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PREFACE 

y™ Mpqsrs J. E. Windham and R. A. Knott at 
This paper, presented by Messrs, d. ^ ^ _ n 

the MIXED C0MPAEÏ/MIDDLE GUST Project Eeview Meeting hosted y 

Nuclear Information and Analysis Center, DASIAC, on 13-15 March 1973 

ilsanta Barhara, California, gives an overview of the MIDDLE GUST 

material property investigations conducted by the U. S. Army 

Waterways Experiment Station (WES) for the Air force Weapons Uboratory. 

The paper was prepared under DNA OWED Subtash SB209, Wort Unit , 

■■Laboratory Studies of the Response of Soil and Roch to Blast-Type 

Loadings," by personnel of the Soil Dynamics Division (SDD), WES 

• ä w tp Chief, Soils and Pave— 
under the general direction of Mr. J. P- Sale, Chiel, 

meats Laboratory, and Dr. J. G. Jackson, Jr., Chief, SDD. 

Directors of the WES during the conduct of the study and prepa a 

tion and publication of this paper were BG E. D. Peixotto, CE, and 

G. H. Hilt, CE. Technical Director was Mr. F. R. Brown. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

Multiply By To Obtain 

inches 

feet 

miles (U. S. statute) 

cubic feet 

pounds 

pounds ( force ) per square 

inch 

kips (force) per square 

inch 

pounds (mass) per cubic 

foot 

2.51* 

O.30U8 

1.6093^ 

0.0283168 

0.1+5359237 

O.689I+757 

O.689I+757 

16.OI85 

centimeters 

meters 

kilometers 

cubic meters 

kilograms 

newtons per square centi¬ 

meter 

kilonewtons per square 

centimeter 

kilograms per cubic meter 



GEOLOGY MD MATERIAL PROPERTY COMPARISONS 

FOR THE MIDDLE GUST TEST SITES 

INTRODUCTION 

The U. S. Army Engineer Waterways Experiment Station (WES) was re¬ 

quested by the Air Force Weapons Laboratory (AFWL) to perform site in¬ 

vestigations to support preshot ground motion calculations of the five 

primary MIDDLE GUST high-explosive events. Two sites, called the wet 

site (the location of Events I, II, and III) and the dry site (the 

location of Events IV and V), were explored for this purpose. Two- 

dimensional ground motion calculations were performed by Applied Theory, 

Inc., under contract to the AFWL and by-Weidlinger Associates under 

Defense Nuclear Agency sponsorship. 

To accomplish the objectives of the site investigations, a large 

number of undisturbed samples was obtained for use in conducting 

undrained static and dynamic laboratory material property tests; for 

conventional material classification, composition, and index tests; 

and for geologic examination. The laboratory test results, the 

drilling logs, the results of the geologic surveys, and the field 

seismic data (when available) comprised the information base necessary 

to develop an idealized computational profile for each site and to 

select representative dynamic constitutive properties for each profile 

zone. These profiles and propel ties were provided to the calculators 

prior to the shots (References 1, 2, and 3) in a form suitable for the 

construction of two-dimensional, nonlinear, inelastic constitutive 

models. 

The purpose of this report is to present and compare geologic 

details and preshot material property summarizations for the two test 

sites. Specific results of the subsurface explorations, geologic inves¬ 

tigations, and laboratory testing programs are currently being docu¬ 

mented for each site in a series of technical reports. 

In order to meet the rigid time schedules associated with Project 



MIDDLE GUST, the analyses to determine preshot constitutive properties 

for the wet site had to proceed at a time when only about half of the 

results of the planned laboratory test prograr were available. A very 

cursory analysis of these test data was performed to develop preshot 

properties for Event I; these properties will not be discussed in this 

report. The time available for analysis of these data to develop pre¬ 

shot properties for Events II and III was more satisfactory. Except 

for the lack of field seismic data and some high-pressure laboratory 

test results, the preshot analyses for Events IV and V benefited from 

the availability of a full information base. As of this writing, all 

laboratory testing had been completed and a postshot combined-site analy¬ 

sis, incorporating the low-pressure data generated at Lawrence Livermore 

Laboratory (Reference 4), had been performed. The results of this post¬ 

shot analysis are presented and compared herein, where pertinent, with 

the preshot properties. 

