distribution in the specimens and also to determine 
the constitutive equations for fracture parameters K~ and K~. The experimental studies were 
carried out on a range of 100 mm soil-cement cube specimens modified for fracture testing by 
inserting a series of slots. It was shown that results predicted by numerical models were in 
acceptable agreement with the experimental observations. The fracture parameter K~ was 
found to be in the range 0.11-0.17 MN m -3/2 and the parameter K~ in the range 
0.31-0.45 MN m -3/2. This result indicated that the soil-cement exhibited a greater resistance 
to shear fracture than was expected. 
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Nomenclature G 
Stress intensity factor: E 
elastic stress field near the crack tip. v 
Dimensionless parameter depending on a 
geometries of the specimen and the crack, w 
Radial distance measured from the crack B 
tip. H 
Area under load-deflection graph. C~y 
Difference in potential energy for unit K~, KII 
thickness between two identically loaded P 
bodies. Pm.x 

dA Increase in crack area. 

1, I n t r o d u c t i o n  
1.1. S o i l - c e m e n t  
This hardened material is formed by curing and com- 
pacting a mixture of pulverized soil, a small percent- 
age of cement and water. Sufficient cement is added to 
the soil to harden it, and the moisture content of 
the mixture must be adequate for compaction and 
hydrating the cement. The most important use of 
soil-cement is as a roadbase and/or a subbase ma- 
terial in roadways, airport runways, taxiways and 
aprons. It has also been used as a foundation material 
for large structures and in the construction of low-cost 
buildings in arid climates. 

As in concrete, the strength of soil-cement increases 
with time. The development of strength begins as soon 
as water and cement are mixed; construction with 
soil-cement must be done according to a carefully 
controlled schedule. In general, the more efficiently 
cement, water and soil are mixed, the greater will be 
the stability and durability of the soil-cement product. 
The conditions under which curing takes place have a 
considerable effect on the degree of stabilization of soil 
by cement. Soil-cement must be moist-cured during 
the initial stages of its life so that sufficient moisture 
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Strain energy release rate. 
Young's modulus. 
Poisson's ratio. 
Crack length. 
Specimen width. 
Specimen thickness. 
Slot separation. 
Yield stress of material., 
Fracture toughness in Mode I, Mode II. 
Applied load. 
[~oad at failure. 
In-plane shear stress. 

can be maintained in the mixture to meet hydration 
needs. The temperature during curing has a con- 
siderable effect, and higher strengths are obtained at 
higher curing temperatures. 

Cracking and ultimately the failure of roads, pave- 
ment systems and similar structures is often associated 
with cracking or failure of the subbase. It is important 
that the fracture properties and behaviour of 
soil-cement under varying types of loading are fully 
understood, and consequently this knowledge could 
be used to improve design and selection of subbase 
materials. A better understanding of interaction of the 
above factors and materials behaviour and responses 
to varying loading regimes, may provide answers 
to structural problems which may be induced by 
cracking. 

1.2. The concept of fracture mechanics 
From an engineering point of view the main objective 
in developing fracture mechanics concepts is to relate 
the development of fracture, its orientation and ulti- 
mate failure to the applied state of stresses. The resist- 
ance of material to the propagation of existing crack is 
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Figure 1 Modes of failure and notation of the crack tip region. (a) Mode I, opening mode; (b) Mode II, sliding mode; (c) Mode III, tearing 
mode. 

known as fracture toughness, the magnitude of which 
can be assessed by varying approaches. 

There are three basic modes of failure, see Fig. 1. 
Mode I (tensile), Mode II (in-plane shear) and Mode 
III (antiplane shear). The elastic stress field near the 
crack tip is proportional to the stress intensity para- 
meter, K ,  ( K  = f ( a / w ) c y ( n r )  -1/2) depending on the 
type of loading and the geometry of the cracked body. 

The stress intensity factor, K, is thus a measure of 
the mechanical properties in the presence of a crack in 
the same way as stress characterizes the mechanical 
properties of an uncracked specimen. Small-scale non- 
linear effects, such as those due to yielding, micro- 
structural and local irregularities in the crack surface 
do not affect the general character of the elastic stress 
field and can be neglected in a reasonable approxima- 
tion. Stress intensity factors can be computed for 
varying crack configurations and therefore provide a 
useful means for the study of fracture processes. 

