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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 (4U-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 (20U ft) above the foundation and a crest length of

approximately 390 m (1275 ft). The dam contai ns 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 II, 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 lignin-type water-reducing, set-

controll i ng admixture were used in the concrete. Average concrete

in the i nteri or secti ons of the Forebay Dam contai ns 112 kg/m3

(188 lb/Yd3) of cement and 47 kg/m3 (8U lb/yd3) of pozzolan.

For exterior concrete, on the exposed surfaces of the dam, typical

mass concrete contains 133 kg/m3 (224 lD/yd3) of cement and

57 kg/m3 (96 lb/yd3) of pozzolan.
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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 obtai n 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 la-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 (lO-in) diameter cores from

the hardened concrete at 1ocat ions des i gnated by the Bureau. The

cores representi ng the i nteri or 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 (112U ft).

Locations for all cores are shown on figure 1.

A total of thirty-six 255-mm-diameter cores were to be extracted.

Ei ghteen cores were to be extracted duri ng each of the two major

construction seasons. Twelve of the 18 cores were to be extracted

from interi or concrete and 6 from exteri or concrete. Hal f the

cores were to be dri 11ed when the concrete was between 140 to

16U days of age so that the 6-month tests could be made on schedule,

2
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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 i-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 in 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.l 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 t1ay 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 hori zonta 1 constructi on joi nts 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.
211Method of Test and Test Requirements for Shear Strength of

Bondi ng Agents for Bonded Concrete Constructi on Joi nts, II Bureau of

Reclamation, Denver, Colo., Sept. 1969.
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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 300 dip from the

horizontal construction joints. Cores with large aggregate near the

constructi on joi nt which might adversely affect the test results

were di scarded.

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 in 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 drill ed from the foundati on and drai nage

galleries in the Forebay Damand one was drilled from the top of the

wing dam in block B. The cores in the Forebay Dam were drill ed in

blocks 106, 108, 110, 112, 114, 116, and 120 and were all in inte-

ri or concrete. The core from the top of the wing dam was in exte-

ri or concrete and was dri 11ed to check the constructi on joi nt on

whi ch the ch 1ori nated rubber-base bondi ng and curi ng compound had

been used. The hol es were drill ed 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 exteri or

6



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 chl ori nated rubber-base bondi ng and curi ng 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

provi di ng two compression test specimens: one constructi on joi nt

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

lower 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 usi ng metal chai rs or spacers wi th 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.

7



The prime contractor used an air-operated drill with 165-mm (6.5-in)

diameter and 265-mm (IO.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 I015-mm (4(J-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 dri 11ed. 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 i ndivi dually as

needed to show detail. Figures 2, 3, and 4 are photographs of some

typical specimens.

