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INTRODUCTION

Brantley Dam is located on the Pecos River, in Eddy County of southeastern New Mexico, about midway

between the cities of Carlsbad and Artesia. It is an earthen and concrete gravity dam, 140 feet (43 m) high and

4 miles (6.4 km) long. The dam has a 7oo-foot (213-m) long concrete spillway flanked by nearly 2 miles (3.2 km)

of earthftll on each side. Over 159,000 yd3 (122 000 m3) of concrete were placed in the structure between 1985

and 1987.

The concrete structure contains 28,500 tons (25 855 metric tons) of cement and po:zzolan, and over 2.2 million

pounds (1 million kg) of reinforcing steel. The 99,785 yd3(72 290 m3) of mass concrete required over 52,000 feet

(15850 m) of 1-inch (25-mm) outside-diameter cooling coil to ensure proper temperature control.

The overflow spillway in the concrete section is controlled by six radial gates measuring 50 by 25 feet (15.2 by

7.6 m). The gates have a maximum discharge capacity of 350,000 ff /s (9910 m3/s).

For a typical cross section and proftle of the Brantley Dam spillway, see figures 1 and 2.

In August 1986, as part of the quality control program included in the specifications, 10-inch (250-mm) diameter

cores were extracted from the partially completed mass concrete structure. While drilling in block 6, there was

a significant loss of drill water indicating large voids in the mass concrete.

It was determined that more core sampling was necessary. Cores tested were taken from blocks 3, 4, 5, and 9,

the right retaining wall, and the stilling basin. The cores were taken to determine the physical properties of the

in-place concrete and to look for other void areas. More voids were found between elevations 3215 and 3235

(980 and 986 m) in block 6. These voids were attributed to some consolidation problems that occurred in

concrete placed before August 1986. The drilling program included grouting all of the void areas found.

This report presents the results from the physical properties testing. The age of the cores at testing was between

4 and 10 months from the time of placement.

The cores were evaluated for:

. Compressive strength

. Modulus of elasticity

. Poisson's ratio

. Direct tensile strength

. Splitting tensile strength

. Direct shear strength

. Density

The compressive strength requirement cited in the specifications for the mass concrete was that 80 percent of

the 1-year strength tests exceed 3,500 Ib/in2 (24.1 MPa). The mass concrete contains type II portland cement,

class F fly ash, 4-inch (loo-mm) maximum-size aggregate, and a water-reducing, set-controlling admixture. An

air-entraining admixture was used to entrain 3.5 percent air by volume of concrete. Aggregate for the concrete



was obtained from borrow "H," upstream of the dam, near the right abutment. The aggregate was a natural

gravel composed chiefly of limestone and dolomitic limestone. See table 1 for typical yield quantities for mass

concrete.

See appendix I for the aggregate evaluation~

DRilLING AND HANDLING

Six randomly located lO-inch (250-mm) diameter cores and two 6-inch (lS0-mm) diameter cores were extracted

from Brantley Dam during 1986 to furnish specimens for physical properties testing. The lO-inch cores tested

were extracted from blocks 3 and 5, the right retaining wall, and the stilling basin. The 6-inch cores tested were

extracted from blocks 4 and 9. All cores were drilled vertically. The initial cores extracted had rock pockets

at the joints, and there was a significant loss of drill water indicating large voids in the mass concrete. Additional

lO-inch, 6-inch, and NX-size cores were drilled throughout the dam to locate areas of poor consolidation. (See

appendix II for locations of other cores.)

The moist cores were wrapped in plastic at the jobsite and then shipped in wooden crates packed with sawdust

to the Bureau of Reclamation's Denver laboratories. In Denver, the core specimens were logged in and
photographed, and test specimens were selected. The lO-inch-diameter specimens were sawed to 20-inch

(SOO-mm)lengths to maintain a length-to-diameter ratio of 2.0. Specimens for direct shear testing were sawed

to 4-inch (l00-mm) lengths. The 6-inch-diameter specimens were used only for direct shear testing.

ASTM C 42, "Standard Method of Obtaining and Testing Drilled Cores and Sawed Beams of Concrete" (ASTM,

1986) specifies that the diameter of concrete core extracted for compressive strength testing "should preferably

be at least three times the nominal maximum size of coarse aggregate used in the concrete, and must be at least

twice the maximum nominal aggregate size of the coarse aggregate in the core sample." Therefore, since the

mass concrete contains 4-inch maximum-size aggregate, the diameter of the core by ASTM standards should

preferably have been 12 inches (300 mm); however, a lO-inch diameter was selected because it exceeded the

minimum diameter permitted. Reclamation has a significant data base of concrete properties based on this

diameter, and it was more economical than a 12-inch diameter.

TESTING

Compressive Strength and Elastic Properties

The compressive strength testing was done according to ASTM C 39, "Standard Test Method for Compressive

Strength of Cylindrical Concrete Specimens" (ASTM, 1986). The ends of compressive strength specimens were

lapped plane to a tolerance of 0.002 inch (0.05 mm). Specimens were sealed in plastic to prevent moisture loss.

The modulus of elasticity (E) and Poisson's ratio (r) were determined using epoxied strain gauges with computer

readout.

2



Lines of strain gauges were placed around the cylinder, two along either side of the long axis and two around

the middle. Each line consisted of two strain gauges connected in series. The manufacturer recommends that

the total length of the strain gauges be between 2.5 and 3 times the size of the maximum-size aggregate. The

maximum-size aggregate was 4 inches; therefore, the total length of the strain gauges should have been at least

10 inches (250 mm). However, the two 4-inch (l00-mm) long strain gauges connected in series developed a total

length of only 8 inches (200 mm). Subsequent testing to confirm the use of two rather than three strain gauges

in series yielded comparable results.

Values for E and r were computed using the test method, "Procedure for Static Modulus of Elasticity and

Poisson's Ratio of Concrete in Compression" (Bureau of Reclamation, in preparation) which uses a stress range

between 100 and 1,000 Ib/in2 (689 to 6895 kPa). The compressive strength specimens were tested to failure.

The compressive strength values were adjusted for the specimens with a length-to-diameter ratio not equal to

2.0 according to ASTM C 42.

Direct Tensile Strength

The core specimens for direct tension testing were 10 inches in diameter and were sawcut to 20-inch lengths.

The specimens were sealed in plastic to prevent moisture loss. Double end plates, 4-1/2 inches (114 mm) thick

and designed to minimize deformation, were bonded to each end of the core with epoxy, which was then cured

for 24 hours. The test specimens were then placed in a hydraulic testing machine and loaded to failure in tension

at 200 Ib/in2/min (1379 kPa/min).

Splitting Tensile Strength

Splitting tensile strength testing of lO-inch-diameter specimens was done in accordance with ASTM C 496

"Standard Tensile Strength of Cylindrical Concrete Specimens" (ASTM, 1986).

Shear Strength

Currently in the Bureau of Reclamation, the direct shear (break bond) test is used to determine residual shear

strength for integral concrete specimens and specimens with intact construction joints, while the sliding friction

test is used for specimens with disbonded construction joints and for tests subsequent to the direct shear test.

To determine the shear strength, data from these tests were analyzed by the linear regression method.

Eighteen concrete core specimens were tested by direct shear. Five tests were through unjointed material, four

were on disbonded joints, and nine were along intact construction joints. Three specimens were 6 inches in

diameter, and the remainder were 10 inches in diameter. The 6-inch-diameter specimens were tested in the

10,000-lbf (44.5-kN) normal, 20,000-lbf (89-kN) shear capacity machine, and the 10-inch specimens were tested

in the 100,OOO-lbf(445-kN) normal, 240,000-lbf (1068-kN) shear capacity machine.

Density

The density of the concrete was determined by dividing the "as is" weight of the concrete specimen by the volume

of water the specimen displaced.

3



TEST RESULTS

Compressive Strength and Elastic Properties

The average compressive strength for the eight specimens tested is significantly higher than the design strength.

The average strength of 5,200 Ib/in2 (35.8 MPa) was determined at an average age of 132 days. The

specifications require that 80 percent of the compressive strength tests exceed 3,500 Ib/in2 (24.1 MPa) at 1 year.

The results ranged between 3,360 and 6,870 Ib/in2 (23.2 and 47.4 MPa). Only one of the eight compressive

strength tests was below 3,500 Ib/in2. Test results for compressive strength are shown in table 2. Due to the

hardness of the limestone aggregate, the average modulus of elasticity and Poisson's ratio are significantly higher

than normal for mass concrete of this strength and age. The modulus of elasticity averaged 6.61 x 106 Ibjin2

(45.6 GPa), ranging from 5.88 to 7.56 x 106 Ib/in2 (40.5 to 52.1 GPa). The Poisson's ratio for the concrete

averaged 0.24.

Direct Tensile Strength

Although the direct tensile strength program was too limited for other than qualified conclusions, it appears that

the full tensile strength of the concrete was obtained across many of the construction joints. The average direct

tensile strength for four specimens was 265Ib/in2 (1840 kPa), with values ranging from 220 to 330 Ib/in2 (1525

to 2290 kPa). Test results for the direct tensile strength are shown in table 2.

