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"BIASTING VIBRATION-LIMITS ON FRESMLY PLACED (GREEN) CONCRETE"

1 2'

By Allen J. Rulshizer . , F. ASCE and Ashok J. Desai , M. ASCE

INTRODUCTION

This paper summarizes the results of an extensive program carried
on for the Sesbrook Nuclear Station to increase blast-vibration limits
for -freshly placed coacrete (" Green") without detrimental effect on its
strength properties. In the absence of available data, a test program
was carried out in both'the laboratory and field to study n vide range
of variables to insure the enveloping of various combinations of
vibration characteristics and concrete ages.

Conclusions from the program have resulted in significantly raising
previously utilized green concrete re-vibration limits while still pro-
viding conservative margins with respect to any effect on design re-
quirements . These "new" vibration limits allow for more productive
blasting work during concurrent concrezing operations providing
economies in both cost and schedule.

BACKGROUND

Due to long and various starting delays, it became necessary to re-
schedule excavation and concrete work concurrently in order to recover
schedule losses. Blast vibration specification limits relating to
green concrete, which did not hamper the previously time independent
blasting and concreting efforts, became very restrictive and would have
resulted in serious construction delays if necessarily maintained.

The original Seabrook specification blast vibration limits for
green concrete was taken from work done for the Maine Yankee Atomic
Power Plant, Wiscasset, Maine (1), herein after referred to as the
"Weston Report." Apparently, these values have been used for other
nuclear power plants in this country.

Examination of the Weston Report indicarad that the parameters
suitable to obtain vibration limits for the i..itial intended purposes
did not establish conclusive limits and an apparent ir. crease in these
values could be substantiatt..

,

DEFINITIONS
,

Green concrete, as used within this paper, refers to concrete
,

having an age within 24 hours after placement.

The term re-vibration or vibration of green concrete utilized with-
in'this paper refers to the vibrating of consolidated concrete during

.

its early curing stage and does not refer to re-vibrating of fresh
concrete to improve its properties.

1Supervising Structural Engineer, United Engineers and Constructors Inc,
I

Phila., PA.

2Structural Engineer, United Engineers and Constructors Inc, Phila. , PA.
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REVIEW OF HISTORICAL DATA"

With the knowledge that green concrete vibration limits were not ,

unique to the Seabrook work and that some margin was likely in the
original Weston Report limits, a literature and industry practice

,

search was undertaken to find quantitative data that would substantiate
new highte vibration limits.

A survey was made of naclear plants constructed on rock sites to'

ascertain what blast vibration Itaits were imposed to insure " safe"
,

concrete work. A summary of the values as reported is given in Table L.
Apart from vibration limits imposed to prevent tripping of on site
operatinC nuclear plants, wide variations in specif ~ed peak particle
velocities were found. The data used to establish the green concrete
vibration 10mits was not available (unlass based on the Weston Report)
and in all cases the limiting values would have been restrictive to the

'

Seabrook construction operation.

In addition to industry and literature searches, organization such
' as the American Concrete Institute, Portland Cement Association, Bureau

of Reclaimation, blasting powder companies, cement and concrete com-
panies and other sources even remotely related to the problem were con-
tacted. An index of more salient related publications is provided in

- the Compendium.

Much of the experimental work and studies found were associated
with consolidation during concrete placement and other information on
re-'.ribrating green concrete required various degrees of extrapolation
to obtain useful parameters. It was, therefore, determined that test-
ing work should be undertaken to obtain factual information specifical-

j . ly identified with raising green concrete re-vibration limits.

Of general note is that the normally cited blast damage criteria
limits of 2 inches /sec. and lower appears to be established basically
to protect masonry and plastered structures and to avoid public and
legal struggles and does not dircetly relate itself to construction
efforts removed from the public which involve engineered structures
built of reinforced concrete. (See Compendium., Reference 1, Chapter 7,

; Paragraph 7-3, pgs. 7-5 to 7-10.)

SEABROOK TEST PROGRAM

The Seabrook testing program was developed to evaluate what effect
blast induced vibrations on green concrete would have on structural,

; properties of concrete with the goal of obtaining the critical damage
limits. Concrete properties deemed most significant to structural
perfoonance and durability were that of compressive, shear and rein-
forcing bond strength. Since reinforced concrete is basically designed
as a " cracked section", no effort was made to cast or evaluate plain
concrete flexural performance.,

|'
Because of the strong demand to have information related to actual

conditions, one phase of the program was conducted in the field utiliz-

|- ing explosive blasting under controlled, monitored conditions. Ihe
other phase involved laboratory work which economically allowed for al

more extensive and more controlled and moni:ored testing program but
one which could be easily correlated with the field work and which eculd

also be used to evaluate the effects of other than blast type vibrations
(i.e.: more regular patterns). Since it is generally re;ognized that

2
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,

the first 24 hours of conersta sat _ time will rapressnt the most criti-
cal period, the program limited its study to concrete vibrated at
various intervals within 24 hours after concrete placement.

,

The entire test program was carried out under fully impicmented
Quality Assurance procedures.

The following is s sunmary of the number of control and test sam *-
ples utilized:
'

Cylinder Bond

i Compression Shear & Bond Pull Out
Test Beam Test Test Cores

i-
'

Field 120 140 255 31

92Laboratory 258 - __

Total 378 140 347 31

<

FIELD TEST PROGRAM

Essentially the field test program was comprised of casting various'

tynes of concrete specimens and subjecting them, at specified concrete
ages, to blast vibrations of differing magnitudes which were measured
and recorded.- Control (un-vibrated) specimens were cast from the same

,

concrete batches. Field work was carried out in areas remote -to heavy
construction traffic and basically free from other blast induced vi-
brations so that the test vibrations introduced and monitored represent
clean data free from background distortions. After the appropriate 7
or 20 day period had elapsed, the vibrated and centrol specimens were
load tested and results evaluated.'

The field test program was divided into three arcas, namely:
,

1. Cylinder Test
2. Beam Test
3. Wall Test

Field Cylinder Test Program

This program consisted of casting standard 6x12 inch cylinders,
subjecting them to blast vibrations (except for controls), curing the
cylinders in accordsnce with ASTM C31 and then performing the standard

,

! ASTM C39 compressive load test. Reinforced concrete test pads were
constructed on 20 foot (6.1 m) centers.. Pads were founded on and an-
chored to rock by means of resin type rock anchors. Fads were equipped
with hold down' bolts and apparatus to hold four concrete mold cylinders
firmly in place during the blast. Provisions were also made to bolt2

down a monitoring transducer on each pad and read remotely c?. a central
station. (See Photograph No. 1).

A set of four cylinders were cast and rigidly fixed to the test pad.
At the appropriate time the blast was detonated and the vibrations re-
corded for each of the four pads. The cylinders were then protected
and cared in place for 24 hours after whict they were removed (along

|
with the remotely cast control cylinders), cured in the testing labora-
tory and compressive load tested after the 7 and 28 day curing time

[

L (two 7 day and two 28 day tests from each pad),
s

3
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The effect of blast vibrations on the cylindsrs was svcluated by
normalizing the change in vibrated cylinder strengths by representing
them as -t percentage of increase or decrease in strength from that of
the cont .31 cylinders and plotting the variation with respect to the
experienced peak particle velocity. Comparative plots of 7 and 28 day
cylinder compressive tests are shown in Figures 1 and 2 respectiva1y.

As can be noted from the normalized test results plotted on Figures
1 and 2, no specific trend in the change of cylinder compressive
strengths can be established since the relative variation in compres-
sive strength incre.tses and/or decreases randomly for any given age or
curing. or magnitude of induced vibration. A further comparison of cor-
responding 7 and 28 day relative compressive test for a specific }vibration level-concrete age datum point (i.e.: cylinders subjected to
the same blast vibrations) illustrates the fluctuating-oscillating ,

'

changes in the concrete cylinder strengths for identically vibrated
The effect of differential curing time (7 days vs. 23 days)cylinders.

is considered to be of little consequences cince no specific or general
change in test values can be associated with the observed test results.
(i.e. : Longer cure time did not apparently produce breater strength
cylinders due to autogeneous healing which would offset any detrimental

See Reference 3).cracking effects produced by the induced vibrations.

With respect to the magnitude of the increase or decrease in cylin-
der strengths it must be noted that the variations actually lie in a
relatively tight band where 96% of the relative test values fall within

^

a plus or minus 6% variation and 98% fall within a plus or minus 7%
variation. This range of variation is considered to be within an
acceptable level of variation that occurs in cylinder testing.

Field Beam Test Program*

Reinforced beams measuring 4 x. 8 inches and three feet (0.91 m)
long were selected in order to utilize a standatJ cylinder testing
machine and flexural beam testing apparatus. A typical beam was de-
signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bond failure it was necessary to minimize the embedded length to 4
inches so as not to fail the 4 x 8 inch concrete section in shear. Em-

bedment length was controlled by installing plastic sleeves over the
center portion of the reinforcing. (Photograph No. 2)

The beam specimens were cast, vibrated and cured in similar fashion
to that of the cylinders utilizing the scme test pads (See photograph
No. 3). Two beams were cast on each pad. Two test sets of two beams
each were made for each concrete age-vibration level datum poirc to be
evalusted. One set was arranged so thet the beams'long axes were#

aligned parallel to the direction to which the blast vibrations were
originating and the other arranged with the beams'long axes perpen-
aicular to the originating vibration direction. This approach was taken
to be sure that there was no variation in results occurring from phenom-
enon relating to the difference between the blest wave propagation
transverse te or along the axis of the beam. All beams were load
tested 7 days after casting. Standard compressive cylinders were made
to determine cylinder strength for analytical purposes.

Beams were . teste1 pct- ASTM C293, center point loading. Due to the
plastic sleeve the loading produced an early flexural crack in the beam
center which did not effect its ultimate load capacity. As Icading was
continued, the beam would ultimately fail by:

4
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1. Bond failure of the 4 inch (102 mm) rebar anchorage without
splitting or shearin6 of the beam and sometimes followed by c
shear failure.

2. Bond failure in the anchorage zona resulting in splitting off
concrete adjacent to the anchorage, usually followed' immediate-
ly by a shear failure of the bean. (Photograph 2)

The " Ultimate" load was recorded as the peak load capacity of the
member (which occurred just prior to failure).

Since the mode of failure and the corresponding failure load varied,
it was not possible to make a direct comparison between vibrated and un-
vibrated (control) beams as was done with the blast vibrated cylinders.
An alternate means of evaluation was derived by calculating the safety
factor between the " ultimate design capacity" and that of the " actual
ultimate test capacity". The ultimate beam design capacity was deter-
mined from ACI 318-77' provisions considering unconfined bond anchorage
values and actual cylinder test values of the same age and =aterial
utiJ. zen in the beam.

A summary of the test values is given in Table 2.

No signs or features were visible in the vibrated or unvibrated
samples tested that could be related in any way to a less than sound
concrete product.

Field Wall Test Program

The final stage in the field testing program was to "si=ulate a
,

typical" concrete section and subject it to blasting and study the
effects.

Five walls were constructed, fnne test walls were subjected to
blasting and one control kept fre.e of vibrations. Each wall was made
up of two - 2 feet (0.61 m) wide by 8 foot high by 8 foot (2.44 m) long
walls arranged as a cruciform to introduce longitudinal and trans-
verse blast wave effects. Walls were typically reinforced throughout
with #6 rebars at 12 inches (305 mm) on centers, each way.

Bond test dowels,,#8 rebars, were placed into the walls at varying
locations and depths. Plastic sleeves were used over the bars to con-
trol the test zone location and provide a 10 inch (254 mm) embedment
length for pull testing of bead values (See photograph No. 6). j

Four-hour and fourteen-hour green concrete ages were chosen as suf-
ficient to represent the varying spectrum of concrete set tL=e charac-
teristics .

Each of the walls to be vibrated were instrumented at the foundation i

level and on the top of the wall at the intersection. The two closest I

walls to tne blast also had a transducer located at the mid-height in-
tersection. The higher transducers provided information relative to
amplifications through the wall system, l

1

Twenty eight days after casting the walls, pulling of the #8 test
dowels com=enced, utilizing a 30 ton (27,210 kg) hollow ram jack. Each
bar was loaded'until it began to pull out. The bond failure load was (
determined to be the load at which continued pu= ping initially did not

'

result in an increase in load. At this point, verification of movement

5
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was mada by mensuring tha "nIw" langth of tha extsndsd bar. Esssn-
tially, the 10 inch embedment of the #8 bar was sufficient to develop a
stress level in the average bar of 66,667 ksi (459.3 M Pa). In a few

cases, the bars broke at a small notch put in the bar to facilita er
jacking prior to breaking the bond.

Results of the pull-out values were very close and no significant
difference can be observed between the vibrated and unvibrated values.
A comparison was made between the ACI 318-77 confined anchorage values
(for "other" bars) and the " actual" bond failure loads. A summary of
these and other values are given in Table 3. Note, that the average

unconfined bond safety factor from the beam test (Table 2) and the con-
fined bond safety factor from the wall test are reasonably cl,se, con-
firming a considerable margin of safety for bond values without any
consideration for " top bar" allowances.

After completing the bond test, 4 inch (101.6 mm) dia. cores were
taken from each of the walls. Visual examination indicated no signs of
flaws or deterioration. Cores were load tested and gave results com-
patible with what would be expected from the load testing of cores.

Finally, one of the walls was blasted loose from the rock and pushed
out of the way by bulldozing (See photograph No. 7). Examination of
this wall externally and within the core holes did not reveal any blast
induced cracking which would have been exaggerated by the extreme
handling.

LABORATORY TEST PROGRAM

Essentially, the laboratory phase of the testing program was ccm-
prised of cast'ng cylinders and bond pull-out specimens and subjecting
them, at specified concrete ages, to various fixed frequencies and
velocities by means of a shaker table. All specimens were well moni-
tored and vibration characteristics respectively recorded. Control,

(un-vibrated) specimens were cast from the same concrete batches. After
the appropriate 7 or 28 day -eriod had elapsed, the vibrated and control
specimens were load tested and results evaluated.

All testing work, except for load testing of the specimens, was
carried out by The Franklin Institute Research Laboratories, utilizing
the General Olectric Company Space Center facilities at Valley Forge,
Pennsylvania.

Nominal curing time from specimen casting to vibration of 3, 6,12
and 24 hours was used.

_

The velocities and frequencies (and associated accelerations) given
in the following Table were utilized. Test frequercies were chosen
from the predominate frequencies associated with maxiium' velocities ob-
served from the site blast monitoring records. (Table on next page.)

Vibrations were induced such that the profile of vibration had a
rise and fall" time of 0.5 t 0.3 seconds and remained at the peak level
for 5.0 t 0.5 seconds. The specimens were subjected to excitation in
one horizontal axis through the base. Vibration profiles were recorded
for each of the three perpendicular axes.

A CL50 shaker manufactured by M.B. Electronics, a Division of
Textron Electronics, Inc. ,was used to energize the shaker table.

7
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_ LABORATORY TEST VELOCITIES AND FREQUENCIES
(AND ASSOCIATED ACCELERATIOtG)

FREQUENCY MAXIMUM PEAK PARTICLE ACCELERATION IN g

' 13.250 hz 0.83 1.66 3.3 6.6 -
-

26.4100 hz 1.66 3.3 6.6 13.2 -

150 hz 2.5 5.0 10.0 20.0 30.0 -

PEAK PARTICLE
VELOCITY 1 2 4 8 12 16

INCHES /SEC. One Inch =25,4 mm

The energy input into the laboratory vibrated specimens is consid-
ered to be comparatively more severe due to the longer period the spec-
bnen is subjected to the induced vibration.

~

Laboratory Cylinder Test Program

This program consisted of casting standard 6 X 12 inch (152.4 X
304.8 mm) cylinders end subjecting a group of 4 cylinders at a time to
the selected vibrations by means of a rigid steel fixture fastened to
the shaker table. (See photograph Nos. 4 and 5.) Cylinders were cast,
cured and compressive load tested in accordance with ASTM C31 and C39.a

,

Control cylinders (unvi.brated) were cast from respective concrete
batches.

After the app'ropriate 7 or 28 day curing time, 2 cylinders from each
group were load tested along with control spectnens. The effect of vi-
bration was evaluated in the same manner as the Field Program cylinders
by normalizing the change in vibrated cylinder strengths by representing
them as a percentage of increase or decrease in strength from that of
the control cylinders and plotting the variation with respect to the
experienced peak particle velocity.

A representative plot is shown in Figure 3 and a table of test
values, irrespective of vibration levels or green concrete ago is given
in Table 5.

Results of the laboratory cylinder test program were essencially the
same as the field cylinder program. Specifically, no specific trend can
be established in the change of cylinder strength with respect to any of
the vibration levels introduced for any of the green concrete ages

tested.