The rate of energy absorption, G, at any stage in the 
crack growth can be determined as d U / d A ,  where dA 
is the increase in crack area. The crack will grow wben 
the stress in the specimen has been raised sufficiently 
for these parameters to reach their critical values, K c 
and Gc (the critical stress intensity factor and the 
critical strain energy release rate) and either can be 
used as a measure of the resistance of the material to 
cracking known as materials toughness. Irwin [1] 
established that for linear elastic materials, K and G 
are related through the relationship 

K 2 = E G  for plane stress (la) 

K z = E G / ( 1  - v 2) for plane strain (lb) 

where E is Young's modulus and v is Poisson's ratio. 
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Application of linear elastic fracture mechanics 
(LEFM) to concrete was first attempted by Kaplan 
t-2] and since then a large number of investigators 
have examined the applicability of LEFM to concrete 
or cementitious materials [3-13]. The results of these 
investigations show that when fracture toughness is 
evaluated from notched specimens using LEFM a 
significant size effect is observed E14-16]. This is 
attributed to non-linear slow crack growth that occurs 
prior to the peak load. The material used in this 
investigation, however, is fine-grained soil, stabilized 
with cement and, due to a near linear stress-strain 
relationship, this material was assumed to be linear 
elastic. 

It is generally accepted that the fracture in cementit- 
ious materials is initiated when tensile stresses over a 
fracture process zone reach a critical value, rather 
than the value at some point, as it is in the case of 
homogeneous and elastic materials. 

The object of this study was to obtain and improve 
understanding of fracture processes in soil-cement 
subjected to varying loading conditions and clarify the 
basis that can be used to describe the crack initiation 
and propagation in this material media. 

1.3, Models used in the numerical study 
of fracture characteristics of 
cement-stabilized soil 

Linear elastic finite element analysis was used to study 
the fracture behaviour of soil-cement specimens. The 
plane strain analyses were carried out using eight- and 
six-noded isoparametric elements together with the 
distorted "crack tip" element (with the mid-side node 



adjacent to the crack tip which moved to the 1/4 
position) to represent the elastic stress singularity at 
the crack tip. The numerical modelling and analysis 
were carried out on VAX 11/785 computer with the 
aid of PAFEC-FE interactive system. Two basic 
geometries were considered. 

1. Split-cube specimen: this geometry was used ex- 
tensively by Parr and Sabir [17, 18] in the study of 
fracture characteristics of Mode I (tensile) in concrete, 
Fig. 2. 

2. Punch-through shear specimen: investigated by 
the present author and co-workers 1-19-21] and used 
in the study of fracture characteristics of mixed-mode 
in concrete and mortar, Fig. 3. 
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Figure 2 Specimen geometry for Mode I testing: split-cube speci- 
men, 

The knowledge and understanding of the cracking 
process and the magnitude of fracture parameters of 
soil-cement are important factors if better quality and 
improved resistance to cracking is required. Detailed 
analyses of both specimens are discussed elsewhere 
[21-23]; therefore only some results will be given in 
this report. 

1.3. 1. S p r i t - c u b e  s p e c i m e n  
The whole specimen with a = 30 mm shown in Fig. 2 
was subdivided into 1280 six- and eight-noded iso- 
parametric elements, with the smallest elements in the 
crack-tip region being of the order of 0.005a. Fig. 4 
shows the contours of maximum principal stresses in 
the specimen. It can be seen that a high tensile stress 
concentration occurs at the notch remote from the 
load, the condition required to initiate tensile fracture. 
It is generally accepted that the tensile fracture prop- 
agates in the direction perpendicular to the maximum 
principal tensile stresses. Fig. 5 shows the predicted 
direction of the maximum principal tensile stresses 
superimposed with the crack path as observed and 
recorded from the experiments. It can be seen that the 
observed crack path follows fairly closely the direction 
perpendicular to the direction of the maximum tensile 
stress, therefore indicating that the tensile failure 
mode, Mode I, most likely occurred in this specimen. 

The constitutive equation describing the variation 
of Mode I stress intensity factor, K~, with the specimen 
geometry was determined by Sabir [18] as 

P 
K I - B w l / 2  [ 1 8 . 3 ( a / w )  112 - 4 3 0 . O ( a / w ) 3 / 2  

+ 3445.2(a/w) 5/2 - 11 075.8(a/w) ?12 

+ 12 966.8(a/w) 9/z] (2) 
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Figure 3 Specimen geometry for Mode II testing: punch-through shear specimen�9 
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Figure 4 Maximum principal stress contours: split-cube specimen. 
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and was used in the evaluation of the fracture para- 
meter K~ for soil-cement cubes during this invest- 
igation. 

