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EXECUTIVE SUMMARY

Three studies were conducted at the Pineville Quuring 2006 and 2007. These include the
following:

a ground vibration and airblast attenuation studgualuate directional blast effects on the
surrounding community,

a structure response study to compare the relatikeences of blasting-induced structure motions
with the influences of normal, every day humanwtotis and long-term changes in weather and,

soil testing, to determine engineering propertias the presence of swelling clays within local
soils, and measurements of surface soil deflectisitegy an anchor point device.

The findings and conclusions are as follows:
Amplitudes and attenuation of ground vibrations amnthlast

The maximum peak ground vibrations (PPV) and astidanplitudes recorded during this study are
0.105 in/s and 125 dB, respectively. IntensitieB®V are considered to be very low and far
below values that could possibly contribute todtite cracking or even cosmetic threshold
damage.

Near-surface geology to the northeast and northefasie quarry (and toward residents) are
similar as indicated by well-behaved and predi&ajsbund vibration attenuation data. Ground
motion data do not indicate anomalies or unustelctiaracteristics around the quarry.

Topographic and atmospheric conditions at the gudomot produce any unusual airblast effects.

Ground vibration data as a function of distancenftihe Quarry are lower that other data for
quarries with similar geology and terrain condisoQuarry airblast data are typical of data from
other quarries in the U.S.

Comparison of ground vibrations with industry shfasting standards

The highest ground vibration measured (0.105 m@ig)esents 14% of the safe limits recommended
by the U.S. Bureau of Mines to protect structuresifcosmetic threshold cracking.

The factor of safety against cosmetic thresholdlerg in drywall, the weakest material in
structures, is 12.

It is not possible for these low levels of groundtibns and associated frequencies to cause
hairline or threshold cracking in the structure.



Structure response study

Interior and exterior wall motions are similar digiblasting. Hence, the brick facade is well-
coupled to the structure and does not act indepelyde the house itself.

The dynamic properties of the study structure vesaduated for the blast on 8/28/06 that
generated 0.08 in/s PPV. The natural frequencyoceagputed as 11 Hz while damping was found
to be 3.6%.

No other blasts provided high enough ground magioergy to compute damping and natural
frequency.

The value of damping fell within the typical rangfe3.5% to 13% as reported by Dowding (1996)
and 3% to 10% reported by Aimone-Matrtin, et al.G@0 Natural frequency fell within the
expected range of all structure types (4 to 12 Hz).

Amplification of structure motions relative to gradimotions excitations averages 1.75 for the
study structure. This falls within the lowest ramgtablished by the U.S. Bureau of Mines and
others for wood-framed dwellings. This low valu@& cet possibly contribute to situations of wall
cracking at low vibration levels recorded during thasts.

The dynamic characteristics of the structure atbiwinormal ranges and the U.S. Bureau of
Mines safe blasting criteria is deemed protectiy@rast even threshold cosmetic cracking for this
structure or other similar residential structure.

The maximum wall strains recorded was 32.9 micrakstin bending and 12.2 micro-strains in
tension. These values are considered to be veratafar below the strains required to crack wall
materials in this structure or other similar resiid structures..

Maximum bending and tensile wall strains computednd) blasting were 4 to 11% of the failure
strains required to possibly cause cracking in @tyand brick materials.

At the low levels of blasting at the quarry, thduced strains never exceeded the elastic limit of
the wall materials. Hence, no permanent deformateuld have occurred and any cracking in
interior drywalls and exterior brick fagade coulnt be caused by blasting activities at the levels
recorded.

Instrumentation of an existing interior drywall ckesshowed movements followed trends in the
ambient humidity (exterior or interior). When huntydncreased, the crack opened while during
the day, as temperature increases and humiditygdees, the crack closed. It is this daily cyclé tha
produces high stresses on the crack and in patlguht the tips or ends of the cracks, promoting
crack growth slowly over time.

The effect of weather changes on crack width istrpamounced during weather fronts. The
largest change in moisture occurred with 6.33 isabfaain over a period of 28 days starting on
11/10/06. The net effect was a 9739 micro-in (0ABin) change in crack width (opening) over a
28-day period to 12/07/06. This change in crackthvid 104 times greater than the largest blast-
induced change in crack width of 141.55 micro-if9(@1415 in).



Large weather-induced changes in crack width aeegthatest contributing factor to crack
extension and widening over time. Blasting influesion changes in crack widths and the potential
formation of cracks in structures are negligiblenpared with cracking potential from the

influence of climate changes.

Computed wall strains and measured crack displacenfier human activities were often greater
than those produced from blasting. Mid-wall stradasing typical every-day human activities were
2.4 times greater than strain produced during inigsHuman-induced crack displacements were
up to 6.8 times greater than those produced byias

Soil sampling, lab testing, and field observations

Published maps indicate the potential for expansoiks in the area around the quarry. Soils
sampling extracted adjacent to the Quarry anddestthe lab confirms the presence of swelling
clays and silts.

Percent heave measured during laboratory swedl tasged 0.1% to 0.4% under a vertical load of
300 psf equal to stresses from typical foundatmfnmseighboring houses. Corresponding swell
pressures ranged 640 psf to 947 psf.

Based on these results, soils are considered baghey swelling. High levels of expansion and
contraction are expected as moisture levels ineraad decrease. Foundation soil loads smaller
than swell pressures will result in structure ug@iid likely structure cracking.

Structures founded on these swelling soils witlpyaper drainage control will most likely
experience foundation pressures that may leadutedi@tion wall and slab heaving and structure
damage.

Wet/dry cycles in foundation soils result in sturetheave/settlement cycles inducing stress
cracking in walls that will continue over decades.

Maximum surface ground heave (0.2165 in) from angloont measurements in response to
weather front activity and rainfall measured ov@28-day period was 5.6% in the absence of a
surface load compared with 0.4% heave found inaberatory under a 300 psf vertical load. This
confirms the cyclical nature of the swelling cldlyat are pervasive in the area and detrimental
effect on structures.



INTRODUCTION

A structure response and attenuation study wéated on August 28, 2006 at the Pineville
Quarry near Charlotte, NC. The purpose of thisystuds to evaluate what impacts, if any, blasting
may have on a single story residential structucatied approximately 2500 ft from the active pit.
More specifically, the study examined the crackmotential, compared with the cracking potential
from the influences of normal, every day humanvatets and long-term changes in weather. During
production blasts at the quarry, in the beginnifithe project, the attenuation of ground vibratians
airblast was also studied to assess direction&ti@ms in blast energy propagation in three noinina
compass directions from the blast site. Supplenhémtae blast induced structure response and human
activity investigations, soil samples were obtaifredh three drill holes located to the northeast an
northwest of the quarry to determine engineeriraperties and the absence or presence of swelling
clays.

Figure 1 shows the location of the instrumentedicstire in relation to the Quarry and
identifies the soils borehole and seismograph ionatused during the first production blast. The
structure was instrumented on August 27, 2006 wetbcity and crack gages. Structure motions and
crack displacements were recorded during the Inptizduction blast conducted on August 28. Soill
samples were obtained on August 29 and tested b MEC, Inc. of Raleigh, NC.

This report summarizes findings of the ground \vibraand airblast attenuation, structure
response, soil testing, and human response, retord®2/25/2007. Throughout this report, major
findings as they pertain to the objectives of gtigly are highlighted at the end of pertinent sesti

RESULTS

Table 1 gives a summary of vibration data for ldastnducted over the duration of the study to
date. Of the 63 blasts performed, 35 blasts trigiyéine master seismograph at the study structhee. T
remaining blasts generated ground vibrations tleewelow the seismograph trigger level of 0.03
in/s. The maximum and average values for groundatidn and air blast at the study structure to date
are as follows:

maximum average
Peak particle velocity (PPV), in/s 0.105 0.044
Frequency at the peak, Hz 32.0 13.0
Predominate (FFT) frequency, Hz 34.0 7.2
Airblast, dB 125 116

FINDINGS:

The intensities of PPV are considered to be venydad far below values that could possibly
contribute to structural cracking or even cosméhieshold cracking and that may provide
structure response necessary to compute dynamracieaistics of the instrumented structure.