8

~r-~I



~

~~~

\ .
'-'

"-

1-

L

Figure 2. -Typical 255-mm (lO-in) diameter cores showing

a construction joint -Grand Coulee Forebay Dam.

Photos P1222-D-78276 and P1222-D-78277
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Figure 3. -Typical 255-mm (lO-in) diameter

core after tensile strength test -Grand Coulee

Forebay Dam. Photo P1222-D-78273
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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 (lO-INCH) DIAMETER CORES

Genera 1

Cores were extracted so that studies could be made of the interior

and exteri or concretes at 6 months I and 1 yea r I sage. 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 3uO-mm (6- by 12-in) control cylinder strengths and

to determi ne 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 representati ve 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 OF) atmosphere.

Compressive strength was determined by axially loading the specimens

at a rate of 13.8 ~lPa/min (2UOO lb/(in2.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

el asti ci ty and Poi sson IS rati 0 were determi ned on the specimens

\t', 12 ~..">-"",,



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 pre10ading and

then strain readings were taken at 0, 35.6, and 355.9 kN (0, 80UO,

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.

Densi ty

Prior to conducting the compressive strength tests, lias 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

resi n 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 0OO-lb) universal

testing machine.
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Dynamic Tension

Fourteen core specimens were selected for dynamic tensile strength

testi ng to study the effects of dynamic 1oadi ngs 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 1oadi ngs such as those caused by earthquake conditi ons

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

fi rst instrumented for 1ength change and then epoxi ed into a loaa

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



Block Hole Core Type of concrete Type of joi nt

111 1 3 Interior Jointed
111 1 4 II Unjoi nted
107 1 3 II Jointed
107 1 4 II Unjoi nted
113 1 2 II II

11H 1 5 II II

109 2 3 II Jointed
118 2 3 II II

11H 2 4 II Unjoi nted
11H 2 1 II II

118 1 4 II II

100 2 5 Exterior II

116 2 4 II II

B 3 5 II II

Block Hole Core Type of concrete

100 2 4 Exterior
116 1 4 II

116 2 2 II

118 1 4 Interior
118 1 2 II

119 1 1 Exterior
120 3 3 Interior

B 3 3 Exterior

15

Cores for dynamic tension test

Direct Shear

Eight core specimens were selected for shear testing. These speci-

mens were taken from secti ons of cores without constructi on joi nts

and were representati ve of both i nteri or and exteri or 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 is completed.

The samples selected for shear tests are:

Cores for direct shear test



TEST RESULTS OF 255-MILLIMETER (la-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

lb/in2) at 6 months' age and 32.4 MPa (47UO lb/in2) at 1 year's

age. The average strength for the exterior concrete was 33.8 MPa

(490U lb/in2) at 6 months' age and 37.5 MPa (5440 lb/in2) 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 t~Pa (2980 to 5850 lb/in2) at

6 months' age and from 23.1 MPa (3350 lb/in2) to 44.4 ~1Pa

(6440 lb/in2) 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 ~1Pa (3240 lb/in2) to 44.5 ~1Pa (6460 lb/in2) at 6 months'

age and from 21.2 MPa (3080 lb/in2) to 54.6 MPa (7920 lb/in2) at

1 year's age. The corresponding coefficients of variation were

19.2 and 21.0 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 large

aggregate particle. When that low strength is deleted from the

data, the coefficient of variation 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 (3UOO lb/in2) 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 rati 0 was hi gher for i nteri or 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 avail aDle for compari son. For some reason, 6 of the

13 cores extracted from exteri or concrete and tested at 6 months I

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 15U- by 3uO-mm (6- by 12-in) control

cylinders are shown graphically on figure 5.

"..... LEGEND

*
Nominal 150-mm(6-ln )core
Interior concrete

. Nominal 255-mm(IO-in)core
Interior concrete

0 Nominal 255-mm(10-in)core
Exterior concrete
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AGE OF CONCRETE CORES AT TIME OF TEST

I~ yr.

Fi gure 5. - Compari son of compress i ve 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/in2)

to 44.3 GPa (6.43 x 106 lb/in2) with an overall average of 35.7

GPa (5.1~ x lu6 lb/in2).

Poisson's ratio averaged U.19 for all the tests with no significant

differences between 6 months and 1 year or between exterior and

interior concrete.

Densi ty

Density valves are shown in tables 1 and 2. For all tests the

density averaged 2480 kg/m3 (155 lb/ft3), which is within the
expected range. There were no significant differences between

densities for 6 months and 1 year nor between tile interior and

exterior concretes.
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Tensil e Stength

Thi rty 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. Excl udi ng the joi nts where the bondi ng and curi ng

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

i nteri or concrete and si x from exteri or concrete. Four speci mens

from both exteri or and i nteri or concretes contai ned constructi on

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

sUl1lT1arized in tables 5 and 6. Of the 19 tested specimens which

contai ned constructi on joi nts, only 4 broke at the constructi on

joi nt. All others broke at varyi ng di stances from the joi nt. 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 lb/in2) at 6 months' age and 1.45

MPa (210 lb/in2) at 1 year's age. The remainder of both the

19



unjointed and jointed specimens averaged 1.21 MPa (175 lb/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-

ti on between the tensil e strength and the area of di sbondi ng. 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

i nteri or and exteri or 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 1ittl e or no bond. Both of the 255-mm-di ameter

cores which were drill ed through the constructi on joi nt parted at

the joint during drilling.

2u



Table  1 .  - Compilation o f  2 5 5 - m  (:&in)  diameter core data - 
I n t e r i o r  and e x t e r i o r  concrete  a t  6 months' age - 

Grand Cculee Forebay Dam 
- 

Core data 

Core 
No. 
I /  

104-1-1 
- 2 
- 3 

106-1-1 
- 2 
- 3 

106-2-1 
-2 

107-1-1 
-2 

- 3 
-4 

-- 

109-1-1 
-2 
-3 

-4 

111-1-1 
- 2 
- 7  

-4 

113 1-1 
- 2 

-3 

- 4 

118-1-1 ?/ 
-2 
- 3 

-4 
- 5 

118-1-1 21 
-2 

-3 

- 4 

Remarks 

Location of hole Concrete data when placed Test data on concrete cores 

6" x 12" control cylinders Eleva- 

T m a t i o n  hole, in dam Date 