Laboratory Pell-Out Test Program

Ihis program consisted of casting, curing and testing pull-out sam-
pies in accordance with ASTM C234 Pull-out specimens were 6 inch
(152.4 mm) cubes with a 3 foot (0.91 m) long, #6 reinforcing bar ex-

| tending to the specimen bottom. Specimens were cast in specially made
! molds, structurally strong enough to permit direct attachnent to the

shaker table. Specimens were subjected to the same basic age-vibration
levels as that of the cylinders and tested 7 and 28 days after casting.

|
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Du2 to tha nominni 30 inch (762 mm) extension of tha #6 ra4.nforcing
bar, 2 whipping action was introduced during the shaking operation even
though the top of the bar was relatively secured to the casting mold.
This behavior created an added severity to the reinforcing bar bonding
capability.

Although the ASTM C234 is to evaluate concrete strengths by com-
parate bond failures (not necessarily related to ACI 318 design values),
the test did confirm information relative to the'effect of the induced
vibration on bonding characteristics.

Basically, all pull-out specimens failed by splitting of the con-
crete block prior to achieving a bond failure. However, the load
developed by the 6 inch (152.4 mm) embedment of the #6 reinforc;ng bar
was, again, significantly above the ultimate anchorage load calculated
from ACI 318-77 for unconfined bars.

Values, irrespective of the green age or vibration level, are given
in Table 4.

Essentially no reduction in concrete strength or bond capacity can
be recognized as a result of the vibrations introduced to the various
green concrete ages.

SUMMARY

1. Due to space limitations, detailed discussions of test and evalua-
tion work and data, presentation has been greatly shortened. Data
has been summarized in an attempt to provide sufficient overall
information to establish the validity of the work.

2. Test work was done for the most part with readily available re-
sources, and there was no attempt to pursue a full scale research
program outside the realms of establishing increased vibration
levels for green concrete.

3. Although the test program was aimed at finding a " critical"
vibration intensity for green concrete, no vibration level was ever
reached that could Le associated with ultimate damage to the con-
crete tested.

4 Although many specimens of various types were subjected to input
velocities up tc and La the range of 8 to 12 inches per second and
some subjected to velocities as high as 20 inches per second (l" =
25.4 mm), there has been no evidence to indicate that the re-

| vibrated green concrete tested would not structurally perform in
accordance with its standard 28 dav strength design values or wouldi-
otherwise produce a less durable structure.

5. Results of the test were used to re-establish green concrete blast
vibration ibnits as given in Table 6. The values listed are still
conservative with respect to the test program results and even with
respect to some of the " original Table 1" values. Provision for an
increase in blast vibration levels above the Table 6 values was
treated on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. Bond test results indicate an apparer. strong conservatism in the
ACI-318-77 anchorage provisions. This conservatism should be looked

.
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at with respect to eliminating the !1.4 factor for horizontal wall
laps which are currently identified as " top bars." This reduction

in horizontal lap length would serve to reduce added congestion in
heavily reinforced walls spart from any savings in reduced steel
requirements.

CONCLUS IONS

1. The.Seabrook Green Concrete Blast Vibration Limit Program has
provided valuable data which conclusively supported increasing
previous blasting vibration limits. Based on the observations of
the Seabrook work, there is strong confidence to indicate that even .
higher vibration limits can be established if additional test work
is performed.

2. If no environmental, public structures, human tolerance or other
safety considerations are involved, considerable margin still
appears to exist in raising blasting vibration limits relative to
the concurrent placement of concrete.t

,
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Ms. Phillis Zitzer ': Limerick Ecology Action Cu "
P. O. Box 761
Pottstown, Pennsylvania 19464

Dear Ms. Zitzer:

This will cortfirm your telephone conversation of June 5,1981 with -
Don Calkins. The meeting with Mr. Frank Romano is scheduled for ~

.

1:00 P.M. on June 18,1981, at 7920 Norfolk Avenue, Bethesda, Maryland.
You are welcome to attend.

Enclosed is a document which was sent to Mr. Romano, relative to the
meeting. It may not have reached the Local Public Document Room yet.
It is a recent paper entitled, " Blasting Vibration Limits on Freshly
Placed (Green) Concrete" by United Engineers and Construction, Inc.

Sincerely,
,

O
A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing

Enclosure:
As stated
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" BLASTING VIBRATION LIMITS ON FRESHLY PLACED (GREEN) CONCRETE"

By Allen J. Hulshizer , F.ASCE and Ashok J. Desai , M.ASCE

INTRODUCTION

This paper summarizes the results of an extensive program carried
on for the Seabrook Nuclear Station to increase blast-vibration limits
fo- fra:hly placed concrete (" Green") without detrimental effect on its
strength properties. In the absence of available data, a test program
was carried out in both the laboratory and field to study a wide range
of variables to insure the enveloping of various combinations of
vibration characteristics and concrete ages.

Conclusions from the program have resulted in significantly raising
previously utilized green concrete re-vibration ILmits while still pro-
viding conservative margins with respect to any effect on design re-
quirements . These "new" vibration limits allow for more prod 2ctive
blasting work during concurrent concreting operations providing
economies in both cost and schedule.

BAC" GROUND

Due to long and various starting delays, it became necessary to re-
schedule excavatioa and concrete work concurrently in order to recover
schedule losses. Blast vibration specification limits relating to
green em4 crete, which did not hamper the previously time independent
blasting and concreting efforts, became very restrictive and would have !

resulted in serious construction delays if necessarily maintained.

The original Seabrook specification blast viaration limits for
green concrete was taken from work done for the Maine Yankee Atomic
Power Plant, Wiscar 2et, Maine (1), herein after referred to as the
"Weston Report." apparently, these values have been used for other
nuclear power plants in this country.

Examination of the Weston Report indicated that the paramecccs
suitable te obtain vibration limits for the initial intended purposes
did not es ;ablish conclusive limits and an apparent increase in these
values could be substantiated.

DEFINITIONS

Green concrete, as used within this paper, refers to concrete
having an age within 24 hours after placement.

The term re-vibration or vibration of green concrete utilized with-
in this paper refers to the vibrating of consolidated concrete during
its early curing stage and does not refer to re-vibrating of fresh

|
concrete to improve its properties.'

~

ISupervising Structural Engineer, United Engineers and Ccnstructors Inc,
,

Phila. , PA.
t
1 2
|

Structural Engineer. United Engineers and Constructors Inc, Phila., PA.
l
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RZVIEW OF HISTORICAL DATA
q

With the knowledge that green concrete vibration limits were not )

unique to the Seabrook work and that so me margin was likely in the |

original Weston Report limits, a litdrature and industry practice
search was undertaken to find quan'itative data that would substantiate
new higher vibration limits. D

A survey was made of nuclear plants constructed on rock sites to
ascertain what blast vibration limits were imposed to insure " safe"'

concrete work. A summary of the values as reported is given in Table 1.-
Apart from vibration ILaits imposed to prevent tripping of on site
operating nuclear plants, wide variations in specified peak particle
velocities were found. The data used to establish the green concrete
vibration limits was not available (unless bas d on the Weston Report),

and in all cases the limiting values would have been restrictive to the
Seabrook construction operation.

In addition to industry and literature searches, organization such
as the American Concrete Institute, Portland Cement Association, Euremu3

of Reclaimation, blasting powder companies, cement and concrete com-
panies and other sources even remotely related to the problem were con-
tacted. An index of more salient related publications is provided in
the Compendium.

Much of the experimental work and studies found were associated
with consolidation during concrete placement and other information on

.

re-vibrating green concrete required various degrees of extrapolation
| co obtain useful parameters. Ir ts, therefore, determined that test-

ing work should be undertaken to obtain factual information specifical-
ly identified with raising green concrete re-vibration limits. .

1

Of general note is that the normally cited blast damage criteria
limits of 2 inches /sec. and lower appears to be established basically

,

to protect masonry and plastered structures and to avoid public 'and
legal struggles and does not directly relate itself to construction
efforts removed from the public which involve engineered struc'.ur==
built of reinforced concrete. (See Compendium, Reference 1, Chapter 7,
Paragraph 7-3, pgs. 7-5 to 7-10.)*

SEABROOK TEST PROGRAM
.

The Seabrook testing program was developed to evaluate what effect
blast induced vibrations on green concrete would have on structural
properties of concrete with the goal of obtaining the critical damage
limits. Concrete properties deemed most significant to structural
performance and durability were that of compressive, shear and rein-
forcing bond strength. Since reinforced concrete is basically designed

. as a " cracked section", no effort was made to test or evaluzte plain"

concrete flexural performance.

Because of the strong demand to have information related to actual
!- conditions, one phase of tb2 program was conducted in the field utiliz-,

ing explosive blasting unda: controlled, monitored ccnditions. The
other phase involved laboratory work which economically allowed for a:
more extensive and more controlled and monitored testing program but..
one which could be easily correlated with the field work and which could~

,

also be used to evaluate the effects of other than blast type vibrations
I (i.e.: .more regular patterns). Since it is generally' recognized that

2.
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the. first 24 hours of ccncreto eat time will rapressnt tha.most criti-~

cal period, the program limited its study to concrete vibrated at
various intervals within 24 hours after concrete placement.

The entire test program was carried out under fully implemented
' Quality Assurance procedures.

.

The following is a summary of the number of control and test sam'-
pies utilized:

BondCylinder
Compression Shear & Bond Pull Out

Test Beam Test Test Cores

Field, 120 140 255 31 .

92 _-I4boratory 258 -

Total 378 140 347 31

FIELD TEST PROGRAM

Essentially the field test program was comprised of casting various
types of concrete specimens and subjecting them, at specified concrece
ages, to blast vibrations of differing magnitudes which were measured
and recorded. Control (un-vibrated) specimens were cast from the same
concrete batches. Field wor'c was carried out in areas remote to heavy
construction traffic and basteally free from other blast induced vi-
brations so that the test vibrations introduced and monitored represent
clean data free from background distortions. After the appropriate 7
or 28 day period had elapsed, the vibrated and control specimens were
load tested and results evaluated.

The field test program was divided inte three areas, ramely:

1. Cylinder Test
- 2. Beam Test

3. Wall Test

|Field Cylinder Test Program
!

This program consisted of casting scandard 6x12 i; ch cylinders,
subjecting them to blast vibrations (except for controls), curing the
cylinders in accordance with ASTM C31 and then performing the standard
ASTM C39 compressive load test. Reinforced concrete test pads were ,

'

constructed on 20 foot (6.1 m) centers. Pads were founded on and an-
chored to rock by means of resin type rock anchors. Pads were equipped
with hold down bolts and apparatus to holu four concrete mold cylinders'

firmly i. place during the blast. Previsions were also made to bolt
down a monitoring transducer on each pad and read remotely at a central

,

station. (See Photograph No.1).>

i A set of four cylinders were cast and rigidly fixed to the test pad.
: At the appropriate time the blast was detonated and the vibrations re-
l corded for each of the four pads. The cylinders were then protected

and cured in place for 24 hours after which they were removed (alongr

with the remotely cast control cylinders), cured in the testing labora-
|-

tory and comprestive load tested after the 7 and 28 day curing time
(two 7 day and two 28 day tests from each pad).

3

.-. . _ . . . - . . . - - - --.. - .. - - .- . .. - .



_. .-. _ . ..

:.- )-

I
'

,

The effect of blast vibrations on tha cylindsrs vns avalustad by
normalizing the change in vibrated cylinder strengths by representing ,

them as a percentage of increase or decrease in strength from that of
:he control cylinders and plotting the variation with respect to the
experienced peak particle velocity. _ Comparative- plots of 7 and 28 day

. cylinder compressive tests are shown in Figures 1 and 2 respectively.

As can be noted from the normalized test results plotted on Figures
1 and 2, no specific trend in .the change of cylinder ccmpressive
strengths .can be established since the relative variation in compres-,

'

sive strength increases and/or decreases randomly for any given age or
curing or magnitude of induced vibration. A further comparison of cor-i

; responding 7 and 28 day relative compressive test for a specific ,

vibration level-concreta age datum point (i.e.: cylinders subjected to '

the same blast vibrations) illustrates the fluctuating-oscillating
changes in the concrete cylinder strengths for identically vibrated
. cylinders. The effect of differcatial curing t me (7 days vs. 28 'sys)i

is considered to. be of little consequences sinc no specific or general
change in tesc values can be associated with the observed test results.
(i.e.: Longer curt time did not apparently produce greater strength

4

cylinders due to autogeneous healing which would offset any detrimental
cracking effects produced by the induced vibrations. See Reference 3).

With respect to the magnitude of the increase or decrease in cylin-
der strengths- it must be noted that the variations actually lie in a
slatively tight band where 96% of the relative test values fall within,

a plus or minus 6% variation and 98% fall within a plus or minus 7%
variation. This range of variation is considered to be within an
acceptable level of variation that occurs in cylinder testing.

Field Beam Test Program

Reinforced beams measuring 4 x 8 inches and three feet (0.91 m)
long were selected in. order to utilize a standard cylinder testing
machine and flexural beam testing apparatus. A typical beam was de-4

signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bond failure it was necessary to minimize the embedded length to 4
inches so as not to fail the 4 x 8 inch concrete section in shear. Em-

bedment length was controlled by installing plastic sleeves over the
center portion of the reinforcing. (Photograph No. 2)

'

The beam specimenc were cast, vibrated and cured in similar fashion
to that of the cylinders utilizing the same test pads (See 'pbotograph
No. 3). Two beams were cast on each pad. Two test sets of two beams
each were made for each concrete age-vibration level datum point to be4

evaluated. One set was arranged so that the beams' long axes were
|

aligned parallel to the direction to which the blast vibrations were
originating and the other arranged with the beams' long axes perpen-
dicular to the originating vibration direction. This approach was taken
to be sure that there was no varintion in results occurring from phenom-
enon relating to the difference between the blast wave propagation

,

transverse to or along the axis of the beam. All beams were load
4 tested 7 days after casting. Standard compressive cylinders were made

to determine . cylinder strength for analytical purposes.>

.

Beams were tesceu per ASTM C293, center point loading. Due to the
plastic sleeve the loading produced an early- flexural crack in the beam
center which did not effect its ultimate load capacity. At loading was
continued, the beam would ultimately fail by:

4-
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1. Bond failure of the 4 inch (102 mm) rebar anchorage without
splitting or shearing of the beam and sometimes followed by a
shear failure.

2. Bond failure in the anchaecge zone resulting in splitting off
concrete adjacent to the. anchorage, usually followed' Lunediate-

-

ly by a shear failure of the beam. (Photograph 2)

The " Ultimate" load was recorded as tile peak load capacity of the
>

member (which occurred just prior to failure).

Since the mode of failure and the corresponding failure load varied,
it was not possible to make a direct comparison between vibrated and un-

4

vibrated (control) beams as was done with tha blast vibrated cylinders.
An alternate means of evaluation was derived by calculating the safety
Factor between the " ultimate design capacity" and that of the " actual
ultimate test capecity". The ultimate beam design capacity was deter-
mined from ACI 318-77' provisions considering unconfined bond anchorage
values and actual cylinder test values of the same age and material
utilized in the beam.

A summary of the test values is given in Table 2.*

No signs or features were visible in the vibrated or unvibrated
samples tested that could be related in any way to a less thar. sound
concrete product.

Field Wall Test Program

The final stage in the field testing program was to " simulate a
typical" concrete section and subject it to blasting and study the
effects.

Five walls were constructed, four test walls were subjected to
blasting and one control kept free of vibrations. Each wall was made
up af two - 2 feet (0.61 m) wide by 8 foot high by 8 foot (2.44 m) long1

walls arranged as a cruciform to introduce longitudinal and trans-
verse blast wa.e effects. Walls were ' typically reinforced throughout
with #6 rebars at 12 inchas (305 mm) on centers, each way. .

Bond test dowels, #8 rebars, were placed into the walls at varying
locations and depths. , Plastic sleeves were used over the bars to con-
trol the test zone location and provide a 10 inch (254 mm) embedment
length for pull testing of bond values (See photograph No. 6).

Four-hour and fourteen-hour green concrete ages were chosen as suf-
ficient to represent the varying spectrum of concrete set time charac-
teris t ics.

.

Each of the walls to be vibrated were instrumented at the foundation
level and on the top of the wall at the ictersection. The two closest
walle to the blast also had a transcucer located at the mid-height in-

4

tersection. The higher transducers provided infer =ation relative to
amplifications through the wall system.

