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INTRODUCTION

This report covers a concrete core testing program conducted during
the construction of Grand Coulee Third Powerplant and Forebay Dam,
Columbia Basin Project, Wash., under Specifications No. DC-6790.
Construction of the dam was started in March 1970 and completed in
August 1973.

The Third Powerplant and Forebay Dam are situated on the right bank
of the Columbia River downstream from and adjacent to Grand Coulee
Dam, near the town of Grand Coulee, Wash. The principal features
are a concrete forebay dam, six 12.2-m (40-ft) diameter concrete-
encased penstocks, a powerplant with six generators, a visitors
facility, service road, and switchyards.

The forebay dam from which the cores for this investigation were
taken is a gravity-type structure with a maximum height of approxi-
mately 60 m (200 ft) above the foundation and a crest length of
approximately 390 m (1275 ft). The dam contains about 463 000 m3
(605 000 yd3) of mass concrete. The concrete in the dam is divided
into blocks by vertical transverse contraction joints. Galleries
and adits provide access to selected locations in the interior of
the dam.

Concrete in the Forebay Dam contains type 1I, low-alkali cement;
Class F pozzolan; natural sand; and 150-mm (6-in) maximum size
aggregate. A portion of the coarse aggregate was crushed. An
air-entraining admixture and a Tlignin-type water-reducing, set-
controlling admixture were used in the concrete. Average concrete
in the interior sections of the Forebay Dam contains 112 kg/m3
(188 1b/yd3) of cement and 47 kg/m3 (80 1b/yd3) of pozzolan.
For exterior concrete, on the exposed surfaces of the dam, typical
mass concrete contains 133 kg/m3 (224 1D/yd3) of cement and
57 kg/m> (96 1b/yd) of pozzolan.




The specifications provided for a concrete core drilling program to
obtain cores for a study of the effects of age and loading on the
strengths and elastic properties of the interior and exterior mass
concretes. After starting construction, an additional drilling
program was instituted to obtain cores for a study of the bond
strength at the horizontal construction joints. The concrete
was approximately 6 months old and 1 year old when the cores were
extracted and tested. This report presents the results of the tests
performed on 150- and 255-mm (6- and 10-in) diameter cores. Addi-
tional cores probably will be extracted in later years to further
evaluate the properties of the concrete in this structure.

CORE DRILLING PROGRAM

The core drilling program, as outlined by the construction specifi-
cations, required extraction of 255-mm (10-in) diameter cores from
the hardened concrete at locations designated by the Bureau. The
cores representing the interior concrete were to be taken from
galleries in the dam. Cores representing the exterior concrete were
to be taken from the floor of the elevator room at elevation 388.6 m
(1275 ft), the floor of the gate hoist chamber at elevation 395.5 m
(1297.5 ft), and the top of the fillet downstream from the dam and
adjacent to the existing dam at elevation 341.4 m (1l2v0 ft).
Locations for all cores are shown on figure 1.

A total of thirty-six 255-mm-diameter cores were to be extracted.
Eighteen cores were to be extracted during each of the two major
construction seasons. Twelve of the 18 cores were to be extracted
from interior concrete and 6 from exterior concrete. Half the
cores were to be drilled when the concrete was between 140 to
160 days of age so that the 6-month tests could be made on schedule,
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3



and the other half were to be drilled at the same locations when the
concrete was between 325 and 345 days old so that the l-year tests
could be made. The cores were to be drilled vertically with diamond
drills to a depth sufficient to permit extraction of two lengths of
core 660 mm (26 in) long, whereupon each could be cut effectively
into 510-mm (20-in) lengths. None of the holes was to be drilled
more than 4.6 m (15 ft) deep.

The specifications also required the prime contractor to cure three
horizontal construction joints 1in the wing dam above elevation
393.2 m (1290 ft) with a pigmented, resin-base membrane, bonding
and curing compound similar to one found suitable in laboratory
tests.] This was to evaluate the bonding effectiveness of this type
of curing compound when it was left in place for the succeeding
placement. The bonding and curing compound used was a chlorinated
rubber material conforming to Bureau of Reclamation require-
ments.2 As a means of evaluating the effectiveness of the bonding
and curing compound, cores were drilled through the joints.

In May 1971, an additional core drilling program was established.
The purpose of this program was to enhance the Bureau's knowledge of
the bond strength of horizontal construction joints in concrete
dams. To accomplish this, 20 cores, which crossed construction
joints in the Forebay Dam, were extracted.

lGraham, James R., “Use of Curing Compounds on Horizontal
Construction Joints," Proc. Engineering Foundation Conf., Economical
Construction of Concrete Dams, Asilomar, Pacific Grove, Calif., May
1972.

2"Method of Test and Test Requirements for Shear Strength of
Bonding Agents for Bonded Concrete Construction Joints," Bureau of
Reclamation, Denver, Colo., Sept. 1969,




The cores were approximately 150 mm (6 in) in diameter and a minimum
of 355 mm (14 in) long, with the joint near the center of the
specimen. The cores were drilled at about a 30° dip from the
horizontal construction joints. Cores with large aggregate near the
construction joint which might adversely affect the test results
were discarded.

EXTRACTION OF CORES

The extraction of the 150-mm-diameter cores was started on July 7,
1971, and was completed by August 24, 1971, except for one hole
which was drilled on March 10, 1972. A total of twenty-six 150-mm-
diameter holes were drilled; however, the core from hole 3 1in block
108 was broken during drilling and discarded. The core from hole 3
in block 106 broke at the construction joint during extraction, but
was submitted to the Denver laboratories for visual inspection. The
core from hole 2 in block B of the wing dam parted at the construct-
ion joint during drilling due to lack of bond at the joint. Twenty-
four of the holes were drilled from the foundation and drainage
galleries in the Forebay Dam and one was drilled from the top of the
wing dam in block B. The cores in the Forebay Dam were drilled in
blocks 106, 108, 110, 112, 114, 116, and 120 and were all in inte-
rior concrete. The core from the top of the wing dam was in exte-
rior concrete and was drilled to check the construction joint on
which the chlorinated rubber-base bonding and curing compound had
been used. The holes were drilled approximately 1.8 m (6 ft)
deep.

The extraction of the 255-mm-diameter cores was started on July 13,
1971, and was completed January 29, 1974. A total of 37 holes were
drilled. The holes were drilled in various galleries and adits, and
also in the top of the dam. Cores for interior concrete at 6
months' age were drilled in blocks 104, 106, 107, 109, 111, 113,
118, 120, and block A in the wing dam. Cores for the exterior




concrete at 6 months of age were drilled in blocks 100, 108, 116,
119, 120, and block B of the wing dam. The two holes in block B of
the wing dam were drilled to check the construction joint on which
the chlorinated rubber-base bonding and curing compound had been
used. Six of the 37 cores broke at the construction joint during
drilling, including the 2 holes drilled in block B.

Core holes for the interior and exterior concrete at 1 year's age
were drilled at the same location as those drilled for the 6 months'
age cores. Initially, the 255-mm-diameter holes were drilled
approximately 2.7 m (9 ft) deep. This was changed, however, when it
was determined that there was a need for more tensile strength data
on mass concrete to correlate structural behavior studies with
current design concepts. On March 8, 1972, the project office was
directed to increase the hole depth to 3.7 m (12 ft), thereby
providing two compression test specimens: one construction joint
tensile test specimen, and one nonjointed tensile test specimen.
The core for the jointed specimen was to extend about 455 mm (18 in)
on either side of the joint. The nonjointed tensile specimen on the
Tower end of the core was to be about 760 mm (30 in) long. The
drilling rate for the 255-mm (10-in) cores ranged from 0.4 to
0.8 m/h (1.3 to 2.6 ft/h) with an average of 0.6 m/h (2.0 ft/h).

In several instances, while drilling cores, cooling pipes which were
still in use were inadvertently cut. Whenever this occurred, the
core hole was backfilled with fresh concrete to the elevation of the
construction joint. A space approximately 75 mm (3 in) high was
then formed using metal chairs or spacers with a wood form across
the top, and the remainder of the hole was backfilled with concrete.
This left a passageway for the water during concrete cooling which
was later filled with grout when the cooling pipes were grouted.




The prime contractor used an air-operated drill with 165-mm (6.5-1in)
diameter and 265-mm (10.5-in) diameter diamond core bits. The core
barrels were of sufficient lengths so that 760-mm (30-in) long cores
for compressive strength tests and 1015-mm (40-in) long cores for
tensile strength tests could be removed intact.

SHIPPING AND RECEIVING

After the cores were extracted, they were labeled with the name of
the project, block number, hole number, core number, elevation, and
the date drilled. Then they were wrapped in paper, packed in wet
sawdust in substantial wooden boxes with one core to a box, and
shipped to the Bureau's Division of General Research for testing.
The cores were received in Denver in good condition.

In the Denver laboratories, the cores were first logged to provide a
record of specimen lengths and unusual characteristics such as
embedded reinforcing steel, rock pockets, construction joints, etc.
The cores were then marked for the type of test to be conducted.
Photographs were taken of the cores in groups and individually as
needed to show detail. Figures 2, 3, and 4 are photographs of some
typical specimens.
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Figure 2. - Typical 255-mm (10-in) diameter cores showing
a construction joint - Grand Coulee Forebay Dam.
Photos P1222-D-78276 and P1222-D-78277



Figure 3. - Typical 255-mm (10-in) diameter
core after tensile strength test - Grand Coulee
Forebay Dam. Photo P1222-D-78273



Figure 4. - Typical 150-mm (6-in) diameter cores
showing construction joints - Grand Coulee
Forebay Dam. Photos P1222-D-78274 and P1222-D-78275
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TESTING PROGRAM FOR 255-MILLIMETER (10-INCH) DIAMETER CORES
General
Cores were extracted so that studies could be made of the interior
and exterior concretes at 6 months' and 1 year's age. The actual
testing program included tests to determine compressive strength,

elastic properties, density, tensile strength, and shear strength.

Compressive Strength

Compressive strength tests on the cores were conducted on selected
samples to obtain apparent in-place strengths which could be com-
pared to 150- by 3u0-mm (6- by 12-in) control cylinder strengths and
to determine the strength development of the concrete in the dam
over a period of 1 year. In general, the cores selected for
compression testing did not contain construction joints.

Cores for these tests were sawed into representative specimens of
510-mm (20-in) lengths and then the ends were ground until square
and flat to within 0.05-mm (0.002-in) tolerance. Subsequent to
grinding and prior to testing, the specimens were stored in a
100-percent relative humidity and 23 °C (73.4 °F) atmosphere.
Compressive strength was determined by axially loading the specimens
at a rate of 13.8 MPa/min (2000 1b/(1‘n2 *min)) until failure.
Several of the specimens were ruptured completely to permit visual
observation of the fractures.

Elastic Properties

Elastic property tests were made on the same core specimens selected
for the compressive strength tests. Data obtained from these tests
may be used later in structural behavior studies. The modulus of
elasticity and Poisson's ratio were determined on the specimens

T 12 ' e




using an extensometer-compressometer frame, with dial gages mounted
so that longitudinal and lateral deformations were monitored as the
actual load was applied. All specimens underwent preloading and
then strain readings were taken at 0, 35.6, and 355.9 kN (0, 8000,
and 80 000 1b) total load. Computations for modulus of elasticity
and Poisson's ratio were based on the net strain occurring between
the 35.6-kN and 355.9-kN loads.

Density

Prior to conducting the compressive strength tests, "as is" densi-
ties of the core specimens were determined. Obtaining the density
of hardened concrete provided a quick qualitative evaluation

of concrete quality.

Tensile Strength

Tensile strength tests were made on cores which intercepted the
horizontal construction joints and were in a plane normal to the
vertical axis of the core. These tests were performed primarily to
determine the bond strength of the construction joint. Some core
specimens without construction joints also were tested for tensile
strength comparisons.

The cores to be used in evaluation of the construction joints were
sawed into approximately 760-mm (30-in) long specimens with 380 mm
(15 in) of concrete on each side of the joint. After the ends were
cleaned with acetone, a 50-mm (2-in) thick by 255-mm (10-in) square
steel plate was cemented to each end of the specimen with an epoxy
resin and allowed to cure for 24 hours. The specimens were then
subjected to direct tension through a flexible, self-centering,
loading apparatus mounted in a 1780-kN (400 000-1b) wuniversal
testing machine.

13




Dynamic Tension

Fourteen core specimens were selected for dynamic tensile strength
testing to study the effects of dynamic loadings on the concrete.
In the past, static tensile strengths have been used when analyzing
the response of Bureau structures to dynamic loading. When design-
ing for nonstatic loading, these strengths may not take into account
the changes in properties which occur when a structure is subjected
to dynamic loadings such as those caused by earthquake conditions
and vibrations from rotating equipment.

For the dynamic tension tests, 255-mm (10-in) diameter by 510-mm
(20-in) long specimens were used. These specimens were tested in
the Denver laboratories vibration test facility. The cores were
first instrumented for length change and then epoxied into a load
frame which contained a load-measuring device and a servocontrolled
hydraulic actuator. Each core was subjected to sinusoidal loadings
which passed from compression through zero into the tension zone.
Load and displacement data were recorded and results computed.
These tests will be included in a separate report. The core speci-
mens selected for dynamic tension testing are:

14




Cores for dynamic tension test

Block Hole Core Type of concrete Type of joint
111 1 3 Interior Jointed
111 1 4 " Unjointed
107 1 3 " Jointed
107 1 4 ! Unjointed
113 1 2 " !

118 1 5 " "
109 2 3 " Jointed
118 2 3 " "
118 2 4 " Unjointed
118 2 1 " "
118 1 4 " "
100 2 5 Exterior "
116 2 4 " "
B 3 5 1] 11}

Direct Shear

Eight core specimens were selected for shear testing. These speci-
mens were taken from sections of cores without construction joints
and were representative of both interior and exterior concretes.
The specimens were cut into 150-mm (6-in) lengths and stored for
later testing. The shear tests will be made when fabrication of the
equipment for handling 255-mm-diameter specimens 1is completed.

The samples selected for shear tests are:

Cores for direct shear test

Biock Hole Core Type of concrete
100 2 4 Exterior
116 1 4 "

116 2 2 "

118 1 4 Interior

118 1 2 "

119 1 1 Exterior

120 3 3 Interior
B 3 3 Exterior

15




TEST RESULTS OF 255-MILLIMETER (10-INCH) DIAMETER CORES

Compressive Strength

The results of the individual tests are shown in tables 1 and 2.
Summaries of results are shown in tables 3 and 4. The average
compressive strength for the interior concrete was 30.2 MPa (4380
1b/in2) at 6 months' age and 32.4 MPa (4700 1b/1n2) at 1 year's
age. The average strength for the exterior concrete was 33.8 MPa
(490U 1b/in) at 6 months' age and 37.5 MPa (5440 1b/in%) at
1 year's age. This shows an increase in strength from 6 months to
1 year of 7 percent for interior concrete and 11 percent for exte-
rior concrete, which is slightly above average for strength develop-
ment in mass concrete.

The compressive strengths of the cores extracted from interior
concrete ranged from 20.5 to 40.3 MPa (2980 to 5850 1b/in2) at
6 months' age and from 23.1 MPa (3350 1b/in’) to 44.4 MPa
(6440 1b/1n2) at 1 year's age. The corresponding coefficients of
variation were 17.5 and 17.0 percent, respectively. Compressive
strengths of the cores extracted from exterior concrete ranged from
22.3 MPa (3240 1b/in’) to 44.5 MPa (6460 1b/in®) at 6 months'
age and from 21.2 MPa (3080 1b/in?) to 54.6 MPa (7920 1b/in®) at
1 year's age. The corresponding coefficients of variation were
19.2 and 21.U percent, respectively. The higher coefficient of
variation in exterior concrete at 1 year's age largely is due to one
low core strength which resulted from failure along a 1large
aggregate particle. When that low strength is deleted from the
data, the coefficient of variatfon for exterior concrete is
16.9 percent at 1 year's age.

In only one case was the core compressive strength below the design
strength of 20.7 MPa (3000 1b/in?) at 180 days.
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In general, compressive strength development of the cores was in
direct correlation with that of the 28-day control cylinders, with
an overall ratio of core strength to 28-day control cylinder
strength of 121 percent at 6 months' age and 135 percent at 1 year's
age. The strength ratio was higher for interior concrete than for
exterior concrete at both 6 months' and 1 year's age. For several
of the core specimens there were no 28-day control cylinder
strengths available for comparison. For some reason, 6 of the
13 cores extracted from exterior concrete and tested at 6 months'
age had compressive strengths below the control cylinder strengths.
However, cores extracted from approximately the same locations and
tested at 1 year's age did not reflect this trend. The comparisons
between core strengths and the 150- by 300-mm (6- by 12-in) control
cylinders are shown graphically on figure 5.
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AGE OF CONCRETE CORES AT TIME OF TEST
Figure 5. - Comparison of compressive strength of concrete cores

and control cylinders, Grand Coulee Forebay Dam.
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Elastic Properties

Results of elastic property tests are summarized in tables 3 and 4.
The results showed very little difference in modulus of elasticity

between 6 months' and 1 year's age or between interior and exterior
concrete.

The modulus of elasticity ranged from 21.0 GPa {3.05 x 106 lb/inz)
to 44.3 GPa (6.43 x 10°
GPa (5.18 x 10° 1b/in?).

