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BLAST HOLE PLAN
FIGURE |
KINGMAN PROJECT F-039-1-503
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REFORT OF OBSERVATIONS OF BLASTING
Ol BEALE STREET - KINGMAN, ARIZONA

For
Arizona State Highway rroject F-039-1-3503

February - March 1967

By

¥. 0. Box 5671 Tucson, Arizons 857!
, ~ Fhome: 623-0578 Arvea Code: 602
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RESULTS OF BLASTING
PHOTOS AND DESCRIFTIONS (26)%
FIGURE 2
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The Arizona State Highway Department contracted for construction
of an extension of Beale Street, Kingman, Arizona to comnect
with Andy Devine Boulevard, the name assigned to U. S, Highways
66 and 93 within the city. The connection is a short distance
east of the Travelodge Motel and much of the right of way is
from 25 to 70 feet from its rear wall and parts of one or two
other nearby buildings, Blasting of bedrock was required prior
to excavation, and Heinrichs Geoexploration Company of Tucson,
Arizona was retained by the Arizona Highway Department to observe,
record, and report effects.,

In order to meet critical time factors and provide maximum
technical competence at the site at all times, Dr. John N, Faick
was retained by Hednrichs to make the actual observations, take
Seismic readings and record the results, During the assignment
Dr, Faick was continually in close collaboration with employees
of the Arizona Highway Department, with the Reel Contracting
Company, who did the blasting, and with Vibration Measurement
Engineers, a seismological engineering firm located in Evanston,
Illinois, whose recorder was used, :

On February 13, 1967, Walter E, Heinrichs, Jr., President of
Heinrichs, and Dr. John Faick accompanied Mr, Lewis E. Scott,
Matedals Field Engineer, Arizona State Highway Department, to
Kingman and work started on the site the same day,

All personnel and groups represented were completely
cooperative and we hereby express our appreciation for this
and the material assistance involved.

Bedrock at the site is composed of a well cemented and
i ated fragmental volecanic tuff in a zone about 560 feet
long and from 35 to 50 feet wide. This material was drilled
with about 990 holes to depths ranging from four to twelve
feet and these were loaded with explosives and detonated in
24 separate blasts, the positions of which are shown on the
accompanying map (Fig. 1). A total of 4626.35 pounds of

»le
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explosives and 2428 caps were M. Each blast was carefully
observed and the effects measured with a seismic instrument
which permanently recorded on photographic film the resultant
vibrations. ;

0f the 24 separate blasts set off, only No. 1, which was
far from the motel, No. 4, and No. 10 which was only 46 feet
from where the instrument was placed in the motel, were rated
as "danger", or of a possible magnitude which, under some
circumstances, might conceivably cause technical damage. No
damage was in fact observed or recorded, however,

Blasts 3 through 24 (total 22 excluding 1 and 2) were less
than 100 feet from the Travelodge Motel. Of these 22 blasts,
14 were rated "safe", four were rated "caution”, and two were
rated in the "danger" category and two were unmrecorded. Vibrations
from drilling and from a passing freight train were slight, as
were vibrations caused by ripping with the single tooth ripper
pulled with a D-9 bulldozer. See table Fig. 2 and photos attached.

None of the drilling, ripping or blasting caused any
apparent damage to the Travelodge Motel or other nearby buildings.
The few blasts in the "caution" range seem to have been caused
by cumulation effects, or by overlapping detonations from some
delays. The first blast rated "danger" because too much
explosive was detonated at one time. Blasts No. 4 and No. 10
were rated in the potential danger region due to proximity,
overlapping or cumulative reaction of delays adjacent in time
or position, too much powder exploded at one or more particular
delay instant or times, or combinations of all of these.
Cumulation or overlapping is reportedly more frequemt with full-
second delays than with millisecond delays. Except for these
aspects, the blasting procedures followed on this project were
entirely satisfactory. ,

In the future, we suggest more delays and millisecond
delays be used rather than full second delays whenever feasible.
This will reduce the total and accumulative effects of over-
lapping explosions of individual charges. More important would
be to specify maximum allowable charge and minimum allowable :
distance that can be detonated at any one shot instant, regardless
of kind or amount of delays used, under a given set of conditionms.

i
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ORGANIZATION, COMPANIES AND PERSONNEL

All of the planning, designing and preliminary testing
was done by personnel of the Arizona Highway Department which
also prescribed all specifications and let the comtract.
Closely associated with this project in positions of responsib-
ility in the Arizona Highway Department are Mr. R. D. Wingfield,
Froject Supervisor, F. 0. Box 990, Kingman, Arizona 86401; Mr.
Walter 0. Ford, Assistant District Engineer, Fhoenix, and Mr.
LM.R;:M,WW Mgwb‘mm
W construction procedures specified blasting,

and analysis. An accurate account of all holes
Mum«mwmmmm

blast by Mr. Fred Genung, ummmm.mummt.

Ammmmmuummmm&, 1966
and a Special Report on preventiom of blasting damage to nearby
‘buildings dated November 30, 1966, both transmitted by Mr. W. G.
9'%&.%0‘% Phoenix, m’heunm

The contract for bmdmmmamm-ﬁnym
Reel Contracting Inc., Box 2355 Fhoemix, Arizona. The project

mmmnwmum.mmum
all blast-hole work, including drilling, loading and detomating
m«m«d»w.wumr.m aw.
e.mu.mm-dpmm-m >

nmm GEOEXPLORATION mm \
Drilling and blasting observations were conducted by John

N. Faick, P.E., under the supervision of Heinrichs Geoexploration
Company, a widely experienced geophysical firm with offices in

=3~
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instrument. indicated a y of 71.4 cps, dis-
gm .0037 and an enmergy ratio of 0.76 and was classified

?mmmmm: Seismolog readings indicated a
of 50.0 cps, displacement ,0048 inches and an
w:muo.u, and it was classified as "Safe".

mmmm:ummamuuhm
mmummummxwmuuym :
time, Therefore, zones prepared for blasting were subdivided
so that each zome would be brokem from four to six blasts with

ﬂ!th!tbluumeﬂnlylb.l,la.hmdh.le
mmmwym«urmw. Of the
remaining 21 blasts, six were rated “Caution” and 13 rated -
"safe". hmﬂm%“dlh&u?ndufumm

max-m:mmaamcm Ammm
mmamzmumuuumcuumnuu
reverse the camera in the instrument and also to put the camera
in without engaging the driving gears so that the film will not
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SEISMOLOG RECORD ANALYSIS SERVICE

Gentlemen: : Date

Yo
e L

7" The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. |
further information is desired please refer to the Recording Numbers indicated. Q"\«%

}a
-

JoB DATE TIME HOLES | EXPLOSIVE — LB )
ATLEONS e
ighwey Depart. | 2-16-67 | 384 o |91 | 705 /5 |

RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT YLIMIT CLASS

98816 [morth sice of | 25.0 | LO095" | .61 c

‘highway

P orted by 'ﬁv &u VIBRATION MEASUREMENT ENGINEERS, INC.







Gentlemen:

- e

SEISMOLOG RECORD ANALYSIS SERVICE

Date___ 8=20=67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

B

& \ % AL £ 'V‘, ‘
‘Duf]f X

VIBRATION MEASUREMENT ENGINEBRS, INC.

S

108 DATE TIME HOLES | EXPLOSIVE — LBS.
Arimona
oy Depart. 2-17-67 | 3:50 P | 141 479
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT | %LIMIT | CLASS
« COrner -
lodce M no’ O081"|.28 8
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SEISMOLOG RECORD ANALYSIS SERVICE
Gentlemen: Date 2-17-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES { EXPLOSIVE — LBS.
Arigona
Highway Depart. 2-15-67 | 4:50 PM [110| 600
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS

Near sidewalk, |
88749 [5280 W, 40,5'from| 41.7 | .0111"| 152 | D

nearest charge

Reported layéik*3 VIBRATION MEASUREMENT ENGINEBRS, INC.