A. Attenuation Study

An attenuation study was conducted on August 28620 determine if site conditions such as
geology and terrain had any affect on the attennaif ground vibration and airblast intensitieshwit
distance away from the blast site. Three lineayarof seismographs, shown in Figure 1, were
employed for two single-hole and one productiorstsdor these measurements.
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Table 1 Summary of blasts to data

Distance Charge Peak
Shot Date Shot Time Unit Location From Weight/ D?sctzlr?ge D?;nge Particle Frez(z:l;cy Fre(IJ:uF(;rncy Airblast
Shot Delay Velocity

(f) (b)  (fb™) (fb™®) (in/sec) (H2) (H2) (psi)

3570 100 664 3.88 11.49 4.28 124 21.3 143

2241 150 664 5.82 17.23 4 36.5 20.3 141

3487 NS array in pit 200 664 7.76 22.97 4.8 341 47.9 137

930 300 664 11.64 34.46 1.72 42.6 47.8 138

1258 507.3 664 19.69 58.28 0.94 30.1 35.6 132

08/28/06  11:20AM 79, NW array - west bench 7963 664 3090 9147  0.14 36.5 473 134

2516 NW array - below power line 1129.3 664 43.83 129.73 0.145 17 17.0 123

#1 NW array at property boundary 1617.2 664 62.76 185.77 0.07 26.5 15.5 117

2365 quarry shop 858.1 664 33.30 98.57 nt 17 123

3486 house 2164.8 664 84.01 248.68 0.08 30.1 34.0 112
08/28/06  11:14 AM 3486 house 2535 676 97.50 289.47 nt

08/28/06  11:17 AM 2327 676 89.50 265.72 0.030 94 7.9 112
08/30/06  1:03 PM 3067 326 169.87  446.49 nt
09/06/06  10:03 AM 2190 672 84.48 250.57 nd
09/06/06  1:01 PM 2525 588 104.13  302.04 nd
09/07/06  11:04 AM 2620 1332 71.79 238.69 nd
09/12/06  11:13 AM 2248 1320 61.87 205.42 nd
09/18/06  11:03 AM 2534 1094 76.61 246.50 nd

09/21/06  10:25 AM 2675 922 88.10 275.47 0.035 124 7.9 116

09/27/06  11:03 AM 2696 934 88.22 276.44 0.040 9.6 54 120
09/29/06  1:03 PM 3206 522 140.32  399.01 nt

10/03/06  9:46 AM 2758 1335 75.48 251.08 0.035 6.8 5.8 118

10/09/06  1:00 PM 2894 1016 90.79 288.54 0.030 7.2 5.8 112

10/11/06  11:00 AM 2597 1114 77.81 251.11 0.030 10.8 7.9 120
10/16/06  11:08 AM 2920 508 129.55 366.72 nt
10/18/06  1:02 PM 3010 604 122.48  356.85 nt
10/20/06  11:00 AM 3037 653 118.85 350.82 nt
10/23/06  11:00 AM 2978 1069 91.08 291.93 nt

10/25/06  10:31 AM 2667 1180 77.64 252.98 0.030 10.6 7.9 116
10/27/06  10:18 AM 3178 1060 97.61 312.41 nt
11/01/06  11:03 AM 2878 798 101.88  310.97 nt
11/03/06  10:58 AM 2992 281 178.49 457.66 nt

11/09/06  11:00 AM 2617 1121 78.16 252.51 0.035 28.4 55 116
11/13/06  10:56 AM 3042 408 150.61  410.98 nt
11/15/06 1:05 PM 3056 460 142.47 396.65 nt

11/17/06  10:58 AM 3061 486 138.86  390.16 0.035 14.2 7.88 112
11/20/06  11:02 AM 2958 454 138.82  385.63 nt

nt - no trigger



Table 1 Summary of blasts to data

Distance Charge Peak
Shot Date Shot Time Unit Location From Weight/ D?sctzlr?ge D?sctzlr?ge Particle FreZﬁglr(]cy Fre;:l::eTncy Airblast
Shot Delay Velocity

(f (b) (b (ftIb") (in/sec) (Hz) (Hz) (psi)
11/22/06  11:05 AM 3486 house 2720 1212 78.13 255.72 0.030 8.0 7.75 116
11/28/06  2:51 PM 2385 1318 65.68 218.00 0.055 155 7.75 116
11/30/06  12:58 PM 2981 461 138.83  386.67 0.045 7.1 5.75 120
12/04/06  11:01 AM 2577 621 103.42  302.71 0.040 10.2 5.50 112
12/05/06 10:58 AM 2722 956 88.03 276.92 0.040 6.6 5.38 116
12/06/06  2:13 PM 3275 839 113.07  348.03 nt
12/07/06  10:58 AM 2694 689 102.64  305.71 0.045 32.0 5.38 116
12/08/06  1:00 PM 2865 828 99.57 305.79 0.040 18.2 5.38 116
12/11/06  11:10 AM 3667 1068 112.22  359.62 0.030 10.0 6.00 118
12/13/06 11:18 AM 2867 982 91.50 289.13 0.035 6.0 5.50 116
12/15/06  10:01 AM 2986 1368 80.72 269.59 nt
12/18/06  10:59 AM 3237 1074 98.79 316.86 nt
12/20/06  10:58 AM 3070 1384 82.51 276.11 0.030 8.9 7.88 116
12/21/06  10:50 AM 3229 682 123.65 367.66 nt
01/02/07 11:31 AM 2866 660 111.56  329.90 nt
01/03/07  1:01 PM 3183 910 105.52  329.22 nt
01/04/07  11:00 AM 2969 296 172.58  446.36 nt
01/05/07  10:50 AM 2969 864 101.01 31244 nt
01/10/07 1:12 PM 3270 1210 94.00 307.58 nt
01/11/07 11:32 AM 2527 716 94.43 283.06 nt
01/15/07  11:09 AM 2948 264 181.44  460.41 0.055 8.3 7.75 106
01/16/07  10:47 AM 3230 880 108.87  337.79 nt
01/17/07 11:05 AM 2527 1192 73.19 238.88 0.065 5.6 5.50 116
01/19/07  11:40 AM 3332 1088 101.02  324.73 0.070 8.6 7.75 118
01/22/07  10:53 AM 2527 1748 60.44 210.28 0.060 25.6 5.75 125
01/25/07  10:50 AM 3015 1578 75.91 259.63 0.070 8.6 5.25 120
02/05/07  12:59 PM 3197 1155 94.08 305.46 0.105 8.6 7.75 112
02/06/07  10:43 AM 3197 1346 87.15 290.29 nt
02/06/07  10:49 AM 3389 1242 96.17 316.07 nt
02/08/07 11:17 AM 3160 1468 82.48 278.75 0.040 11.6 6.00 120
02/12/07  10:33 AM 3248 1486 84.26 285.34 0.030 20.4 5.50 120
02/14/07  10:33 AM 2545 1374 68.66 229.49 0.055 21.3 5.50 116
02/15/07  1:00 PM 3104 1458 81.29 274.40 nt
02/16/07 11:48 AM 3780 270 230.04 585.93 nt
02/19/07  10:58 AM 3112 1610 77.56 266.17 0.040 6.9 5.75 118
02/21/07  11:00 AM 2885 1564 72.94 249.13 0.055 222 5.25 116
02/23/07 _ 1:00 PM 3063 1530 78.32 266.50 0.040 5.6 5.25 112

nt - no trigger



Background information explaining the methods usedyround vibration and airblast

attenuation analysis is given in Appendix A. Seignaph reports for the attenuation study are found i
Appendix B. Attenuation data plots are given inUfeg2 through 5.

1.

Ground Vibration Attenuation

PPV data plotted in Figure 2 for three directioosdt show any significant trend differences and
the best-fit equation for all combined data, shanvkRigure 3, is

PPV =535SD **

with a correlation coefficient, $of 0.92. The fitting constants agree with othelwkaracterized
guarry sites and are within the normal, expectedea

Historical ground vibration data obtained from Sa8éismic for 2004 and 2005 are plotted in
Figure 4 for comparison with linear array studyadathe historical data is not directional and was
generated at various compass directions aroundguaey to the northwest and northeast at similar
distances from the Quarry blasts. Historical d&stfit equations are in close agreement with the
study data trend (e.g., data trend lines are nganigllel). This indicates that geological influeac
that control the decrease or attenuation of grauntdon amplitudes with distance are uniform
around the quarry and no directional charactessire indicated.

FINDINGS:

2.

Near-surface geology to the northeast and northwegte quarry (and toward residents) are
similar as indicated by well-behaved and predictadptound vibration data. Ground motion data
do not indicate anomalies or unusual site charasters around the quarry.

Attenuation of airblast

Figure 5 (a) is a plot of airblast attenuationdtirblast data measured to date with a best-f& lin
equal to

AB=1761CRSD*”’
and an R of 0.82, indicating a low degree of data scaffee historical airblast measurements are
plotted in Figure 5 (b) to illustrate that the d&tthalong the trend line and the scatter aboist th

line is typical of airblast data for quarries. Thest-fit equation from previous research at other
guarries in the U.S. is

PPV =157.8SD °®

with an R = 0.89 and is in good agreement with the attennatata at the Pineville Quarry.

FINDINGS:

Topographic and atmospheric conditions at the gyaw not produce any unusual airblast effects.
Airblast data are typical of data from other quaasiin the U.S.
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B. Compliance with the U.S. Bureau of Mines Safel8sting Criteria

Figure 6 is a plot of peak particle velocitie®{P and frequency of ground motion at the PPV
(peak frequency) for data recorded at the studictire. This type of plot is used to show compleanc
with well established national and state blasttagdards used to protect structures from damage whe
subjected to ground vibrations.