1b/in2) with an overall average of 35.7

Poisson's ratio averaged 0.19 for all the tests with no significant
differences between 6 months and 1 year or between exterior and
interior concrete.

Density

Density valves are shown in tables 1 and 2. For all tests the
density averaged 2480 kg/m° (155 1b/ft3), which is within the
expected range. There were no significant differences between
densities for 6 months and 1 year nor between the interior and
exterior concretes.
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Tensile Stength

Thirty of the 37 cores extracted from the Forebay Dam intersected
horizontal construction joints. All of these construction joints
had been cleaned by the wet-sandblast method, except for those in
block B of the wing dam which had been treated with a chlorinated
rubber-base bonding and curing compound. Six of the 3U cores which
intersected construction joints broke at the joint during drilling,
including the 2 cores across the construction joints in block B of
the wing dam. Excluding the joints where the bonding and curing
material was used, the remainder of the cores appeared to have very
good construction joints.

Fifteen core specimens from 12 drill holes were selected for tensile
strength testing at 6 months' age. Nine of the specimens were from
interior concrete and six from exterior concrete. Four specimens
from both exterior and interior concretes contained construction
joints.

Twenty-two specimens from 17 drill holes were selected for tensile
strength testing at 1 year's age. Fifteen of the specimens were
taken from interior concrete and seven from exterior concrete. Five
of the specimens from exterior concrete and six from interior
concrete contained construction joints.

The individual test results are shown in tables 1 and 2 and are
summarized in tables 5 and 6. Of the 19 tested specimens which
contained construction joints, only 4 broke at the construction
joint. A1l others broke at varying distances from the joint. Of
the four specimens which broke at the construction joints, two were
in cores tested at 6 months' age and two were in cores tested at
1 year's age. The tensile strength of the specimens which broke at
the joint averaged 1.21 MPa (175 1b/in2) at 6 months' age and 1.45
MPa (210 ]b/inz) at 1 year's age. The remainder of both the
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unjointed and jointed specimens averaged 1.21 MPa (175 1b/in2) at
both 6 months' and 1 year's age. There was little significant
difference between interior and exterior concrete tensile strengths
at 6 months' age, but at 1 year's age, the exterior concrete devel-
oped about 20 percent more tensile strength.

The tensile strength tests were not very indicative of the actual
bond strength of the construction joint since most of the tested
specimens broke in the concrete away from the joint, rather than at
the joint. The areas of disbonding between paste and aggregate were
estimated for each test specimen; however, there was poor correla-
tion between the tensile strength and the area of disbonding. The
tests did show that the tensile strength of the construction joints
was as good or better than that of the adjacent concrete.

The tensile strength for all specimens averaged 3.7 percent of the
compressive strength, with little significant differences between
interior and exterior concretes or between 6 months' and 1 year's
ages. This strength ratio is average for mass concrete,

The construction joint in block B of the wing dam which was painted
experimentally with chlorinated rubber-base bonding and curing
compound showed little or no bond. Both of the 255-mm-diameter
cores which were drilled through the construction joint parted at
the joint during drilling.
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Table 1. - Compilation of 255-mm (10-in) diameter core data -
Interior and exterior concrete at 6 months' age -

Grand Coulee Forebay Dam

Location of hole Core data Concrete data when placed Test data on concrete cores
Eleva- o 67 x 12" control cylinders [comnres- TensITe test
C::e Offset tion Lift Date Depth [Joint | Direc- Condition of Max |lemperatures,'F Pozzo- Unit Alr compressive ;"e“gth' 4/ s:ve r?:::i:s Spe- Unit % Remarks
1/ Station | from |top of| Location in dam in drilled { of eleva-| cion concrete Date |size | ConciH,0{ Afr _W_ |Cement,| lan, |Water,sand,{weight,|Slump, jcontent, 1b/4n strength, L%_—— cifie |velsht|serength,]area |Distance
= No. axis | hole, block core, | tlom,) drilled in core Placed lager, Mexfiin| G+ lyppa® [1b/ya’[1b/ya®| * 1b/ge’ | tn % 1/in? |20 o ¢ braviey|ib/ee3|ib/in2  |d1s-  [of break
fe No. ft fe in 7-d | 28-d| 90-d180-d |1 yr m|1b/in bonded jfrom end
in 1
Interior Concrete
104-1-1 103410 20490 1125,.0 |Dovnstream adit 26 7-13-71]0.0- 2.6 Vertical 2-16-71| 6 49 37¢ 40 39{ 0,51 190 80 137 25 157.1 1.75 2,1 - |3,07514,800 - - - - - - - - - -
-2 103410 |20490 1125.0 |Downstream adit 26 7-13-7112.6- 6.0 Vertical {Some small air voids| 2-16-71| 6 48 1 37} 46| 30| 0.49 | 187 80 132 25 ]155.3 2,00 3.3 - 12,570 - - - 4,000 5,75 10.20 | 2.57 | 160 - - -
-3 103+10 | 20+90 1125,0 |Dovnstream adit 26/27 7-14-7116,0- 8,2 {1116.9|Vertical [Cut cooling coil @ 2-16-71| 6 48 | 37] 46| 30| 0.49 | 187 80 132 25 |} 155.3 2.00 3.3 - {2,570 - - - 3,590 5.53 0.20 ) 2.50 | 156 - - -
8.0, cj @ 8.2'
good
106-1-1 103495,5120477.5 [1117.5 (Drainage gallery 27 9-27-71/0.0- 2.4 - Vertical |Good concrete 4-24-711] 6 48 371 58| 44| 0.49 188 81 133 25 154.9 1.50 3.2 - |3,395]5,225 - - 5,850 5.56 0,21 2.47 154 - - -
-2 103+95,5(20477.5 {1117.5|Drainage gallery 27 9-27-71[2,4- 4,4 - Vertical |Good concrete 4-24-711 6 48 37| 58| 44] 0.49 188 81 133 25 154.9 1.50 3.2 - |3,395(5,225 - - 4,610 6.18 j0.11 2.44 152
-3 103495,5{20477.5 [1117,5 |Drainage gallery 27/27 B} 9-27-71(4,4~ 5.8{1112.5|Vertical |Good concrete 4-24-71| 6 48 37| 58| 44] 0.49 188 81 133 25 154.,9 1.50 3.2 - 13,395|5,225 - - - - - - - 170 50 4
106-2-1 104409.5]20+77,5 |1117.5 [Drainage gallery |27 9-28-71|0.0- 2.6 - Vertical[Good concrete 4-24-711 6 48 37] 58| 44| 0.49 188 81 133 25 154,9 1.50 3.2 - [3,395¢5,225 - - 4,820 5.02 0.20 2.42 151 - - -
-2 104409.5]20+77.5 |1117.5 |Drainage gallery |27/27 B| 9-28-7112.6- 5,7 [1112,5|Vertical|Good concrete, cut 4-24-711 6 48 37} 58] 44) 0.49 188 81 133 25 154.9 1.50 3.2 - 13,395]5,225 - - 4,770 6.07 13 2,55 159 - - -
cooling coil @
5.0
107-1-1 104+99,7120+32 1237,5|Inspection gallery|1l 4-17-7310.0- 3,1 - Vertical {Good concrete 11-29-72¢ 3 49 1 64] 37{ 32| 0.51 196 83 143 25 159.0 0.75 1.9 2,845 - - - - 4,170 4,54 10,17 2,41 151 - - -
-2 104+99,7120432 1237.5|Inspection gallery| 1l 4-17-7313,1- 5.8 - Vertical [Good concrete, core [11-29-72| 3 49 64 371 32| 0.51 1% 83 143 25 159,0 0.75 1.9 2,845 - - - - - - - - - 220 0 10 *Nonjointed
broke @ 5.8'
-3 104+499,7{20+32 1237.5)Inspection gallery;11-12 4-17-73{5.8- 8,5(1230.0} Vertical|Good cj @ 7.5' 11-29-721 6 49 64| 37| 32| 0,51 196 83 143 25 159.0 0.75 1.9 2,845 - - - - - - - - - - - - Saved for dynamic
tension
-4 104+99,720432 1237,5|Inspection gallery[12 4-18-7318.5-11.5 - Vercical 11-17-72¢ 6 48 54 47| 38| 0.52 184 80 136 25 153.8 3.50 3.5 1,805 - - - - - - - - - - - - Saved for dynamic
tension
109-1-1 106+12.2|20+31.3 |1237.5 |Inspection galleryfll 2-20-7310.0- 2.9 - Vertical|Good concrete 8-30-721 6 45 461 761 62f 0,51 185 30 127 25 154.8 2.50 3.8 2,300 - - 6,010 - 4,810 4,.8710.18 2.40 150 - - -
-2 106+12.2]20431.3 |1237.5]Inspection gallery|1ll 2-20-73§2.9- 6.0 - Vertical|Good concrete 8-30-721 6 45 46! 761 62] 0,51 185 80 127 25 154,8 2.50 3.8 2,300 - - - - 4,560 5.320.17 2.47 154 - - -
-3 106+12,2|20+31,3 ]1237.5|Inspection gallery|11-12 2-20-7316.0- 8,9(1230.0| Vertical|Small void @ 6.6' & | 8-30-72] 6 45 461 76| 621 0.51 185 80 127 25 154.8 2,50 3.8 2,300 - - - - - - - - 130 20 14% *Broke at cj
@ 7.5 ¢j
-4 106+12.2|20431.3 [1237.5|Inspection gallery|12 2-20-73]8.9-11.8 - Vertical |Good concrete 8-24-72( 6 45| 42| 86| 60| 0.46 186 80 123 26 155,39 2,50 3.4 2,165 - - 5,770 - - - - - - - - - Saved for dynamic
tension
111-1-1 107+36.,6 20432 1237.5|Inspection gallery|11l 4-16-73{0,0~ 3,0 - Vertical |Good concrete 11-22-721 3 48 54 - -l 0.49 188 81 131 25 155.4 1.50 2.6 2,220 - 5,510 - - 4,160 4,80(0.21 2.45 153 - - -
-2 107436.6 20432 1237.5|Inspection gallery| 11l 4-16-7313.0- 6.0 - VerticallGood concrete 11-22-721 3 48 54 - -1 0.49 188 81 131 25 155.4 1,50 2,6 2,220 - 5,510 - - - - - - - 225% 0 20 *Non jointed
-3 107+36.6]20+32 1237.5|Inspection gallery|11-12 4-16-7316.0- 9,0]1230.0| Vertical|Good cj 11-22-72| 3 48 54 - -1 0.49 188 81 131 25 155.4 1.50 2.6 2,220 - 5,510 - - - - - - - - - Saved for dynamic
tension
-4 107436,6)20+32 1237.5|Inspection gallery|12 4-17-7319.0-11.7 - Vertical|{Good concrete 10 19-72} 3 46 1 61} 64) 39| 0.48 190 82 129 25 158.0 1.25 2.3 2,405 - - 6,685 - - - - - - - - - Saved for dynamic
tension
113 -1-1 108+01.5{20431.7 |1237.5|Inspection gallery; 11 7-12-73(0.0- 3.0 - Vertical|Good concrete 2- 2-73| 6 48 | 129] 44| 30f 0,49 187 81 131 25 156.5 1.75 3.9 1,79013,430 - - - 5,100 5.0110,21 2.42 151 - - -
-2 108+01,5|20431.7 $1237.5|Inspection gallery|1l 7-16-7313,0- 6.0 - Vertical|Broke @ large aggre-| 2- 2-73| & 48 | 129] 441 30f 0.49 187 81 131 25 156.5 1.75 3.9 1,790(3,430] - - - - - - - - - - - Saved for dynamic
gate @ 4,9' tension
-3 108401.5120+31.7 [1237.5|Inspection galleryj11-12 7-16-73|6.0~ 9.0(1230.0| Vertical|{Good cj, broke on 2- 2-731 6 48 | 129{ 44| 30| 0.49 187 81 131 25 156.5 1.75 3.9 1,79013,430 - - - - - - - - 140 100 10
large aggregate
@ 9.0’
-4 108+401.5(20431.7 |1237.5|Inspection gallery|12 7-17-73|9.0-11.8 - Vertical| Core broke on large| 1-24-73} 6 451 117 44| 36| 0.52 183 80 136 25 152.2 1.25 3.0 1,935 - - 5,490 - - - - - - 145% 99 17 *Non jointed
aggregate @ 11,8°
118-1-1 3/| 111+47.5[20+431.25|1177,5 |Access gallery 19 11-16-72|0.0- 2.9 - Vertical|Good concrete 6-10-72] 6 46 411 65| 57f 0.51 188 80 137 24 155.2 1,00 2.1 2,15513,705 - - - 4,020 6.05]0.19 2.55 159 - - -
-2 1114467.5}20431,25{ 11775 |Access gallery 19 11-16-72]2.9- 6.0 - Vertical|Good concrete 6-10-72{ 6 46 | 411 65} 57| 0.51 188 80 137 24 155.2 1.00 2.1 2,155]3,705 - - - - - - - - 130% 45 4 *Nonjointed
-3 111+47,5|20431,25|1177.5 |Access gallery 19 11-17-7216.0- 7.5{1170,0| Vertical|Core broke @ cj, 6-10-72] 6 46 | 41| 65| 571 0.51 | 188 80 137 24 | 155.2 1,00 2.1 |2,15513,705| - - - 5,760 - - 2.51( 156 - - -
poor consolida-
tion above joint
-4 111+47,5)20431.25|/1177,5 |Access gallery 20 11-17-72|7.5- 9.0 - Vertical 6- 6-72| 6 46 | 40| 571 52| 0.41 192 80 112 25 155.5 .75 2.7 2,405 - - 7,275 - - - - - - - - - Saved for shear test
-5 111+47.5§20431.25{1177.5 |Access gallery 20 11-17-72{9.0-12.0 - Vertical|Good concrete 6- 6-72| 6 46 401 571 52| 0.41 162 80 112 25 155.5 1.75 2.7 2,405 - - 7,275 - - - - - - - - - Saved for dynamic
tension
118-1-1 3/} 111424,5{20+31 1237.5|Inspection galleryjll 1- 8-73|0.0- 3.0 - Vertical|Good concrete 7-31-72) 6 48 37| 93] 67 0.48 186 81 127 25 154.8 2.00 3.2 2,190 - - - - 5,120 4.9510.20 2.43 151 - - -
-2 111424 ,5]20+31 1237.5|Inspection gallery| 11l 1- 8-73}3.0- 6.0 - Vertical|Good concrete 7-31-72§ 6 48 37] 93] 67| 0.48 186 81 127 25 154.8 2.00 3.2 2,190 - - - - 5,310 5.39]0.19 2,51 156 - - - Portion saved for
shear test
-3 111424 .5[20+431 1237.5|Inspection galleryf11-12 1- 8-7316.0~ 8.6]1230.0| Vertical}Good ¢} 7-31-72] 6 48 371 93| 67| 0.48 186 81 127 25 154.8 2.00 3.2 2,190 - - - - - - - - - 220 25 13* *Broke at construction
joint
-4 111424,5120+431 1237.5)Inspection gallery| 12 1- 8-7318.6-12.0 - Vertical{Good concrete 7-25-721 6 43} 42| 84| 57] 0.48 191 82 130 26 156.0 3.25 3.1 2,475 - - 6,260 - ~ - - - - - - - Saved for dynamic
tension

1/ First number is block number in

2/ Wing dam

3/ Duplication in numbering
4/ Average of two cylinders

the dam, second is hole number,

third is core number
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Table 1. - compilation of £55-mm (10-in) diameter core data -
Interior and exterior concrete at € months' age -
Grand Coulee Forebay Dam ~ Continued