SEISMOLOG RECORD ANAIYSIS SERVICE
Ge....emen: \dte hl?*&’ \(\

The resulis of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES EXPLOSIVE — LBS.
Arizona | GeE
Highwey Depert. 2-15-67 | 4:50 PM [110/666—
‘ RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT S%LIMIT CLASS

Hear sidewallk, :
08749 s a Tom| 41.7 |« 01117 | 182 D
nearest charge {

42
%k | f '1;:2 ey
R~ rted by. b VIBRATION MEASUREMENT ENGINEBRS, INC.. 43
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SEISMOLOG RECORD ANALYSIS SERVICE
20-67

" The results of the seismogreph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as § == SAFE, C = CAUTION, D = DANGER. If

further information is desired please refer to the Recording Numbers indicated.

atlemen: Date

G SRS S

JOB DATE TIME HOLES | EXPLOSIVE — LBS.

i s

:
Highway Depart, | 2-16-67 | 3:54 PM 91 /25, 75|

RECORDING . TEST LOCATION FREQ — CPS | DISPLACEMENT Y%LIMIT CLASS | =

J

88816 [morth side o | 25.0 ,0095" | .61 «
highwa
2 SFaacl o3 feel

Reported by VIBRATION MEASUREMENT ENGINEERS, INC.
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| SEISMOLOG RECORD ANALYSIS SERVICE
rtlemen: Date 2-20-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. |f
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES . EXPLOSIVE — LBS.
Arizona
Highway Depart. 2-17-67 | 3:50 PM | 141] 479
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT YLIMIT CLASS

N.E., corner ER =
88817 [Travelodge Motel | 31.3 | ,0051"(.28 | S

eI 877§ T
VIBRATION MEASUREMENT ENGINEBRS, INC.
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"~ Plecse send total explosive for

shot at 3:54 PM, February 16, 1967
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" Recording No.: AR » | ~-SAars ey e Y ims?”
* Sei~Position____ : o LR ot | S — pei
Lot.«ion of Shot Pairt—_/ . ¢ d iy T T Py ol &
Distance Time Fired .. o i :
Total Explosive:Charge. g b BRI

No. Holes_ ( _YHole Disméter__ Open Face or Buffer
| Depth of Holeé L Height of Bank_______N&. cf Decks e Stemming
Hole No. 7
Spacing 2~ 1o L sord frdiv g
Burden 7l W ¥

Explosive M | p Rt
Detonator ol 1o il e A A AEE TS

.

gk
3 o

anufacturer— :'j' " ISirength:

Seis Ope(a'[or Aty <! e | s TS Canwera,:'No._%Seavl 1;. O.KW

fokir IV, I~ . F FOR V.M.E. USE OMLY
Remarks. kel . ; —tr
/4 / ) f{’ ,) of £ . / ' L
H « £S s € 4 - - o
Diagram: 7~ - &P A s 'y /

>
o4

- O WO 2 /g

Reported by _— £ 4 4 Title__ < (s 1
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Recording No._cc « Date_f-4 Ll LYl I Sels. No ¥ v
S('P\Posiﬂon Liter oo Lo cr e o 2703 0F12 4 .f": N N // P r],.;.f-['/
Location of Shot Point_... | i S S S S e t
Distance—_«—{4_Time Fnred._..v____..s_;,c\_Loaded by = :
] Total Explosive Charge Dt _Manufacturer. == Strength_——
. No. Holes__—_ , Hole Diameter___ /... _Open Face or Buffer_——
. Depth of Holes_____._(.fHeaght of Bank —._No. of Decks Stemming
Z Hole No.
b
- Spacing
3 Burden
Explosive |
Detonator I
Seis Operator__ 1= 'L Camera No._lio/ 7 Seal T.0K
Remarks : i l ) i FOR V.M.E. USE ONLY
. ) l./ { e § = . £y 5 2 j 4 < N
Diagram: v/ [ w0 AT { Cu AL Comprisoy
' F-031- -S04
Cheht Loz Mebiwve g A0 eote fobloe Beale S K \ncgring vy
l Reported by bt . . ] (i sudew i tine Title i

| G-




s "‘, 3 - - = - oy :15-'
pian LT Sos e 255 53
£ < }/“\ ; f L1t s £p Lahss i T
F : , /
e Lown“ ion of Shot Point__fo /e . T :
Dlstance_u_.—hme Flredvl._J_,éAAf_Loaded by &= g
Tofal Exploswe Charg O % anufacturer. Af bis Strength=Z.c, i

: . e ,r =
No Holes__ 7/ 6525 G ﬁole aameferMOpen Face or Buffer_- L
| Depth of HolesAIL”_L/?_Helghf of Bank_===___ No. of Decks__—— Stemming_.o-- L

'i Hole No. :
1 Spacing. | </ g |.— |-~
t Burdes” "\, 1% 7 4
> ) / Fi S g5 o SW
1 [ Explosive |5 #+51 & L 21 o tdoole 1 . F e i e
: j Detonator | =/ de ¢ oo b= | / A ;
Seis Operator— L A piyf—fm e Camera No.L 25 2 Seal T.OK
e L1 ’ ‘ FOR V.M.E. USE ONLY
Remarks S #ons o] fiolei, 2 cfe VR AVS——
, Tt T S v
Diagram: * : o .
::,""‘\\I ;'4"‘ g0 :’.f__.(/'j- - (-' N
1 I‘_ g V| = i - F
C]jeﬁt, B — ,;f"_/zﬂy Pt foJob loc. gz £ <f 4 AR

Reported by__ 22, A " Title_




‘Recording No + Date. F- k) '7 ) {b{ Seis. No. I > o
S¢ ™ Position AL L ormee e [0yl 1Y adede Chsed 4o pnid 417 A”‘ﬂ‘?
Location of Shot Point.ce 7 £ 7 B o Jrortheasl f NYE € ¥ f sHiaTef,
Dlstance_fl,l___Tlme Flred'w‘* AL _Loaded by. C bz Ry el "
Total Explosive Charge.Z €0 #yilr " JV\anufacturer /\H * S Strength_“1 O Ze
No. Holes_£ %/ / Hole Diameter_£- Open Face or Buffer__——
Depth of Holes=Z = f/ Height of Bank_—-____No, of Decks..=— S?emmlng_S'Lu:.iL_
Hole No.
Spacing
Burden ;
Explosive |/~c /[ -"'.ﬁ/ Lo € ocrb-fod / / fire £€ 112N, 7
Detonator |\ i/ - " 7 “f > A Alt /-
Seis Operator_ = Dw N Eanc Camera No _LL_LI___SeaI T. 0K
Remarks 24/ t1..] / 2D ¢ P D e / 74 FOR V.M.E. USE ONLY
Diagram: ¢ ¢/ ] 48 eT W _ " bf\\ {/oceiry L {3 ; S
P R o 7ooding F-039-/-503
g c]mﬁt AX\Z Ovig H\ 1\lx141 Ve zf obtce. Beale ST, VKM;(}\*'y'L\L
. NG g .
‘ Reported by Il v v ol /“‘ ' f‘w“ s Titte. ([eeuoWiaS CS -~ L0
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Recording No.__5 —Date. Feds < / lii £ Sels. Ne P ”‘

Sf ?osmon NE 1 ol x Mated. CloseT gur s J56s
Location of Shot Point ("w L, "\"n&i_h_’:-”_?“‘ e LV E Lo £ ted vt 11k
Distance__ (& /L Ti . 757 77 Jioaded by b 7y

Total Explosive Charge_T— Manyf;cturer Atla Strength_ 2.0 <
No. Holes_“# 7 A , Open Face or Buffer.
Depth of Holes_#& % _Height of Bank___—==__No. of Decks__——=— _ Stemming—_—__ £

Hole No.
Spacing

Burden

Explosive

Detonator
Seis Operator__~{ ~ i D4, T= 00 N Camera No._L (. & ’ Seal T.0K
Bamarks S8 g ¥ A k] / / £ FOR V.M.E. USE ONLY
Di poodcle ¥ 2355 [4 TS, WY T e Ty arete, fY] 720

gﬂgjam. =-n3q-|-5073 |
Chgﬁf //:‘ R e, . li “i“'lw/‘ } it Y: 2 Job Loc. § & 5 5 ;f {\ iy (‘?m ’
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LS




‘Kecording No.__ Dete_l—clo. = i"{c { Sels. No i
Selsosition—_ hed B ’  o Maled. Gfoacl tn sBoly i
Locaron of Shot Point_cc £ £ /Y 7 & / £ (Ll emi H&
Dlstance_i___i_{;_.Tlme Fired ~30 / FI¥]_1oaded by L T e, A
Total Explosive Charge = Manufac’turer it o Strength ol Lo
No.Holes </ _ Hole Diameter__;___Open Face Jr Buffer——
Depth of Holesﬁ_iHeight of Bank_———____No. of Decks__—— Stemmlng__..x__

Hole No.

