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Engineering properties and slake durability of weak Triassic Basin rock 
Les propiértés des ingénierie et durabilité de la faible roche du Bassin Triasique

D.W.Parish & R.H.Borden -  North Carolina State University, Raleigh, North Carolina, USA

ABSTRACT: To determine the durability of Triassic Basin rock, this paper examines the strength and plasticity of weak sedi- 

mentary material and provides a qualitative correlation to the slake durability index. Strength parameters for 23 separate samples 

from the region were analyzed using uniaxial compression, split-tensile strength and point load strength. Atterberg limit»; along 

with the activity of the activity of the clay matrix, are also presented in a comparison to the two-cycle slake durability index (I^).

RESUME: Enfin de déterminer la durabilité de la roche du Bassin Triasique, cet article éxamine la force et la plasticité de la fai

ble matière sédimentaire et fournit une correlation qualitative pour la slake durability complex. Paramètres de force pour 23 

échantillons distincts de la région ont été analysé utilisant une compression uniaxiale, split tensile et point load strength. Les lim

ites d’Atterberg, avec l ’activité de la matrice d’argile sont aussi présentés dans une comparaison avec au deuxieme cycle de 

durabilité (Id2).

1 INTRODUCTION

The identification of the non-durable material in the Triassic 

Basin has been problematic for engineers. The distinction te- 

tween weak and strong rock is difficult to ascertain. Geologi

cally sim ilar material has been misinterpreted as “hard” mi- 

drock to later find durability problems surface when these 

rocks were incorporated into construction. Researchers have 

used a variety of methods to classify weak rock using strength 

or durability.

A  durability-plasticity classification was first developed by 

Gamble (1971) on the basis of slake durability index and plas

ticity results. Rock having a slake durability index in the range 

from 30 to 60 % was considered to have low durability and that 

from 60 to 85% as.having medium durability. There have been 

previous attempts to relate strength and plasticity with slaking 

indices. Taylor (1988) developed a mudrock durability classifi

cation for British Coal Measures based on the unconfined 

compressive strength (UCS), third cycle slake durability val

ues, and the composition and fabric of the rock samples. Santi
(1998) abbreviated the work of Afrouz (1992) suggesting that 

rock with compressive strengths exceeding 20-80 MPa are rec

ognized as “hard” or "durable” while rock with compressive 

strengths below 5 MPa are “soft,” “weak” or non-durable. 

From this literature, it appears that material in the range te- 

tween soil (UCS < 1 MPa) and hard rock (UCS > 20 MPa) may 
have varying qualities.

The Triassic Basin stone, in question, is prim arily com

prised of sedimentary sandstone and mudrock The mudrock, 

with very low slake values can usually be identified by simple 

jar-slake analysis. Lower strength values for these rocks are 

apparent. Likewise, more durable shales with a two-cycle slake 
durability index (Ij j ) greater than 90% are similarly recognized 

and usually report higher strengths (>20 MPa). It is the range 

from 50% to 90% slake durability and UCS values from 5 MPa 

to 20 MPa that expanded study is required.

2 METHODOLOGY

Cored samples of sedimentary rock were gathered from the 

Durham Sub-basin of the Deep River Triassic Basin in North 

Carolina. Each run was geologically characterized for Rock 

Quality Designation (RQD) and percent recovered and then 

stored to maintain initial water contents.

These cores were placed into three major durability groups: 

strong, semi-weak, and soil-like materiaL The study group of 
most concern was the semi-weak or possibly non-durable nu- 

drock such as the silty shales (siltstone and mudstone). This 

rock was not easily discernible in either visual properties or 

initial durability testing, thus posing the biggest problem in 

classification and requiring further analysis.

All cores were subjected to jar slaking for the initial deter

mination o f durability. Jar slaking is the process o f immersing 

a piece o f rock in water and observing the degradation over a 

24-hour period. After the allotted time, a jar-slaking index (Ij) 

is determined. Values range from 1 to 6 or from total degrada

tion to no change in physical integrity, respectively. Jar-slake 

testing was performed to qualify the material as very weak (Ij 

= 1 or 2) or semi durable (Ij = 3 or 4). Rock that was visually 

identifiable by jar slaking, such as coarse sandstone, was e -  

moved from the study. The softer, soil-like material such as 

mudrock and overconsolidated clays was also easily charac

terized and removed. The rock of most concern was the semi- 

weak or possibly non-durable specimen such as the silty shales 

(siltstone and mudstone). These were not easily discernible 

from the other cores in either visual or initial durability testing. 