Location of hole Core data Concrete data when placed Test data on concrete cores
Eleva-[ Temperatures, F i Pozzo- ! [ 1 8™ x II™ control cylinders Compres-| Elastic Tensile test
Core Offset tion | Life Date Depth |Joint |Direc- Condition of Date Max A%r W_ | Cement | lan Water | Unit Air compressive strength 4/ sive |properties Spe- | Unit % area|Distance
No. Station from top ofl Location in dam in drilled of eleva-| tion concrete placed size Conc HZO Max [Min C+P,’ 5 Sand weight. lump,contenJ . lb/inz strength, Ex10‘6 cific weight Btrength,! dis- |of break Remarks
y No. axis hole,! block corn, | tion,jdrilled in core agsr, : o/vdd [1b/vad 1b/ya’ D% Pabseed) in 0% 1 70q l2s-d | 90-d |180-d [ Uyr | 1b/in® 1b/in2] r |eraviey 1p/5e3] 1p/ia2 | bonded|from end
£t No. £t fr in i |1 1 | | | ta
= T ]' - T
! | ‘ !
, i ! Interior Concrete ! ! |
3 : ! !
120-1-1 112+49.5 | 20477.5 !1117.5 Drainage gallery |27 9-29-71 0,0~ 3.0 - Vertical 4-28—71{ 6 46 ' 37 62! 4710.51 ¢+ 189 i 83 .137 25 i56.4 1 2,00 2.4 1,830 3,450 - - - 2,980 5.00 0.20 2,52 157 - - -
~2 112+49.5 | 20+77.5 1117.5 |Drainage gallery {27 9-29-71 3.0- 6.0 - Vertical{Broke in shipment 4-28-7111 6 46 371 621 47/0.51 189 I 83 . 137 1 25 156.4 | 2,00 2.4 1,830 3,450 - - - - - - - - - - - No tests run
-3 112449.5 | 20+77.5 1117.5|Drainage gallery |27 9-29/30-71| 6.0- 9.0| None |Vertical|Rock contact @ 3.7' 4-28-71; 6 46 | 37} 62; 47}0.51 | 189 Io83 | 137 25 ; 156.4 | 2,007 2.4 | 1,830! 3,450 - - - 3,840 5.70 |0.20; 2.52 | 157 - - -
; ! : )
120-2-1 112+29 20477.5 1117.5|Drainage gallery |27 9-30-71 0.0~ 3.0 - Vertical|Good concrete 4-28-711 6 ihé 1 37! 621 47/0.51 189 83 137 25 156.4 { 2.00 2.4 1,830 3,450 - - - 3,580 5.36 |0.21 2.54 158 - - - |
-2 112429 20477.5 1117.5|Drainage gallery ; 27 9-30-71 3.0- 6,0} - Vertical| Good concrete A-ZB—?IL 6 46l 370 621 A7{O.Sl 189 83 137 25 | 156.4 1 2,00 2.4 | 1,830] 3,450 - - - 3,450 5.24 10.27] 2,56 159 - - -
-3 112+29 20+77.5 1117.5|Drainage gallery {27 9-30-71 6.0- 9.0| None |Vertical|Good concrete i 4-28-711 6 46 | 37' 62| 47/0.51 189 . 83 137 1 25 156.4§ 2,00 2.4 1,830 3,450 - - - - - - - - 195% 65 2 *Non jointed
| i : : ! !
| ; i ’ {
1 P | ( ‘ !
| I i
T 4 T
Wing Dam
A-1-1 1124+00.96{ 19+91 1117.5|Foundation adit 27 9- 7-71 0.0- 2.6 - Vertical| Good concrete 4-14-711 ¢ ! 50 341 631 41/0.46 187 80 123 25 154,91 0.75 2.3 1,840] 3,110 - - - 3,800 4.99 |0.23 - - - - -
-2 112400.96{ 19491 1117.5|Foundation adit |27 9- 7-71 2,6- 5.9] - Vertical| Good concrete 4-14-717 & 50 ] 34 63 4110.46 | 187 80 123 25 154,91 0.75) 2.3 | 1,840 3,110 - - - 3,580 5.48 10.20 - - - - -
-3 112+00.96{ 19+91 1117.5|Foundation adit 27 9- 8-71 5.9- 8.6) None |Vertical]Good joint, rock | 4-14-7i. 6 i 50 341 63 41:0.46 187 80 123 25 154,91 0.75 2.3 1,840, 3,110 - - - - - - - - - - -
contact @7.3' X ! ! i !
i | | i
................ e S e B e S e e e L I I TR RN FIE e
i
1 b
I i Exterior Concrete |
i |
100-1-1 101+12,25| 20+25,15 1311,2|Crest of dam 1 7-10-72 | 0.0- 1.5 - Verticall Rebar @ 0.5' & 1.0% 2-10-72| 1.5 , 51| 110} 29 23}0.35 431 143 201, 33 149.3 | 2.75 5.4 3,790| 5,470 - 7,550 - - - - - - - - -
i |
-2 101+12,25| 20+25.15 1311.2|Crest of dam 1 7-16-72 1.5- 4.5 - Verticall Good core 2-10-721 3 71102} 29 23,0.37 | 280 120 147 | 27 | 153.4] 3.25t 3.5 | 3,12u, 5,110 - - - 5,050 5.55 10.16] 2.39 1! 149 - - -
-3 101+412,25( 20+25.15 1311,2{Crest of dam 1-2 7-10-72 4,5- 7,2]1305+ | Vertical{ Good core 2-10-72{ 3 47 {102 294 23]0.37 | 280 120 147 | 27 | 153.4; 3.25{ 3.5 | 3,120} 5,110 - - - - - - - 115 S 20
-4 101+12,25] 20+25.15 1311 2 (Crest of dam 2 7-11-72 7.2-10.1{ - Vertical| Good core 1-18 72} 3 54 11281 28{ 22/0.36 | 281 122 145 | 28 | 156.3| 1.00| 3.3 | 3,270} 5,180 6,570, 7,270 - - - - - - 225% 15 17 *Nonjointed
-5 101+12.25| 20+25.15 1311.2|Crest of dam 2 7-11-72 10.1-13.0 - Vertical} Good core 1-18-72 3 54 128 | 28| 22(0.36 281 122 145 | 28 156.3 | 1.00 3.3 3,270, 5,180 6,5701 7,270 - 3,870 4,03 10,19 2.39 149 - - -
! 1
i ‘ i i
108-1-1 105435 21+412,2 1145,8 |Downstream adit 23 8-27-71 0,0- 3.2 - Vertical Good concrete 3-25-71 6 50 381 47| 33j0.40 223 35 127 24 155.1§ 2.25 3.0 - 3.630i - L4358 - 5,020 5.71 10.21 2.54 158 - - -
-2 105435 21412.2 1145,8 [Downstream adit |{23-24| 8-27-71 3.2- 5,8(1140.0| Vertical} Broke @ cj 3-25-71 6 S0 38| 471( 33|0.40 | 223 95 127 24§ 155.14 2. 3.0 - 3,630/ - 6,435 - 5,350 6.43 10.21 2,60 | 162 - - -
-3 105+35 21+12.2 1145.8 |Downstream adit 24 8-27-71 5.8- 7.7 - Vertical| Good concrete 3-19-71 6 - No test batch - ? 4,530 5.49 10,17 2.56 159 - - -
4 j
! i
116-1-1 110+05.0 | 20+18.5 1297.5|Gate gallery 3 7-19-72 0.0- 2,4 - Vertical| Rebar & L.1', 1.2'; 3- 4-72{ 6 42 731 33| 2210.37 ' 230 97 121 24 157.94 1.25( 3.0 3,110’ 4,850; - - - 6,140 5.09 10.18f 2.43| 151
1.3' |
-2 110+05.0 | 20+18.5 1297.5|Gate gallery 3 7-19-72 2.4- 6.0 - Vertical 3- 4-72 ] 42 731 33| 22:0.37 230 97 121 24 157,91 1.25 3.0 3,110 A,BSOI - - - - - - - - 130 20 12 *Nonjointed
-3 110+05.0 | 20+18.5 1297.5|Gate gallery 3-4 | 7-19/20-72| 6.0- 8.7[1290.0| Vertical 3- 4-721 6 42 731 331 220,37 ¢ 230 37 121 24 157.9| 1.25 3.0 | 3,110} 4,850 - - - - - - - - 285 40 16
-4 110405.0 | 20+18.5 1297.5|Gate gallery 4 7-19/20-72| 8.7-11.7] - Vertical| Horiz crack @ 10.6; 2-18-72] ¢ 36 AOI 384 28{0.47 | 189 79 126 25} 153.0| 1,50} 3.0 ! 2,445} 4,115! - - - 4,870 5.40 | 0,19} 2,53 | 158 - - - Portion saved for
! ! shear test
-5 1104+05.0 | 20+18.5 1297.5Gate gallery 4 7-19/20-72| 11.7-14.3 - Vertical 2-18-72 6 36 40i 38‘ 2810.47 189 79 126 25 153.0| 1.50 3.0 2,445 4,115[ - - ~ 3,770 4.55 (0.17 2.51 156 - - -
- i
T
119-1-1 111494 .4 | 20447.1 1260,0 [Elevator lobby 8 7-12-72 | 0.0- 3.0| - {vVertical|Rebar @ 0.4" 2-26-72 3 |46 | 90l 40 33/0.45| 228 99 147 | 29} 153.5| 1.50] 3.5 - | 3,800 - - - 4,860 | 4,92 [0.18] 2.191 137 - - - Portion saved for
J shear test
-2 111+94.4 | 20+47.1 1260.0!Elevator lobby 8 7-12-72 3.0- 6.0 - Vertical 2-26-72 3 51 1100 42y 32]0.37 ! 359 120 176 34 149,71 2.00 4.7 3,195| 4,9801 - - - 6,460 4.54 10,16 2.41 150 - - -
-3 111494 .4 | 20447 .1 1260.0|Elevator lobby 8-9 7-12-72 6.0- 9.011252.5| Vertical 2-26-72 3 S1 | 100 42| 3210.37 I 359 120 176 34 149,71t 2,00 4.7 3,195| 4,980 - - - - - - - - 150 3o 3
-4 111494 .4 | 20+47.1 1260,0|Elevator lobby 9 7-12-72 9.0-11.6 - Vertical 2-16-72 3 46 | 12041 321 25]0.36 | 280 118 144 28 154.4 1 1.50 3.5 - 5,1201 - - 8,290 4,940 5.18 10.20 2.44 152 - - -
T
120-3-1 112+40 21431 1125 Downstream fillet| 26 10- 4-71 0.0- 3.0 - Vertical{ Good concrete 5- 6-71 6 48 471 68] 53/0.39 224 96 126 24 157.2) 1.50 3.3 2,300! 3,995 5,265¢ 6,500 ! 7,300 3,240 4.87 [0.19 2,49 155 - - -
-2 112+40 21+31 1125 Downstream filletj 26 10- 4-71 3.0- 6.0 - Vertical{ Cut %" steel @ 3,71 5- 6-71 6 48 471 681 53(0.39 224 96 126 24 157.2] 1.50 3.3 2,300: 3,995/ 5,265/ 6,500 7,300 3,700 5.25 | 0.22 2.52 157 - - -
-3 112+40 21431 1125 Downstream fillet| 26-27| 10- 4-71 6.0- 9.0|1117.5] VerticaljGood cj 5- 6-71 6 48 47| 681 530,39 224 96 126 24 157.2] 1.50 3.3 2,300: 3,995 5,265 6,500} 7,300 - - - - 120 75 3
B-1-1 2/ 0+77 9' from d/s{1311.0!Top of block 1 3- 9-72 0.0~ 2.5 - Vertical| Rebar @ 0.5°' 10-14-71| 1.5 50 371 541 3910.38 361 119 183 34 150.5( 3.25 4.4 2,7051 4,350 - - - 5,320 4,96 10,19 2.44 153 - - -
parapet
-2 0+77 9' from d/s{1311.0{Top of block 1 3- 9-72 2.5- 4.9 - Vertical 10-14-711 1.5 50 371 54 39{0,38 361 119 183 34 150.51} 3.25 4.4 2,7051 4,350 - - - 6,340 4.80 10.18 2.38 148 - - -
parapet
-3 0477 9' from d/s!{1311.0{Top of block 1-2 3- 9-72 4.9 7.5!1305,0 | Verticall| Broke at cj, joint[10-14-71] 1.5 50 371 541 39{0.38 361 119 183 34 150.5] 3.25 4.4 2,705 4,350 - - - - - - - - - - - No tests run
parapet painted with
resin base bond-
ing compound
!

1/ First number is block in the dam, second

2/ Wing dam

3/ Duplication in numbering
4/ Average of two cylinders

is hole number, third is

core number



Table 2. - Compilation of 255-mm (10-in) diameter core data -
Intertior and exterior concrete at 1 year's age -
Grand Coulee Forebay Dam