Twenty eight days after casting the walls, pulling of the #8 test
dowels commenced, utilizing a 30 ton (27 ?.10 kg) hollow ram jack. Each
bar was loaded until it began to pull out. The bond failure load was
determies . to be the load at which continued pumping initially did not
result in'an increase in load. At this point, verification cf movement

5
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wcs mada by mecsuring tha "new" langth of the extandad btr. Essta-
~

p" ' tially, the 10 inch embedment of the #8 bar was sufficieg to develop a
stress level in the average bar of 66,667 ksi (459.3 M Pa). In a few

cases,-the bars broke at a small notch put in the bar to facilitate
jacking prior to breaking the bond.c

Results of the pull-out values were very close and no significant
difference can be observed between the vibrated and unvibrated values.
A comparison was made between the ACI 318-77 confined anchorage values
(for "other" bars) and the "cetual" bond failure loads. A summary of,

,.

there and other values are given in Table 3. Note, that the average
;

unconfined bond safety factor from the beam test (Table 2) and the con-
fined bond safety f actor from the wall test are reasonably ci,s,e, con-
firming a considerable margin of safety for bond values without any,

consideration for " top bar" allowances.

| After completing the bond test, 4 inch (101.6 mm) dia. cores were
taken from each of the walls. Visual examination indicated no signs of
flaws or deterioration. Cores were load tested and gave results coc-
patible with what would be expected from the load testing of cores.

Finally, one of the walls was blasted loose from the rock and pushed
out of the way by bu11 dozing (See photograph No. 7). Examination of
this wall externally and within the core holes did not reveal any blast
induced cracking which would have been exaggerated by the extreme;

handling.

LABonATORY TEST PROGRAM

Essentially, the laboratory phase of the testing program wcs com-
prised of casting cylinders and bond pull-out specimens and subjecting
them, at specified concrete ages, to various fixed frequero.ies and
velocities by means of a shaker t-ble. All specimens were well moni-
tored and vibration characteristics respectively recorded. Control
(un-vibrated) specimens were cast from the same concrete batches. After
the appropriate 7 or 28 day period had elapred, the vibrated and control
specimens were load tested and results evaluated.

All testing work, except for load testing of the specimens, was
carried out by The Franklin Institute Research Laboratories, utilizing
the General Electric Company Space Center facilities at Valley Forge,
Pennsylvania.

Nominal curing ttme from specimen casting to vibration of 3, 6,12
and 24 hour , was used.

The. velocities and frequencies (and associated accelerations) given
in the following Table were utilized. ' Test frequencies were chosen

,

from the predominate frequencies associated with maximum velocities ob-
.

served from the site blast monitoring records. (Table on next page.)

IVibrations were induced such that the profile of vibration had a
rise and fall' time of 0.5 I 0.3 seconds and remained at the peak level

,

for 5.0 t 0.5 seconds. The specimens were subjected oto excitation in
.

one horizontal axis through the base. Vibration profiles were recorded!
for each of the three perpendicu?ar axes.

A C150 shaker manufactured by M.B. Electronics, a Division of
Textron E1cetronics, Inc. ,was used to energize the shaker table.

.

7
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, LABORATORY TEST VELOCNTES AND FPEQUENCIES
(AlfD ASSOCIATED ACCELERATIONS)'

FREQUENCY MAXIMUM PEAK PARTICLE ACCELERATION IN g

'50 hs- 'O.83 1.66 '3.3 '6.6 ' 13.2-1 r-

26.4100 hz 1.66 3.3 6.6 13.2. -

.150_ hs 2.5 5.0 10.0 ~20.0 30.0^
-

~

. PEAK PARTICLE
1 2 4- 8 12 16 .

1 VELOC ITY ; >

' INCHES /SEC. One Inch =25.4 mm

The energy input into the laboratory vibrated specimens is consid-
ered to be comparatively more severe due to the longer period the spec-

'

Lmen is subjected to. the induced vibration.
,

-Laboratory cylinder Test Program

'This program consisted of casting standard 6 X 12 inch (L52.4 X.'

304.8 mm) cylinders and subjecting a group of 4 cylinders at a time to
the selected . vibrations:by means of a rigid steel fixture fastened to'

the shaker table. (See photograph.Nos. 4 and 5.)- Cylinders were cast,
cured and compressive load tested in accordance with ASTM C31 and C39.
Control ~ cylinders (unvi.brated) were cast from respective concrete

_ ,

' batches.

After the appropriate 7 or 28 day curing time, 2 cylinders- from each
> group .were load tested along with control specimens. . The ef fect of -vi-

.bration was evaluated in the same manner as the Field- Program cylinders
by normalizing the change in vibrated cylinder strengths by representing
them as ' a percentage of increase or decrease uin strength from that of.

the' control cylinders and plotting the variation with respect to the
experienced peak particle velocity. >

'A representative plot is shown in Figure 3 and a table of test
values, irrespective of vibration levels or green concrete age is given
in Table 5.

' Results of the laboratory cylinder test program were essentially the
.ame as the field cylinder program. Specifically, no specific trend cans
be _ established in the change of cylinder strength with respect to any of
.the vibration levels int'roduced for any of the green concrete ages

tested.

Laboratory Pull-Out Test Program |
l

This program consisted of casting, curing and testing pull-out sam- |
,

fples in accordance with ASTM C234 Pull-out specimens were 6 inch |

. (152.4 un)' cubes with a 3 foot'(0.91 m) long, #6 reinforcing bar ex-L

tending to.the specimen bottom. Specimens were cast in specially made
.

j : molds, structurally strong enough to permit direct attachment to the
~

shaker table.. Specimens were subjected to the same basic age-vibration
levels as that of the ~ cylinders and tested 7 and 28 days after casting.;

;.
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Due .to the nominal 30 inch (762 mm) oxtension of tha #6 rainforcing'

._
bar, _ a whipping action was, introduced during the shaking operation even
though the top of the bar was relatively secured to the casting mold,! :
This beh'avior created an added - severityf to the reinforcing bar bonding )o
Lcapability.. |

I
Although the ASTM C234 is to evaluate concrete strengths by com- )'

parate bond failures (not necessarily related to ACI 318 design ralues), j

the test did confirm information relative to the effect of the induced '

vibration on bonding characteristics.
1

Basically, all pull-out specimens failed by splitting of the con-
crete block prior to achieving a bond failure. Mswever, the load.
developed by the 6 inch (152.4 mm) embedment of the #6 reinfor'cing bar
was, .again, significantly above the ultimate anchorage load calculated
from ACI 318-77 for unconfined bars.

Values, irrespective of the green age or vibration level, are gives
in Table A.'

Essentially no reduction in concrete strength or bond capacity can'

be recognized as a result of the vibrations introduced to the various
green concrete ages.

SUMMARY j

1. Due to space limitations, detailed discussions of test and evalua-
tion work and data, presentation has been greatly shortened. Data
has been summarized in an attempt to provide sufficient overall
information to establish the validity of the work.'

i 2. Test work was done for the most part with readily available re-
sources, and there was no attempt to pursue a full scale research
program outside the realms of establishing increased vibration
levels for green concrete..

3. Although the test program was aimed at finding a " critical"
vibration intensity for green concrete, no vibration level was ever
reached that could be associated with ultimate damage to the con-

crete tested.

4. Although many specimens of various types were subjected to input
velocities up to and in the range of 8 to 12 inches per second and'

some ' subjected to velocities as high as 20 inches per second (1" =
25.4 mm), there has been no evidence to indicate that the re-
vibrated green concrete tested would not structurally perform in
accordance with its standard 28 day strength design values or would ;

otherwise produce a less durable structure.

5. Results of- the test were used to re-establish green concrete blast
vibration limits as given in Table 6. The values listed are still j
conservative with respect to the test program results and even with j

respect to some of the " original Table 1" values. Provision for an
,

increase in blast vibration levels above the Table 6 values was
treated'on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. Bond test results indicate .an apparent strong conservatism in the
ACI-318-77 anchorage provisions. This conservatism should be looked l

l
!

'

11 1
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at with respect co. eliminating the 1,4 factor for horizontal wall ~
1aps which are ' currently identified as ." top bars." ~ This reduction .

| in horizontal lap: length would serve to reduce added congestion in
t.

- heavily reinforced walls apart .from any savings in reduced _' steel:
,

requirements.
L
| - ' CONCLUS IONS -
t

1. The'Seabrook Green Concrete Blast Vibration Limit Program has
provided valuableidata which conclusively supported ' increasing
previous blasting vibration limits. -Based on the observations of
the Seabrook work, there is strong confidence to indicate that even
higher vibration limits can be established if additional test work
is performeu.

2. If no environmental, public structures, human' tolerance or other
safety considerations are involved, considerable margin still
appears to exist in raising blasting vibration limits relative to
the concurrent placement of concrete.

f
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,h" %, UNITED STATES
l' NUCLEAR REGULATORY COMMISSION

',
o

E- . WASHINGTON, D. C. 20555:{..
8'

%, . . ;o
*****

Docket Nos. 50-352/353
JUN.8 19 81 * /g

? %
('( ? i

.C
9 -

--|!JMs. Phillis Zitzer -

Limerick Ecology Action
S} JUN 12150 > 11

.P.-O. Box 761 y,,, %, , ,,,, ,;
Pottstown, Pennsylvania 19464 comine

y e.
Dear Ms. Zitzer:

Cu /

This will cortfirm your telephone conversation of June 5,1981 with
Don . Cal ki ns. The meeting with Mr. Frank Romano is scheduled for
1:00 P.M. on June 18,1981,.at 7920 Norfolk Avenue, Bethesda, Maryland.
You are welcome to attend.

Enclosed is a ' document which was sent to Mr. Romano, relative to the
meeting. It may not have reached the Local Public Document Room yet.
It is a recent paper entitled, "Blas* ng Vibration Limits on Freshly
Placed (Green) Concrete" by United Er sineers and Construction, Inc.

,incerely,

A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing

Enclosure:
As stated
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.This Paper for Presentation at the

ASCE' 1980 ANNUAL CONVENTION AND EXPOSITION
,

Session on Construction of Nuclear Facilities
1

October 29, 1980
Hollywood, Florida

.

" BLASTING VIBRATION LIMITS ON FRESHLY PLACED (GREEN) CONCRETE"

By

Allen J. Hulshizer, Supervising Structural Engineer
United Engineers and Constructors Inc.

&
Ashok J. Desai, Structural Engineer

United Engineers and Constructors Inc. .
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" BLASTING VIBRATION LIMITS ON FRESHLY PLACED (GREEN) CONCRETE"
4

1By illen J. Hulshizer , F.ASCE and Ashok J. Desai , M. ASCE
.

cINIRODUCTION -

N This paper summarizes the results of an extensive program carried
e Seabrook Nuclear Station to increase blast-vibration limits

~

x:
aly plac'ed concrate (" Green") without . detrimental effect on its-

In the absence of available data, a test program> strength properties..
was carried out in- both the laboratory and' field to sr.udy a wide range
'of variables to insure the enveloping of various combinations of
vibration characteristics and concrete ages.

Conclusions from the program have resulted in significantly raising
previously utilized green concrete re-vibration ILmits while still pro-
viding conservative margins with reapect to any effect on design re-
quirements. - These "new" vibration limits allow for more productive
blasting work during concurrent concreting operations providing
economies in both~ cost and schedule.

BACKGROUND

Lae to long and various starting delays, it became necessary to re-
schedule excavation and concrete work concurrently in order to recover
schedule losses. Blast vibration specification limits relating to
green concrete, which did not hamper the previously time independent
blasting and concreting efforts, became very restrictive and'would have

:
resulted in serious construction delays if necessarily maintained.

~

,

The original Seabrook specification blast vibration ILnits for
green concrete was taken from work done for the Maine Yankee Atomic
Power Plant, Wiscasset, Maine (1), herein after referred to as the
"Weston Report." Apparently, these values have been used for other
nuclear power plants in this country.

i

Examination of the Weston Report indicated that the parameters
,

suitable to obtain vibration limits for the initial intended purposes

did.not establish conclusive Itaits and an apparent increase in these i

I,

values could be substantiated.

DEFINITIONS ;

Green concrete, as used within this paper, refers to concrete l
~~

having an age within 24 hours after placement.

The term re-vibration or vibration of green concrete utilized with-
in this paper refers to the vibrating of consolidated concrete during
its early curing stage and does not refer to re-vibrating of fresh j

~

concrei to- improve its properties, j
.

1Supervising Structural Engineer, United Engineers and Constructors Inc,
-Phila., PA.

2Structural Engineer, United Engineers and Constructors Inc, Phila. , PA.
,

1
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~ REVIEW OF HISTORICAL DATA

With the knowledge that green concrete vibration limits were not~

unique to'the Seabrook work and that some margin was likely in the
original Weston Report limits, .a literature and industry practice
search was undertaken te find quantitative data that would substantiate
new higher vibration Itmits.

A survey was made of nuclear plants constructed on rock sites to
ascertain what blast vibration limits were imposed to . insure " safe"
concrete ' work. A summary of the values as reported is given in Table 1.
Apart from vibration limits imposed to prevent tripping of on site
operating nuclear plants, wide variations in specified peak particle
velocities were found. The data used to establish the green concrete
vibration limits was not available (unless based on the Weston Report)
and in all cases the limiting values would have been restrictive to the
Seabrock construction operation.

In addition to industry and literature searches, organization such
as the American Concrete Institute, Portland Cement Association, Bureau ,

iof Reclaimation, blasting powder companies, cement and concrete com-
panies and other sources even remotely related to the problem were con-
tacted. An index of more salient related publications is provided in
the Compendium.

1

Much of the experimental work and studies found were associated !

!with consolidation during concrete placement and other information on
re-vibratir green concrete required various degrees of extrapolation
to obtain useful parameters. It was, therefore, determined that test-
ing work should be undertaken to obtain factual information specifical-
ly identified with raising green concrete re-vibration limits.

Of general note is that the normally cited blast damage criteria
lbmits of 2 inches /sec. and lower appears to be established basically
to protect masonry and plastered structures and to avoid public and
legal struggles and does not directly relate itself to construction
efforts removed from the public which involve engineered structures
built of reinforced concrete. (See Compendium, Reference 1, Chapter 7,
Paragraph 7-3, pgs. 7-5 to 7-10.)

SEALROOK TEST PROGRAM

The Seabrook testing program was developed to evaluate what effect
blast induced vibrations on green concrete would have on structural
properties of concrete with the goal of obtaining the critical damage
limits. Concrete properties deemed most significant to structural
performance and durability were that of compressive, shear and rein-
forcing bond strength. Since reinforced concrete is basically deaigned

j as a " cracked section", no effort was made to test or evaluate plain
| concrete flexural performance.

Because of the strong demand to have information related to actual
conditions, one phase of the program was conducted in the ff t!d utiltz- |

| ing explosive blasting under controlled, monitored conditions. The j
| other phase involved laboratory work which economically allowed for a i

more extensive and more controlled and monitored testing program but
one which could be easily correlated with the field work and which could
also be used to evaluate the effects of other than blast type vibrations
(i.e.: more regular patterns). Since it is generally recognized that

i

i2

L'
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the .first 24' hours of concreto'sst . time will rsprasant tha moet 'criti-^
cal period,,the program limited its study to concrite vibrated at

~ 1.various L intervals within 24 hours after concrete placement.

The entire test program was carried out under fully implemented
Quality Assurance procedures.

:The following is a sunnary of.the number of control and test sam *-
- pies utilized:

Cylinder Bond

Compression Shear & Bond Pull Out
Test Beam Test Test __ . Cores

.

-Field 120 140 255' 31.

92 _-Laboratory 258 -

Total
' 378 140 347 31

FIELD TEST PROGRAM

Essentially the field test program.was comprised of casting various
types of concrete specimens and subjecting them, at specified concrete
ages, to blast vibrations of differing magnitudes which were measured
and recorded. Control (un-vibrated) specimens were cast from the same
concrete batches. Field work was carried out in areas remote to heavy
construction traffic and basically free from other blast induced vi-

~

brations to that the test vibrations introduced and monitored represent
clean data free from background distortions. After the appropriate 7
or 28 day. period had elapsed, the vibrated and control specimens were
load tested sad results evaluated.

The field test program was divided into three areas, namely:,

1. Cylinder Test
2. Beam Test ,

3. Wall Test

Field Cylinder Test Program

This program consisted of casting standard 6x12 inch cylinders,
subjecting them to blast vibrations (except for controls), curing the
cylinders in accordance with ASTM C31 and then performing the standard
ASTM C39 compressive load test. Reinforced concrete test pads were
constructed on 2C foot (6.1 m) centers. Pads were founded on and 'an-
chored to ; rock by means of resin type rock anchors. Pads were equipped
with hold down bolts and apparatus to hold four concrete mold cylinders
. firmly in place during "Se blast. Provisions were also made to bolt
down a monitoring transoucer on each pad and read remotely at a central
station (See Photograph No.1).

| A set of four cylinders were cast and rigidly fLxr.d to the test pad. |

1

.