Spacing

Burden

Explosive

Detonator
Seis Operator. leby N ¥ LS _Camera No i 2. Seal T. 0K
Remarks " {140 16 A i "": —7 ,7‘ - L/} O & - '°"“"";" asae
Diagram: ' SR - s :

Cliérr/ NN Vo Moayl b ob T Job Log. 2 ; 3
Reported by_ ' ¢ D " -Title

et

i
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Recording No._/ Date_ it | 1.0/ Sels.No § S £ :
Poslflon (B 2 i e =S - /e P Y \ == ol T ’L); { B
L _on of Shot Point_/\/ - W ‘;/ i DA ftraliy
Dlstance_a’_ﬂ;./.L_l,LTlme Fired-3 . 7 7 ;4 zloaded by [ e dicfima—
Total Explosive Charge__£5 . & 1/ _Manufacturer__ At te/o  Strength 1 Lo
No. Holes__ £~ Hole Dlameter_____L.___Open Face or Buffer———
Depth of Holes___# /7~ Height of Bank_——___ No. of Decks__= Stemming——ct
Hole No.
Spacing
Burden
Explosive
Detonater |
Seis Operator_—! | o A P Camera No._| = =< Seal T.OK
/ ] / y 1 FOR V.M.E. USE ONLY
Remarks o AW I , ele Floow NP -
‘ / {7 _,I {1 £ /i ] PR o
Dia}gram: ELC lhs pPellcls I / M/), o/ i 29 -1 - 2
A A g ovie MieWvsy Do Jobloc] LSk \
| THg 2 ) 3 . p

Repoﬂed by \;\ L by ! (’-. =4 . ya ) x4 T Tif}ﬂ e L R W . e 3)
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Kecording No Date_ o b 2/ /i / Seis.No. Lo 5 !
S?'\fosmon i - / = )07 7_
I'é\’"(lon Of ShOt Po"“ / 74 m (" [ / S A F st f'p o Sy f_

7 L5 Time Fired_4_~ /744 oaded by Ll : =
Total Explosive Charge_// /. [ [As Manufacturer_\ - Lo Strength__4-_
No. Holes— <. Hole Diameter——. 7/ Open Face or Buffer—_——— ’
Depth of Holes = — /) Height of Bank_——==___No. of Decks___-———____ Stemming.— -/
Hole No.
Spacing
Burden
Explosive |
Detonator ‘ }
Seis Operator—____ i, Freiefl Camera No._£ ./ 2.— Seal T.0K ‘
;S - FOR V.M.E. USK ONLY
Remarks_ £/ /1L go =T , L [ 1 - / fr f (S
‘ . 7 7 77 7
Diagram: ' £ - 2
a8 /S . s et 7% :
ot Ao e (7 pljents oy fd o] Job Loc. L .Y

Reported by.. ~ . v/ £ Tilelmen ot ol fe
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Recording No.m Date — _S;IsyNn_ — : T—F
Sej~ Tosition___—— — ‘ f_ SLTIRUCSRS - ATERLG =
I.oc\anbn of Shot Point. Y&eq © & ; Ty /’{ '_ . -
Distance___— "~ Time Fired 7 7 /77 _loaded by 7 (A e —
Total Explosive Charge__— —__ Z b J\Aanufadwer AL Strength_7 =<
‘No. Holes ) e Hole Diameter. e ._Open Face or Buffer. .
Depth of Holes:- '« /7 ¢ 1/ Height of Bank_______No. of Decks Stamming_— /

Hole Ne. ?

Spacing

Burden

Explosive ,

Detonator |
Seis Operator ¥ I Gied S Camera No [ CTC suul T.0K
Remarka LS+ L 1h: f [5, /72 Ih £5 L ko P e
‘Diagram; Pl . 5

4 ‘ "L ~
Client _ : __Jeblec.. ‘ i : fida-

Reported by. i

Title




-2 / Date. “‘-./A iat - TP
SejPosition ¥ 5= Emi :

',;«z o
/¢ Kroo |

Locwsion of Shot Point N 2O Vall Y23 ak f_ C4 (L 7. A 4
Distance__{- / Time Fired f/ £20  loaded by Cofiiziibio o G £ :
Total Explosive Charge_ /o). / Manujadurer_A_t[ L _Strength_Z L
No. Holes__- 7= Hole Diameter.:;‘Z_”_L_L_n_Open Face Jr Buffer———
Depth of Holes.k_,L_Helght of Bank_—_——_-___No. of Decks__— Stemming_— _ Y
Hole No.
Spacing
Burden
Explosive :
Detonator |
Seis Operator—. £ (Y i L Camera No./ew /< Seal T.0K
Beaiie 02 /. £ ) . / AR e FOR V.M.K. USE ONLY
i o ~ gty - i —— s
iagram: -
M A 20 “ . J e 28 7 s —; // -
Chertt Lt et e ey 1=5 Loc. £ ke 5 Ay DL ia v

Reported by £ '/J — . ':l» -‘/“*’ ’ v ey i . Tiﬂp £ . Lo ¥ & p f‘
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Kecording No / / Date__ ; “/ / L _ ! _Seis. No e : e
Seir Tosition.__ s s o ef A 4 7 ; /?: S
Locaiion of‘?h&t Pginf Vo & /,‘7‘,(!"’, AR BEtan T WEL R . L A AE: £
Distance. Tlme Fired 7 / » 7 Loaded by. e /—' ey
Total Exploslye Eharge o = B i _Manyfacturer. AL (% Strength— [
No. Holes Hole Diameter. —— " 77 ' Open Face or Buffer. va
Depth of Holes___._L.Heighf of Bank_______No. of Decks Stemming_——

Hole No.

Spacing

Burden

Explosive

Detonator

¢ 2 _'.",.* {/\ &/ ,/,.,._
Seis Operator. e Camera N 4 =~ __ Seal T.0K

/’ & 0y /f ¢ f' %y S FOR V.M.E. USK ONLY
Remarks_ "¢ v s A P / .
Diagram: ;
i (.—“m,_.. T:- y. T
Clierit Vi . Job Loc. - Vo
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KINGMAN-HOOVER DAM

(BEALE STREET, KINGMAN)

F 039-1-303 P.E., ITEM #334

F 039-1-503 CONST., ITEM #334
STATION 36+00 to 55+69

PREVENT ION OF BLASTING DAMAGE
TO NEARBY BUILDINGS

INTRODUCT | ON

The proposed centerline of the above project lies parallel to the Travelodge

Motel and 40 feet from its back wall. Some blasting will be required to excavate
up tfo 10 feet of hard volcanic tuff rock for the 20 foot wide roadway. All excava-
tion on this section will take place on the north (uphill) side of the centerline

which is the side away from the two-story, frame and stucco motel building. The
possibility of damage to this building by blasting indicated the desirability of

a special study of the conditions. This study was made by the Materials Division
of the Arizona Highway Department to determine the possible causes of damage and
to recommend procedures to eliminate them. These recommendations have been incor-
porated in the Special Provisions of the project. -

TECHNICAL REVIEW

A review of the literature on blasting damage was made to find out what tech-

'nical information was available and what the legal aspects of the subject were.

Of particuiar interest is a legal book (Ref. | see attached sheet) describing in
detail what type of testimony can be admitted to evidence and what kind of facts
are required by lawyers in preparing a claim. Quoted below are the opening para-
graphs which give a brief summary of the problem:

Introductory Comment

"Damage from blasting can occur in only three
ways: (1) wvibration of movement of earth, (2) fly-
ing rocks, earth or debris, and (3) air concussion.
While causing rocks or debris to fall upon property
constitutes a trespass, for which there is absolute
liability, there are two theories concerning damage
from concussion or vibration. One theory follows the
trespass theory above, while the other theory requires
not only that damage be shown, but also that the blasting
was done in a negligent manner. (AM Jur Explostons and
explosives 53, 54.
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In order to prove that earth vibration caused by
blasting has resulted in damage to a structure, it is
first necessary to show that such vibrations were power-
ful enough to cause the movement above mentioned. Testi-
mony of witnesses who were on or about the damaged premises
at the time of the blast, and who felt peculiar movements
of the earth caused by the earth waves at or so near the
time of the explosion as to indicate the causal relation-
ship, is relevant, but such evidence may be quite easily
shown to be of very little weight. In addition to such
evidence the weight of the explosive used, that it was
detonated instananeously rather than in delayed firings,
and the proximity of the damaged structure to the point
of explosion should be shown. The former two items of
evidence are often available from the 'log' required in
many instances to be kept by persons using explosives while
the matter of distance is merely a matter of measurement.
In some cases seismographic tests or tests by an acceler-
ograph have been made before or during blasting operations,
as well as preblasting surveys to determine the condition
of buildings in the potential area of damage and, <if
available, are important items of evidence to show the
probability of damage. A particularly effective method
of proving the probability of damage is the testimony of
a vibration expert using displacement and acceleration
tables prepared by the United States Bureau of Mines.