1.3.2. Punch-through shear specimen 
The geometry of this specimen and the type of loading 
are designed to generate very high shear stress concen- 
trations in the ligament with notches and therefore to 
force material to fail in punching shear. 974 six- and 
eight-noded isoparametric elements were used in the 
analysis of one-half of the specimen with the special 
crack tip element at the crack tips. Fig. 6 represents 
the variation of ~x, ~y and ~x~ stresses between the top 
and bottom notches. The high shear stress concentra- 
tion may be seen in the region of both notches and the 
fairly uniform shear stress field in the centre of the 
ligament was achieved. 

Fig. 7 shows the directions of the maximum tensile 
principal stress vectors occurring in the punch- 
through shear specimen. As can be seen, the directions 
of these stresses are of distinctly inclined nature and it 
would therefore be expected that the fracture path 
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would follow this inclined direction. Experimental 
observations indicated, however, that the fracture 
path was almost vertical, see Fig. 7. Similar observa- 
tions were made when fracture studies of mortar were 
carried out and it was suggested that the mixed-mode 
type of failure with a predominant shear component 
was taking place in this specimen geometry; more 
detailed information can be found in [23, 24]. 
Numerical analysis [24], utilizing fracture mechanics 
principles, showed that the stress intensity factor, K n 
(shear component), was about 60 times higher than KI 
(tensile component). The stress intensity factor, KI~, 
determined from the numerical analysis is given by 

e 1 '2 
KII = 0.89 ~ w  (~a) / (3) 

Numerical analyses of both specimen geometries to- 
gether with experimental observations indicated that 
two distinctly different failure mechanisms were tak- 
ing place in these specimens, one producing Mode I 
and another mixed-mode with a shear component so 
significant that the failure mechanism was assumed to 
be Mode II. 
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Figure 5 Maximum principal stress vectors directions and observed crack path: split-cube specimen. 
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Figure6 Variation of directional stresses: punch-through shear 
specimen. 

2. Mater ia l  and sample preparat ion 
2 . 1 .  P r e p a r a t i o n  o f  s o i l - c e m e n t  

The soil used in this inves t iga t ion  was a red mar l  
(Keuper)  from Leckwith,  Cardiff, South  Wales.  The  
marl  had  been dr ied in the oven and  pulver ized into a 
powder  form and 8% by weight of o rd ina ry  P o r t l a n d  
cement  was added.  Because mois ture  conten t  is an 
i m p o r t a n t  factor  in soil proper t ies ,  it was necessary to 
de te rmine  this. 

The s t anda rd  P roc to r  compac t ion  test was used to 
de te rmine  the o p t i m u m  d ry  densi ty  and  mois tu re  
content  of the soil cement  accord ing  to BS 1924 [25]. 
The detai ls  of the test are  summar i zed  in Tables  I and  
II, the o p t i m u m  mois tu re  conten t  was found to be 
16.6% at a dry  densi ty  of  1.78 M g m  -3 as t abu la t ed  in 
Table  III.  In  o rde r  to main ta in  consis tency the fol low- 

t \ \ \  [ \ \  .~  
' \,, h\ 5 

Figure 7 Maximum principal stress vectors directions and observed 
crack path: punch-through shear specimen. 

TABLE I Weight of water required for the Proctor compaction 
test 

Percentage of Weight of water Increment of 
water (%) (g) water (g) 

14 453.6 453,6 
17 550.8 97.2 
20 648.0 97.2 
23 745.2 97.2 
26 842.4 97.2 
29 939.6 97.2 
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T A B L E  1I Values obtained from the Proctor compaction test 

Container number 

8 17 19 23 72 88 

% of water 
Mass of container, m 1 
Mass of wet soil + container, mz (g) 
Mass of dry soil + container, m 3 (g) 
Mass of moisture, m2 - m3 (g) 
Mass of dry soil, m 3 - m I (g) 

Moisture content, W =  ( m ~ _  ml ) m  2 - m3 x 100% 

Mass of mould + base, M1 (g) 
Mass of mould + base 
+ compacted soil, M2 (g) 

Mass of compacted soil, M 2 + M 1 (g) 