placed 

ax 
ire 
ggr 
in 

- 

6 
6 
6 

- 
6 
6 
6 
6 
6 

- 
3 
3 

6 

6 

- 
6 
6 
6 

6 

- 
3 
3 
3 

3 

- 
6 
6 

6 

6 

- 
6 
6 
6 

6 
6 

6 
6 

6 

6 

- 
Air 

:ontent 
7. 

Tensile I 
I I Lift 

in 
block 
No. 

Di::- 1 Condition of 
concrete 

drilled in core 

- - 

peratures.'E Pozzo- 

c ~~0 Air w cement, Ian, 
llax CcP 1blyd3 1blyd: 

Interior Concrete 

37 40 39 0.51 
37 46 30 0.49 
37 46 30 0.49 

37 58 44 0.49 
37 58 44 0.49 
37 58 44 0.49 
37 58 44 0.49 
37 58 44 0.49 

64 37 32 0.51 
64 37 32 0.51 

cific istanc 
f brea 
rom en 

i n  - 

Slump 
in 

itrength, area 

.b/in2 
bond* 

Vertical 
Vertical Some small air voids 
Vertical Cut cooling coil @ 

8.0', cj @ 8.2' 
good 

Vertical Good concrete 
Vertical Good concrete 
Vertical Good concrete 
Vertical Good concrete 
Vertical Good concrete, cut 

cooling coil @ 
5 .o ' 

1125.0 Davnstremn adit 
1125.0 Downstream adit 
1125.0 Downstream adit 

1237.5 Inspection galler 
1237.5 1 Inspection galler Vertical Good concrete 

Vertical Good concrete, core 
broke @ 5.8' 

Vertical Good cj @ 7.5' 1237.5 Inspection galler I Saved for dynamic 
tension 

Saved for dynamic 
tension 

1237.5 11ns~ection galler 

1237.5 Inspection galler 
1237.5 Inspection galler 
1237.5 Inspection galler i 

Vertical Good concrete 
Vertical Good concrete 
Vertical Small void @ 6.6' 4 

(a 7.5 cj 
Vertical Good concrete 1237.5 Inspection galler Saved for dynamic 

tension 

1237.5 Inspection galler 
1237.5 Inspection galler 
1237.5 Inspection galler 

Vertical Good concrete 
Vertical Good concrete 
Vertical Good cj 

*Non jointed 
Saved for dynamic 

tension 
Saved for dynamic 

tension 
Vertical ( ~ o o d  concrete 1237.5 Inspection galler I 

1237.5 Inspection galler 
1237.5 Inspection galler 

gate @ 4.9' 

large aggregate 
@ 9.0' 

aggregate @ 11.8' 

Saved for dynamic 
tension 

1237.5 Inspection galler I 
1237.5 Inspection galler I 
1177.5 Access gallery 
1177.5 Access gallery 
1177.5 Access gallev 

Vertical Good concrete 
Vertical Good concrete 
Vertical Core broke @ cj, 

poor consolida- 
tion above joint 

Vertical 
Vertical Good concrete 

1177.5 Access gallery 
1177.5 Access gallery 

Saved for shear test 
Saved for dynamic 

tension 

1237.5 Inspection galler 
1237.5 Inspection galler 

1237.5 Inspection galler 

1237.5 Inspectinn galler 

Vertical Good concrete 
Veltical Good concrete Portion saved for 

shear test 
*Broke at construction 

joint 
Saved for dynamic 

tension 

Vertical Good c i I 
Vertical Good concrete I 

11 First ntlmber is block number in the dam, second is hole number, third is core number 
21 Wing dam - 
31 Duplication in numbering - 
41 Average of two cylinders - 



Tab1 e 1 .  - ~ompiZa t ion  of 255-mm (10- in)  diameter core data - 
Tnter ior  m d  e x t e r i o r  concrete a t  6 months' age - 

&and Coulee Forebay Dam - Continued 
, 

L o c a t i o n  o f  h o l e  Concre te  d a t a  when o l a c e d  T e s t  d a t a  on c o n c r e t e  c o r e s  Core d a t a  1 
- 

L i f t  
i n  

b l  or 
No. 

2 7  
2  7  
2  7  

2  7  
27 
2  7  

- 

2  7  
2  7  
27 

- - 

1  
1 

1-2 
2  
2  

- 
23 
23-2 
24 

- 

3  

7  
3-4 
4  

4  

- 
8  

8  
8 -9  

9  

- 

26 
26 

26-2 

- 

1  

1  

1 -2  

-- 

6"~xTT?;;;i-G! compress ive  s t r e n p , t \ $ l  c y i i n d - 7 -  
Max 
s i z e  
a m r  , I  

i n  I - ~ --  r- 
I 
1 
I 

6  46 
6 j 46 
6  46 

6  46 
6  ! 46 
6 / 46 

I 
1 
-7 

h / 50 
I 
I 

- - 1 -  - 

! 
i 
I 

1.5 . 51 
3 ; 4: 
3  

3  / I 1  
3  5 1  

?;aiure; ,  F l  l pozzo -  I 
I m e n   an 1wat.r I 

1 0 Max {Hln C+P, 1 Sand I l b i y d 3  !bl;b3 l b l Y d 3  % -+ ! +- 

- 

Uni t  
e i g h t  
l b / f t  

lump, con t e n  
i n  I 7. 

! 
I 

2.001 2.4 
2.001 2.4 
2 . 0 0 1  2.4 

i 
2.001 2.001 2.4 2.4 

0.751 2.3 

I 
I 

2 - 7 5 '  5.4 
3.25 3 .5  
3.251 3.5 
1.00 3 .3  

I 
2.251 3 .0  - 
1 . 2 5  3 .0  

1.251 3.0 

1.50 

1.50 3.5 

2.00 4 .7  
2.00 4.7 

1.501 3.3 

3.25 4 . 4  

3.25 4 .4  

3.251 4.4 

- 

a x i s  

Da te  
d r i l l e d  

9-29-71 
9-29-71 

9-29130-i1 

9-30-71 
9-30-71 
9-30-71 

Deo t h  
o f  
C O T " ,  

f t  -- 

0.0-  3.0 
3.0-  6.0 
6.0-  9 . 0  

0.0- 3.0 
3.0- 6 . 0  
6.0-  9.0 

o i n t  
l e v a -  
t i o n ,  

f  t  - 

None 

None 

- 

None 

- .  

305t  

E l a s t i c  ; i l e  t -- 
% a r e .  

d i s -  
bonde, 
- 

6 5  

t-_ 
histan< 
f  brez 
rom er 

i n  -- 

2  

Core 
No. 
11 

l i r e r  1 C o n d i t i o n  o f  ! Date 
t i o n  , c o n c r e t e  

t r i l l e d  1 i n  c o r e  i placed 

S t a t i o n  
No. 

Remarks 

4-28-71 
Broke i n  sh ipment  4-28-71 
Rock c o n t a c t  i? 8.7'l 4-28-71 

f e r t i c a l  Good c o n c r e t e  1 4-28-71 
' e r t i c a l /  Good c o n c r e t e  1 4-28-71 
' e r t i c a l  Good c o n c r e t e  / 4-28-71 

I 
I 

i ! I n t e r i o r  Concre te  

I 

j l l l 7 . 5  1Drainage g a l l e r y  
1117.5 Dra inage  g a l l e r y  

g a l l e r y  
NO t e s t s  run  

1117.5 Dra inage  g a l l e r y  
1117.5 Dra inage  g a l l e r y  
1117.5 Dra inage  g a l l e r y  rNon j o i n t e d  

- 

34 
34 
34 

110 
LO2 
LO2 
128 
I28 

- 
3 8 
38 

73 

73 
73 
40 

40  

- 
90 

LO0 
LOO 
I20 

- 

< '  
4  7  
47 

- 

37 

37 

3  7  

-- 

Wing Dam 
A-1-1 

-2  
- 3  

- - - - - -  

100-1-1  
-2  
-3  
-4  
-5 

19+91 1117.5 Founda t ion  a d i t  
19+91 1117.5 Founda t ion  a d i t  
19+91 11117.5 Founda t ion  a d i t  

' e r t i c a l  Good c o n c r e t e  I 4-14-71 
' e r t i c a l  Good c o n c r e t c  4-14-71 
' e r t i c a l  Good j o i n t ,  rock I 4-14-7; / c o n t a c t a 7 . 3 '  

E x t e r i o r  Concre te  

20+25.15 '1311.2 C r e s t  o f  dam 
20+25.15 1311.2 C r e s t  o f  dam 
20+25.15 1311.2 C r e s t  o f  dam 
20+25.15 1311.2 C r e s t  o f  dam 
20+25.15 1311.2 C r e s t  o f  dam 

' e r t i c a l !  4ebar  @ 0 .5 '  & 1.0' 2-10-72 
' e r t i c a l l  Gr~od c o r e  2-10-72 
' e r t i c a l  Good c o r e  2-10-72 
' e r t i c a l  Good c o r e  1-18 72 
' r r t i c a l  Good c o r e  1-18-72 

I 
e r t i c a l i  ~ o o d  c o n c r e t e  I 3-25-71 
' e r t i c a l  Broke @ c j  I 3-25-71 
' e r t i c a l  Good c o n c r e t e  / 3-19-71 - No t e s t  b a t c h  

i 
f! 1 . 1 ' .  1 .2 '1  3- 4-72 

' e r t i c a l l  / 3-  4-72 
' e r  t i c a l 1  I 3- 4-72 
' e r t i c a l /  Hor iz  c r a c k  @ 10.68 2-18-72 

4 I 

20+18.5 1297.5 Ga te  g a l l e r y  1 i 
P o r t i o n  saved  f o r  

s h e a r  t e s t  
20+18.5 1297.5 G a t e  g a l l e r y  I I 
20t47.1 1260.0 E l e v a t o r  lobby  I I P o r t i o n  s a v e d  f o r  

s h e a r  t e s t  
' e r c i c a l  
' e r t i c a l  
' e r t i c a l  

21-1-31 1125 Downstream f i l l e t  
21+31 1125 Downstream f i l l e t  
21+31 11125 1 Downstream f i l l e t  

' e r t i c a l  Good c o n c r e t e  5- 6 -71  
' e r t i c a l  Cut I;" s t e e l  @ 3.7 
' e r t i c a l  Good c j 5- 6 -71  

9 '  from d / s  