Location of hole Core data Concrere data when placed Test data on concrete cores
Core Eleva- N Depth Joint T I E77x 127 Control cylinders Elastic
No. Of fset tion Lift Date of eleva-| Direction] Condition of Date Max ! Temperatures, F_ . Compresslyezstrength_g/ Compres- roperties ‘ Tensile test
1/ Station from top of Location in dam in drilled core, tion,| drilled concrete placed size! Alr | W |Cement , | PozzolangWater Unit Air 1b/in 7 sive P___P___ﬁ_ ?pe- Un ; % arealDistance Remarks
No. axis hole, block ft ft in core aggr, Conc H20 Max Min| C+P 1b/yd3 1b/ d3 b/ 43 Sa:\dﬂweight S%umg confenq 0 strength, | Ex10 cific jweight,|{Strengthy dis- |of break
fe No. in i l y | y % lip/ge3| in % 7-d (28-d 90-d | 180-d |1 yr 1b/in2 1b/1n2 r |gravity 1b/ft3 lb/in2 bonded | from end,
[ ; L t in
! i Interior concrete |
by T |
| i
104-2-1{103+09 20+91.5 {1125 Downstream adit 26 1-26-72 | 0.0- 2.8 - Vertical Pngle iron @ 2,25°' | 2-16-71 6 49 481 404 29(0.51 | 190 ’ 80 137 25 157.111.75 2.1 - 3,075 4,800 - - 4,660 4.92 D19 2.39 149 - - -
voids of 1/2" !
-2[103+09 20+91.5 (1125 Downstream adit 26 1-26-72 | 2.8- 5.9 - Vertical Noids up to 1/2" 2-16-71 [ 48 371 46 30]0.49 ! 187 j 80 b132 1 25 155.3]2.00 3.3 - 2,710 - 5,020 - 4,550 5.22 p.18 2.49 155 - - -
-3] 103409 20+91.5 |1125 Downstream adit 26-27 1-26-72 1 5.9- 9.0 | 1117,5| Vertical Rebar at 6.1' and 6.9'| 2-16-71 6 48 37 461 3010.49 | 187 80 132 25 155.312.00 3.3 - 2,710 - 5,020 - - - - - - 200 50 9* *Broke at cj.
] | | } > ]
: i
? I |
106-3-1| 104426 .2 20+52 1117.5 | Foundation adit 27 3-13-72 ] 0.0- 1.9 - Vertical Good concrete, broke (5| 4-24-71 6 48 371 58! 4410.49 1 188 | g1 133 I 25 154.911.50 3.2 - 3,395 5,225 - - 6,440 5.32 D.14 2.48 155 - - -
: { cluster of aygregate H !
-21104+26.2 [20+52 1117,5 | Foundation adit 27 3-13-72 1 1.9- 4.5 - Vertical Eood concrete 4-24-71 6 48 I 37] 581 4410.49 ' 188 | 81 133 . 25 154.9]1.50 3.2 - 3,395 5,225 - - 5,310 4.88 p.17 2.53 158 - - -
-3]104+426.2|20+52 1117.5 | Foundation adit 27-27B] 3-14-72 | 4.5- 6.0 | 1112,5 ) Vertical Good cj, cooling coil 4-24-71 6 48 37| 58 &b!O.A‘? | 188 81 133 j 25 i 154.9]1.50 3.2 - 3,3951 5,225 - - - - - - - - - - No tests run.
2 5.0' ! ' I |
~4{ 104+426.2{20+52 1117.5 | Foundation adit 278 3-14-72 | 6.0~ 9.0 - Vertical |Good concrete L-16-71 6 47 -} 54p 2010045 ! 1580 80 | 126 125 153.111.25 2.8 - 3,025} 4,700 - - - - - - - 85% 70 7 *Nonjointed,
-5| 104+26.2|20+52 1117.5 ] Foundation adit 278 3-14-72} 9.0-11.8 | 1107,9 | Vertical [Good cj, coolinyg coil 4-16-71 6 47 - 541 20,0.46 | 190 80 l 126 I 25 153.141.25 2.8 - 3,025| 4,7C0 - - - - - - - 190 85 2
¢ 9.6 ! | i i
@ 9. ! :
o | i
|
106-4-1| 104+27.5{20+42 1117.5 | Foundation access 27 3-15-72 1 0.0- 2.0 - Vertical [Good concrete 4-24-71 6 48 | 37| 58! 440,49 186 81 133 25 154.911.50 3.2 - 3,395} 5,225 - - 5,650 4.44 D.16 2.41 150 - - -
di | ; |
adit { ; L
-2|104+27.5120+42 1117.5 | Foundation access 27-278{ 3-15-72{ 2.0~ 5.0 | 1112.5| Vertical {Broke at cj, appeared 4-24-71 6 48 37, 58] 4410.49 ! 188 81 133 25 154.971.50 3.2 - 3,395} 5,225 - - - - - - - 130* 50 17 *Nonjointed.
adit well bonded ' i
-3 104+27.5[20+42 1117.5 | Foundation access 278 3-15-72| 5.0- 7.7 - Vertical Good concrete 4-16-71 6 47 - l 541 20/10.46 | 190 80 ; 126 25 153.1:1.25 2.8 - 3,025, 4,700 - - 4,340 4.84 P.14 2.52 157 - - -
adit ! i |
-4 104+427.5[20+42 1117.5 | Foundation access 278 3-15-72| 7.7-11.0 | 1108.0 | Vertical Good ¢j @ 9.5',cracked| 4-16-71 6 47 - 24 20,0.46 | 190 80 126 25 153.111.25 2.8 - 3,025 4,700 : - - - - - - - - - - No tests run,
| !
adit in shipment | |
1 T T 1
107-2-1}104492,7120+31.9 |1237.5 | Inspection gallery 11 10-18-73 | 0,0- 3.0 - Vertical Good concrete 11-30-72 6 49 GAE 37 3210.51 | 196 83 I 143 25 159.070.75 1.9 2,845 - - - - 5,970% 4.87 0.25 2.40 150 - - - *Rebar in test
H b ] H specimen
-21104492.7|20+431.9 |1237.5 | Inspection gallery 11 10-18-73 | 3.0- 5.8 - Vertical [Fair concrete 11-30-72 6 49 64 37‘ 3250.51 "196 83 143 25 159.040.75 1.9 2,845 - - - - - - - - - 5% 60 18 *Failure occurred
i i E at bond between
i : large aggregate
I 1 matrix.
-3/ 104+92,7)|20431.9 |1237.5 | Inspection gallery | 11-12 |10-18/194 5.8- 9.0 | 1230 Vertical Broke at cj, poor 11-39-72 | 6 49 64 37! 3210.51 196 83 143 25 159.0{0.75 1.9 2,845 - - - - 3.840 5.78 p.22 2.54 158 - - -
1973 consolidation ! i
-41104+92,7]20431.9 11237,5 | Inspection gallery 12 10-19-73 } 9.0-12.0 - Vertical IGood concrete 11-17-72 6 48 54 47: 38:0.52 1 184 80 136 25 153.8(3.50 3.5 1,805 : - 5,385 - 4,770 5.22 0.20 2.49 155 - - -
; J |
109-2-1]105+478.2{20432,2 |1237.5 | Inspection gallery 11 7-11-73 | 0.0~ 3.0 - Vertical {Core broke in handling; 8-30-72 6 45 | 46 761 6210.51 j 185 80 127 25 154.8]2.50 3.8 l2,300 - - 6,010 - - - - - - - - - Core broke -
: No tests.
-2} 105+78.2120+32.2 |1237.5 | Inspection gallery 11 7-11-73 | 3.0- 6.0 - Vertical |Good concrete 8-30-72 6 45 46 76‘ 62'0.51 1 185 80 127 25 154.812.50 3.8 2,300 - - - - - - - - - 205%* 95 13 *Nonjointed.
-3, 105+78.2§20+32.2 |1237.5 | Inspection gallery | 11-12 7-11-73 | 6.0- 8.8 ] 1230 Vertical Good c¢j, broke (* large| 8§-30-72 6 45 46| 761 62]0.51 ; 135 80 127 25 154.812.50 3.8 2,300 - - 6,010 - - - - - - - - - Saved for dynamic
aggregate @ 8.8" ‘ tension.
-4 105478.2[20+32.2 [1237.5 | Inspection gallery 12 7-11-73 | 8.8-12.0 - Vertical {Good concrete 8-24-72 6 45 421 86] 60l0.46 | 186 I 80 123 26 155.9[2.50 3.4 2,165 - - 5,770 - 4,140 5.34 0.23 2.51 157 - - -
} 4
T
111-2-1; 107424 .8120+432 1237.5 | Inspection gallery 11 10-17-73 | 0.0- 3.0 - Vertical iGood concrete 11-23-72 [ 48 S4i - - 10.49 } 188 81 ;131 ! 25 ISS.AII.SO 2.6 2,220 - 5,510 - - 4,850 5.43 .22 2.45 153 - - -
-2[ 107424.8 (20432 1237.5 | Inspection gallery 11 10-17-73 | 3.0- 6.0 - Vertical |Good concrete 11-23-72 6 48 sS4t - - ]0.49 | 188 81 ¢ 131 25 155.411.50 2.6 2,220 - 5,510 - - - - - - - 260% 95 20 *Nonjointed.
-31 107424 .8[20+432 1237.5| Inspection gallery | 11-12 [10-17-73§ 6.0- 9.0 | 1230 Vertical [Broke @ large aggr. 11-23-72 6 48 541 - - 10.49 188 81 131 25 155.411.50 2.6 2,220 - 5,510 - - - - - - - 150 99 14
-4 107+424.8120+32 1237.5 | Inspection gallery 12 10-17-73 ] 9.0-12.0 - Vertical |[Broxe (1 large aggr. 10-19-72 6 46 6l 64 39]0.48 190 | 82 129 25 158.0]1.25 2.3 2,405 - 6,685 - 4,790 4.81 p.21 2.49 155 - - -
H
113-2-1f{ 108407.5[20+431.7 [1237.5| Inspection gallery 11 1-29-74 ] 0.0- 3.0 - Vertical 2- 2-13 6 48 11297 447 3010.49 187 | 81 131 25 156.511.75 3.9 1,790) 3,430 - - - 5,860 5.86 0.21 2.44 152 - - -
-2|1084+07.5[20+31.7 |1237.5 | Inspection gallery 11 1-29-74 | 3.0- 5.9 - Vertical 2- 2-73 b 48 | 1297 441 3010.49 187 1 81 131 25 156.511.75 3.9 1,790| 3,430 - - - - - - - - 180* 100 4 *Nonjolnted,
-3| 108407.5[20431.7 [1237.5 | Inspection gallery | 11-12 1-29-74 1 5.9- 9.1 1230 Vertical Good construction 2- 2-73 6 48 11291 44 3070.49 | 187 | 8l 131 25 156.5]1.75 3.9 1,790 3,430 - - - - - - - - 150 85 12
joint i
-4]1 108407.5[20431.7 |1237.5 | Inspection gallery 12 1-29-74 | 9.1-12.4 - Vertical 1-24-73 6 45 11170 44 3610.52 183 { 80 136 25 152.211.25 3.0 1,935 - - 5,490 - 4,000 4.750.19 2.49 155 - - -
| |
3/ 118-2-1] 111457 20+431.25|1177.5 | Access gallery 19 5- 8-734 0.0~ 2.5 - Vertical [Core broke @ 2.5' 6-10-72 6 46 411 651 5710.51 188 ] 80 137 24 155.2‘1.00 2.1 2,155) 3,705 - - - 4,910 5,37 p.21 2.50 156 - - -
21111457 20+31.25[1177.5 | Access gallery 19 5- 9-73 1 2.5- 5.7 - Vertical Good concrete 6-10-72 6 46 4li 650 57:10.51 188 1 80 137 (24 155.211.00 2.1 2,155 3,705 - - - 4,580 5.94 D.19 2,51 156 - - -
-3 111457 20431.25[1177.5 | Access gallery 19-20 5« 9-73 ¢ 5,7- 8,81 1170.0| Vertical Good construction 6-10-72 6 46 411 651 5710.51 188 ] 80 i 137 ! 24 155.211,00 2.1 2,155} 3,705 - - - - - - - - - - - Saved for dynamic
joint i ] tension.
-4{ 111457 20431.25|1177.5 | Access gallery 20 5- 9-73 | 8.8-11.7 - Vertical [Good concrete 6- 6-72 6 46 40| 57 52}0.41 192 i 80 ! 112 25 155.5{1.75 2.7 2,405 - - 7,275 - - - - - - - - - Saved for dynamic
tension.
3/ 118-2-1{111+48.5120+31 1237.5 | Inspection gallery 11 7- 9-73 1 0.0- 2.8 - Vertical Several small air 7-31-72 { 6 48 | 4l{ 94] 5%910.48 186 i 31 j 127 25 154.812,00 3.2 |2,190 - - 5,275 - - - - - - - - - Saved for dynamic
voids | tension,
-2]111+48.5 {20431 1237.5 | Inspection gallery 11 7- 9-73 4 2.8- 5.7 - Vertical [cood concrete 7-31-72 6 48 411 94§ 59,0.48 186 ! 81 127 25 154.8,2.00 3.2 2,190 - - 5,275 - 4,740 5.93 p.11 2.54 158 - - -
-3{111+48.5 {20431 1237.5 | Inspection gallery | 11-12 7- 9-73 | 5.7- 8.5 1230 Vertical [Good construction 7-31-72 6 48 41 94 5910.48 186 81 127 25 154.8(2.00 3.2 2,190 - - 5,275 - - - - - - 80* 98 2 *Broke @ 8"
joint | | aggregate.
-41111+48,5 120431 1237.5 | Inspection gallery 12 7- 9-73 | 8.5-11.1 - Vertical Good concrete 7-25-72 6 43 421 84| 5710.48 191 82 130 26 156.0(3.25 3.1 2,475 - - 6,260 - - - - - - 195% 99 3 *Nonjointed.
|
I R L ! 1

1/ First number is block in the dam, second is hole number, third is core number
2/ Average of two cylinders
3/ Duplication in field numbering
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Table 2. - Compilation of 255-mm (10-in) diameter core data -
Interior and exterior concrete at 1 year's age -
Grand Coulee Forebay - Continued

Location of hole Core data Concrete data when placed Test data on concrete cores
Core Eleva- o - Depth Joint - o 127 e o1 13 1 .
Na, Station | Of fset tion Lif: Date of eleva-| Direc- Condition of Date [Max |Temperatures, F Unit Alr * c?ntrst cy 1:d§;s Compres- E ast:F Tensile test
1/ No. from top of Llocation in dam| in drilled core, tion,| tion concrete placed |size Alr v Cenment, | Pozzolan| “Yater, |Sand] weightlSlumpycontent] compressive ;engt * = sive __E.‘L':LL‘:,F& Spe- Unit P» area| Distance
axis hole, block ft [ drilled in core aggrd Conc| H,0 {Max|{Min} C4+P | 1b/ 43 3 43| > 3 in % 1b/in strength, Ex10~ cific |weight,|Strength,] dis- | of break Remarks
o 2 ¥ 1b/yd 1b/y 1b/fe — in " % , 2 v L 5 5
ft No. in 7+d | 28-d 90-d | 180-d | 1 yr ;1b/in Ib/in pravity {16/fe”| 1b/in® [bonded fro'z endy
| n
Interior concrete | |
—_— = |
i
i
120-3-1 112457 20477.5(1117.5|Drainage gallery 27 3-17-72] 0.0- 2.4 - Vertical| Good concrete 4-28-71] ¢ 46 371 021 47|0.51 189 83 137 25 | 156.4 2.00 2.4 1,830 3,450 - - - 3,510 \ 4,59 j0.19] 2.51 156 - - -
-2 1112457 20+77.5|1117,5{Drainage gallery 27 3-17-72 2.4- 5.0 - Verticall| Good concrete 4-28-71| 6 46 371 62 47]0.51 189 83 127 25 1156.4 2.0C 2.4 1,830| 3,450 - - - - 1 - - - - ¢ 150% 80 19 *Nonjointed.
-3 1 112+57 20+77.5|1117.5{Drainage gallery 271 3-17-721 5.0~ 6.5 - Verticall Core broke 3 6,5' 4-28-71] 6 46 37] 62| 47)0.51 189 83 137 25 1 156.4 2.00 2.4 1,830| 3,450 - - - - 1 - - - - - - - Saved for shear test.
~4 (112457 20+77.5|1117.5{Drainaze gallery 277 3-17-72| 6.5- 8.0 - Vertical| Good concrete 4-28-711 6 46 371 62| 47]0.51 189 83 137 25 1156.4 2.00 2.4 1,830| 3,450 - - - - - - - - - - - No tests run.
120-4-1 | 112439 20477.5|1117.5|Drainage gallery 27 3-20-72| 0.0- 2.4 - Vertical! Good concrete 4-28-71) 6 46 371 62) 47]0.51 189 83 137 25 | 156.4 2.00 2.4 1,830 3,450 - - - 3,350 4.21 10,151 2.49 155 - - -
-2 | 112439 20477.5|1117.51Drainage gallery 27 3-20-72| 2.4~ 3.0 - Vertical{ Broke £ 5.0" 4-28-71| 6 46 37| 62| 4710.51 189 83 137 25 1156.4 2.00 2.4 1,830( 3,450 - - - - - - - - % 155% 80 11 *Nonjointed.
-3 1112439 20+77.5|1117.5{Drainace gallery 27 3-20-72) 5.0~ 7.2 - Vertical| Vertical crack 5.6' to| 4-28-71| 6 46 37{ 62] 47)0.51 189 83 137 25 | 156.4 2.00 2.4 1,830} 3,450 - - - - - _ - i - - - Core cracked - No
7.2 ! tests.
-4 1112439 20+477.5|1117.5|Drainage gallery 27 3-21-721 7.2- 9.1]1108.4{ Vertical|Crack in core 7.9' to ! 4-28-711 6 46 370 62] 4710.51 189 83 137 25 |156.4 2.00 2.4 1,8301 3,450 - - - - - - - - i - - - Core cracked - No
8.5" J ; ! tests.,
i
T
4/ A-2-1| 112401 19+8G9.5|1117.5] Foundation galler 27 3- 7-724 0.0- 3.0 - Vertical |Broke @ angle iron 4-14-711 6 50 34 631 4110.46 187 80 123 24 1 154.9 | 0.75 2.3 1,840/ 3,110 - - - 3,670 4,17 ]0.19; 2.33 145 i - - -
@22 !
-2[ 112401 19+89,5|1117,5! Foundation naller 271 3. 7-72) 3.0- 3.7 - |Vertical[Good concreze 4-14-711 6 50 37| 541 39|0,46 187 8G 12 24 | 154.9 | 0.75 2.3 1,840 3,110 - - - - - - - - i 175%* 60 14 *Nonjointed.,
230112401 | 19489,5(1117.5| Foundation pallery 27 3- 7-72} 5.7- 8.2 - ;Vertical Bedrock @ 7,6'; good | 4-14-711 6 50 | 37| 5& 39)0.46 187 80 123 24 1154.9 | 0.75 2.3 1,840 3,110 - - - 4,770 5.9 | 0.19] 2.56 160 - - -
| i concrete ’ ;
et i e e SRR R e e e e e e e e - [ T T e e e T L T R B - - I R T e e B [ e - - -
i ‘r ! ! I |
i ! ; | ) Exterior concrece | |
| ! !
1 i |
100-2-1 | 101410 20424 1311.0!Crest of dam 1 1-11-73| 0.0- 1.5 - Vertical [Rebar @ 0.5' and 1.0’ ‘\ 2-10-72| 1.5 51 {110] 29| 23]0.35 431 143 Po201 33 | 149.3 2.75 5.4 3,795 5,470 - 7,550 - - i - - - - . - .- - Rebar in core - No
{ i
| : | tests.
-2 | 101+10 20424 1311.0/Crest of dam 1 1-11-73 ] 1.5- 4.4 - Vertical |[Good concrete 2-10»72' 3 47 | 102 29) 2310.37 280 120 147 27 [ 153.4 3.25 3.5 '3,120| 5,110 - - - 6,370 l 5.48 10,181 2,47 | 154 - - -
-3 | 101+10 | 20+24 1311.0|Crest of dam 1-2 1-11-73 | 4,4- 7.4(1305 Vertical|Good cj @ 6.2" 2-10-72; 3 47 |102) 290 2310.37 | 280 120 147 27 1153.4 3.25| 3.5 3,120f 5,110 - - - - i - - J - M l 220 30 14% *Broke at construction
! joint,
-4 1101410 20+24 1311.0|Crest of dam 2 1-11-73] 7.4-10.5 - “‘Jertical Good concrete 1-18-72] 3 54 | 128 28} 22{0.36 I 281 122 145 28 | 156.3 1.001 3.3 3,270 5,180 €,5701 7,270 8,260 5,390 1 5.1910.22) 2.45 153 i - - - Part saved for shear.
-5 1 101+10 20424 1311.0}Crest of dam 2 1-11-73110.5-13.5 - Vertical [Good concrete 1-18-7211.5 54 | 128 28] 22/0.36 281 122 149 28 1156.3 1.00, 3.3 3,270 5,180{ 6,570 7,270 8,260 - | - - - - | - \ - - Saved for dynamic
’ i i i tension.
t
108-2-1 | 105+33 21+12.2|1145,8} Downstream adit 23 3- 3-72} 0.0~ 2.9 - Vertical{Good concrete 3-26-71] o 50 35| 471 33]0.40 223 9s 127 4 1155.1 2.251 3.0 - 3,630 - 6,435 - 5,120 ’ 5.59 1 0.151 2.53 l 157 [ - - -
-2 1105433 21+12,2|1145.8 ) Downstream adit 23 3- 3-721 2,4- 4.4 - Vertical |Good concrete 3-26-711 © 50 381 47] 3310.40 223 35 127 24 [155.1 2.25 3.0 - 3,630] - 6,435 - - i - - - ’ - { - - - Short specimen - No
! tests.
-3 ] 105433 21+12,2[1145,8|Downstream adit 23-261 3 3-72] 4.4- r.511140.0] Verrical |Broke 73 large aggregate; 3-26-71| € 50 331 47{ 3310.40 223 95 127 24 1 155.1 2.25 3.0 - 3,630 - 6,435 - - [ - - - : - 200 85 4
@ 6.8 ! |
! ! |
108-3-1 | 105433 21+10.2|1146 .8 Downstream adit 23 3- 6-7210.0- 2,9 - verticall3/4” rebar at 0.8' and | 3-26-71] 6 50 38| 47¢ 3310.40 223 ER) 127 24 {155.1 2.25 3.0 - 3,630 - 6,435 - 4,180 ’ 4.96 1 0,170 2.53 | 157 | - - -
2.9' i
i I
116-2-1 { 110+15 20+18.5(1297.5|Gate wallery 3 2- 7-73 0.0- 3.2 - Vertical [Cut rebar @ 1.2'and 3- 4-72| ¢ 42 731 33} 22{0.37 230 97 121 24 1157.9 1.25 3.0 (3,110 4,550 - - - 5,340 5.50 1 0.17{ 2.53 | 158 | - - -
1.25' |
-2 [110+15 20+18.5[1297.5|Gate gallery 3 2-7/8-73] 3.2- 6.0 - Vertical 3- 4-72| 6 42 73| 33} 2210.37 230 47 121 4 [157.9 1.25 3.0 |3,110f 4,850 - - - 4,860 5,68 , 0.19( 2.49 | 155 - - - Part saved for shear.,
-3 1110415 20+18.5[1297.5{Gate gallery 3-4 2- 8-73| 6.0- 9.0[1290.0] Verrical {Good cj @ 7.5’ 3- 4-72| 6 42 73§ 33] 22{0.37 230 97 121 24 | 157.9 1.25 3.0 {3,110, 4,850 - - - - - - - - 295 25 23
-4 (110415 20+18,5[1297.5|Gate gallery 4 2- 8-73} 9.0-12.1 - Vertical 2-18-72| 6 36 | 40 38| 28{0.47 189 74 126 25 1153.9 1.50] 3.0 1{2,445] 4,115 - - - - - - - - - - - Saved for dynamic
tension
119-2-1 [111494.9{ 20+45.9{1260 |Elevator lobhy 8 1-12-73] 0.0- 3.0 - Vertical {Good concrete; rebar 2-26-72| 1.5] 45 901 40| 33[0.45 228 39 147 29 |153.5 1.50] 3.5 - 3,800 - - - 5,210 4.87 10.201 2.37 148 - - -
@ 0.4!
-2 |111494.9| 20+45.9(1260 |Elevator lobby 8 1-16-73 | 3.0- 6.0 - Vertical |Good concrete 2-26-72) 1,5} 51 | 100} 42| 32(0.37 359 120 176 34 |149.7 2.00( 4.7 - 3,195{ 4,980 - - - - - - - 230 10 4
-3 | L11494.9) 20+45.9|1260 Elevator lobby 8-9 1-16-731 6.0- 7 411252.5|Vertical {Broke diagonally @ 7.4'| 2-26-72} 1,5 5L [100| 42| 32[0.37 359 120 176 34 1149.7 2.00| 4.7 - 3,195¢ 4,980 - - - - ; - - - - - - No tests rumn.
-4} 111494,9] 20445.9(1260  jElevator lobby 9 1-16-73 | 7.4- 5.9 - Vertical 2-16-72} 6 46 | 1201 32( 25(0.36 280 118 144 28 1154.4 1.50] 3.5 - 5,120 - 8,290 - -] - b= - - - No tests rumn.
-5 | 111+94.9] 20+45.9 (1260 Elevator lobby 9 1-16-73 1 5.-12.0 - Vertical {Good concrece 2-16-721 6 46 11201 321 2510.36 280 118 144 28 | 154.4 1.50 3.5 - 5,120 - - 8,290 5,200 S5.42 0 0.17] 2.49 [ 155 - - - Structural concrete.
—t
120-2-1 §112+69.5{ 21+31,5{1125 Downstream fillet 26 3-22-72(0.7- 2.5 - Vertical |Good concrete 5- 6-71) b 43 374 67| 53(0.39 224 it 126 24 | 157.2 1.5 3.3 2,305¢ 3,998 5,270{ 6,500 7.300 5,040 5.62 10.22] 2.45 152 - - -
-2 | 112469.50 21431.5{1125 Downstream fillet 26 1-22-72 2.5- 3.5 - Vertical jGood concrete 5- H-71] © 48 374 A7{ 530,39 224 o 126 24 1157.2 1.50 3.3 2,305 3,995 5,270| 5,500 | 7.300 - - - - - - - - No tests run,
-3 |112+466.,5[ 21+31.5{1125 Downstream fillet 26 3-22-72 3.5- 5.5 - Vertical [Good concrete 5- 6-71} ¢ 48 374 67( 53{0.39 224 R1Y 12¢ 24 1157.2 1.50 3.3 2,305§ 3,995 5,270] 6,500 : 7,300 3,080% 4,49 7 0.15) 2.49 155 - - - *Failed along large
aggregate.
-4 | 112469,5 21431.591125 Downsctream fillet 26-273-23/28-724 5.5- B.2|1117.5|Vertical [Good construction jeint] 5- 6-71] o e 371 67{ 53[0.39 224 e 126 24 1157.2 1.59 3.3 2,305| 3,995 5,270] 6,500 7,300 - - - - ~ 95 75 3
-5 [112469.5) 21+431.5 (1125 Downstream fillet 27 3-28-72| 8.2-11.2 - Vertical [Good concrete 4-27-711 6 No test batch - - - - - 175% 40 23 *Non jointed.
4/ B-3-1[1+10 7.5" re {1311 Crest of dam 1 9- 5-7210.0- 2.3 - Vertical |Cood concrete 10-14-71] 1.5, 50 37| 544 39(0.38 301 11 163 34 |150.5 3.25 4.4 2,705 4,350 - - - 6,720 3.05] 0.16 - - - - -
-211+10 7.5" re[1311 Crest of dam 1 9- 5-72 1 2.3- 4.9 - Vertical [Good concrete 10-14-71] 1.5 50 37 >4} 39{0.3% 361 119 183 34 1150.5 3.25¢( 4.4 12,705] 4,350 - - - 7,920 5.47 | U.17 B - - - -
-311+10 7.5" re|1311 Crest of dam 1-2 M- 6-72 | 4.5- 7.5([1305 Vertical {Broke at cj, joint 10-14-711 1.5f 59 37| 54| 39(0.38 361 119 183 34 1150.5 3,251 4.4 2,7051 4,350 - - - - - - - - - - - Saved for two shear
painted with resin- tests.
base bonding and
curiny, compound
-4|1+10 7.5" re (131t Crest of dam 2 9- 6-7217.5- 9.8 - Vertical |Good concrete 10- 2-71§ 6 52 381 66§ 50]0.35 223 96 113 24 [155.3 1.25 3.0 |2,585¢ 4,245 - - - 5,240 5.54 + 0,21} 2.36 147 - - -
-5{1+10 7.5" re 1311 Crest of dam 2 9- 6-72 | 9.8-12.0 - Vertical |Good coucrete 10- 2-71} 6 52 | 38| 66| 50|0.35 223 96 113 24 1155.3 1.25] 3.0 2,5850 4,245 - - - - - - - - - - - Saved for dymamic tension.
-6{1+10 7.5 rey13lt Crest of dam 2 9- 6=72 12.0-15.0{1297.5|Vertical |[Good construction joint}l10- 2-71( 6 52 38| 66| 50|0.35 223 96 113 24 |155.3 1.25 3.0 [2,585| 4,245 - - - - - - - - 150 42 20
f
— 1 1 |