In this respect, it is important to show the type of
ground between the point of explosion and the damaged
structure, as well as the type of material under the
damaged structure, since earth vibrations differ in
intensity according to the type of ground along which
they travel."

The fechnical study followed these guide lines so that the data gathered
could be used in the settlement of any claim that might possibly arise.

The first comprehensive study of damage due to blasting was made by the U. S.
Bureau of Mines in Bulletin 442 (Reference 2) published in 1942. The most im-
portant finding was that the critical factor causing building damage was the

amplitude of shock wave and not its velocity.

Several methods of expressing this concept have been advanced by various
—authors but particle displacement has become the general ly accepted method of
measurement. This is expressed as Thousandths of an inch displacement movement.
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Independent studies made in Europe are described in a book by Langefors (Ref-
erence 3) which gives similar data based on particle displacement. This year
the Bureau of Mines (Reference 4) reviewed their earlier findings and compared
them statistically with the newer European and U. S. data which corrolate
favorably and are now supported by hundreds of tests.

INVESTIGAT ION

A thorough geological study has been made of the hillside behind the
Travelodge Motel. The rock forming this slope is a well fractured, blocky
volcanic tuff. While dense and compact, it is not particularly hard or
brittle. The deepest cut to subgrade in the roadway section parallel to
the motel structure is |0 feet at the left ditch line. The weathered surface
material can be ripped to a 4 foot depth and probably to 6 feet Jjudging from
nearby excavations. The remaining 4 to 6 feet of rock will have to be shot
only hard enough to loosen it and open the existing joint planes. It will
not be necessary fo break or shatter the rock since a ripper can easily move
the loosened blocks which measure approximately one foot by two feet.

The advice of Mr. Charles R. Sparf, District Representative of the Hercules
Powder Company, was sought on blasting techniques. He recommended use of mili=
second delay blasting caps to reduce the amplitude of the individual blasts and
Tthe use of mats to prevent flying rock. He also recommended that the working or
shooting face be parallel to the centerline and away from the motel. His report
points out that the ripping operations may actually create more vibrations than
the blasting.

To determine the ability of this type of rock to transmit blasting vibrations
a series of fests were run on similar rock in the same formation west of Kingman.
Mr. Thomas J. Ellis, a consulting geophysicist, was retained to plan and super-
vise these tests and to record the results on a seismograph. He is a graduate
of The Colorado School of Mines with a degree in Geophysics, but is not registered
as Arizona does not have or require registration in this specialty. The work
followed the standard procedure which has previously been accepted as evidence
in court. Its purpose was to determine the amount of vibration transmitted and
the level of vibration required to cause structural damage for a given distance.
A remote test site was chosen so that the effect of various charges, from |ight
To heavy, could be studied and the results recorded. It was fortunate that this
was done as the range of blasts varied from no effect to cratering and flying
rock. The test shot pattern was 3 holes in line on 4 foot centers to simulate
the roadway ditchline to centerline distance. The test site was located on a
sloping hillside to duplicate the expected slope of the rock that cannot be
ripped. The seismograph was placed 40 feet from the first hole and in |ine with
the holes to duplicate the actual distance from the motel to centerline of the
roadway (40 feet). All tests were made with 60 per cent Gelatin dynamite in
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stemmed, 2 inch diameter drill holes fired by electric blasting caps: Instan-
Taneous in the first hole, #I delay in the second hole and #2 delay in the third
hole in each series. The rock breakage noted was:

TEST #1 4 Sticks per hole; holes 4 feet deep. One large
crack connecting the holes, smaller radiating cracks not
Joining. No ground disturbance.

TEST #2 10 Sticks per hole; holes 6 feet deep. Ground
surface broken between holes, rock overturned wi+h some
bulging. No ‘flying rock.

TEST #3 6 Sticks per hole, holes 4 feet deep. Much
tlying rock., Each hole cratered, but craters do not
Join. Large and small cracks Joining holes.

TEST #4 2 Sticks per hole, holes 4 feet deep. Some
small random surface cracking. Cracks do not connect
holes. No surface disturbance. NOTE: The instru-

ment distance was 28 feet instead of 40 feet as on
other holes.

TEST #5 Instrument placed on concrete walk in front of
east end of motel. Heavy truck traffic on U. S. 66,
80 feet away, recorded.

Test records were not obtained for Tests #2 and #3 due to trouble with the
camera drive mechanism. Mr. Ellis' report shows the level of vibration for Test
#1 to be .0020 inch and for Test #4 to be .0023% inch. This is particle displace-
ment or the amount of movement of a given point. Both of these figures are wel |
within The SAFE range. The U. S. Bureau of Mines Bulletin #442 and Devine's
recent researches (U.S.B.M., 1966) give the |imits of these ranges as: SAFE
0 to .0050; CAUTION .0050 to .050; and DANGER .050 and up.

Test #1 shows that adequate loosening of the rock can be accomplished within
the lower half of the SAFE range of the recognized scale, therefore a |imit of
0.003 inches particle displacement for all blasting in the motel area has been
made part of the Special Provisions. The test records and notes for the above
tests are on file in the Materials Division and available for inspection by any

potential bonding agent or contractor. The bulletins and reports cited are also
available in the Materials Division for study,

RESULTS

Based upon the reports and field tests described above the following proce-
dures have been adopted:
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A seismograph similar to one used on the above tests will be obtained by
the Arizona Highway Department to make permanent records of all blasting dur-
ing construction. It will be operated by our personnel under the direction of
a seismologist. The contractor will be requested to program his work so that

all blasting can be finished within a period of a few days to facilitate this
operation and fto eliminate complaints from local businesses.

Each of the following procedures has been made a part of the Special
Provisions of the contract to eliminate a potentially dangerous condition
or To provide further records to counter possible claims.

(1.) "Immediately prior to beginning construction oper-
ations in the area between station 49+00 and station
63+00, an inventory of all existing cracks in the
Kingman Travelodge Motel and other nearby build-
ings shall be made by either an architect or a
structural engineer and a builder, both duly li-
censed to be employed by the Arizona Highway Depart-
ment. A report of their findings shall be prepared
showing the results of this survey and a copy shall
be furnished to the engineer."

(2.) "The working face of the excavation and the
direction of blasting shall be parallel to the
centerline of the roadway and facing in a direc-
tion away from the Kingman Travelodge Motel."

(3.) '"Explosive charges shall be detonated with mili-
second delays between holes in a line and between
lines in a pattern. The maximum allowable re-
corded displacement as a result of blasting or
ripping when recorded by a seismograph located
on the floor slab of the motel shall not exceed
0.0030 of an inch."

(4.) "Prior to any blasting within 100 feet of the motel,
all loose surface rock in the affected area, espe-
ctally loose rock on the face of the motel site
excavation, shall be removed.'

(5.) "Suitable mats shall be used during all blasting
operations to prevent the flying of rock.'
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(6.)

A
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Page 6

The contractor shall maintain daily, a detailed
blasting record consisting of the following: '

ll

2.

Location, number and depth of all drill holes.
Distance from nearest hole to nearest building.
Amount and grade of powder per hole.

Type of caps and delay pattern used.

Date, time of day, and weather conditions when
charge is detonated.

Powderman's signature.

A copy of this record shall be furnished to the engineer each day.

This special report has been prepared by Lewis E. Scott, Materials Field
Engineer, of this Division. The investigation and field tests described were
made under his supervision.

LES:mh
Inc: A/S

Distribution:
File

Mertz

Allen

\_k. Scott

Respectfully submitted,

/3 Jf) 0" Zﬂuwt/

W. G. O'Harra R 2A~
Engineer of Materials




(1)

(2.)

(3.)