GEOLOGY 

The MIDDLE GUST test sites are located in Crowley County in south¬ 

eastern Colorado near the small towns of Crowley and Ordway, as shown in 

Figure 1. Events I, II, and III were located on the west side of Bob 

Creek near the Colorado Canal at the wet site. The canal is the source 

of a shallow, perched water table in the alluvial soil overburden at 

this site; hence, it is called the wet site. Events IV and V were lo¬ 

cated on the west side of Nero Hill at the dry site, approximately 

5 miles* northeast of the wet site; no flowing water was found within 

the depth explored at this site. The surface elevation in the wet site 

area is approximately 1+,400 feet above mean sea level (msl); the dry 

site surface elevation is approximately 4,600 feet msl. 

According to the geologic literature, the sites lie within the 

relatively flat to gently rolling Great Plains physiographic province. 

The locations of the sites relative to their geologic stratigraphic 

* A table of factors for converting British units of measurement to 
metric units is presented on page 3. 



column-i are shown in Figure 2. Both sites are situated in the Cretaceous 

Pierre Formation, which is primarily composed of clay shales generally 

deposited in a shallow marine environment approximately 65 million years 

ago. In the site region, the Pierre is underlain by an estimated 

6,800 feet of nearly horizontal Mesozoic and Paleozoic sedimentary rocks 

overlying Precambrian crystalline basement rocks. It is estimated that 

a maximum of 4,000 feet of Cenozoic and Mesozoic sediments has been 

removed from the general area by periodic post-Cretaceous erosion, 

leaving the currently exposed surfaces of the Pierre Formation. In 

recent geologic times , a 9-fQot-fkick alluvial deposit of mixed sands , 

silts, and clays has accumulated over the Pierre clay shale at the wet 

site. No major geologic structural features (faulting, folding, etc.) 

are believed to exist in the immediate vicinity of either site. 

At the wet site, the deepest sample boring penetrated to a depth 

of 5OO feet, where it is believed to have encountered the transition 

materials comprising the Pierre/Niobrara interface. The deepest dry 

site sample boring penetrated to a depth of 250 feet. The Pierre/ 

Niobrara interface was not encountered at the dry site; it is estimated 

to be at a depth of approximately 750 feet. The shale at the dry site 

is approximately 250 feet higher in the depositional sequence, i.e., 

it is geologically younger, than the wet site shale (Figure 3). This 

is due to variations in surface topography in the general area as 

well as to a slight dip in the shale bedding of approximately 15 feet 

per mile toward the north, as illustrated in Figure 3. As a result, 

the clay shales encountered at the two sites were not identical. The 

siltstone marker bed shown in Figure 3 was used as a cross-correlation 

index between the two sites. This marker bed was consistently encoun¬ 

tered at a depth of approximately 130 feet in the borings at the wet 

site and is believed to have been identified by electric logging tech¬ 

niques at the dry site, where the electric log borings were augered to 

a depth of 420 feet, 170 feet deeper than the deepest sample boring. 