p a r a p e t  

9 '  from d / s  
p a r a p e t  

9' from d / s  
p a r a p e t  

I 1 7 1 1 . 0 I ~ o p  o f  b l o c k  ' t r t i c a l  Rebar @ 0.5 '  110-14-71 

' e r t i c a l  Broke a t  c j ,  j o i n t  I painted w i t h  
r e s i n  b a s e  bond- 
i n g  compound 

No t e s t s  run  

I /  F i r s t  number is b lock  i n  t h e  dam, second i s  h o l e  number, t h i r d  i s  c o r e  number 
21 Wing dam 
31  D u p l i c a t i o n  i n  numbering 
4 /  Average 0 1  two c y l i n d e r s  



~ ~ b l ~  2, - Compilation o f  2 5 5 - m  (10-in) diameter core data - 
~ n t e r i o r  and ex ter ior  concrete a t  1 year's age - 

Grand Coulee Forebay Dam 

Core data Test data on concrete cores I Location of hole 

Directio Condition of 
drilled concrete 

in core 

---i---------- 

Core Eleva 
NO. I I offset I tion 

- 
Lift 
in 

)lock 
No. 

- 
6" x 17" ~ontroi Eylinderc 
compressive strength, 21 

lb/in2 

Depth 
of 

core, 
tt 

Joint 
eleva 
tion 
ft 

-7- 
unit j 
,eight Slum 

b/ft31 in 

L 

157.1 1.75 

155.3 2.00 i 155.3,2.00 + 
154.911.50 

I 
154.911.50 
154.9 1.50 

153.1 1.25 
153.1 1.25 

I 
154.Y11.50 

I 
154.911.53 

1 153.1 1.25 

I 
1>3.1(1.25 

159.0 0.75 

I 
159.010.75 

153.8 3.50 

+ 
154.8 2.50 

154.8/2.50 
154.812.50 

I 

155.41 1.50 
155.4'1 50 
158.01 1:25 

1'12.2i 1.25 

155.2i 1.00 
155.2 1 00 
155.2 1:00 

155.5 1.75 

154.8( 2.00 

Date 
lrilled 

Date 
placed 

2-16-71 

2-16-71 
2-16-71 

L-24-71 

4-24-71 
4-24-71 

4-16-71 
4-16-71 

4-24-71 

4-2(+-71 

4-16-71 

L-16-71 

:ompres- 
sive 

; trength 

lblin 
2 

Elastic 
es t 
Dis tanca 
3f break 
from enc 

in 

9* 

~ ~ 1 0 -  

lblin 

Air 
'onten 

% 

2.1 

3.3 
3.3 

- 
3.2 

3.2 
3.2 

2.8 
2.8 

3.2 

3.2 

2.8 

2.8 

"qtb 
lblin2 

2 0 0  

85* 
190 

1 3 W  

95* 

- 

205* 

260* 
150 

180* 
150 

80* 

lag* 

Spe- 
cific 

:ravit: 
- 

2.39 

2.49 

Tensil 

"if: 
bond 

so 

70 
85 

50 

60 

95 

95 
99 

100 
85 

98 

99  

Unit 
reigh 

Lblft 
- 

149 

155 

11 Station from top o - 1 No. / axis / hole 
ft 

Location in dan Remarks 

I Interlor concrete 1 , 
I 

Downstream adit 

Downstream adit 
Downstream adit 

Foundation adit 

Vertical bn21e iron @ 2-75' - 
voids of 1/2" 

*Broke at cj. 

Foundation adit 
Foundation adit NO tests run. 

*Nonjointed. Foundation adit 
Foundation adit 

Vertical kood concrete Foa~ndation access 
adit 

Foundation access 
adi t 

Foundation access 
adit 

Foundation accesq 
adit 

well bonded 

ood cj @ 9.5',cracke 
in shipmcnt 

No t e s t s  run. 

Inspec tion gallery 

Inspec tion gallery 

VerLical ood concrete 

Vertical Fair concrete I *Rebar in test 
specimen 

*Failure occurred 
at bond between 
large aggregate 
matrix. 

Inspection gallery 

Ins~ection gallerv 

Vrrtical rake at cj, Foor L consolidation Vertical .ood concrete 
I 

Inspection gallery Core broke - 
No tests. 

*Non jointed. 
Saved for dynamic 

tension. 

Vertical lore broke in handlin 

Inspection xallery 
Insprction gallery 

VC-stical load cnncretp 
Vertical ood c j ,  broke (6 larg 

aggregate @ 8 . 8 '  
Vertical ood concretr Inspection gallery 

Inspection gal lrry 
In5pection gallery 
Inspection gallery 
Inspection gal lery 

Inspection gallery 
Inspection gallery 
Inspec tion gallery 

Vertical 
L'ertical 
Vertical Zood construction I joint Vertical Inspection qallery 

Access gal lery 
Access gallery 
Access gallery 

joint 
Saved for dynamic 

tension. 
Saved for dynamic 

tension. 
Access gallery 

Vertical everal small air I voids Vertical .ood concrete 
Vertical ood construction 

,o'nt 
V e r t i c a x d  c o n c s ~ ~  

-- - 

Inspection gallery Saved for dynamic 
tension. 

-2 111e48.5 20+31 1237.5 
-3 I / /  111e48.5 20+31 1237.5 

Inspection gallery 
Inspection gallery *Broke aggregate. @ 8" 

*Non jointed. Insprc rion galltxry 

1/ First number is block in the dam, second is hole number, t 
21 Average of two cylinders 
?I Duplication in field numbering 

ltird is core numb~r 



Tab le  2 .  - CompiZation of  255-nun (10-in) diameter core data - 
In ter ior  and ex ter ior  concrete a t  I year's age - 

Grand Coulee Forebay - Continued 

L o c a t i o n  o f  h o l e  C o r e  d a t a  C o n c r e t e  d a t a  when o l a c e d  T e s t  d a t a  on  c o n c r e t e  c o r e 4  

--~- 
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E l e v a -  
t i o n  

too o f  L o c a t i o n  I n  dar 
D a t e  

d r i l l e d  

6 "  x 12" c s n t r o l  c y l i n d e r s  
c o m p r e s s i v e  s t r e n g t h ,  21 .ompres-  I ' lastic 
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si"e L ? W  1 SP". 

t e n t  I c i f i c  
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1 1  

- 

1 4  

- - - -  
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- 

4 

- 

2 3  

- 

4  

- 

t 

2  3 
- 

2C 

2 7 

D i r e c -  Condition of  
c o n c r e t e  

d r i l l e d  i n  c o r e  
U n i t  

h o l e ,  

1-1 
Remarks 

V e r t i c a l '  Good c o n c r e t e  
v e r t i c a l /  Good c o n c r e t e  
V: r t i c n l l  Core  b r n k r  6 .  j' 
V e r t i c a l 1  Good c o n c r e t e  

* N o n j a i n t e d .  
Saved f o r  s h e a r  t e s t .  
N O  t e s t s  r u n .  

1 1 1 7 . 5  D r a ~ n a z c  g a l l c r y  
1 1 1 7 . 5  D r a i n a g e  g a l l e r y  
1117.5 D r a i n a c e  ~ a l l e r y  

v e r t i c a l 1  Good c o n c r e i e  
~ ~ r t i c a l ~  Brake ? 5 . 0 '  
V e r t i c a l  V e r t i c a l  c r a c k  5 . 6 '  tt 

7 . 2 '  
' J r r t i c n l  Crack I n  c o r e  7 . 9 '  t o  1 8 . 5 '  

* N o n j a i n t e d .  
Core  c r a c k e d  - No 

t e s t s .  
Core  c r a c k e d  - No 

t e s t s .  
1117.5  O r a l n a p e  g a l l e r y  I . ,  

1117.5  F o u n d a t i o n  s a l l e  V e r t i c a l  Broke O a n g l e  i r o n  I '2 2.2 .  
l 1 1 7 . 5 l f o u n d a i i n n  c a l l e l  
1117.5  F o u n d a t i o n  z a l l e '  

V s r t i c a l  / ~ a o d  c o n c r e t e  
I ' e r t i c a l  B e d r o c k  C 7 . 6 ' ;  good I c o n c r e t e  - - - - , . - - . - - . - - - -  
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P a r t  saved f o r  s h e a r .  
Saved f o r  dynamic 

t e n s i o n .  

' V e r t i c a l  Good c u n c r o t e  
V e r t i c a l  Good c o n c r e t e  

V e r t i c a l  Good c o n c r e t e  
Vertical ,l,ood c u n c r r t r  S h o r t  s p e c i m e n  - No 

t e s  t s .  

1145.8  Downstream a d i t  ! 
1146.8  Down- t ream a d i t  i r . ~ r t 1 c a l  1314" r e b a r  a t  0 . 8 '  arid 1 2.Yt  

1297.5  7 G a t e  i : a l l r r v  

1297.5  G a t e  ~ a l l e r y  
1297.5  G n t r  ~ n l l e r y  
1297.5  G a t e  x a l l e r y  

P a r t  s a v e d  f o r  s h e a r .  

Saved f o r  dynamic 
c c n s i o n  

Vr: t i c a l  ~ o o d  c o n c r e t e ;  r u b a r  I n 0 . 4 '  
1260 E l e v a t o r  l o b b y  
1260 E l e v a t o r  l o b b y  
1260 E l c v a t u r  l o b b y  