Splitting Tensile Strength

Results of the two splitting tensile strength tests were: 900 Ib/in2 (6200 kPa) and 5551b/in2 (3830 kPa). Both

specimens were from stilling basin block 39A. Since the concrete represented by the splitting tensile specimens

is different from that of the direct tensile specimens, there is no correlation between the two tests.

Shear Strength

The direct shear strength of the intact joints tested is 60 percent of the parent material. The angle of internal

friction, q, , for the parent material is 76°, which is nearly the same as that of the intact construction joints, 78°.

The cohesion, c, for the parent material is 5751b/in2 (3950 kPa), which is considerably higher than the 360 Ib/in2

(2475kPa), for the intact joints. Once the slidingplane has been established, the angle of internal friction, q, ,
and the cohesion, Ca , are similar for the parent material [45°, 90 Ib/in2 (625 kPa)], the intact joints [44°,

50 Ib/in2 (345 kPa)], and the open joints [46°, 50 Ib/in2 (345 kPa)]. Table 3 summarizes direct shear strength

testing. The complete testing data are in appendix III.

Density

The densities, shown in table 2, vary little from sample to sample and are higher than normal for mass concrete.

This is due to the high specific gravity of the aggregate. The average density for 14 core specimens was

158.0 lb/ff (771 kg/m3), ranging from 155.0 to 160.3 Ib/ft3 (757 to 783 kg/m3).

4



CONCLUSIONS

1. The overall quality of the concrete cores in Brantley Dam indicates a durable concrete having a
compressive strength exceeding the design requirements.

2. The modulus of elasticity of the concrete is almost 50 percent higher than normal for mass concrete of

this strength and age.

3. The direct tensile strength of the concrete is 5 percent of the compressive strength. The normal

expected range for mass concrete is 4 to 6 percent of the compressive strength.

4. The splitting tensile strength is 6 percent of the compressive strength, similar to that of mass concrete

in other Bureau of Reclamation projects.

5. The direct shear strength of the intact joints is 60 percent of that of unjointed material.

BIBLIOGRAPHY

ASTM, Annual Book of ASTM Standards, Concrete and Mineral Aggregates, vol. 04.02, American Society for

Testing and Materials, 1986.

Bureau of Reclamation, Concrete Manual, 9th ed., vol. 2, Denver, Colorado, in preparation.
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Table 1. . Mass concrete, typical yield quantities per cubic yard (per cubic meter).

Material Weight Source

Water
Cement
Pozzolan
Sand
Coarse aggregate
Air entraining admixture
Chemical admixture

170 lb
256 lb

60 lb
1,1311b
2,561Ib

40z
120z

(101 kg)
(152 kg)

(36 kg)
(671 kg)

(1519 kg)
(118 mL)
(355 mL)

Lonestar Cement
Rocky Mountain Ash Company

Borrow "H"
Borrow "H"
Monier Air
Monier LR

Concrete temperature = 45 of (7.2 °c)
Slump = .2.0 inches (51 mm)

Unit weight = 153.9 lb/ff (2465.2 kg/m3)

W/C+P = 0.53

Air content: Gravimetric = 4.5 percent

Pressure meter = 3.3 percent

Sand content: 30 percent of total aggregate

Coarse aggregate content: 34 percent No.4 to 3/4 inch (4.75 to 19 mm)

33 percent 3/4 to 1-1/2 inches (19.0 to 38.1 mm)

33 percent 1-1/2 to 4 inches (37.5 to 100 mm)
Compressive strength at 28 days = 5,375Ib/in2 (37.06 MPa)

Required average strength = 3,343Ib/in2 (23.05 MPa)

From January 1987 L-29 construction report for concrete placed on January 29,1986.
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COMPRESSIVE STRENGTH

12- by 24-inch (;305-by 610-mm) cast cylinders

3 3/7/86 90 156.2 4290 6.44 0.26
(2502.1) (29.6) (44.4)

4 3/7/86 90 153.8 4470 7.56 0.31
(2463.6) (30.8) (52.1)

Averages 90 155.0 4380 7.00 0.29
(2482.9) (30.2) (48.3)

10- bv 2O-inch (z,54- by 508-mm) core specimens

3-6N 3223.3 2/W/86 lW 160.3 5840 7.48 0.24
(982.5) (2567.8) (40.3) (51.6)

3-6N . 3217.8 2/W/86 lW 156.8 5630 6.70 0.24
(980.8) (2511.7) (38.8) (46.2)

3-6N 3218.9 2/W/86 lW 158.6 4400 6.39 0.24
(981.1) (2540.5) (30.3) (44.0)

5-4S 3200.6 4/30/86 140 158.6 6630 5.88 0.22
(975.5) (2540.5) (45.7) (40.5)

SB-35A* 31663 4/15/86 153 158.9 6870 *** ***
(965.1) (2545.3) (47.4)

SB-37A 3172.5 4/24/86 141 155.0 3360 *** ***
(967.0) (2482.9) (23.2)

SB-39A 3169.8 4/15/86 150 158.7 4690 *** ***
(966.2) (2542.1) (32.3)

RRW-6T** 3216.2 5/22/86 113 159.3 42W *** ***
(980.3) (2551.7) (29.1)

! , ;

Averages 132 158.3 5210 6.61 0.24
(2535.7) (35.9) (45.6)

Table 2.. Concrete properties.

Location
(Block No.)

Elevation
ft

(m)

Date
placed

Test
age

(days)

Density
lb/f'f

(kg/m3)

Compressive
strength

lb/in2
(MPa)

Modulus of
elasticity

lb/in2 x 106
(GPa)

Poisson's
ratio

8



DIRECf TENSILE STRENGTH

10- by 2O-inch(254- by 5OS-mm)core specimens

3-1 3221.0 2/20/~ 210 158.4 330
(981.8) (2537.3) (2275)

3-1 3213.7 2/20/~ 210 157.2 255
(979.5) (2518.1) (1758)

5-4S 3198.4 41301~ 140 159.0 260
(974.9) (2546.9) (1793)

RRW-6T 3219.0 5/22/~ 117 155.8 220
(981.2) (2495.7) (1517)

Averages 169 157.6 265
(2524.5) (1827)

SPLITTING TENSILE STRENGTH

10- by 2O-inch(254- by 5OS-mm)core specimens

SB-39A 3172.4 4/15/~ 314 157.5 900
(966.9) (2522.9) (6205)

SB-39A 3168.1 4/15/~ 314 157.9 555
(965.6) (2529.3) (3826)

~verages 314 157.7 730
(2526.1) (5033)

Table 2. . Concrete properties (continued).

Location
(Block No.)

Elevation
ft

(m)

Date
placed

Age
(days)

Density
lb/tf

(kg/m3)

Tensile
strength
lblin2
(kPa)

.SB = stilling basin

..RRW = right retaining wall

.UNot tested for modulus of elasticity or Poisson's ratio

9



Parent 76 575 45 90
(3950) (625)

Intact joints 78 360 44 50
(2475) (330)

Open joints 46 50
(345)

Table 3. . Summary of shear strength test results.

Direct shear
tjJ,deg. C,Ib/in2

(kPa)

Slidinl: friction
tjJ,deg. Ca, Ib/in2

(kPa)

tjJ = angle of internal friction
c = cohesion in direct shear
Ca = cohesion in sliding friction

10
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Aggregate Evaluation
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The gravel, subangular to mostly subrounded to rounded with about 8 percent flat
and/or elongated particles and many particles covered with a calcium carbonate
coating which is well bonded to the particle surface, is composed chiefly of
limestone and dolomitic limestone with minor amounts of quartz pebbles, quartzite,
quartzose sandstone, chert, and ferruginous particles. About 3 percent physically
unsound and 0.3 percent alkali-reactive chert are present. The sand, mostly
angular to rounded in shape, is composed of the s~~e rock types found in the
gravel and increasing amounts of monomineralic grains of calcite, dolomite, quartz,
feldspar, ferruginous particles', mica, magnetite, chert, gypsum, and a few

miscellaneous detrital minerals in the.finer sizes. About 5 percent physically
unsound and 1 percent potentially alkali-reactive chert are present in the coarse
sand.

Conclusions: Aggregate comparable to sample No. H-6786' is suitable foruse in
concrete provided the sand is washed to remove excess silt and organic impurities

and proper gradings are obtained.
GIIt"I",

-~'"
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OPTIONAl. "0." NO. ,.
JULY '.72 EDITION
GiiA "~MII C., CF.. 'Ot.'t.8

UNITED STATES GOVERNMENT

Memorandum
Branch File No. C-1404 Appendix A

TO
Memorandum
Head, Concrete Section

Denver, Colorado
DATE: August S, 1977

nOM Head, Physical Sciences and Chemical Engineering Section

SUBJECT: Petrographic Examination of Concrete Aggregate - Brantley Dam -
Brantley Project, New Mexico

Petrographic examination by: L.D. Klein

Petrographic referral code: 77-48

Material: Processed sand and gravel

Sample No. M-6786

Source: Borrow area H located in see I and 2, T 21 S, R 2S E, New
Mexico principal meridian

CONCLUSIONS

The examined gravel and sand, M-6786, are petrographically of
satisfactory physical quality for use as concrete aggregate. The
coarse gravel contains about 17 percent and 3 percent physically fair
and poor quality particles, respectively. The coarse sand contains
about 5 percent undesirable particles of poor physical quality.