(M 2 - M~) 
Bulk density, p -  (Mgm -3) 

1000 

lOOp 
Dry density - (Mgm -a) 

100+ W 

14 17 
9.44 9.42 

48.24 47.77 
43.54 42.41 

4.70 5.36 
34.10 32.99 

13.78 16.25 

3017 3017 

4979 5096 
1962 2079 

20 23 26 29 
16.14 10.15 9.98 10.10 
49.30 54.19 48.26 67.14 
43.98 46.22 40.61 54.72 

5,32 7.97 7.65 12.42 
27.84 36.07 30.63 44.62 

19.11 22.10 24.98 27.84 

3017 3017 3017 3017 

5104 5043 4993 4904 
2087 2026 1976 1887 

1.962 2.079 2.087 2.026 t.976 1.887 

1.72 1.79 1.75 1.66 1.58 1.48 

T A B L E  III  General properties of soil-cement (8%) 

Liquid limit 22.4% MC 
Plastic limit 15.2% MC 
Moisture content 16.6% 
Optimum dry density 1.78 M g m  -3 
Elastic modulus, E 1200.0 N m m -  z 
Poisson's ratio, v 0.25 
Compressive strength 4.96 MN m -  2 

ing mix was adopted: red marl 4kg, cement (8%) 
0.32 kg, water (18%) 0.778 kg. 

The soil-cement was compacted in standard 
100 mm concrete cube moulds with a "collar", made 
by removing the base from another mould attached to 
the top by means of two "G" clamps. The soil-cement 
was broken up into granular form before being placed 
into the bottom of the mould. This first procedure 
proved to be of vital importance because lumps of the 
material at the bottom of the mould did not compact 
well. The cubes were filled and hand compacted gently 
with a 5 mm diameter steel rod in five equal layers. A 
100 mm square x 300 mm long piece of timber was 
then placed on to the top of the material. To produce 
constant compaction, a "Kango" hammer which gives 
2000 blows/min was used. It was found that 15 s 
operating time produced a desired uni form con- 
sistency and this compaction method was used 
throughout the investigation. After compaction, the 
collar was removed and the extra material was levelled 
off with a spatula. 

The curing temperature was kept constant at 22 ~ 
and precautions were taken to control the moisture 
content. The soil-cement cubes in their moulds were 
enclosed in sealed polythene bags for 24 h. The 
moulds were then stripped and the cubes were firstly 
wrapped in cling film, then in tin foil and sealed in 
polythene bags for 28 days. 

The compressive strength of 100 mm soil-cement 
cubes was determined according to BS 1881: Part 116 
using the Avery Denison 7226 testing machine. 
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The average compressive strength was found to be 
4.96 M N m  -2. The elastic modulus and Poisson's 
ratio were determined using a standard testing pro- 
cedure according to BS 188l: Part 116 [26] and was 
found to be 1.2 kN mm-2 and 0.25 respectively, see 
Table I I I. 

2.2. Insertion of notches and testing 
machine details 

The quality of inserted notches will affect considerably 
the fracture tests results and it is therefore important 
that the notch insertion technology is capable of 
producing accurate and reproducible slots. Both the 
split-cube and pundh-through shear specimens were 
notched after 21 days using a circular lathe mounted 
with a diamond-edge cutting blade. This technology 
enabled the insertion of slots less than 2 mm wide 
to be controlled to a high degree of accuracy. The 
notches were inserted in a perpendicular direction to 
the layers of compaction. 

All of the fracture tests were carried out at nominal 
room temperature in the Instron 1251 testing machine 
having a stiffness 750 k N m m  -1 _+ 10%, using dis- 
placement control in the dynamic testing mode. The 
specimens were positioned between the platens as 
shown in Figs 2 and 3. The top platen was stationary 
while the bottom platen moved at a constant rate of 
0.003 mm s-  I upwards; the load displacement curves 
were recorded autographically on a chart. 