The safe blasting criteria recommended by the Bugeau of Mines (Siskind, et al., 1980) and
used by the State of North Carolina are includedpger bound lines for threshold cracking.
Threshold cracking is defined as hairline crackinthe weakest material in structures assumed to be
gypsum board or drywall interior surfaces. Thearmolid black line represents the lowest possible
values for PPV and frequency that will not causéiha (or threshold) cracking with B00% levels
of assuranceor probability. Values above the black line inaeshe probability of cracking while for
values below the upper linesacking in structure is absolutely not possibl€he safe criteria is based
on over 50 years of research. Since the establishafi¢his criteria, there have been no scientific
studies that have successfully challenged thiergait

FINDINGS:

PPV values of 0.03 in/s and 0.105 in/s for peafguencies less than 15 Hz and at 30 Hz,
respectively, represent 14% of the safe limits nem@nded by the U.S. Bureau of Mines. The
factor of safety against cracking in the weakestcttire material is 7. As such, it is not possible
for these low levels of ground motions and assedifitequencies to cause hairline or threshold
cracking in the structure.
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C. Structure Response

The residential occupied structure shown in Figyrecated on Old Nations Ford Rd. was
instrumented to measure structure motions and ctarvaall strains during blasting and other natural
environmental forces inducing wall motions. Instemtation included single-axis velocity geophones
to measure whole structure and mid-wall vibratogtions during blasting events. Displacement-type
gages were used to measure the motions of anrexisterior wall crack. A single tri-axial geophgne
buried in the ground, and an air pressure sensm araployed exterior to the dwellings to record
ground motions and airblast. Data analyses fortditasiced motions were conducted to:

compare vibration time histories in terms of disglaments within structures relative to ground
excitations and air overpressures (airblast),

assess differences between true structure respisimggcorner sensors inside the house and on
the brick facade outside,

evaluate response frequencies to determine ndtacplencies and damping characteristics,
determine structure response amplification of gcoonmotions,

compute differential displacements at wall corrterdetermine global shear and in-plane
tension wall strains used to evaluate wall crackiatgntial,

compute bending strains in walls,

compare dynamic wall crack displacements from lsigswith those produced from normal
household activities, and

compare dynamic blast-inducted crack displacemeitklsweather-induced opening and
closing of cracks from changed in ambient tempeeadmd humidity.

A description of the instrumentation and data asialis provided in Appendix C. Seismographs
records and a summary of all data for the instruetestructures are found in Appendix D and E,
respectively.

Figure 7 Structure used for the study
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Analysis and Findings

1. Structure displacements relative to ground motiwh @r pressure excitations

It is often useful to visually compare the horizinhotions of a structure (upper and lower
corners and mid-walls) with horizontal componeritground motion and airblast excitations driving
structure motions. In this manner, the excitati@veforms may be inspected relative to time-
correlated structure response to determine if gtountions, airblast, and/or low frequencies are
driving structure motions. Velocity records wemnéegrated to generate structure motions in terms of
displacements because displacements take intodsyation the response frequencies. The production
blast on 02/05/07 was used for these comparisoitggaserated ground motions of 0.105 in/s and the
largest crack displacement 141.55 micro-inche0@LA@155 in).

Figure 8 and 9 show displacement time historiesifgrer and lower corners (S2 and S1) and
mid-wall (MW) relative to airblast and ground vikicm (GV) excitations, and crack displacement time
histories. The upper line responses in both figehesv that the house is well-coupled to the ground
(comparing S1 and GV). The upper corner (S2) respamthe brick shows a slightly higher frequency
than the interior drywall (second line in each fguand the upper structure responds closely \wih t
GV. MW motions are enhanced for both the inteaiod exterior north wall (note there is no exterior
MW sensor on the west wall). The differential mments in the corner (fourth row) are very small as
both the upper and lower corner move in unisons Tiplies that very little strains are generated in
the walls. The fifth row comparing the MW with SB@showed good agreement as the MW is carried
by the upper structure.

The crack motions shown in both figures (sixth re@nd to respond to the higher frequency
component in the GV. Note that the motion in tbemwall (radial wall) drives the crack located in
the plane of the west wall, or the wall perpendiciib the motion.

FINDINGS:
Displacement time histories do not exhibit any walisesponses and are typical of a one-story
wood frame structure. Wall displacements measutethg the low amplitudes of ground

vibrations were far below those that could possdayse cosmetic threshold cracking.

2. Compare the response of the exterior brick facatetive interior drywall

Figure 10 gives a comparison of the interior stiteetmotions with the exterior brick facade
motions. Except for a small difference in the ndvi¥¥ motions and the S2 west wall later in the time
histories, the inside and outside corner motiorabe similarly.

FINDINGS:

The brick facade is well-coupled to the structunel @oes not act independently to the house itself.
Both interior and exterior wall motions are similar
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Figure 8 Comparative displacement time historysfor structure exterior
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Figure 9 Comparative displacement time historysfor structure interior

17



Figure 10 Comparison of displacement time higgofor interior structure and exterior brick
facade
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3. Dynamic characteristics:

a. Natural frequency and damping

The U.S. Bureau of Mines safe blasting criteria d@geloped for structures with a specific
measured range of dynamic characteristics. Thagacteristics include natural frequency, damping,
and amplification of upper structure motions refatio ground vibrations driving the structure thié
U.S. Bureau of Mines safe criteria are to applg 8pecific structure, then the structure’s dynamic
characteristics must fall within the range founddtiuctures studied by the U.S. Bureau of Mina$ an
on which the criteria is based. Only then can wargutee that the criteria are protective against
threshold cracking.

Definitions of natural frequency, damping, andistare amplification are given in Appendix F
along with measurement techniques and methodstas=dculate these properties in structures.

FINDINGS:

Blasting over the time period of this study did paivided high enough ground motion energy to
compute damping and natural frequency for all bagtnts. This is because the ground vibration
and airblast levels were very low. However, it assible to compute dynamic properties for the
study structure based upon one blast that gener@@8 in/s PPV. The natural frequency was
computed as 11 Hz while damping was found to bB%.3.6

The damping value fell within the typical range8d% to 13% as reported by Dowding (1996)
and 3% to 10% reported by Aimone-Matrtin, et al.Q2p Natural frequency fell within the
expected range of all structure types (4 to 12 Hikgrefore, the dynamic characteristics of the
structure are within normal ranges and the U.S.dawr of Mines safe blasting criteria is deemed
protective against cracking for this structure.

b. Amplification
Amplification factors for both radial and transveromponents were computed for blasts
where possible and given in Table 2. The averageva$1.75 for both walls. The U.S. Bureau of
Mines and others have established the range dbG%s being typical of one-story structures.
FINDINGS:
The AF of 1.75 for the study structure falls witthie lowest range established by the U.S. Bureau

of Mines and others for wood-framed dwellings. Tovg value can not possibly contribute to
situations of wall cracking at low vibration levelscorded during the blasts.
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Table 2 Structure amplification factors of vasdulasts

RADIAL WALL TRANSVERSE WALL
Shot ) Velocity Time Histories o Velocity Time Histories o
Date Time Peak S2 GV Amplification FFT Peak S2 GV Amplification FFT
Factor Factor
(ips) (ips) (Hz) (ips) (ips) (Hz)
08/28/06 11:14 AM interior nt nt
exterior
08/28/06 11:17 AM interior n/a 5.50 n/a 5.75
exterior 5.50 5.75
08/28/06 11:20 AM interior 0.050 0.045 1.1 5.50 0.050 0.080 0.6 34.00
exterior 0.070 0.045 1.6 5.50 0.070 0.055 1.3 34.00
08/30/06  1:03 PM interior nt nt
exterior
09/06/06 10:03 AM interior nd nd
exterior
09/06/06  1:01 PM interior nd nd
exterior
09/07/06 11:04 AM interior nd nd
exterior
09/12/06 11:13 AM interior nd nd
exterior
09/18/06 11:03 AM interior nd nd
exterior
09/21/06  10:25 AM interior n/a 5.25 n/a 5.38
exterior 0.035 0.020 1.8 5.25 0.060 0.035 17 5.38
09/27/06 11:03 AM interior n/a 5.38 n/a 5.38
exterior 0.040 0.035 1.1 5.38 n/a 5.38
09/29/06  1:03 PM interior nt nt
exterior
10/03/06  9:46 AM interior nd 5.50 nd 5.75
exterior n/a 5.50 0.040 0.035 11 5.75
10/09/06  1:00 PM interior n/a 6.00 0.065 0.030 2.2 5.75
exterior n/a 6.00 0.040 0.030 1.3 5.75
10/11/06  11:00 AM interior n/a 5.38 n/a 5.38
exterior n/a 5.38 n/a 5.38
10/16/06 11:08 AM interior nt nt
exterior
10/18/06  1:02 PM interior nt nt
exterior
10/20/06 11:00 AM interior nt nt
exterior
10/23/06 11:00 AM interior nt nt
exterior
10/25/06 10:31 AM interior n/a 5.63 n/a 5.75
exterior n/a 5.63 n/a 5.75
10/27/06  10:18 AM interior nt nt
exterior
11/01/06 11:03 AM interior nt nt
exterior
11/03/06 10:58 AM interior nt nt
exterior
11/09/06 11:00 AM interior n/a 5.50 n/a 5.75
exterior n/a 5.50 n/a 5.75
11/13/06 10:56 AM interior nt nt
exterior
11/15/06  1:05 PM interior nt nt
exterior
11/17/06 10:58 AM interior 0.05 0.025 2.0 8.75 n/a 8.00
exterior n/a 8.75 n/a 8.00
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Table 2 Structure amplification factors of vasgdalasts, cont...