The anaiyzed gravel and sand are not considered to be deleteriously
reactive with high-alkali cement due to the presence of only about
1 percent chert.

SUMMARY

The gravel, subangular to mostly subrounded to rounded with about
8 percent flat and/or elongated particles and many particles covered
with a calcium carbonate coating which is well bonded to the particle
surface, is composed chiefly of limestone and dolomitic limestone
with minor amounts of quartz pebbles, quartzite, quartzose sandstone,
chert, and ferruginous 'particles. About 3 percent physically unsound
and 0.3 percent alkali-reactive chert are present.

The sand, mostly angular to rounded in shape, is composed of the
same rock types found in the gravel and increasing amounts of mono-
mineralic grains of calcite, dolomite, quartz, feldspar, ferruginous

I
HI"".

Buy U.S. Savings Bonas Regularly on the Payroll Savings Plan
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particles, mica, magnetite, chert, gypsum, and a few miscellaneous

detrital minerals in the finer sizes. About 5 percent physically

unsound and 1 percent potentially alkali-reactive chert are present

in the coarse sand.

().~ ~
Enclosure

Copy to: 1523
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Physical Percentaae b, particle count
Rock types Description of rock types quality 38 nm to 19 IIUI119 nun to 9. 5 IIUI1

Limes tone and Hard. dense to slightly vuggy. very finely crystaline. Satisfactory 82.0 77.4
dolomitic light to dark gray to buff to brownish to yellowish.
limestone somewhat absorptive and weathered surfaces.

generally unfractured to slightly fractured.
massive to somewhat bedded. includes minor arena-
ceous, fossiliferous and argillaceous limestone

Hard, slightly to moderately vuggy. moderately Fair 14.5 19.0
absorptive and weathered, somewhat fractured

Hard to firm to friable to soft, highly absorptive. Poor 1.9 2.6
deeply weathered. somewhat fractured, slakes
som~what in water, can cause popouts in concrete

Quartz pebbles, liard.dense, pebbles to fine grained. massive to Satisfactory 1.0 -

quartzite and bedded. somewhat absorptive. weathered and
quartzose fractured
sandstone Firm to friable, highly absorptive. deeply weathered Poor 0.3 -

somewhat clayey
Chert. Hard. dense, dark gtay. angular Satisfactory 0.3 0.3
Ferruginous Firm. highly absorptive, deeply weathered. can cause Poor - 0.7

particles staining and popouts in concrete

,

.

Table 1. - Petrographic examination of coarse aggregate

Sample No. M-6786

......

\0

kA1ka1i-reactive rock types.



Physical quality Satisfactory 83.3 77.7

Fair 14.5 19.0

Poor 2.2 3.3

Table 2. - Summary of quality of coarse aggregate

Sample No. M-6786

Percentage by particle count

38 nun to 19 mm 19 nun to 9.5 mm

Chemical quality Alkali reactive 0.3 0.3

Remarks: The coarse gravel consists of subangular to mostly subrounded

to rounded stream worn particles with a few angular, broken particles. Flat

and/or elongated particles constitute about 10 percent and 5 percent of the

38-l9-mm and 19-9.5-mm size aggregate, respectively.

Many particles contain a thin calcium carbonate coating which is well bonded

to the particle surface and is generally in optical continuity with the

carbonate rocks.

The 4.75-mm size aggregate appears similar to the 19- to 9.S~mm size aggregate
in composition, is angular to mostly subangular to rounded in shape, slightly
poorer in physical quality, contains more alkali-reactive chert (about 2.4

percent) and contains a trace of clay balls. No opal or opaline particles

were observed.
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Table 3. - Petrographic examination of coarse sand
Sample No. M-6786

Rock and mineral types
Percentage by

particle count
2.36 mm 1.18 mm 600~m

Limestone and dolomitic limestone

Quartz grains and quartzose sandstone

Chert

Ferruginous particles

Percent unsound
Percent alkali reactive
Percent flat
Percent calcium carbonate coated noncarbonates

*Not determined
Remarks: The coarse sand is mostly angular and sub angular
The fine sand is mostly angular to almost rounded in shape
decreasing amounts of the fine-grained rock types found in
and increasing amounts of monomineralic grains of calcite,
feldspar, ferruginous particles, magnetite, chert, gypsum,
miscellaneous detrital minerals.

5
.

2
8
1

,5

I
5
1

*
*

*

*

to rounded in shape.
and consists of
the coarse sand
dolomite, quartz,
mica, and a few

About 9 percent physically unsound and 1 percent alkali-reactive chert are
present in the fine sand sizes.

The material removed by washing, about 19 percent by weight, consists of the
same material as found in the fine sand sizes, in addition to some organic
debris and clay. No chloride (salt) but significant sulfate (gypsum) was
detected chemically.

21





APPENDIX II

Locations of Cores Used in Testing
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Core Dam Core
Block/L ift diameter, Dam offset, Elevation depth, Date

No. inches station feet (top) feet, feet placed
(mm) (m) (m) (m)

3-6N 10 88 + 22 11. 45 D/S* 3225 12.4 2/86
(254) (3.49) (983.0) (3.8)

3-6N 10 88 + 47 20.08 D/S 3225 12.1 2/86
(254) (6.12) (983.0) (3.7)

4-1M 6 89 + 13 85.07 D/S 3174 12.4 3/86
(151) (25.93) (967.4) (3.8)

5-4S 10 89 + 23 58.84 D/S 3205 12.3 4/86
(254) (17.93) (976.9) (3.7)

9-3S 6 91 + 25 67.80 D/S 3195 12.2 4/86
(151) (20.66) (973.8) (3.7)

**SB-35A 10 91 + 73 172.30 D/S 3175 12.1 4/86
(254) (52.52) (967.7) (3.7)

SB-37A 10 91 + 18 170.71 D/S 3175 12.2 4/86
(254) (52.03) (967. 7) (3.7)

SB-39A 10 90 + 52 170.74 D/S 3175 12.3 4/86
(254 (52.04) (967.7) (3.7)

***RRW-6T 10 88 + 38 230.70 D/S 3225 12.0 5/86
(254) (70.32) (983.0) (3.6)

Note: All locations are by dam stationing, not by spillway stationing.

*D/S = downstream
~*SB= stilling basin

***RRW= right retaining wall

LOCATIONS OF CORES USED IN TESTING
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APPENDIX III

Shear Strength Testing Data
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MS-884 (10-85)
Bureau of Reclamation UNITED STATES GOVERNMENT

memorandum

Memorandum
I/if-

\
~7TO Chief, Concrete and Structural

Branch1) ,~..,

FROM f~ct;O~ief, Geotechnical Branch

DATE:
Denver, Colorado

MAR 2 0 1987

SUBJECT: Laboratory Test Results on Concrete - Direct Shear Tests - Brantley
Dam - Brantley Project, New Mexico

Geotechnical Branch Memorandum Reference No. 87-13

Investigated by: R. Coco, S. Coman, B. Harper, R. Hough, R. Ke1sic,
J. Montgomery, B. Scavuzzo, and A. Scott

Written by: J. C. Bowen

INTRODUCTION

This memorandum reports results from direct shear tests of concrete core
from Brantley Damand appurtenant structures. These tests were used to
evaluate the shear strengths of (1) parent material, (2) construction
joints, and (3) open joints.

Brantley damsite is located on the Pecos River about 15 miles northwest
(upstream) of Carlsbad, NewMexico. Brantley Damwill be a combination
concrete and earthfill structure with a crest length of over 4 miles
and a maximum structural height of 140 feet. The total initial reser-
voir capacity will be 348,500 acre-feet.

Eighteen concrete core specimens were submitted for direct shear testing
by personnel from D-1511 [1, 2J.1 Five tests were through intact parent
material, four were on open joints, and nine were along intact construc-
tion joints. Three specimens (4-3165.0, 4-3165.5. 9-3185.0) were
6 inches in diameter, and the remainder were 10 inches. The 6-inch-
diameter specimens were tested in the 10,000-lbf normal, 20,OOO-lbf
shear capacity machine, and the lO-inch specimens were tested in the
100,OOO-lbf normal, 240,OOO-lbf shear capacity machine. The direct
shear test procedure is described in appendix A. All specimens were
submerged in water overnight prior to testing.