1/ First number is block in the dam, second is hole number, third is core number
2/ Average of two cylinders

3/ Duplication in field numbering

4/ Wing dam

27



Table 3. - Swmmary of compressive strength and elastic properties
test results on 255-mm (10-in) diameter cores at

6 months' age - Grand Coulee Forebay Dam

Strength
ratio:
Core Date Compressive core Modulus of Poisson's
No. tested Age, strength, 28~day cyl, elasticity, ratio
days MPa (1b/in2) percent GPa (lb/in2x106)
Interior Concrete
104-1-2 8-16-71 180 27.6 (4000) 146 39.6 (5.75) 0.20
-3 8-16-71 180 24.8 (3590) 131 38.1 (5.53) .20
106-1-1 10-21-71 180 40.3 (5850) 172 38.3 (5.56) .21
-2 10-29-71 188 31.8 (4610) 136 42.6 (6.18) .11
106-2-1 10-29-71 188 33.2 (4820) 142 34,6 (5.02) .20
-2 10-29-71 188 32.9 (4770) 141 41.9 (6.07) .13
107-1-1 5-23-~73 180 28.8 (4170) 4/ 31.3 (4.54) .17
109-1-1 3-15-73 180 33.2 (4810) 4/ 33.6 (4.87) .18
-2 3-15-73 180 31.4 (4560) 4/ 36.7 (5.32) .17
111-1-1 5-22-73 180 28.7 (4160) 4/ 33.1 (4.80) .21
113-1-1 8-09-73 188 35.2 (5100) 149 34.5 (5.01) .21
118-1-1 1/ 12-13-72 186 27.7 (4020) 109 41.7 (6.05) .19
-3 12-13-72 186 39.7 (5760) 155 - - -
118-1-1 1/ 3-15-73 180 35.3 (5120) 4/ 34,1 (4.95) .20
-2 3-15-73 180 36.6 (5310) 4f 37.2 (5.39) .19
120-1-1 11-02-71 188 20.5 (2980) 86 34.5 (5.00) .20
-3 11-02-71 188 26.5 (3840) 111 39,3 (5.70) .20
120-2-1 11-02-71 188 24.7 (3580) 104 37.0 (5.36) .21
-2 11-02-71 188 23.8 (3450) 100 36.1 (5.24) .27
A-1-1 2/ '10-14-71 180 26.2 (3800) 122 34,4  (4.99) .23
-2 10-14-71 180 24.7 (3580) 115 37.8 (5.48) .20
Average 30.2 (4380) 128 36.8 (5.34) .19
Coefficient of variation 17.5
Exterior Concrete
100-1-2 8-08-72 180 34.8 (5050) 99 38.3 (5.55) .16
-5 7-16-72 180 26.7 (3870) 75 27.8 (4.03) .19
108~-1-1 11-17-71 237 34.6 (5020) 138 39.4 (5.71) .21
-2 9-24-71 180 36.9 (5350) 147 44.3 (6.43) .21
=3 9-24-71 180 31.2 (4530) 4/ 37.9 (5.49) W17
116-1-1 8-31-72 180 42.3 (6140) 3/ 127 35.1 (5.09) .18
-4 8-31-72 180 33.6 (4870) 118 37.2 (5.40) .19
-5 8-~15~72 180 26.0 (3770) 92 31.4 (4.55) .17
119-1-1 8~24-72 180 33.5 (4860) 128 33.9 (4.92) .18
-2 8-24~72 180 44,5 (6460) 130 31.3 (4.54) .16
-4 8-14-~72 180 34.1  (3940) 96 35.7 (5.18) .20
120-3-1 11-02-71 180 22,3 (3240) 81 33.6 (4.87) .19
-2 11-02-71 180 25.5 (3700) 93 36.2 (5.25) .22
B-1-1 2/ 4~-14-72 180 36.7 (5320) 122 34.2 (4.96) .19
-2 4-14-72 180 44.1  (6390) 147 33.1 (4.80) .18
Average 33.8 (4900) 114 35.3 (5.12) .19
Coefficient of variation 19.2

1/ Duplication in numbering

2/ Wing dam

3/ Test specimen contained rebar
ﬁ/ 28~day cylinder strength not available
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Table 4. - Swmmary of compressive strength and elastic properties
test results on 255-mm (10-in) diameter cores at
1 year's age - Grand Coulee Forebay Dam

Strength

ratio:
Core Date Compressive core Modulus of Poisson's
No. tested Age, strength, 28-day cyl., elasticity, ratio

days MPa (1b/1in2) percent GPa (lb/in2x106)

Interior Concrete

104-2-1 2-16-72 365 32.1 (4660) 152 33.9 (4.92) 0.19
-2 2~16~72 365 31.4 (4550) 168 36.0 (5.22) .18
106-3-1 4-24-72 365 44.4  (6440) 190 36.7 (5.32) .14
-2 4-24-72 365 36.6 (5310) 156 33.6 (4.88) .17
106-4-1 4=24-72 365 39.0 (5650) 166 30.6 (4.44) .16
-3 4-24-72 365 29.9 (4340) 143 33.4 (4.84) .14
107-2-1 11-30-73 365 41.2 (5970) 1/ 2/ 33.6 (4.87) .25
-3 11-30-73 365 26.5 (3840) 2/ 39.9 (5.78) .22
-4 11-30-73 365 32.9 (4770) 2/ 36.0 (5.22) .20
109-2-4 8-09-73 344 28.5 (4140) 2/ 36.8 (5.34) .23
111-2-1 11-23-73 365 33.4 (4850) 2/ 37.4 (5.43) .22
-4 11-23-73 365 33.0 (4790) 2/ 33.2 (4.81) .21
113-2-1 2-25-74 365 40.4 (5860) 171 40.4 (5.86) .21
-4 2-25-74 365 27.6 (4000) 2/ 32.8 (4.75) .19
118-2-1 3/ 6-10-73 365 33.9 (4910) 133 37.0 (5.37) .21
-2 6-10-73 365 31.6 (4580) 124 41.0 (5.94) .19
118-2-2 3/ 8-09-73 380 32.7 (4740) 2/ 40.9 (5.93) .11
120-3-1 4-28-72 365 24.2 (3510) 102 31.6 (4.59) .19
120-4-1 4-28-72 365 23.1 (3350) 97 29.0 (4.21) .15
A-2-1 4-14-72 365 25.3 (3670) 118 28.8 (4.17) .19
-3 4-14-72 365 32.9 (4770) 153 40.7 (5.90) .19
Average 32.4 (4700) 144 35.4 (5.13) .19
Coefficient of variation 17.0

Exterior Concrete

100-2-2 2-14-73 365 43.9 (6370) 125 37.8 (5.48) 0.18
=4 2-14-73 365 37.2 (5390) 104 35.8 (5.,19) .22
108-2-1 3-26~72 365 42,2 (6120) 169 38.5 (5.59) .15
108-3-1 3-26-72 365 28.8 (4180) 115 34.2 (4.96) .17
116-2-1 3-15-73 365 36.8 (5340) 110 37.9 (5.50) .17
-2 3-15-73 365 33.5 (4860) 100 39.2 (5.68) .19
119-2-1 2~14~73 365 35.9 (5210) 137 33.6 (4.87) .20
-5 2-14<73 365 36.3 (5260) 103 37.4 (5.42) .17
120-2-1 4-28~72 365 34.8 (5040) 126 38.7 (5.62) .22
-3 4-28~72 365 21.2  (3080) 4/ 77 31.0 (4.49) W15
B-3-1 10-13-72 365 46.3 (6720) 154 21.0 (3.05) .16
-2 10-13-72 365 54.6 (7920) 182 37.7 (5.47) .17
-4 10-02-72 365 36.1 (5240) 123 38.2 (5.54) .21
Average 37.5 (5440) 125 35.4 (5.14) .18
Coefficient of variation 21.0

1/ Rebar in test gpecimen

2/ 28-day cylinder strength not available
3/ Duplication in numbering

4/ Broke along large aggregate
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Table 5. - Swmnary of tensile strength test results on
256-mm (10-in) diameter cores at 6 months' age -

Grand Coulee Forebay Dam

Core
strength ratio: Distance
Core Length of Date Tensile tensile Disbonded of break
No. specimen, tested Age, strength, compressive, area, from end,
mm  (in) days MPa (1b/in2)  percent percent mm  (in)
Interior Concrete
106-1-3 405 (16) 11-03-71 193 1.17 (170) 2/ 3.4 50 100 (&)
107-1-2 735 (29) 5-22-73 180 1.52 (220) 3/ 5.3 0 255 (10)
109-1-3 760 (30) 3-15-73 180 .90 (130) 2/ 2.8 20 4/
111-1-2 760 (30) 5-22-73 180  1.55 (225) 3/ 5.4 0 510 (20)
113-1-3 760 (30) 8-09-73 188 .97 (140) 2/ 2.7 100 255 (10)
-4 760 (30) 8-09-73 188 1.00 (145) 3/ 5/ 99 430 (17)
118-1-2 1/ 760 (30) 12-13-72 183 .90 (130) 3/ 2.7 45 100 (4)
118-1-3 1/ 710 (28) 2-14-73 195  1.52 (220) 2/ 4.2 25 4/
120-2-3 760 (30) 11-03-71 193 1.34 (195) 3/ 5.5 65 50 (2)
Average (Specimens that broke at
construction joint not included) 1.21 (175) 4.0
Exterior Concrete
100-1-3 760 (30) 7-16-72 180 0.79 (115) 2/ 2.3 5 510 (20)
-4 760 (30) 7-16-72 180 1.55 (225) 3/ 5.8 15 430 (17)
116-1-2 760 (30) 8-31-72 180 .90 (130) 3/ 2.1 20 305 (12)
-3 760 (30) 8-31-72 180 1.97 (285) 2/ 4.6 40 405 (16)
119-1-3 760 (30) 8-14-72 180 1.03 (150) 2/ 2.7 30 75 (3)
120-3-3 760 (30) 11-02-71 180 .83 (120) 2/ 3.5 75 75 (3)
Average 1.17 (170) 3.5

1/ Duplication in numbering

2/ Jointed

3/ Nonjointed
4/ Broke at construction joint
5/ No core compressive strength available for correlation
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Table 6. - Swmwnary of tensile strength test results on

2556-mm (10-in) diameter cores at 1 year's age -
Grand Coulee Forebay Dam

Core
strength ratio: Distance
Core Length of Date Tensile tensile Disbonded of break
No. specimen, tested Age, strength, compressive, area, from end,
mm (in) days MPa (1b/in2) percent percent  mm (in)
Interior Concrete
104-2-3 510 (20) 2-16-72 365 1.38 (200) 4.3 50 3/
106-3-4 760 (30) 4=24-72 365 .59 (85) 1/ 4/ 70 180 (7)