RADIAL WALL TRANSVERSE WALL
Shot ) Velocity Time Histories o Velocity Time Histories o
Date Time Peak S2 GV Amplification FFT Peak S2 GV Amplification FFT
Factor Factor
(ips) (ips) (Hz) (ips) (ips) (Hz)
11/20/06 11:02 AM interior nt nt
exterior
11/22/06 11:05 AM interior 0.055 0.025 2.2 5.50 0.05 0.020 25 5.75
exterior 0.04 0.020 2.0 5.50 0.03 0.020 15 5.75
11/28/06  2:51 PM interior 0.1 0.045 2.2 5.38 0.065 0.030 2.2 5.38
exterior 0.075 0.050 1.5 5.38 0.045 0.035 1.3 5.38
11/30/06 12:58 PM interior 0.05 0.030 1.7 5.50 0.07 0.040 1.8 5.75
exterior n/a 5.50 0.055 0.035 16 5.75
12/04/06 11:01 AM interior 0.08 0.040 2.0 5.50 n/a 5.75
exterior n/a 5.50 0.035 0.020 1.8 5.75
12/05/06 10:58 AM interior 0.05 0.030 1.7 5.50 0.07 0.035 2.0 5.38
exterior 0.035 0.030 1.2 5.50 0.045 0.035 1.3 5.38
12/06/06  2:13 PM interior nt nt
exterior
12/07/06 10:58 AM interior 0.045 0.040 1.1 6.63 0.05 0.020 25 5.38
exterior 0.045 0.040 1.1 6.63 0.045 0.030 15 5.38
12/08/06  1:00 PM interior 0.04 0.025 1.6 5.38 n/a 5.38
exterior 0.04 0.040 1.0 5.38 0.045 0.025 1.8 5.38
12/11/06 11:10 AM interior 0.055 0.030 1.8 6.00 0.04 0.030 1.3 5.75
exterior 0.05 0.030 1.7 6.00 n/a 5.75
12/13/06 11:18 AM interior n/a 5.50 0.07 0.035 2.0 5.38
exterior 0.05 0.035 1.4 5.50 0.05 0.025 2.0 5.38
12/15/06 10:01 AM interior nt nt
exterior
12/18/06 10:59 AM interior nt nt
exterior
12/20/06 10:58 AM interior n/a 6.00 n/a 5.50
exterior n/a 6.00 n/a 5.50
12/21/06 10:50 AM interior nt nt
exterior
01/02/07 11:31 AM interior nt nt
exterior
01/03/07 1:01 PM interior nt nt
exterior
01/04/07 11:00 AM interior nt nt
exterior
01/05/07 10:50 AM interior nt nt
exterior
01/10/07  1:12 PM interior nt nt
exterior
01/11/07 11:32 AM interior nt nt
exterior
01/15/07 11:09 AM interior 0.115 0.045 2.6 5.50 0.115 0.035 3.3 5.25
exterior 0.085 0.045 1.9 5.50 n/a 5.25
01/16/07 10:47 AM interior nt nt
exterior
01/17/07 11:05 AM interior 0.105 0.055 1.9 5.50 0.14 0.060 2.3 5.25
exterior 0.1 0.060 1.7 5.50 0.09 0.045 2.0 5.25
01/19/07 11:40 AM interior 0.12 0.055 2.2 6.00 n/a 5.88
exterior 0.085 0.055 1.5 6.00 n/a 5.88
01/22/07 10:53 AM interior 0.08 0.035 2.3 6.00 0.06 0.035 1.7 5.75
exterior 0.06 0.035 1.7 6.00 0.06 0.030 2.0 5.75
01/25/07 10:50 AM interior 0.08 0.035 2.3 8.63 0.095 0.070 1.4 5.25

exterior 0.070 0.040 1.8 8.63 0.075 0.070 1.1 5.25




Table 2 Structure amplification factors of vasgdalasts, cont...

RADIAL WALL TRANSVERSE WALL
Shot ) Velocity Time Histories o Velocity Time Histories o
Date Time Peak S2 GV Amplification FFT Peak S2 GV Amplification FFT
Factor Factor
(ips) (ips) (Hz) (ips) (ips) (Hz)
02/05/07 12:59 PM interior 0.165 0.070 2.4 5.50 0.145 0.045 3.2 5.25
exterior 0.130 0.070 1.9 5.50 0.080 0.045 1.8 5.25
02/06/07 10:43 AM interior nt nt
exterior
02/06/07 10:49 AM interior nt nt
exterior
02/08/07 11:17 AM interior 0.050 0.035 1.4 6.00 n/a 5.75
exterior 0.045 0.035 1.3 6.00 n/a 5.75
02/12/07 10:33 AM interior 0.040 0.025 1.6 5.50 n/a 5.75
exterior 0.040 0.030 1.3 5.50 0.030 0.020 15 5.75
02/14/07 10:33 AM interior n/a 5.50 n/a 5.25
exterior n/a 5.50 0.045 0.025 1.8 5.25
02/15/07  1:00 PM interior nt nt
exterior
02/16/07 11:48 AM interior nt nt
exterior
02/19/07 10:58 AM interior n/a 5.50 n/a 5.75
exterior n/a 5.50 n/a 5.75
02/21/07 11:00 AM interior 0.055 0.035 1.6 5.50 0.060 0.040 15 5.25
exterior n/a 5.50 n/a 5.25
02/23/07  1:00 PM interior n/a 6.00 0.075 0.040 1.9 5.25
exterior n/a 6.00 n/a 5.25
AVERAGE 1.7 1.8

nt - no trigger
n/a - not applicable
nd - no data

4. Comparison of computed wall strains with matergure strains

Summary of strains from blasting

Table 3 summarizes calculated strains in structalés generated during blasting. Tensile
strains from ground vibrations are less than 12aizto-strains (or 0.0001224 strains) while bending
strains are less than 32.9 micro-strains. A 32&anstrain bending strain was computed for thetblas
on 10/11 in response to a 120 dB airblast.

The failure strains of construction materials undgramic loading are well known. The range
of failure strains in the gypsum core of drywalkie structures interior is 300 to 500 micro-stsain
(Dowding, 1985). Exterior fire brick facade doed fal before 500 to 1000 micro-strains.

Definitions of wall strains are given in Appendix &@ong with measurement techniques and
methods used to calculate these properties intategc Comparative displacement time history plots
used to determine wall strains and a comparatioegslinterior and exterior displacement time
histories are given in Appendix H and I, respedyive

FINDINGS:

Calculated strains are considered to be very low &ar below the strains required to crack wall
materials in this structure.
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Maximum bending and tensile wall strains are 4% 186 of the levels required to possibly cause
cracking in drywall and brick materials.

At the low levels of blasting at the quarry, thduned strains never exceeded the elastic limit of
the wall materials and were far below wall materfailure strains. Hence, no permanent
deformation could have occurred and any crackingterior drywalls and exterior brick facade
could not be caused by blasting activities at theels recorded to date.

5. Comparative response of an existing drywall craciynmamic blast-inducted crack displacements
with weather-induced opening and closing of crdobi changes in ambient temperature and

humidity

a. Crack Response to Blasting Vibrations

The dynamic response of an existing interior di{ar@ck was measured during blasting
events. A typical crack displacement time historsegiven in Figure 11. Table 3 summarizes the
range in peak crack displacements for all availaldsts. Peak values ranged 11.5 to 141.55 micro-in

b. Long-Term or Environmental and Weather Induced €idesponse

The width of existing wall cracks is highly sengtto changes in ambient temperature and
humidity. Many existing exterior and interior cradk structures near blasting operations that are
claimed to be caused by the blasting are actuallged by environmental stresses. It is often the ca
that the dynamic response of cracks to blastirsgnall compared with the static, or slow, openind an
closing of existing cracks with diurnal (or 24-hptluctuations in temperature and humidity.

To show this comparison, long-term changes in cradiths were measured and recorded on
an hourly basis. Changes in crack widths were guiogigainst cumulative time (in hours) and shown in
Figure 12. A positive increase in crack displacentenresponds with opening of the crack.

FINDINGS:

In general, crack movement follows the trend ingh@ient humidity (exterior or interior). When
humidity increases, the crack opens and this ocost predominately very early in the mornings,
well before dawn. During the day, as temperatueases and humidity decreases, the crack
tends to close. It is this daily cycle that prodsibégh stresses on the crack and in particularty, a
the tips or ends of the cracks, promoting crackngloslowly over time under the right conditions.
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Table 3 Summary of strain generated in strucitakds and peak crack displacements

Maximum differential

. ) Maximum in-plane Maximum bending Maximum ground Peak Net
Shot . Sen;or . Mammgm shea.r strain tensile strain strain velocity Crack
Date  onottime location  displacement, S2-S1 (micro-strain) (micro-strain) (micro-strain) (in/sec) Motion
Radial Transverse  Radial Transverse Radial = Transverse Rad ial Transverse Radial Transverse (micro-in)
08/28/06 11:14 AM interior nt nt
exterior
08/28/06 11:17 AM interior 0.00085 0.00065 7.47 9.77 3.31 3.99 8.28 5.87 0.025 0.025 26.52
exterior 0.00051 0.00055 5.79 5.37 2.66 2.30 6.71 ns
08/28/06 11:20 AM interior 0.00088 0.00070 8.05 10.11 3.56 4.13 7.06 5.01 0.050 0.080 29.95
exterior 0.00081 0.00073 7.68 8.53 3.53 3.65 5.12 ns
08/30/06 1:03 PM interior nt nt
exterior
09/06/06 10:03 AM interior nd nd
exterior
09/06/06 1:01 PM interior nd nd
exterior
09/07/06 11:04 AM interior nd nd
exterior
09/12/06 11:13 AM interior nd nd
exterior
09/18/06 11:03 AM interior nd nd
exterior ns
09/21/06 10:25 AM interior n/a 0.030 0.035
exterior 0.00064 0.00098 10.32 6.74 4.74 2.89 5.40 ns
09/27/06 11:03 AM interior n/a 0.035 0.040 33.26
exterior 0.00073 0.00075 7.89 7.68 3.63 3.29 5.67 ns
09/29/06 1:03 PM interior nt nt
exterior
10/03/06 9:46 AM interior 0.025 0.035 24.33
exterior 0.00065 0.00091 9.58 6.84 4.40 2.93 4.79 ns
10/09/06 1:00 PM interior 0.00073 0.00081 9.31 8.39 4.12 3.43 8.82 nd 0.020 0.030 11.51
exterior 0.00041 0.00060 6.32 4.32 2.90 1.85 4.70 ns

nt - no trigger
n/a - not applicable
nd - no data

ns - no sensor installed



Table 3 Summary of strain generated in strucitakds and peak crack displacements, cont...