INumbers in brackets refer to entries in the bibliography.
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0-1511 speci men Figure specimen
identification identification

B5-45 3195.7 B5-3195.7
B5-45 3196.4 B5-3196.4
3-1 3219.8 3-1-3219.8
3-2 3222.2 3-2-3222.2
BRRW-6T3222.7 BRW-3222.7

5B-35LM/found. 3163.0 5B-3163.0
5B-35A/L.Mat 3165.1 5B-3165;1
5B-39A/L.Mat 3165.2 5B-3165.2
B5-45/35 3195.0 B5-3195.0
BRRW-6T/5T 3214.9 BRW-3214.9
3-2 3215.2 3-2-3215.2
4 3165.0 4-3165.0
4 3165.5 4-3165.5
9 3185.0 9-3185.0

3-1 3218.9 3-1-3218.9
3..1 3214.9 3-1-3214.9
3-2 3220.0 3-2-3220.0
3-2 3217.2 3-2-3217.2

2

DISCUSSION

Individual direct shear test results for all 18 tests are listed in
table 1. Plots of shear stress versus relative shear displacement, and
peak shear stress versus normal stress for each of these tests are shown
on figures 1 through 18. Photographs of each specimen before and after
testing are provided in appendix B (figs. B1 through B18). The follow-
ing abbreviations were used for specimen identification (5pec. No.) on
figures 1 through 18:

Grouping

Parent (no construction
joints)

Intact construction
joi nts

Open joints

Test results were grouped and analyzed as described below.

Parent Material (no construction joints)

Five concrete specimens were tested through intact parent material.
These specimens were broken during the first test cycle and then tested
for slidin~ friction at various normal stresses ranging from 25 to
300 lbf/in. Combined results for these five tests are summarized in
table 2 and plotted on figure 19. Best-fit regression lines were
calculated and drawn for both intact and sliding results.

All specimens slid to some extent on their encapsulating material, but
specimen 3-2-3222.2 broke so deeply into it (fig. B4) that the sliding
results were considered inaccurate and were deleted from the combined
plot.
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Construction Joints

Nine concrete specimens were sheared along intact construction joints.
After the break cycle, these specimens were slid under normal stresses
ranging from 25 to 300 lbf/in2. Combined results for these tests are
listed in table 2 and plotted on figure 20. The break bond failure
envelope has a friction angle of 78° and a cohesion of 359 lbf/in2, and
the sliding failure envelope has a friction angle of 44° and a cohesion
of 48 lbf/in2. All specimens broke along their construction joints.
Several may have slid to a small extent on their encapsulating material
as they were displaced.

Open Joints

Four concrete specimens were sheared along open joints. Each specimen
was slid under approximate normal stresses of 25, 50, 75, 100 and
150 lbf/in2. Specimen 3-2-3220.0 was slid twice at a normal stress of
approximately 150 lbf/in2 because of breakage through intact material
during the first slide. Results for this first slide/break are shown in
table 1 and on figure 17, but were not included in the line~r regression
analysis for figure 17, and also were not used in the plot of the com-
bined open joints (fig. 21). Except for this run, all other data were
combined to yield a sliding failure envelope with a friction angle of
46° and a cohesion of 50 lbf/in2. Combined results are listed in
table 2 and plotted on figure 21.

SUMMARY AND CONCLUSION

Individual direct shear test results for the 18 concrete specimens are
presented in table 1. Plots of shear stress versus relative displace-
ment, and peak shear stress versus normal stress for each test are shown
on figures 1 through 18. Combined test results for parent material,
construction joints, and open joints are listed in table 2, and plots of
peak shear stress versus normal stress for these three groups are shown
on figures 19 through 21. Sliding results for specimen 3-2-3222.2 were
deleted from the combined plot for parent material because this specimen
broke deeply into the encapsulating material. The first slide cycle for
specimen 3-2-3220.0 was deleted from the combined plot of open joints
because of breakage through intact material. The five subsequent slide
cycles were used.

The combined test results are summarized below:

Intact
~ (deg.) c (lbf/inZ)

Sliding
~ (deg.) c (lbf/in2)

Parent
Intact construction

joints
Open joints

76
78

573
359

45
44

46

91
48

50
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EL- 633 (12-85)
Bureau of Reclamation
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J. Bowen
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EL. 633 (12-85)
Bureau of Reclamation

ROCK LABORATORY TEST DATA
DIRECT SHEAR TEST. LINEAR SOLUTION

TEST VALUES

DETERMINED AT Peak,

~ffiE
zf-E- Wr""t fa - ...Jf- f-W fa - W N <z Z

W ~ er.S - f- W ...J WU. W Z o.S er
"

- f- :;: If z:li - <:Ii -Of- er rv. f- - If U)
.0.>< OW- Euw E

~~M1 < U\/
U) ~ ~ er

IXI
~

O
- ~~i ..s~UE E)of J ~ ~q ~ er~IXJOffiSO

- o-f- ~ -::E ~ ~!!? >~
~ N- Nero 0
o.s 5 ~
z[i[j

1'\ Ion 189
"\.333 50 758

68.41"\

~
'359 50

28
50

BB 102
1

)8. 79 ~I

BB

,\:280

~~.
)9.26~ ~n

11 CLASSIFICATION BY 1)-1511 personnel
y S=SOAKED '12 HOURS PRIOR TO TESTING; W=WET, M=MOIST, AD=AIR DRY, OD=OVEN DRY.

» BB=BREAKBOND OR INTACT SHEAR STRENGTH;SF=SlIDING FRICTION.

~. Mohr-Coulomb CRITERION.

~/ Sliding results are not valid because specimen broke too deeply into its encapsulating material.

PROJECT: Brantley

J. Bowen
CHECKED BY:

FEATURE:

PREPARED BY :

SPECIMEN
IDENTIFICATION

TEST ZONE
DESCRIPTION

Z f-w
0 U)er

...J-~o ~ ~o
u.< E -w Wf- u.U

u. ~ 00: E ~f- ~~ o:li-.;
O..,J- faw- o~ ::ECI- zo:;
w...Jffi Wf-O Uf-Nler;:)!:! off s,
~U:f- ~< Wz U)ou. ~w~
f- < u::E c erw -er:t <u;;)

::E J.- ;:):E: f- 0 f- < -:E:...J
O
- Iii;!: Zu ZU.X

f-u: - 0 !:!!er<0 , er ;:)
::E ou)

S 90

~
:t-I»
r
m

BRRW-

6T S3222.7 90

....

en
:E:
m
m
~

SB-
35LM 903163.0 S

N

0,.,

I~

Brantley Dam

12/-11< 3- 4-87

BB

688
109
143
255
~
4
5

48
73

137
223
?77

Deslgnatfon:_--_: -------

TABLE: 1

SHEET:---L-OF 6

SLIDING FRICTION
FAILURE ENVELOPE

~

z
2 N Zf-

u. t; Z.S - 2 ~0-_0:;;." ~-
Wert iiiE~ SS:?
G~~ *,;; 0

- ~ :t
~~:!! ~ er~

e 8u
...J(I)

.0890

.0525

~/

.0748

.0556

.0816

.0595
.0411i
.0387
.1334
.0197
.0152
.0188
.0328
llQO

51 99 .9691

40 38 .9872

capo 84. -no

..- ~' --",~--, ,-"_._,, ,,"---,.",,. - --.,----



CJ)
:r
m
m
-I

0
."

t~
\

\
\

EL- 633 (12-85)
Bureau of Recl,,_..alion

PROJECT: Brantley

PREPARED BY ;

ROCK LABORATORY TEST DATA
DIRECT SHEAR TEST. LINEAR SOLUTION

FEATURE:

J. Bowenl
CHECKED BY;

SPECIMEN
IDENTIFICATION

.Jw

.J.J
-0g;:r

:r
t -= E

~(]O

....

B5-
45/35

3195.0

TEST ZONE
DESCRIPTION

z
0
j::

\<:c{

g~;::.
a:-mmc{

.J
U

Z I-w
Q m:fJa:

.J-I-o
CJ) 1-0

.J ~c{ E i5w ~I- "-u
"-

c{ Cl)C( E zl- :r~ 0:;;-;;;
O.J- mw- Om :;;<.:1- Zo~
~=ffi Wl-O u~NI a::>!:? Q[ g,
>-"-1-

Zc{ Wz mO"- I-
"I-

c{ \<::;; - a:w -a:"- c{W-:;; !:?.J.!: :>:r I- ~ I-~!!1
:r.J

O
- t;~ Zu z"-x

1-i:L - (5 ~a:c{
0 .., a::>:;; OCl)

Brantley Dam

fJlt( 3-4-%7

90

~ffiE
zl-E_wO

~I- ~ z02
~:fJM1 c{ 0
>- I- .J
I- c{

Z -~ N- NE
o.!: u
zooO

aa

,,\:83

67.6~

~
.288

BB

67.75

aa

,,\00

67.93~

5

5

5

90

90

11CLASSIFICATION BY 0-1511 personnel
y S=SOA.KED 12- HOURS PRIOR TO TESTING;W=WET, M=MOIST, AD=AIR DRY, OD=OVEN DRY.

:JJ BB~BREAKBOND OR INTACT SHEAR STRENGTH;SF~SLlDING FRICTION.

~ Mohr-Coulomf)1 CRITERION.

w

Deslgnallon: ;
-------

TABLE: 1

SHEET:~OF~

TEST VALUES

DETERMINED AT Peak.