-5 760 (30) 4=-24-72 365 1.31 (190) 4/ 85 50 (2)
106-4-2 760 (30) 4-24-72 365 .90 (130) 1/ 2.3 50 430 (17)
107-2-2 760 (30) 11-21-73 365 .66 (95) 1/ 1.9 60 455 (18) 5/
109-2-2 760 (30) 8-09-73 344 1.41 (205) 1/ 4/ 95 330 (13)
111-2-2 760 (30) 11-21-73 365 1.79 (260) 1/ 5.4 95 510 (20)

-3 760 (30) 11-21-73 365 1.03 (150) 3.1 99 355 (14)
113-2-2 760 (30) 2-25-74 365 1.24 (180) 1/ 3.1 100 150 (6)

~3 760 (30) 2-25-74 365 1.03 (150) 2,6 85 305 (12)
118-2-3 710 (28) 8-09-73 380 .55 (80) 1.7 98 50 (2) 5/

-4 710 (28) 8-09-73 380 1.34 (195) 1/ 4/ 99 75 (3)
120-3-2 685 (27) 4-28-72 365 1.03 (150) 1/ 4.3 80 485 (19)
120-4-2 760 (30) 4-28-72 365 1.07 (155) 1/ 4.6 80 280 (11)

A-2-2 2/ 710 (28) 4=14-72 365 1.21 (175) 1/ 4.1 60 355 (14)
Average 6/ 1.07 (155) 3.4
Exterior Concrete
100-2-3 760 (30) 2-14-73 365 1.52 (220) 3.5 30 3/
108-2-3 510 (20) 3-26~72 365 1.38 (200) 3.9 85 100 (4)
116-2-3 760 (30) 3-15-73 365 2.03 (295) 5.8 25 585 (23)
119-2-2 760 (30) 2-14-73 365 1.59 (230) 4.4 10 100 (&)
120-2-4 685 (27) 4-28-72 365 .66  (95) 2.3 75 150 (6)
-5 760 (30) 4-28~72 365 1.21 (175) 1/ 4/ 40 585 (23)
B-3-6 2/ 760 (30) 10-02-72 365 1.03 (150) 2.9 42 510 (20)
Average 6/ 1.31 (190) 3,8

1/ Nomjointed
2/ Wing dam
3/ Broke at construction joint

4/ No core compressive strength available for correlation
5/ Failure occurred at large aggregate

6/ Specimens that broke at construction joint not included
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TESTING PROGRAM FOR 150-MILLIMETER (6-INCH) DIAMETER CORES
General

The testing program for the 150-mm-diameter cores was primarily
aimed toward testing the bond strength of the horizontal construc-
tion joints in the Forebay Dam. However, other testing was incorpo-
rated into the program to determine mode of failure, tensile
strength, shear strength, compressive strength, modulus of elas-
ticity, Poisson's ratio, and density of the concrete. All testing
was done when the cores reached a minimum 6 months' age. All cores
from the main dam were extracted from interior concrete.

Triaxial Shear

The triaxial shear test was used as the main test to determine the
bond strength between the 1ifts. Cores from 19 of the 25 holes
drilled were selected for the triaxial shear test. Any cores con-
taining cooling pipe or other metals adjacent to the construction
joint were not used. Triaxial shear tests were also conducted on
nine concrete cores without joints to provide a comparison of the
jointed shearing strength to the nonjointed shearing or bond
strength of the concrete. The unjointed core specimens used for
this comparison came from the same drill holes as the jointed
specimens. The cores were intentionally drilled to obtain an angle
of 30° between the construction joint plane and the longitudinal
axis of the cores because this was the approximate expected angle of
failure in triaxial shear.

A description of the testing procedure and results is contained in
appendix A.
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Petrographic Examination

Following the triaxial shear tests, the test specimens were examined
petrographically to describe the mode of failure of the jointed
concrete as a result of the triaxial tests.

A discussion of the petrographic examination and test results
is contained in appendix B.

Compressive Strength

Compressive strength tests were conducted on three of the jointed
core specimens for comparison with triaxial shear tests at zero
lateral pressure. Also, tests were conducted on 12 of the unjointed
core specimens for comparison with 150- by 30U-mm (6- by 12-in)
compressive strength control cylinders.

The core specimens for the compressive strength tests were selected
at random. However, in most cases the specimens were taken from the
top portion of the core. The specimens were prepared and tested the
same as the 255-mm specimens.

Elastic Properties

Modulus of elasticity and Poisson's ratio were determined so corre-
lations could be made with similar tests conducted on the 255-mm-
diameter cores. These tests were made on the same specimens selec-
ted for the compressive strength tests. The method of testing and
specimen preparation was the same as described for the 255-mm
cores.

34




Tensile Strength

Tensile strength tests were conducted on 12 specimens to determine
the relationship between compressive strength and tensile strength
of the concrete.

A1l test specimens were taken from the top core of the hole and were
on the unjointed specimens. The specimens were cut approximately
455 mm (18 in) long to obtain a length-to-diameter ratio of three.
The extra length was to minimize the effects of the end plates which
were cemented to the samples.

Density

As with the 255-mm-diameter cores, "as is" densities were determined
for the same specimens selected for the compressive strength tests.

Direct Shear

Shear tests to determine direct shear strength of the concrete may
be made on 14 core specimens when the equipment for testing becomes
available. Samples selected and prepared for the shear test are:

Cores for direct shear test

Block Hole Core Block Hole Core Block Hole Core

106 2 1 110 3 1 116 1 2
106 3 2 112 1 2 116 3 2
108 2 2 112 2 2 120 1 2
108 5 2 114 2 2 120 2 2
110 1 2 114 3 2
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TEST RESULTS OF 150-MILLIMETER (6-INCH) DIAMETER CORES

Triaxial Shear Strength

The results of the triaxial shear tests and petrographic examination
are discussed in appendixes A and B, respectively. The results
summarized here were extracted from those appendixes.

The average unconfined compressive strength of cores containing
construction joints [28.3 MPa (4110 1b/in2)] was about 85 percent
of that for cores without joints [33.2 MPa (4810 ]b/inz)]. The
cohesive strength (shearing strength at zero normal stress) of
jointed cores [5.1 MPa (735 1b/1n2)] was 75 percent of that for
the unjointed cores [6.8 MPa (980 1b/in2)] using the straight-
line solution of Mohr's envelope. The curvilinear solution of
Mohr's envelope shows the cohesive strength of jointed cores [5.0
MPa (730 1b/in2)] to be about 83 percent of that for the unjointed
cores [6.1 MPa (880 1b/1n2)]. Measured angles of failure ranged
from 20° to 32° from the longitudinal axis of the core.

Petrographic examination (app. B) of the cores, following shear
tests, revealed that the jointed cores failed mainly along the joint
plane and the breaks occurred predominantly as bond failure between
paste and aggregate.

Compressive Strength

The results of the individual compressive strength tests conducted
on the 150-mm (6-in) diameter cores are shown in table 7 and are
summarized 1in table 8. The results are representative of the
compressive strength of the interior concrete in the Forebay Dam at
6 months' age.
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The average compressive strength for the 15 cores tested was 33.1
MPa (4800 1b/1n2). This 1is considerably higher than the design
strength of 20.7 MPa (3000 1b/1n2) at 180 days and is about 9 per-
cent higher than the compressive strength for the 255-mm (10-in)
diameter cores taken from the interior concrete tested at 6 months'
age.

The compressive strength of the cores averaged 156 percent of the
compressive strength of the 150- by 300-mm (6- by 12-in) control
cylinders tested at 28 days' age. This compares with 128 percent
for 255-mm-diameter cores. The comparison between the control
cylinder strengths and the core strengths is shown graphically on
figure 2.

The compressive strength of the 3 specimens containing a con-
struction joint averaged 31.5 MPa (4570 1b/1n2) as compared to
33.4 MPa (4850 1b/in2) for the 12 unjointed specimens. Since the
joint in the specimen was at a 30° angle to the vertical axis of
the test specimen, the 31.5 MPa compressive strength should be an
indicator of good construction joints. The compressive strength of
the three jointed specimens was reasonably close to that obtained in
the triaxial strength test with zero lateral stress on the jointed
specimens.

Elastic Properties

The individual and average test results are shown in table 8. The
modulus of elasticity of the interior concrete at 6 months' age
averaged 34.7 GPa (5.03 «x 106 1b/in2) for the 12 specimens tested.
This compares favorably with a modulus of elasticity of 36.8 GPa
(5.34 x 106 1b/in2) for the 255-mm-diameter cores extracted from
interior concrete and tested at 6 months' age.
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Poisson's ratio averaged 0.17 for the interior concrete as compared
to 0.19 for the 255-mm-diameter cores. The individual and average
test results are shown in table 8.

Tensile Strength

The results of the 12 tensile strength tests are shown in table 9.
A1l the tensile strength tests were made on nonjointed specimens
and averaged 1.52 MPa (220 1b/in2). The strength ranged from
0.72 to 2.67 MPa (105 to 390 1b/in?).

Tensile strengths of the nonjointed specimens averaged 4.6 percent
of the compressive strength. This is average for mass concrete and
corresponds to 4.0 percent for 2b55-mm-diameter unjointed cores
extracted from interior concrete and tested at 6 months' age. When
tested in direct tension, the breaks did not occur at the midpoint
of the specimens but occurred more predominantly in the lower
one-third of the specimens. The total area which showed disbonding
between aggregate and paste was estimated for each specimen tested.
Between 55 and 80 percent of the break area showed disbonding rather
than aggregate failure. The estimated areas of disbonding did not
correlate well with the tensile strengths obtained.

Density
The density of the nine core specimens tested ranged from

2480 to 2550 kg/m> (155 to 159 1b/ft3) with an average of
2500 kg/m3 (156 1b/ft3).
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Table 7. - Compilation of 150-mm (6-in) diameter core data -
Interior and exterior concrete at 6 months' age -
Grand Coulee Forebay Dam

th
Location of hole Core data l Concrete data when placed Test data on concrete cores Sesi:
: L—“ — t 1, Triaxial
Eleva- Depth [|Joint ' ! } . T . 6" x 12" control cylind Elastic °
; . L. Max |Temperatures °F Unit Air ylinders, Compres- i Spe- Unit Tensile test 2. Sh
" Offset t Lift Dat £ - i i Date ) : 3 P properties 4 . ear
C;;e St;gion fr;:\ m;ogf Location in dam in drilied zore eliz: D;rﬁ{lgn CO:jlzw: of ! placed slze! __Air | W _[Cement,|Pozzolan{ Water, Sand,!weighr,slumn, content | compressive strengch,g/ sive 6._ cific weight,|Strength|% area | Distance 3. Petro-
. ‘ ’ ’ rille ncrete o : + Ve ) k s o : . = N PO
1/ axis hole, block e e ‘ in core ,a;‘gg.,; COHC‘HZO Max [Min| C+P lb/yd3 lb/yd3 lb/yd:'[ % lip/geds i % 1b/in strength, |Ex10 T gravityl|/fe3 1b/in2 dis of break graphic
- ft No. ! L i 7-4 28 | 1b/in 1b/in2 bonded | from end,
| | | E - -d | 90-d | 180-d 1 yr in
! i
! 1 ‘% +— — S
| } | Interior concrete !
Interior concrete ! :
- . ! |
106-1-1 103496 20+28.4| 1119.6 [Foundation gallery -| 26 8-17-71 0.0-3.0 $86 'W-30 dip 5- 1-71] 6 | 51 531 681 52| 0.47 187 80 126 i 26 153.41 1,00 2.7 bo- 2,950 - 5,030 - 6,290 5.13;0.18 2.50 155 - - - 1
stalirwell | : [
-2 | 103496 | 20+28.4| 1119.6 |Foundation galiery -|26-27] 8-17-71 |3.0-6.0[1117,5/586 W-30 dip|Good joint I5- 1-711 6 | 51| 59: 68| 52| 0.47| 187 80 126 | 26 | 153.4] 1.00] 2.7 - l2,950] - 15,0301 - 4,370 4.48]0,20 - - - - - 1
stairwell i | ; ' .
106-2-1 | 103+99 | 204284 1119.6 |Foundation gallery -| 26 | 8-17-71 [0.0-3.0] -  |N37 w-30'dip| 5. 1-71] 6 | 51| 59| 68| 52| 0.47) 187 80 126 | 26 | 153.4] 1.00] 2.7 - 42,9501 - (5,030 - - - - - - - - - 1,2
stairwell i :
|
-2 103+99 20+28.4f 1119.6 |Foundation gallery -|26-27|8-17/18-71| 3.0-6.0|1117.5!/N37 W-30 dip[Cut through cooling {5- 1-71) 6 ' 51 591 681 521 0.47 187 80 126 26 153.44% 1,00 2.7 ¢ - 2,950 - 5,030 - - - - - - - - -
stairwell ; coil @ 4.3"; good | | {
| construction joint ! ! | '
106-3-1 | 104+28 20+79.5[ 1119.6 |Drainage gallery 26 8-19-71 {0.,0-3,0] - N64 W-30 dip‘Core broke @ 2.6’ |S- 1-71 6 | 511 59) 681 52| 0.47) 187 ! 80 126 ! 26 | 153.4! 1,00 2.7 - 2,950 - 5,030 - - - - - - 265 70 8 -
-2 104+28 20+479.5{ 1119,6 [Drainage gallery 26-27| 8-19-71 3,0-6.011117.5|N64 W-30"dip!Broke @ constructionlS— 1-711 6 } 51 I 59 681 52| 0.47 187 30 126 26 153.41 1.00 2.7 - 2,950 - 5,030 - - - - - - - - - 2
i joint @G 4.4 | : :
106-4-1 | 104+28 20+17.5[ 1119.6 |[Foundation gallery -| 26 [|8-19/20-710.0-3.0| - ISS& E-30 dip|Core broke @ 0.9' “5— 1-71] 6 ; 51 59! 681 52f 0.47] 187 80 126 | 26 | 153.4) 1.00} 2.7 - 2,950 - 5,030 - - - - - - 215 65 3 -
u/s wall due to drill birt; ! !
core broke @ I
l 2.3 l !
-2 104428 20+17.5[ 1119.6 |Foundation gallery -| 26-27| 8-20-71 3.0-6.011117.5|864 E-JO'dip‘Cooling coil @ 5- 1-711 6 E 51 591 681 521 0.47 187 | 80 126 26 153.4 1.00 2.7 - 2,950 - 5,030 - . - - - - - - - -
u/s wall | 3.8"; small rock | E
pocket @ 4.1' to ! ’ | !
’ 4.3 j ‘ i ? |
106-5-1 104+28 20+17.5 1118.5 |Foundation gallery -{ 26 8-20-71 0.0-3.0|1117.5/864 "E-30 dipiOnly one core 5- 1-710 6 : 51 59, 68| 52 0.47! 187 : 80 i 126 26 153.4] 1.00 2.7 - 2,950 - 5,030 - 4,540 - - - - - - - 1,3
u/s wall | taken | ] ] | | ‘
106-6-1 | 104+27 | 20+17.5 1118.5 |[Foundation mallery -| 26 | 8-20-71 [0.0-3.0|1117.5]S64 E-30 dip|Good joint @ 1.1' [5- L-71' 6 ' st | 59! e8] 52| 0.470 187 | 80 | 126 | 26 | 153.4] 1.00( 2.7 - 2,950 - {5,030 - - - - - - - - - 1
u/s wall } to 2,27 ' 1
L i l .
t + t t
108-2-1 105436 20429 1119.6 |Foundation gallery -| 26 7- 7-71 0,0-2.1 - N30 W-30 dipfconcrete broke (2 3- A-71! 6 } 48 47 37 23! 0,47 136 79 125 ! 25 153.91 1.50 3.3 1,879 3,315 | 5,150 - - - - - - - 315 50 3 -
stairwell large aggregate E 5 | i
| at 2.5' | |
-2 105+36 20429 1119.6 |Foundation gallery -| 26 7- 7-71 2.1-2.8 - {N30 W-30 dip 3- 4-71; 6 43 471 370 231 0.47 186 79 125 25 153,91 1.50 3.3 1,875 3,315 | 5,150 - - - - - - - - - - 2
stairwell : i |
-3 105+36 20+29 1119.6 [Foundation gallery -| 26-27| 7- 7-71 2.8-5.5]1117.5/ N30 W-30 ‘dip|Good construction 3- 6—71‘ 6 i 48 | 47‘ 47) 23] 0.47 186 i 79 125 25 | 153.9) 1.50 3.3 1,875 3,315 5,150 - - 4,150 5.29(0.17 - - - - - 1,3
stairwell joint k ! } ' i i !
108-4-1 105+36 20+17.5 1119.6 [Foundation gallery -| 26 7- 7-71 0.0-2.8 - S64 W-30 dip 3- 4-71 6 3 48 | 47; 37 23! 0,47 186 : 79 125 25 153.9) 1.50 3.3 1,875 3,315 ] 5,150 - - - - - - - 155 65 6.5 -
u/s wall ] ' i ]
-2 105+36 20+17.9 1119.6 [Foundation gallery -| 26-27{ 7- 7-71 2.8-5.5{1117.5{864 ‘W-30 dip|[Good construction i3— A<71; 6 | 48 ! A7| 371 23] 0.47 186 79 125 25 153.9] 1.50 3.3 1,875 3,315 | 5,150 - - - - - - - - - - 1,3
u/s wall joint : | ! | !
108-5-1 105+44 20417.5 1119.6 {Foundation gallery -{ 26 7- 8-71 0.0-2.6 - S64 E-30 dip|Core broke at large |2 4-/L] 6 i 48 1 471 37 23. 0.47 186 | 79 ; 125 25 153,497 1.50 3.3 1,879 3,315 | 5,150 - - - - - - - 105 80 1.5 -
u/s wall aggregate at | ] ! ; !
start of hole, | ) | | |
steel rod at 0.1' | | |
-2 105+44 20+17.4 1119.6 [Foundation gallery - 26-27} 7- 8-71 2.6-5,5|1117.5]S64 E-30 dip|Good concrete, good | 3- 4-71f 6 48 471 370 231 O.A7| 186 79 125 25 153,97 1.50 3.3 1,875 3,315} 5,150 - - 4,450 - - - - - - - 1,2,3
uls wall construction ! ! | :
joint |
108-6-1 105+43.8 | 20479.5 1119.6 |Drainage gallery - 26 7- 8-71 0.0-2.8 - N64 W-30 diplGood concrete 3- 471 6 ' ug 470 371 23] 0.47 186 79 125 25 153.9] 1.50 3.3 1,875 3,315 | 5,150 - - 4,320 4,63]0,18 2.45 152 - - i - -
d/s wall | ! : ! ! !
-2 105+43.8{ 20+79.5( 1119.6 |Drainage gallery - 26-27) 7- 8-71 2.8-5.8 1117.5{N64 W-30 dip|Good concrete, good | 3- 4-71] 6 48 { v 7] 37; 231 0.47 166 79 125 25 133,91 1.50 3.3 1,875 3,315 15,150 - - - - - - 310 60 4 1,3
d/s wall construction joint I |
|
110-1-1 106+55 20+28 1119,6{Foundation gallery -f 206 7- 9-71 0.0-3.0 - N28 W-30 ‘dip|Gooed concrete 3-12-71¢ 6 | 45 ! 37 A?I 361 0,45 W7 30 120 | 25 155,11 1.25 3.0 2,2300 3,915 - - 4,670 5.36|0.15 2.56 159 - - - 1
stairwell i
-2 106+55 20+28 1119.6Foundation gallery -{ 26-27} 7- v-71 3.0-5.871117,51N28 W-30 dip|Good construction 3-12-71 6 45 370 45 3 0,45 187 40 120 25 1SS,y 1.25 3.0 2,230 3,915 - - - - - - - - - - 1,2
stairwell ! 1oing | I
110-2-1 106+53.4] 20+417.% 1119.6{Foundation gallery -[ 26 7- 9-71 0.0-3.0 iSbO E-30 diplGood concrete 3-12-71 6 45 37 Q5i 36p 0045 137 30 120 25 155.1] 1.25 3.0 2,230 3,91¢ - - - 4,800 4.52010.16 2.52 157 - ; - - -
u/s wall H ! !
-2 106+53.4| 20417.9 1119.6 |Foundation gallery -{ 26-27| 7- 3-71 3.0-5.7 1117.5§SGO E-30 dipjGood concrete 3-12—71! 6 i 45 37 ﬁ“; 36] 0,45 187 =0 120 25 155,14 1.25 3 2,230 3,915 - - - - - - - - 290 55 4.5 1
u/s wall i X !
110-3-1 106+64 20+17.j 1119.6 [Foundation gallery -[ 26 7-12-71 0.0-3.0 ;SGA E-30 diplBroke @ 2,6 during | 3-12-71] o 45 371 45 iéE U040 157 30 120 25 155,11 1.2% 3.0 2,230 3.915 - - - - - - - - - - - 2
u/s wall removal H
-2 106+64 20+17.5 1119.6 |Foundation gallery -| 26-27} 7-12-71 3.0-6.011117.51S64 E-30 diplGood construction 3-12-71 6 45 371 45 }6[ .45 187 30 120 25 155.11 1.25 3.0 2,230] 3,915 - - - - - - - - - - - 1
ufs wall | joint - hard to 1
| find | {
110-4-1 106+65.5| 20479.3 1119.6 |Drainage gallery - 26 7-12-71 0.0~-3.0 - IN64 W-30 dip| Broke from 2,7' to 3-12-71 6 45 371 45y 36) 0.45 187 30 120 25 155.1) 1.25 3.0 2,2304 3,915 - - - - - - - - 200 65 5 -
d/s wall ! 3.0' on recovery i
-2 106+65.5| 20+79.% 1119.6 |Drainage gallery - 26-271 7-12-71 3.0-5.8|1117.5| N64 W-30 dip;Good construction 3-12-71i 6 45 37‘ 45 ]6[ 9,45 157 30 120 25 155.1) 1.25 3.0 2,230{ 3,915 - - - - - - - - - - - 1,3
d/s wall i joint ' i |
! I !
. B B . AR ISR N N N I N O A NN SN SO SO A B I
l/ First number is block in the dmm, second is hole number, third is core number
2/ Wing dam
}/ Average of two cylinders