Maximum differential

. . Maximum in-plane Maximum bending Maximum ground Peak Net
Sensor wall Maximum shear strain . ; ) ;
Shot Shot time  location displacement, S2-S1 (micro-strain) ter'lsne strqm .straln. vglomty Crapk
Date (in) (micro-strain) (micro-strain) (in/sec) Motion
Radial Transverse  Radial Transverse Radial = Transverse Rad ial Transverse Radial Transverse (micro-in)
10/11/06 11:00 AM interior 0.00076 0.00075 8.62 8.74 3.82 3.57 32.94 nd 0.020 0.025 22.19
exterior 0.00037 0.00050 5.26 3.89 2.42 1.67 4.12 ns
10/16/06 11:08 AM interior nt nt
exterior
10/18/06 1:02 PM interior nt nt
exterior
10/20/06 11:00 AM interior nt nt
exterior
10/23/06 11:00 AM interior nt nt
exterior
10/25/06 10:31 AM interior 0.00074 0.00072 8.28 8.51 3.66 3.47 13.81 1.82 0.020 0.020 26.93
exterior 0.00035 0.00045 4.74 3.68 2.18 1.58 2.73 ns
10/27/06 10:18 AM interior nt nt
exterior
11/01/06 11:03 AM interior nt nt
exterior
11/03/06 10:58 AM interior nt nt
exterior
11/09/06 11:00 AM interior 0.00042 0.00032 3.68 4.83 1.63 1.97 10.66 2.20 0.035 0.020 20.07
exterior 0.00031 0.00062 6.53 3.26 3.00 1.40 3.31 ns
11/13/06 10:56 AM interior nt
exterior
11/15/06 1:.05PM interior nt
exterior
11/17/06 10:58 AM interior 0.00097 0.00052 5.98 11.15 2.65 4.55 5.49 1.15 0.035 0.02 38.6
exterior 0.00056 0.00058 6.11 5.89 2.81 2.53 4.60 ns
11/20/06 11:02 AM interior nt
exterior

T4

nt - no trigger

n/a - not applicable

nd - no data

ns - no sensor installed
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Table 3 Summary of strain generated in strucitakds and peak crack displacements, cont...

Maximum differential

. . Maximum in-plane Maximum bending Maximum ground Peak Net
Shot . Sen;or . wall Mammgm shea.r strain tensile strain strain velocity Crack
Date Shot time  location d|sp|acen(1i(ra1r)1t, S2-S1 (micro-strain) (micro-strain) (micro-strain) (in/sec) Motion
Radial Transverse  Radial Transverse Radial = Transverse Rad ial Transverse Radial Transverse (micro-in)
11/22/06 11:05 AM interior 0.00081 0.00065 7.47 9.31 331 3.80 8.46 nd 0.03 0.03 4491
exterior 0.00050 0.00052 5.47 5.26 2.52 2.26 4.72 ns
11/28/06 2:51 PM interior 0.00161 0.00085 9.77 1851 4.32 7.56 15.04 3.65 0.05 0.05 59.42
exterior 0.00139 0.00095 10.00 14.63 4.60 6.27 8.66 ns
11/30/06 12:58 PM interior 0.00075 0.00075 8.62 8.62 3.82 3.52 19.62 5.05 0.03 0.045 31.97
exterior 0.00100 0.00087 9.16 10.53 421 451 5.29 ns
12/04/06 11:01 AM interior 0.00095 0.00079 9.08 10.92 4.02 4.46 10.54 4.86 0.04 0.035 48.35
exterior 0.00108 0.00094 9.89 11.37 455 4.87 6.07 ns
12/05/06 10:58 AM interior 0.00070 0.00089 10.23 8.05 4.53 3.29 8.60 3.49 0.03 0.04 nd
exterior 0.00079 0.00074 7.79 8.32 3.58 3.56 5.09 ns
12/06/06 2:13PM interior nt
exterior
12/07/06 10:58 AM interior 0.00065 0.00077 8.85 7.47 3.92 3.05 7.67 3.45 0.04 0.045 nd
exterior 0.00060 0.00064 6.74 6.32 3.10 2.71 3.11 ns
12/08/06 1:00 PM interior 0.00057 0.00107 12.30 6.55 5.44 2.68 7.15 5.23 0.04 0.03 nd
exterior 0.00043 0.00073 7.68 4.53 3.53 1.94 4.25 ns
12/11/06 11:10 AM interior 0.00096 0.00049 5.63 11.03 2.49 451 10.56 3.09 0.03 0.03 nd
exterior 0.00052 0.00071 7.47 5.47 344 2.35 4.22 ns
12/13/06 11:18 AM  interior 0.00140 0.00073 8.39 11.95 3.71 4.88 8.66 3.92 0.035 0.035 nd
exterior 0.00067 0.00091 9.58 7.05 4.40 3.02 6.93 ns
12/15/06 10:01 AM interior nt
exterior
12/18/06 10:59 AM interior nt
exterior
12/20/06 10:58 AM interior 0.00088 0.00041 4.71 10.11 2.09 4.13 14.01 2.99 0.025 0.02 nd
exterior 0.00054 0.00078 8.21 5.68 3.77 2.44 6.02 ns
12/21/06 10:50 AM interior
exterior

nt - no trigger

n/a - not applicable
nd - no data

ns - no sensor installed
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Table 3 Summary of strain generated in strucitakds and peak crack displacements, cont...

Maximum differential

. . Maximum in-plane Maximum bending Maximum ground Peak Net
Sensor wall Maximum shear strain ) ; ) ;
Shot Shot time location displacement, S2-S1 (micro-strain) tensﬂe stra.ln 'stram. vglomty Crgck
Date (in) (micro-strain) (micro-strain) (in/sec) Motion
Radial Transverse  Radial Transverse Radial  Transverse Rad ial Transverse Radial  Transverse (micro-in)
01/02/07 11:31 AM interior
exterior
01/03/07 1:01 PM interior
exterior
01/04/07 11:00 AM interior
exterior
01/05/07 10:50 AM interior
exterior
01/10/07 1:12PM interior
exterior
01/11/07 11:32 AM interior
exterior
01/15/07 11:09 AM interior 0.00154 0.00136 15.63 17.70 6.92 7.23 7.27 7.73 0.055 0.05 92.65
exterior 0.00132 0.00138 14.53 13.89 6.68 5.95 12.50 ns
01/16/07 10:47 AM interior nt
exterior
01/17/07 11:.05 AM interior 0.00120 0.00136 15.63 13.79 6.92 5.63 11.85 12.33 0.065 0.065 69.06
exterior 0.00155 0.00194 20.42 16.32 9.39 6.99 10.40 ns
01/19/07 11:40 AM interior 0.00176 0.00119 13.68 20.23 6.05 8.26 8.01 8.26 0.055 0.055 92.55
exterior 0.00103 0.00141 14.84 10.84 6.82 4.65 11.67 ns
01/22/07 10:53 AM interior 0.00118 0.00102 11.72 13.56 5.19 5.54 4.08 5.54 0.04 0.06 71.19
exterior 0.00080 0.00079 8.32 8.42 3.82 3.61 7.26 ns
01/25/07 10:50 AM interior 0.00139 0.00111 12.76 15.98 5.65 6.52 5.41 3.90 0.04 0.07 93.73
exterior 0.00118 0.00065 6.84 12.42 3.15 5.32 6.95 ns
02/05/07 12:59 PM interior 0.00238 0.00223 25.63 27.36 11.34 11.17 9.91 10.52 0.070 0.075 141.55
exterior 0.00126 0.00253 26.63 13.26 12.24 5.68 16.09 ns
02/06/07 10:43 AM interior nt
exterior

nt - no trigger
n/a - not applicable
nd - no data

ns - no sensor installed
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Table 3 Summary of strain generated in strucitakds and peak crack displacements, cont...