1260 E l r v a t o r  l o h h y  

V e r t i c a l  Good c o n c r e L e  
V e r t i c a l  Droke d i a g o n a i l y  '? 7.4 
V c r t l c n l  
V e r t i c a l  i ~ o o d  c o n c r c i r  

No t e s t s  r u n .  
No t p s t s  r u n .  
S t r u c t u r a l  c o n c r e t e .  

1 

V e r t i c a l  Good c o n c r e t e  
'! 'C.I-rival c:od c o n c r e t e  
J ~ r t ~ c a l  lGoo<! c u n r r c t c  

N O  r e s t s  r u n .  
* F a i l e d  a l o n g  1ari:e 

a g g r e g a t e .  

1311 C r r s t  o f  dam 
1311 C r e s t  o f  dam 
1311 C r e s t  o f  dam 

V e r t i c a l  Good c ~ n c r c ~ t v  
J p r l i c a l  Good c o n c r e t e  
J c r t i c a l  Broke a t  c j ,  l o l n t  

p a i n t e d  w i t h  r e s i n -  
base bonding and 
c u r i n i :  compound 

V e r t i c a l  Good c o n c r e t e  
V e r t i c a l  Good r o : l c r r t r  
V e r t i c a l  Good c o n s i r u c t i o n  I o l n  

Saved f o r  two s h e a r  
t e s t s .  

1111 C r r s t  of  dam 
1311 C r e s t  o t  dam 
1311 C r e s t  o f  dam 

Saved f o r  d p m i c  t e n s i o n .  

I f  F i r s t  number i s  b l o c k  i n  t h e  dam, s e c o n d  i; h a l e  number ,  t h i r d  i s  c o r e  ntinber 
2 /  A v e r a ~ e  o f  two c y l i n d e r -  - 
3 /  D u p l i c a t i o n  i n  f i e l d  numbering 
41 Wing dam 



Table 3. - Summary of compressive strength and eZastic properties
test resuZts on 255-mm (10-in) diameter cores at

6 months' age - Grand CouZee Forebay Dam

Strength
ratio:

Core Date Compressive core Modulus of Poisson's
No. tested Age, strength, 28-day cy1~ elasticity, ratio

days MPa (lb/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) !!.I 31.3 (4.54) .17
109-1-1 3-15-73 180 33.2 (4810) !!.I 33.6 (4.87) .18

-2 3-15-73 180 31.4 (4560) !!.I 36.7 (5.32) .17
111-1-1 5-22-73 180 28.7 (4160) !!.I 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) !!.I 34.1 (4.95) .20

-2 3-15-73 180 36.6 (5310) !!.I 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 Y 10-14-71 180 26.2 (3800) 122 34.4 (4.99) .23

-2 10-14-71 180 24.7 (3580) 115 37L8 (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) !!.I 37.9 (5.49) .17

116-1-1 8-31-72 180 42.3 (6140)}j 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 (~. 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 (lI940) 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 1/ 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

1/ Wing dam
1/ Test specimen contained rebar

~28-day cylinder strength not available
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Table 4. - Summary of compressive strength and elastic properties
test results on 255-mm (1 O-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 cy1., elasticity, ratio

days MPa (lb/in2) 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) II Y 33.6 (4.87) .25
-3 11-30-73 365 26.5 (3840) 11 39.9 (5.78) .22
-4 11-30-73 365 32.9 (4770) Y 36.0 (5.22) .20

109-2-4 8-09-73 344 28.5 (4140) Y 36.8 (5.34) .23
111-2-1 11-23-73 365 33.4 (4850) Y 37.4 (5.43) .22

-4 11-23-73 365 33.0 (4790) Y 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) 11 32.8 (4.75) .19
118-2-1 1/ 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 11 8-09-73 380 32.7 (4740) 11 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)!:J 77 31.0 (4.49) .15
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

11 Rebar in test specimen
11 28-day cylinder strength not available
1/ Duplication in numbering

il Broke along large aggregate
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Interior Concrete

106-1-3 405 (16) 1l-03-71 193 1.17 (170) 1/ 3.4
107-1-2 735 (29) 5-22-73 180 1. 52 (220) 11 5.3

109-1-3 760 (30) 3-15-73 180 .90 (130) 11 2.8
111-1-2 760 (30) 5-22-73 180 1. 55 (225) 11 5.4
113-1-3 760 (30) 8-09-73 188 .97 (140) 11 2.7

-4 760 (30) 8-09-73 188 1.00 (145) 11 :2/
118-1-2 11 760 (30) 12-13-72 183 .90 (130) 11 2.7
118-1-3 II 710 (28) 2-14-73 195 1.52 (220) 11 4.2
120-2-3 760 (30) 1l-03-71 193 1.34 (195) 11 5.5

Average (Specimens that broke at
construction joint not included) 1.21 (175) 4.0

50 100 (4)
0 255 (10)
20 Y
0 510 (20)

100 255 (10)
99 430 (17)
45 100 (4)
25 il
65 50 (2)

Exterior Concrete

100-1-3 760 (30) 7-16-72 180 0.79 (115)11 2.3
-4 760 (30) 7-16-72 180 1.55 (225)11 5.8

116-1-2 760 (30) 8-31-72 180 .90 (130) 11 2.1
-3 760 (30) 8-31-72 180 1.97 (285)11 4.6

119-1-3 760 (30) 8-14-72 180 1.03 (150) 1/ 2.7
120-3-3 760 (30) 1l-02-71 180 .83 (120) 11 3.5

Average 1.17 (170) 3.5

Table 5. - Summary of tensile strength test results on

255-mm (10-in) diameter cores at 6 months' age -

Grand Coulee Forebay Dam

Core
No.

Length of
specimen,
mm (in)

Tensile
Age, strength,
days MPa (lb/in2)

Core
strength ratio:

tensile Disbonded
compressive, area,
percent percent

Distance
of break
from end,
mm (in)

Date
tested

II Duplication in numbering
21 Jointed

11 Nonjointed
il Broke at construction joint

11 No core compressive strength available for correlation
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20
40
30
75
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430 (17)
305 (12)
405 (16)
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Table 6. - SummaPy of tensile strength test results on

255-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,
rnrn (in) days MPa (lb/in2) percent percent rnrn (in)

Interior Concrete

104-2-3 510 (20) 2-16-72 365 1. 38 (200) 4.3 50 l!
106-3-4 760 (30) 4-24-72 365 .59 (85) II if 70 180 (7)

-5 760 (30) 4-24-72 365 1.31 (190) if 85 50 (2)

106-4-2 760 (30) 4-24-72 365 .90 (130) 11 2.3 50 430 (17)
107-2-2 760 (30) 11-21-73 365 .66 (95) II 1.9 60 455 (18) :1/
109-2-2 760 (30) 8-09-73 344 1.41 (205) II il 95 330 (13)
111-2-2 760 (30) 11-21-73 365 1. 79 (260) 11 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) II 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) 21

-4 710 (28) 8-09-73 380 1. 34 (195) II if 99 75 (3)

120-3-2 685 (27) 4-28-72 365 1.03 (150) II 4.3 80 485 (19)

120-4-2 760 (30) 4-28-72 365 1.07 (155) II 4.6 80 280 (11)

A-2-211 710 (28) 4-14-72 365 1.21 (175) 11 4.1 60 355 (14)

Ave-rage Y 1. 07 (155) 3.4

Exterior Concrete

100-2-3 760 (30) 2-14-73 365 1.52 (220) 3.5 30 ]j

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 (4)

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) II if 40 585 (23)

B-3-6 11 760 (30) 10-02-72 365 1.03 (150) 2.9 42 510 (20)

Average !!..I 1.31 (190) 3.8

1..1Nonjotnted
11 Wing darn

11 Broke at construction joint
il No core compressive strength available for correlation

11 Failure occurred at large aggregate

!!..ISpecimens that broke at construction joint not included
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TESTING PROGRAM FOR 150-MILLIMETER (6-INCH) DIAMETER CORES

Genera 1

The testi ng program for the 150-mm-di ameter cores was primarily

ai med toward testi ng the bond strength of the hori zontal 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 lifts. Cores from 19 of the 25 holes