These shales, varying in color and texture, posed the biggest 

problem in classification since initial testing results showed 

that the rock varied from weak to semi-durable material (Ij = 2 

through Ij = 5). Thus, the sampling techniques and testing 

methods to best evaluate and identify these particular weak 

rocks were the focus of the study.

2.1 Plasticity Testing

All rock, which was identified as semi to non-durable from the 

ja r-s laking  process, was subjected to plasticity testing. Labo

ratory testing for Atterberg Limit indices was performed as de

scribed in ASTM Method D418-84. Two separate locations 

were used to obtain plasticity samples: 1. gathered sediment 

that remained after slake durability testing and 2 . pulverized 

rock that was passed through a standard ASTM No. 40 sieve.

For the purpose of rock identification and the measurement 

of the percent of fines, standard grain size distribution testing 

was performed. Hydrometer analysis was required to determ ine 

the percent passing the 2-micron grain size (clay boundary). 

The examination was conducted according to ASTM Method 

D 422-63. From the tests, a determination for the activity of the
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clay matrix, as defined by Skempton, (1953) was calculated. 

The activity (A) of a substance is obtained by dividing the 

plasticity index (PI) with the percent finer than the ^l-grain 

size. Activity values above the range o f 1.25 are an indicator of 

active, sw elling  clays (montmorillonite). Material o f this nature 

is conducive to rapid changes upon contact with water. It was 

deduced that activity values would not only be an indication of 

the type of clay but a possible identifier o f potentially degrad- 

able material.

2.2 Slake Durability

For this series, the two-cycle slake durability (Id2) was consid

ered the most useful parameter to determ ine, the rock’s integ

rity. Although jar-slake indexing was quicker, it was concluded 

that the slake durability method was far more qualitative in 

nature and a better representation of durability. Once the mate

rial was determined to be non-durable according to the quick 

slake method, the two-cycle slake durability index tests were 

then performed. Slaking was accomplished incorporating 

ASTM Method D4644-87. Sections of the rock specimen were 

broken into 10 separate, 40 gram to 60 gram pieces and sub

jected to a 10-minute water bath. During the bath, the material 

is simultaneously abraded and screened through an ASTM No. 

10 sieve. The material is removed and dried for 24 hours. The 

slake durability index (1̂ )  is the percentage of dry mass r -  

tained after two of these wetting and drying cycles. Specimens 

with durability indexes between 40% and 90% were placed in 

the category requiring further investigation.

2.3 Strength Testing

Test cores were approximately 2-inch (54-mm) in diameter 

(NX drill core size). A ratio of 2:1 (length to diameter) was 

measured and all specimens were then cut dry to prevent any 

increase in moisture. All specimens adhered to ASTM Method 

D4543-85. Compression testing was then performed in accor

dance with ASTM Method D2938-86. Cores were also subdi

vided for split-tensile and point-load testing. Split-tensile 

strengths were obtained using ASTM Method D3967-91 To 

establish a reliable field method for determining rock strength, 

point-load testing was performed on all cored material. Testing 

was performed in accordance with the guidelines established 

by Broch and Franklin (1975). For validity, results were com

pared with UCS and split-tensile values to determine the ratio 

between strength values.

3 RESULTS

The cored rocks recovered from the Triassic Basin were an in

termingling of sandstone and mudrock. Harder beds o f the 

sandstone lay between durable and non-durable layers of silty 
shale. Lower rock quality designation (RQD) values and e -  

covery results were the first indication of poor stone. The 

weaker shales were relatively easy to distinguish visually from 

the coarser sandstone. To complete the initial field identifica

tion, rapid jar-slaking was performed to detect the durability of 

the layered stone. The slake durability index was then plotted 

as a function of the unconfined compressive strength shown in 

Figure 1. Compressive strengths for the non-durable material 

range from 10 MPa to 30 MPa for the mudrock with a range of 

I(j2 from 59% to 94%, respectively. On the upper end of the 

graph, rocks having UCS values from 40 MPa to 65 MPa were 

much sandier, with little to no plasticity. Although the trend 

shows an upward increase in strength with the addition of du

rability, an R2 value of 0.55 for this equation precludes a strong 

direct correlation between these two sets o f parameters. There 

is a wide variability in the ^  results around UCS = 10 MPa 

preventing a better association.