SLIDING FRICTION
FAILURE ENVELOPE

~

z
m ~ -..J~ I- 0
:fJ ~ ~ ~!: - ;! w .J ~

"-

j::
a:

""
- I- ;;:- ~ Z:;; - c{:;; O!:?-

I- :E ~ m ~ ~ 0 ~c
EE!:?w- E wa: Iem - ~ a:

"'"
- N c{ .- I- U c: E .J

"- ~

~ mtl ~ ~O ~~[]OffiSc»O ~~~:;; ~ :r!!1 >~ c{i5-a: 0 i5 ::::;

~ m

99
31
56

101
200
303

28
28
50

100
211
303

53
22
51
76

101
201

812
61
94

1 6
2 9
3.0
429

56
124
156
278
346
833

60
116
106
131
?11

.0397

.0217
0141

.0207
.0245
0215

.0351

.0202

.0211

.0335

.0319
0218

.0447

.0385

.0445

.0423

.0257
m:n

42

45

38

- Zl-ZNc: Qz
0;;: -; I- ~;;;

J:)'"
c{ Uv~ -:JJ. ...J-

~,.y;
C
- ~ :::

8~ a:W
00
UU

40 .9982

54 .9877

55 9717

- " '--
0-'''.-'--

gPO au - 820



-I (Block» 3215.2 S 90DI
r
m 3-2

......

EL- 633 (12-85)
Bureau of Reclamation

PROJECT:
Brantley

J. Bowen
PREPARED BY :

ROCK LABORATORY TEST DATA
DIRECT SHEAR TEST. LINEAR SOLUTION

FEATURE:

CHECKED BY:

SPECIMEN
IDENTIFICATION

...Jw

...J...J
-0g;J:

J:
Ii: -= E
~(X)O

t) BRRW-

6T/5T
3214.9

z
0
i=~<{()()

oU::~
a:ii)

'"5()

...J
LL ~ ELL <{ 0- E

O...J- ~a:-
w...Jffi w~O
~U::I- ~<{
I- <{ u:Ei::E J.-

J:...J -
I-U::O

TEST ZONE
DESCRIPTION

z
Q

~to wI-
OW Zz
zl- J:w
0'" :EC)-
()~""a::J!:!
W z ",OLL
a:w -a:LL
:JJ: I-W
ti~ ~8- 0
~ -,

I-w
"'a:Wo
~()
0:E-;;;
zo~oa:~
- LL~
I-w'C
~~i1
ZLLX
~a:<{
a::J
0'"

s

Block
3165.0

'"J:
m
m
-I

4
s

R"~

Brantley Dam

3-4-~7

90

~ffiE
z I- E_wO

~I- ~ zoi
~~M1 « IX]
>- I- ...J
I- <{

Z -:i N- NE
o.~ u
z rxJ(j

~
'334

BB

68.43

BB ~
3B2

69.1~

BB ~90

I

Jj CLASSIF ICATlON BY
.D-1511 personne 1\

Y S=SOAKED 12 HOURS PRIOR TO TESTING; W=WET,I\,4=MOIST,AD=AIR DRY, OD=OVEN DRY.
;Y BB=BREAKBOND OR INTACT SHEAR STRENGTH; SF=SLlDING FRICTION.

~ Mohr-Coli' omb CRITERION.

~

0
"T'I

0'\

'-~ ~~ --- -

TEST VALUES

DETERMINED ATE'.eak

~ -w "I:
~ ~ rfCI) -E ~

~[jiD
:E
a:
0
z

4~
U

9
,-

76
76
50

10
2

1.

11
f\f

gn

?!;

75

~ J~ I-
w N <{ Za: .~ - I- w ...J W
I-;:.e z:E -<{:Een £!.

'"
0 ~i: E () w - E~ 00 [] ~5#t

D
E ~ ~lX]

i
D
E

w 01l.1U w...J
J: J:!!1 >~
'" 0 i5

6:

llf
18C
3
3
5
172
121
143

39

R?
?n1

49
108

. 14/(

. '1

. 2

. 3

.0236

.0261

.0256

.0 2

- nQfi:
-.0

nnqf -
017~ -
008: -

.0297-.

Oeslgnallnn: : -------

TABLE: 1

SHEET:---1-0F 6

SLIDING FRICTION
FAILURE ENVELOPE

11

z
0

LLi=
O!:!-
~ff: ~
C) C)

2'ZZ'C<{--Q
...J

'"

- Z I-ZNc: QZ
0' ';Q I-~
U)~~ 5~
w- - wu.
&iJ 0 a::t() a:O

8u

47

37

51

3

62 .9908

65 .6866

19 .9978

GPO 848 - 820



50 700 .0643 -.1226
100 157 .0394 -.0082

T51 213 .0346 -.0078
75 126 .0244 -.0083
50 82 .0145 -.0053
25 41 .0103 -.0050

101 836 .072: -.06
25 79 .025 -.01
I'::J 1 3 .0; 9~ -.00
50 1)8 .0 50 -.0061

100 1 2 0 0 - 0046,- n~ - nn41
02
os

1 Ot
1 O~

111 R1 0159

EL- 633 (12-85)
Bureau of Reclamation

PROJECT:

PREPARED BY :

..Jw

..J..J
ito
o:I:

.j:o

......

(Block

4

-t
~
CD
r
m

(Block

9

....

en
:I:
m
m
-t

(Block

3-1

U'1

0
"T1

1m

ROCK LABORATORY TEST DATA
DIRECT SHEAR TEST -LINEAR SOLUTION

Brantley

J. Bowen

SPECIMEN
IDENTIFICATION

:I:
t ~ E
~OOO

3165.5

3185.0

3218.9

TEST ZONE
DESCRIPTION

z
0
i=~c(

u~......0...-a:-mm
S
U

z
J - go ~

...
..J o~

~ i5~ z~0..J~ ~ffi- ~m ~!!!
w=ffi Wl-O u~"" ~::J~
~"'I-

ZC( Wz mO'"
I-

c( ~:!; c a:w -a::t
:!; -..J.- :J:I: I- 0

:I:= O
- ~~ ~u1 - 0

0 ~

~

s

s

s

FEATURE:

CHECKED BY:

I-w
:f1a:
1-0
...u
O~-;;;
zotoa:c,
-"''''I-w'"c(u;j;
I-c(-
z...x
!!!a:c(
~ii!

I2HK

Brant1 ey Dam

3 -4-87

90

~ffiE
z I- E_wE!

~I- ~ zo;§
~:f1M1 c( 00
> I- ..JI- c(

Z -:i N- N
0.5 5
z[jJ[j

BB
"Z°14

28.4~

BB ~ 014

28.4~

SF
\(366

'71.6~

TEST VALUgS ..

DETERMINED AT :peak

~ -w ~
a:: .:.:::. -
I- - IV
.A .0 0-w -

""~lZio
:!;
a:
0
z

~ - ..Jzl- I-WN c( Za: .5 - I- w ..Jw
I-;:.r.z~ -c(~-m :e

""
0 w- E u w- Ea: - - N ~;§ ! i=u.s E

~ [XI0 itilXJOffiSrnE!
~ ~!!! >~

0 -
0

90

74

~ -'-""'"---' '-' "' '--" -.-
-_. -.. ._..._.-

Deslgnatlon: : -------

TABLE: 1

5 6SHEET:_OF-

SLIDING FRICTION
FAILURE ENVELOPE

~

z
0

...i=
O~-wa: :G
...J LL ~
CI CI

""ZZ~c(--0
..J
m

54

48

48

- Z I-ZNC Q Z
0 ~ "; f-!!:!
iij:e~ S~
w- - wu..
SOO 0 ?i:tu 00

UU

14 .9934

11 CLASSIFICATION BY 0-1511 personnel
Y S=SOAKED 12 HOURS PRIOR TO TESTING; W=WET, MzMOIST, AD=AIR DRY, OD=OVEN DRY.

:J/ BB=BREAKBONDOR INTACT SHEAR STRENGTH; SF=SLlDING FRICTION.

~ Mohr-Coulomb CRITERION.

57 .9875

73 .8349

GPO 84e - 820

-~ ':



EL- 633 (12-85)
Bureau of Reclamation

ROCK LABORATORY TEST DATA
DIRECT SHEAR TEST -LINEAR SOLUTION

PROJECT: Brantl ey

J. Bowen
PREPARED BY :

FEATURE:

CHECKED BY:

SPECIMEN
IDENTIFICATION

..JW

...1...1
~ooJ:

J:
Ii: :: E
~(]JO

t!3 (Block
3-1

3214.9

....
»
tJ:I
r-m

(Block
3-2

3220.0

.......

UI
J:
m
m
:-:I

(Block

3-2 3217.2

~

0
."