At the ' appropriate. time the blast was detonated and the vibrations re-
I corded for each of the four pads. The cylinders were then protected

and cured in place for 24 hours after which they were removed (along
with the remstely cast control cylinders), cured in the testing labora-

z

tory and compressive load tested after the J7 and 28 day curing time
(two 7 day and two 28 day tests from each pad).

3
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jThe .effect- of blast vibrations en sh2 cylinddrs was ovalustsd by -
, .

' '

T

|normalizing the change .in vibrated cylinder strengths by' representing '

.them as fa percentage of increase or decrease in strength from that of~

. the control cylinders and' plotting ~ the variation with respect to the
experienced peak particle velocity. Comparative plots of 7 and 28 day

Ecylinder compressive tests are shown in Figures 1 and 2 respectively.

. As can be noted from the normalized test results plotted on Figures
~

1 and 2, no specific. trend in the change of cylinder compressive~

. strengths can be established since the relative variation in compres-
sive strength increases and/or decreases randomly for any given age or
curing or magnitude of. induced vibration. A further comparison of cor-
responding 7 and 28 day relative compressive test .for a specific
vibration -level-concate aje datum point (i.e.: cylinders subjected to
the same blast vibre : ions) illustrates the fluctuating-oscillating
changes. in the concrete c luder strengths for : identically vibrated

The effect of difnrential curing time (7 days vs. 28 days)cylinders.,

is considered to be of little ec,nsequences since no specific or general
change 'in test values can be associated with the observed test results.
(i.e.: Longer cure time did not 'apparently produce greater strength
cylinders due. to autogeneous healing which would offset any detrimental

See Reference 3).cracking ' effects produced by the induced vibrations.

- With respect to the magnitude of the increase or decrease in cylin-
-

_ der strengths it must be noted that the variations actually-lie in a
relatively tight band where 967. of the relative test: values fall within'

a plus or minus 67. variation and 987. fall within a plus or minus 77.
variation. This range of variation is considered to be within an
acceptable level'of variation that occurs in cylinder testing.

' Field Beam Test Program

Reinforced beams measuring 4 x 8 inches and three feet (0.91 m)
long were se'.ected in order to utilize a standard cylinder testing
machine s.nd flexural beam testing apparatus. A typical beam was de-
signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bond failure it was necessary to minimize the embedded length to 4
inches so as-not to fail the 4 x 8 inch concrete section in shear. Em-

bedment length was controlled by installing plastic sleeves over the
center portion of the reinforcing. (Photograph No. 2)

The beam specimens were cast, vibrated and cured in similar fashion
to that of the cylinders utilizing the same test pads (See photograph
No. 3). Two 1eams were cast on each pad. Two test sets of two beams, ,

each were made. for each concrete age-vibration level datum point to be'

evaluated. . One set was ' arranged so that the beams' long axes were
aligned parallel to the direction to which the blast vibrations were'

originating and the other arranged with the beams'long axes perpen-
dicular to the originating vibration direction. This approach was taken
to be sure that there was no variation in results occurring from phenom-
enon relating to the difference between the blast wave propagation,

,

- transverse to or along the axis of the beam. All beams were load |-

tested 7 days after casting. Standard compressive cylinders were made |
!to determine cylinder strength for analytical purposes. 1

Beams.were tested per ASTM C293, center point loading. Due to the
.L plastic sleeve the loading produced an early flexucal crack in the beam

center which did not effect its ultimate load capacity. As aadine was
L continued, the beam would ultimately fr il by:'

0
(
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1 i Bond ' failure of the 4 ' inch (102 mm) rebar anchorage without -1
splitting orfshearing of the beam and sometimes.followed by a
shear-failure.

.. .

-2. Bond' failure.in the anchorage. zone resulting in splitting off-.

concrete' adjacent . to the anchorage, usually followed' Lanediate- ,

ly by a shear failure of the beam. (Photograph 2) 'f

The " Ultimate" load was recorded as the peak load capacity of the
member (which occurred just prior to failure).~

.

Since the mode of failure 'and the corresponding failure load varied,
.it wasinot;possible to make a' direct comparison between vibrated and un-
vibrated (control) . beams as was done with the blast vibrated cylinders.
lbs alternate means of evaluation was derived by calculating the safety
factor between the " ultimate design capacity" and that of the " actual
ultimate test capacity". The ultimata beam design capacity was deter-
mined from ACI 318-77 provisionsiconsidering unconfined bond anchorage
values and actual cylinder test values of the same age and material
utilized in the beam.

A summary of the test values is given in Table 2.

No signs or features were visible in the vibrated or unvibrated
-samples tested that could be rt .ated in any way to a less than sound
- concrete product.

Field Wall Test Program .

The final stage in the field testing program was to " simulate a
typical" concrete section and subject it to blasting and study the
effects.

Five walls were constructed, four test walls ~ were subjected to
blasting and one control kept free of vibrations. Each , wall was made
up of two - 2 feet (0.61 m) wide by 8 foot high by 8 foot (2.44' m) long
walls arranged as a cruciform to introduce longitudinal and trans-
verse blast wave effects. Walls were typically reinforced throughout
with #6 rebars at 12 inches (305 mm) on centers, each way.

Bond test dowels.,#8 rebars, were placed into the walls at varying
locations 3rd depths. Plastic sleeves were used over the bars to con-"_

trol the case zone location and provide a 10 inch (254 mm) embedmenti

length for pull testing of bond values (See photograph Nc. 6).
'

Four-hour and fourteen-hour green concrete ages were .Sosen as suf-
ficient to represent the varying spectrum of concrete set time charac-
teristics.

- Each of the walls to be vibrated were instrumented at the foundation
level and'on the top of the wall'at the intersection. The two closest
walls to the blast also had a transducer. located at the mid-height in-
tersection. The higher transducers provided information relative to
amplifications through the wa11' system.

Twenty eight days after casting the walls, pulling of the #8 test4

dowels commenced, utilizing a 30 ton (27,210 kg) hollow ram jack. Each
bar was loaded until it began to pull out. The bond failure load was
determined to be the load at which continued pumping inicia11y did not

- result in' an . increase in load. . At this point, verification of movement

5
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- w .o 'mada. by measuring "tha "n:w"' lsngth of tha ixesndsd bar. Essin-
tially, the' 10 inch embedment' of the #8' bar was . sufficient to. develop a
stress .ievel in the average bar of 66,667 kai (459.3 M /a). In a few_
cases,1the. bars broke at a small. notch put in'the bar to facilitate
jacking prior to breaking the bond.

Results -of the pull-out values were .very close and no significant
difference.can be observed between the vibrated and unvibrated values.
A comparicon was made :between the ACI 318-77 confined snchorage . values
(for "other" bars) and the " actual" bond failure loads. - A suianary of
these and.other' values are.given in Table 3. Note, that.the average.

unconfined bond safety factor from the beam test (Table 2) andz the con-
fined bond safety factor from the wall test are reasonably ci,s,e, con-
firming a _ considerable margin' of safety for bond values without any

.

consideration for' " top bar" allowances.
y

After completing the bond test, 4. inch (101.6 mm) dia cores were
taken from each of the walls. Visual examination indicated no signs of'

flaws or deterioration. Cores. sere load ' testedf and . gave results com-
patible with what would be expected from the load testing of cores.

Finally, one of the walls was blasted loose. from the rock and pushed
- out of the way by bu11 dozing (See ' photograph No. 7). ; Examination of
this wall externally and within the core holes did not reveal any blast
induced cracking which would have been exaggerated by the extreme
handling.

LABORATORY TEST PROGRAM

Essentially, the laboratory phase of the testing program was ccm-
prised of casting cylinders and bond pull-out specimens and subjecting
them,_ at- specified concrete ages, to various fixed frequencies and
velocities by means of a shaker table. All specimens were well moni-
tored and vibration characteristics respectively recorded. Control
(un-vibrated) specimens were cast from the same concrete -batches. After
the appropriate 7 or 28 day period had elapsed, .the vibrated and control

J specimens were load tested and results evaluated.

all testing work, except for load testin3 of the specimens, was
carried out by The Franklin Institute Research Laboratories, utilizing*

the General Electric Company Space Center facilities at Valley Forge,
Pennsylvania.

N minal curing time from specimen casting to vibration of 3, 6,12o
and 24 hours was used.

The velocities and frequencies (and associated accelerations) given
in the following Table were utilized. Test frequencies were chosen
from the predominate frequencies associated with maximum velocities ob-

,

'

served from the site blast monitoring records. (Table on next page.)

Vibrations were induced such that the profile of vibration had a
rise and fall * time of 0.5 t 0.3 seconds and remained at the peak level

,

for 5.0 t 0.5 seconds. Ihe specimens were subjected to excitation in'

one horizontal axis through the base. Vibration profiles were recorded
for each of . the three - perpendicular ~ axes.

A CL50 shaker me.nufactured by M.B. Electronics, a Division of
Textron : Electronics, Inc. ,was used to energize the shaker table.

7
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LABORATORY TEST VELOCITIES AND FREQUENCIES
'

~ . (AND ASSOCIATED ACCELERATIONS)-

| FREQUENCY- MAXIMUM PEAK PARTICLE ACCELERATION IN g

' '13.2'

'50 hz 0.83 1.'66 '3.3 6.6 -

26.4100 ha 1.66 3.3 6.6 13.2 -

150 hs -2.5 5.0' 10.0 20.0 30.0 -

,

PEAK PARTICLE
VELOCITY ' 1 2 4 8 12 16L

INCHES /SEC. One Inch =25.4 mm

The energy input into the ' laboratory vibrated specimens .is consid-
ered to be comparatively. more severe due to the longer period the spec-
imen is -subjected to the induced vibration.

~

<s

Laboratory Cylinder Test Program

This program consisted of casting standard 6 K 12 inch (152.4 X*'

304.8 mm) cylinders and subjecting a-.groitp of 4 cylinders at a time to
the selected vibrations by means of a rigid steel fixture fastened to

! the shaker table. (See photcgraph Nos. 4 and 5.) Cylinders were cast,
cured and compressive load tested in accordance with ASTM C31 and C39.
Control cylinders (unvibrated) were cast from respective- concrete

,

batches.

. After the app'ropriate 7 or 28 day curing time, 2 cylinders from each'
group were load tested along with control specimens. The effect of vi-
bration was evaluated in the same manner as the Field Program cylinders -

by normalizing the -hange in vibrated cylinder strengths by representing
them as a percentage of increase or decrease in strength from that of
the control cylinders and plotting the variation with respect to the
experienced per' particle velocity.

A representative plot is shown in Figure 3 and a table of test
values, irrespective of vibration levels or green concrete age ~is given

,

in Table 5.

Results of the laboratory cylinder test program were essentially the
same'as the field' cylinder program. Specifically, no specific trend can, .

be estab,ished in thc change of cylinder strength with. respect to any of
the vibrarion levels introduced for any of the green concrete ages

tested.

Laboratory Pull-Out Test Program

This program consisted of casting, curing and testing pull-out sam-
plesLin accordance with ASTM C234 Pull-out specimens were 6 inch
(152.4 mm) cubes with a 3 foot (0.91 m) long, #6 reinforcing bar ex-
tending to the specimen bottom. Specimens were cast in specially made,

|. molds, structurally strong enough to permit direct attachment to the
i shaker table. . Specimens were subjected to the same basic age-vibration

levels as that of the cylinders and tested 7 and 28 days after casting.

I 10
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Dua to tha nominal 30-inch (762 mm) sxtsnsion of tha #6 reinforcing
bar, a whipping action was introduced during the shaking operation even
though the top of the bar was relatively secured to the casting mold.~
This behavior created an added severity to the reinforcing bar bonding
capability.-

| Although tha ASTM C234 is to evaluate concrete strengths by com-
i- parate bond failures (not necessarily related to ACI 318 design values),

the test did confirm information relative to the effect of the induced
i vibration on bonding characteristics.

Basically, all pull-out specimens failed by splitting of the con-
crete block prior to achieving a. bond failure. However, the load

,

I

developed by the 6 inch (152.4 mm) embedment' of the #6 reinfor'cing bar
was, again, significantly above the ultimate anchorage load calculated
from ACI 318-77 for unconfined bars.

Values, irrespective of the green age or vibration level, are given
in Table 4.-

Essentially no reduction in concrete strength or bond capacity can
be recognized as a result of the vibrations introduced to the various
green concrete ages.

SUMMARY

1. Due to space limitations, detailed discussions of test and evalua-
tion work and data, presentation has been greatly shortened. Data
has been summarized in an attempt to provide sufficient overall
information to establish the validity of the work.

2. Test work was done for the most part with readily available re-
sources, and there was no attempt to pursue a full scale research
program outside the realms of establishing increased vibration
levels for green concrete.

3. Although the test program was aimed at fisding a " critical"
vibration intensity for green concrete, na vibration level was ever
reached that could be associated with ultimate damage to the con-

crete tested.

4 Although many specimens of various types were subjected to input |

velocities' up to and in the range of 8 to 12 inches per Second and
some subjected to velocities as high as 20 inches per second (l" =
25.4 mm), there has been no evidence to indicate that the re-
vibrated green concrete tested would not structurally perform in
accordance with its standard 28 day strength design values or would
otherwise produce a less durable structure.

5. Results of the test were used to re-establish green concrete blast
vibration limits as given in Table 6. The values listed are still
conservative with respect to the test program results and even with
respect to some of the " original Table 1" values. Provision for an
increase in blast vibration levels above the Table 6 values was
treated on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. - Bond . test results indicate an apparent strong conservatism in the
AOI-318-77 anchorage provisions. This conservatism should be looked

11
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at with ' respect:to eliminating the -1.4 factor for horizontal wall 1

" " . laps which are currently identified as " top bars." This reduction I'

' in horizonta'. lap length would serve to reduce added congestion in
heavily reinforced walls apart from any savings in reduced steelc

- requirements .

CONCLUSIONS

-1 The Seabrook Green Concrete Blast Vibration Limit Program has
provided valuable data which conclusively supported in:reasing
previous blasting vibration limits. Based on the observations of
the Seabrook work, there is strong confidenca to indicate that even
higher vibration limits can be established if additional-test work
is performed.'-

2. If ne environmental, public structures, human tolerance or other -
-safety considerations are involved, considerable margin still
appears to exist in raising blasting s ibration limits relative to
- the concurrent placement of concrete.
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UNITED STATES
8' NUCLEAR REGULATORY COMMISSION

*

,,

3- t WASHINGTON. D. C. 20555

%...../
Docket Nos. 50-352/353

JUN 0 19 81 ?

9 6 Y? $
Ms. Phill'is Zitzer - I- -j~
Limerick Ecology Action

-t [JUNA 2 M * III
P. O. Box 761

'

S i

d "4"""Pottstown, Pennsylvania - 19464
'

Dear Ms. Zitzer:
, ,

This will cortfirm your telephone conversation of June 5, 1..v.

Don Calkins. The meeting with Mr. Frank Romano is scheduled for
1:00 P.M. on June 18,1981, at 7920 Norfolk Avenue, Bethesda, Maryland.
You are welcome to attend.

Enclosed is a document which _was sent to Mr. Romano, relative to the
meeting. It may not have reached the Local Public Document Room yet.
It is a recent paper entitled, " Blasting Vibration Limits on Freshly-
Placed (Green) Concrete" by United Engineers and Construction, Inc.

Sincerely,

'd&t. -
A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing

Enclosure:
As stated
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"4 LASTING MIBRATION LIMITS ON FRESHLY PLACED (GREEN) CONCRETE"F

- By Allen J. Hulshizer , F. ASCE and Ashok -J. Desai , M. ASCE

INIRODUCTION

This paper summarizes the results of an extensive program carried
on for the Seabrook Nuclear Station to increase blast-vibration limits
for freshly placed concrete (" Green") without detrimental effect on its

' strength properties.- In the absence of available data, a tese program
was carried out in both the laboratory and field to study a wide range
of variables to insure the enveloping of various combinations of
vibration characteristics and concrete ages.

Conclusions from the program have resulted in 'significantly raising
previously utilized green concrete re-vibration ILaits while still pro-
viding conservative ' margins with respect 'o any effect on design re-
quirements. These "new" vibration limits'alle for more productive
blasting work during concurrent concreting operations providing
economies in both cost and schedule.

BACKGROUND

Due to long and various starting ' delays, it became ' necessary to re-
schedule excavation and concrete work concurrently in order to recover
schedule losses. Blast vibration specification limits relating to
green concrete, which did not hamper the previously tLae independent
blasting and concreting efforts, became very restrictive and would have
resulted in serious construction delays if necessarily maintained.