Maximum differential

. . Maximum in-plane Maximum bending Maximum ground Peak Net
Shot . Sen_sor . wal Maxmgm shea_r strain tensile strain strain velocity Crack
Date Shot time  location dlsplacenziir)lt, S2-S1 (micro-strain) (micro-strain) (micro-strain) (in/sec) Motion
Radial Transverse  Radial Transverse Radial  Transverse Rad ial Transverse Radial  Transverse (micro-in)
02/06/07 10:49 AM interior nt
exterior
02/08/07 11:17 AM interior 0.00060 0.00057 6.55 6.90 2.90 2.82 n/a 5.93 0.04 0.025 26.37
exterior 0.00043 0.00047 4.95 4.53 2.27 1.94 3.74 ns
02/12/07 10:33 AM interior 0.00063 0.00044 5.06 7.24 224 2.96 n/a 6.56 0.03 0.03 22.97
exterior 0.00040 0.00036 3.79 4.21 1.74 1.80 3.54 ns
02/14/07 10:33 AM interior 0.00087 0.00056 6.44 10.00 2.85 4.08 n/a 5.05 0.055 0.045 28.32
exterior 0.00044 0.00046 4.84 4.63 2.23 1.98 5.53 ns
02/15/07 1:00 PM interior nt
exterior nt
02/16/07 11:48 AM interior nt
exterior nt
02/19/07 10:58 AM interior 0.00070 0.00065 7.47 8.05 331 3.29 n/a 8.46 0.025 0.04 23.26
exterior no S2 data
02/21/07 11:00 AM interior 0.00086 0.00076 8.74 9.89 3.87 4.04 n/a 9.22 0.035 0.055 33.49
exterior no S2 data
02/23/07 1:00 PM interior 0.00081 0.00095 10.92 9.31 4.83 3.80 n/a 10.68 0.02 0.04 n/a
exterior no S2 data
maximum  0.00238 0.00253 26.63 27.36 12.24 11.17 32.94 12.33 0.07 0.08 141.55
average 0.00086 0.00084 9.21 9.45 4.15 3.94 8.14 5.61 0.04 0.04 46.38

nt - no trigger
n/a - not applicable
nd - no data

ns - no sensor installed
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Figure 11 Crack displacement time history forphaduction blast on 02/05/07
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Figure 12 Variations in ambient temperature, hutyiand corresponding crack displacement for
entire study period
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c. Effect of weather fronts

The weather “fronts” are noted in Figure 12 and parad with weather information obtained
from the Charlotte airport shown in Figure 13. Rebmumidity is associates with rainfall on the @rd
of 0.5 in or more over one to three days. Thislle¢&umidity is readily absorbed within the wood
framing, creating outward expansion and flexuréhefwall covering (e.qg., interior drywall) causing
the crack to open.

The large changes in crack width can be correlaiddchanges in temperature and humidity
on the following dates and cumulative hours of knaeasurements:

1 145

90 A
1 125

70 A {1 105

1 85

50 A

TEMPERATURE ( ° F)

1 65

30 /¢
1 45

temperature
humidity

RELATIVE HUMIDITY (%)

10

T T T T T T T T 25
0 20 40 60 80 100 120 140 160 180

CUMMULATIVE DAYS

Figure 13 Trends in average temperature and agdmaquidity as measured at the Charlotte
airport over the duration of the project

Date precipitation cumulative
(in.) days hours
10/17 1.93 52 1248
10/27 0.46 62 1488
11/7 1.19 73 1752
11/11 0.58 77 1848

30



FINDINGS:

The effect of weather changes on crack width ig prasmounced during weather fronts. The
largest change in moisture occurred with 6.33 weroa period of 28 days starting on 11/10/06.
The net effect was a 9753 micro-in (0.009753 imngfe in crack width (opening) over a 28-day
period to 12/07/06. This change in crack width3stines greater than the largest blast-induced
change in crack width of 141.55 micro-in (0.000141)5

d. Effect of diurnal weather fluctuations

The relative influences of blasting and changeseather conditions on variations in crack
width are compared directly in Figure 14. Dailyaoges in crack width over a 12.5-day period are
compared with dynamic crack motions for the blas02/25/07 that occurred during this time period
(shown by the arrow). The maximum one-day chand@B68 micro-in (0.003368 inches), exceeds the
largest change in zero-to-peak crack width durilagting of 141.55 micro-inches (0.0001415 inches).
The influence of diurnal temperature and humidstpver 24 times greater than the influence of the
largest blast-induced crack change generated & dat

NET CRACK WIDTH (micro-inch)
-2000

-9000 ‘ ‘ ‘ ‘
3700 3750 3800, 3850 3900 3950 4000
Time (hrs)

02/05/07 blast
PPV -0.105in/s airblast - 112 dB
141.55 micro-inch maximum zero-to-peak crack displa  cement

Figure 14 Comparison of static changes in craickhafrom weather and blast-induced

dynamic crack motion for the blast on 02/05/0agblinduced crack time history is
enlarged below)
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FINDINGS:

It is therefore concluded that the large weatheatticed changes in crack width are the greatest
contributing factor to crack extension and widenoggr time. Blasting influences on changes in
crack widths and the potential formation of cragkstructures are negligible compared with
cracking potential from the influence of climateanbes. Hence, blasting is unlikely to be the
source of the cracking in this structure.

e. Human response study

Typical every-day activities were undertaken insheicture to measure crack motions and
wall strains. These activities included closing atainming doors, accidental bumping of the
instrumented walls, walking, jumping, and droppaigects and other simulated everyday actions in
the house. Table 4 identifies the type of acgitmonitored. Calculated wall strains (mid-wall
bending and in-plane tensile) and crack displacesnane provided. Upper, lower, mid-wall, crack and
differential displacement time history comparisdotp for representative human activities are
presented in Appendix K.

FINDINGS:

Mid-wall bending strains of 57.97 micro-strainst{img the bed against the north wall) and 77.88
micro-strains (pounding the west wall similar tonmaering) were greater than the largest blast
32.9 micro-strains. Maximum in-plane tensile stseawerel1.75 micro-strains (hammering the
wall) and 8.35 micro-strains (slamming the southlwkset door) were similar to the largest blast
(12.24 micro-strains)

The highest crack displacement was 966.3 micr@id00966.3 in) occurred during wall
hammering is compared with 141.5 micro-in for thegkst blast. The average crack response for
all human activities was 1.5 times greater thandkierage crack displacement recorded during
blasting activities.
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Table 4 Summary of strain generated in structualbsvand peak crack displacements during human-
induced activities