I~

TEST ZONE
DESCRIPTION

Z
0
1=

~<I:
g~~
a:iij

UI

S
U

Z I- W
0 Ula:

1=0 !a ~o-w wI- LLU
~I- ~~ o::E-;;;
01iJ ::EC1(jz~~
UI-Nj a::J- QLL g'
~~ ~~:t ~wE
:JJ: I-W I-u~
1-3: z8 z~x~ - Wa:<I:
0 Q~:J
::E OUI

...I
LL ~ E

LL <I: 0- E
0...1- !aa: -
w..Jffi w~O
~ u:: I- Z <I:
I- <I: ~::E-

::E ~..J'~J:..J -
I-U::O

S

S

S

Brantley Dam

R.i1K. '!,-4-fs'J

TEST VALUES.

DETERMINED AT :Peak

90

...Ia: E<I:~ E~ w...,
::E::Ew

~I- ~ ZO~
~1iJM1 <I: IX)
>-I- ...I
I- <I:Z -:i N- NE

o.~ u
z[jJO

SF "Z
362

68.8~

SF I'Z 355 -;15'

i68.~ ~.

~'366 '~~

SF 71
"I

68.90 '
,,1=

!a II- I-
!a - W N <l:Z Z
W ~ a:.~ - I- W ...IWa: .- - I- - co z::E - <I:::E

I- ~ & UI ~ ~ 0 ~c E ~ W - E
~ ~8 ~ ~O ~imJt5ffi5dEJ
::E

.J; J;~ >~
a: UI 0 -
0 0
z

50
75
26

150
100

90

90

186
124
29

142
93

562
173
1 2

31

16
E

21

.

.

.

..

.U'W:S

.0230

.0159

.0151
.0152
.0179
.0356
.0146
0227
m~3
0365

Deslgnatlon:_--_: -------

1
TABLE:

11 CLASSIFICATIONBY D-15ll personnel
'lJ S=SOAKED 1Z HOURS PRIOR TO TESTING; W=WET, M=MOIST, AD=AIR DRY, OD=OVEN DRY.

~ BB=BREAKBOND OR INJACT SHEAR STRENGTH; SF=SLIDING FRICTION.

~ 'D-1511 personnel, CRITERION.

EV specimen broke through some intact material during this first cycle.

SHEET:~OF~

SLIDING FRICTION
FAILURE ENVELOPE

~

zQ N ZI-
LL t; Z.~ - Q ~0-- 0:;: fa '--wa:£ iij:e~ S~
-Ju..~w_- wu.
C1C12' ~A a:LL
3Z-c u W a:~§- 8u...IUI

23 80 .348~

49 .998~0

55 47 .729

GPO UI - 820



DIRECT SHEAR RESULTS
SPECIMEN

INTACT SHEAR STRENGTH SLIDING FRICTION SHEAR STRENGTH
TEST SUITES

SOLUTION BY Mohr- CRITERION SOLUTION BY Mnhr- CRITERION

SPECIMEN
IDENTIFICATION ANGLE OF ANGLE OF

ROCK INTERNAL COHESION CORRELATION SLIDING COHESION CORRELATION
GROUPING DEPTH IXJObf/in2) ~Obf/in21DRILL

mft
FRICTION COEFFICIENT FRICTION COEFFICIENT

Y HOLE (degrees) O(kPa) (degrees) O(kPa)
Om

B5-4S', 3195.7
Parent \B5-45 3196.4
I,

no con- 3-1 3219.8
.9081 45 91 .8079~truction 2/ 3-2 3222.2 76 573

DOint) BRRW-6T 3222.7

SB-35LM 3163.0
ntact SB-35A 3165.1
~onstruc- SB-39A 3165.2 78 359 .7649 44 48 .9509
ion

Joints B5-4s/3s 3195.0
RRW-6T/5T 3214.~

3-2 3215.2
4 3165.0
4 3165.5

. 9 3185.0

Y GROUPING BY IJ-I!> I personnel

f! sliding results for this specimen were not used.

EL-634 (12-85)
Bureau of Reclamation

ROCK LABORATORY TEST DATA
COMBINED DIRECT SHEAR RESULTS. LINEAR SOLUTIONS

Designation: :_------

PROJECT: Brantley

J. Bowen

Brantley Dam 2
TABLE:FEATURE:

21PIIK 3.4.117 SHEET: OFCHECKED BY :PREPARED BY :

~

-4»
!D
r-m

N

en
:J:
m
m
-4

.....

0
-n

IN

GPO 840 -12'

--' "F_."'-_~""" "
-'___F-



DIRECT SHEAR RESULTS
SPECIMEN INTACT SHEAR STRENGTH SLIDING FRICTION SHEAR. STRENGTH

TEST SUITES
SOLUTION BY Mnhr-rnlllnmh CRITERION SOLUTION BY Mohr-COIIl nmb CRITERION

SPECIMEN
IDENTIFICATION ANGLE OF ANGLE OF

ROCK COHESION
INTERNAL CORRELATION SLIDING COHESION CORRELATION

GROUPING DEPTH OObf/in2) ~(lbf/in2)
DRILL

!!aft
FRICTION COEFFICIENT FRICTION COEFFICIENT

Y HOLE Idegrees) O,kPa) (degrees) O(kPa)
Om

3-1 3218.9

Open
3-1 3214.9

Joints
2/ 3-2 3220.0 46 50 .6391

3-2 3217.2

Y GROUPING BY 0-1 11 personnel

Y The first cycle of this test was not included in the combined results because of breakage through intact material.

EL.634 (12-85)
Bureau of Reclamation

ROCK LABORATORY TEST DATA
COMBINED DIRECT SHEAR RESULTS. LINEAR SOLUTIONS

Designation: :_------

PROJECT: Brantley

J. Bowen

Brantl ey Dam TABLE:FEATURE:

3-Q--S-7fZ /I {( SHEET:PREPARED BY : CHECKED BY :

t

-f:I-m
r-m

N

en
:r
m
m
-f

N

0
"T1

IN

.~ --~- ~ ----------..------.~------_._.

2

2

OF

GPO
8"'"

82 ,

2
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N Bee
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" 7ee
'to
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~c. see
8)

'-+> 4eero

.j::o. '-VI lit aee8)
.J:.
(1)

2ee

tee

~I

/
J
I
I

~Il v -6
n ----

V'/
v r--. 5

"" I-n-h 4

It r--
v- 3 ~B

rV
c;.

B

IV

V
/

Proje1:t BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS tn. NO. S- leS.7 +1. e2S (N)
Type PARENT

1bf/tn2 1bf/tn2 COHESION - lie 1bf/tn2
49 825 .0550 B

Spec no. B5-3195.7 26 94 .1332 2 PHI- 4S deg COR COEF- .SS76

Tested By AS&BS&RH 51 164 .0714 3
Date Tested 10/14/86 102 256 .0469 4

Nom 1 n a 1 Area 68.68 Sq. 1n. 201 342 .0534 5 LEGEND
302 391 .0371 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 1
DIRECT SHEAR TEST

e
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c:

" 7ee'to
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Normal Stress - lbf/in2



laaa

J~
laaa

9aa 9aa

Baa I \ BaaN

/ \
N

C C

" 7aa " 7aa'to / \
'to

..c ..c

saa

~1\
saa

'" '"
'" saa '" saaII) J \ II)

r... r...

+' 4aa +' 4aaen \ en
r... ~\ r...

8:
Id 3aa Id 3aaII) \

7
II)

.c IV I'- .c
en ~\ en

2ae 2aa} - \/frJ v .
laa laa

,/T .w

fJ/ 2 ka
a .a2 .a4 .as .aB . 1 .12 . 14 . lS

Re1ative Shear Disp1acement - in

/
/

V

Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS In. NO. S- 22.9 + .B79 CN)

Type PARENT MATERIAL
Ibf/ln2 Ibf/ln2 COHESION - 23 Ibf/fn2

184 998 .8714 B
Spec no. B5-3196.4 25 49 .0586 2 PHI- 41 de; COR COEF- .99sa
Tested By AS&KS 49 75 .8398 3
Date Tested 10/06/86 183 111 .8321 4

Nomfnal Area 68.31 Sq. fn . 183 188 .0219 5 LEGEND
280 196 .1149 6 B - INTACT SHEAR STRENGTH
302 294 .8779 7 No. - SLIDING FRICTION TEST

Figure 2

DIRECT SHEAR TEST

a
a 1aa 2aa 3aa 4aa saa saa 7aa Baa gea 1aaa

Norma1 Stress - 1bf/in2



Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS

Fe atu re BRANTLEY DAM STRESS STRESS In. NO. Sa 116.6 +1.186 (N)

Type PARENT MATERIAL
lbf/in2 Ibf/ln2 COHESION

'"
117 Ibf/in2

25 69B .121412 B PHI- 5117deg COR COEF'" .6145Spec no. 3-1-3219.8 5121 231 .112197 2
Tested By BH&RK 74 297 .1449 3
Date Tested 136/134/86 26 65 .12171216 4

Nominal 'Area 68.82 Sq. jn.
149 274 .1418 5 LEGEND
1121121 189 .12189121 6 B ... INTACT SHEAR STRENGTH

No. ... SLIDING FRICTION TEST

Figure 3

DIRECT SHERR TEST
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Figure 4

DIRECT SHERR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING rRICTION R~SULTS
Feature BRANTLEY DAM STRESS STRESS tn. NO. S- 98.9 + 1 .220 CN)
Type PARENT Ibf/tn2 Ibf/tn2 COHESION - SS Ibf/ln2