The original Seabrook specification blast vibration limits for
green concrete was taken from work done for the Maine Ycnkee Atomic
Power Plant, Wiscasset, Maine (1), herein after referred to as the

~

"Weston Report." Apparently, these values have been used for other
auclear power plants in this country.

Examination of the Weston Report indicated that the parameters
suitable to obtain vibration limits for the initial intended purposes
did not establish conclusive limits and an apparer.t inctease in these
values could be substantiated.

.

DEFINITIONS

Green concrete, as used within this paper, refers to concrete
having an age within 24 hours after placement.

The term re-vibration or vibration of green concrete utilized with-
in this paper refers to the vibrating of consolidated concrete during
its early curing stage and does not refer to re-vibrating of fresh
concrete to improve its properties.

1Supervising Structural Engineer, United Engineers and Constructors Inc,
Phila...PA.

2Structural Engineer, United Engineers and Constructors Inc, Phila., PA.
~

!
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REVIEW OF HISTORICAL DATA

.With the knowledge _ that green concrets vibration limits were not '

L t unique to the Seabrook work and that some margin was likely in the
' ~ ~ original Weston Report limits,-~ a literature and ' industry practica

.

search was undertaken to find quantitative data that would substantiate
_

new highet' vibration limits.
.

~Asurvehwasmadeofnuclear'plantsconstructedonrocksitesto
, ? ascertain what blast vibration limits were imposed to insure " safe"

concrete _ work. A sununary of. the values as reported is given in Table 1.
- Apart from vibration limits imposed tc prevent tripping of on site<

operating nuclear plants, wide . variations -in specified peak particle
velocities were found. The data used to establish the green concrete
vibration limits was not available (unless based on the Weston Report)
and in all cases the limiting values would have been restrictive to the
Seabrook construction operation.

In addition to industry and literature searches, organization such -
as the American Concrete Institute, Portland Cement Association, Bureau
of Reclaimation, blasting powder companies, cement and concrete com-
panL r and other sources even remotely related to the problem were con-
tacted. An index of more salient related publications is provided in

.the Compendium.
,

. Much of the experimental work and studies found were associated
with consolidation during concrete placement and other information on
re-vibrating green concrete required various degrees of extrapolation
to obtain useful parameters. It was, therefore, determined that test-
ing work should be undertaken to obtain factual information specifical-
ly identified with raising green concrete re-vibration limits.

Of general note is that the normally cited blast damage criteria
limits of 2 ~ inches /sec. and lower appears to be established basically
to protect masonry and plastered structures and to avoid public and
legal struggles and does not directly relate itself to construction
efforts removed from the public which involve engineered structures
built of reinforced concrete. (See Compendium, Reference 1, Chapter 7,
Paragraph 7-3, pgs. 7-5 to 7-10.)

SEABROOK' TEST PROGAAM

The Seabrook testing program was developed to evaluate what effecti
blast induced vibrations on green concrete would have on structural
properties of concrete with the goal of obtaining the critical damage.

limits. -Concrete properties deemed most significant to structural
performance and durability were that of compressive, shear and rein- |

i forcing bond strength. Since reinforced concrete is basically designed
as a " cracked section", no effort was mr.de to test or evaluate plain j

: concrete flexural performance, l

J!-

Because of the strong demand to have information related to actual
conditions, one phase of the program was conducted in the field utiliz-'

ing explosive blasting under controlled, monitored conditions. The
'_ other_ phase involved laboratory work which economically allowed for a

more extensive and more controlled and monitored testing program but
one which could be easily correlated with the field work and which could |
also be used to evaluate the effects of other than blast type vibra.: ions

-(i.e.: mor, regular patterns). Since it is generally recognized that

2
,
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the first 24 hours cf ccncreta sse time will rapecs:nt tha most criti-
cal period, _the program limited its study to concrete vibrated at
various intervals within 24 hours after concrete placement.

The entire tesc program was carried out under fully implemented
Quality Assurance procedures.-

The following is a summary of the number of control and test. sam *-
pies utilized:

Cylinder Bond

Compression Shear & Bond Pull Out
Test Beam Test Test Cores

-Field 120 140 255 31-

92I,aboratory 258 - _,

Total 378 140 347 31-

FIELD WST PROGRAM

Essentially tie field test program was comprised of casting various
types of concrett. specimens and subjecting them, at specified concrete
ages, to blast vibrations of differing magnitudes which were meastred
and recorded. Control (un-vibrated) specimens were cast from the same
concrete batches. Field work was carried out in areas remote to heavy-
construction traffic and basically free from other blast induced vi-
brations so that the test vibrations introduced and monitored represent
clean data free from background distortions. After thc appropriate 7
or 28 day period had elapsed, the vibrated and control specimens were
load tested and results evaluated.

The field test program was divided into three areas, namely:

1. Cylinder Test
2. Beam Test
3. Wall Test

Field Cylinder Test Program

This program consisted of casting standard 6x12 inch cylinders,
sub',ecting them to blast vibrations (except for controls), curing the
cylinders in accordance with ASTM C31 and then performing the standard
ASTM C39 compressive load test. Reinforced concrete test pads were
constructed on 20 foot (6.1 m) centers. Pads vsre founded on and an-
chored to rock by means of resin type rock anchors. Pads were equipped
with hold down bolts and apparatus to hold four concrete mold cylinders
firmly in place during the blast. Provisions were also made to bolt
down a monitoring transduce; on each pad and read remotely at a central
station. - (See Photograph No.1).

A set of four cylinders were cast and rigidly fixed to the test pad.
At the appropriate time the blast was detonated and the vibratior, re-
corded for each of the four pads. The cylinders were then protected
and cured in place for 24 hours after which they were removed (along
with the remotely cast control cylinders), cured in the testing labora-
tory and compressive load tested after the 7 and 28 day curing time
(two 7 day and tvo 28 day tests from each pad).

3
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Thefeffecti of blast . vibrations on tha cylindsrs vno svelusesd'by
.

~

~

:: normalizing the change in' vibrated cylinder strengths .by representing ' i

.thes as -a percentage of : increase or decrease _ in strength ~from that of
s

:the control. cylinders and plotting the-variation |with respect to the .
experien:ed peak _ particle velocity. Comparative plots of 7 and 28.darP

: cylinder compressive ' tests are shown in Figures 1 and 2 respectively.-
.

1 As -can be noted from:the normalizedLtest results plotted on' Figures
' !

1. and 2,- no'specificitrend in the change of cylinder compressive-
,

-

~

~ trengths can be established since .the relative variation in compres-, _

. sive strength increases, and/or decreases randamly for any given age' or
s

curing or1 magnitude of -induced vibration. A further ~ comparison of cor-* '

responding 7'and.28 day relative compressive test for a specificcylinders; subjected tovibration level-concrete age datum point (i.e. :,

the same_ blast vibrations) . illustrates the fluctuating-oscillating
changes in' the. concrete cylinder strengths for identically . vibrated

. The effect of differential curing time (7 days- vs. 28 days)cylinders.1
i. considered to be of little consequences since no specific or general

~ results.,

change in test values can be associated with the observed test
(i.e.: -Longer cure time did.not apparently| produce greater' strength
cylinders due' to autogeneous healing which would offset any detrimental
cracking effects produced by the induced vibrations. . See Reference 3).

With respect to the magnitude of the increase or decrease in:cylin-
der strengthsHit' must be. noted that the ariations actually lie in a
relatively tight band where 96% of the relative test values fall within
a plus or minus 6% variation and 981 fall within a plus or minus 7%

. variation. This range of variation is considered to be within an
acceptable level of ' variation that occurs in cylinder testing..,

' Field Beam Test Program

|
Reinforced beams measuring 4 x 8 inches and three feet (0.91 m)7-

long were selected in order to utilize a standard cylinder testing
machine and flexural beam testing apparatus. A typical beam was de-
signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bcnd failure it was necessary to minimize the embedded length to 4:
inches so as not to fail the 4 x 8 inch concrete section in shear.. Em-
bedment -length was controlled by installing plastic sleeves over the

1

'

' center portion of the reinforcing. (Photograph No. 2)

The beam specimens were cast, vibrated and cured in similar fashion
e >

to that of the cylinders utilizing the same test pads (See photograph
N . 3). Two beams were cast on each pad. Two test sets of two besaso'

each were made for each concrete age-vibration level datum point to be
evaluated. Cae . set was arranged so that the beams'long axes were
aligned parallel to the direction to which the blast vit:ations were
originating and the other ~ arranged with the beams' iong axes perpen-

.dicular to the originating vibration direction. This approach was taken ,

! )

to be- sure. that there was no variation in results occurring from phenom-=

enon relating to the difference between the blast wave propagation
transverse' to 3r along the axis of the beam. All beams were load

:
tested 7 days after casting. Standard compressive cylinders were made

;

to determine cylinder strength for analytical purposes.
.

Beams were tested per ASTM C293, center point loading. Due to the

[
plastic sleeve the loading produced an early flexural crack in the beam

|
center which did not effect its ultimate load capacity. As loading was
continued, the beam would uitimately fail by:

;.
'

4
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'1. Bond failure of the 4 inch (102 mm) rebar anchorage withou
'

splitting or shearing of the beam and sometimes followed by a
!

. . shear failure.

-2. Bond frilure in the anchorage zone resulting in splitting off
concrete adjacent to.the anchorage, usually followed' immediate-^

ly by.a shear failure of the beam. (Photograph 2)

The " Ultimate" load was recorded as the peak load capacity of the
' ember (which occurred just prior to failure).

~

m

.Since the mode' of failure and the corresponding failure load varied,
it was not possibio to make a direct comparison between . vibrated and une
vibrated (control) beams as was done with the blast , vibrated-cylinders.
An alternate means of evaluation was; derived by calculating the safety
. factor .between the " ultimate design capacity". and that of the " actual
ultimate test capacity". The ultimate beam design capacity was deter-
mined from ACI 318-77' provisions considering unconfined bond anchorage
values and' actual cylinder test values of-the same age and material
utilized in the beam.

- ' A summary of the test values is given in Table 2.

No signs or features were sible in the vibracts or unvibrated*

samples tested that could be related in any way to a less than sound
concrete product.

Field Wall' Test Program

4

The final stage in'the field testing program w:s to " simulate a
typical" concrete section and subject it to blasting and study the |

effects.

Five walls were constructed, four test walls were subjected to
blasting and one control kept free of vibrations. Each wall was made
up of two - 2 feet (0.61 m) wide by L foot high by 8 foot (2.44 m) long
walls arranged as a cruciform to introduce longitudinal and trans-
verse blast wave effects. Walls were typically reinforced throughout
with v6 rebars at 12 inches (305 mm) on centers, each way.

i

Bond test dowels,,#8 rebars, were placed into the walls at varying j
locations and depths. Plastic sleeves were used over the bars to con-
trol the test zone location and provide a 10 inch (254 mm) embedment
length for pull testing of bond values (See photograph No. 6).

I

Four-hour and fourteen-Sour green concrete ages were chosen as suf-
ficient to represent the a. ing spectrum of concrete set time charac-
teristics .

Each of the walls to be vibrated were instrumented at the foundation'

|- level and on the top of the wall at the intersection. The two closest
walls to the blast also had a transducer located at the mid-height in-
tersection. The higher transducers provided information relative to
amplifications through the wall system.

Twcnty eight-days after casting the walls, pulling of the #8 test
dowels commenced, utilizing a 30 ton (27,210 kg) hollow ram jack. Each
bar was loaded until it began.to pull out. The bond failure load was!

determined to be the load at which continued pumping initially did not
-rcsult in an increase .in load. At this point, verification of movement-

L

5
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Jwns medo by meccuring the "new" Icngth of;th2 cxtendsd btr. Easta-,

. tially,' the 10 inch embedmont of the #8 bar was sufficient to _ develop a4

. stress level in the average bar of 66,667 kai (459.3 M Pa).. In a few

cases, the bars broke at a small notch put in the bar to facilitate~
,

' Jacking prior to breaking the bond.

;Results of the pull-out values were very close and no significant ,

'

f difference can be observed between the vibrated and unvibrated values.
A comparison was made between.the ACI 318-77 confined anchorage values - ,

c(for "other" bars) ar.d the " actual" bond failure loads. ? A sumanary of
these and other values are given in Table' 3. . Note, that the average

: unconfined bond safety factor from the beam test (Table 2) and the con- '

fined bond safety factor from the wall test'are reasonably ci,se, con-
firming a considerable margin of safety for bond values without any
consideration for " top bar" allowances. j

,

After completing the bond test, 4 inch (101.6 mm) dia. cores were
taken from each of the walls. Visual examination indicated no. signs of

:

[ flaws or deterioration. Cores were load tested and gave results com-
patible with what would be expected from the load testing of cores.

1

Finally, one of the walls was blasted loose from the rock and pushed
out of the way by bu11 dozing (See photograph No. 7). Examination of
.this wall externally and within the core holes did not reveal any blast;

induced cracking which would have been exaggerated by the extreme"

handling.

LABORATORY TEST PROGRAM

. Essentially, the laboratory phase of the testing program was com-
prised of casting cylinders 'and bond pull-out specimens and subjecting -

3

them, at specified concrete ages, to various fixed frequencies and'

velocitiesEby means of a shaker table. All specimens were well moni-4

tored and vibration characteristics respectively recorded. Control
1 (un-vibrated) specimens were cast from the same concrete batches. After
i the appropriate 7 or 28 day periGd had elapsed, the vibrated and control

specimens were load tested and results evaluated.

All testing work, except for load testing - the speciar.ns, was
carried out by The Franklin Institute Research Laboratories., utilizing

i the General . Electric Company Space Center facilities at Valley Forge,
Pennsylvania.,

,

; Nominal curing time from specimen casting to vibration of 3, 6,12
and 24 hours was used.

:
1

The velocities and frequencies (and associated accelerations) given
in the following Table were utilized. Test frequencies were chosen
from the predominate frequencies associated with maximum velocities ob-
served from the site blast monitoring records. (Table on next page.)

. <
'

Vibrations were induced such that the profile of vibration had a
rise and fall time of 0.5 t 0.3 seconds and remained at the peak level'

for 5.0 t 0.5 seconds. The spscimens were subjected to excitation in
one horizontal axis through the base. Vibration profiles were recorded
for each of the three perpendicular axes.,

A C150 shaker manufactured by M.B. Electronics, a Division of
;' sTextron Electronics, Inc.,was used to energize the shaker table.
I
p
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LABORATORY TEST VELOCITIES AND FREQUENCIES*

(AND ASSOCIATED ACCELERATIONS)

FREQUENCY MAXIMUM PEAK PARTICLE ACCELERATION IN g

' 13.250 hs 0.83 1.66 3.3 6.6 -

26.4100 ha 1.66 3.3 6,6 13.2 -

150 hz. 2.5 5.0 10.0 20.0 30.0 -

PEAK EARTICLE
VELOCITY 1 2 4 8 12 16

INCHES /SEC* One Inch =25.4 mm

The energy input into the laboratory vibrated specimens is consid-
ered to be comparatively more severe due to the longer period the spec-

*

imen is subjected to the induced vibration.

Laboratory Cylinder Test Program

This program consisted of casting standard 6 X 12 inch (152.4 X
304.8 mm) cylinders and subjecting a group of 4 cylinders at a time to
the selected vibrations by means of a rigid steel fixture fastened to
the shaker table. (See photograph Nos. 4 and 5.) Cylinders were cast,
cured and compressive load tested in accordance with ASTM C31 and C39.
Control cylinders (unvibrated) were cast from respective concrete

,

batches.

After the app'ropriate 7 or 28 day curing time, 2 cylinders from each
group were load . tested along with control specimens. The ef fect' of vi-
bration was evaluated in the same manner as the Field Program cylinders
by nermalizing the change in vibrated cylinder strengths by representing
them as a percentage of increase or decrease in strength from that of
the control cylinders and plotting the variation with respect to the
experienced peak particle velocity.

A representative plot is shown in Figure 3 and a table of test
values, irrespective of vibration levels or green concrete age is given
in Table 5.

Results of the laboratory cylinder test program were essentially the
-same as the field cylinder program. Specifically, no specific trend can
be established in the change of cylinder strength with respect to any of
the vibration levels introduced for any of the green concrete ages

tested.

Laboratory Pull-Out Test Program
'

This program consisted of casting, curing and testing pull-out sam-
pies in accordance with ASTM C234 Pull out specimens were 6 inch *

(152.4 mm) cubes with a 3 foot (0.91 m) long, #6 reinforcing bar ex-
tending to the specimen bottom. Specimens were cast in specially made
molds, Structurally strong enough to permit direct attachment to the
. shaker table. Specimens were subjected to the same basic age-v:',bration
levels as that of the cylinders and tested 7 and 28 days after casting.