The wet site is composed of an alluvial soil overburden approxi¬ 

mately 9 feet thick overlying approximately l4 feet of weathered, 

fractured clay shale; this in turn overlies a more competent clay shale 
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bedrock as shown in Figure I4. Two regional joint sets were found in 

the shale (Reference 5). One set, spaced at intervals of 6 to 8 feet, 

has a strike that varies between N56°E and n62°E, with a dip of 85 NW; 

the second set, spaced at intervals of 10 to 14 feet, has a strike that 

varies between N20°W and N30°W, with a dip of 86°NE. The ground sur¬ 

face at the site is relatively flat, and the depths to important inter¬ 

faces are essentially constant. The soil overburden is subdivided by 

a groundwater table, the depth of which depends upon the water level 

in the surrounding Colorado Canal. At the time that samples were taken 

from the site, the groundwater table was at a depth of approximately 

4 feet. The presence of this groundwater has resulted in significant 

differences in material properties between the overburden soils above 

and below the water table; in addition, it has influenced weathering 

processes in the fractured clay shale below the overburden, e.g., it 

has partially "healed" some previous fractures. 

The dry site comprises an average of 28 feet of weathered, frac¬ 

tured clay shale overlying a more competent, relatively impervious 

clay shale, as shown in Figure 4. Using thermal-infrared image tech¬ 

niques, the U. S. Geological Survey identified three sets of joints in 

the weathered shale, striking at about N50°E, N45°W, and N20C-25°W, in 

order of prominence (Reference 6). Strikes roughly corresponding to 

these, with nearly vertical dips, were also observed in pits excavated 

at the site. The ground surface of the site generally dips from east 

to west on a slope of about 1:50. The depth of the weathered shale/ 

competent shale interface varies in an east-west direction across the 

site from approximately 23 feet at tne eastern site boundary to about 

32 feet at the western boundary. The depth of weathering is primarily 

a function of climatic conditions and subsurface drainage. The degree 

of weathering generally decreases and the material competency gradually 

increases with increasing depth toward the weathered shale/competent 

shale interface; however, there is an approximately 8-foot-thick weath¬ 

ered unit just above the competent shale that does not follow this gen¬ 

eral trend. The shale in this unit contains considerably more gypsum 

than the materials above as the result of greater water accumulation 

T 



during times of precipitation. Consequently, this unit has a lower 

density, a higher porosity, and a lower degree of saturation than the 

adjacent units. 

Additional distinctions exist between the clay shales at the two 

sites. As indicated in Figure 5, a large number of pyritic nodules 

and carbonate concretions were encountered in the upper 150 feet of 

clay shale at the wet site; no pyritic nodules were found at the dry 

site. These nodules primarily served to complicate sampling and testing 

of the wet site materials. Below a depth of 150 feet at the wet site, 

the pyritic nodules essentially disappeared, but the degree of calcar¬ 

eous cementation increased. The clay shale below 3^0 feet at the wet 

site was found to be very hard and highly calcareous. At corresponding 

depths, the wet site clay shales were more calcareous than the dry site 

clay shales. 

In the Event III ground zero (GZ) boring at the wet site, a change 

in the dip of the beds was encountered below a depth of 130 feet. The 

dip increased gradually to about 8 degrees at a depth of 200 feet, then 

changed continuously to about 25 degrees at a depth of 250 feet. There¬ 

after, it remained at about 25 degrees (to 500 feet). In the 250-foot- 

deep Event II GZ boring located 800 feet to the west, no change in the 

dip of the beds was observed. Whether the dipping beds in the Event III 

boring represent previous faulting or uplifting or merely resulted from 

bending of the drill stem is not known. Other than the very slight 

15 foot/mile dip described previously, no dipping beds were encountered 

at the dry site throughout the depth sampled (250 feet). 

MATERIAL PROPERTIES 

The WES laboratory testing programs for the wet and dry sites 

generally consisted of the following tests: 

1. Routine classification and index tests to identify the soil 

and clay shale constituents. 

2. Conventional water content and density determinations to 

establish the in situ composition properties. 

3. Static and dynamic uniaxial strain (UX) tests up to 

10,000-psi vertical stress to develop stress-strain relations. 
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Static null UX tests with radial stress measurements to 

assist in establishing stress paths for a state of 

uniaxial strain. 