50 6BB .074B B PHI- 51 deg COR COEr- .9691Spec no. BRW-3222.7 2B 109 .0566 2
Tested By AS&BS&RH 50 143 .0B16 3
Date Tested 10/14/86 102 255 .0595 4
Nominal Area 68.79 Sq. tn. 199 3B6 .0416 5 LEGEND

304 435 .03B7 6 B - INTACT SHEAR STRENGTH
No. - SLIDING rRICTION TEST

Figure 5

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING rRICTION RESULTS
reature BRANTLEY DAM STRESS STRESS In. -NO. S- a8.2 + .826 CN)
Type CONSTRUCTION JOINT 1bf/ln2 1bf/ln2 COHESION - a8 1bf/tn2

5B 554 .1334 B
Spec no. SB-3163.0 26 48 .B197 2 PHI- 4e deg COR COEr- .9872

Tested By AS&BS 5B 13 .B152 3
Date Tested 10/17/86 lBI 131 .B188 4

No m t nil. 1 Area 69.26 Sq. tn. 2Bl 223 .8328 5 LEGEND
3B7 271 .119B 6 B - INTACT SHEAR STRENGTH

No. - SLIDING rRICTION TEST

Figure 6

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS In. NO. S- 4B.5 + .909 eN)
Type CONSTRUCTION JOINT

1bf/ln2 1bf/ln2 COHESION - 40 1bf/tn2
99 812 .111397 B PHI- 42 deg COR COEF- .9992Spec no. SB-3165.1 31 61 .111217 2

Tested By AS&BS 56 94 .111141 3
Date Tested 10/10/96 11111 136 .1!I21117 4

Nom! na 1 'Area 67.69 Sq. ! n. 2111111 229 .111245 5 LEGEND
31213 31111 .1!I215 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 7

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS In. NO. S- 5a.S +I.eaa CN)

Type CONSTRUCTION .JOINT
Ibf/ln2 Ibf/tn2 COHESION - 54 Ibf/ln2
28 429 .B351 B PHI- 45 deg COR COEF- .SS77Spec no. SB-3165.2 28 56 .B2B2 2

Tested By AS&RH 5B 124 .B211 3
Date Tested 10/06/86 IBB 156 .B335 4

No m I n a 1 Area 67.75 Sq. tn. 211 278 .8319 5 LEGEND
3B3 346 .B218 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 8

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHERR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS tn. NO. S- 54.5 + .778 eN)
Type CONSTRUCTION JOINT 1bf/tn2 1bf/tn2 COHESION - 55 1bf/fn2

53 833 .B447 B
Spec no. B5-3195.121 22 6B .B385 2 PHI- 38 deg COR COEF- .9717

Tested By AS&RH 51 116 .B445 3
Date Tested 1121/1216/86 76 lB6 .B423 ..

Nom1 na 1 Area 67.93 Sq. f n . lBI 131 .B257 5 LEGEND
2Bl 211 .B333 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 9

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS

Feature BRANTLEY DAM STRESS STRESS tn. NO. s- 62.e +1.eBS CN)
Type CONSTRUCTION JOINT

Ibf/tn2 Ibf/tn2 COHESION - 62 Ibf/tn2
49 634 .8478 B

Spec no. BRH-3214.9 27 77 .8177 2 PHI- 47 deg COR COEF- .9geB

Tested By AS&BS 49 116 .8227 3
Date Tested 10/16/86 un 188 .8397 4

Nom t n a 1 Area 68.43 Sq. tn.
285 388 .8278 5 LEGEND
388 378 .8254 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Fi gure 10

DIRECT SHEAR TEST
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Project BRANTLEY NORMAL SHERR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS tn. NO. S- 65.4 + .746 CN)
Type CONSTRUCTION JOINT

1bf/tn2 1bf/tn2 COHESION - 65 1bf/tn2
76 584 .8358 B PHI- 37 deg COR COEF- .6BSSSpec no. 3-2-3215.2 76 172 .8236 2

Tested By BH&RK 58 121 .8261 3
Date Tested 06/05/86 18 143 .8256 4

Nomtnal Area 69. 13 Sq. tn. 26 39 .8128 5 LEGEND
149 151 .8313 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Fi gure 11

DIRECT SHEAR TEST
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Project C.U.P. NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS

Feature BRANTLEY DAM
STRESS STRESS tn. NO. S- 19.1 +1.238"CN)

Type CONSTR. JOINT MUDMAT/KEYWAY
1bf/tn2 1bf/tn2 COHESION - 19 1bf/tn2
25 374 . 8411 B

Spec no. 4-3165.0 18e 149 .8288 2 PHI- 51 deg COR COEF- .9978

Tested By B.HARPER 58 82 .8B9S 3

Date Tested 06/04/86 158 283 .8175 4

Nomt na 1 Area 28.50 Sq. tn. 25 49 .8883 5 LEGEND
75 lee .8297 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Fi (lUre 12

DIRECT SHEAR TEST
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ProJe'ct C.U.P. NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
reature BRANTLEY DAM STRESS STRESS tn. NO. S- 14.3 +1.3SS CN)
Type CONSTR. .JOINT I-M/MUDMAT

Ibf/tn2 Ibf/tn2 COHESION - 14 Ibf/tn2
5B 711 .1643 B PHI- 54 de; COR COEF- .SS34Spec no. 4-3165.5 liB 157 .1394 2

Tested By B.HARPER 151 213 .1346 3
Date Tes'ted 06/27/86 75 126 .1244 4

Nomt na 1 Area 28.41 Sq. tn. 5B 82 .1145 5 LEGEND
25 41 .1113 6 B - INTACTSHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 13

DIRECT SHEAR TEST
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Project C.U.P. NORt1fL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
F"eature BRANTLEY DAM STRESS STRESS tn. NO. S- 57.a +1.la7 CN)

Type CON5TR. .rOINT 3-5/2-5
lbf.;"tn2 lbf.;"'n2 COHESION - 57 Ibf/tn2
181 836 .8723 B

5pec no. 9-3185.0 25 79 .8255 2 PHI- 4a deg COR COEF- .9875

Tested By B.HARPER 75 153 .8299 3
Date Tested 08/06/86 58 188 .8158 ..

Nomt na 1 Are a 28.41 Sq. tn. 188 172 .818a 5 LEGEND
158 216 .8282 6 B - INTACT SHEAR STRENGTH

No. - SLIDING FRICTION TEST

Figure 14

DIRECT SHEAR TEST

laaa

laa

a
a

a
a laa 2aa 3aa 4aa 5aa saa 7aa aaa sea laaa

Normal Stress - lbf/fn2
.a2 .a4 .as .aa .1 .12 .14

Relatfve Shear Displacement - in
.IS

I



Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
.
Feature BRANTLEY DAM STRESS STRESS In. NO. S= 72.9 +1.116 CN)
Type OPEN JOINT

Ibf/ln2 lbf/ln2 COHESION ... 73 lbf/in2
24 139 .0237 1

PHI'" 48 deg COR COEF= .8349Spec no. 3-1-3218.9 75 170 .0859 2
Tested By BH&RK 150 260 .0467 3
Date Tested 06/04/86 102 162 .0256 4
No m i n a 1 Area 71.68 Sq. in. 51 81 .0159 5
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DIRECT SHERR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Fe atu re BRANTLEY DAM STRESS STRESS in. NO. S= 80.3 + .428 (N)
Type OPEN JOINT

Ibf/in2 Ibf/in2 COHESION = 80 Ibf/in250 186 .0457 1
Spec no. 3-1-3214.9 75 124 .0160 2 PHI= 23 deg COR COEF= .3483
Tested By BH&RK&RC 26 29 .0078 3
Date Tested 06/04/86 150 142 .0242 4
No m in a 1 Area 68.84 Sq. in. 100 93 .0130 5

Figure 16

DIRECT SHERR TEST
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Fe atu re BRANTLEY DAM STRESS STRESS In. NO. S" .2 +1.168 (N)

Type OPEN JOINT
tbf/ln2 Ibf/ln2 COHESION ... a tbf/in2

Spec 3-2-3220.0
151 562 .0428 1 PHI= 4S deg COR COEF" .S988no. 150 173 .0230 2

Tested By BH&RC 101 122 .0159 3 Note: Cycle 1 results were nuc
Date Tested 06/06/86 77 90 .0151 4 included in this equation.
Nom in a i Area 68.74 Sq. in. 51 62 .0152 5

31 33 .0179 6

DIRECT SHERR TEST

Figure 17
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Project BRANTLEY NORMAL SHEAR DISP CYCLE SLIDING FRICTION RESULTS
Feature BRANTLEY DAM STRESS STRESS In. NO. S= 47.4 + 1.424 (N)

Type OPEN JOINT
lb-f/ln2 lb-f/fn2 COHESION = 47 Ibf/in2
101 301 .0356 1 PHI= 55 deg COR COEF= .7295Spec no. 3-2-3217.2 28 66 .0146 2