10*
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. Due to the nominal'30 inch (762 mm) cxtensi n of tho #6 rainforcing'

.bar, a whipping action was introduced during the shaking operation even
.

though the top of- the bar was relatively secured to the casting mold.
This behavior created an added severity to the reinforcing bar bonding
capability.-

Although the ASTM C234 '.s to evaluate concrete strengths by com-~ ~

.parate bond failures (net necessarily related to ACI 318 design values),
the test did confirm information relative to the effect of the induced
vibration on bonding characteristics.

Basically, all pull-out specimens failed by splitting of the con-
- crete block prior to achieving a bond - failure.. However, the load.
developed by the 6 inch (152.4 mm) embedment of the #6 reinfor'cing bar'

was, again,' significantly above the ultimate anchorage load calculated
>

from ACI 318-77 for unconfined bars.
!

Values, irrespective of' the green age or vibration level, are given
in Table 4.-

Essentially no reduction in concrete strength or bond capacity can
be recognized as a result of the vibrations introduced to the various
green concrete ages.

SUNMARY

1. Due to space limitations, detailed discussions of test and evalua- ,

tion' work and data, presentation has been greatly shortened. Data
has been' summarized in an attempt to provide suf ficient overall

-

information to establish the validity of the work.'

2. Test work was done for the most part with readily available re-
sources, and there was no attempt to pursue a full scale research

'

program outside the realms of establishing increased vibration
levels for green concrete.

3. Although the test program was aimed at finding a " critical"
vibration intensity for green concrete, no vibration level was ever
reached that could be associated with ultimate damage to the con-
crete tested.

4. Although many specimens of various types were subjected to input
velocities up to and in the range of 8 to 12 inches per second and
some subjected to velocities as high as 20 inches per second (1" =
25.4 mm), there has been no evidence to indicate that the re-
vibrated green concrete tested would not structurally perform in
accordance with its standard 28 day strength design values or would
otherwise produce a less durable structure.

5. Results of the test were used to re-establish green concrete blast
vibration ibnits as given in Table 6. The values listed are still
conservative with respect' to the test program reruits and even with
respect to some of the " original Table 1" values. Provision for an
increase in blast vibration levels above the Table 6 values was
treated on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. Bond test results indicate an apparent strong conservatism in the
ACI-318-77 anchorage provisions. This conservatism should be looked

.

11
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. ac. ith respect to eliminating the 1.4 factor for horizontal wallw
laps which are currently identified as " top bars."' This reduction -.

in horizontal. lap length would serve' to reduce added congestion in
. heavily reinforced walls apart from any savings in reduced steel
requirements.

.

CONCLUS IONS .

1.. The'Seabrook Green Concrete Blast Vibration Limit Program has
provided valuable data which conclusively supported increasing
previous blasting vibration limits. Based on the observations of
the Seabrook work, there is strong confidence to indicate _that even
higher' vibration _ limits can be establishedLif additional test work
is performed.

2.- If-no environmental, public structures, human tolerance or.other
safety considerations are involved, considerable margin still

. appears to ex. st in raising blasting vibration limits relative to
the concurrent placement of concrete.
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" BLASTING VIBRATION LIMITS ON FRESHLY PLACED (GREEN) CONCRETE"'

By Allen J. Hulshizer , F. ASCE and Ashok J. ' Desai , ~ M. ASCE

INTRODUCTION

This paper summarizes the results of an extensive program carried
on for the Seabrook Nuclear Station to increase blast-vibration limits-

|for freshly placed concrete '(" Green")' without detrimental effect on its
strength properties. In the absence of available data, a test program-

:was carried out in both the laboratory and field to study a wide range
of variables to insure the enveloping of various combinations of

e' - vibration characteristics and concrete ages.

Conclusions from the program have resulted in significantly raising
j previously utilized green concrete re-vibration limits while still pro-.

viding conservative margins with respect to any effect on design re-
quirements. These "new" vibration . limits allow for more productive

_

blasting work during concurrent concreting operations providing
economies in both cost and. schedule.>

'

BACKGROUND
.

Due'to long and various starting delays, it became necessary to re-
. schedule excavation and concrete work concurrently in order to recover4

schedule losses. Blast vibration specification limits relating toi.
green . concrete,, which did not hamper the previously time independent

,

- blasting and concreting efforts, became very restrictive and would have
_

resulted in serious construction delays if necessarily maintained.
1

. The original Seabrook. specification blast vibratiov limits. fori

green concrete was taken from work done for the Maine Yankee Atomic
; Power Plant, Wiscasset, Maine (1), herein after referred to as the

"Weston Report." Apparently, these values have been used for other
nuclear power plants in this country.

i' Examination of the Weston Report indicated that the parameters
suitable to obtain vibration 1Laits for the initial intended purposes
did not establish conclusive limits and an apparent increase in these
values could be substantiated.

DEFINITIONS

Green concrete, as used within this paper, refers to concrete
having an age.within 24 hours'after placement.

.

-The term re-vibration or vibration of green concrete utilized with-'

in this paper refers to the vibrating of consolidated concrete during
its early curing stage and does not refer to re-vibrating of fresh
concrete to improve its properties.

1Supervising Structural Engineer, United Engineers and Constructors Inc,
: Phila., PA.

2Structural Engineer, United Engineers and Constructors Inc, Phila., PA.

.

.
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I hEVIEW* OF HISTORICAL DATA

With the knowledge that green concrete vibration limits were not
unique to the_Seabrook work and that some margin was likely in the
original Weston Report limits, a' literature and industry practice
search was-undertaken to find quantitative data that would substantiati'

new higher vibration. limits.-

.A survey was made of nuclear plants. constructed on rock sites to '

ascertain what blast vibration limits were imposed to insure ." safe"
- concrete 1 work. A summary of the values as reported is given in _ Table 1.
Apart from vibration limits imposed to prevent tripping of on site
operating nuclear plants, wide variations in specified peak particle
velocities were found. .The data used to establish the green concrete

,

- vibration limits was. not available . (unless based on the Weston Report)
and in all cases the limiting values would .have been restrictive 'to the
Seabrook construction operation.

In addition-to industry;and literature searches, organization such
as the American Concrete Institute, Portland Cement Association, Bureau
of Reclaimation, blasting powder companies,. cement and concrete com-
panies and other sources even remotely related to the problem were con-
tacted. - An index of more salient related publications is provided in'

the Compendium.
;

Hoch of the experimental work and studies found were associated
with consolidation during concrete placement and other information on
re-vibrating green concrete required various degrees of extrapolation'

to obtain useful. parameters. It was, therefore, determined that test-
ing work should be undertaken to obtain factual information specifical-

,

ly identified with raising green concrete re-vibration limits.

Of general note is that the normally cited blast damage criteria
limits of 2 inches /sec. and lower appears to be established basically
to protect masonry and plastered structures and to avoid public and
legal struggles and does not directly relate itself to construction
efforts removed from the public which involve engineered structures'

built of reinforced concrete. (See Compendium, Reference 1, Chapter 7,
Paragraph 7-3, pgs. 7-5 to 7-10.)

SEABROOK TEST PROGRAM

The Seabrook testing program was developed to evaluate what effect
blast induced vibrations on green concrete would have on structural~

properties of concrete with the goal of obtaining the critical damage
limits. Concrete properties deemed most significant to structural |

performance and durability.were that of compressive, shear and rein- i

forcing. bond strength. Since reinforced concrete is basically designed .|
!as a " cracked section", no effort was made to test or evaluate plain
|concrete-flexural performance.

Because of the strong demand to have information related to actual
conditions, one phase of the program was conducted in the field utiliz-
ing explosive blasting under controlled, monitorea conditions. The4

.other phase involved laboratory work uhich economically allowed for a
more extensive and more controlled and monitored testing program but
one which could be easily correlated with the field work and which could
also be used to evaluate the effects of other than blast type vibrations
1(i.e.: -more regular patterns). Since it is generally recognized that.

l
2'
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t'ha first 24 hours cf c ncrata sst time will reprsssnt thm mo2t criti-'

cal period, thm pergram limitId its otudy to concreto vibrctcd et
various intervals within 24 hours after concrete placement.

The entire test program was carried out under fully im'plemented
Quality Assurance procedures.

The following is a summary of the number of control and test sam'-
ples utilized:

Cylinder Bond

Compression Shear & Bond Pull Out
Test Beam Test Test Cores

' Field 120 140 255 31

92 _.-Laboratory 258 -

Total 378 140 347 31

FIELD TEST PROGRAM

Essentially the field test program was comprised of casting various
types of concrete specimens and subjecting them, at specified concrete
ages, to blast vibrations of differing magnitudes which were measur d
and recorded. Control (un-vibrated) specimens were cast from the same
concrete batches. Field work was carried out in areas remote to heavy

construction traffic and basically free from other blast induced vi-
brations so that the test vibrations introduced and monitored represent
clean data free from background distortions. After the appropriate 7
or 28 day period had elapsed, the vibrated and control specimens were
load tested and results evaluated.

The field test program was divided into three areas, namely:

1. Cylinder Test
2. Beam Test
3. Wall Test

Field Cylinder Test Program

This program consisted of casting standard 6x12 inch cylinders,
subjecting them to blast vibrations (except for controls), curing the
cylinders in accordance with ASTM C31 and then performing the standard ,

ASTM C39 compressivo load test. Reinforced concrete test pads were j
constructed on 20 foot (6.1 m) centers. Pads were founded on and an-
chored to rock by means of resin type rock anchors, Pads were equipped
with hold down bolts and apparatus to hold four conctate mold cylinders
firmly in place during the blast. Provisions were alsa made to bolt
down a monitoring transducer on each pad and read rem'otaly at a central
station. (See Photograph No.1).

A set of four cylinders were cast and rigidly fixed to the test pad.
At the appropriate time the blast was detonated and the vibrations re-
corded for each of the four pads. The cylinders were then protected
and cured in place for 24 hours after which they were removed (along
with the remotely cast control cylinders), cured in the testing labora-
tory and compressive load tested after the 7 and 28 day curing time
(two 7 day and two 28 day tests from each pad).

3
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Th3 offset of blast -vibrcticna en tha cylindsrs was avsluttzd by. .

- normalizing.the change in vibrated cylinder strengths by rsprasanting
them as a _ pe'rcentage of increase or'. decrease in strength from that of
the control cylinders and plotting the variation with respect to the
experienced peak particle velocity. Comparative plots of 7 and 28 day
cylinder compressi re tests are shown in Figures 1 and 2 respectively.

As car. be noted from the normalized test results plotted on. Figures
1 and 2, no specific trend in the change of cylinder compressive
strengths can be established since the relative variation in compres-
sive strength increases and/or decreases randomly for any given age or
curing or magnitude of induced vibration. A further comparison of cor-
' responding 7 and 28 day, relative compressive test for a specific
vibration level-concrete age datum point (i.e.: cylinders subjected to
the same blast vibrations) illustrates the fluctuating-oscillating
changes in the concrete cylinder strengths' for identically vibrated

The effect of differential ~ curing time (7 days vs. 28 days)Lcylinders.
is considered to be of little consequences since no specific or general.

change in test values can be associated with the observed test results.
(i.e.: Longer cure time did not apparently produce greater strength
cylinders due to' autogeneous healing which would offset any detrimental
cracking effects produced by the induced vibrations. See Reference 3).

With respect to the magnitude of the increase or decrease in cylin-
der strengths it must be noted that the variations actually lie in c
relatively tight band where 96% of the relative test values fall within
a plus or minus 6% variation and 98% fall within a plus or minus 7%

i variation. This range of variation is considered to be within an
acceptable level of variation that occurs in cylinder testing.

Field Beam Test Program

Reinforced beams measuring 4 x 8 inches and three feet (0.91 m)
. long were selected in order to utilize a standard cylinder testing
machine and flexural beam testing apparatus. A typical beam was de->

signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bond failure it was necessary to minimi e the embedded length to 4
inches so as not to fail the 4 x 8 inch concrete section in shear. Em-

bedment length was controlled by installing plastic sleeves over the
center portion'of the reinforcing. (Photograph No. 2)

The beam specimens were cast, vibrated and cured in similar fashion
to that of the cylinders utilizing the same test pads (See photograph
No. 3). Two beams were cast on each pad. Two test sets of two beams
each were made.for each concrete age-vibration level datum point to be
evaluated. One set was arranged so that the beams'long axes were
aligned parallel to the direction to which the blast vibrations were
originating and the other arranged with the beams' long axes perpen-,
dicular to the originating vibration direction. This approach was taken
to be sure that there was no variation in results occurring from phenom-
enon relating to the difference between the blast wave propagation
transverse to or along the axis of the beam. All beams were load
. tested 7 days after casting. Standard compressive cylinders were made
to determine cylinder strength for analytical purposes.

Beans were. tested per ASTM C293, center point loading. Due to the
,

plastis, sleeve the. loading produced an early flexural crack in the beam
center which did not effect its ultimate load capacity. As loading was>

continued, the beam would ultimately fail by:

- 4
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1. . ,Eend' failurs of thi 4 inch i (102 mm) rabtr. anchorage with:ut''
.

' splitting or' shearing of the beam and sometimes followed by a
shear failure.

~ 2. Bond failure in the anchorage zone'resulting in splitting off
concrete adjacent to the anchorage, Lusually followed' inungliate-

~

ly by a shear failure of-the beam. (Photograph 2) .j
.

' The " Ultimate" load was ' recorded as the peak load capacity of the 1
~

~

Imember (which occurred -just prior to ' failure)..

Since the mode of failure and-the corresponding failure load varied,
it was not possible to make a direct comparison between vibrated and'un-
. vibrated (control) beams as was done with the blast vibrated cylinders.

! Jun alternate means .of evaluation was derived by calculating -the safety
. factor between the " ultimate design capacity" .and that of the " actual
ultimate: test capacity". The ultimate beam design capacity was. deter-
mined from ACI 318-77 ' provisions considering unconfined bond anchorage
values and. actual cylinder test values of'the same age and material

. utilized in the. beam.

A summary of the test values is given in Table 2

'No' signs or features were visible in the vibrated or unvibrated
samples tested that could be related in any way to a less than sound
concrete' product.

;
..

Field Wall Test Program .

4

The final stage in the field testing program was to " simulate a
typical" concrete section and subject it to blasting and study the
effects.

1

. Five walls were constructed, four test walls were subjected to-

blasting and one' control kept free of vibrations. Each wall was made
.

up of two - 2 feet (0.61 m) wide by 8 foot high by 8 foot (2.44 m) long
!- walls arranged as a cruciform to introduce longitudinal and trans-

verse blast wave effects. Walls were typically reinforced throughout
L with #6 rebars at 12 inches (305 mm) on centers, each way.,

4

. Bond test' dowels,,#8 rebars, were placed into the walls at varying
locations and depths. Plastic sleeves were used over the bars to con-
trol the test zone location and provide a 10 inch (254 mm) embedment
length for pull testing of bond values (See photograph No. 6).

Four-hour and fourteen-hour green concrete ages were chosen as suf-
ficient to represent the varying spectrum of concrete set time charac-
teristics.-

~ j

i

Each of the walls to be vibrated were instrumented at the foundation ~ !

level and on the top of the wall at the intersection. The two closest ,
>

'!walls to~ the blast also had a transducer located at the mid-height in-
tersection. The higher transducers provided information relative to
amplifications through the wall system.

Twenty. eight days after -casting the walls, pulling of the #8 test
dosels' commenced, _ utilizing a 30 ton (27,210 kg) hollow ram jack. Each

.

bar was_ loaded until it began to pull out. The bond failure load-was
determined to be the load at which continued pumping initially did not
result in'an increase in load. At this point, verification of movement .

.

5
- . __ ._ . _ . ._ ._ __ _ ._._.. _ _ _ .- __ __.



r .q
1.

1. . ..

1

. .

. .

. .- -
t. 61 i

. . j .. m. m... . e,. " 4. ,,,,,,,, 4. .
s..et o os v o...ov t ts w.co.ro ,o .e settees .'

* * *
- ,' ,; .,,

x,....N.-.x......, .

4, .. g
b* < W'

,j$
*Nos e .Gt 08 Gas tN conc.3,I af,t. 9L.ctes.Nf..e .(b.,

- -
. .rM .,

, , . , .., .... n.u .. . u ..; 3.

.fj3h44 y'
'.- ..

w... . u. . oc n .. c.c.w ,;
,

...oc. > . .,i .: . .. a . .. ,. y' ~
m.= .i =see . . , s ., .. ,. . , ;. , g ,)" ' * *

M t
' " "

i. .
3.