Likewise, the identification of the I^  from the split-tensile 

strength was almost as fluctuating as that o f the compression 

results. The stones range in strength from a low of 1.4 MPa up

Unccofined Compressive Strength (MPa)

Figure 1. Slake Durability Indices (I^) as a function of uncon- 
fined compressive strength (UCS).

to 9.0 MPa with the majority o f the data between 2.0 MPa and

4.0 MPa. The trend again showed an ever-increasing rise in 

strength with durability with an F? = 0.54. However, a vast 

number of specimens with varying resistance, broke at an ap

proximate strength of 2.0 MPa.

Point load test (PLT) results were not conclusive in this 

study. Ratios o f UCS to point load results ranged from as low 

as 5 to as high as 25 with an average of 12.6. Although this is a 

wide variation, these findings correspond with those o f Bow

den, et. al. (1998). They reported ratios from 10 to 20 as com

mon for strengths as low as 5 MPa. The variation in rock type 
for Triassic specimens will require a larger data population be

fore the point load test can be accepted.

All material tested indicated a low plasticity index range from 

1.5% to 7.5%. In a comparison o f the plasticity index (PI) with 

slake durability, scattered results for the PI showed a nonlinear 

correlation with 1^ values. These results are shown in Figure 2. 
Although the R: value for the trendline equation is low (0.40), 

it is evident that there is a loss in durability with an increase in 

plasticity. Due to the varying clay fines and the amount o f sand 

and silt particles found in these specimen, it was difficult to 

predict the slake index directly from the Atterberg Limits.

From the 2(i-grain size and the plasticity index values, the 

activities of the clays were calculated. According to Skempton 

(1953) the activity of normal clays should range between 1.00 

and 1.25 with highly active clays exceeding these limits. The 

activity of these specimens varied from 0.11 to 0.50, well te- 

low any standard for normal or active clay. This obviously was 

due to the low plasticity fines found in these specimens. Again 

the tendency is to have decreasing slake durability with in

creasing activity; however, the relationship between these two 

variables was less in-line with an R‘ = 0.40. The average activ
ity value was 0.23 while the average was 68.5 %. With less 

than 18% of the rock comprised of clay, these specimens pro

vided a value only 20% of that for normally active clay soils.
From ASTM standard methods, the soil classification of 

the rock sediment appears to be low plasticity silt (ML) with a 

few samples ranging into silty clays, clayey silts and sandy 

silts (CL-ML). The percent passing the 2 -|l grain size ranges 

from 10.7% passing for low plastic rock up to 26.6% for the

Plasticity Index (%)

Figure 2. Slake durability index (I^) as a function of PI.
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most plastic specimen. Much of the stone contained fine to 

very fine sand particles; however, high silt content dominated 

these Triassic Basin materials. The rock specimens had clay 

percentages (<0.002-grain size) averaging below 18%. The silt 
fines averaged more than 64%, aiding in the lack of plasticity. 

Thus the clay matrix of these siltstones does not appear to sig

nificantly influence slaking.

4 DISCUSSION

The overall classification of the Triassic rock samples gathered 

from the Durham Sub-Basin of North Carolina appears to be 

meta-argillitic or primarily siltstone with some sandstone. The 

grain size distribution shows little clay content, which greatly 

contributes to the lack of durability in most shale. Very fine

grained sand particles accounted for a large percentage of the 

rock. In the cores, softer layers o f shale were intermingled 

between more durable and sometimes, non-durable laminations 

of sandstone. The weakest material was initially evident from 

the driller’s log. Lower RQD and REC values were the first n- 

dication of poor material.

. It was evident from the graphs that a direct correlation be

tween slaking, plasticity, and strength can not be performed 

successfully between two independent variables. More than 

any two factors simultaneously affect the degradation of this 

type of rock. To prove this premise, UCS results were plotted 

against normalized slake durability values in Figure 3. ^  re

sults were normalized by the percent passing the 2 |l-grain size. 

Statistically, the correlation increases by more than 20% when 

an additional parameter was placed into the equation.