Maximum differential

Maximum shear Maximum in-plane Maximum bending Peak Net
Sensor wall . ) . )
Human Activities Describe  location displacement, S2- . strain . teWS"e streyn . strain . Crgck
S1 (in) (micro-strain) (micro-strain) (micro-strain) Motion
Radial Transverse Radial Transverse Radial Transverse Rad ial Transverse (micro-in)
close bathroom door  gentle interior  0.00012 0.00026 2.99 1.38 1.32 0.56 4.50 1.66 9.79
exterior  0.00019  0.00011 1.16 2.00 0.53 0.86 1.48 ns
interior  0.00012  0.00038 4.37 1.38 1.93 0.56 6.44 3.01 18.26
exterior  0.00022  0.00018 1.89 2.32 0.87 0.99 1.66 ns
close bathroom door hard interior  0.00016  0.00042 4.83 1.84 2.14 0.75 10.58 4.18 12.67
exterior  0.00014  0.00014 1.47 1.47 0.68 0.63 1.60 ns
interior  0.00021  0.00057 6.55 241 2.90 0.99 13.85 5.37 19.93
exterior  0.00018  0.00018 1.89 1.89 0.87 0.81 2.48 ns
close closet door  slam interior ~ 0.00068 0.00024 2.76 7.82 1.22 3.19 3.96 1.13 42.38
exterior  0.00022  0.00016 1.68 2.32 0.77 0.99 1.06 ns
interior  0.00028  0.00012 1.38 3.22 0.61 131 1.33 0.89 19.27
exterior  0.00011  0.00005 0.53 1.16 0.24 0.50 0.37 ns
close closet door slam hard interior  0.00178  0.00050 5.75 20.46 2.54 8.35 7.77 3.88 61.29
exterior  0.00036  0.00012 1.26 3.79 0.58 1.62 1.71 ns
interior  0.00105  0.00024 2.76 12.07 1.22 4.93 4.91 1.76 26.44
exterior  0.00032  0.00014 147 3.37 0.68 1.44 1.70 ns
close room door moderate interior  0.00013 0.00018 2.07 1.49 0.92 0.61 2.22 0.93 7.29
exterior  0.00001  0.00000 0.00 0.11 0.00 0.05 0.33 ns
interior  0.00014  0.00016 1.84 1.61 0.81 0.66 7.43 3.37 19
exterior  0.00010  0.00009 0.95 1.05 0.44 0.45 0.66 ns
drop phone book interior  0.00017  0.00018 2.07 1.95 0.92 0.80 3.82 1.51 19.33
exterior  0.00012  0.00008 0.84 1.26 0.39 0.54 0.81 ns
interior  0.00017  0.00021 2.41 1.95 1.07 0.80 3.73 1.49 15.21
exterior  0.00013  0.00008 0.84 1.37 0.39 0.59 0.86 ns
hit bed agains north wall  gentle interior ~ 0.00018  0.00012 1.38 2.07 0.61 0.84 14.72 0.57 9.63
exterior  0.00010  0.00003 0.42 1.05 0.19 0.45 0.43 ns
interior  0.00019  0.00013 1.49 2.18 0.66 0.89 11.28 0.44 6.81
exterior  0.00005  0.00000 0.00 0.53 0.00 0.23 0.33 ns
hit bed agains nort wall hard interior  0.00029  0.00015 1.72 3.33 0.76 1.36 18.53 111 47.24
exterior  0.00019  0.00012 1.26 2.00 0.58 0.86 0.66 ns
interior  0.00060  0.00033 3.79 6.90 1.68 2.82 45.92 2.14 89.55
exterior  0.00012  0.00011 1.16 1.26 0.53 0.54 1.10 ns
hit north wall  gentle interior ~ 0.00063  0.00027 3.10 7.24 1.37 2.96 46.63 3.31 16.49
exterior  0.00025  0.00022 2.32 2.63 1.06 1.13 2.18 ns
interior  0.00048  0.00024 2.76 5.52 1.22 2.25 38.59 2.18 24.23
exterior  0.00013  0.00013 1.37 1.37 0.63 0.59 1.28 ns
hit north wall hard interior  0.00015  0.00018 2.07 1.72 0.92 0.70 2.64 1.15 88.51
exterior  0.00002  0.00000 0.00 0.21 0.00 0.09 0.38 ns
interior  0.00093  0.00045 5.17 10.69 2.29 4.37 51.21 4.80 27.33
exterior  0.00039  0.00031 3.26 411 1.50 1.76 2.76 ns
hit west wall  gentle interior  0.00017  0.00033 3.79 1.95 1.68 0.80 6.62 10.46 102.2
exterior  0.00015  0.00015 1.58 1.58 0.73 0.68 0.52 ns
interior  0.00015  0.00035 4.02 1.72 1.78 0.70 6.64 21.48 24.59
exterior  0.00012  0.00015 1.58 1.26 0.73 0.54 0.70 ns
hit west wall hard interior  0.00031  0.00169 19.43 3.56 8.60 1.46 9.91 43.84 29.42
exterior  0.00031  0.00042 4.42 3.26 2.03 1.40 1.48 ns
interior  0.00065  0.00231 26.55 7.47 11.75 3.05 26.62 77.88 40.06
exterior  0.00049  0.00077 8.11 5.16 3.73 221 4.22 ns
hit west wall by crack hard interior  0.00025  0.00020 2.30 2.87 1.02 117 2.18 9.14 576.75
exterior  0.00014  0.00028 2.95 1.47 1.35 0.63 1.08 ns
interior  0.00023  0.00019 2.18 2.64 0.97 1.08 151 7.04 966.31
exterior  0.00011  0.00018 1.89 1.16 0.87 0.50 0.83 ns
jump by room door moderate interior  0.00050  0.00073 8.39 5.75 3.71 2.35 25.43 6.44 105.75
exterior  0.00029  0.00020 211 3.05 0.97 131 4.72 ns
interior  0.00022  0.00037 4.25 2.53 1.88 1.03 17.68 4.50 47.31
exterior 0.00020  0.00018 1.89 2.11 0.87 0.90 3.99 ns
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Table 4 Summary of strain generated in structualbsvand peak crack displacements during human-
induced activities, cont...

Maximum differential

Maximum shear Maximum in-plane Maximum bending Peak Net
Sensor wall . . R -
Human Activities Describe location  displacement, S2- . strain . tensﬂe strgln . strain . Cralck
S1 (in) (micro-strain) (micro-strain) (micro-strain) Motion
Radial Transverse Radial Transverse Radial Transverse Rad ial Transverse (micro-in)
jump by west wall moderate interior  0.00043 0.00058 6.67 4.94 2.95 2.02 10.01 4.18 142.79
exterior  0.00019 0.00010 1.05 2.00 0.48 0.86 1.75 ns
interior  0.00071 0.00081 9.31 8.16 4.12 3.33 18.29 7.39 198.9
exterior  0.00041 0.00028 2.95 4.32 1.35 1.85 2.96 ns
jump in the middle of the room hard interior  0.00097 0.00179 20.57 11.15 9.11 4,55 36.01 17.86 162.37
exterior  0.00049  0.00035 3.68 5.16 1.69 221 6.57 ns
interior  0.00053  0.00128 14.71 6.09 6.51 2.49 29.03 13.26 120.91
exterior  0.00045 0.00029 3.05 4.74 1.40 2.03 4.89 ns
open closet door interior  0.00020 0.00015 1.72 2.30 0.76 0.94 111 0.59 19.19
exterior  0.00012 0.00006 0.63 1.26 0.29 0.54 0.28 ns
interior  0.00019  0.00019 2.18 2.18 0.97 0.89 1.63 0.57 19.27
exterior 0.00008  0.00003 0.32 0.84 0.15 0.36 0.25 ns
sitting on the bed interior  0.00027 0.00033 3.79 3.10 1.68 1.27 4.78 1.96 34.49
exterior  0.00007 0.00000 0.00 0.74 0.00 0.32 0.63 ns
interior  0.00020 0.00031 3.56 2.30 1.58 0.94 3.05 1.57 12.44
exterior 0.00007  0.00000 0.00 0.74 0.00 0.32 0.63 ns
walking in the room moderate interior  0.00018 0.00021 2.41 2.07 1.07 0.84 4.54 1.68 23.59
exterior  0.00003  0.00002 0.21 0.32 0.10 0.14 0.68 ns
interior  0.00031 0.00067 7.70 3.56 341 1.46 8.90 3.82 35.03
exterior  0.00007 0.00000 0.00 0.74 0.00 0.32 1.08 ns
walking in the room hard interior  0.00017 0.00046 5.29 1.95 2.34 0.80 11.24 4.68 30.88
exterior  0.00013  0.00011 1.16 1.37 0.53 0.59 1.73 ns
interior  0.00021  0.00047 5.40 241 2.39 0.99 9.33 4.04 40.07
exterior 0.00017 0.00009 0.95 1.79 0.44 0.77 1.81 ns
maximum 0.00178  0.00231 26.55 20.46 11.75 8.35 57.97 77.88 966 .31
average 0.00030  0.00029 3.20 3.37 1.44 1.40 7.89 6.18 72.12

ns - no sensor installed
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D. Results of Soils Testing Program

Three soils borings were conducted on 8/29 attlweations around the quarry as shown in
Figure 1. Drilling was performed by Red Dog Dritli of Midland, NC under the supervision of Mark
Seiler. The holes were logged both by Mr. Seilet Anmmone-Martin Associates.

Photographs of the drilling are shown in Figure B&th split spoon and Shelby tube samples
were extracted. Table 4 is a summary of the dalehogs showing the various soils layers and depth
of intersection, description of the soils and dspihthe split spoon samples. Split spoon sampés w
taken every foot over an 18 in interval. Holes wereninated at 15 ft or refusal at the top of the
bedrock. Upon completion of each hole, a second wals drilled 3 ft away and a single, 24 in long
Shelby tube sample was extracted within the clggrla

Laboratory soil testing was conducted by MACTEG, IAppendix J contains the pertinent soil
test results for samples taken from the three mdeshTable 5 summarizes the test results. Indices
testing included gradation, moisture content, Atbeg limits, unit weight, unconfined compression
strength and swell heave (as a percentage) antigwssure. All tests were conducted in accordance
with ASTM methods.

Consolidometer swell tests were conducted witBb@ssf (0.15 tsf) vertical specimen load on
samples extracted from the Shelby tubes at ndlietdlmoisture content. This load is typical oftsla
foundation pressure of one-story structures sinbdddahose surrounding the Pineville quarry.

Lab samples were consolidated with a 300 psf notoaal then inundated with water and
allowed to swell under the 300 psf load to meabg@@/e, or percent swell. Samples were subsequently
reloaded until the sample achieved the originad;tpst specimen height. The pressure required to
reduce the total heave to zero is recorded asnbb gressure. The upward swell pressure, when
compared with typical downward foundation soil grg®es, provides a measure of potential swell that
could occur if local area soils were to becomersata.

1. General soils conditions

Site soils conditions are similar to those foundriyhand angering and soils testing conducted
by MACTEC, Inc. and reported in a letter to Vulddaterials Company on December 30, 2005. The
2005 report included a total of 10 borehole andcaigd the presence of both CL (clays of low
plasticity) and MH (silts of high plasticity) seilvith the bulk of the samples classified as MH
surrounding the quarry to the northwest (wheredesstial structure reside) and northeast. The liquid
limit values for the MH soils ranged from 33 to &&d are considered to be potentially swelling silts
Natural moisture contents for the CL and MH sadisged 17 to 40%. No swell tests were conducted
in 2005

The current study included three boreholes andldesk. The soils encountered during this
investigation were both MH and CL while the liquihit values ranged 43 to 62. The field moisture
contents (as measured near the base of the Shlbyamples) ranged 22 to 28.8%. In the case of B-
1, the natural moisture level (22%) was far lesstthe plastic limit (40%) and therefore the s®il i
considered to be in a brittle state. The swell$astples varied in natural moisture from 18.4 t&%d
In this case moisture content for both samples fBafnand B-2 were less than the plastic limit oain
very dry state. Swell test sample B-3 moisture eohtvas between the liquid limit and plastic limit.
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Figure 15 Photos of drilling for soils samplimtill rig (a), auguring (b), split spoon sample
(c), Shelby tube sample (d) and saprtdixéure (e)

The clay content of the soils ranged 33.8 to 53wl¥ite in the 2005 study, the range was 29 to
69%.