(4.)
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VIBRATIONS, James F. Devine, U. S. Bureau of
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May 4, 1966 ATTACHMENT TO MEMO #65-108 (REVISED)

MEMO TO: L. E. THOMPSON KINGMAN-HOOVER DAM
’ ASSISTANT STATE ENGINEER (BEALE STREET, KINGMAN)
F 039-1-303 P.E., ITEM #566
FROM: W. G. O'HARRA F 039-1-503 CONST., ITEM #343
ENGINEER OF MATERIALS STATION 36+00 TO 55+69

Reference is made to your letter of January 15, 1966,request-
ing steps be taken to prevent dammage to the Travelodge Motel
adjacent to the above project. A letter dated December 30, 1965,
from District Engineer, J. B. Foster, on the same subject is also

-noted. ‘

RECOMMENDAT IONS

Possible dammage to® the motel structure can be greatly reduced
or eliminated by the incorporation of the following procedures into:
the Special Provisions of the contract. These recommendations are
the result of studies made by this Division and by two independent
blasting consultants. They are as follows:

BUILDING INVENTORY: Immediately prior to construction an inven-
tory of all existing cracks in the motel and other nearby
buildings should be made. An architector structural
engineer and a builder, both licensed, should represent the
state on this inspection.

BLASTING: All loose rock in the vicinity (100 foot radius) should
be removed prior to blasting, especially loose rock on the
face of the motel site excavation. Mats should be used during
all blasting to prevent flying rock. '

The working face and direction of blasting must be parallel
to the centerline and away from the motel.

Field tests showed inline holes, 4 feet deep on 4 foot centers
produced good cracking with 4 sticks of 60% powder per hole
but produced no flying rock. A maximum of .0030 inches dis-
placement should be the maximum allowable vibration produced
by any pattern, as measured by the method detailed below.

DELAY CAPS: All blasting should be done using milisecond delays

&

L o—— )
Bl et
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Page 2 ATTACHMENT TO MEMO #65-108

between holes in a line and between lines in a pattern.

RECORDS: A "Seismolog" or other type of seismograph giving a
permanent record should be used to record all of the blasts.
Periodic recording of ripping operations is also recommended
as the level of vibrations created may equal or exceed that
of the blasting.

Detailed records must be kept by the powderman (to become
state property) giving:

l. Location, number and depth of all holes.
2. Distance from nearest hole to structures.
3. Amount and grade of powder per hole.

4. Type of caps and delay pattern used.

5. Date, time of day and weather conditions.
©. Powderman's signature.

CONVENIENCE TO PROPERTY OWNERS: Adjacent property is all business
property. All shooting should be done at a definite time
each day to create as little inconvenience as possible.

A thorough geological study has been made of the hillside
behind the Travelodge Motel. The rock forming this slope is a well
factured, blocky volcanic tuff. While dense and compact, it is not
particularly hard or brittle. The deepest cut in the roadway section
parallel to the motel structure is 10 feet at the left ditch line.
The weathered surface material can be ripped to a 4 foot depth and
probably to 6 feet judging from nearby excavations. The remaining
4 to 6 feet of rock will have to be shot only hard enough to loosen
it and open the existing joint planes. It will not be necessary
to break or shatter the rock since a ripper can easily move the
loosened blocks.

The motel is constructed on a site benched into this same rock
which is continuous to the roadway location. The two-story structure
is of stucco and frame construction on a concrete slab and footings
set on unweathered rock. The rear of the building is 40 feet from
centerline and 60 feet from the left ditch line where the blasting
will be concentrated. The light changes required to loosen the rock
will have little effect on the motel structure, even at this short
distance. The two possible types of dammage, flying rock and
cracking due to vibration, were investigated in some detail to deter-
mine how they could be reduced or eliminated.

Flving Rock dammage can be eliminated by the use of mats and by

use of the planned small charges. The advice of Mr. Charles R. Sparf,

PCTNNEE N e, R R
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District Representative of the Hercules Powder Company, was

sought on this problem. His suggestions of smaller charges by
means of milisecond delays and use of mats follow the thinking of
our engineers who have looked at this site. The suggested use of
pre-splitting the cut slope and blasting prior to removing the
rippable material are not recommended. Until the loosened material
is removed, the exact extent of the rock requiring shooting cannot
be known. It will depend somewhat on the size and type of ripping
equipment used and the jointing of the rock. Once the harder rock
is exposed the shooting pattern can be tailored to the topography,
the joint spacing and varying degrees of hardness. This more pre-
cise method will reduce the amount of powder necessary. Mr. Sparf's
report is attached.

Cracking Due to Vibration is a potential danger that can be
held to a minimum. To determine the ability of this type of rock
to transmit blasting vibrations a series of tests were run on
similar rock in the same formation west of Kingman. Mr. Thomas J.
Ellis, a consulting geophysicist, was retained to plan and supervise
these tests and to record the results on a seismograph. This work
followed the standard procedure that can be accepted as evidence in
court. Its purpose was to determine the amount of vibration trans-
mitted and the level of vibration required to cause structural dammage
for a given distance. A remote test site was chosen so that the
effect of various charges, from light to heavy, could be studied and
the results recorded. It was fortunate that this was done as the
range of blasts varied from no effect to cratering and flying rock.
The test shot pattern was 3 holes in line on 4 foot centers to simu-
late the roadway ditchline to centerline distance. The test site
was located on a sloping hillside to duplicate the expected slope of
the rock that cannot be ripped. The seismograph was placed 40 feet
from the first hole and in line with them to duplicate the actual
motel to centerline distance. All tests were made with 60% gelatin
powder in stemmed 2 inch diameter drill holes using instant, #1 and
#2 delay caps in each series. The rock breakage noted was:

TEST #l 4 sticks per hole; holes 4 feet deep. One large crack
connecting the holes, smaller radiating cracks not joining. No
ground distrubance.

TEST #2 10 sticks per hole; holes 6 feet deep. Ground surface
broken between holes, rock overturned with some bulging. No potential
flying rock.

TEST #3 6 sticks per hole, holes 4 feet deep. Much flying rock.
Each hole cratered, but craters do not join. : .
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Page 4 ATTACHMENT TO MEMO #65-108

TEST #4 2 sticks per hole, holes 4 feet deep. Some small
random surface cracking. Cracks do not connect holes. No surface
disturbance. NOTE: the instrument distance was 28 feet instead of
40 feet as on other holes.

TEST #5 Instrument placed on concrete walk in front of east end
of motel. Heavy truck traffic on U.S. 66, 80 feet away, recorded.

Test records were not obtained for Tests #2 and #3. Mr. Ellis'
attached report shows the level of vibration for Test #1 to be
.0020 inch and for Test #4 to be .0023 inch. This is particle
displacement or the amount of movement of a given point. Both our
figures are well within the SAFE range. The percentages given by
Mr. Ellis for each show their position within or across this range.
The U. S. Bureau of Mines Bulletin #442 and Devine's recent researches
(U. S. B. M., 1966) give the limits of these ranges as: SAFE 0 to
.0050; CAUTION .0050 to .050; and DANGER .050 and up.

These results have been used to develop a recommended safe
loading and hole pattern. A similar instrument should be used to
record the actual shooting vibrations during construction. The perma-
nent records from this instrument, located on the floor slab of the
motel, can be compared to the hole loading data and this information
used to evaluate any future dammage claim.

Respectfully submitted,

oA Mhun

W. G. O'Harra
Engineer of Materials

LES:rel
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SEISMOI.OG RECORD ANALYSIS SERVICE
"
Gentlemen: Date. 2.3’-67

The results of the seismograph tests of the prime blast dnschmged on the date and-- -
. time shown, as recorded from the locations given, are tabulated below. The %LIMIT
. reported has been referred to an index in which the threshold of DAMAGE equals
" 100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If

- further information is desired pleasa refer to the Recording Numbers indicated.

I JCB DATE ] TIME HOLES | EXPLOSIVE — LBS.
frizons Highwey Erwircn-
Departuent 216487 | 2:33 PN | 3 [mentel Chga

RECORDING TEST LOCATION < I FREQ — CPS I'DISPLACEMENT Y%LIMIT §LASS
Water heater iesy thas |
86694 [ 95, Uravelodge | muol .000A] 8

R i
RS a2
I " .