Since more than two factors seem to mutually affect the 

degradation of this type of rock. Slake durability and percent 

passing 2- |X grain size was fixed as independent variables 

against the dependent variable, UCS. The 3-dimensional graph 

produced in Figure 4 displays the rise of compressive strength 
with the increase of 1^ and a decrease of clay fines. The equa

tion (1) for this multiple regression is the following planar 
function:

f  = -6.02 - 1.46(x) + 0.775(y) (1)

where: f  = unconfined compressive strength in MPa; x = per

cent passing 2-micron grain size; and y = slake durability index 

(Id2) in percent.

The R2 value of 0.69 was a 25% improvement in the corre

lation coefficient over that o f any two variable analyses. The 

lowest R2 value for any of these multiple variable regressions 

was 0.45. However, further testing to produce additional vari

ables would be counter-productive for an easier method of 
shale classification. Thus, the best relationship for predicting 

the durability of these Triassic specimens exists between the 

strength and the percent passing the 2-micron grain size.

Although the average slake durability index for these sam

ples was 68%, excessive clay content did not appear to be the

Unconfined Compressive Strength (MPa)

Figure 3. UCS plotted with normalized by percent clay 

fines.

Figure 4. Slake durability index (1^) as a function of percent 

clay fines and UCS values.

factor affecting the degradation. The sedimentary material <t- 

graded in a dispersive manner, which is indicative of Na- 

kaolinite abundance according to Moriwaki and Mitchell 

(1977). However, deterioration of the rock does not appear to 
be due to the activity of the clays. As with Mitchell (1993), 

pore-air compression appears to be the slaking process for 

these low plasticity shales. Plasticity did not seem to be the in

fluencing component controlling the slake durability o f this 

rock.

In a comparison to the study by Shakoor, 1999, this silt- 

stone produced higher strengths and somewhat higher val

ues than those previously researched. The shales of the other 

investigation relied on higher clay contents for their lack of du

rability, whereas, the majority of this rock had 2|i  values less 

than 15%.

The problem in determining the durability classification of 
this siltstone is the variability of the strength of the substance. 

From the regression trends, it appears that there is a region 

where the rock may or may not be considered durable. The re

gion from a slake durability index of 50% to 85% has been 

suggested the rock be considered semi-durable (Gamble,

1971). In this research, some rock had compressive strengths 

as low as 6 MPa but still possessed semi-durable qualities.

Color was somewhat of a precursor to durability identific a- 

tion. Reddish-brown, purple and dark-brown siltstone had a 
majority of jar-slake indexes in the range o f lj = 3 or 4. The 

non-durable siltstones were more soil-like or dull brown in 
color. Much of the tan material was composed of fine-grained 

sand producing a high durability index. Clear, cemented sand

stone had a medium durability but was difficult to shape into 

strength specimen due to their coarseness.

Finally, specimen collection posed one of the biggest 

problems in this research. Weak rock was difficult to obtain in 
sample sizes adequate for uniaxial compression testing. For 

cores with recovery values less than 65%, very little strength 

analysis could be attempted.

5 CONCLUSIONS

Geologically, the sedimentary rocks from the basin consist of 

red-brown sandstone, siltstone and overconsolidated clays. The 

fines are comprised of low plasticity silt or silty clays and fine 

sands. Based on the results from slake durability, plasticity, 

and strength testing of these Triassic Basin rocks the following 

conclusions can be drawn:

I. The shale studied was classified as siltstone with an 

ASTM classification for the fines of low plasticity silt (ML) or 

clayey silt and sand (CL-ML). High silt percentages along with 

fine sand particles dominated the stone sediment.

2. An activity between 0.11 and 0.20 would be representa

tive of this stone. Activity results from the clay fractions e- 

vealed that active clay fmes (A>1.25) did not dominate most 

samples.
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3. Unconfined compressive strengths ranged from 10 MPa 
to 65 MPa. A large variation in the durability of the rock was 

seen in the lower strength range from 10 MPa to 30 MPa. 

Sandier shales reached 60 MPa with values in excess of 

95%.

4. Multiple nonlinear regression analysis, with three sepa

rate variables, provided the best correlation for determining the 

durability of these weak rocks with a correlation of 0.64 be

tween UCS, slake durability and percent clay fractions.

5. Slaking of the softer rock may be attributed to pore-air 

compression more than the reaction of responsive clays.

In summary, it is very difficult to determine relationship 

between the durability and strength of this mudrock. The 
amount o f deterioration for a total loss of strength is dependent 

on more than one factor and can not be concluded directly 

from any one series of tests.
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