3. Results 
3.1. Mode I testing and fracture 

parameters 
The 100 mm x 100 mm double-notched (split cube) 
test specimens were prepared as described in the 
previous sections, the notch depths being a = 20, 25, 
30 and 35 mm. Eighteen specimens of each geometry 
were tested under the controlled conditions. It is 
important to note that for a valid fracture toughness 



T A B L E  IV Mean fracture toughness values K~c for 100mm ec- 
centrically loaded double-notched cube soil-cement after 28 days 

Test a Failure Equation 2, 
no. (mm) load (kN) Kit ( M N m  3/2) 

1 25 1.80 0.17 
2 1.25 0.12 
3 1.68 0.1.6 
4 1.22 0.11 

5 30 1.57 0.15 
6 1.4l 0.13 
7 1.27 0.12 
8 1.70 0.16 

9 1.13 0.11 
10 35 1.7 0.16 
11 1.85 0.17 
12 1.19 0.11 

soil-cement can be used as a reliable design para- 
meter. 

The examination of fractured surfaces provided in- 
valuable additional information about the fracture 
processes. The tensile fracture in cementitious mater- 
ials is characterized by the development of the continu- 
ous crack pattern with the tip of the visible cracks 
which are often blunted by a zone of microcracks 
relative to the size of materials homogeneity. In the 
case of split-cube specimens the fracture surfaces 
examined after the failure could be described as 
"clean" and consisting of only one visible continuous 
crack with both halves fitting well together. Numerical 
analysis and the visual observation of fractured sur- 
faces indicated that most likely the Mode I (tensile) 
failure was generated between two opposite notches. 

testing, the minimum specimen thickness must satisfy 
the condition B >~ 2.5(Kjc/Cyy) z where K~c is the frac- 
ture toughness and % is a yield strength of the 
material. In the case of soil-cement, assuming 
K r c = 0 . 1 7 M N m  -3/2 and C y y = 5 M N m  -2, the re- 
quired thickness B ~> 3 mm which confirms that the 
100 mm cube specimen would represent the plane 
strain conditions required in the fracture toughness 
testing procedure. 

The specimens were subjected to eccentric loading 
as shown in Fig. 2, the load being applied via two 
6 mm square steel bars positioned along the edge Of 
the specimen. This loading arrangement would gener- 
ate a high tensile field at the notch tip remote from the 
load, Fig. 4, and therefore it would be expected that 
the fracture would originate at that notch and pro- 
pagate towards the opposite one. It was found, how- 
ever, that the specimens with the notch depth 
a = 20 mm did not fracture in this manner, but crushed 
immediately under the loading points. The specimens 
with notches deeper than 20 mm fractured between 
the notches and only these results will be discussed 
here. 

The load deflection graphs (not included in this 
report) showed a linear relationship up to the peak 
load at which the sudden failure occurred. The load- 
deflection curves were evaluated according to ASTM 
E 399-83 [27], where this type of failure is classed as 
"brittle" and the maximum load at failure, P ..... was 
used to calculate the fracture parameter K~ from 
Equation 2. Table IV gives a summary of the results 
and indicates that the value of fracture toughness for 
soil-cement based on the discussed geometry varied 
between 0.11 and 0.17 MN m -  3/2. George [28] carried 
out fracture tests on soil-cement using 76mm 
x 76 mm x 286 mm notched beams in three-point 
bending and his values Varied in the range 
0.09-0.14 M N m  -3/2 

Considering that different geometries and loading 
arrangements were involved, the results were sur- 
prisingly close. This result is encouraging, but clearly 
more research on specimens of different sizes and 
under different loading conditions should be carried 
out before any value of the fracture parameter K~ for 

3.2. Mode II testing and fracture parameters 
There is much controversy surrounding Mode II (in- 
plane shear) failure mainly because there is only a 
limited amount of information available about this 
potentially dangerous mode. Generally, shear and 
punching shear failures are considered more critical 
and catastrophic than other types of failure because 
they occur suddenly without any visible warning signs. 
The understanding of a fracture process in a shear 
stress field and consequently the evaluation of related 
fracture parameters is still not fully understood and is 
widely debated. 

Cube specimens, 100 mm x 100 mm, modified by 
four notches, were loaded as shown in Fig. 3, and 
punch-through mechanism was achieved by applying 
a uniform compression between the notches. The 
notch depth a varied between 30 and 45 mm in 5 mm 
increments and the notch spacing used in this invest- 
igation was H = 30, 40 and 50 ram. Twelve samples of 
each geometry were tested. 