B N

VIBRATION MEASUREMENT ENGINEBRS, INC: -

i

PN . # e
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SEISMOLOG RECORD ANALYSIS SE

Gentlemen:

RVICE

Date 2-20-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The °6LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as § == SAFE, C == CAUTION, D = DANGER, If
further infermation is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES EXPLOSIVE — LBS.
Arizona -
Highway Depart. | 2-16-67 3:54 PM |91 |¥/&5, /5

RECORD!NG TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
On sidewalk at ER =

88816 |[north side o

£

highway

25.0 | .0095"

- bl c

Disteance = Y3

Reported by

T

7

VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERV'C_E
* Gentlemen: Date 2-20-67

i

The results of the seismograph tests of the prime blast discharged on the date and
. time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in- which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D' = DANGER. If

" further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES | EXPLOSIVE — LBS.

-{ Arizona ‘ i3
| Highway Depart.| 2-17-67 | 3:50 BEM |141 479

RECORDING TEST LOCATION ’ FREQ — CPS | DISPLACEMENT % LIMIT CLASS
N.E. corner ER =
88817 |[Travelodge Motel 3l,3 .0051" .28 S

Closet “in Unit 119
Distaace &7 1)

* Reported by T VIBRATION MEASUREMENT ENGINEERS, INC.

3
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Gentlemen:

SEISMOLOG RECORD ANALYSIS SERVICE
Late 3'2“1

The results of the seismograph téfts of the prime blast discharged on the date and
time shown, as recorded from the ‘locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals

further information is desired please refer to the Recording Numbers indicated.

. 100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If

l JOB DATE TIME HOLES | EXPLOSIVE — LBS.
frizons Bigiesay s 5
Department 2-20-67 | 3354 PM | 49| - 228
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT 9§UMIT CLASS
cor. Ir ER =
888935 D4 , O n.‘ .0037“ ‘76 o I
¢ 116 ‘

7 a3k
R--orted by. ‘m

17 (_’/

VIBRATION MEASUREMENT ENGINEERS, INC.




O Q

SEISMOLOG RECORD ANALYSIS SERVICE
; 2-23-67

Gentlemen: . Date

The results of the seismoagraph tests of the prima biast discharged on the date and
fime shown, as recorded from the locations given, are tabulated below. The % LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C == CAUTION, D == DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES EXPLOSIVE — LBS.
rizona Highway
Department 2-20-67 3;590 PM | 61| 198
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
NE cor. Travelodgs ER =
28896 [Motel, Closet in 50.0 | .0048" | .62 C
Unit 116 '

“ )
p 4

‘orted b 5

sl

VIBRATION MEASUREMENT ENGINEERS, INC.
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NOTICE OF NO RECORD

The sel:led camera No.l325 received from your Arizona Highway Dept'
3:57 PM ,, 2-21-67

our recording No. 88966 revealed that no record was obtained.

operations of a blast discharged at

[:] 1. Please check your SEISMOLOG immediately. If all traces are visible in the
view slot and camera motor operates after proper set up, please review the
operating instructions located on the inside of the instrument cover with
your operator, to insure he is following the instructions properly, If SEIS-
MOLOG does not operate according to instructions, please telephone us
immediately at Area 312, DAVIS 8-0400.

[]2. Camera inspection discloses that

&) 3. No film run off camera

o~
Reported by%
MEASUREMENE ENGINEERS:, INC.
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NOTICE OF NO RECORDArizona Hi ghway

The sealed camera No.ﬁggroceived from your Department
operations of a blast discharged atdsl2 PM ., 2-22-67

our recording No. 88973 £ revealed that no record was obtained.

[]1. Please check your SEISMOLOG immediately. If all traces are visible in the
view slot and camera motor operates after proper set up, please review the
operating instructions located on the inside of the instrument cover with
your operator, to insure he is following the instructions properly, If SEIS-
MOLOG does not operate according to instructions, please telephone us
immgdiqtely at Area 312, DAVIS 8-0400.

[C]2. Camera inspection discloses that

Xj3. No film run off camera

g L .
Reported by J}m ‘
- %M HEASUREMENE ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE
Gentlemen: Date 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
" 100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB . DATE TIME HOLES | EXPLOSIVE — LE’S
Arizona Highway ' 7
Department 2-21-67 4:00 PM | 23 117.7
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Travelodge Motel ER =

88967 |[Room 109, C}oset 83.3 | .0019"}|.27 S

Reported by_m__ VIBRATION MEASUREMENT ENGINEERS, INC.
. ¢ ) ;
T, Ly ey

Py,
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SEISMOLOG RECORD ANALYSIS SEkVICE
3-1-67

Gentlement Date

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated,

JoB DATE TIME HOLES | EXPLOSIVE — LBS.
rizona Highway
Department 2-21-67 | 4:04 PM| 15 25.9
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Travelodge Motel . |ER = \
88968 | Room 109, Floor 35.7| .0026"|.09 S
In closet *
Shot partially in black - maximum readable reported

VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE

Gentlemen: Date 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as § == SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME : HOLES | EXPLOSIVE — LBS.
Arizona Highway
Department 2-21-67 4:10 PM 24 129.1
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Travelodge Motel ER =

88969 | Room 109, Closet 55.6] .0039% .51 C

4
Reported by__J % VIBRATION MEASUREMENT ENGINEERS, INC.

i
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" Gentlemen:

-
;
>
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SEISMOLOG RECORD ANALYSIS SERVICE

Daie

3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT

" reported has been referred to an index in which the th
100%. This value is further classified as § = SAFE, C =

reshold of DAMAGE equals

CAUTION, D = DANGER. If
further information is desired please refer 6 the Recording Numbers indicated.

Jos

" DATE TIME - .4 HOLES | EXPLOSIVE — LBS.
| Arizona Highway : ,
Department 2-21-67 4:14 PM 26 128.3
RECORDING TEST LOCATION FREQ — CPS

‘DISPLACEMENT

S%UMIT CLASS

88970

Travelodge Motel

Room 109, Closet

41,7

.0079"

ER =
1.17 D

Reported by,_%i___r_ VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE
Gentlemen: Date 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as § = SAFE, C = CAUTION, D == DANGER. If

further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES | EXPLOSIVE — LBS.
Arizona Highway
Department 2-21-67 4:18 PM |31 1148
RECORD!NG TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Travelodge Motel ER =

88971 |Room 109, Closet 50.0 | .0046" | .57 c

Reported by_J, BB VIBRATION MEASUREMENT ENGINEERS, INC.
P Yy U
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SEISMOLOG RECORD ANALYSIS SERVICE |
- 3-1-67

Gentlemen: Date

The results of the seismograph tests of the prime blast discharged on the date and |
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals .
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If

" further information is desired please refer to the' Recording Numbers indicated.

5 JOB DATE ’ TIME HOLES E)iPLOSIVE — LBS.
Arizona Highway : .
Department 2-22-67 | 4:10 PM | 34} 103.2
" RECORD!NG TEST LOCATION ' FREQ — CPS | DISPLACEMENT %LIMIT CLASS
. | Travelodge Motel ER =
88972 Concrete floor 50.0 -]..0027%. ). 20 S
“ | Room 105( Closet :

)

; : { e I . vt i : ; % &,
 Reported by JE}%);" _ VIBRATION MEASUREMENT ENGINEERS, INC. "~

%

"
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SEISMOLOG RECORD ANALYSIS SERVICE
3-1-67
Gentlemen: Date

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, € = CAUTION, .D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES EXPLOSIVE — LBS.
Arizona Highway
Department 2-22-67 4:15 PM 19 142,7
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Clothes closet ER =
88974 [Room 105 50.0 | .0046"|.57 €
Travelodge Mote]l

Reported by_J%V___ VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE
Gentlemen: i Date 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as § = SAFE, C

further information is desired please refer to the Recording Numbers indicated.

= CAUTION, D = DANGER. If

JOB 1 DATE TIME HOLES | EXPLOSIVE — LBS.

Arizona Highway ‘
Department 2-22-67 4:18 PM | 21 159.4

RECORDING TEST LOCATION FREQ — CPS DISPLACEMENT %LIMIT CLASS
‘ [Clothes closet ‘ ER =
88975 |[Room 105 45.5 | .0031"|.22 S

Travelodge Motel

© . Reported by,ﬁ;}{—f}b —— VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE

Gentlemen:

Date. 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and

time shown, as recorded from the
reported has been referred to an

locatjons given, are tabulated below. The %LIMIT
index in which the threshold of DAMAGE equals

100%. This value is further classified as § = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

’ . Jos DATE TIME HOLES| EXPLOSIVE — 1BS.
Arizona Highway /

. Department 2-22-67 4:22 PM |18 | 105.5

3 RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT Yol IMIT CLASS

Clothes Closet ~ ER =

50.0 | .0028"].21 S

: ' 88976 [ Room 105

Travelodge Motel
4

Jﬁzé;%’
Reported by
3 u ‘ /

VIBRATION MEASUREMENT ENGINEERS, INC.