Soil bearing capacity

A summary of strength test results are given below.

B-1 B-2 B-3
Classification MH CL CL
Test sample moisture content (%) 25.8 30.2 23.1
Unconfined compression, ¢psf) 13,640 2,480 2,920

Cohesion (psf) 6,820 1,240 1,460



Table 4 Soil boring logs

FIELD SAMPLING LOG - D-50 TX drill rig
Project: Vulcan Materials, Inc. Date: 8/29/06
Location: Pineville Quarry Driller: Mark Seiler
Drilling Compnay: Red Dog Drilling, 216 Pinewood Lane, Weather: sunny, warm
Midland, NC 28107 704-888-5422
Depth (ft) Material Description Sample Depth (ft) Eoku)\rI:/t
from | to No. from | to N
Boring No. 1 (at house) GPS location: 35° 7.600N, 80° 53.572W
0 1.1 |[silty fine sand 1 1 25 18
11 9.5 [red dense silty clay 2 3.5 5 23
9.5 15 |orange silty fine sand (saprolite) 3 6 7.5 10
4 8.5 10 9
5 13.5 15 9
Boring No. 2 GPS location: 35° 7.579N, 80° 53.810W
0 2.5 |[silty to claey fine sand 1 1 2.5 9
2.5 5 |silty clay 2 3.5 5 16
5 10 |yellow sandy silt 3 6 7.5 9
10 15 |orange silty fine sand (saprolite) 4 8.5 10 10
5 13.5 15 10
Boring No. 3 GPS location: 35° 7.4599N, 80° 54.031W
0 6 |silty sandy clay 1 1 2.5 7
6 8 |silty clay 2 3.5 5 21
8 12.5 [sandy clay (saprolite) 3 6 7.5 11
4 8.5 10 27

The unconfined compression strength of the specinoem B-1 is over 4.5 times greater than
the strength for B-2 and B-3 samples. Mactec has bentacted for explanation of this large
difference. Nonetheless, it is not unreasonabletti®aMH soil (25.8% moisture) with a plastic linoit
40 was in a dry and therefore tough state.

Cohesion values were used to compute an approxifoahdation bearing capacity for a
typical slab foundation on clay for which the néiroate bearing capacity may be computed as

Onet= C NC 9
and the allowable bearing capacity (with a factosadety of 3) is
da= (c N)/3 (10)

where n = cohesion and Nc = bearing capacity faagta function of foundation size and shape.
For a shallow slab, Nc is approximately 5.7 andef@erimeter or beam wall foundation, Nc is
approximately 6.2

Based on soil strength for the weakest soil (caresf 1,240 psf in B-2), the allowable bearing
capacity (using the lowest bearing capacity fafdoa slab) is computed as

=1240*5.7 | 3 = 2356 psf



Table 5 Results of soils testing conduced by MACTEC

B-1 B-2 B-3

sample interval (ft) 25-45 6.0 - 8.0 4.0-6.0
yellow, red

description red silty clay brown clay dark red clay
field moisture content (%) 22.0 28.8 27.0
dry unit weight (pcf) 85.9 90.7 93.8
moist unit weight (pcf) 101.5 116.8 119.1
liquid limit 62.0 45.0 43.0
plastic limit 40.0 23.0 23.0
plasticity index 22.0 22.0 20.0
percent gravel (%) 0.0 0.9 0.2
percent sand (%) 26.1 39.4 32.6
percent silt (%) 20.8 25.9 28.1
percent clay (%) 53.1 33.8 39.1
void ratio 0.927 0.556 0.995
unconfined compression
strength (psf) 13640.0 2480.0 2920.0
cohesion (psf) 6820.0 1240.0 1460.0
percent swell (%) 0.4 0.2 0.1
swell pressure (psf) 947.0 934 640.0
USCS classification MH CL CL

A typical structure foundation loading for struaamear the quarry was indicated by
MACTEC to range from 300 to 900 psf. The soil’s tyeg strength of 2356 psf is greater than the soill
pressures from the structures. Hence there is @tthnce that area structures experienced bearing
capacity type foundation failures.

2. Swelling Potential

Swelling potential of the area soils based ondeslitesting and measured swell pressure was
evaluated. Documentation in published literaturg indicated that the area soils may be potentially
swelling. Information from test results neededvaleate swelling is as follows:



B-1 B-2 B-3

Plastic limit (PL) 40 23 23
Liquid limit (LL) 62 45 43
Plasticity index (PI) 22 22 20
Shrinkage limit (SL) 11 8.5 8

% colloidal clay (< 1 microns) 45.5 25 29
Before test moisture content 22.9 18.4 34.6
Test moisture content as % of PL 57 80 150
After test moisture content (saturated) 65.5 87.7 92.2
Percent strain at 300 psf 0.2 0.175 0.123
% heave after inundation 0.4 0.2 0.1
Swell pressure (psf) 947 943 640

a. Predicting swell potential using indices test résul

Estimating swell potential using soils indiced tesults as shown above is routinely performed
and there are many charts and tables availablbttororeasonable value of volumetric swell
percentage estimates. Using these data to préeicvtelling potential of soils helps to validatesiw
tests.

Two references are cited herein include the U.Se8w of Reclamation (1974) and Mitchell
and Gardner (1975). Using the data from the summove, the USBR swell potential is based on
colloidal clay content, plasticity index (PI) anarisikage limit (SL) which is computed from LL and
Pl. Based on the clay size fraction and SL, this soe classified with a very high swell potential.
However, based on the Pl range, they are classiBededium swell potential.

Figure 16 provides a chart in which LL and in-sity density (given in Table 5) are plotted.
Based on the criteria shown, the soils from B-1ehlaigh swell potential while the soils from B-2 and
B-3 have medium swell potential.

FINDINGS:

Published charts used to predict swell potentiahirsoils indices tests indicate that soils
surrounding the Quarry possess medium to very &gl potential.

b. Swell pressure tests

The swell pressures, or pressures that would eganst the base of a structure’s foundation,
are given in the summary above. Measured swelbpres ranged 640 psf to 947 psf and are shown to
be related to the sample initial moisture cont@stsuch, the drier the potentially swelling soil
specimen, the higher the heave percent and théegtba swell pressure when the lab specimen is
inundated. The moisture content of the B-3 samale greater than those for B-1 and B-2 and, hence,
resulted in a lower swell pressure.
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Figure 16 Classification chart for degrees ofamgion based on liquid limit (LL) and in-situ
dry density (After Mitchell and Gardner,7B)

The foundation soil pressures for one-story waadht homes near the quarry are typically
300 psf (0.15 tsf) for slab-on-grade. The swedisgures given above are greater than the typical
foundation soil pressure for structure near themps

FINDINGS:

Highly expansive soils exist in the quarry areae Bbils have a high potential to expand and
contract as moisture levels increase and decreldsendation soil loads smaller than swell
pressures will result in structure uplift and ligedtructure cracking.

Structures founded on these swelling soils witlpooper drainage control will most likely
experience foundation pressures that may leadundation wall and slab heaving and structure

damage.



E. Anchor Point Surface Soil Movement

A single-point anchor device was fabricated arstiatied on August 29 in the front yard of the
instrumented structure and the location of soilsrigoB-1. The purpose of this device is to measure
the deflection of the near-surface soils contairmlay with changes in ambient rainfall and soil
moisture levels. A schematic of the anchor pa@rghown in Figure 17 and photographs of the

reference bolts

NN
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- assumed
) swelling
- t— 5in.OD clay layer
\
> |e 1in. OD, 7.3 ft. in length
T grout

Figure 17 Anchor point schematic

Figure 18 Photographs of the installed anchortpoasing inside (left) and top cap (right)



installed device are given in Figure 18. The dewdabricated with a 1-in (OD) interior PVC rod
embedded in grout at the base of a 6 in drille¢bole. A threaded bolt was inserted through the
interior PVC pipe. The rod is assumed to remaiticstary. The elevation of the center rod pin is not
affected by changes in soil moisture levels nearibie collar. A 5-in (OD) casing forming the &ol
collar was inserted approximate 4 ft from the gasarface. Two opposing bolts were placed
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Figure 19 Hole collar pin displacement relativeat@hor pin versus precipitation for 220 days after
installation (to April 1, 2007)

on the casing wall beneath the interior rod bdeasurements of the separation distance between the
reference bolts on either side of the interior hagte been taken since September 25.

Figure 19 is a plot of the relative displacemantovement of the upper collar with respect to
the interior (stationary) rod (left vertical axi®yer time. Precipitation reported at the Charlaitport
is plotted on the right vertical axis in descendander from the bottom. Note, as the referencésbol
move closer together (e.g., relative displacementahses), the outer collar moves upward in regpons
to surface swell from soil wetting.

FINDINGS:

Maximum surface ground heave (0.2165 in) in respdo weather front activity and rainfall
measured over a 220-day period was 5.3% in theratgsef a surface load compared with 0.4%
heave measured in the lab under a 300 psf verioea. This confirms the swelling nature of the
clays that persist in the area.
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