drill ed were sel ected for the tri axi al 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

ni ne concrete cores without joi nts to provi de a compari son 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

is contained in appendix B.

examination and test results

Compressive Strength

Compressive strength tests were conducted on three of the jointed

core specimens for compari son with tri axi al shear tests at zero

lateral pressure. Also, tests were conducted on 12 of the unjointed

core specimens for comparison with 15U- 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.
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Block Hole Core Block Hole Core Bloc k 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

Tensil e Strength

Tensi 1e strength tests were conducted on 12 specimens to determi ne

the relationship between compressive strength and tensile strength

of the concrete.

All 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.

Densi ty

As wi th the 255-mm-d; ameter cores, IIas is" dens it i es were determi ned

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
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TEST RESULTS OF ISO-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 lb/in2)) was about 85 percent

of that for cores without joints [33.2 t~Pa (48lU lb/in2)). The

cohesive strength (shearing strength at zero normal stress) of

jointed cores [5.1 ~1Pa (735 lb/in2)) was 75 percent of that for

the unjointed cores [6.8 MPa (980 lb/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 lb/in2)) to be about 83 percent of that for the unjointed

cores [6.1 ~1Pa (880 lb/in2)). 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 i ndi vi dual compressi ve strength tests conducted

on the l5U-mm (6-in) diameter cores are shown in table 7 and are

summarized in 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 lb/in2). This is considerably higher than the design

strength of 20.7 MPa (3000 lb/in2) at 180 days and is about 9 per-

cent higher than the compressive strength for the 255-mm (lO-in)

diameter cores taken from the interior concrete tested at 6 months'

age.

The compressi ve strength of the cores averaged 156 percent of the

compressive strength of the 150- by 3UU-mm(6- by 12-in) control

cyl i nders tested at 28 days 1 age. This compares with 128 percent
for 255-mm-diameter cores. The comparison between the control

cyl i nder 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 lb/in2) as compared to

33.4 MPa (4850 lb/in2) for the 12 unjointed specimens. Since the

joint in the specimen was at a 300 angle to the vertical axis of

the test specimen, the 31.5 ~IPa 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 lb/in2) for the 12 specimens tested.

This compares favorably with a modulus of elasticity of 36.8 GPa

(5.34 x 106 lb/in2) for the 255-mm-diameter cores extracted from

interior concrete and tested at 6 months' age.
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poisson1s 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.

All the tensile strength tests were made on nonjointed specimens

and averaged 1.52 MPa (220 lb/in2). The strength ranged from

0.72 to 2.67 MPa (105 to 39U lb/in2).

Tensi 1e strengths of the nonjoi nted specimens averaged 4.6 percent

of the compressive strength. This is average for mass concrete and

corresponds to 4.0 percent for 255-mrn-di ameter unjoi nted 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.

Densi ty

The density of the nine core specimens tested ranged

2480 to 2550 kg/m3 (155 to 159 lb/ft3) with an average of

2~OU kg/m3 (156 lb/ft3).

from
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Tab1 e 7 .  - Compilation o f  150-m (6 - in )  diameter core data - 
I n t e r i o r  and e x t e r i o r  concrete a t  6  months' age - 

Grand Coulee Forebay Dam 
-- 

Core 
NO. 
r/  

Location of hole 

Eleva- 
tion 

top of Location in dam 

Test data on concrete cores 
Other 
tests 
1. Triaxial 
2. Shear 
3. Petro- 

graphic 

Core data I Concrete data when placed 

Station 
No. 

Depth 
of 
core, 
ft 

-- 
Joint 
eleva 
tion 
it 

Offsel 
from 
axis 

- 

20+28. 

20+28. 

20+28. 

20+28. 

2O+79. 
2O+79. 

20+17. 

20+17. 

20+17. 

20+17. 

- 
20+29 

20+29 

20+29 

20+17. 

20+17. 

20+17. 

20+79. 

20+79. 

- 
20+28 

20+2X 

20+17. 

20+17. 

20+17. 

?Of1 7. 

20+79. 

20+79. 

Lift 
in 

hlock 
No. 

Date 
drilled 

--- 
Unit 
icight 

b/ft3 

Elas tic I 
~ i ~ ~ ~ t i ~ ~  Condition of , Water 

lb/yd' 

-- 

126 

126 

126 

126 

126 
126 

126 

126 

126 

126 

Spe- 
cific 
gravi t) 

Unit 
reigh 

.b/f t 

.le te 
, area 
dis- 
londed 

Distance 
of from break end, 

in 

Te 
trengt 

1b/in2 
drilled 1 concl-ete 

I in core 

1 Interior concrete 

1119.6 Foundation gallery 
stairwell 

1119.6 Foundation gallery 
stairwell 

1119.6 Foundation gallery 
stairwell 

1119.6 Foundation gallery 

I 

I 
S86 W-30 diplGnod joint 

N37 W-30 dip1Cut through coolinr: 
I coil ia 4.3'; good 
1 construction joint 

N64 W-30 dip Core broke @ 2.6' 
N64 W-30 diplRroke (a constructio 

I joint "1.4' 
S64 E-30 dip/Core broke ia 0.9' 

due to drill bit; 
I core broke ? / 2.d' 

564 E-30'dipl Coolin, 0 coil C" 
/ 3.8'; small rock 
pocket @ 4.1' to 

S64 E-30 dip:Only one core 

1119.6 Drainage gallery 
1119.6 Drainage gallery 

1119.6 Foundation gallery 
U/S wall 

1119.6 Foundation gallery 
U/S wall 

1118.5 (~oundation gallery 
U/S wall 

1118.5 Foundation eallery 
uls wall 

/ taken 
S64 E-30 dip/Good joint @ 1.1' 

; to 2.2' 

1119.6 Fotkndation 5:allery 
stairwell 

N30 W-30 dipl~oncrete broke ? 
I large aggregate 
/ at 2.5' 

N30 W-30 dip' I 1119.6 Foundation gallery 
stairwell 

1119.6 Foundation gallery 
stairwell 

1119.6 Focrndation gallery 
U/S wall 

1119.6 Foundation gallery 
u/s wall 

1110.6 Foundation gallery 
U/S wall 

N30 W-30 dip/Good construction 
1 joint 

S64 W-30 dip1 
i 

S64 ,W-30 dip1 Cood constrnction 
( loint 

S64 E-30 dip/Core broke at larxr 

i :Kg::el,:L, 
i steel rod at 0.1' 

S64 E-30 dip Good concrete, good 
1 construction 

1119.6 Foundation gallcry 1 ills wall 
1 joint 

N64 W-30 dipicood concrete 
I 

1119.6 Drainage gallery - 
dls wall 

1119.6 Drainage gallery - 
d/s wall 

N64 W-30 rlip/(:ood concrete, good 
I cnnsrriic tion loin 
I 

V28 W-30 dip Cnod concrete 
I - tairwell 

1119.6 Foundation callcry 
stairwell 

11 19.6 Foun6ation rallerv 
u/s wall 

1119.6 Foundation gallerv 
U / S  wall 

1110.6 Foundation qallery 
tl/s wall 

1119.6 Foundatinn gallery 
'I/S >.all 

I ! 564 E-3') ,!ip ~ r u k r  .i 2.6' , !ui~ni:  

I 1 ,-c.nova l 
1117.ii S64 E-30 dip1 h o d  construction 

loint - h a r d  to 
: ind 

- I N64 W-39 dip l\roke from 2. 7' to 
I I I 3.0' on recoverv 

!117.5/564 W-30 diplGood construction 

1119.6 Drainajie gallery - 
d/c wall 

1119.6 Drainage gallcry - 
d / ~  wall 

11 First nuvhrr is block i n  the d.m, second is ilole nrtmher, third i,~ core number - 