Note: u/s = upstream; d/s = downstream



Table 7. - Compilation of 150-mm (6-in) diameter core data -
Interior and exterior concrete at 6 months' age -
Grand Coulee Forebay Dam - Continued

Location of hole Core data Concrete data when placed Test data on concrete cores Other
tests
Eleva- . i i 6" 12" control cylinder . 1. Triaxial
€ Depth [Joint Max |Temperatures, °F l Unit Air x ; y s Flastic Spe- . T . a
Core Stifion Offset| tiom Location in d Lift | Date of eleva-| Direction Condition of Date | size Air W_ \Cement,|Pozzolan, Water, | Sandjweight,|Slump,content, compressive strength, 3/ ComPres— properties ci?ic U?AE 3 :ns;le fest - 2. Shear
No. o from | top of ocation in dam in |drilled] core,| tion, drilled concrete placed | aggr,|Conc |Hy0|MaxiMin| CH+P (| 4,043 3 b/yda3] * /gl in 1% 1b/in? sive =6 . fweient ;Strength,| % area| Distance 3. Petro-
1/ axis hole, block £t fe in core in /yd? 1b/yd 1b/y ' strength,|Ex10,°| r [gravity 1b/fr3 lb/inz dis- | of break graphic
fr o 7-d | 28-d | 90-d | 180-d | 1 yr | 157402 |1ib/in? bonded | from end
-
Interior concrete
112-1-1 107474 20+28 1119,6| Foundation gallery -| 26 7-15-71 0.0-3.1{1117,5| N34 *W-30 dip|3/4" rebar @ 2,4' 3-27-71) 6 - - - - 0.45 186 79 119 25 152,61 1.50 2.9 - 2,7401 4,410 - - - - - - - 39% 65 1 -
stairwell
-2 107474 20428 1119.6| Foundation gallery -{26-27|7-15-71} 3.1-5,9|1117.5{N34°W-30 'dip|Small void near 3-27-71 6 - - - - 0.45 186 79 119 25 152.6) 1.50 2.9 - 2,740 4,410 - - 4,880 - - 2.49 155 - - - 1,2,3
stairwell bottom; good con-
struction joint
@ 2.1'
112-2-1 107+84,5 | 20+79.5] 1119,6| Drainage gallery - 26 7-15-71 0.0-2.91117.5| N64 W-30 dip . 3-27-71 6 - - - - 0.45 186 79 119 25 152.6] 1.00 2.9 - 2,740 4,410 - - 4,920 5.75 10,14 2.53 157 - - - 1
d/s wall
~2 107+484.5 | 20+79.5| 1119,6|Drainage gallery - 26-27{7-16-71 2.9-5.8(1117,5|N64 W-30 dipiGood construction 3-27-71 6 - - - - 0.45 186 79 119 25 152,61 1.00 2.9 - 2,740 4,410 - - - - - - - - - - 1,2,3
d/s wall joint @ 2.0'
114-1-1 108491 20+17.5| 1119.6| Foundation gallery -| 26 7-20-71) 0.0-3.0|1117.5/S60°E-30 'dip|Break at 2.4' 4- 2-71) 6 46 40| 56| 42} 0,51 184 80 135 26 153.9) 1.25 2.8 - 3,410 - - - 5,860 4.62 10,17 - - - - - 1,3
u/s wall
-2 108+91 20+17.5]| 1119,6] Foundation gallery -{26-27{7-20-71j 3.0-6.0[1117.5|560 E-30 dip 4- 2-74 6 46 40| 56| 42) 0.51 184 80 135 26 153.9¢ 1.25 2.8 - 3,410 - - - - - - - - - - - 1,3
ufs wall
114-2-1 109403 20+17.5( 1119.6{ Foundation gallery ~| 26 7-21-71§ 0,0-3,0(1117.5{S60 E-30 dip|Broke at 2.4"' 4- 2-74 6 46 401 56f 42| 0.51 184 80 135 26 153.9) 1.25 2.8 - 3,410 - - - - - - - - 160 60 10 -
u/s wall
-2 109+03 20+17.5( 1119.6| Foundation gallery -{26-2717-21-71 3.0-6.0|1117.5{S60 'E-30 dip|Good concrete 4- 2-74 6 46 40| 56| 42§ 0.51 184 80 135 26 153.91 1.25 2,8 - 3,410 - - - 4,720 - - - - - - - 1,2
u/s wall
114-3-1 109403 20479.5( 1119.6{ Drainage gallery - 26 7-21-71 0.6-3.0{1117,5i N64 W-30 dip 4- 2-71 6 46 40| 56} 42§ 0,51 184 80 135 26 153.9] 1.25 2.8 - 3,410 - - - - - - - - 110 65 £ -
d/s wall
-2 109+03 20479.5] 1119.6{Drainage gallery - 26-27]7-21-71 3.0-6.0§1117.5|N64 W-30°dip| Good concrete - 4- 2-71 6 46 40| 561 42% 0.51 184 80 135 26 153,91 1.25 2.8 - 3,410 - - - - - - - - - - - 1,2,3
d/s wall joint hard to find
116-1-1 110408 20+23 1119.6| Foundation gallery -] 26 7-23-710.0-3.0|1117.5[N66 ‘E-30 dip| Core broke @ 2.3" 4- 9-71| 6 47 40| 540 41| 0.49 188 81 132 25 154,9] 1,50 3.1 - 3,475] 5,895 - - - - - - - 130 65 8 -
stairwell
-2 110408 20423 1119.6| Foundation gallery -|26-27!7-23-71{ 3,0-6,0|1117.5|N66°E-30 dip|Steel G 3.,5', 4,0', [ 4~ 9-71| © 47 40| 5S4} 41 0.49 188 81 132 25 154,91 1.50 3.1 - 3,475! 5,895 - - - - - - - - - - 2
stairwell and 4,2'
116-3-1 110+29,46| 20+79.5| 1119,6|Drainage gallery 26 7-28-71] 0.0-3,01117.5|N56 °E-30 “dip] Core broke @ 2,6' 4- 9-71 6 47 40| 547 41] 0.49 188 81 132 25 154.9] 1.50 3.1 - 3,475] 5,895 - - 5,480 5.14 10.17] 2.50 155 - - - 1
-2 110+429.46| 20+79.5] 1119.6[Drainage gallery 26-2717-28-71] 3.0-6.0{1117,.5|N56°E-30 ‘dip 4~ 9-711 6 47 40| sS4 41| 0.49 188 81 132 25 154.9| 1.50 3.1 - 3,475) 5,895 - - - - - - - - - - 1,2,3
120-1-1 112429 20+28 1119.6| Foundation gallery -| 26 8-23-71/0.0-2,7|1117,5[884 W-30 dip|Good concrete 5- 6-71} 6 50 60| 67| 53| 0.49 186 79 129 25 153.1| 2.25 3.6 1,350 2,300 - - - 4,000 5.18 {0.19} 2.50 156 - - - 1,3
stairwell
-2 112+29 20+28 1119.6{ Foundation gallery -[26-27|8-23-71|2.7-5.71117.5{584 W-30 dip|Small rock pocket 5- 6-71} 6 50 60| 67| 53| 0.49 186 79 129 25 153,1] 2.25 3.6 1,350( 2,300 - - - 4,500 5.22 |0.,15] 2.55 159 - - - 1,2,3
stairwell @ cj
120-2-1 112431 20+17.5| 1119.6|Foundation gallery 26 8-24-71]0.0-2,9(1117.5|564 E-30 dip|Good concrete 5- 6-71] & S50 60| 67| 53| 6.49 186 79 129 25 153.1 2.25| 3.6 1,350| 2,300 - - - - - - - - - - - -
-2 112+31 20417.5| 1119.6|Foundation gallery 26-27|8-24-71] 2.9-5.9(1117.5{S64 E-30 dip|Good construction 5- 6-71 b 50 60| 67| 53| 0.49 186 79 129 25 153.1} 2.25 3.6 1,350} 2,300 - - - - - - - - - - - 1,2,3
joint @ 4.8';
broke below ¢j -
6" aggregate
at cj
120-3-1 112432 20+17.5| 1119.6|Foundation gallery -| 26 8-24-7110,0-3.0]1117.5,564 E-30 dip|Core broke @ 2.1' 5- 6-71 ¢ S0 60| 67 53} 0.49 1846 79 129 25 153.14 2.25 3.6 1,350 2,300 - - - - - - - - - - - -
u/s wall )
-2 112+32 20417.5| 1119,6|Foundation gallery -|26-27]8-24-71|3.0-5.9]1117,5|S64 E-3C dip|Good concrete to S5- 6-71] ¢ 50 60] 67| 53} 0.49 186 79 129 25 153.14 2.25 3.6 1,350] 2,300 - - - - - - - - - - - -
u/s wall ci @ 3.7 to
4.8"; cut form
tie @ 3.3', 4.4,
4.9"; lover 1/3
poor concrete
---------- T e R N A B Tt e T SEE T IS e e T
Exterior concrete
B-2-1 2/ | 14+08.8 7.9" 1t | 1311.0|Top of block 1 3-10-72|0.0-1.8 - Vertical Broke @ 1.8' 10- 471 1.5 50 371 54| 39( 0.38 361 119 183 34 150.5f 3.25 4.4 2,705] 4,350 - - No tests

l/ First number is block in the dam, second is hole number, and third is core number
2/ Wing dar
3/ Average of two cylinders
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Table 8. - Summary of compressive strength and elastic properties
test results on 150-mm (6-in) diameter cores at

6 months' age - Grand Coulee Forebay Dam

Strength
ratio:
Core Date Compressive ___core Modulus of Poisson's
No. tested Age, strength, 28~day cyl., elasticiEy, 6 ratio
days MPa ¢1b/in2) percent GPa (1b/in“x10°)
Interior Concrete
106-1-1 12-20-71 233 43.4  (6290) 213 35.4 (5.13) 0.18
=2 11-10-71 193 30.1 (4370) 148 30.9 (4.48) .20
106-5-1 11-10-71 193 31.3 (4540) 1/ 154 - - -
108-2-3 11-10-71 251 28.6 (4150) 125 36.5 (5.29) .17
-5-2 11-10-71 251 30.7 (4450) Y/ 134 - - -
-6-1 12-20-71 291 29.8 (4320) 130 31.9 (4.63) .18
110-1-1 12-20-71 283 32.2 (4670) 119 37.0 (5.36) .15
-2-1 12-20-71 283 33.1 (4800) 123 31.2 (4.52) .16
112-1-2 12-20-71 268 33.6 (4880) 178 - - -
-2-1 12-20-71 268  33.9 (4920) 180 39.6 (5.75) .14
114-1-1 11-10-71 226  40.4 (5860) 172 31.9 (4.62) .17
-2-2 11-10-71 226 32.5 (4720) 1/ 138 - - -
116-3-1 12-20-71 255 37.8 (5480) 158 35.4 (5.14) .17
120~1-1 12-20-71 238 27.6  (4000) 174 35.7 (5.18) .19
-2 12-20-71 238 31.0 (4500) 196 36.0 (5.22) .15
Average 33.1 (4800) 156 34.7 (5.03) .17
Coefficient of variation 12.7

1/ Test across construction joint
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Table 9. - Summary of tensile strength test results on
150-mm (6-in) diameter cores at 6 months' age -
Grand Coulee Forebay Dam

Core
strength ratio: Distance

Core Length of Date Tensile tensile Disbonded of break

No. specimen, tested Age, strength, compressive, area, from end,

mm (in) days MPa (1b/in?)  percent percent mm  {(in)
1/
Interior Concrete

106-3-1 416 (16-3/8) 12-22-71 235 1.83 (265) 5.2 70 205 (8)

-4-1 457 (18) 12-22-71 235 1.48 (215) 4.2 65 75 (3)
108-2-1 457 (18) 12-13-71 284 2.17 (315) 7.3 50 75 (3)

~4-1 457 (18) 12-22-71 293 1.07 (155) 3.6 65 165 (6-1/2)

-5-1 464 (18-1/4) 12-22~71 293 .72 (105) 2.4 80 40 (1-1/2)

-6-2 464 (18-1/4) 12-22-71 293 2.14  (310) 7.2 60 100 (4)
110-2-2 467 (18-3/8) 12-13-71 276  2.00 (290) 6.1 55 115 (4-1/2)

-4-1 467 (18-3/8) 12-13~71 276 1.38 (200) 4.2 65 125 (5)
112-1-1 464 (18-1/4) 12-13-71 261 2,67 (390) 8.0 65 25 (1)
114-2-1 459 (18-1/16) 12-13-71 259 1.10 (160) 3.0 60 255 (10)

-3-1 462 (18-3/16) 12-13-71 259 .76 (110) 2.1 65 125 (5)
116-1-1 435 (17-1/8) 12-13-71 248 .90 (130) 2.4 65 205 (8)

Average 1.52 (220) 4.6

1/ All tests were on nonjointed specimens

44




CONCLUSIONS

Based on results obtained from testing the 255-mm (10-in) and 150-mm
(6-in) diameter cores at 6 months' and 1 year's age, the following
conclusions can be made:

1. The interior and exterior concretes in the Forebay Dam
are of good quality, uniform, well consolidated, and have
strength properties which exceed the design compressive
strength of 20.7 MPa (3000 1b/in2) at 6 months' age.