Static and dynamic triaxial compression (TX) tests at 

confining pressures up to 10,000 psi to assist j.n 

establishing failure envelopes and to provide appropriate 

moduli data for developing and cross-correlating repre¬ 

sentative constitutive properties. 

In addition, some static direct shear tests were performed on wet site 

clay shale samples in directions parallel and perpendicular to the 

bedding planes, and a number of indirect (Brazil) tension tests were 

performed to investigate shear and tensile strength anisotropy. 

The data obtained from the laboratory testing programs and the 

geologic investigations, along with the field seismic data (when avail¬ 

able) and the boring logs, were analyzed to develop an idealized compu¬ 

tational profile for each site and to establish dynamic constitutive 

properties most representative of the live loading characteristics of 

the in situ material in each profile zone. A typical set of these 

constitutive properties is shown in Figure 6. The set includes repre¬ 

sentative UX stress-strain relations , the slopes of which define the 

constrained modulus M ; a representative failure envelope; and repre¬ 

sentative paths of principal stress difference versus mean normal stress 

for uniaxial, strain. The slopes of the UX stress paths supply informa¬ 

tion about other material coefficients; for example, the familiar shear 

modulus G , bulk modulus K , and Poisson's ratio u of Hookean 

elastic theory. This set of representative properties provides the 

code calculator with a complete stress tensor-strain tensor relationship 

to which he can fit his mathematical constitutive model. 

Profile Composition 

The preshot idealized geologic and computational profiles estab¬ 

lished for the MIDDLE GUST wet and dry sites are compared in Figure 7. 

The water contents and dry and wet unit weights selected as representa¬ 

tive of the in situ materials in each zone are compared in Figure 8; 

the corresponding idealized air void contents are shown in Figure 9* 

The air void contents are significantly lower at the wet site than at the 

dry site; this is a function of material type as well as the presence 

14. 
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of the groundwater at the wet site. Zone 6 of che dry site stands out in 

Figures 8 and 9; this is the highly gypsiferous unit previously discussed. 

For preshot computational purposes, the MIDDLE GUST wet site was 

idealized to a depth of 500 feet (the maximum depth sampled) by ten 

zones, the zone thicknesses generally increasing with depth. To estab¬ 

lish a rational model of the sandy clay overburden, three relatively 

thin zones (two above the water table and one below) were recommended. 

This fine zoning was required to account for the large decrease in air 

voids (and, therefore, compressibility) occurring through the over¬ 

burden (Figure 9)* The fourth and fifth zones (comprising, respectively, 

a relatively soft, highly weathered clay shale and a moderately hard, 

but still extensively fractured, weathered clay shale) were sufficiently 

different from each other and the adjacent materials to warrant separate 

treatment. Zones 6 through 9 were chosen to model the hard, unweathered 

clay shales that increase in density, calcareousness, and general com¬ 

petency with depth. Zone 10 models the very hard, highly calcareous 

clay shale representing the probable Pierre/Niobrara transition. 

The MIDDLE GUST dry site was idealized to a depth of 250 feet (the 

maximum depth sampled) by eleven computational zones. Zones 1 through 5 

define the weathered, fractured clay shales in whi'h the degrees of 

weathering end fracturing decrease with depth. The material in Zone 6, 

the anomalous gypsum-rich zone, is more weathered than the material in 

Zone 5. As at the wet site, the relatively unweathered, competent clay 

shales at the dry site (Zones 7 through 11) become harder and more 

competent with depth. 

Uniaxial Strain Relations 

In order to demostrate some of the considerations involved in data 

analyses, comparisons of dynamic UX test data with recommended preshot 

stress-strain relations for selected zones are presented in this 

section. In addition, the loading UX stress-strain relations recommended 

preshot for each zone are compared for each idealized site profile. 

Finally, the initial constrained moduli associated with the recom¬ 

mended UX relations are compared with the field seismic constrained 

moduli for each site. 