21 Wing dam - 
31 Average of two cylinders 

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



Table  7 .  - Compilation o f  150-rnrn ( 6 - i n )  d i m e t e r  core data - 
~ n t e r i o r  and e x t e r i o r  concrete a t  6 months' age - 

Grand Coulee Forebay Dam - Continued 

Core data Concrete data when placed Test data on concrete cores Other 
tests 
1. Triaxial 
2. Shear 
3. Petro- 

graphic 

Location of hole 

LiEt 
in 

block 
No 

.- 
6" x 12" control cylinders 

- 
Eleva- 
tion 

top of 
hole, 
ft 

Elastic 

I 

- 

C 

- 
C 

- 

C 

7 

C 

C 

Station 
No. 

Offset 
from 
axis 

Depth Joint 
Date 1 of Ieleva-/ Direction 1 Condition of Date 

placed 

- 

3-27-7 

3-27-7 

3-27-7 

3-27-7 

- 
4- 2-7 

4- 2-7 

4- 2-7 

4- 2-7 

4- 2-7 

4- 2-7 

Unit 
relgh 

.b/ft 

- 

152. 

152. 

152. 

152. 

I Air 
lumR; conten 
in : % 

i 

1.00 2 . 9  

1.25 2.8 

1.25 2.8 

- 
I 

1.50 3.1 
1.501 3.1 

I 

i 

2.25 3.6 

2.25 ?.6 

- - - - -  

:ompres- 
sive 

.trength 

lb/in2 

4,880 

4,920 

5,860 

4,720 

Unit 
rei~ht 

b/fr3 

Tensile test 
Core 
NO. 
I/ 

Y p  C e n t  ~ o o l a n  Water, - 
1b/yd3 1b/yd3 

Compressive st] 
Distance 
of break 
from end 

Location in dam trengtt 

lb/in2 

- 
Z are; 
dis- 
bondec 

concrete 
in core 

Interior concrete 

"oudation gallery 
stairwell 

?oundation gallery 
stairwell 

7-15-71/ 3,l-5.9 1117.5 N34-W-30 dip Small void near 
bottom; good con- 
struction joint 
@ 2.1' 

7-15-71 0.0-2.9 1117.5 N64 W-30 dip lrainage gallery - 
d/s wall 

lrainage gallery - 
d/s wall 

7-16-71 2.9-5.8 1117.5 N64 W-30 dip Good construction 
joint @ 2.0' 

3.0 1117.5 S60'E-30 dip Break at 2.4' Foundation gallery 
u/s wall 

Foundation gallery 
u/s wall 

Foundation gallery 
uls wall 

Foundation gallery 
u/s wall 

)rainage gallery - 
d/s wall 

)rainage gallery - 
d/s wall 

Foundation gallery 
stairwell 

Foundation gallery 
stairwell 

)rainage gallery 
)rainage gallery 

7-21-71 0.6-3.0 1117.5 N64 W-30 dip 1 I 1  
joint hard to finc 

7-23-71 0.0-3.0 1117 5 N66 E-30 dip Core broke @ 2.3' 7 I ( I  

I I I I 

8-23-71 0.0-2.7 1117.5 S84 W-30 dip Good concrete Foundation gallery 
stairwell 

Foundation gallery 
stairwell 

Foundation gallery 
Foundation gallery 

2.7-5.7'1117.5 S84 W-30 dip Small rock pocket 
(a cj 

0.0-2.9 1117.5 564 E-30 dip Good concrete 
2.9-5.9 1117.5 S64 E-30 dip Good construction 

joint id 4.8' ; 
broke below Ci 
6" aggregate 

Foundation ~allery 
U/S wall 

Foundation gallery 
U/S 1~a11 

I E-3C dip Good concrete to 
cj (a 1.7' to 
4.8'; cut form 
tie (d 3.3') 4.4', 
5.9'; 1or.e~ 113 
noor concrete 

Exterior concrete -- 

3-10-74 0.0-1.8 I - Vertical I Broke @ 1.8' NO tests 

I/ First number is block in the dam, second is hole number, and third is core number - 
2/ Wing darr 

71 - Average of two cylinders 



Table 8. - Summary of compressive strength and elastic properties
test results on 150-mm (6-inJ diameter cores at

6 months' age - Grand Coulee Forebay Dam

Core
No.

106-1-1
-2

106-5-1
108-2-3

-5-2
-6-1

110-1-1
-2-1

112-1-2
-2-1

114-1-1
-2-2

116-3-1
120-1-1

-2

Date
tested

12- 20-71
11-10-71
11-10-71
11-10-71
11-10-71
12-20-71
12-20-71
12-20-71
12-20-71
12-20-71
11-10-71
11-10-71
12-20-71
12-20-71
12-20-71

Age,
days

Average
Coefficient of variation

Compressive
strength,

MPa (ib/in2)

Strength
ratio:
core Modulus of Poisson's

28-day cy1., e1astici1Y' ratio
percent GPa (lb/in x106)

233
193
193
251
251
291
283
283
268
268
226
226
255
238
238

43.4
30.1
31.3
28.6
30.7
29.8
32.2
33.1
33.6
33.9
40.4
32.5
37.8
27.6
31.0

33.1
12.7

1/ Test across construction joint

Interior Concrete

(6290)
(4370)
(4540) l!
(4150)
(4450) l!
(4320)
(4670)
(4800)
(4880)
(4920)

(5860)
(4720) 1/
(5480)
(4000)
(4500)

(4800)

43

213
148
154
125
134
130
119
123
178
180
172
138
158
174
196

156

35.4
30.9

36.5

31.9
37.0
31.2

39.6
31.9

35.4
35.7
36.0

34.7

(5.13)
(4.48)

(5.29)

(4.63)
(5.36)
(4.52)

(5.75)
(4.62)

(5.14)
(5.18)
(5.22)

(5 . 03
)

0.18
.20

.17

.18

.15

.16

.14

.17

.17

.19

.15

.17



Core
strength ratio: Distance

Core Length of Date Tensile tensile Disbanded of break
No. specimen, tested Age, strength, compressive, area, from end,

rnrn (in) days MPa (lb/in2) percent percent rnrn (in)

1J

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

Table 9. - Summary of tensile strength test results on

150-mm (6-in) diameter cores at 6 months' age -

Grand Coulee Forebay Dam

1/ All tests were on nonjointed specimens
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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 i nteri or and exteri or 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 lb/in2) at 6 months' age.

2. The average compressive strength increase from 6 months

to 1 year for both i nteri or and exteri or concrete was 9

percent. Thi s increase exceeds the average 2-percent gai ns

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-

s i dered about average for mass concrete. The rati 0 of

tensile to compressive strength for interior concrete

averaged slightly higher than that for exterior concrete and

thi s same rati 0 of 6 months' age concrete al so 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 lb/in2). This

substantiates the modulus of elasticity used in the design

of the dam for the dynamic stress response and for the

stated stress ana lysi s. There were no si gnifi cant differ-

ences in moduli of elasticity between 6 months' and 1 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 joints of 15U-mm-diameter

cores, when tested by triaxial shear tests, was within

83 percent of that of unjoi nted cores, further i ndi cati ng

that good constucti on jOi nts were obtai ned. The cohesive

strength of the jointed 15U-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 Poisson1s

ratio and density were within expected ranges.
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TO

THROUGH:

FROM

SUBJECT:

i

OPTIONAL FORM NO. 10

MAY 1.2 EDITION
GSA GEN. REG. NO. 27

(O/p 4-65)
5010-107

U NITED STATES GOVERNMENT

Memorandum
Memorandum
Head, Concrete Section

Denver, Colorado

DATE: January 7, 1972

lJ1f~
Acting Chief, Concrete and Structural Branch ~:

Acting Head, Polymer Concrete and Structural Section

Bond strength between lifts of concrete and shearing strength of

concrete in Grand Coulee Forebay Dam

Triaxial strength tests were made on nineteen 6- by l2-inch concrete

cores to determine the bond strength between lifts in the Forebay Dam.
These cores were drilled to obtain an angle of 300 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 l2-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 Sl 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 0).

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 value 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).

~'4

~£/
;< /C'-I~/'~-{'~'~-

Copy to: 1510
221