.,
'' '' '' ''

- Photograph 1
n'<.rNa i.i i.: .. '' FIELD CYLINDER TEST PAD

wo ., . . . .n ..i"
,,,,

. . i. ., i.in

t. L e eJoe b. s.v.6.we..f ca C.w.w.1 p , .

Ibl L e e., 1 . to fe f.e h d e
i.n ..,,...
m.n

....., .. g 3u
i i

. .
. .

f
. .

i.n. .,..u.,,.ie . , .

t. -a , ,. 3i i .. s.
' - -

.m ; _ :

t h u 4 . .. s w ,. as 7 e .

ONtpeC .... . I*
4f
9 /.-W i/.*

.

f ',f.f.,,! s' ~f * , '.J .

,

b~"
s % 3.GW? '?s.W.5es[.5=W;A''CD5S
'8' A'. r

rfc m 4 . w 's=a?q w rf :4 4 W ;w,a n
.7 . k OV." .~1dW6hr e:M.- ';9.nso.m..v cw e sto .r u test v. tuts Ai

*?. W'~ 5 N' C-7*.R :. R.ffi,-:@ W:
~

9

con.c | kna . *| c . -.. W a s.song > <
d.h.. #.- c h1; A' O 5,+ m ee_ -*G ,su e.,,ce w,n , cic w in ,.c,o, ,res

, , ' , ' , ,
vetoc.1 e.e n c.esisec. It.ou .cs vc.ac .c,m , cmc

r. , iNo ..

N?
8 Photograph 2.aa 5 .m s? .m

in . i. ,n i. n in an ,n on H FIELD BEAM SPECIMEN
" ' .AFTER LOAD TEST. . . . . .s . . .

i , ,. ... . . . . n,n ... . , , ..

,, ,,

} i.. ., ... . .

j,n jm . , < u... . . .. o .u
,, ,,

- . i .. . l. . . . .

gggppggwI ,.., , . , , . . . . . . . . i ., . . . . _

. g:.. v J :f . y n, n W y g: g -
, , , , pr es.gi.. I u, on ..... .

yu 6i,. .. . .. n . , , . . . . -

u4 . c. . g_ . .
, , , ,,

. . . t . ., . . . ,., . . . .
.

.

> -. J. y, , ...e-e-

x i.. c..!,o
_

., 1. . . . ., , , . . . . . . 4.,. '.,; , A w-'" '
. . . i i ., on , , . . , , .

-. P. m , y:,5 BE c.e J !A.. , , , . . . . ,, . . , ... . . . n
-

.,7.
%mu .- .

<, -n. .
isy. ,.. . n. . . , . .. . m, ; v..

s.y '9')y.. > r:. ~v ~

. . .# :,. nrar*
e,.~3 . w

. n. w .,. w .c.. .o .. .

.: .- a. . , . , . , , , ,
,,

c . ,.o. in . ,n . 1
I

" MM6V.y^,;se v. .f.s,Ks
.,mo. 2 . . e

h T 1, cc .a . . . .. .. . . . .. c

Photograph 3
FIELD BEAM TEST PAD '

1

i

. |

|
1

|

|

l:6 \

|
.



E .

.y.. .

^

,
. w s mada .hv mersuring thi "n:w" isngth of tha Extendsd bir. Essen-"

ticilyj - ths '10 inch emb dment of the #8 bIr was sufficient to dsvalop a
stress level'in the average bar of 66,667 kai (459.3 M Pa). In a few

cases, the bars broke at a'small notch put in the bar to facilitate
jacking prior to breaking the bond.

Results of the pull-out values were very close and no significant
difference can be observed between the vibrated and unvibrated values.
A comparison was rade between the ACI 318-77 confined anchorage values
(for "other" oars) and the " actual" bond failure loads. 'A-summary of

~ these and other values are given in Table 3. Note, that the average
unconfined bond safety factor- from the beam test (Table 2).and the cen-
fined bond safety factor from the wall test are reasonably clss,e, con-

_

firming a considerable margin of safety for bond values without any.
consideration for " top bar". allowances..

' After completing the bond test, 4 inch (101.6 mm) dia. cores were
taken from each of the walls. - Visual examination indicated no signs of
flaws t ' tieterioration. Cores were load tested and gave results com-
patible with what would be expected from' the load testing of cores.

Finally, one of the walls was blasted loose from the rock and pushed
out of the way by bu11 dozing (See photograph No. 7). Examination of
this wall externally and within the core holes did not reveal any blast
induced cracking which would have been exaggerated by the extreme
handling.

LABORATORY TEST PROGRAM

Essentially, the laboratory phase of the testing program was com-
prised of casting cylinders and bond pull-out specimens and subjecting
them, at specified concrete ages, to various fixed frequencies and
velocities by means of a shaker table. All specimens were well moni-
tored and vibration characteristics respectively recorded. Control
(un-vibrated) specimens were cast from the same concrete batches. After
the appropriate 7 or 28 day period had elapsed, the vibrated and control
specimens were load tested and results evaluated.

All testing work, except for load testing of the specimens, was
carried out by The Franklin Institute Research Laboratories, utilizing
the General Electric Company Space Center facilities at Valley Forge,
Pennsylvania.

Nominal curing time from specimen casting to vibration of 3, 6, 12
and 24 hours was used.

.

The velocities and frequencies (and associated accelerations) given
fn the following Table were utilized. Test frequencies were chosen ,

Ifrom the predominate frequencies associated with maximum velocities ob-
!served from the site blast monitoring records. (Table on next page.)

Vibrations were induced such that the profile of vibration had a
rise and fall * time of 0.5 I 0.3 seconds and remained at the peak level
for 5.0 0.5 seconds. The specimens were subjected to excitation in
one horizontal axis through the base. Vibration profiles were recorded
for each of the three perpendicular axes.

'A C150 shaker manufactured by M.B. Electronics, a Division of
Textron. Electronics, Inc.,was used to energize the shaker table.
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. LABORATORY TFST VELOCITIES AND FREQUENCIES '
" ' *

(AND ASSOCIATED ACCELERATIONS)- '

FREQUENCY MAXIMUM PEAK PARTICLE ACCELERATION IN g

' 13.250 hz 0.83 1.66- 3.3 6.6 -

26.4100 ha 1,66 3.3 6.6 13.2 -

150 hz 2.5 5,0 10.0 20.0 30.0 -

PEAK PARTICLE
VELOCITY 1 2 4 8 12 16

INCHES /SEC. One Inch-25.4 mm.

The energy input into the laboratory vibrated specimens is consid-
cred to be comparatively more severe due to the longer period the spec-

*imen is subjected to the induced vibration.

Laboratory Cylinder Test Program

This program consisted of casting standard 6 X 12 inch (152.4 X
304.8 mm) cylinders and subjecting a group of 4 cylinders at a time to
the selected vibrations by means of a rigid steel fixture fastened to
the shaker table. (See photograph Nos. 4 and 5.) Cylinders were cast,

-cured and compressive load tested in accordance with ASTM C31 and C39.
Control cylinders (unvi,brated) were cast from respective concrete

,

batches.

After the appropriate 7 or 28 day curing time, 2 cylinders from each
~

group were load tested along with c:strol specimens. The ef fect of vi-
bration was evaluated in the same manner as the Field Program cylinders
by normalizing the change in vibrnted cylinder strengths by representing
them as a percentage of increase or decrease in strength from that of
the control cylinders and plotting the variation with respect to the
experienced peak particle velocity.

A representative plot is shown in Figure 3 and a cable of test
values, irrespective of vibration levels or green concrete age is given
in Table 5.

Results of the laboratory cylinder test program were essentially the
same as the field cylinder program. Specifically, no specific trend can
be established in the change of cylinder strength with respect to any of
the vibration levels introduced for any of the green concrete ages

tested.

Laboratory Pull-Out Test Program

This program consisted of casting, curing and testing pull-out sam-
pies in accordance with ASTM C234 Pull-out specimens were 6 inch
-(152.4 mm) cubes with a 3 foot (0.91 m) long, #6 reinforcing bar ex-
tending to the specimen bottom. Specimens were cast in specially made
molds, structurally. strong enough to permit direct attachment to the

,

shaker table. Specimens were subjected to the same basic age-vibration '

levels as that of the cylinders and tested 7 and 28 days after casting.
1

~

|
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Dui t the nominal 30 inch' (762 mm) cxtannien cf the 'f6' rainforcing~
'

bar', a wh'ipping' action wIs introduczd during tha ahnking oparetica evsn
though the top of the bar was relatively secured to the casting mold.
This behavior created an added severity to the reinforcing bar bonding
capability.

Although the _ ASTM C234 is to evaluate concrete strengths by com-
parate band failures (not necessarily related to ACI 318 design values),
the test did confirm information relative to the effect of the induced,

vibration on bonding characteristics.

Basically, all pull-out specimens failed by splitting of the con-
crete block prior to achieving a _ bond failure. However, the load,
developed by the 6 inch (152.4 mm) embedment of the #6 reinfor'cing bar
was, again, significantly above the ultimate anchorage load calculated
from ACI 318-77 for unconfined bars.- ,

Values, irrespective of the green age or vibration level, are given
in Table 4.'

. Essentially no reduction in concrete strength or bond capacity can- *

be recognized as a result of the vibrations introduced to the various
green concrete ages.

SUMMARY
'

1. -Due to space limitations, detailed discussions of test and evalua-
~ tion work and duca, presentation has been greatly shortened. Data

has been summarized in an attempt to provide sufficient overall
information to establish the validity of the work.

2. Test work was done for the most part with readily available re--

sources, and there was no attempt to pursue a full scale research
'program outside the realms of establishing increased vibration4

]
levels for green concrete.

3. Although the test program was aimed at finding a " critical"
vibration intensity for green concrete, no vibration level was ever
reached that could be associated with ultimate damage to the con-
crete tested.

4. Although many specimens of various types were subjected to input
i

velocities up to and in the range of 8 to 12 inches per second and
" some subjecteu to velocitias as high as 20 inches per second (1" =

25.4 mm), there has been no evidence to indicate that the re-
v t.brated green concrete tested vauld not structurally perform in
accordance with its standard 28 day strength design values or would
otherwise produce a_ Icss durable structure.

5. -Results of'the test were used to re-establish green concrete blast
4.bration limits as given in Table 6. The values listed are still
conservative with respect to the test program results and even with
respect to some of the " original Table 1" values. Provision for an'

increase in blast vibration levels above the Table 6 values was
treated on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. - | Bond test results indicate an apparent strong conservatism in the
- ACI-318-77 anchorage provisions. This conservatism should be looked

.

11
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ct with r:spect- to elisiniting thi 1.4 fceter for h:riz ntal wall-
laps which are currently identified as " top bars." This reduction
in horizontal lap length would serve to reduce added congestion in-
heavily reinforced walls apart from any savings in reduced steel
requirements.

CONCLUSIONS

1. .The Seabrook. Green Concrete Blast Vibration-Limit Program has
provided valuable data which conclusively supported increasing
previous blasting vibration limits. -Based on the observations of
the Seabrook work, there is strong confidence to indicate that even
higher vibration limits can be established if additional test work
is performed.

2. If no environmental,~public structures, human tolerance or other
safety considerations are involved, considerable margin still
. appear,s to exist in raising blasting vibration limits relative to*

the concurrent placement of concrete.
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/ . o, UNITED STATES '

!' Ii~ NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20656

: ;
%,,,,,/

Docket' Nos. '50-352MS 3

JUN 0 19 81

Ms. Phillis Zitzer
- Limerick Ecology Action
P. O. Box 761.

. Pottstown, Pennsylvania 19464

Dear Ms. Zitzer:

-This will cortfirm your telephone conversation of June 5,1981 with
Don Calkins. The meeting with Mr. Frank Pomano is scheduled for .

1:00 P.M. on June 18,1981, at 7920 Norfolk Avenue, Bethesda, Maryland.
You are welcome to attend.

. Enclosed is a document which was sent to Mr. Romano, relative to the
meeting. It may not have reached the Local Public Document Room yet.
It is a recent paper entitled, " Blasting Vibration Limits on Freshly
Placed (Green) Concrete" by United Engineers and Construction, Inc.

Sincerely,

A. Schwencer, Chief
Licensing Branch No. 2
Division of Lice.nsing

Enclosure:
As stated
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" BLASTING VIBRATION LIMITS ON' FRESHLY PLACED (GREEN) CONCRETE"
,

1
~

' ' By Allen J. Hulshizer , F.ASCE and Ashok J. Desai , M. ASCE

INTRODUCTION -.

. LThis pa'per summarizes the;results of an extensive : program carried. ,

on* for the Seabrook Nuclear Station to increase blast-vibration limits
for freshly placed concrete (" Green") without detrimental effectLon its

~

~

:

. strength propertieu.- In the absence- of available data,- a test program
- vas . carried ' out in both t: 1 laboratory and field to study a wideirange

~

4 - of variables' to insure the enveloping of various combinations of
vibration characteristics and concrete ages.

Conclusions fram the . program have resulted . in significantly~ raising :
previously utilized green concrete re-vibration limits while still pro-
viding conservative margins with respect to any effect on design re-

J guirements. - These "new" vibration limits allow for more productive.

. blasting work during concurrent concreting operations providing
economies in both cost and schedule.

BACKGROUND

Due to long and various starting delays, it became necessary to re-
schedule excavation and concrete work concurrently in order to recover;
schedule-losses. Blast vibration specification limits relating to
green concrete, which did not hamper the previously time independent
blasting and concreting ilferts, became very restrictive and would have

= resulted in serious construction delays if necessarily maintained.

The original Seabrook specification blast vibration limits for
green concrete was taken' from work done for the Maine Yankee Atomic. '

Power Plant, Wiscasset, Maine -(1), herein after referred to- as the
"Weston Report." Apparently, these values have been used for other
nuclear power olants in this country.

2

J

Examination of the Weston Report indicated that the parameters
suitable'to obtain vibration. limits for the initial intended purposes

, . did not' establish conclusive limits and an apparent increase in these+

values could be substantiated.,

DEFINITIONS '

Green concrete, as used within this paper, refers to concrete
,

having an age within 24 hours after placement.4

.The term re-vibration or vibration of green concrete utilized with-*

in this paper refers to the vibrating of consolidateo i.oncrete during
its early curing stage and does not refer to re-vibrating of fresh

j ' concrete to improve its properties.

- Supervising Structural Engineer, United Engineers and Constructors Inc,
-Phila., PA.

I - - 2Structural Engineer, United Engineers and Constructors Inc, Phila. , PA.4

;
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-REVIEW OF. HISTORICAL DATA 'I

. WithL the knowledge .that' green concrete vibration limits were 'not
~

unique to the?Seabrook work and.that some margin was likely in the
' original Weston Report : limits, a literature uand industry practice'4

search was undertaken to find quantitative data that would substantiate
- new highet vibration limits.

' A_ survey was -made of ~ nuclear. plants constructed on rock sites to4

ascertain what blast vibration limits were_ imposed to insure " safe"
; concrete work.- A summary of the values as reported -is given in Table 1.
Apart from vibrationLlimits imposed to . prevent tripping of on site
. operating nuclear plants, wido variations in specified peak' particle
velocities were found.- The data used to establish the green concrete
vibration '11mits was. not available (unless based on the Weston Report)-
and in.all cases the limiting values would have been restrictive to the

' Seabrook construction-operation.

1In addition to industry and literature searches, organization such
as the American Concrete Institute, Portland Cement Association, Bureau
of Reclaimation, blasting powder companies, cement and concrete com-
panies and other sources even remotely related to the problem were con-

.tacted. An index of more' salient related publications is provided in
the Compendium.

Much of the experimental work and studies found were associated
with consolidation during concrete placement and other information on
re-vibrating green concrete required various degre of extrapolation
to 'obtain useful parameters. It was, therefore, determined that test-
_ing ' work should be undertaken to obtain factual information specifical-
ly identified with raising green concrete re-vibration limits.y

Of g neral note is that the normally cited blast damage criteriae
3

~

4. limits of '2 inches /sec arit lower appears to be established basically
! to protect masonry and plastered structures and to avoid public and j
l legal struggles and does not directly relate itself to construction

} efforts removed from the public which involve engineered structures
i built of reinforced concrete. (See Compendium, Reference 1, Chapter 7,

Paragraph 7-3, pgs. 7-5 to 7-10.) ;

i |
4 SEABROOK TEST PROGRAM |

I The Seabrook testing program was developed to evaluate what effect
blast induced vibrations _ on green concrete vould hav' on structural.

proporties of concrete with the goal of obtaining the critical damagt --

limits. Concrete properties deemed most significant to structural+

performance anf durability were that of compressive, shear and rein-
forcing bond strength. Since reinforced concrete is basically designed
as a " cracked section", no effort was made to test or evaluate plain

; concrete flexural performance.
.