10 
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thoroughly observed. Hence, »any UX tests were conducted on dtsturbe 

samples. Although X-radiography techniques aided in selecttng the 

better quality specimens for UX testing, the method was not always 

successful with these large-diameter cores; however, the method was 

extremely valuable for selecting good quality HX-sise cores for TX 

testing purposes. 

The data shown in Figure 10b typify the types of test results gen¬ 

erated with the samples obtained from the more competent clay shale 

zones at both sites. Specimens A and B were of very good quality, they 

contained no observable man-made horizontal fractures and they were 

fully constrained laterally, i.e.. they fit tightly against their 

Shelby-tube rings. Specimens C and D were only partially constrained 

and contained minor drilling-induced horizontal fractures. Specimen E 

made erratic lateral contact with its Shelby-tube ring, and Specimen F 

contained major mud-filled horizontal fractures. Obviously, Specimens 

C, D, E, and F were not representative of the intact material, nor coul 

they have truly deformed in uniaxial strain. Hence, only Specimens A 

and B were qualified to comprise the data base for developing the preshot 

relation for this zone. 

All of the UX loading stress-strain relations recommended preshot 

for each site are compared over the 0- to 2,000-psi stress range in 

Figure 11. Semples from wet site Zones 1 and 3, representing 

burden soils, were initially quite compressible; however, once the air 

voids were closed and the air was dissolved in the water, these mate¬ 

rials became highly incompressible, behaving like mixtures of solid 

particles and water. Samples from Zones k and 5, the nearly saturated, 

fractured clay shale zones, were initially stiffen than those from the 

overlying soils, but their ultimate compressibilities were also 

strongly controlled by the water.* At the 2,000-psi stress level, the 

dry site weathered shales were more compressible than the wet site 

•If the perched groundwater had not been present at tie wet site, the 
air voids as well as the compressibility characteristics Zones 

and 5 clay shales would have been more like those of the dry 

weathered clay shales (Zones 1 through 6). 



weathered shales due to the differences in air void contents (Figure 9)• 

The stiffnesses of the unweathered shales at both sites were generally 

comparable. Except for the anomalous material in Zone 6 at the dry 

site, the general trend for samples from both sites was for compress¬ 

ibility to decrease with increasing depth. 

The initial slopes of the curves shown in Figure 11 are presented 

as a function of depth for each site in Figure 12 (dashed lines), 

where they can be compared with the constained moduli calculated from 

the field seismic velocity data (solid lines). The dotted lines in 

Figure 12 indicate recent modifications to the preshot properties 

resulting from the WES postshot combined-site analysis (which primarily 

benefited the wet site). There is considerable scatter in the field 

refraction seismic data obtained from the dry site, particularly 

in the weathered materials (Zones 1 through 6); the question marks on 

the solid lines in this region (Figure 12b) indicate that the inter¬ 

pretation of these seismic data is tentative. In the deeper, more 

competent shales, the seismic moduli plotted are those obtained by 

Birdwell borehole logging techniques. 

Figure 12 indicates that the seismic moduli in the competent 

shales at both sites (below Zone 5 at the wet site and below Zone 6 at 

the dry site) are quite similar. It also shows that the seismic moduli 

are considerably greater than the recommended initial moduli at both 

sites. Although wet site field seismic data were available prior to the 

execution of Events II and III, seismic moduli were not appended to the 

properties recommended for preshot calculations nor were the code con¬ 

stitutive models modified to accept such appendages. At the time the 

code models were being fitted to the preshot properties, the seismic 

moduli, had they been included, would most likely have been arbitrarily 

modeled up to stress levels of only a few pounds per square inch, thus 

precluding any noticeable effects in code output except at the very far 

out ranges (e.g., beyond the 50-psi contour). Field seismic data were 

not available for the dry site until after Events IV and V had been 

executed. 