Tested By BH&JM&SC 76 166 .0227 3
Date Tested 06/06/86 50 80 .0153 4

Nom in a 1 Area 68.90 Sq. in. 156 210 .0365 5

DIRECT SHERR TEST
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SPECIMEN NO. Ibf/ln2 Ibf/ln2

85-3195.7 (B) 49 825
85-3196.4 (B) 184 998
3-1-3219.8 (B) 25 698
3-2-3222.2 (B) 58 758
BR1oI-3222.7 (B) 58 688

Figure 19

DIRECT SHEAR TEST
CONCRETE - PARENT

0
0 800 900 1000400 500 600 700300100 200

NORMAL STRESS - 1bf/tn2

Project: BRANTLEY
~eaturel BRANTLEY DAM
Combined: ALL PARENT MATERIAL

INTACT SHEAR STRENGTH
S- 573.5 + 3.954 (N)

Cohe.lon - 573 Ibf/ln2

Phl- 76 deg Corr Coef- .9BBI

SLIDING ~RICTION RESULTS
S- 91.2 + .999 (N)
Cohe.lon - 91 Ibf/ln2
Phl- 45 deg Corr Coef- .S879

LEGEND
(S) - No Intact Value
(B) - Intact Shear Determined

Sliding ~rlct. Value.(X)
B - Intact Shear Strength - --.
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DIRECT SHEAR TEST
CONCRETE - CONSTRUCTION 30INTS
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Project: BRANTLEY
Feature: BRANTLEY DAM
Combtned: ALL CONSTRUCTION 30INTS

INTACT SHEAR STRENGTH
S- 359.8 + 4.754 (N)

Cohe.ton - 359 Ibf/tn2
Pht- 78 deg Corr Coef- .7649

SLIDING FRICTION RESULTS
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DIRECT SHEAR TEST
CONCRETE - OPEN 30INTS
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ProJect. BRANTLEY
Feature. BRANTLEY DAM
Combined. ALL OPEN 30INTS

SLIDING FRICTION RESULTS
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Appendix A

Direct Shear Test Procedure

67





?CK
1/- ~- 8Co

ROCK AND CONCRETE DIRECT SHEAR TEST

The direct shear test is usually performed to determine shear strength
along a preexisting surface in an intact specimen. Intact specimens
typically contain some feature such as a healed joint, a ~edding plane
or foliation, a rock contact, or a concrete construction joint.
Sliding friction tests can be performed following determination of
intact shear strength. Other types of features tested for sliding
friction are open rock joints or bedding planes, weak planes broken
during drilling, or presawn shear surfaces.

Two laboratory direct shear machines are available for testing rock or
concrete specimens. The small machine has 10,OOO-lbf normal and
20,OOO-lbf shear capacity and is used for specimens of approximately 2
to 6 inches in diameter. The standard gap or "d" distance between the
upper and lower halves of the shear box is 1/4 inch. The large direct
shear machine has 100,OOO-lbf normal and 240,000-lbf shear capacity.
It can accommodate specimen sizes of 4 to 10 inches in diameter. The
distance between the upper and lower halves of the shear box can be
varied from 1/2 to 1 inch.

To perform the direct shear test in the laboratory, normal force and
shear force are applied to the specimen using either pneumatic or
hydraul ic control. Forces are measured with dual-bridge load cells.

Shear (horizontal) displacement is measured using a single LVDT
(linear variable differential transformer). This displacement is
determined by measuring movement of the lower half of the shear box
while the upper half is held stationary. Normal (vertical)
displacement is currently measured only on the small machine using
four LVDT's which register movement of the upper half of the shear
box.

The same automatic data acquisition system is used with both
1aboratory machi nes. It provides a pri ntout and plot of -data as the
test proceeds and also records the data for additional analyses
following testing. Shear force, normal force, and displacements are
measured and recorded simultaneously at preselected load or
displacement increments. Loads are manually controlled, and small
variations can occur in normal force and in shear force rate during
testing.

Both intact shear strength and sl iding friction tests are performed
similarly. Data are recorded at predefjned shear forc.e intervals.
during the intact shear strength test and at given shear displacement
intervals during sfiding friction tests.

The following is a description of the testing sequence:

1. A specimen is encapsulated in gypsum cement in upper and lower
holding rings such that the specimen test feature is centered and
aligned within the gap between the rings.
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2. The encapsul atedspec imen,i s i pserted into the 'test machine by
slipping the bottom holding ring into the lower half of the shear
box.

3. The upper half of the shear box is lowered over the top holding
ring.

4. The shear box is moved until the upper half of the shear box
comes into contact with rollers fixed to the direct shear
apparatus, after which the two shear box halves are backed off
slightly to ensure that no shear force is being applied to the
specimen.

5. Bolts used to minimize specimen disturbance during handling are
removed from the holding rings.

6. Normal force necessary to provide required normal stress is
applied to the upper half of the shear box.

7. The upper half of the shear box is held in place in the
horizontal direction while shear force is applied to the lower half
of the shear box until a peak shear force is reached or until
significant displacement occurs with no change in shear force.

8. The lower half of the shear box is backed off until the upper
half of the shear box just moves away from the rollers.

9. The specimen is inspected in the test machine to determine if
subsequent testing may proceed. If an intact specimen has been
sheared, the shear profile is examined to determine if sliding
friction tests can proceed without interference from the
encapsulating material. Sliding friction test specimens must be
inspected to determine if excessive shear displacement has
occurred. If it is deemed necessary to rotate or realign the
specimen, the specimen must be removed and the procedure continued
beginning at step 2.

10. Normal force is adjusted to the next requi red normal stress,
and the shear box is moved until the upper half of the shear box
makes contact with the rollers.

11. Steps 7 through 10 are repeated for all requi red normal
stre~ses.

A Mohr-Coulomb failure envelope is determined for each sliding
friction test specimen. A visual best-fit line may be drawn through
the data points, or a linear regression calculation may be performed
to obtain a best-fit 1 ine. If several intact shear tests are
performed on similar specimens at various normal stresses, an intact
shear strength failure envelope can be determined using the combined
data. Sliding friction test results may also be combined for similar
specimens to provide a sliding friction failure envelope for multiple
specimens.
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Appendix B

Before and After Photographs of Direct
Shear Test Specimens
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F i g u r e  B1. - Photographs o f  specimens b e f o r e  and a f t e r  t e s t i n g .  



Figure B 2 .  - Photographs o f  specimens before and  a f t e r  t e s t j n g ,  
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F i g u r e  B3. - Photographs o f  specimens before and after testing. 



Figure B 4 .  - Photographs o f  specimens before and a f t e r  testing. 



Figure 85.  - Photographs  o f  specimens b e f o r e  and a f t e r  t e s t i n g .  
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g u r e  B6. - Photographs o f  specimens b e f o r e  and a f t e r  t e s t i n g .  
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F i g u r e  67 .  - Photographs o f  specimens b e f o r e  and a f t e r  t e s t i n g .  



F i g u r e  88. - Photographs o f  specimens b e f o r e  and a f t e r  t e s t i n g .  
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F i g u r e  59. - Pho tog raphs  o f  spec imens  b e f o r e  and a f t e r  t e s t i n g .  



Figure B10. - Photographs of specimens before and a f t e r  t e s t i ng .  
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Figure B11.  - Photographs o f  specimens b e f o r e  and a f t e r  t e s t i n g .  



Figure 012. - Photographs o f  specimens before and a f t e r  testing. 
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Figure B13. - Photographs o f  specimens before and after t e s t i n g .  
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F i g u r e  B 1 4 .  - Photographs of specimens before and a f t e r  testing. 



F i g u r e  815. - Photographs o f  specimens b e f o r e  and a f t e r  t es t ing .  
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Figure B16. - Photographs o f  specimens before and after testing. 
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Figure B17. - Photographs  o f  specimens b e f o r e  and a f t e r  t e s t i n g .  
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Figure B18. - Photographs of specimens before and a f t e r  t e s t i n g .  



Mission of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Interior 
is responsible for the development and conservation of the 
Nation's water resources in the Western United States. 

The Bureau's original purpose 'to provide for the reclamation of 
arid and semiarid lands in the Westn today covers a wide range of 
interrelated functions. These include providing municipal and 
industrial watersupplies; hydroelectric power generation; irrigation 
water for agriculture; water quality improvement; flood control; river 
navigation; river regulation and control; fish and wildlife 
enhancement; outdoor recreation; and research on water-related 
design, construction, materials, atmospheric management, and 
wind and solar power. 

Bureau programs most frequently are the result of close 
cooperation with the . U.S. Congress, other Federal agencies, 
States, local governments, academic institutions, water-use 
organizations, and other concerned groups. 

A free pamphlet is available from the Bureau entitled 
"Publications for Sale." It describes some of the technical 
publications currently available, their cost, and how to order 
them. The pamphlet can be obtained upon request from the 
Bureau of'Reclamation, Attn D-7923A, PO Box 25007, Denver 
Federal Center, Denver CO 80225-0007. 
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