2. The average compressive strength increase from 6 months
to 1 year for both interior and exterior concrete was 9
percent. This increase exceeds the average 2-percent gains
obtained for Glen Canyon and Yellowtail Dams.

3. The apparent tensile strength of the concrete averaged
about 4 percent of the compressive strength and is con-
sidered about average for mass concrete. The ratio of
tensile to compressive strength for interior concrete
averaged slightly higher than that for exterior concrete and
this same ratio of 6 months' age concrete also averaged
slightly higher than at 1 year's age.

4. The modulus of elasticity of the concrete represented by
these cores averaged 35.5 GPa (5.15 x 106 1b/1n2). This
substantiates the modulus of elasticity used in the design
of the dam for the dynamic stress response and for the
stated stress analysis. There were no significant differ-
ences in moduli of elasticity between 6 months' and l_year's
age, or between the exterior and interior concretes.
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5. The bond strength of the horizontal construction joints
in the 255-mm-diameter cores was at least equal to the
tensile strength of the adjoining concrete. This is based
on the fact that 15 of the 19 specimens tested failed at
points other than the construction joint. The shearing
strength at the construction Jjoints of 150-mm-diameter
cores, when tested by triaxial shear tests, was within
83 percent of that of unjointed cores, further indicating
that good constuction joints were obtained. The cohesive
strength of the jointed 150-mm cores was less than that of
unjointed cores.

6. There was a complete lack of bond at the construction
joint where special chlorinated rubber-base bonding and

curing compound was used experimentally.

7. Other properties of the mass concrete such as Poisson's
ratio and density were within expected ranges.
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FROM

SUBJECT :

(O/P 4-65)

OPTIONAL FORM NO. 10 5010-t07
MAY 1982 EDITION
GSA GEN. REG. NO. 27

UNITED STATES GOVERNMENT

Memorandum

Memorandum Denver, Colorado
Head, Concrete Section pare: January 7, 1972

,,/

Acting Head, Polymer Concrete and Structural Section

Acting Chief, Concrete and Structural Branch g

Bond strength between 1lifts of concrete and shearing strength of
concrete in Grand Coulee Forebay Dam

Triaxial strength tests were made on nineteen 6- by 1l2-inch concrete
cores to determine the bond strength between lifts in the Forebay Dam.
These cores were drilled to obtain an angle of 30° between the joint
plane and the longitudinal axis of the core, this being the approxi-
mate expected angle of failure in triaxial shear. Most of the joints
were imperceptable to the eye. Triaxial tests were also conducted on
nine 6- by 12-inch concrete cores without joints selected from the

same drill holes as the jointed specimens. This provided a comparison
between the shearing strength of the concrete and the shearing or bond
strength of the joints between lifts of concrete. Cores were identified
by block number, drill hole number, and the depth in feet to the center
of the core from the collar.

All of the cores were tested in the air-dry condition. Tests of
jointed cores were made using all suitable specimens. These specimens
containing cooling pipe and other pieces of metal in the joint were
not used. A minimum number of unjointed cores were tested to deter-
mine shearing strength of the concrete. Lateral pressures of 0, 200,
450, 700, and 1,000 psi were used in testing jointed cores. To encom-
pass the same range, the unjointed cores were tested at lateral pres-
sures of 0, 450, and 1,000 psi. The lateral pressure was applied
first and held constant while the axial pressure was increased grad-
ually until failure occurred. Results for each type of core are com—
piled in Tables 1 and 2. Figures 1 and 2 show the principal stress
relationships. Mohr's diagrams for straight line solution are shown
in Figures 3 and 4. (Values of S, were taken from Figures 1 and 2.)
The curvilinear solution of Mohr's envelope is shown in Figures 5

and 6 which include tabulated values of normal stress (x), shearing
strength (Y), and coefficient of friction (tan @).

The average unconfined compressive strength of cores containing joints
(4,110 psi) was about 85 percent of that for cores without joints
(4,810 psi). Field control tests of 6-inch maximum-size aggregate
concrete showed about 3,000- to 3,500-psi compressive strength at

28 days' age. The cohesive strength (shearing strength at zero

normal stress) of jointed cores (735 psi) was about 75 percent of

that for the unjointed cores (980 psi) using the straight line solu-
tion of Mohr's envelope.
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The curvilinear solution of Mohr's envelope gives a closer value to
the true cohesive strength than the straight line solution. Mohr's
envelope as a curve shows the cohesive strength of jointed cores
(730 psi) to be about 83 percent of that for the unjointed cores
(880 psi).

Variation in the test data for both types of cores can partially be
attributed to the small size of the core from concrete having 6-inch
maximum aggregate. Acceptable maximum-size aggregate in a 6-inch-
diameter specimen is 1-1/2 inches; however, 6-inch diameter is the
largest size that we are equipped to test under triaxial loading
conditions. One jointed core (No. 120-1-4.2) contained a signifi-
cant amount of air voids in the joint, thereby contributing to the
variation. Since the cores did not fail by crushing the aggregate,
the average data reported should be fairly representative of the
concrete and joint characteristics.

Jointed cores under lateral pressure failed generally along or on
the joint plane. One core (No. 108-6-4.3) failed across the joint,
as marked by field personnel; however, the strength wvalue obtained
was not unusual when compared to other jointed cores tested at the
same lateral pressure (450 psi). Measured failure angles varied
from 20° to 32° with an average of 26.5° from the longitudional axis
of the core. Cores at zero lateral pressure exhibited conical-type
failure and almost vertical cracking with the exception of the core
with voids in the joint (No. 120-1-4.2) which failed on the joint
at a measured 27.5°. Unjointed cores showed generally conical
failures and almost vertical cracking. Only two of these cores
showed a measurable shear failure at about 25°. Figures 7 through
14 show the concrete cores after failure. The black arrows and
lines marked on the cores show the general location of the joint
plane. Theoretical angle of failure was about 21° for jointed cores
and 22° for unjointed cores using the relationship ¢ = 90 - 2a
where @ is the angle of inclination of Mohr's envelope and a is

the angle of failure (straight line solution). Variations in meas-
ured and theoretical angles of failure are also partially attribu-
table to the effect of the very large aggregate particles in the
concrete. Additional information concerning mode of failure
including photographs of the failure planes will be reported by the
Chemistry and Physics Section (Petrographic Laboratory).
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Table 1

TRIAXTIAL COMPRESSIVE STRENGTH
TESTS OF 6- BY 12-INCH CONCRETE CORES

Grand Coulee Forebay Dam

Jointed cores - Air dry

Core No.* Lateral stress Axial stress Average axial stress
Sy, psi Si, psi psi

106-5-1.6 0 4,570

108-5-4.3 0 4,470 4,110
114-2-4.2 0 4,740

120-1-4.2 0 2,650

106-1-4.4 200 5,650

108-2-4.5 200 5,360 4,960
110-3-4.15 200 4,750

114-1-4.3 200 4,070

106-6-1.8 450 6,990

108-6-4.3 450 7,390 6,870
110-4-4.2 450 7,490

114-3-4.2 450 5,600

108-4-4.25 700 7,550

110-1-4.25 700 9,420 8,550
112-1-4.2 700 8,030

120-2-4.3 700 9,210

110-2-4.3 1,000 10,280

112-2-4.25 1,000 11,480 10,870
116-3-4.15 1,000 10,860

*The first number designates the block number; the second number is
the drill hole number; and the third number is the depth in feet to
the center of the core from the collar.
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Table 2

TRIAXTAL COMPRESSIVE STRENGTH
TESTS OF 6- BY 12-INCH CONCRETE CORES

Grand Coulee Forebay Dam

Unjointed cores - Air dry

Core No.* Lateral stress Axial stress Average axial stress
Sy, psi S;, psi psi

106-1-2.2 0 4,390

108-2-3.5 0 4,170 4,810
114-1-1.3 0 5,870

106-2-2.2 450 7,480

108-5-3.25 450 7,390 7,870
116-3-1.8 450 8,740

110-1-2.15 1,000 11,670

112-2-1.85 1,000 10,780 11,080
120-1-2.0 1,000 10,780

*The first number designates the block number; the second number is
the drill hole number; and the third number is the depth in feet to
the center of the core from the collar.
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Figure 9. - Jointed cores after failure in triaxial test at 450-1b/in
lateral pressure.

T TR e #3i LAy

Figure 10. - Jointed cores after failure in triaxial test at 700-1b/in
lateral pressure.
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Figure 11. - Jointed cores after failure in triaxial test at 1,000 1b/1'n2
lateral pressure.

AT

Figure 12. - Unjointed cores after failure in uniaxial compression
test.
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Figure 13. - Unjointed cores after failure n triaxial test at
450-1b/1‘n2 lateral pressure.
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Figure 14. - Unjointed cores after failure in triaxial test at

1,000-1b/1‘n2 lateral pressure.
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yen ot INFORMATIONAL ROUTING Fomm —m = -

P:rean of Reclamation

= ——————

Hesaorandun Denver, Color ) @ —— — e —
Chief, Concrete amd Structural iranch Decexber 22, 197}

e\ - T T 77"

‘ig\ Clidef, Appiied Sciences Dranch :— _________

Examination of afterbreak specinens of 6~inch-dianoter coner rte

triaxial tests - Crand Coulee Forebay Dag Third Fowerplant |—- -————— -
hxonination by: 8. Rubenstein : ___________
Petrographic Referral Code: 71-33 : ____________

Introduceion L ___________

Twanty-elpht sanrlas of 6-inch diameter by 12-{iunch coucrete
cores wera sainitted by he lomerete and Structural Sranch to
the petreorraphic lavoratory for examdnation. iftesn of the
sanmples were selacted a2 vepresentative of the alterbreak
speclmena of the trioxial test. The siumples were from the
founiation and druinz e galleries of Crand Ceulee Thirnd
Yowerplant Fovelay dam. Jable 1 containg a list of the
sauples aund location. Tha econcrete was O wonths to 1 year
eld., Tuhe concrete waz drilled at a dip of 30° to intersect
the 1ift joint at a 37 angle. Ipecinens of unjoiuted cere
were also testoed for compariscu.

GPO 832 -606

Scopa of Mxanination

The purpose of the exanination vas to describe tha node of
failure of the jointed coucrete as a resuit of the triaxial
test, The concucte wis received da & crackad coudition after
triaxial testin: (the dafore and after condition 16 shown in
photograpla wihdceh appopy in the portion of this repore
prepared by the Concrate snd Struetural dranch). The cyiimders
wvere then splic vith o d4~-Inch chinel aloap the predoainant
plane of failurs te wanover the surfacs of the pline. Fhoto-
praphs were tuken of the split cores o fllustrate tie uode of
fallure and shcv a comparison with the estinuted joint ylane.
Plotograniis and stainin: tests vere also made to define the
Joint Lefore structural tasts.

Table 2 contains 3 swimary of the exacination and includes
Llock nurber, drill unle, depth, wode cif failure, awle of
break, joluting, Lfrzecturing, peor bond, air voids, aml otier
features assosiated with failure.
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Twelve nliotozraphs widch indicataed representative mode of
fallure, aurface features relating to joluting and fracturing
and air veids vera taken (Firures 1 to 6), In addition, two
enlarsed plntographs stowed the size of agpregatae and distri-
butfon ncar the unbroken jeint (Vigure 7) and two photographs
sliowed the results of the staining tests to d=lineate tha
unbroken jeiant (Fisure §). The stain did penctrata the
undersiie of the coucrate slal in volds subparallel to joint
plane, Lhut tha results wera not too conclusive., A photograph
of a joint at risht ansles which separated was also included
(F‘SUIQ 6)e

Copy tos 1520
1523
He R1ffle

SRubenstein:dlm-mt2
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Table 1

LIST OF SAMPLES

Drill
Block hole Depth Location*

106 5 1.6 Foundation gallery U/S wall
108 5 3.25 Foundation gallery U/S wall
108 2 4.5 Foundation gallery stairwell
108 6 4.3 Drainage gallery D/S wall
108 4 4.25 Foundation gallery

110 4 4,2 Drainage gallery D/S wall
112 1 4.2 Foundation gallery stairwell
112 2 4.15 Drainage gallery D/S wall
114 1 1.3 Foundation gallery

114 1 4.3 Foundation gallery

114 3 4.2 Drainage gallery D/S wall
116 3 4,15 Drainage gallery D/S wall
120 1 2.0 Foundation gallery stairwell
120 1l 4,2 Foundation gallery stairwell
120 2 4.3 Foundation gallery

* The samples were drilled at an elevation of 1119.6 feet.
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Table 2

Summary of Examination of Afterbreak Specimens

of 6-inch-diameter Concrete
Lift-joint Study
Grand Coulee Third Powerplant

Unjointed
- Angle Mode of Feature associated
Spec No. Sy Sl of break failure with failure
114~1-1.3 0 5870 - Cone-shaped break Breaks around aggregate
across cement
108-5-3.25 450 7390 25° Broke tangent to Breaks around aggregate
surface of large across cement
aggregate
120-1-2.0 1000 10,780 - Irregular break Breaks around aggregate
Jointed
120-1-4.2 0 2650 - Breaks along joint plane, Poor bond, large entrapped
smooth surface air void delineating
joint
106-5-1.6 0 4750 - Breaks along joint plane  Breaks around aggregate
with jagged surface across cement
108-2-4.5 200 5360 30° Breaks alcng joint plane, Shallow entrapped air void
smooth surface
114~1-4.3 200 4070 27° Breaks along joint, Breaks around aggregate
jagged surface across cement
108~6~4.3 450 7390 25° Breaks along joint Breaks around aggregate
(at right angles to
estimated joint,
jagged surface)
110-4~4.2 450 7490 20° Breaks along joint plane, Breaks around aggregate

jagged surface
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Table 2 (Continued)

Angle Mode of Feature associated
Spec No. S3 sl of break failure with failure
114-3-4,2 450 5600 25° Breaks along joint, Breaks around aggregate
Jagped surface across cement
108~4~4.25 700 7550 31° Breaks along joint, Breaks around aggprepate
jagged surface across cement, entrapped
air void in joint plane
120-2-4.3 700 9210 30° Breaks along joint, Breaks around aggregate
smooth surface across cement
112-1-4,.2 700 8030 30° Breaks along joint, Some broken aggregate
jagged surface
116-3-4.15 1000 10,860 32° Breaks along joint, Breaks around aggregate
jagged surface
112-2-4.15 1000 11,400 30° Breaks along joint, Breaks around aggregate

jagged surface

Note: Drilled at 30° dip to intersect the joint at a 30° angla.

Elavation 1119.6 feat.



Figure 1. - Photograph of jointed concrete showing failure surface
Top - at "0" lateral load (note hole in horizontal piece and smooth plane
indicating poor bond)

Bottom at 200 lb/in2 lateral load (note smooth plane)
C-8322-49 C-8322-54
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Figure 2. - Photograph of jointed concrete showing failure surface
Top - at 450 lb/in2 load (note jagged type of break)

Bottom at 700 1b/1'n2 load (note jagged break and hole)
C-8322-51 C-8322-62



Figure 3 - Photograph of concrete showing failure surface

Top - jointed concrete 1,000 psi lateral load (note jagged break
Bottom - unjointed concrete "0" lateral load (cone shaped break)
C-8322-57 (C-8322-56
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Fibdre 4, - Photograph qf unjointed concrete showing failure surface
Top - at 450 1b/1‘n2 lateral load (note splitting tangent to large aggregate)

Bottom at 1,000 1b/1‘n2 lateral load (irregular break)
C-8322-58 C-8322-59
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Hecran ol iz a-dar

Figure 5. - Comparison of failure of unjointed and jointed concrete
Top - unjointed - (left to right) “0", 450 and 1,000 1b/1'n2 lateral load

Bottom - jointed - (left to right) "0", 200, 450, 700, and 1,000 1b/in2
lateral load
. C-8322-47 C-8322-48
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Figure 6. - Photograph of jointed concrete failure surface
Top - split at right angles to approximate joint (shown by arrows)
Bottom - showing separation at right angles to the axis of the core
(not subjected to triaxial test)
C-8322-63 C-8322-25
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Figure 7. - Photograph of concrete showing size of aggregate and distribu-
tion indicating possible joint planes
Top - sample 106-3-4
Bottom - sample 106-1 76
GE-334-1 GE-334-2



Figure 8. - Photograph of results of staining test to delineate unbroken joint
- . (sample 106-3-4)
Top - stained top of concrete
Bottom - underside penetration of stain (white arrows) in voids subparallel
to joint plane
C-8322-64 C-8322-65
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