Shear Test Results 

"0 

The results of triaxial compression tests conducted at various 

loading rates are compared in Figure 13 with the recommended preshot 

failure envelopes for wet site Zone 1* and dry site Zone 8; these zones 

were selected to typify the strength characteristics of the soft, 

weathered clay shale and the hard, unweathered clay shale. Both 

materials exhibited significant strength increases under dynamic condi¬ 

tions. Also, the unweathered clay shale was an order of magnitude 

stronger than the weathered material. 

The shear strength differences among the soils at the wet site and 

the weathered and unweathered clay shales at both sites are clearly 

illustrated in Figure lU, which compares the recommended preshot failure 

envelopes for each zone of each computational profile. Of all the 

materials at both sites, the wet site soils are the weakest; their 

ultimate strengths are significantly influenced by the water. The next 

strongest materials are the weathered shales at the wet site; they 

possess more strength than the soils, but are weaker in general than 

the weathered shales at the dry site. Although the water also influences 

the ultimate strengths of the weathered shales, they are inherently 

stronger than the soils, water or no water. There are abrupt increases 

in strength at the transition from the v c ohered to the unweathered 

clay shales at both sites, followed by continuous strength increases 

(and accompanying density and cementation increases) with increasing 

depth. 

Only static TX data were obtained for the wet site clay shales 

below a depth of 15 feet.* Also, at the time of the wet site preshot 

analysis, no constitutive property data of any kind were available for 

the material below 125 feet. Hence, factors on the order of 40 percent 

were used to develop dynamic failure envelopes from the representative 

static envelopes for Zones 5> 6, and 7, and experience and judgment 

were called upon to assign properties to Zones 8, 9, and 10. As 

*WES high-quality dynamic TX equipment did not become fully opera¬ 

tional until the dry site investigation was under way, after which 
time the device was used extensively. 
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indicated by the data in Figure 13b, the static-to-dynamic factors 

for Zones 5, 6, and 7 should have been on the order of 100 to 200 per¬ 

cent. In addition, completion of the wet site data base showed that 

the estimated strengths for Zones 8, 9, and 10 were too low. Therefore, 

the failure envelopes shown in Figure ll+a for the unweathered clay 

shales should be increased, some by as little as 50 percent and some 

(the materials below 125 feet) by as much as 200 percent. 

A comparison of only the static TX data from both sites at compa¬ 

rable depths shows that the wet site unweathered shales are generally 

stronger than those of the dry site ; this is in keeping with the higher 

density and greater cementation of the wet site materials. In addition, 

direct shear tests conducted on vertically and horizontally oriented 

clay shale specimens indicated no compressive strength anisotropy; these 

da .a also correlated well with the TX strength results, all of which 

had to be obtained usine; ''■ertically oriented specimens. 

In addition to strength information, TX tests also supply data 

that can be used to determine Hookean parameters sucn as Young's modulus 

E , as well as G , K , and u (the latter three cuentities only if, 

as was done for these investigations, the complete strain tensor is 

determined). Figures 15 and 16 summarize the ranges of initial loading 

Young's moduli and initial loading shear moduli Gi , respectively, 

determined from all of the static and dynamic TX data obtained for both 

sites. The data bands do not represent scatter.' Rather, they represent 

the effects of confining pressure; the associated confining pressures 

spanned the range from 0 to 10,000 psi. Hence, data points from the 

lowest confining pressure tests crowd the lower band edges, and data 

points from the highest confining pressure tests crowd the upper band 

edges. The purpose of presenting these data in this form was to pro¬ 

vide a simplified comparison of the gross sheax response characteristics 

of the various materials at each site. 

Figures 15 and 16 indicate two major effects: (l) E^ and G^ 

of the unweathered clay shales at both sites are approximately one order 

of magnitude greater than E^ and G^ of the soils and weathered 

shales; and (2) E^ and G^ in the clay shales are moderately 
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rate-sensitive, the sensitivity being approximately the same as that of 

the shear strength (Figure 13). A third effect^is that the wet site 

unweathered clay shales exhibit slightly greater Young's moduli and 
I 

shear moduli than the corresponding dry site shales, which is logical 

due to the higher density and degree of cementation of the wet site 

materials. 