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Table 1

TRIAXIAL 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

S3, 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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106-1-2.2 0 4,390
108-2-3.5 0 4,170
114-1-1. 3 0 5,870

106-2-2.2 450 7,480
108-5-3.25 450 7,390
116-3-1.8 450 8,740

110-1-2.15 1,000 11,670
112-2-1.85 1,000 10,780
120-1-2.0 1,000 10,780

Table 2

TRIAXIAL COMPRESSIVE STRENGTH

TESTS OF 6- BY 12-INCH CONCRETE CORES
Grand Coulee Forebay Dam

Core No.*

Unjointed cores - Air dry
Lateral stress Axial stress Average axial stress

S3' psi Si' psi psi

4,810

7,870

11,080

*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-lb/in2

lateral pressure.
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Figure 10. -Jointed cores after failure in triaxial test at 700-lb/in2

lateral pressure.
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Figure 11. -Jointed cores after failure in triaxial test at 1,000 lb/in2

lateral pressure.

UN"3"QIl\;;)\ED Of. LA'J.

Figure 12.
test.

-Unjointed cores after failure in uniaxial compression
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n triaxial test atFigure 13. -Unjointed cores after failure

450-lb/in2 lateral pressure.

Figure 14. -Unjointed cores after failure in triaxial test at

1,OOO-lb/in2 lateral pressure.
62



Appendix B





L:xm4iaa tion b)': S.. l(ubcn!il tein

I
,---------
I
r--- -- -----

Denver, Colort:Q -- - - - - --
Decem.bt:.. 22, 1971

I --------
I

,---------
I[-- - ------

af tcrbredk sped.Dens of &-1nch-dia'.:IQter c01lcr,te
- Grand Cvulea forebay Dau Third PO\o."Crplant r- - - -- - - - --

I
1-----------
I
, - ------
IL______-----

71-33

Form DFC-ll
(12'~1)
p' _0 or ReclamatioD

INFORMATIONAL ROUTING

Hc:aorant,lum
Ct~ief, Concrete a..rtd Structural l}rnnch

. {>;"

~' Chie.!, Applied Sr.:i~l1Ceg IJrancb

&xmaiuation of
triaxial tests

Petrographic j,teferral CoJe:

lntroorn:t.!on

'fwanty-e.:l!;ht Gamr,la:; of 6-inch di<i>::otcr 1)7 12-inch concrete
corea wera $:;1:'1:1tteJ. hy tl,e Concxet~ al,;;! Stru~t:ural Branch to
the !!ecro;;J:aphic L:"{loo.ratory fer p.xat~d:b).tiou. rift,'~Ctn uf the
&ai."lples "'ere ~=eJ.(lctej .:l~ J:ei~re~;~ntaCi'ye or th~ afterbre.:J.k.
spcc.itr.<..-ml of tit,,, tr1.:,x1;;11 ti'gt. The &:'lLlples Io{l:,re frem the
fou\}.l2.ti011 and Jr;.d.ll<:,:c. [;allc'rieH tlf Grand Ccultie 1'hit'J
rowcrpL..nt ford'ay i).".'. fable 1 containa ~l list of tlie
sauples ~~l:d loc;}t.i.o:1. ':';,a concrete wa:J () rJ)nth~; to 1 year
old. ~ri,c. t':oncrete 1,'a~" JrillL~tl at: .a dip of 30t'i to :lnter~ct
the lift joint .at a. .3(." c.n..}le. ,:;p8.:wen$ of unjoin,tecl cc.!re
vere 4lso test~d for cc-:r;i.>ariscn.

GPO 832.11011

Scope of hxanination

The PUt'!>O$C of tha cX.!l,nin<ltiot't \Ja~ to describe the ~od.e of
fallure of t:h{~ joi.;lte,t CUHcrete as ~ r~~ult ot t:le tt'i~xi,"11
te.st. 'fhe; ccmc1..!';te \Ji1i) r'1c\~j_'/<::.d in a crackeJ co.lJition i\fter
triaxial test1n:~ (th"1 ~~ef('\rc an:l ~ftal:' (;C\'t\t.Utiou is iOi.Q",'ti.in
pbotohrapL~ which ::q'I'~~L\r in th~ r'Qrr.1.ol\ of thig report
prefJ<')rcJ by the C(J11CI'~~C nnd Struc:-;ura.l ,1rnnch). The c)~lindcr9

"'cr~ t~~en s;)11t '.lith a {~-inc:~ cldf}el nlu~lg t:~0 predQ;d.ncl.llt
pune of failure t:Q \.m,:ov<;r the surfilc~ ot t:,e pLH\t':o P;loto-
Gra-;-,hs ",,:re t,dam of tjj~ 5jilit c.ore& to;> illur.trata tHe t,oJ~ or
failure' .::tnd I?hcv a C';;';;\i,\,'lr:i:wn '-"ith tho estia.'it(."<! joint p13nc.
Photl;)gr.::~pi.s and st.::d'-':L!l,: te6ta \fere ~loo r:_",(ju to daiinc: the
joint b~fore st~tctur~l t~~ts.

T8.ble 2 coat:d,tl5 Z! ;;;u,';;;:,,~ry c.s' the ar..;mi'n.ation and includes
block nU").Jcr. dd.l1 i.;.c,l~1.~Gv:;}ti).t til)dc ~i failure t O111<"lec)f
br.enk. j"j.utin;~, tr:"cturin;:" pc;,]r bond. air \'oiJs. and ot~ler
toatut'(!B .assoG,L:tteJ \lJt:h fOlilut'l!.
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l'welvei'hotographs \/hlc.n itldic.ato.l repreGen~tive mc>de of
failure.. iJurfacfJ features relating to jointing and fracturing
and air vo1da vera taken (}'!,'.:lIr~5 1 to 6). In addition) t\JO
en.largcd pbotographa s\;o..-ed the size of aZr;rel~.;1t. and distri-
bution ficaI' tha \lnbrok~:!!1 joint Ui~~ure 7) and ~.."Ophotographs
Gho\lcU the rcooltH of thq BtainiIi.[; tests to d~11ne.ato the
unbroken joint (Fi~~ure (;). The 8t"dn did pcnotrnt!1 the
und~rDijo of the concrete slah in voids lJ'.1bp;lrallel to joint
plane, but the reElUlt~ \"'ure not too conclusive. A photograph
of a joint at rizht an::;leG which separated was also included
(Figure 6).

G'-A/
.' I.v'.~

CopytoJ 1520
1523
11. Rtf £10

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 1 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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Unjointed

Angle Hode of Feature associated
S pee No. S3 S1 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

0)
aggregate(X)

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 along 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 ~longjoint plane, Breaks around aggregate
jagged surface

Table 2

Summary of Examination of Afterbreak Specimens

of 6-inch-diameter Concrete

Lift-joint Study

Grand Coulee Third Powerp1ant



Angle Hode of Feature associated
Spec No. S) Sl of break failure with failure

114-)-4.2 450 5600 25. Breaks along joint, Breaks around aggregate
jagr,ed surface across cement

108-4-4.25 700 7550 31. Breaks along joint, Brcaks around aggreGate
jagged surface across cement, entrapped

air void in joint plane
120-2-4.3 700 9210 30° Breaks along joint, Breaks around aggregate

0'. smooth surface across cement

"" 112-1-4.2 700 8030 30. Breaks along joint, Some broken aggregate
jaggod 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. angle. Elevation 111~.6 feet.

Table 2 (Continued)



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

7U



Figure 2. -Photograph of jointed concrete showing failure surface

Top -at 450 lbjin2 load (note jagged type of break)

Bottom at 700 lb/in2 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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'"- Fig~re 4. -Photograph of unjointed concrete showing failure surface

Top -at 450 lb/in2 lateral load (note splitting tangent to large aggregate)

Bottom at 1,000 lb/in2 lateral load (irregular break)
C-8322-58 C-8322-59
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Figure 5. -Comparison of failure of unjointed and jointed concrete

Top -unjointed -(left to right} "0", 450 and 1,000 lb/in2 lateral load

Bottom -jointed -(left to right} "0", 200, 450, 700, and 1,000 lb/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
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Figure 8. -Photograph of results of staining test to delineate unbroken joint

; (,sampl e 106-3-4), .
Top- stalned 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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