Because of the strong demand to have information related to actual
conditions, one phase of the program was conducted in the field utiliz-
ing explosive blasting under controlled, monitored conditions. The
other phase involved laboratory work which economically allowed for a'

more' extensive and more controlled and monitored testing program but
one which could be easily correlated with the field work and which could

*

.also' be used to evaluate the effects of other than blast type vibrations

(i.e.: more regular patterns). Since it is generally recognized that

2
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th3 first 24 hours 'of concrato sat time will rGprossnt th2 most criti-
cal period, the program limited its study to concrete vibrated at
various: intervals within 24 hours after concrete placement.

The entire test program was carried out under fully implemented*

Quality Assurance procedures.

The following is a summary of the number of control and test sam *-
pies utilized:

Cylinder Bond
Compression Shear & Bond Pull Out

Test Beam Test Test Cores

Field '120 140 255 31

92Laboratory 258 -
_.

- Total 378 140 347 31

FIELD TEST PROGRAM

Essentially the field test program was comprised of car' : g various
types of concrete specimens and subjecting them, at specified concrete
ages, to blast vibrations of differing magnitudes which were measured
and recorded. Control (un-vibraced) specimens were cast from the same
concrete batches. Field work was carried out in areas remote to heavy

- construction traffic and basically free from other blast induced vi-
brations so that the test vibrations introduced and monitored represent
clean data free from background distortions. After the appropriate 7
or 28 day period had elapsed, the vibrated and control specimens were
load tested and results evaluated.

The field test program was divided into three areas, namely:

1. Cylinder Test
2. Beam Test-
3. Wall Test

Field Cylinder Test Program

This program consisted of casting :tsndard 6x12 inch cylinders,
subjecting them to blast vibrations (except for controls), curing the

- cylinders iu accordance with ASTM C31 and then performing the standard
ASTM C39 compressive load test. Reinforced concrete test pads were
constructed on 20 foot (6.1 m) centers. Pads were founded on and an-
chored to rock by means of resin type rock anchors. Pads were equipped )with hold down bolts and apparatus to hold four concrete mold cylinders
firmly in place during the blast. Provisions were also made to bolt
down a monitoring transducer on each pad and read remotely at a central
station. (See Photograph No.1).

A set of four cylinders were cast and rigidly fixed to the test pad.
At the appropriate time the blast was detonated and the vibrations re-
corded for each of the four pads. The cylinders were then protected
and cured in place for 24 hours after which they were removed (along

|with the remotely cast control cylinders), cured in the testing labora-
tory and compressive load tested after the 7 and 28 day curing time

,

o .(two 7 day and two 28 day tests from each pad).
4

3
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IThs effect' of blast' vibrations on th2 cylindars was sysluctsd by
,

' '
'

normalizing the change ia vibrated cylinder strengths by representing
them'as a percentage of increase or decrease in strergth from'that_of

-

the control cylinders and plotting the variation with respect to the
, ' experienced. peak particle velocity.- Comparative plots of 7 and. 28 day

'

cylinder compressive tests are shown in Figures 1 and 2 respectively.

? As can.be' noted from the normalized test results plotted on Figures
!

1 and' 2,' no specific trend in the change ~of cylinder compressive
strengths can be established since the relative variation in compres-

-

sive strength increases and/or decreases randomly for any given age or
. curing or magnitude of induced vibration. . A further comparison of cor-,

'

' responding 7 and 28 ' day relative compressive testf for a specific
vibration level-concrete age datum point (i.e.: cylinders subjected to
the same blast vibrations) illustrates the : fluctuating-oscillating
changes ~ in the concrete cylinder strengths 'for identically vibecced

The ef fect of differential curing time (7 days vs, 28 days)
.

cylinders.
is considered to be of little consequences since no specific lor general.

;

!;
changelin ~ test values can be associated with the observed test results.'

(i.e.: Longer cure time did not apparently produce greater strength
cylinders due to autogeneous healing which woeld offset any detrimentalSee Reference 3).L cracking effects ' produced by the induced vibrations.

' With' respect - to' the magnitude of the increase or decrease in cylin-
,

der strengths _ it must be noted that the variations actually lie in a
relatively tight band where 96% of the relative test values fall within,

a plus or minus 6% variation and 98% fall within a plus or minus 7%
variation. This range of variation is considered to be within an ,

, -. acceptable level of variation that occurs in cylinder testing ~.
4

Field Beam-Test Program

Reinforced beams measuring 4 x 8 inches and three feet (0.91 m) ,

j
long were selected in order to utilize a standard cylinder testing '

machine and flexural beam testing apparatus. A typical beam was de-
signed and reinforced with one No. 6 bar. To precipitate a reinforcing
bond failure it was necessary to minimize the embedded length to 4'

Em-inches so as not to fail the 4 x 8 inch concrete section in shear.'

bedment length was controlled by installing plastic sleeves over the
j center portion of the reinforcing. (Photograph No. 2),

The beam specimens were cast, vibrated and cured in similar fashion!

! to that of the cylinders utilizing the same test pads (See photograph;

No. 3). Two beams were cast on each pad. Two test sets of two beams
each were made for each cencrete age-vibration level datum point to be

i,

evaluated. One set was arranged so that the beams'long axes were
aligned parallel to the direction to which the blast vibrations were,

'

. originating and the other arranged with the beams' long axes perpen-
dicular to the originating vibration direction. This approach was takeni-

to be sure that there was no variation in results occurring from phenom- i

|enon relating to the difference between the blast wave propagation )transverse to or along the axis of the beam. All beams were load;-
tested 7 days after casting. Standard compressive cylinders were made

|co determine cylinder strength for analytical purposes.

Beams were. tested per ASTM C293, center point 2 3ading. Due to the
plastic sleeve the loading produced an early flexural crack in the beam"

center which did not effect its ultimate load _ capacity. As loading was
continued, the beam would ultimately fail by:

,

P

4
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21.1 Bond failure of the 4 inch (102 mm) rebar ' anchorage thout.
.

.

-

-splitting or shearing of the beam and sometimes followed by a
. shear failure.

2. Bond failure in the anchorege zone resulting in splitting off
concrete adjacent to the anchorage, usually followed' immediate-
ly.by a shear failure of the beam. (Photograph 2)

.The " Ultimate" load was recorded as the peak load capacity of the
member (which occurred just prior to failure).

t' . Since the mode of failure and the corresponding failure- load varied,
it was not possible to make a direct comparison between vibrated and un- -

.

vibrated (control). beams as was done with the blast vibrated cylinders. -
An' alternate means of evaluation was derived by calculating the safety.
factor between the " ultimate design capacity" and that ~ of the " actual
ultimate test capacity". The ultimate beam design capacity was deter-
mined from ACI 318-77' provisions considering unconfined bond anchorage
values Dand actual cylinder test values of the same age and material
utilized in the beam.-

A summary of the test values is given in Table 2.
.

No signs or. features were visible in the vibrated or unvibrated
samples tested 'that could be related in any way to a less than. sound .
concrete product.

Field Wall Test Program

The final stage in the field testing. program was to " simulate a
typical" concrete section and subject it to blasting and study the

i , effects.

Five walls were constructed, four test walls were subjected to
blasting and one control kept free- of vibrations. Each wall was made
up of two - 2 feet (0.61 m) wide by 8 foot high by 8 foot (2.44 m) long
walls arranged- as a cruciform to introduce longitudinal and trans-
verse blast wave effects. Walls were typically reinforced throughout
with'#6 rebars at 12 inches (305 mm) on centers, each way.

Bond test dowels,,#8 rebars, were placed into the walls at varying
locations and depths. Plastic sleeves were used over the bars to con-
trol the test zone location and provide a 10 inch (254 mm) embedment
1ength for pull testing of bond values (See photograph No. 6).<

Four-hour and fourteen-hour green concrete ages were chosen as suf-
ficient to represent the varying spectrum of concrete set time charac-
teristics.

Each of the walls to be vibrated were instrumented at tne four.dation
level and on the top of the wall at the intersection. The two closest
walls to the blast also had a transducer located at the mid-height in-<

tersection. The higher transducers provided information relative to
;

amplifications through the wa11' system.

Twenty eight days after casting the walls, pulling of the #8 test
dowels commenced, utilizing a 30 ton (27,210 kg) hollov ram jack. Each
bar was-loaded until it began to pull out. The. boad failure load was

4

determined to be the load at which continutd pumping initially did not
result in'an increase in. load. At this point, verification of movement

5
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w:s. mada -by mersuring tha "n:w" icngth of thi extsudad btr. Esota-
'tially,L ehe 10 iach embedment of the 18 bar was sufficient to develop a
-stress leveln in ;the average' bar of 66,667 ksi- (459.3 M Pa). In a' few

4

- . cases, the bars' broke at a small notch put;in the bar to facilitate ''

Jacking prior co breaking the bond.

.Results of the pull-out values were very close and no significant
difference can be . observed between the vibrated and unvibrated values.
A comparison was made between the ACI 318-77 confined anchorage values
(for ''other" bars) and the :" actual" bond failure loads. A summary of
these and other values are given- in Table 3. - Note, that the average
unconfined bond safety factor from the beam test (Table 2):and the con-
fined bond safety factor.from the' wall test are. reasonably ci,s,e, con-
firming a considerable margin of safety for bond values without any;
considerationL for " top bar" allowances.

After completing the bond test, 4 inch (101.6 mm) dia. cores were
.taken from each of the walls. Visual examination indicated no signs of ~
flaws or deterioration. Cores were load tested and gave results com-
patible with what would be; expected from the load testing of cores.

Finally, one of the walls was blasted loose from the rock and pushed
out of the way by bu11 dozing (See photograph No. 7). Examination of
this wall externally and within the core holes did not reveal any blast
induced cracking which would have been exaggerated by the extreme
handling.

LABORATORY TEST PROGRAM
.

< .

Essentially, the laboratory phase of the tes* ing program was com-
prised of casting cylinders at t bond pull-out specimens and subjecting
them, at specified concrete ages, to various fixed frequencies and4

velocities by means of a shaker table. 'All specimens were well moni-
tored and vibration characteristics respectively recorded. Control
(un-vibrated) specimens were cast from the same concrete batches. After<

the appropriate 7 or 28 day period had elapsed, the vibrated and control
specimens were load tested and results evaluated.'

All testing work, except for load testing of the specimens, was
carried out by The Franklin Institute Research' Labo* atories, utilizing+

the General Electric Company Space Center facilities at Valley torge,
Pennsylvania.

I -

Nominal curing time from specimen casting to vibration of 3, 6,12
and 24 hours was used.

i

The velocities and frequencies (and associated accelerations) given
in the following Table were utilized. Test frequencies were chosen )
from the ' predominate frequencies associated with maximum velocities ob- |
served from the site blast monitoring records. (Table on next page.)

Vibrations were induced such that the profile of vibration had a
rise and fall' time of 0.5 ! 0.3 seconds and remained at the peak level

i - for 5.0 t 0.5 seconds. The specimens were subjected to excitation in
| one horizontal axis through the base. Vibration profiles were recorded

_

[ for each of the three perpendicular -axes.

i

L A C150 shaker - manufactured by M.B. Electronics, a Division of
! Textron Electronics, Inc.,was used to energize the shaker table.

7 )
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LABORATORY TEST VELOCITIES 'AND FREQUENCIES
* '

-*

(AND- ASSOCIATED ACCELERATIONS) - .

'

~

MAXIMUM PEAK PARTICLE ACCELERATION IN g -FREQUENCY

' 13.2_50 hs 0.83 '1.66 3.3~ 6.6 -

26.4100 hz 1.66- .3.3 6.6 13.2 -

'150 hs 2.5 5.0 10.0 20.0 30.0 --

_

PEAK PARTICLE
VELOCITY 1 2 4 8 12 -16-

INCHES /SEC. |One Inch =25.4 mm

The energy input into th'e laboratory vibrated specimens is consid-
ered to be comparatively more severe due to' the longer period the spec-
imen is ~ subjected to the induced vibration.

Laboratory Cylinder Test Program

This program consisted of casting standard 6 X 12 inch (152.4 X
304.8 mm) cylinders and subjecting a group of 4 cylinders at a time to
the selected vibrations by means of a rigid steel fixture fastened to

the shaker table. (See photograph N s. 4 and 5.) Cylinders were cast,o
,

cured and compressive load tested in accordance with ASTM C31 and C39.
Control cylinders (unvibrated) were cast from respective concrete

,

batches.

After the app' opriate 7 or 28 day curing time, 2 cylinders from eachr

group were load tested along with control spechnens. The effect of vi-
bration was evaluated in the same manner as the Field Program cylinders
by normalizing the change in vibrated cylinder strengths by representing
them as a percentage of increass or decrease in strength from that of
the control cylinders and plotting the variation with respect to the

'

experienced peak particle velocity.

A representative plot is shown in Figure 3 and a table of test
values, _ irrespective of vibration levels or green concrcte age is given
in Table 5

Results.of the laboratory cylinder test program were essentially the
same 'as the field cylinder program. Specifically, no specific trend can
be established in the change of cylinder strength with respect to any of
the vibration levels introduced for any of the green concrete ages
tested.

Laboratory Pull-Out Test Program

This program consisted of casting, curing and testing pull-out sam- )
ples in accordance with ASTM C234 Pull-out specimens were 6 inch i

(152.4 mm) cubes with = 3 foot (0.91 m) long, #6 reinforcing bar ex-
tending to the specimen bottom. Specimens were cast in specially made
molds, structurally strong enough to permit direct attachment to the
shaker table. Specimens were subjected to the same basic age-vibration

| 1evels as that of the cylinders and tested 7 and 28 days after casting.
!

:

10
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* Duo 'to th3 n:minni 30 inch (762 mm) extension of tha #6 ~ rainforcing
bar,'a whipping action was introduced during the shaking operation even
though the top of the bar was.relatively aecured to the_ casting mold.
This behavior created an added severity to the reinforcing bar bonding
capability.-

Although the ASTM C234'is to evaluate concrete strengths by com-
parate bond failures (not necessarily related to ACI 318 design values),
the test did confirm information relative to the effect of the induced
vibration on bonding characteristics.

Basically, all pull-out specimens failed by splitting of the eon-
crete block prior to achieving a bond failure. However, the load
developed by the 6 inch (152.4 mm) embedment of the #6 reinfor'cing bar
was, again, significantly above the ultimate anchorage load calculated
from ACI 318-77- for unconfined bars.

Values, irrespective of the green age or vibration level, are given
.in Table 4.

Essentially no reduction in concrete strength or bond capacity can
Ibe recognized as a result of the vibrations introduced to the various

green concrete ages.
!

SUMMARY

1. Due to space limitations, detailed discussions of test and evalua-
tion work and data, presentation has been greatly shortened. Data
has been summarized in an attempt to provide sufficient overall
information to establish the validity of the work.

2. Test work was done for the most part with readily available re-
sources, and there was no attempt to pursue a full scale research
program outside the realms of establishing increased vibration
levels for green concrete.

' '

3. Although the test program was aimed at finding a " critical"
vibration intensity for green concrete, no vibration level was ever
reached that could be associated with ultimate damage to the con-

'

crete tested.

4. Although many specimens of various types were subjected to input
velocities up to and in the range of 8 to 12 inches per second and
some subjected to velocities as high as 20 inches per second (1" =

i

| 25.4 mm), there has been no evidence to indicate that the re-
|

vibrated green concrete tested would net structurally perform in
' accordance with its standard 28 day strength design values or would

otherwise produce a less durable structure.

5. Results of the test were used to re-establish green concrete blast i

vibration limits as given in Table 6. The values listed are still |
conservative with respect to the test program results and even with '

respect to some of the " original Table 1" values. Provision for an
increase in blast vibration levels above the Table 6 values was
treated on a case-by-case basis, but essentially the Table 6 values
allowed reasonable excavation efforts without schedule difficulties.

6. Bond test results indicate an apparent strong conservatism in the
ACI-318-77 anchorage provisions. This conservatism should be looked

11
I
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" . at with respect to eliminating the 1.4 factor for horizontal ~ wall
'

~

. laps which are currently identified as " top bars." -This reduction
in horizontal lap . length would serve to reduce' added congestion in-

| heavily reinforced walls _ apart from any savings. in reduced steel
~

requirements.
'

CONCLUSIONS

1. The Seabrook Green Concrete Blast Vibration Limit Program has
L provided valuable data.which conclusively supported inc sasing

previous .blastingLvibrc tion limits. . Based on the observations of
the- Esabrook work, there'is strong confidence to indicate that even

~

higher vibration limits can be established if additional- test work
is performed.*

2. - If no environmental, public structures, human tolerance or other
safety considerations are involved, considerable margin still
appears to exist in raising blasting vibration limits relative to
-the concurrent placement of concrete.
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