»
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o . SEISMOLOG RECORD ANALYSIS .SERVICE
g G_onﬂémoq: ‘ % Date 3-1-67
4

. . The results of the seismograph tests of the prime blast discharged on the date and ‘
i;,;;-,;"“ﬁme shown, as recorded from the locations given, are tabulated below, The %LIMIT = °
i reported has been referred to an index in which the threshold of DAMAGE ‘equals
52 100%. This value is further classified as S = SAFE,"C = CAUTION, D = DANGER, If .
further information is desired please refer o the Recording Numbers indicated. v Y

E;s" = & JdB "yt DATR ; . TIME ; HOLES | EXPLOSIVE — LBS. :
““Arizona Highway | 7 |rrr|TRAIN TESE
Fx 1 Department’” | 2-23-67 12:18 PM - TRETad P 33
f{; s, J_ RECORDING | _ .. ' TESJ LOCATION’ ‘ FREQ — CPS | DISPLACEMENT { - %LIMIT | CLASS | =~ - By
g1 .« ‘I Closet.in Room- [+ ¥, 3 % |BR = 4
by | 88977 | 102, Travelodge 90.9°1.0002" |.004 .| s | {
b - [Motel, Concufloorli - | . i Mo N
=3 4y VIBRATION MEASUREMENT ENGINEERS, INC.
i
£
¥ i
i
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' SEISMOLOG RECQRD ANALYSIS SERVICE
Gentlemen: - Date. 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
fime shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals

& 100%. This value is further classified as'S = SAFE, C.= CAUTION, D = DANGER. If *
. further information is desired please refer to the Recording Numbers indicated.

v . JoB DATE" TIME HOLES | EXPLOSIVE — LS.
“ |Arizona Highway ;! : -/
&} . Department 2-23-67 3:49 PM 47 103.7

RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT Y%LIMIT CLASS
Closet, Travelodagg - | ER =
88978 Motel, Room 102 | 35.,7| .0058"}|.46 S

W

7 5 '
Reported by J(@:SU% ‘ VIBRATION MEASUREMENT ENGINEERS, INC.
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SEISMOLOG RECORD ANALYSIS SERVICE
Gentlemen: ' Bate. 3-1-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulaied below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified asS == SAFE, C = CAUTION, D = DANGER. If
further information is desired piease refer to the Recording Mumbers indicated.

JOB DATE TIME HOLES | EXPLOSIVE — (BS
Arizona Highway :
Department 2-23-67 3:53 PM | 35 108.5
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
Closet, Room 102 ER =

88979 |Travelodge Motel 50.0 | .0050"}|.68 c

Reported by _JENFS ' VIBRATION MEASUREMENT ENGINEERS, INC.
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T ™ - .
«,» G  sEISMOLOG RECORD 'ANALYSIS SERVICE
; Cig;nﬂemenu , : Date. 3 1- 67

?' ¢ The results of the seismograph tests of,the prime blast dlschcrged on fhe date and
K time shown, as recorded from the’ Io,:ahons given, are tabulated ‘below. The %LIMIT.
f g% reported has been referred to an index in which. the ‘threshold of DAMAGE equals
"‘v 100%. This value is further classified as § == SAFE, C. = CAUTION, D = DANGER. If
ket fuﬂher mformcmon is deslred please refer fo the Recordmg Numbers mdlcated

Qw ] o8 Lo . DATE 5 TOTIMEY HOLES Exm.oswer LBS.

f.- |Arizona Highway | L BTN ; R/

wiil.. Department | 2-23-67 | 3:57 PM 24| - 97

A RECORD'NG “% " . TEST LOCATION FREQ — CPS | DISPLACEMENT | %LIMIT | CLASS
%- - Closet, Room 102 A A ER =

= 88980 Travelodge Motel |50.0--/.0023" .14 | s | -
“;’ﬁ;‘RT'e?oned by#(/k ————— VIBRATION MEASUREMENT ENGINEERS, INC.

i) 5 i (' B . ; ’.‘b il 2 4= ‘ ‘ " ,"".V 5 . s AN L ",:

»
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Gentlemen:

s

SEISMOLOG RECORD ANALYSIS

v

SERVICE

Date :_3=1-67 .

The results of the seismograph tests of the prime blast discharged on the date and -
"* fime shown, as recorded from the locations given, are tabulated below. The %LIMIT *
reported has been referred to an index in which the threshold of' DAMAGE equals

: - 100%. This value is further classified as $ = SAFE, C = CAUTION, D = DANGER. I

£ further information is desired please refer to the Recording Numbers indicated.

— | Hotes

-EXPLOSIVE — LBS. 4

v & 108 DATE - TIME

¥ |Arizona Highway i R T PRI MR
+'| Department e s My 4:05 PM | 33 | 194.1
Eﬂ, . - RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
it ‘ | Closet, Room 102] #|ER = |-

.| 8898l | Travelodge Motell 50.0 | .0041"|.45 S

[RS8

""" Reported by
Sy s

7

VIBRATION MEASUREMENT ENGINEERS, INC.
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» . 'SEISMOLOG RECORD ANALYSIS SERVICE
2-27-67

The results of the se,ismog'ropﬁ tests of the prime blast discharged on the date and
-+ lime shown, as recorded from the locations given, are tabulated below. The %LIMIT
‘. .reported has been referred to an index in which the threshold of DAMAGE equals

" Gentlemen: - . Date

[

' further information is desired please refer to the Recerding Numbers indicated. -

JoB 4 DATE ) TIME HOLES | EXPLOSIVE <18S.

. |A¥izone Highway| . y
‘|  Department 2-24-67 | 3:05 PM | 24| 223

% RECORDING l A TEST LOCATION l FREQ — CPS 'DISP.LACEMENT %LIMIT CLASS
I g .102 - Travelodgé |ER =

- | 88938 - Concrete | 41.7 | .0049" |.45 S
X loor in closet Lo

VIBRATION MEASUREMENI,.gN?INEE?S, INC.

Fa P :
(s R ted by__

P T z A & o . i &

- 100%. This value is further classified as S.==: SAFE, C-== CAUTION, D == DANGER. If

1

g

——
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. ‘Gentlemen:

The results of the seismograph tests of the prnﬁe blast discharged on the date and

PP,

£ ey

. SEISMOLOG RECORD ANALYSIS SERVICE
L aw27=-67

Date

time shown, as recorded from the Iocaﬂor}s given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals

' .:100%. This value is further classified as S == SAFE, C = CAUTION, D = DANGER. If
. further, mformcmon is desired please refer to the Recordmg Numbers indicated.

crete floor-

R

JOB DATE TIME HOLES EXPLOSNE - Lai
‘Arizons Highway ' v
Department | 2-24-68 |3:09 PM | 29| 208.9
RECORDING TEST LOCATION FREQ — CPS 'DISPLACEMENLl YoLIMIT CLASS
' ~Travel- o ‘ =
| 88939 Mot - 150.0 |.0028" [ .21 |8

..

»

lVfBRATlON MEASUREMENT ENGINEBRS, INC.

YU PR R 4




O O

13 ki e 7 —p———g o pove =

L v‘g‘;.A

)

¥

_":~',:.'Ge;lﬂeme.n: g B, : »
e “The results of the seismogrdph tests ‘of tf'lﬂe p}i}ne,.blﬁst di,sfcharged ,on.-:’.‘fhe date and - §
5 time shown, as recorded from the locations given, ‘are ‘tabulated below. The %LIMIT
j4reported has been referred to an “index in. which; the - threshold . of DAMAGE equals
;¥ -100%. This value is furthér classified as S =-9AFE; C = CAUTION, D = DANGER. If

+.+ further information_js desired. please refer to the Recording Numbers .indicated; .