It was established that the specimens with 
H = 30 mm gave the most consistent results and only 
these will be discussed here. Fracture parameters were 
calculated using three different approaches. The frac- 
ture energy, G, approach requires the fracture energy 
to be calculated from the load deflection records. The 
area under the load-displacement curve was meas- 
ured and divided by the newly formed crack, i.e. 
G = U / B ( w  - a), giving one fracture parameter. The 
stress intensity factor approach utilized Equation 3, 
which was determined from the numerical analysis. 
Because measurement of parameters K and G were 
made on each specimen, the applicability of linear 
elastic theory was tested by evaluating the stress 
intensity factor, K ,  from the relationship given in 
Equation 1, assuming plane strain conditions. 

Fig. 8 indicates the variation of K n values with a / w  

ratio obtained by different approaches, namely using 
Equations 1 and 3. As can be seen, the K~I values 
follow a very similar relationship with the variation 
between 0.3l and 0.45 M N m  -3/=. The reasonable 
agreement between K~ values obtained from these 
equations seems to support the assumption that non- 
linearity of soil-cement is not significant and that the 
LEFM approach may be applied in fracture studies 
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Figure 8 Comparison of fracture parameter K .  values determined 
by various methods. ( + )  Equation 1, ((3) Equation 3, (5]) Equa- 
tion 4. 

carried out on cube specimens discussed here. 
The absence of any other work dealing with this 

mode of failure in soil-cement does not allow us a 
direct comparison of the independently obtained 
results. Chisholm and Jones [291 studied the Mode II 
failure mechanism on a specimen geometry shown in 
Fig. 8. They used a boundary collocation method in 
their analysis and the constitutive equation for the 
stress intensity factor was given as 

Kn ~- B H  (4) 

This equation was used as an alternative method in 
assessing the order of magnitude of Kn values of 
soil cement under the punch-through shear condi- 
tions. Fig. 8 also indicates the variation of these values 
with a / w  ratio and it can be seen that the correlation 
of results is encouraging. Clearly more independent 
data and research, taking into account a possible size 
effect, are necessary before any conclusion regarding 
fracture parameters Kn in soil-cement can be drawn. 

A visual inspection of the fractured surfaces indic- 
ated that very narrow crush zones consisting of fine 
microcracks developed between the top and bottom 
notches, following closely the directions of maximum 
shear stresses which were estimated by linear elastic 
stress analysis. The experiments also demonstrated 
that there were definite signs of abrasive action and 
that the parts of the specimen put together after the 
complete failure did not fit together�9 The mode of 
failure observed in these specimens was therefore as- 
sumed to be Mode II (in-plane shear). The comparison 
of the fracture response of split-cubes and punch- 
through shear specimens clearly indicated that two 
different types of failure were generated and that the 
corresponding fracture parameters were appreciably 
different in their magnitudes. 

4. Conclusions 
1. The sample preparation required closely con- 

trolled mixing, compacting and curing conditions 
in order to maintain a uniformity of soil-cement 
properties. 
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2. Two series of tests simulating Mode I and Mode 
II types of failure in soil-cement were discussed. The 
eccentrically loaded double-notched cubes were used 
in determining the fracture toughness parameter K I in 
Mode I and it was found that this value was in the 
range 0.11-0.17 MN m -  3/2. The punch-through shear 
specimens were used in determining the fracture para- 
meter K .  in Mode II, and this value was found to be 
between 0.31 and 0.45 M N m  -3/2. 

3. It was observed that the fracture behaviour of 
soil-cement samples under tensile and concentrated 
shear loading were distinctly different and this was 
reflected by the values of the fracture parameters K~ 
and K. .  The stress intensity factor, KII, was found to 
be about three times higher than K~, a result contra- 
dicting assumptions that cementitious materials are 
generally weak in shear. 

4. It was shown that the L E F M  approach was 
applicable in this study, and both fracture parameters, 
K n and G n, could be used as a measure of the resist- 
ance of material to cracking. The consequence of this 
may be that the relationship K 2 = GEl(1 - v 2) could 
be used as an alternative method in the determination 
of Young's modulus in soil-cement. 

5. The sample geometry for both Mode I and Mode 
II fracture testing is simple and can be produced and 
tested in most materials laboratories. The insertion 
of notches must be carried out with a high degree of 
accuracy to ensure a uniformity of results. 

6. It was demonstrated that the fracture mechanics 
approach can be an effective tool  with which to study 
the cracking responses of soil-cement under different 
loading conditions. Clearly more research should be 
done to develop test procedures which would improve 
the understanding of fracture processes in this mater- 
ial and also to provide reliable fracture parameters 
that could be used in the design of this subbase 
material. 
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