UX Stress Paths 

To complete the representative constitutive properties package, 

paths of principal stress difference versus mean normal stress for 

dynamic uniaxial strain were developed for each profile zone. These 

paths were generally based on interpretations of data obtained from 

special static UX null tests in which the lateral stress was measured; 

however, the static and dynamic modulus data obtained from the TX tests 

were alsa used in developing the dynamic UX paths. 

Figure 17 compares the recommended preshot UX stress paths for 

wet site Zones 2 (soil) and 7 (unweathered clay shale) with their 

respective failure envelopes. This figure is presented to illustrate 

some fundamental behavioral differences in uniaxial strain between 

normally consolidated soils and highly overconsolidated saturated 

clay shales. 

Because a normally consolidated soil undergoing shear exhibits 

little or no tendency to dilate, its loading UX stress path can reach 

the failure envelope defined by shear tests at quite low shear and 

normal stress levels (Figure 17a). For continued loading, the path 

generally follows the failure envelope. For subsequent unloading, the 

paths become flatter as the maximum pressure level increases; this 

implies that, the unloading sheax modulus is approximately constant 

beyond some critical pressure level or that it increases at a slower 

rate than the bulk modulus increases. 

In shear tests on overconsolidated saturated clay shales, on the 

other hand, there is usually a tendency toward dilatancy accompanied by 

vork-hardening and brittle failure phenomena. However, dilatancy cannot 

occur if lateral strains are suppressed. As a result, the development 

of shear stresses during loading in uniaxial strain is also suppressed 

16 
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and the UX stress path stays well below the shear failure envelope over 

a large range of pressure (e.g., 0 <_P ^ 5,000 psi). At sufficiently 

high pressures, the preconsolidation history of the clay shale will be 

exceeded and the material will respond as though it were normally con¬ 

solidated, i.e., it will exhibit ductile, nondilatant behavior, and the 

UX path will approach the shear failure envelope. Unloading stress 

paths for saturated clay shales tend to parallel the loading path 

(Figure 1Tb); this implies elastic (i.e., reversible) or nearly elastic 

behavior. 

EPILOG 

In addition to tailing a closer look at the effects of sample dis¬ 

turbance, WES is continuing analyses of the field and laboratory data 

obtained from the two MIDDLE GUST site investigations with emphasis 

placed on evaluating factors such as anisotropy, rate effects, tensile 

strength and brittle-ductile failure and shear-induced volume change 

phenomena, almost all of which were excluded from the preshot calcula¬ 

tion models and each of which may have contributed somewhat to the gross 

discrepancies between the code calculations and the field motion records. 

IT 
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Figure 2. MIDDLE GUST geologic stratigraphy. 
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Figure 8. Idealized composition properties for MIDDLE GUST 
preshot computational profiles. 
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Figure 9- Idealized air void percentages for MIDDLE GUST wet 

and dry site preshot computational profiles. 
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Figure 12 Comparison of representative initial constrained moduli 

with field seismic constrained moduli for MIDDLE GUST. 
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a. Zone 1+, MIDDLE GUST wet site. 

b. Zone 8, MIDDLE GUST dry site. 

Figure 13. Representative preshot failure envelopes compared 

with typical TX data for selected zones. 
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Figure 

a. Wet site. 

b. Dry site. 

I1*. Comparison of dyna/dc failure envelopes recommended 
preshot for MIDDLE CUST. 
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Figure 15. Comparison of initial Young's modulus data bands 
for MIDDLE GUST. 
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Figure 16. Comparison of initial she modulus data bands 
for MIDDLE GUST. 
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a ZONE 2, MIDDLE GUST WET SITE 

Figure IT. Comparison of representative preshot uniaxial strain stress 

paths with failure envelopes for selected zones. 
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