‘SEI'SMAOLOG‘RE‘,CCI;\":D ANALYSIS SERVICE ~ #7 . = i iy
R S o L BULL N

T aons e DATE | 5, . TWME | Hows| eriosvE=iey ) |
g;‘ﬁimﬁﬁﬁy : X R i
1. Department = - | 2.24-67 . [3:13 PM |22 | 136.,9 |
’iﬁ <RECORDING TESTLOCATION _ ° . | FREQ—CPS|DISPLACEMENT | %LIMIT | ClASs | |
e y u 100.0 ) 'mo. ‘011 vl 8. ;
e;?""y - . i ; ébt oL ‘
e L VIBRATION MEASUREMENT ENGINEBRS, INC. j
T

|
i
b+
|

|
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T —ar Ear > e i TN " o k- ad
4 ; profoghe s YA
' X SEISMOLOG RECfORD; :A_N‘AI.YSIS‘ SERVICE
.. “Gentlemen: g '\ Date__. 2-27-87 :
The results of the seismograph tests of the pr'fme blast discharged on the date and
_ “Hime shown, as recorded from the locations given, are fabulated below. The %LIMIT
*." teported has been referred to an index in which thé threshold of DAMAGE equals
& 300%; This value is further classified as § = SAFE, C = CAUTION, D = DANGER, If

3

, further information is desired please refer to the Recording Numbers irqdicc'ed. v
DATE = |., . TIME HOLES | EXPLOSIVE — LBS.

“I¥rizona HIghWaY =T _ 7
I} . Department 2.2¢-67 |3:16°'PM | 37| 227.5

RECORDING TEST LOCATION TAEQ — CPS | DISPLACEMENT | %LIMIT | CLASS
= R =

100.0| .0005%|.027 |S
‘. ' .

B by__%.— VIBRATION MEASUREMENT ENGINEGRS, INC.

i
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SEISMOLOG RECORD ANALYSIS‘ SERVICE
' 3-7-67

Gentlemen: ; Date

The results of the seismograph fegs of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported ' has been referred to an index in which the threshold of DAMAGE equals ”

- 100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.
; :

joe DATE TIME' I HOLES | EXPLOSIVE — LBS.
Ariz. High.Dept. . Dr9 dbzer & Sitg.
Ripping Operatign 3-1-67 1:35 PM | tookh' ripper
RECORDING TEST LOCATION FREQ ~ CPS | DISPLACEMENT Y%LIMIT CLASS
' Storeroom N ER =

89167 [Travelodge Motel | 50.0 | .0002"|.001 | 8

f 4 v
' Camera not.fully seated in inst.-maximum readable

r%Ported ;
ED___.___ VIBRATION MEASUREMENT ENGINEBRS, INC.

v‘ Rep/orfed by_

P

[z
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s, 1 e k- i
v : ; SEJSMOLOG RECORD ANALYS'S SERVICE ;
; enﬂeme:lh IR A i Dum' 3- 7_67
By

.. The re;ulrs of the seismograph tests.of the prime blast dlschorgecl on the date and
" time shown,as recorded from the Iod&hons given; are tabulated below The %LIMIT:

?‘w reported hcs.been referred to an. mdex%m which ths- threshold ‘of DAMAGE equals ”
li“"v -100%. ' This 'value is“further classified’'as 'S = SAFE;+C = CAUTION, D = DANGER. i

b ur!her mfgrmaho% is desxred,p|ease re{ergfo the' Recordmg Numbers indlcmed

*‘"'J R ; TOATE - TIME Hoies | EXPLOSIVE = 155,
EWE e HIgh, Dept P e e P-9 dozer & Sing
55 ipping Operatior 3-1267 -| 1:45.PM fkooth ripper: 3
“‘ RECORDING | ° .. = TESTLOCATION = - & ; FREQ—CPS DISPLACEMENT | LM [ CLAss |
S EIET ﬁ Stordroom # ... A R DV o TP BRag e HRs
f 89168 Travelodcre Motel ~55 ‘o] +,0002%F...0011 S.|..
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SEISMOLOG RECORD ANALYSIS SERVICE

Gentlemen: Date 2-23-67

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DAMNGER. If

further information is desired please refer to the Recording Numbers indicated.

JoB DATE TIME HOLES | EXPLOSIVE — LBS.

Arizona Highway Environ-
Department 2-16-67 2:33 PM 1 |mental Chx«

RECORDING TEST LOCATION FREQ — CPS |'DISPLACEMENT Y%LIMIT CLASS

Water heater room Lesg than
88894 | #5, Travelodge Energy Ratio| .0001}' S
Motel

PR T O TP N

Reported by%— VIBRATION MEASUREMENT ENGINEBRS, INC.

it = v i i s e e

R ML b
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SEISMOLOG RECORD ANALYSIS SERVICE
2=17-67

Gentlemen: Date

The results of the seismograph tests of the prime blast discharged on the date and -
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals i
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES | EXPLOSIVE — LBS.

"|Arizona

Highway Depart. | 2-15-67 | 4:50 BPM [110| 600

RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT YLIMIT CLASS

Near sidewalk,
88749 [5280 W, 40.5'from| 41.7 |.0111" | 152 D

nearest charge

Reported by. %% ' VIBRATION MEASUREMENT ENGINEBRS, INC. i




SEISMOLOG RECORD ANALYSIS SERVICE

Gentlemen:

The results of the seismograph
time shown, as recorded from the
reported has been referred to an

Duty__2~23-67

tests of the prime blast discharged on the date and
locations given, are tabulated below. The %LIMIT
index in which the threshold of DAMAGE equals

100%. This value is further classified as § = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

; JOB DATE TIME HOLES | EXPLOSIVE — LBS.
Arizona Highway
Department 2-20-67 3:59 PM 61 198
RECORDING TEST LOCATION FREQ — CPS | DISPLACEMENT %LIMIT CLASS
NE cor, Travelodg ER =
88896 |Motel, Closet in 50.0 | .0048" | .62 C
Unit 116
ried b % VIBRATION MEASUREMENT ENGINEERS, INC.

ey ]




SEISMOLOG RECORD ANALYSIS SERVICE
2-23-67

Gentlemen: Date

The results of the seismograph tests of the prime blast discharged on the date and
time shown, as recorded from the locations given, are tabulated below. The %LIMIT
reported has been referred to an index in which the threshold of DAMAGE equals
100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If

further information is desired please refer to the Recording Numbers indicated.

JOB DATE TIME HOLES | EXPLOSIVE — LBS.
Arizona Highway
Department 2-20-67 | 3:54 PM | 49| 228 |/
RECORDING TEST LOCATION FREQ -~ CPS |'DISPLACEMENT %LUMIT CLASS
NE cor. Travelodge ER-=
88895 [Motel, Closet in |71.4 [.0037" | /76) | D.
Unit 116 - \

topored byﬁ%%

VIBRATION MEASUREMENT ENGINEERS, INC.

|

N
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Gentlemen:

SEISMOLOG RECORD ANALYSIS SERVICE
114 £

The results of the seismograph tests of the ‘prime blast discharged on the date and -

_ time shown, as recorded from the locations given, are tabulated below. The %LIMIT
- reported has been referred to an index in which the threshold of DAMAGE equals

100%. This value is further classified as S = SAFE, C = CAUTION, D = DANGER. If
further information is desired please refer to the Recording Numbers indicated.

JoB

DATE: Ty @ TIME - | HOLES| EXPLOSIVE — LBS.

Arizona Highway e ; _ g
Department 2-15=267 {1 4:50 PM[110.}] 668 i

RECORDING

TEST LOCATION PREQ — CPS | DISPLACEMENT | %UMIT | CLASS

Nr. Sidewalk, 8280

i | BR =

88749 [i.40.5 from near— ]41.7 [.0111%:|2.32 | D
est ‘charge o ST I )

e

s

Reported by_

CORRECTED -COPY <~ /Vs7e
' VIBRATION MEASUREMENT ENGINEERS, INC. *
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NOTICE OF NO RECORD

Arizona Highway

& sealed camera No‘ﬂﬂreceived from your Department
-verations of a blast discharged at_ 2:33 on 2-16-67

our recording No. 88894
(0.

<t 5 \ \
[[12. Camera inspection discloses that o (ff% - ¥ .
SR 5

X 3.

revealed that no record was obtained.

Please check your SEISMOLOG immediately. If all traces are visible in the

view slot and camera motor operates after proper set up, please rewiew the

operating instructions located on the inside of the instrument cdwer with

your operator, to insure he is following the insfruc'io}‘l;s‘,h;w}erly, If Séls\
a

MOLOG does not operate according to instructions ple tei@'éhonf uss‘
immediately at Area 312, DAVIS 8-0400. & AT e

Missed shot N\~ '“‘:7

Reported by JEJ: s1b

ENGNEERS:, INC.
CORRECTED COPY

¥
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